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Abstract

Background

In 2008, Africa accounted for 94% of the choleraesareported worldwide. Although the
World Health Organization currently recommendsdted cholera vaccine in endemic ared
for high-risk populations, its use in Sub-SahardrcA has been limited. Here, we provide
the principal results of an evaluation of the chelsurveillance system in the region of
Maradi in Niger and an analysis of its data towad@stifying high-risk areas for cholera.

Results

We evaluated the cholera surveillance data usstgradard CDC protocol, through
interviews with heads of the system, and a revieeholera data collected between 2006-
2009. The surveillance system was found to beaaffily reliable to be able to utilize the

1S

data for the detection of high risk areas for cteleaccination. Temporal, geographic and



socio-demographic analyses of cholera cases imdi¢htit between 2006 and 2009, 433
cholera cases were reported in the Maradi regidigér. Two deprived neighborhoods of
the region’s capital city, Bagalam and Yandakaresgnted 1 % of the regional population
and 21 % of the cholera cases, reaching a yearigence rate of 3 per 1000 in 2006 and
2008, respectively.

Conclusions

The results of this evaluation suggest that thentegg sensitivity of the surveillance system
is sufficient, to appropriately classify the regias cholera endemic. Additionally, two
overcrowded neighborhoods in the regional capitetl WIHO criteria for consideration for
cholera vaccination.

Background

In 2008, Africa accounted for 94 % of the cholesaes reported to the World Health
Organization (WHO). Niger reported a small fractadrthese cases, although certain areas of
the country face repeated epidemics [1,2]. FronD20®008, Niger reported cholera
outbreaks every year, mainly in the south of thentxy and totaling close to 6000 cases [2].
The region of Maradi has the highest populatiorsdgrn the country and regularly reports
cholera cases [2].

Two safe and effective oral cholera vaccines (Dakand Shanchol) are now available and
prequalified by WHO [3-5], with some evidence aduiced herd immunity [6,7]. To
optimize implementation in cholera-endemic areaslWguidance recommends targeting
oral cholera vaccination to areas where culturdioord cholera has been detected in at
least 3 of the past 5 years; and incidence rateatdeast 1/1000 population in any of these
years or high-risk areas or groups have been filhtising information collected from local
public health officials [8]. Thus, epidemiologidaiowledge of the burden of cholera in a
specific area is required before cholera vaccimasaecommended. Although WHO
recommends the use of these vaccines in endenas,dheir use in Sub-Saharan Africa has
been limited [9].

National cholera surveillance systems are an adtaledway to collect epidemiological data
before a cholera vaccination campaign is implententbey must, however, be evaluated
[10], and if sound, surveillance data can thenrmdyaed to identify high-risk areas suitable
for cholera vaccination

Here, we provide the results of an evaluation efgtirveillance system in the region of
Maradi, Niger and an analysis of its data towad#@siifying high-risk areas that may be
considered for potential cholera vaccination.

Methods

The region of Maradi is divided into 6 administvatidistricts (Figure 1). Maradi city is the
regional capital and the second largest city ineli¢n collaboration with the regional health
authorities, we first evaluated the surveillancgtem in the region following a standard
protocol developed by the Centers for Disease @batrd Prevention (Atlanta, Georgia,



USA) [10]. Subsequently we analyzed this surved&adata, using WHO criteria to identify
high-risk areas to target oral cholera vaccinaitiocholera endemic areas [8].

Figure 1 Map of the region of Maradi

Briefly, the surveillance system evaluation covettezlsimplicity, flexibility, reactivity,
stability, representativeness and acceptabilityhefsystem as well as the quality of data, the
positive predictive value (PPV) and sensitivity eTévaluation, conducted in 2009 examines
historical data since 2006 extracted from the Migisf Health (MoH) records. It included
reviewing all reports issued by the cholera sulaede system for the same period, including
case reports about the onset of epidemics andmespo epidemics. The evaluation
consisted principally of detailed structured intews with the heads of the cholera
surveillance system of the Maradi region and whth heads of the 6 health facilities of the
city of Maradi.

