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ABSTRACT

In 2010, a 10-valent pneumococcal non-typeable Haemophilus influenzae protein D conjugate vaccine
(PHID-CV) was introduced in the Brazilian national immunization program; the 3 + 1 dose schedule was
replaced by a 2 + 1 dose schedule in 2016. This systematic review presents the latest published evidence
(2015-2020) on the impact after 10-year use of PHiD-CV in Brazil from a total of 29 publications. Overall,
the PHiD-CV program had a positive impact on the morbidity and mortality associated with invasive
pneumococcal disease (IPD), pneumonia and acute otitis media (AOM) in children <5 years-old.
A reduction in the vaccine-type invasive disease was observed in all-ages; suggesting indirect protection
unvaccinated older children and adults. The occurrence of non-vaccine type disease was evidenced in
some studies. Higher vaccination coverage is required at national and state level for sustained population
impact. Given the change in the vaccination schedule and the dynamics of pneumococcal disease

epidemiology, continuous surveillance is warranted.
GSK Study identifier: HO-18-19438

Introduction

Streptococcus pneumoniae causes invasive pneumococcal disease
(IPD) such as meningitis, bacteremia, pneumonia and sepsis,
and noninvasive diseases such as non-bacteremic pneumonia
and acute otitis media (AOM), both of which result in high
morbidity and mortality worldwide." Pneumococcal conjugate
vaccines (PCVs) have been introduced in the national immuni-
zation program for children in several countries.' In 2010, the
10-valent pneumococcal non-typeable Haemophilus influenzae
(NTHi) protein D conjugate vaccine (PHiD-CV, Synflorix™,
GSK Vaccines) was introduced in the Brazilian routine child-
hood immunization program with three primary doses given to
children at 2, 4 and 6 months of age followed by a booster dose at
12-15 months of age (3 + 1 schedule).” In addition to the routine
program, Brazil provided a catch-up program for infants with
incomplete schemes to get two primary doses for infants
7-11 months of age with a booster dose later at 12-15 months
of age, and one dose for children 12-23 months of age.*”

In 2016, 6 years after introducing PHiD-CV in the routine
immunization program, Brazil revised its recommendation for
PHiD-CV; the 3 + 1 vaccination schedule (at 2, 4 and 6 months
of age followed by a booster dose at 12-15 months of age) was
replaced by a 2 + 1 vaccination schedule (at 2 and 4 months of
age followed by a booster dose at 12 months of age and a catch-
up of one dose for non-vaccinated children from 12 months to
4 years of age).*

In countries with economies in transition like Brazil, most
cases of pneumococcal disease and deaths among children
below 5 years occur in the first year of life, with a peak in
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disease incidence before 6 months of age.” The timing of onset
of disease and death is critical in determining the vaccine
schedule.® The World Health Organization (WHO) recently
recommended the PCV schedule of three primary doses with-
out a booster or, as an alternative, two primary doses with
a booster." Evidence from immunogenicity studies, as well as
clinical trials and observational studies of nasopharyngeal car-
riage and IPD, have been systematically reviewed and results
indicate that both schedules (3 + 1 and 2 + 1) work well. Either
schedule can be implemented based on local epidemiology or
programmatic considerations, but it is key to achieve a high
three-dose (2 + 1) coverage to reach an adequate overall level of
protection and herd effect.”

In Brazil, the national coverage of the PHiD-CV primary
series (from 2010 to 2015 primary series comprised three
doses, but from 2016 onwards the primary series comprised
two doses) was >80% from 2011 to 2019 and >70% for the
booster dose from 2013 to 2019.% However, in 2019 vaccine
uptake declined in relation to previous years and disparities in
PHiID-CV coverage rates in the different regions, cities, and
municipalities of Brazil were reported.” This is important to
address as vaccine uptake in children impacts the size of herd
protection effects.”

A recent literature review, with evidence until 2015 (5 years
after PHiD-CV introduction), reported an overall positive impact
on pneumococcal disease burden 5 years after PHiD-CV intro-
duction in Brazil.® Additionally, indirect protection against vac-
cine-type IPD and pneumonia hospitalizations in unvaccinated
subjects was observed in individuals of older age groups.’
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The current systematic literature review aims to provide an
update on the direct and indirect impact of the use of PHiD-
CV immunization on the burden of IPD, pneumonia, AOM,
and pneumococcal nasopharyngeal carriage, in the Brazilian
population, since the schedule change and the last review’
which provided evidence of a positive early impact on the
burden of pneumococcal disease in Brazil.

Methods

We conducted an update of a previously published systematic
review,” according to guidelines in the Cochrane Handbook for
Systematic Reviews of Interventions'® and Preferred Reporting
Items for Systematic Literature Reviews and Meta-Analyses
(PRISMA),"" to obtain relevant information using a reproducible,
robust and transparent methodology.

