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Abstract

Objective: To present the evaluation framework supporting the clinical, epidemiological and impact studies to
introduce the new Cuban conjugated pneumococcal vaccine in the national vaccination program.

Methods: The design of the evaluation strategy of the new vaccine in the Cuban included: the revision of the
scientific evidence available in literature, the definition of the evaluation objectives, the application of conceptual and
methodological evaluation frame, the performance of the process to generate the new scientific evidences about the
new vaccine. The regulatory frame for the evaluation and introduction of new PCVs were taken into consideration
during the whole process.

Results: The background of licensed pneumococcal vaccine with similarly based studies was synthetized. The
evaluation strategy of the Cuban vaccine was presented in terms of objectives, key processes, and main
components (context evaluation, generation of evidence for making-decisions, introduction of the new vaccine and
impact evaluation). The procedures to collect information and analysis of the new evidence generated on PCV7-TT
are defined (characterize the study problem, the functioning of the new vaccine, and cost-effectiveness and impact).
The evaluation strategy is operationalized in the Cuban context, where preschool children and infants are defined as
target population. The contributions, strengths and weaknesses in the evaluation design and in the generation of
evidences are discussed.

Conclusions: The rigorous scientific evidences generated by the implementation evaluation strategies, applied
to the new Cuban conjugated pneumococcal vaccine will allow the decision-making for its introduction to national

health system in Cuba.
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Introduction

In Cuba, acute respiratory diseases are among the main causes of
hospitalization and death in childhood. The pediatric consensus for the
diagnosis and treatment of pneumonia acquired by children refers that
children under five years old show the highest rate of mortality of
probable pneumococcal etiology [1,2].

Information on the isolation of different serotypes of pneumococcus
in hospitalized cases confirms the highest burden of the disease among
children under five years, associated to meningitis (63%) and
pneumonias (37%) [3,4]. Before 2014, there are not surveillance system
established to document the burden of the pneumococcal disease in
the whole country, which explains why the highest number of
isolations came from cerebrospinal fluid CRF for etiologic diagnosis of
bacterial meningitis [4,5].

Available pneumococcal vaccines (PCVs) are safe and
immunogenic, however the vaccination coverage remains low in many
countries [6], due to its high prices, which are above $100 dollars per
dose in the commercial network and from $14 to $16 if supplied to

public health programs [7]. The WHO has recognized the need of
designing new candidates that improve coverage in all regions [8]. For
this purpose registry standards have been fixed based on: 1)
immunological criteria of non-inferiority (percentage of children
reaching antibody levels of 0.35 pug/mL after a month of the third dose
of the primary series by ELISA method), 2) functionality-
opsonophagocytic activity and evidence of “priming effect” or
memory, 3) safety demonstration and 4) confirmation of use with
vaccines administered at the same time [6].

So far, the pneumococcal vaccination has not been introduced in
the Cuban immunization program, due mainly to high costs of
available vaccines in the international market. However, the
government, the health system and the biotechnological industry of the
country have given priority to the development of a conjugated
heptavalent pneumococcal vaccine candidate since 2006 in order to
reduce the burden of pneumococcal disease.

The new Cuban conjugated vaccine contains the seven serotypes
more prevalent worldwide and represented in more than 60% of
isolated serotypes [9,10]. Recently in April 2017 a new technical
document of the Pneumococcal Global Serotype Project (GSP)
“Pneumococcal Conjugate Vaccine (PCV) Product Assessment April
2017 [11] confirm that the seven serotypes included in PCV7-TT
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representing 66.4% of the total causing IPD in LAC. Also this
document highlight that only a small subset of these serotypes are
responsible for the vast majority of disease and deaths, they were
targeted for inclusion in PCVs to represent those found across all
epidemiologic settings.

The eight years for develop the Cuban vaccine have been very
complex from the scientific, chemical, analytical and technological
viewpoint since it is a multivalent vaccine based on the conjugation of
seven pneumococcal capsular polysaccharide antigens. The
composition of the vaccine candidate includes 2 ug of serotypes 1, 5,
14, 18C, 19E 23F and 4 g of serotype 6B, all of them conjugated in the
carrier protein Tetanus toxoid and it is adjuvated to aluminum
phosphate to ensure adequate doses of each formulated component.

