1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

1duosnuey Joyiny

WEALTY 4
of %,

SERVIC

A
u
Yeyvaaa

/ HHS Public Access

Author manuscript
Vaccine. Author manuscript; available in PMC 2019 November 18.

Published in final edited form as:
Vaccine. 2015 November 17; 33(46): 6145-6148. doi:10.1016/j.vaccine.2015.10.007.

Indirect cohort analysis of 10-valent pneumococcal conjugate
vaccine effectiveness against vaccine-type and vaccine-related
invasive pneumococcal disease

Jennifer R. Veranil, Carla Magda A. Santos Domingues?3, José Cassio de Moraes?, the
Brazilian Pneumococcal Conjugate Vaccine Effectiveness Study Group”

INational Center for Immunization and Respiratory Diseases, Centers for Disease Control and
Prevention, Atlanta, GA

2National Immunization Program, Secretariat for Health Surveillance, Ministry of Health, Brasilia,
Brazil

SCenter for Tropical Medicine, University of Brasilia, Brasilia, Brazil

“Department of Social Medicine, School of Medical Sciences of Santa Casa, Sdo Paulo, Brazil

Abstract

We applied the indirect cohort method to estimate effectiveness of 10-valent pneumococcal
conjugate vaccine (PCV10) among young children in Brazil. Cases of invasive pneumococcal
disease ([IPD] i.e. Streptococcus pneumoniae detected in normally sterile fluid) identified through
laboratory-based surveillance and previously enrolled in a matched case-control effectiveness
study were included. We estimated PCV10 effectiveness using multivariable logistic regression
comparing PCV10 vaccination among children with vaccine-type or vaccine-related IPD versus
children with non-vaccine-type disease. The adjusted effectiveness of =1 doses against vaccine-
type (72.8%, 95% confidence interval [CI] [44.1, 86.7]) and vaccine-related (61.3%, 95%CI [14.5,
82.5]) IPD were similar to the effectiveness observed in the original case-control study (which
required enrollment >1,200 controls). We also found significant protection of =1 doses against
individual vaccine serotypes (14, 6B, 23F, 18C) and against vaccine-related serotype 19A. The
indirect cohort methods leverages existing surveillance is a feasible approach for evaluating
pneumococcal conjugate vaccines, particularly in resource-limited settings.
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Introduction

Methods

Streptococcus pneumoniae is a leading cause of pneumonia, sepsis and meningitis
worldwidel. Pneumococcal conjugate vaccines (PCV) are important for reducing
pneumococcal morbidity and mortality2. A 7-valent PCV (PCV7), available since 2000, was
shown to be highly effective against invasive pneumococcal disease (IPD) caused by
serotypes included in the vaccine as well as 6A, a vaccine-related serotype2. More recently,
10-valent (PCV10) and 13-valent PCVs with substantially better serotype coverage for IPD
in the developing world have been increasingly introduced in low- and middle-income
counties, where the burden of pneumococcal disease is greatest®.

In March 2010, Brazil became the first country to introduce the newly available PCVV10 in a
national immunization program. PCV10 was licensed based on immunogenicity data®, and
at the time of introduction protection against clinical outcomes was unknown. A case-
control study conducted in Brazil using age- and neighborhood-matched controls identified
through a national birth registry demonstrated PCV10 effectiveness of an age-appropriate
number of doses against vaccine-type IPD (83.8%, 95% confidence interval [CI] 65.9 to
92.3) and IPD caused by vaccine-related serotypes (77.9%, 95%CI 41.0 to 91.7)°; the study
also reported significant protection against individual vaccine serotypes 14 (87.7%, 95%CI
60.8 to 96.1)and 6B (82.8%, 95%CI 23.8 to 96.1), and vaccine-related serotype 19A (82.2%,
95%CI 10.7 to 96.4). Those results were useful for the Brazilian Ministry of Health to
justify the investment in PCV10 introduction. However case-control studies can be costly
and complex to implement; such evaluations are not feasible for many resource-poor
settings.