Search sources and strategy

The following online databases were searched: Medline (via
PubMed), Web of Science, Scopus, Scientific Electronic Library
Online (SciELO), and Latin American & Caribbean Health
Sciences Literature (Lilacs). We also searched other sources
such as congress proceedings published from June 2015
through April 2018, including the International Symposium
on Pneumococci and Pneumococcal Diseases (ISPPD) (2016,
2018), the Congreso Latinoamericano de Infectologia
Pediatrica (SLIPE), Interscience Conference of Antimicrobial
Agents and Chemotherapy (ICAAC), Annual Meeting of the
European Society for Pediatric Infectious Diseases (ESPID),
World Congress of the World Society for Pediatric Infectious
Diseases (WSPID), International Congress on Infectious
Diseases (ICID), IDWeek, Congresso Brasileiro de Pediatria,
Congresso  Brasileiro de Pneumologia Pediatrica, and
Congresso Brasileiro de Infectologia Pediatrica.

In addition, we searched epidemiological surveillance data-
bases, when available, from the local surveillance systems such
as Sistema de Informagio de Agravos de Notificagdo (SINAN)
(via the Brazilian government open-access public health data-
base system [DATASUS]), Centro de Vigildncia
Epidemioldgica da Secretaria de Estado da Saude de Sio
Paulo (CVE, Sio Paulo State), and Sistema de Informagdo do
Programa Nacional de Imunizagées (SI-PNI).

The search strategy was developed using both free-text and
MeSH terms. Search terms for the different databases were
combined using Boolean operators (e.g. vaccine OR otitis OR
pneumonia OR invasive disease OR carriage OR herd protec-
tion AND Brazil). Details of the search strategy are provided in
Supplementary material (Supplementary Tables 1-6). All
searches in this update were restricted by publication date
from May 2015 through May 2020, to capture relevant evi-
dence after the date of search in Moreira et al.” Articles pub-
lished in English, Spanish and Portuguese were included in this
review and the geographic scope was restricted to Brazil.

Article selection and data extraction

Identified publications were screened in two phases by two
reviewers using the inclusion and exclusion criteria provided

Table 1. Inclusion and exclusion criteria.

Inclusion criteria Exclusion criteria

Population ~ ® Studies done in human @ Non-human studies
subjects of all ages ® All others
Intervention ® PHiD-CV vaccine ® All others were excluded
Comparator @ All ® None were excluded based
on comparator
Outcome ® Epidemiological ® Vaccine immunogenicity or

parametersPrevalence/
incidence b
® Effectiveness of vaccina-
tion on invasive disease,
pneumonia, otitis media,
nasopharyngeal carriage,
serotype distribution, or
herd protection in all age

safety studies

Studies evaluating treat-
ments such as antibiotics;
studies of virus etiology
only; studies conducted
among populations with
chronic diseases not repre-
sentative of the general

groups population.
Study ® Primary ® Non-primary
design research*Randomized con- researchReviews**
trolled trials (RCTs) ® Meta-analysis

Public health programs or
recommendations
Transmission
studies

® Non-randomized studies °

® Qbservation studies
(cohort studies, case- o
control studies, pre-/post-

modeling

vaccine introduction time ~ ® Cost-effectiveness or health
series) economics studies
® Surveillance reports ® Case reports
(unpublished and ® Meta-analysis
published) ® |etter to editor
® Publications/reports from ® Newspaper
global, regional and local ~ ® Editorial
published and unpub- ® Comment
lished data (if possible) ® QOpinion paper
® Studies whose analysis per-

iod was unspecified.

Limits
Publication  May 2015 - May 2020 Articles published outside of
date dates considered eligible for
inclusion
Geographic  Brazil All other countries/regions
scope
Language  English, Spanish and Articles published in any other

Portuguese language besides English,

Spanish and Portuguese

* Reference lists of all articles were manually screened for additional relevant
original articles (as deemed necessary by the reviewer)

**Review articles from the search were excluded but bibliographies of reviews
were manually screened for additional relevant original articles.

in Table 1. The first phase included a screening of titles and
abstracts of all publications followed by a second phase which
included reviewing the full-text of articles. All discrepancies
were discussed between both reviewers and in case of disagree-
ment about article inclusion a third reviewer was consulted.

Relevant information about each article, established a priori,
was extracted, including journal and year of publication, study
setting, study objectives, study design, study period (e.g., pre-
and post-vaccination periods), sample size, study population,
clinical outcome, measure of impact of vaccination (effective-
ness or percentage incidence, number of cases changes).

Risk of bias and quality assessment

First, the risk of bias for observational studies was indepen-
dently assessed by two reviewers through the Strengthening the
Reporting of Observational Studies in Epidemiology
(STROBE) checklist,'* modified according to Sanderson et al.’?
and Fowkes and Fulton.'* An algorithm was used to estimate
the overall risk of bias considering five criteria: methods for



selecting study participants, methods for measuring exposure
and outcome variables, methods to control confounding,
design-specific sources of bias, and statistical methods
(Supplementary Table 7).