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 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.

To build the body of scientific evidences based on the clinical
research and impact evaluation for the introduction of pneumococcal
vaccination, is also very complex. This statement is supported by : 1)
the need of demonstrating the direct and indirect effect, as well as the
global impact in target population (under 5-years-old), combining
both experimental and observational studies, 2) the limitations from
the surveillance systems and the health statistics to provide baseline
information and to screen changes in the burden of invasive and non-
invasive pneumococcal disease, 3) the low isolation rates mainly in
samples from respiratory infections, and 4) the technological
difficulties to support integrated clinical, epidemiological and
microbiological surveillance systems.

The scientific problem was guided by two main questions: 1) what is
the rationale for introducing the pneumococcal vaccination in infant
population in Cuba? and 2) How to build an evaluation frame to
support the scientific evidence for decision making on the vaccine
introduction, use and commercialization?. The objective of this paper
is to present the strategic framework supporting the clinical,
epidemiological and impact evaluation to support the introduction the
new Cuban conjugated pneumococcal vaccine in the national
vaccination program.

Methods

The building process of the evaluation strategy for the new Cuban
vaccine has followed a sequential steps including: the revision of the
scientific evidence available in literature, the definition of the
evaluation objectives, the application of conceptual and
methodological evaluation frame, the performance of the process to
generate the new scientific evidences about the new vaccine, and the
operationalization in the Cuban context.

The conceptual and methodologic frame was based by the
consensus of experts involved in the manufacturing and evaluation of
vaccines and researchers from institutions of the national health
system. Key processes and main components of the evaluation strategy
were defined to ensure the internal validity of the information and the
applicability for other contexts and products (vaccines) under research.

The regulatory frame for the evaluation and introduction of new
PCVs were taken into consideration during the whole process,
including WHO position documents [6] and the Cuban regulations
established by the Center for State Control of Medicament, Equipment
and Medical Devices (CECMED, acronym in Spanish) from the
Ministry of Public Health in Cuba [12].

The syntheses of the available evidence were performed from
metanalysis and the systematic reviews published about PCV's Besides,
guides, regulations, and effectiveness measures in evaluations of
similar already registered vaccines were also reviewed.

The evaluation strategy for the generation of new evidence on
PCV7-TT  combines experimental, quasi-experimental and
observational approaches. Vaccine clinical evaluation phases and the
conceptual frame proposed by the Medical Research Council for
complex interventions [13] were used as reference. The former uses a
scaled approach (by step or phases) as part of a large list of interactive
activities to define the research process.

A systematic monitoring of indicators was established to ensure
quality of the generation process of scientific evidence: 1) quality of
primary information (internal validity), having considered
international guides that explore the rigor of studies, data reliability
and biases [14]; 2) applicability of results to target population from
evidences provided by clinical and community trials; and 3) cost and
cost-effectiveness studies as suggested by the ProVac initiative [15].

The levels and gradation of evidences take into account the
suggestions of the proposal of the workgroup GRADE, which uses the
classification in levels from A to E, to formulate recommendations for
introduction and use of new products or technologies [16].

The design, writing and the application of the evaluation strategies
was financed by the “Finlay Vaccine Institute”, and the conduction and
implementation of the studies will be carried out by researchers from
institutions of the National Health System.

Results

Objectives definition

The objectives of the evaluation were defined as follow: 1) to
characterize the pneumococcal disease, the circulation of serotypes
and the nasopharyngeal colonization in children under 5 years, 2)
identify risk factors associated to prevalence of nasopharyngeal
colonization and the occurrence of pneumococcal disease, 3) to
estimate costs for health services and family expense associated to
pneumococcal disease care in children, 4) to evaluate safety, immune
response and protective efficacy of the Cuban vaccine candidate PCV7-
TT, 5) to estimate the effectiveness of the program in both controlled
and real life scenarios and to model the population effect, and 6) to
evaluate the impact on health due to the introduction of the new
Cuban pneumococcal vaccine.