The Indirect cohort, or ‘Broome’ method, was developed to examine effectiveness of
polysaccharide pneumococcal vaccine®. It is a case-only analysis in which the vaccination
status of vaccine-type IPD case-patients is compared with that of non-vaccine-type. This
method was used to evaluate PCV7 effectiveness in the United States’, England and Wales®,
and Germany?®. In the United States, the results of the indirect cohort were consistent with
those of a case-control vaccine-effectiveness study that enrolled age- and geographically-
matched controls identified through birth registriesl®. We conducted an indirect cohort
analysis with data from Brazil to compare with results from the case-control study and to
provide further insight into PCV10 protection against vaccine-type and vaccine-related IPD.

Methods for identifying and gathering data on cases have been described elsewhere®.
Briefly, cases were identified through laboratory-based surveillance in 10 states in Brazil
from March 2010 to December 2012. Cases were defined as S. pneumoniae detected from a
normally sterile site (e.g. blood or cerebrospinal fluid) in a child age-eligible to receive >1
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PCV10 dose. Initially cases were identified by culture only; however starting in December
2010, some study sites detected cases using polymerase chain reaction (PCR).
Pneumococcal isolates submitted to Brazil’s national reference laboratory were serotyped
using the Quellung reaction; cases detected by non-culture methods were serotyped by
PCR®. After obtaining written informed consent from the parent or guardian of the child,
epidemiologic data were gathered through in-person interviews conducted by study
personnel using a standardized questionnaire. Vaccination histories were abstracted from
case-patients’ immunization cards. The recommended PCV10 schedule included three
primary doses (at 2, 4, and 6 months) and a booster dose (12 months). Catch-up schedules
for children aged 3—11 months at the time of introduction included one to three primary
doses (based on age) plus a booster dose; a single dose was recommended for children aged
12-23 months.

Cases were considered vaccine-type if due to serotypes included in PCV10 (1, 4, 5, 6B, 7F,
9V, 14, 18C, 19F or 23F), and vaccine-related if in the same serogroup as a vaccine-type (i.e.
6A, 6C, 6D, 7C, 9N, 18A, 18B, 19A and 23A). All others were classified as non-vaccine-
type. Vaccine doses received >14 days before the child sought medical care were included in
the analysis. Children with the recommended number of PCV10 doses for their age were
considered up-to-date. Those who had received a pneumococcal vaccine other than PCV10
were excluded. We used chi square to compare proportions and Wilcoxon-Mann-Whitney
test to compare medians. We calculated odds of receipt of =1 PCV10 doses and up-to-date
PCV10 vaccination (compared with 0 doses) among vaccine-type or vaccine-related cases
versus non-vaccine-type cases and used logistic regression to estimate vaccine effectiveness
as 1- odds ratio for PCV10 vaccination x100%. To adjust for confounders, we started with
basic models that included vaccination status, date of medical attention, and age at illness as
independent variables (latter two included as continuous variables). Additional covariates
were included one by one in basic models for effectiveness against vaccine-type and
vaccine-related disease; any that altered the odds ratio by 10% or more were included in
multivariable analysis.

A total of 398 IPD cases were identified; 15 (3.7%) declined participation, 26 (6.5%) were
not located, 32 (8.0%) had undetermined serotype, and 9 (2.3%) had received other
pneumococcal vaccines. Among 316 cases included in analysis, 147 (46.5%) were vaccine-
type, 75 (23.7%) were vaccine-related, and 94 (29.7%) were non-vaccine-type. The
proportion of vaccine-type cases declined from 2010 to 2012, as vaccine coverage increased
(Figure). Median ages of case-patients with vaccine-type, vaccine-related, and non-vaccine-
type IPD were similar (Table 1). Case-patients with vaccine-type disease were less likely
than those with non-vaccine-type to attend daycare, have received routine vaccination
against diphtheria-tetanus-pertussis- Haemophilus influenzae type B (Hib) and have a mother
with <12 years of education. Receipt of =1 PCV10 doses was significantly higher among
non-vaccine-type cases (83.0%) compared with both vaccine-type cases (41.5%, p<0.0001)
and vaccine-related cases (64.0%, p=0.005).
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The adjusted effectiveness of =1 doses against vaccine-type disease was 72.8% (95%CI 44.1
to 86.7), and against vaccine-related disease was 61.3% (95%CI 14.5 to 82.5) (Table 2). One
or more doses were significantly protective against vaccine serotypes 14 (75.4%, 95%ClI
14.5 to 82.5), 6B (69.7%, 95%CI 16.5 to 89.0), 23F (76.6%, 95%CI 14.6 to 93.6), and 18C
(86.6%, 95%CI 30.6 to 97.4), as well as vaccine-related serotype 19A (71.3%, 95%CI 16.6
to 90.1). The effectiveness of an up-to-date schedule was generally similar to that of >1
doses, although confidence intervals for up-to-date schedule were wider and included zero
for serotypes 6B, 18C, 19F and 19A. No significant protection of either schedule was shown
for vaccine serotype 19F or vaccine-related serotype 6A.