Second, the quality of overall evidence and strength of recom-
mendation was evaluated using the Grading of Recommendati
ons, Assessment, Development, and Evaluations (GRADE) cri-
teria for all eligible publications.”> The quality of evidence was
rated for each outcome, taking into account the risk of bias from
the STROBE assessment, consistency, directness, precision, pub-
lication bias, the magnitude of the effect, dose-response, and
confounders (Supplementary Figure 1). We applied a score sys-
tem based on GRADE criteria which shows how we rated the
quality of each individual study (high to very-low). Studies that
have observational designs automatically fall under the low-
quality category, but we further categorized the studies into very-
low to low (Supplementary Table 8). The resultant strength of
recommendation (strong/medium/weak) was informed by the
quality of the evidence (explained previously), the balance of
outcomes (desirable versus undesirable) and value magnitude.
The quality assessment of abstracts was not performed as study
details were not adequately reported.

341 references identified through
PubMed, Web of Science,
Scopus, Scielo, and Lilacs.

217 references identified
after removing duplicates

182 abstracts
excluded

35 potentially relevant references
identified after screening
by title or abstract

16 abstracts
excluded

19 references included in review

after reviewing full text
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Analyses and reporting

A descriptive analysis was conducted to summarize each of the
disease endpoints established in the inclusion criteria. Statistical
heterogeneity between studies was assessed using I-square (I%)
statistic, with values less than 40% indicating an insignificant
level of heterogeneity, values between 40% and 60% indicating
a moderate level of heterogeneity and values over 60% indicating
substantial heterogeneity.'® In case of significant heterogeneity
(>60%) of results or inconsistent methods used (i.e. study designs)
across studies, the outcome estimates were not pooled in a meta-
analysis and a description of individual studies was provided.

Results
Description of included studies

A total of 19 papers (out of 341 full-text journal publications
identified from the online databases)!”>° and 10 abstracts (out
of 649 from relevant conference proceedings)’®™* were included
in the review (Figure 1). A summary of study characteristics is
presented in Figure 2 and individual study details are provided in
Table 2.

649 abstracts identified
from selected conferences

Not available
Irrelevant

® Not in Brazil

= Not in PHID-CV

= Study Type
Study Period
Population

u Public Health

u Treatments

m Viral Etiology

u Reference Type

m Duplicated

® |ncluded in previous review

31 abstracts identified
after screening

639 abstracts
excluded

10 abstracts included in review

Figure 1. PRISMA flow chart of articles and conference abstracts identified for inclusion in the review.
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(a) Brazilian states (2015*- 2019)
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Figure 3. Average vaccination coverage of primary and booster doses of PHiD-CV per (A) Brazilian states (2015* — 2019) and (B) year Note: In 2015* there was a 3 + 1
schedule, and after 2016 there is a 2 + 1 schedule. The health system estimates coverage of the complete schedule by proxy of the coverage of the last dose (in this case,

3rd dose until 2015 and 2nd dose since 2016).

Nine studies reported nationwide data,'”'%2%232530:3236.38 ]|

other studies reported state or region-specific data (Sdo Paulo
[n = §],212227:2840-4245 apia 1) = 3] 182630 Goigg [n = 2],31%
Minas Gerais [n = 2],*** Rio de Janeiro [n = 2],*>* Tocantins

[n = 1],* Santa Catarina [n = 2]***> and Maranhao [n = 1]*)
(Figure 2A).

In terms of study designs, the most common was ecolo-
gical database study (n = 13)'7?%2>31738434% followed by



surveillance-based (hospital-based or
(n = 9),'8720232840-4245 165 sectional (n =
cohort (n = 1),°° and case series (n = 1) (Figure 2B).

The studies identified in this review assessed vaccine impact
in specific age groups: <l-year-old (n = 3),°*°**® <2 years
(n=7),2b222530313336 |4 vear olds (n = 4),°275743 <6_years-
olds (n = 3),'”** and <16-years-olds (n = 3).%%%45 Nine
studies reported data in individuals of all ages (Figure 2C)."'®
20.23,26-284142 Most studies reported IPD as the outcome

10),192023,26-2836:40.4245  gillowed by pneumonia
community-acquired pneumonia
(CAP) (n = 3),”>*** pneumococcal meningitis (n = 3), 18214
AOM/Otitis Media (OM) (n = 2)°>*' and nasopharyngeal
carriage (n = 3).21?%% An overview of studies by outcome
and target age group is provided in Figure 2D and
Supplementary Figure 2.

Due to a high rate of heterogeneity (I2 = 96%) for all
study outcomes, a meta-analysis of the extracted outcomes
was not performed. This high rate of heterogeneity can be
explained by the distinct types of study designs and multiple
types of outcomes measured (i.e. clinical disease endpoints).
Consequently, a descriptive overview of the individual stu-
dies is presented.

laboratory-based)
),21:22:27:29.39

(n =
(n = 9),17242532,3537,38.43,44
- b

PHiD-CV coverage and impact
Vaccination coverage

According to the Brazilian Ministry of Health administrative
database (via DATASUS),® the overall vaccination coverage is
estimated with the last dose of each primary schedule.
Vaccine coverage for both the primary schedule and the
booster dose of PHiD-CV increased from 2010 until 2015
(3 + 1 schedule). However, from 2016 to 2019 (2 + 1 sche-
dule), overall vaccine coverage decreased from 95% to 54.4%
for the primary schedule. Coverage rates for the PHiD-CV
booster dose also declined from 84.1% in 2016 to 50.5% in
2019. At the regional level, primary dose coverage decreased
from 2016 to 2019 in all regions of the country: North (85.8%
to 54.5%); Northeast (92.2% to 54.7%); South (96.7% to
59.8%); Southeast (96.9% to 51.9%) and Mid-West (100% to
56.9%). Booster dose coverage also declined in a comparable
manner in all regions of the country. A similar decrease in
primary dose coverage was noted among the different states
in Brazil, with all states seeing a marked decline in coverage
rates in 2019. Booster dose coverage in all states also declined
from 2016 to 2019 (see Figure 3).