The evaluation strategy

Key processes and main components of the evaluation strategy are
summarized in figure 1.
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Figure 1: Processes and components of the model evaluation for the introduction of the new vaccine.
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Key processes

It was defined as follow: I) context evaluation, referred to the
political and technical will for development, evaluation and vaccine
introduction; II) available evidence review and generation of new one
to make decisions on its introduction and commercialization. It
includes definition and understanding the health problem, synthesis of
the scientific evidence available in literature, research design,
implementation and evaluation of generated evidence; III)
introduction of the vaccine in the National Vaccination Program; and
IV) measurement of impact on population health related to the use of
PCV7-TT (Figure 1).

Main Components

(I) Context analysis

Several aspects from Cuban reality according to political, health
services organization and research capacities were took into account:
1) the political will of the government, of the health system and of the
biotechnological industry for introducing new vaccines and making
them available to other countries and populations with limitations to
access the existing commercial vaccines; 2) the capacity demonstrated

by Cuban scientists to design and develop successfully complex
vaccines, which has made possible to develop a pneumococcal vaccine
candidate according to standards required for conjugated vaccines; 3) a
health system with universal coverage including all care levels,
diagnosis and reference services, public health programs and study
sites where the agenda of clinical research and evaluation is
implemented.

Review of available evidence and generation of new research
findings for making-decisions:

(IT) Evidence Search and Generation
A) Review and synthesis of available scientific evidence

Some available evidences on safety, immunogenicity, protective
efficacy and effectiveness of PCV's have been summarized as follows:

Vaccine safety in children and infants [17]. Evidence of 13 clinical
assays conducted in North America, Europe and Asia was grouped in a
metanalysis including 9 countries. It demonstrated that the rate of local
adverse events of each dose was similar between PCV13 and PCV7.
The frequency of fever was also similar among groups, being fever<39°
predominant. For PCV13, the incidence of fever from 39° to 40° was
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2.8% after each dose in infants while 5.0% in older children. It can be
concluded that PCV13 has a favorable safety profile, similar to that of
PCV7.

Immunogenicity related to the use of different immunization
schemes [18]. Information from randomized clinical trials, non-
randomized studies, surveillance and observational studies was
included. The IgG GMCs after the primary series was higher with
schemes of 3 doses than with 2 doses for all serotypes, except serotype
1. However, these concentrations were similar after administering a
booster dose in any of the two schemes. The immunological response
was higher when the third dose was administered after 23 months
(2+1), compared to vaccination in infants less than 6 months of age
(3+0).

Effect of different vaccination schedules in nasopharyngeal
colonization [19]. From the information of 16 controlled studies and
11 observational studies with after/before designs, a decrease in the
nasopharyngeal carrier status when using 2p+0, 2p+1, 3p+0 and 3p+1
was demonstrated. However, comparisons between schemes showed
that the use of primary schemes of 3 doses can achieve a higher
reduction than schemes of 2 primary doses (2+1 and 2+0).

Efficacy of different immunization schedules in the reduction of
invasive disease [20]. The optimum schedule to ensure maximum
protection against the invasive disease is not known. Studies published
from 1994 and 2010 were reviewed and summarized to evaluate the
benefits of different schemes, in addition studies from 2011 from the
region and Europe were used to supplement them. Data series of two
and three doses with and without booster dose (“2p+0,” “2p+1,” “3p+0”
and “3p+1) were evaluated. Efficacy demonstrated in clinical assays
ranges from 65% to 71% with schemes 3p+0 and from 83% to 94%
with 3p+1. Surveillance studies and case series have documented a
reduction of invasive disease up to 100% with schemes 2p+1 (6 studies)
and 3+1 (17 studies) and up to 90% with 3+0 (2 studies). These
reductions were early observed, a year after the introduction of PCVs.