Discussion

The results of this analysis were consistent with those of the case-control study in Brazil®,
for which >1,200 community controls were enrolled. Recruitment of appropriate control
subjects can be time- and resource-intensive, and may introduce bias!®. Indirect cohort
studies can be carried out entirely within a surveillance system for IPD, as long as
serotyping is routinely performed and complete immunization histories are obtained for all
cases. The “control’ group (i.e. non-vaccine-type disease) identified from IPD surveillance is
likely to be relatively similar to cases in terms of access to care and IPD risk factors such as
co-morbid conditions. Analogous ‘test-negative’ designs have been used to evaluate
effectiveness of rotavirus and influenza vaccines2, and studies of Hib vaccine effectiveness
against meningitis have similarly used children with pneumococcal meningitis as controls?3,
Our results support a growing body of evidence that the indirect cohort is a feasible,
methodologically sound approach to estimating PCV effectiveness.

For relatively infrequent serotypes, the indirect cohort approach can provide better statistical
power to estimate serotype-specific protection than studies using individually matched
controls. This analysis yielded a more precise estimate of effectiveness against serotype 23F
than previously reported®, and provided the first estimate of PCV10 protection against
serotypes 18C and 19F. As with the case-control study in Brazil, this analysis provided
evidence of PCV10 effectiveness against vaccine-related serotype 19A, with significant
protection from =1 doses, and a suggestion of effectiveness (albeit with a confidence interval
that includes zero) for an up-to-date schedule. We did not find evidence of PCV10
effectiveness against serotype 6A; however the analysis may have been underpowered to
measure a moderate cross-protective effect for this vaccine-related serotype

The indirect cohort method is based on an assumption that vaccination does not impact the
risk for non-vaccine-type disease among vaccinated individuals®. Following PCV7
introduction, an increase in non-vaccine-type disease, primarily serotype 19A, was observed
in many settings2. The potential for bias due to increased risk for non-vaccine-type disease
among vaccinated individuals was explored in indirect cohort analyses from England and
Wales and the United States; both concluded that while effectiveness may be overestimated,
the error in the estimate is likely to be <10%/:8. Based on studies of PCV impact on carriage
with vaccine-type and non-vaccine-type serotypesl4, an increase in carriage of non-PCV10
serotypes is likely among children receiving PCV10. However it is unknown whether the
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risk of non-PCV10-type disease will also increase among vaccinated individuals. Continued
monitoring for emerging serotypes is needed in Brazil and other countries using PCV10.

Our findings are subject to additional limitations. As this study included cases from only 10
states, the findings may not be generalizable to other areas of Brazil or other countries.

Some cases were not included due to inability to locate the child or a vaccination history,
refusal to participate, or lack of serotype information; it is unknown how their exclusion may
have impacted results. There may have been differences between vaccinated and
unvaccinated children that we were not able to adjust for in the analysis.

Conclusion

Using the indirect cohort method we demonstrate high effectiveness of PCV10 against
vaccine-type and vaccine-related IPD. Case-only analyses provided VE estimates similar to
those from a matched case-control study that enrolled children without disease. These
findings support the use of indirect cohort to measure PCV effectiveness against vaccine-
type and vaccine-related IPD. This method is a feasible approach to evaluate PCV in
resource-constrained settings, and may be useful for evaluating effectiveness against
individual serotypes.
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Figure.

Proportion of invasive pneumococcal disease cases due to vaccine serotypes, vaccine-related
serotypes and non-vaccine serotypes enrolled in study by year and coverage with 3 doses of
PCV10 among children aged <1 year. The numbers within each section of the bar represent
the number of isolates.

*National coverage data for 3 doses of PCVV10 among children aged <1 year obtained from
http://pni.datasus.gov.br
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