Impact of PHiD-CV on IPD and pneumococcal meningitis
Evidence on the overall impact of PHiD-CV on IPD and pneumo-
coccal meningitis was reported in ten studies,'**>>26-28-26:4042:4>
and three studies,'®2**! respectively (Table 2). Overall, a decrease in
the direct and indirect burden of IPD and pneumococcal meningitis
after PHiD-CV introduction was documented in children < 5 years
of age, with a higher number of cases of pneumococcal meningitis
reported in adults. While there are reports of increasing numbers of
IPD and meningitis cases linked to non-vaccine serotypes in chil-
dren below five years, a normal fluctuation of prevailing serotypes
over the years has also been documented.

HUMAN VACCINES & IMMUNOTHERAPEUTICS . €1879578-11

An interrupted time series analysis conducted nationwide
between 2008 and 2013 indicated that PHiD-CV significantly
reduced IPD and pneumococcal meningitis rates by 44.4%
(95%CI: -72.5 to —15.8; p <.002) in children 2 months to
<2 years of age.’® Evidence from a retrospective hospital-
based surveillance study showed a lower proportion of IPD
cases among younger children between the pre-vaccination
and post-vaccination periods: <2 years: 60% and 42%;
2-5 years: 23% and 28%; >5 years: 16% and 25%).2° In an
observational study conducted in Salvador municipality
between 2010 and 2013, 82 IPD cases were included, from
which 14 were reported in children under 2 years of age, and
3 (21.4%) were vaccinated prior to the IPD episode.*®

Another nationwide hospital-based surveillance study
reported a decline in hospitalizations from 20 cases to 5 cases
and deaths from 6.6 to 2.0 cases per 10,000 pediatric admis-
sions when comparing pre- and post-vaccine introduction
periods."” Overall 30.0% of cases were sent to the ICU regard-
less of vaccine introduction."”

A retrospective cross-sectional study analyzed records of
332 isolated pneumococcal strains in patients of all age groups
(168 isolates for <5 year-olds) with IPD between 1998 and 2013
in the University Hospital in Ribeirdo Preto municipality, Sao
Paulo.”” The study showed a decrease from 61.7% (2003-2010)
to 13.9% (2011-2013) in the number of IPD cases.”’
A hospital-based surveillance study conducted in Salvador
municipality (Bahia State) that compared the incidence of
pneumococcal meningitis before (January 2008-May 2010)
and after (June 2010-December 2012) PHiD-CV introduction
estimated a reduction in the annual incidence of pneumococcal
meningitis (0.9 per 100,000 inhabitants in 2008 to 0.36 per
100,000 inhabitants in 2012; P <.05). However, while the inci-
dence of both vaccine-type pneumococcal meningitis (from
0.57 per 100,000 inhabitants in 2010 to 0.21 per 100,000 inha-
bitants in 2012; P <1.0) and non-vaccine-type pneumococcal
meningitis (from 0.69 per 100,000 inhabitants in 2008 to
0.21 per 100,000 inhabitants in 2012; P <.76) declined, the
reductions were not significant. Of note, during the initial
period after PHiD-CV wuse, there was no emergence of
a specific serotype among non-PHiD-CV  strains.
A comparison of the number of 12 F, 10A, 15B and 18B
serotype isolates identified before and after PHiD-CV vaccine
introduction suggested a normal fluctuation of these serotypes
over the years, with no evidence of specific emergence of any
particular serotype. It is important to consider that in this
study the majority of cases were reported in adults (63.4%),
who are not the target group for vaccination. During the study
period, there was no evidence demonstrating the effect of
eventual replacement of the PHiD-CV serotypes.'®

In a retrospective follow-up study that analyzed 796 isolates
in individuals of all ages in the Northeast region of Sdo Paulo
State, the number of IPD cases dropped from 60 cases per year
from 2003 to 2010 to 32 cases per year in 2011-2013; notably,
the cases due to serotypes 14, 1, 23 F and 5 had declined.?® In
addition, a national laboratory-based surveillance study from
2005 to 2015 that analyzed 8,971 IPD isolates from patients
across age groups of 2 months to 99 years showed a reduction
in vaccine-type IPD meningitis cases, ranging from 83.4% in
2 months to 4 years age group to 47.7% in >65 years age group
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(non-vaccine target) 5-years post-vaccine introduction in
Brazil.®® Three hospital-based surveillance studies in Sio
Paulo City showed a reduction in the overall cases of IPD
including meningitis in Brazil post-introduction of PHiD-
CV.*"*% The number of pneumococcal meningitis cases
decreased from 7 cases per year (for pre-vaccination period:
2000-2009) to 5 cases per year (for post-vaccination period:
2010-2015).*" In a prospective hospital-based surveillance
study of patients with IPD from January 2000 to April 2017,
an annual decrease of 15.6% in the number of IPD cases in all
age groups was observed from 2010 to 2017 without evidence
of serotype replacement. Notably, in healthy individuals,
a 57.3% reduction in the number of IPD cases was
reported.*” In a hospital-based surveillance study, the number
of IPD cases among individuals <15 years of age declined from
25 cases per year from 2005 to 2010 to 9 cases per year from
2011 to 2016.*