Differential impact of vaccine coadministration, geographic regions,
the vaccine and other covariables associated to immunogenicity of
PCVs [21]. Different information sources, including reports, lectures,
summaries and unpublished data from studies conducted between
1994 and 2011 were combined. It was concluded that the immune
response to pneumococcal vaccines is associated to the geographic
region and the vaccine used, but the association and magnitude varies
for different serotypes. Besides, it is suggested that these factors should
be considered when immunogenicity comparisons are established
among groups and when the better scheme in different contexts is
being chosen.

Cots-effectiveness ~ systematic review qbout Pneumococcal
Vaccination in Children in Low- and Middle-Income Countries [22]. It
‘s demonstrated that an infant PCV programme was a cost-effective
intervention in most LMICs (in 20 of 22 studies included). The results
were sensitive to vaccine efficacy, price, burden of disease and
sponsorship. The authors suggest that decision makers should consider
EE findings and affordability before adoption of PCVs.

B) Generation of the new scientific evidence

Steps and procedures for the generation of evidences on PCV7-TT
are summarized in Figure 2.

Protection durasion
Populancnal effect

attributatle Impact

Methodological strategies

tinel marveill ance
cial spidem iol ogioal

= Clirdcal reseach
= Ecomomic an
Mathematical Modsling

= Sentinel surveillance
= Special epidemiclogesl

tiveness sudios
iz veillance

Appraisal of the generated seientific evidence
GRADE**)

Figure 2: Steps and strategies for the generation of the scientific
evidence on the new vaccine (PCV7-TT).

The methodological procedures to collect information in Step I (to
characterize the study problem) include:

Population-based sentinel surveillance: Case studies of diseases
(syndromes) associated to pneumococcal infection in hospitals and
primary health care combining clinical, epidemiological and
microbiological aspects.

Special epidemiological studies: To estimate the magnitude of the
problem in terms of burden of disease, nasopharyngeal colonization
and risk factors associated.

Economic evaluation: focused on the estimation of costs of illness
(using public health perspective) and out pocket expenses of the
family.

Research methodologies to provide evidences on the functioning of
the new vaccine regarding safety, immunogenicity, efficacy, costs and
cost-efficacy (Step II) included:

Clinical research (based on controlled clinical trial). From Fase I-IV
(RPCEC00000255). A cluster community trial is conducting in 2017 to
measure the population impact and the herd effect (previous to vaccine
register). It will include more than 22000 children from one province
in Cuba. Another province with similar pattern of serotype circulation
will be selected as concurrent control [23].

Cost-effectiveness and population impact modeling using economic
and mathematical models.

In Step III (post introduction of the new vaccine), the effectiveness,
cost-effectiveness and impact on population health will be monitored.
Strategies of sentinel surveillance, epidemiological studies and impact
evaluation are combined; including economic evaluation.
Pharmacovigilance studies will be conducted to monitoring the safety
profile, usage and vaccine satisfaction.

C) Analysis and evaluation of scientific evidence

The evidence contribution to support decision-making regarding
the introduction and commercialization will be presented in three

dimensions: magnitude of the study problem estimation,
demonstration of vaccine functioning and cost-effectiveness
evaluation.

The analysis and appraisal of the generated evidence will allow
grading evidence for decision-making according to the methodology
proposed by the workgroup GRADE [24].
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(III) Vaccine introduction

The strategy for PCV vaccination in Cuba is proposed taking into
account the need to prevent the phenomenon of serotype replacement
and the opportunity of reaching high and sustainable coverage in
pneumococcal disease target population. Vaccine introduction will be
planned by phases as follows:

First phase, it is envisaging to reach children population from 1 to 5
years old achieving high coverage (superior to 95%) in a short time
(vaccination campaign) to impact on serotypes circulation of vaccine
and to generate a herd protection in infants. Two doses will be
administered to children from 1 to 2 years old and single dose in
children from 2 to 5 years Second phase: To introduce in the
immunization program, infant vaccination proposing schedules of
reduced doses (2p+1), with previously demonstrated functionality in
clinical trials ((RPCEC00000243) of protective efficacy comparing
different schedule dose [25].

