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Letter to the Editor

Loss of immunity to pertussis in a rural community in Senegal

Recent household studies have shown that both vaccineand infection-induced immunity to pertussis may not be
permanent, with significant implications for its potential
eradication. Currently, little is known about the frequency
of loss of immunity and the average duration of the immune
period, induced either by infection or vaccination. Here, we
present long-term clinical pertussis case data from the Niakhar community in rural Senegal, and use them to explore
these key epidemiological parameters.
Despite concerted mass vaccination programmes in many
countries, pertussis remains a substantial public health burden, accounting for an estimated 200,000–400,000 annual
fatalities world-wide [1]. Over the last two decades, many
countries have reported an increase in the incidence of pertussis, despite very high vaccine coverage [2]. A possible
explanation for this observation is the waning of immunity
to pertussis and subsequent re-transmission [3]. This flies
in the face of population dynamics evidence suggesting
dramatically reduced transmission in the modern era [4].
A resolution of this issue urgently requires the analysis
of appropriate data to estimate the likelihood of loss of
immunity and the mean duration of protection, be it from
natural infection or vaccine-induced. In this study, we aim
to suggest estimates for these parameters from reported
pertussis cases in Niakhar, a small community in rural Senegal, approximately 150 km East of Dakar. The surveyed
region is composed of 30 villages, with a total population
size of 30,452 inhabitants in 2000. Mean ages at infection
were compared with the non-parametric Kruskall–Wallis
test.
Detailed demographic and epidemiological data have been
collected since 1983. Definitions of cases and methods used
to collect information were previously described by Préziosi
et al [5]. The pertussis vaccination campaign was implemented at the end of 1986 and outbreak episodes occur every
3–4 years. The mean annual vaccine coverage (receiving at
least two doses) for the period 1987–2000 was around 43%,
though there is substantial variation in this figure, depending
on age [5].
During 1983–2000, 8629 cases were reported, with 9% of
cases under one year of age and only 1.7% over 15. Nearly
73% of cases were in unvaccinated children, and 27% in
those previously vaccinated. A total of 210 children were
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subsequently confirmed with pertussis for a second time,
137 (1.6% of total cases) were unvaccinated and 73 were
previously vaccinated children (0.8%).
In Fig. 1, we demonstrate the distribution of age at first
infection (A) and age at second infection (B). The overall
mean age at first infection is 5.8 years (95% CI 5.7–5.9)
among unvaccinated children and 5.3 years (5.2–5.4) in
vaccinated children. Those mean ages are not significantly
different (P = 0.072). It is interesting to note that those
children who suffered two episodes of pertussis infection
had a mean age at first infection of only 2.9 years (2.4–3.3)
in unvaccinated children and 3.1 years (2.7–3.6) among
vaccinated children. Mean ages at second infection are 9.9
years (9.4–10.5) and 8.2 years (7.7–9.3) (Fig. 2). The mean
age at second infection in unvaccinated children is significantly different from vaccinated children (P = 0.0006).
Hence, the mean gap between successive pertussis episodes
is longer (P = 0), 7.1 years (6.6–7.6), in unvaccinated
children than in vaccinated children 5.1 years (4.5–5.7).
Our study suggests two qualitative conclusions. First,
only a small fraction of children were diagnosed with a
second episode of pertussis. This estimate clearly neglects
asymptomatic infections, though the contribution of these
to transmission remains a contentious issue. Second, the
mean age at (first) infection is substantially lower for those
children who subsequently get re-infected (e.g. 2.9 years, as
opposed to 5.8, P = 0). It will be important to explore the
roles played by exposure and genetic susceptibility in this
disparity.
These results, from a uniquely detailed study in a developing country, are perhaps encouraging from a public health
perspective because they suggest that few children develop
multiple episodes of pertussis, however this scenario is
probably overly optimistic. The Niakhar data are complicated by under-reporting due to two processes. First, there is
significant flux of children in and out of Niakhar, making it
difficult both to track those secondary episodes that occurred
outside the community and to obtain accurate epidemiological information for those incoming children. Second,
historically, pertussis has predominantly affected children,
therefore data collection methods in Niakhar typically do
not involve the monitoring of adults, clearly introducing a
bias into the data. Nevertheless, we hope that the acquisition
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Fig. 1. Distribution of ages at first infection (A) and at second infection (B). (A) Ages at infection were calculated for the 8419 cases reported between
1983 and 2000. (B) Ages at infection were calculated for the 210 children who got two pertussis infections within the duration of the study.
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Fig. 2. Mean age of pertussis infection in Niakhar, an area consisting of 30 villages with approximately 30,000 inhabitants with 45% under 15 years
old. Up to the year 2000 13,000 children were vaccinated (receiving at least two doses). Mean age at first infection was calculated for all children
(8419): 3131 (73%) unvaccinated children, 2288 (27%) vaccinated. Mean age at first infection, at second infection and then mean duration between both
infections were calculated for the 210 children who got pertussis infection twice: 137 (65%) unvaccinated, 73 (35%) vaccinated.
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of long-term and similarly detailed data can help to provide
more accurate information on the natural history of pertussis
infection and its epidemiological consequences in different
environments.
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