Impact of PHID-CV on all-cause pneumonia and CAP
Nine studies evaluated and reported the impact of PHiD-CV
introduction on pneumonia (Table 2),'7-*425323%37,38.43.44 giye
studies evaluated the impact of vaccination with PHiD-CV on
pneumonia-related mortality,***>*®*>** while five studies
evaluated the impact of vaccination with PHiD-CV on pneu-
monia hospitalizations.'”?*?>*”* Qverall, decrease in pneu-
monia-related mortality at both national and state level was
documented after the introduction of PHiD-CV vaccination.
Similarly, a decrease in the number or proportion of pneumo-
nia hospitalizations post-PHiD-CV introduction was recorded
throughout the country. One a few studies assessed the impact
of PHiD-CV vaccination on CAP hospitalizations; a decline in
CAP hospitalization was documented in the post-vaccine era.
In one ecological study in Santa Catarina State that analyzed
data from the Mortality Information System of children
<1 year of age, a reduction of 11% deaths in all-cause pneu-
monia-related deaths was reported (from 29.7 to 23.4 per
100,000 between 2006-2009 and 2010-2013, respectively).”*
In a retrospective analysis conducted in children 1-4 years of
age in the Tocantins State, a 28% (significant) reduction in
pneumonia-related deaths were observed two years post-
vaccine introduction in Brazil (2011-2013) compared to the
pre-vaccination period (2008-2010).*> Another study reported
a reduction of 21% in mortality among children <5 years of age
(from 0.746 death per 1,000 live births to 0.589 death per 1,000
live births) between 2006-10 and 2011-15, respectively.** In
a nationwide retrospective observational study (with a 34-year
time-series analysis) of children <5 years of age, a 10% reduc-
tion in pneumonia-related mortality was estimated post-
vaccination; however, the analytical methods used showed
a high degree of uncertainty to generalize these conclusions.”
A decline in all-cause pneumonia hospitalizations was also
documented in Brazil several years after PHiD-CV introduc-
tion in Brazil. One study (2003-2013) reported a nationwide
reduction after 48 months of vaccine introduction of 10% (95%
CL: 4% to 19%), 7% (95%CI: 1% to 10%) and 11% (95%CI: 4%
to 13%) in all-cause pneumonia hospitalizations in infants
<12 months of age, children 12-23 months of age and children
24-59 months of age, respectively.”® A retrospective analysis
conducted in Maranhao State estimated a 10% (not significant)

reduction in all-cause pneumonia hospitalizations in children
1-4 years of age after PHiD-CV introduction (2011-2013)
compared to the pre-vaccination period (2008-2010).”” In
another retrospective analysis conducted in children
1-4 years of age in the Tocantins State, a 9% reduction in
pneumonia hospitalizations was observed post-vaccine intro-
duction in Brazil (2011-2013) compared to the pre-vaccination
period (2008-2010).*> Comparing pneumonia hospitalization
rates pre- and post-vaccination years between 2005 and 2015
(i.e. 5-year post-vaccine introduction) in children <5 years of
age, a significant impact of vaccination was observed in infants
<12 months of age (-26.5% [95%CI: -35.5% to —17.5%];
p = .001). During the same time period, a significant decrease
in pneumonia hospitalization rate was observed in children
2-4 years of age, with a relative percentage of —21.5% (95%
CI: —29.8% to —13.2%; p = .002).'” An ecological database study
conducted in the Santa Catarina state among children <5 years
of age reported that pneumonia-related hospitalizations
reduced from 37,703 (pre-vaccine introduction) to 30,101
(post-vaccine introduction).”® The study also reported that
the mean hospitalization rate declined by 23.3% for children
<1 years of age and 8.4% for children 1-4 years of age.”