(IV) Measurement of health impact

Three dimensions will be included for impact evaluation: 1) impact
on the burden disease and colonization (incidence of invasive and
non-invasive disease, prevalence of global colonization and by
serotypes, proportion of antimicrobial resistance by serotype); 2)
changes in epidemiological patterns associated to the introduction and
usage of the vaccine (reduction of pneumococcal disease incidence by
vaccine serotypes, proportion of serotype replacement, reduction of
the hospitalization rate by meningitis and respiratory syndromes
associated to pneumococcal infection; and 3) global impact on
infantile health (reduction of mortality in infants and under 5 years
children, prevalence of malnutrition, rate of global hospitalization and
by respiratory infections).

Evaluation strategy operationalization in Cuban context

The operationalization of the strategy evaluation of PCV7-TT in
Cuban context is summarized in (Figure 3).
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Figure 3: Operationalization of the evaluation model for the introduction PCV7-TT in the Cuban context
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The introduction of the vaccine will be preceded, at least two years,
by a baseline data collection, permitting post introduction
comparisons [26]. Clinical research by controlled clinical trial will
reach different target groups to demonstrate the efficacy of the Cuban
vaccine candidate. The pre-registry cluster community trial will permit
the effectiveness evaluation in vaccines (direct effect), the herd
protection in infants (indirect effect) and the impact at population
level, as well as duration of protection. Post registry monitoring and

evaluation of vaccinated and unvaccinated children will be carrying
out during five years after introducing the vaccine in the national
vaccination program to investigate how many IPD or non-IPD cases
are caused by vaccine serotypes.
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Discussion

The proposed evaluation frame supports the Cuban strategy of
development and evaluation of a new vaccine for its introduction by
the health system and its posterior marketing. It will allow generating
scientific evidences on safety, efficacy, effectiveness as well as the cost,
cost-effectiveness and impact on health of PCV7-TT.

Moreover, it will permit to document the changes in the
epidemiological pattern of the pneumococcal disease, the serotype
prevalence and post-vaccine introduction microbial resistance.

Novel elements for international literature are the findings on
immunogenicity using reduced doses schedule in two target
populations [27], and the demonstration of the effectiveness and
population impact introducing pneumococcal vaccination with high
coverage in a short period of time in children from 1 to 5 years old as
target population, to generate herd protection in infants because the
impact on pneumococcal circulation.

From methodological viewpoint, the strengths of the strategy are: 1)
the integration of different perspectives: clinical & evaluative research,
organization of surveillance and diagnostics services, measurement of
effectiveness and impact, 2) integration of effectiveness on disease with
hospitalization rates and changes of the carrier status as principal
endpoints, which so far were dispersed in literature, 3) the frame to
build the body of scientific evidence, supposing the closing of the
product complete cycle, 4) foreseen mechanisms of monitoring and
evaluation of the rigor of scientific evidence (internal validity) and
applicability (external validity), 5) the monitoring of serotypes and
microbial resistance by sentinel surveillance, and 6) the measurement
of the population effect attributed to pneumococcal vaccination in
Cuba at median and long terms.

Weakness are defined as those resulting from routine information
reliability of surveillance and statistical systems; which should be
minimized with protocoling, monitoring and evaluation in sentinel
sites, where the strength of capacities and the technological
development have been foreseen. The combination of study designs,
information sources, data collection techniques and indicators, will
allow controlling inherent limitations to each study design [28].
Adherence to good clinical practices [29,30] will ensure quality of
results and the compliance with ethics principles for research in
humans.

Considering the challenges in the evaluation process of the new
Cuban pneumococcal vaccine this paper was aimed at three main axes:
the change of paradigm in the evaluation framework, the strategies
design, and the generation process of scientific evidences for decision-
making.

The change of paradigm in the evaluation frame

The introduction, adoption, diffusion and marketing of vaccines, as
well as other sanitary technology should be guaranteed by the
confirmation of safety, efficacy, effectiveness and relation cost-
consequence. Otherwise, means ethical problems.

