Supplementary Material 
Text S1: Assessing rates of reported cases

Introduction 

A bias in disease reporting across districts could skew the detection of fadeouts.  If certain districts have consistently high or low reporting rates, this could affect their classification as a hotspot.  Due to its simple epidemiology, we can estimate the reporting rate of measles for each district (though this cannot be done for meningitis).

In order to understand whether the reporting rate of measles cases across the districts of Niger affects the results presented here, we used the TSIR model [1] to determine the reporting rate of each district by reconstructing the susceptible class from reported annual district level birth rates and reported annual district level measles vaccine coverage.  This is based on the assumption that, because measles is highly infectious and strongly immunizing, unvaccinated individuals acquire infection exactly once.  Thus the difference between the slope of the cumulative unvaccinated portion of the population and the slope of the cumulative reported cases gives the reporting rate of measles [1].  

Methods

Finkenstadt and Grenfell (2000) showed that the slope of the line that relates cumulative susceptible births to cumulative reported measles cases is proportional to the reporting rate [1].  Thus, using the monthly reported measles incidence, birth rates, and vaccine coverage for each district, we estimated the measles reporting rate for each of the districts of Niger.

The National Health Information System and the Ministry of Health of Niger reported the annual population size for each district from 2001 based on the 2001 general census of the population (RGP).  These population sizes are projected forward at a growth rate specific to each district per year, with a national annual mean growth rate of 3.3% [2].  Official population sizes for the years preceding the RGP are back calculated by applying these growth rates to the RGP reported population sizes.

The National Health Information System and the Ministry of Health of Niger also reported the annual number of live births for each district from 2003 and 2004.  Using the population sizes from 2003 and 2004, mean birth rates for each district was calculated by dividing the population size by the number of live births and taking the mean for each district across those two years. This rate was then used to calculate the number of live births for each district for the remaining years between 1995-2005.

The annual statistics from the National Health Information System and the Ministry of Health of Niger also reported the proportion of the population of each district that was vaccinated against measles from 2003-2008.  For this analysis, when the reported coverage exceeded 100% it was reduced to a maximum value of 100%.  All reported rates were then multiplied by 95% to account for the efficacy of the vaccine [3].  The mean measles vaccine coverage for each district was used because, although the years of reported vaccine coverage (2003-2008) overlapped with the years of the reported measles cases (1995-2005), the time periods during which data were available did not match exactly.  For each district, the mean proportion of vaccinated individuals was subtracted from the birth cohort to give the susceptible birth cohort. 

There may be variation in the reporting rate within districts as a result of non-uniform population density and access to care.  However, here we are concerned only with potential variation between the districts; the district level is the spatial scale at which these analyses were done.  It is also likely that surveillance for both measles and meningitis improves during epidemics but this would occur during the absence of fadeouts and generally applies to both diseases and all districts and would therefore not likely affect the detection of hotspots.

To determine whether there was a significant difference between the reporting rates of hotspots and non-hotspots, we fit a linear mixed effects regression for cumulative cases to the cumulative reconstructed susceptible population with an interaction between district classification (binary, indicating whether a district was a hotspot or not) and the slope of cumulative reported cases against the cumulative susceptible population.  The district-specific slopes of the cumulative cases and cumulative susceptible population were treated as random effects.  This analysis was conducted separately for the two hotspot classifications: once for the 15 joint measles-meningitis hotspots and the remaining 23 non-hotspot districts and again for the 19 measles-only hotspots and the remaining 19 non-hotspot districts [4].

An interaction between the slopes of the cumulative reported cases against the cumulative susceptible population and the hotspot indicator would suggest a significant difference between the reporting rates for hotspots and non-hotspots, which could bias the classification of districts as hotspots.

Results

These analyses showed that the interaction between the slopes of the cumulative reported cases and the hotspot indicator were not statistically significant.  The p-value of the interaction between cases and joint hotspots was p > 0.9.  The p-value of the interaction between cases and measles hotspots was p > 0.2

Discussion

We found no difference between the reporting rates of measles between hotspots and non-hotspots.  We conclude that the variation in the reporting rates of measles incidence between the districts of Niger did not bias the classification of districts as hotspots.
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