Three studies described the impact of PHiD-CV introduc-
tion on CAP (Table 2).3*2**° In a time series analysis con-
ducted in a selected region of Minas Gerais state from 2007 to
2013, a significant 19% reduction in CAP hospitalization rate
was observed in infants <1 year of age with the number of
hospitalized cases dropping from 828 to 624 three years after
vaccine introduction (prevalence ratio: 0.81; 95%CI: 0.74 to
0.89; p <.05).>* In a retrospective cross-sectional study con-
ducted in Rio de Janeiro city from January 2015 to
September 2016, the number of hospitalizations was higher
among unvaccinated infants <6 months of age compared to
vaccinated infants (p = .06).%

Impact of PHiD-CV on AOM

Overall there was a positive impact of PHiD-CV introduc-
tion on the burden of AOM>*?! (Table 2). A prospective
cohort study conducted in Salvador municipality (2009 and
2013) showed that in vaccinated children 6-23 months of
age who were diagnosed with acute respiratory infection
during 2010 and 2013, PHiD-CV immunization was asso-
ciated with low odds of developing AOM (odds ratio [OR]:
0.16 [95%CI: 0.05 to 0.52]).*° In an interrupted time-series
analysis, a significant impact of PHiD-CV immunization in
children 2-23 months of age was measured using the data
captured in Goiania electronic Outpatient Visit Information
System (OVIS) from August 2008 to July 2015. Five years
after vaccine introduction, a significant reduction in all-
cause OM visits was observed and the impact of PHiD-
CV on all-cause OM was estimated at 43.0% (95%CI: 41.4%
to 44.5%).*"

Nasopharyngeal carriage

Three studies evaluated the effect of PHiD-CV on nasophar-
yngeal carriage (Table 2).>"*** Overall, nasopharyngeal car-
riage of vaccine-type Streptococcus pneumoniae decreased in
children, with the highest decline observed in children <2 years



of age. Vaccine-related serotypes 6A and 19A did not increase,
yet carriage of other non-vaccine type isolates increased and an
increase in antimicrobial resistance was also reported; this was
specific to the emergence of serotype 6 C and 19A isolates.”"*’

One study detected Streptococcus pneumoniae in 40.3% of
children 12-23 months at baseline (2010) and in 48.8% of
children post-vaccine introduction. In this study, vaccine ser-
otypes were found in 19.8% and 1.8% of children at baseline
and post-vaccine introduction, respectively, representing
a decline in nasopharyngeal carriage of 90.9% (p <.0001).
Vaccine effectiveness of the 3 + 1 and 2 + 1 dose schedule
against vaccine-type carriage was 97.3% (95%CI: 88.7% to
99.3%) and 92.7% (95%CI: 79.6% to 97.4%), respectively.”’ In
another cross-sectional study conducted in Niteroi city (Rio de
Janeiro) four years after vaccine introduction, pneumococcal
nasopharyngeal carriage was evaluated in children <6 years of
age. A lower prevalence of Streptococcus pneumoniae coloniza-
tion was observed in children <2 years of age (16.2%; p <.01)
compared to children >2 years of age (32.8%; p <.01).””> Among
children >2 years of age, the highest prevalence of colonization
was observed among children of 2-4 years of age (36%).”
Serotypes 6 C, 15B/C, 11A/D, 6A, 15A/F, 23A, and 23 were
the most common capsular types observed in this study.
Resistance to several antimicrobial agents was frequently
observed and this was mainly associated with the emergence
of multidrug-resistant serotype 6 C.*’ In another cross-
sectional study from Sao Paulo state in children 1-2 years of
age, Streptococcus pneumoniaqe carriage increased from
a baseline of 40.3% in 2010 to 59.7% in 2017, and vaccine-
type isolates significantly decreased by 90.9% and 95.5% in
2013 and 2017, respectively.”> The study also reported that
non-vaccine-type isolates increased significantly by 128.0%
and 185.0% in 2013 and 2017, respectively.

Risk of bias and quality assessment

Risk of bias was performed for the full-text journal publications
(n = 19) using the STROBE checklist. As presented in
Supplementary Figure 3A, the overall risk of bias was high in
11 studies and moderate in 8 studies. The high overall risk of
bias of individual studies was driven mainly by the choice of
methods for selecting study participants (lack of an appropriate
population and pre-defined criteria for study eligibility) and
a lack of methods to control confounding. In addition, the
overall risk of bias was high due to a high design-specific source
of bias which can be attributed to the nature of observational
studies, specifically those using passive surveillance and labora-
tory data.

The quality of evidence and strength of recommendation
was evaluated for the full-text journal publications using
GRADE (Supplementary Figure 3B).*® The varying quality of
evidence reflected that study designs of the included studies
had various limitations. Study heterogeneity, lack of general-
izability of the study findings beyond the studied population
and imprecision were identified as reasons for the low quality
of evidence. Therefore, the strength of recommendation eva-
luation categorized studies into weak (n = 10), medium (n = 6)
and strong (n = 3) for further recommendation. In the context
of the main findings of this study, it is reasonable to infer that
PHiD-CV had a positive direct and indirect impact on
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pneumococcal disease in children <5 years of age and con-
ferred an adequate herd effect in the unvaccinated population.