Assuming the methodological frame of the so-called “complex”
interventions is the first challenge in the evaluation of the new
pneumococcal vaccine, because usually vaccine-based interventions
are considered “simple” or “uni-component” [31]. This fact is based on
the number and variability of the used effectiveness or impact
measures (outcomes), the number of target groups enrolled (infants,

preschool children, chronic patients, elderly, and the number of
institutions of different levels (hospitals, laboratories, primary health
care areas, research centers) involved in the evaluation process.

Design of the evaluation strategy

The evaluation is a bridge between scientific evidence and decision-
makings since it provides information at macro and micro levels [32].

The second challenge in designing the PCV7-TT evaluation strategy
is the need of combining different designs to answer different research
questions, to clinical evaluation and impact measurement to support
decision-making on its introduction, use and marketing.

WHO [6] considers that the introduction of new pneumococcal
vaccines is influenced by political and technical criteria. In addition, it
suggests that the demonstration of the impact on the pneumococcal
disease is important to support political decisions on vaccine
introduction and use and to allow the society to consider the benefits
and to evaluate the programmatic use

The evaluation strategy designed should answer questions such as:
1) Is the disease intended to be prevented a political and public health
priority?, 2) Does the disease have an important magnitude, evaluated
in terms of incidence, prevalence, disability, hospitalizations and
mortality in the country?, 3) Is the available vaccine safe, efficient?,
does it have quality?, 4) Is the proposed vaccine the best intervention
for the disease control?, 5) What is the cost-effectiveness relation of the
vaccine?, and 6) Which is the impact of the vaccine introduction [33].

The need of defining key processes and main components according
to the innovation model proposed by Roger in 1995 was the consulted
experts’ criteria to ensure the external validity of the evaluation
strategies and its applicability to other products and technologies,
mainly vaccines [34].

Process of scientific evidence generation

The need of building a robust body of evidences, complying with the
requirements of the international scientific community and of the
regulatory institutions is the third challenge for building the evaluation
strategies of the Cuban vaccine.

In the specific case of pneumococcal vaccines, the scientific
evidence on safety evaluation, immunogenicity, the effect on the
carrier status and dose schedules comparisons have been widely
supported in literature and it based on hard designs of clinical studies
involving large cohorts of vaccines and follow-up of systematic reviews
and metanalysis [17-22]. For this reason, the generation of evidences of
the new Cuban vaccine should be rigorous enough to ensure
international comparisons and it’s positioning as product in vaccine
markets.

Besides, it should be considered that the registry of new
pneumococcal vaccines is well regulated by standards and positioning
criteria of international organizations such as the WHO ([35] and
national regulatory agencies in Cuba [29] and other with similar
functions in the United States and Europe.

Controlled and randomized experimental studies, rigorously
conducted to ensure internal validity, will provide an evidence level I.
Cluster Community trial and analytical observational studies of cohort
and case-control generate evidences of levels II-1 and II-2, respectively.
All this, together with the evaluation of cost and cost-effectiveness
(levels Ta and Ib), have the intention of placing all the information
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generated on PCV7TT in a recommendation grade of A [36] for its use
and commercialization.

Conclusions

The evaluation strategy of the new Cuban pneumococcal vaccine
would close the complete development cycle of the biotechnology
product in Cuba. It is supported on international standards and
recommendations for the evaluation of pneumococcal conjugated
vaccines and it goes from the context analysis to the measurement of
impact on health after introduction. The generation of new scientific
evidence is based on the combination of methodological procedures
and on rigorous, valid and reliable study designs that can be applied in
the evaluation of other products and technologies in different
scenarios. The synthesis and appraisal of the evidences on PCV7-TT,
will allow decision-makings for its introduction and use by the health
system.

The proposed strategy for the implementation of pneumococcal
vaccination in Cuba may contribute to the scientific knowledge by
answering questions on the importance of the herd effect in infants
when children from 1 to 5 years are massively vaccinated; and will give
new insights if this strategy could be used in the future to prevent
reemergence of new serotypes combined with innovative schedules of
reduced doses.

Cuban biotechnology faces new challenges to position its products
in the international market. However, it is time to demonstrate that the
Cuban vaccine is an alternative for the so-called South countries, as
part of the global strategies to reduce preventable diseases using
vaccines in the coming years.
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