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INTRODUCTION

«In the 1980s, funding and technical support for immunization programs led to substantial
increases in coverage with childhood vaccines in the developing world

«Inequities in immunization coverage persist between socio-economic groups and geographic
areas. Even in populations with high coverage, delays in receiving the recommended vaccines
may lead to decreased protection from major diseases

«In Kilifi District, Kenya, immunization coverage surveys conducted before and after introduction of
pentavalent vaccine showed 88-100% coverage with 3 doses of DTP or pentavalent vaccine, but
most children received their vaccines late

*Kenya plans to introduce pneumococcal conjugate vaccine (PCV) with GAVI support in 2009. A
large proportion of disease caused by Streptococcus pneumoniae occurs early in life, so delayed
immunization may limit vaccine impact

*We created an age- and location-stratified model to estimate the potential impact of PCV on
mortality in Kilifi using demographic, clinical, and vaccine coverage data.

METHODS

This study was conducted in Kilifi District, a poor, rural area on the Indian Ocean coast of Kenya.
The efficacy of 3 doses of PCV7 against all-cause mortality (VE) was assumed equal to 12%
based on vaccine efficacy and serotype coverage data from the Gambia PCV trial (1). Efficacy
of 1 and 2 doses of PCV7 against mortality was derived from the relative efficacies of 1, 2 and 3
doses against invasive pneumococcal disease in a case-control study in the United States (2),
and calculated as 9% for 1 dose and 12% for 2 or more doses. Our model relies on three
sources of data:

=

. The Kilifi Demographic Surveillance System (DSS), which was created in 2000 to monitor
vital events and migrations in a target population of 220,000 people covering 900km? around
Kilifi town and comprising 15 administrative locations. We used the DSS to obtain the proportion
of 3-29 month-old deaths in the DSS occurring in location L [y(L)] and the age distribution of
deaths in location L [a.(k, L), k=3 to 29]

. The Kilifi District Hospital (KDH) admissi datab KDH serves as a primary care and
first-level referral facility for the district. All admitted children have a standard set of clinical data
collected and blood drawn for culture; lumbar puncture for cerebro-spinal fluid (CSF) culture is
performed when appropriate. Invasive pneumococcal disease (IPD) was defined as a blood or
CSF culture result positive for S. pneumoniae. We obtained the age distribution of deaths from
IPD in children 3-29 months old admitted to KDH between 1994 and 2007. We assumed that
the age distribution of hospitalized IPD deaths was the same as the age distribution of non-
hospitalized IPD deaths and independent of location [B(k), k=3-29]. We also assumed that the
IPD deaths had the same geographic distribution as deaths from any cause.
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. A large-scale immunization coverage survey conducted in 2007 among 2128 DSS residents
aged 12 months, which provided the proportion of children vaccinated with 2 or 3 doses of
pentavalent vaccine, by age and location (C,(k, L) and Cy4(k, L)

Vaccine impact was calculated as a weighted average of age- and location-specific impact,
according to the formula: V=%, %, {B(k) y(L) [0.09 C,(k, L) + 0.12 C,(k, L)I}

RESULTS

Of 105 pneumococcal deaths in 3 to 29 month-olds observed at KDH between 1994 and 2007,
23.8% occurred before 6 months of age and 61.9% before 12 months of age. Location-specific
vaccine coverage ranged from 91% to 100%, 95% to 100% and 95% to 100% at ages 3, 6 and 12
months, respectively, for 1 dose; and from 54% to 95%, 89% to 98% and 94% to 99% for 2 doses
(Figure 1). Depending on the location, vaccine impact on mortality attained 11.4 to 11.8%.
Vaccine impact for the DSS was estimated at 11.6% (Figure 2).

Figure 1: Immunization coverage for 2 doses of pentavalent vaccine at 3 and 6
months of age, by location
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Figure 2: Age distribution of 3-29 month-old deaths and cumulative percent
preventable by vaccination in Kilifi DSS
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Figure 3: Cumulative percent of deaths preventable by vaccination in 3-29
month-olds with a) varying immunization coverage levels and b) varying
timing of immunization
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CONCLUSIONS

«In the Kilifi DSS, high vaccine coverage and timely immunization through the routine EPI should
enable pneumococcal vaccines to reach nearly all children and maximize their impact on mortality
among immunized children.

«In sensitivity analyses, we found that a 3 month delay in vaccination compared to the Kilifi DSS had
an equivalent effect on vaccine impact as a 10% reduction in overall coverage. This corroborates
the hypothesis that timeliness of immunization is a key driver of vaccine effectiveness.

*The model we developed only accounts for the direct effects of vaccination. In the United States,
PCV has reduced nasopharyngeal colonization with S. pneumoniae in vaccinated children,
decreasing transmission and fostering substantial reductions in pneumococcal disease and
pneumonia hospitalizations in unvaccinated newborns, older children and adults (3;4). In Kilifi,
nearly 50% of under-5 deaths occur in the first 3 months of life. High immunization coverage with
PCV in 3-59 month olds may help avert a fraction of these deaths through indirect effects.

*The limited geographic heterogeneity observed in our immunization coverage survey supports the
notion that immunization programs in resource-poor settings can reach the most vulnerable children
and contribute to reducing inequities in child morbidity and mortality through primary prevention.
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