Discussion

In this paper, we present an up-to-date review of the evidence on
the impact of the routine immunization program with PHiD-CV
in Brazil, particularly following the switch froma3 +1toa2+1
schedule in 2016. A descriptive analysis was presented instead of
performing a meta-analysis due to the high heterogeneity
between studies. The review identified a total of 29 studies (19
publications and 10 abstracts). Nine studies were nationwide
studies and were considered representative of the national
population,'”!%20232232:363844 " yhile the remaining studies
were conducted in one or several regions. The review reveals
that the burden of IPD, all-cause pneumonia, and AOM has
considerably decreased since the introduction of PHiD-CV in
Brazil, with heterogeneous effects across states. The impact of
PHiD-CV in the general population of Brazil are consistent with
the findings from other countries including those in the Latin
America and Caribbean region.*’ >

Findings from this review support the results of the original
review that the PHiD-CV program in Brazil has a substantial
direct and indirect positive impact on the IPD and noninvasive
disease burden caused by vaccine-types, and furthermore eval-
uates the impact during the post-vaccination period after the
change in vaccination scheme.” Among the vaccine target
population, particularly < 5 year olds, vaccine-type IPD
declined substantially post PHiD-CV introduction.>**¢-2%3¢
Six studies reported that vaccination with PHiD-CV conferred
a substantial reduction in vaccine-type IPD in the population
not targeted by vaccination, in particular after 3 years of PHiD-
CV use, leading to broader protection against vaccine-type IPD
in all age groups.'”?%*”*424 [t js known that pneumonia and
AOM, when compared to IPD poses a higher overall public
health burden and management costs from a societal
perspective.'® Importantly, studies from Brazil assessing the
effectiveness of PHiD-CV have reported a reduction in pneu-
monia mortality and hospitalizations,'”**?>?>37:38:43:44 34
evidence of indirect (herd) protection in unvaccinated older
children and adults in highly vaccinated populations.'”*”*
One study showed a relative reduction in pneumonia hospita-
lization in the target vaccine group with an indirect positive
effect in individuals 10-49 years of age.'” This review also
identified revealed a significant reduction in all-cause OM
disease in young children, with rates of all-cause OM visits
significantly reduced since the introduction of PHiD-CV vac-
cination in Brazil.>! OM is one of the main reasons for seeking
healthcare services and antibiotic prescription during child-
hood and therefore this reduction is reflective of the public
health impact of the vaccination program in Brazil.

Published literature points to a shift in the serotype distri-
bution seven years after the introduction of PHiD-CV in
Brazil; an increase in non-vaccine serotypes was reported as
a cause of disease in both children and older adults.>***6-284
One study reported an increase in serotype 19A among chil-
dren <5 years (attributed mainly to emergence multidrug-
resistant strains)* and another study reported increasing levels
of carriage of non-vaccine types.”” Yet, other studies did not
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show serotype replacement among children <2 and <5 years of
age,'®**** demonstrating the real value of PCV in keeping the
net effect. Agudelo et al. conclude that in Latin America, there
has been an overall reduction in the trend and number of
invasive Streptococcus pneumoniae isolates in children
<5 years after PCVs introduction. However, the prevalence of
specific serotypes, such as 19A, has a relatively increasing
trend, which is observed and sustains in most countries regard-
less of the vaccine used.”® The increase in non-vaccine-type
IPD after PHiD-CV introduction might be related to several
factors such as antibiotic over-usage, pneumococcal carriage,
the prevalence of IPD underlying illness or comorbidities,
heterogeneity in vaccine coverage levels across a nation and
the use of a passive laboratory-based surveillance system.”!

Non-vaccine types are now becoming an important cause of
IPD regardless of differences in PCV programs (such as pre-
vious use of the 7-valent PCV, choice of higher valent PCV or
immunization schedules), despite epidemiological differences
(such as pre-PCV incidence or serotype distribution) and vac-
cination program (with catch-up scheme).”?

Globally, it is not clear whether any serotype plays
a more prominent role in causing disease in countries
using one PCV vaccine over the other.”>* In a recent
review that assessed the relative importance of non-
vaccine types after higher valent PCV implementation,
regardless of the PCV program used, there is an increase
in all IPD cases caused by non-vaccine types in distinct age
groups.” Focusing on the increase in serotype 3 circulation,
it remains unknown whether this is due to the vaccine
effect of PCV-13, or replacement by other non-vaccine
types in the PHiD-CV countries (and therefore proportio-
nately higher levels of serotype 3).”>>® An increase in ser-
otype 3 circulation may also be independent of the specific
vaccine and related with vaccine coverage or previous dif-
ferences in serotype distribution. Overall, this situation
demands careful monitoring, and factors influencing the
increase in non-vaccine type disease needs to be system-
atically investigated. Importantly, efforts should be made to
improve national surveillance systems (for example, moving
away from passive to active surveillance for the most pre-
valent invasive diseases in Brazil) so that any heterogeneity
between studies that confounds interpretation of PCV
impact data can be minimized at the outset. Equally impor-
tant is the continuous surveillance in individuals of all ages
based on standardized methods to ascertain the long-term
effects of PCV immunization programs in terms of serotype
replacement.”®

Only few longitudinal (i.e. > 20 years) post-vaccination
studies have estimated the impact of PCV use on childhood
mortality. For example, a recent study with time-series analysis
of 27 years (20 years pre- and 7 years post-vaccination)
observed continuous annual reduction in mortality from
lower respiratory infections (as a proxy to pneumonia) and
pneumococcal meningitis among Brazilian children <5 years of
age, irrespective of vaccination.”’

Colonization of the nasopharynx is acknowledged as
a precursor for pneumococcal disease and is required for the
transmission of the pneumococcus to other individuals.

A vaccine that reduces colonization by vaccine serotypes
could be expected to both decrease the risk of disease in the
vaccinated individual and provide herd protection to unvacci-
nated individuals. On the other hand, increases in non-vaccine
serotype colonization as a result of vaccination referred to as
“replacement” carriage, have the potential to lead to increased
non-vaccine disease in both vaccinated and unvaccinated
populations.”® In this review, a decrease in nasopharyngeal
carriage of vaccine-type and any-type pneumococci was
reported in two studies.?"? Serotypes 6 C, 15B/C, 11A/D,
6A, 15A/F, 23A, and 23 were the most common capsular
types observed in Brazil.>' Vaccine effectiveness of the 3 + 1
and 2 + 1 dose schedule against vaccine-type carriage was
97.3% and 92.7%, respectively.”’ Over time, the PHiD-CV
2 + 1 schedule may have a large impact on the carriage.
Given the recent shift in the vaccination schedule in Brazil,
further monitoring of the impact of the vaccine in the naso-
pharyngeal carriage is warranted to elucidate the population-
level impact of PHiD-CV in Brazil.

Overall, the findings from this review can be corroborated
by the national coverage rates in Brazil which increased until
2015. Since 2016, the vaccination coverage rate of the PHiD-
CV has declined in Brazil.® Notably, this decline has been
documented for other vaccines; one can note the high homo-
geneity in the first decade of the 2000s (coverage rates of
295%) and a drop since 2014. Low vaccination coverage
rates could compromise any vaccination program, indepen-
dently of the type of PCV used. Reasons for decline in cover-
age have not been explicitly stated by the Brazilian Ministry of
Health but recent published literature report a multitude of
contributing factors that could be related such as changes in
the national immunization information system,”” misinfor-
mation about the importance of vaccines and administration
schedule and vaccine hesitancy (i.e. delay in acceptance or
refusal despite having the recommended vaccines available in
health services).®® These factors are the most commonly cited
reasons for declining coverage in Brazil,*"®* and vaccine
hesitancy has been reported as a main concern for Brazilian
public administrators and researchers.®” In addition, time-
liness of vaccination is an issue in Brazil. Evidence from
a population-based cohort study conducted in 2012 shows
that PHiD-CV vaccination (3 + 1 schedule) in children was
delayed by 9.4%, 23.8%, 36.8% and 39.9% for the first, second,
third and the booster doses, respectively.”> These findings
cause concern since Brazil has recently switched to a new
2 + 1 PHiD-CV schedule,” and the higher incidence of IPD
is in the second half of the first year of life.

Several limitations must be considered in the interpretation
of the overall findings. Most studies report a limited number of
outcomes to assess vaccine effectiveness or impact. For
instance, few studies reported the impact of vaccine introduc-
tion on vaccine-type IPD and others reported the impact on
overall IPD. This could potentially limit the extrapolation of
the main observations of this review. Overall, most of the
studies were observational and surveillance-based which uti-
lized secondary data sources such as hospitalizations or labora-
tory databases; with unclear indication of the method used for
pneumococcal disease diagnosis (i.e. radiology, molecular, etc.)



or case-definition. Data from surveillance studies are based on
passive reporting by clinicians or other healthcare providers.
Passive surveillance covers wide areas (whole regions or states);
however, because it relies on an extensive network of health-
care providers, it becomes difficult to ensure completeness and
timeliness of data. In addition, most of the studies were non-
comparative and therefore any results need to be carefully
interpreted as this setup tends to pose limitations in terms of
bias and confounding.

Also, this review mostly included ecological database
studies with time-series analysis which inherently placed
an ecological bias on some interpretations; mostly due to
the short/medium-term (i.e. < 8 years post-vaccination)
time periods that were included in the analysis. To address
this, longer-term data from surveillance or prospective stu-
dies are needed to evaluate longitudinal trends in time-
series analysis.””

Furthermore, a lack of the consistency of age groups
reported in the studies prevented direct comparisons
between them. Similarly, the pre- and post-vaccination
periods considered in the studies were inconsistent and
therefore the overall findings should be interpreted in the
context of the study design, the target population, and the
setting in which the study was conducted. In terms of the
design of the review, there is a potential for publication
bias, although we tried to mitigate this by using
a comprehensive list of data sources, a sensitive search
strategy, and selection of papers using predefined eligibility
criteria.

Conclusion

In summary, the findings from this review confirm that the
positive impact of PHiD-CV after 10 years of use in Brazil
has sustained reductions in the disease burden of IPD,
pneumonia and AOM, reducing the levels of nasopharyn-
geal carriage and providing indirect protection. Given the
relatively recent implementation of the 2 + 1 PHiD-CV
schedule in 2016, continuous surveillance is essential to
evaluate the sustainability of the positive impact of PHiD-
CV to assess changing serotype-specific disease trends are
with a focus on transmission dynamics, population risk
factors and pathogen evaluation. More importantly, there
is an urgent need to address the declining pneumococcal
vaccination coverage in Brazil.
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