Using MoH surveillance records extracted for 20@®2and official population figures

from the 2001 census, we estimated the cumulatisidénce rates of cholera by year,
administrative district and by neighborhood in Mhreity. For temporal analyses, we
considered consultation date of the cholera casg$on geographic analyses the place of
residence of cases. Available socio-demographiz @afe and sex) were used to describe the
cholera case population. For the identificatioctudlera endemic areas we apply the WHO
definition of “the occurrence of fecal culture-confed cholera diarrhea in a population in at
least 3 of the past 5 years” [8]. For the idendifion of high risk areas for potential cholera
vaccination we apply WHO criteria of areas wherd the 3 following criteria are met: “(i)
culture-confirmed cholera has been detected ieat |3 of the past 5 years; (ii) an incidence
rate of cholera of at least 1/1000 population iy afithese years has been recorded; (iii) if
population-based incidence rates are not availalmé;risk areas or groups have been
identified using information collected from locallgic health officials” [8]. R statistical
software [11] was used to analyze and presentatdieected from the surveillance system.

Participating heads of surveillance system orathlysented to be interviewed. Authorization
was provided by the Ministry of Health of Niger. lddditional ethical committee approval
was sought as we used routine surveillance datada® by the MoH. No supplementary
interventions were conducted nor additional dateected for the evaluation and analysis
presented here. All data were anonymous and negthaic nor identifying information was
included.

Results

The following paragraphs present first, an overvadwhe evaluation of the surveillance
system, and second, an epidemiologic descriptidheofurveillance system data to identify
high risk-areas.

The surveillance system in Niger is based on WHéreace guidelines [12], covering 7
potential epidemic diseases, including choleraolth@r surveillance system for cholera
exists nationally. The surveillance system used/Mi#O standard case definition of cholera
[12]:



— During an inter-epidemic period: any individugkd 5 years old or more who presented
acute dehydration or who died of acute watery Hear

— During an epidemic period: any individual agege&rs old or more who presented an
acute watery diarrhea with or without vomiting.

Both public and private health facilities are reqdito report cholera cases and related deaths
for persons over 5 years of age. Health facilitegsort disease data to their sanitary districts
(with one epidemiologist in charge). Each distregiorts its data to the sanitary region, which
in turn reports to the Ministry of Health. Duringholera epidemic, especially at its onset,
the heads of the surveillance system at the distrid regional level conduct field
investigations in the affected areas in order émidy related cases. A case of cholera is
confirmed when eithevibrio choleraeO1 or O139 is isolated from the stool sample of a
suspected case. A cholera epidemic is declaredaasas the first case of cholera is
confirmed. Key attributes of the cholera surveitiarsystem for the evaluation of data are
presented in Tables 1 and 2. Complete resultseo$uinveillance system evaluation are
available elsewhere [13]. The evaluation of thel@tzosurveillance system of the Maradi
region showed a good sensitivity of the systemetieat the cholera cases and good quality of
reported information for persons 5 years of ageader.

Table 1Results of the interviews and data collection rel&d with the data quality and
sensitivity attributes of the surveillance system

Attributes Results of the interviews and data @biten

Data quality

Completeness and  Very few missing values were found: 0/403 for thenaistrative
validity of the data  district, 3/403 for age, 1/403 for sex. Only datani 2006 to 2009
recorded were available at the regional level.

Sensitivity

Sensitivity to detect Cholera cases were identified by the nurses iméadthcare
cholera cases during facilities. Difficulties were reported in the detien of the first cases
an inter-epidemic of cholera. Usually, the observation of a few chomleases was
period necessary before reporting of suspected casestdrahstarted.

Sensitivity to detect During an epidemic, all the suspected cholera cases referred to

cholera cases during the cholera treatment centres (created at the oh#e¢ epidemic),

an epidemic period  where they were documented. Surveillance systedetsaonducted
investigations to detect related cases and tonmtbe population
about cholera. Radio messages were broadcastefbtmithe
population about cholera symptoms and encouragesfiueting of
any suspected case to the heads of healthcargiéaciFour heads of
health structures reported that during epidemiesetwas general
awareness of the gravity of cholera and the pojularas more
likely to seek care at healthcare facilities inecasacute diarrhea.

Sensitivity to detect a Each cluster of cholera cases was reported toghdshof the

cholera epidemic surveillance system. All interviewees felt confitémat each cluster
of cholera of cases was reported to the head cfuheeillance
system.




Table 2Results of the interviews and data collection rel&d with the positive predictive
value and representativeness attributes of the suedllance system

Attributes Results of the interviews and data @biten

Positive predictive value

Positive predictive value For the initial fifth through tenth suspected chaleases, stool

during an inter-epidemic samples were collected to perform stool culturégs Was done

period in the national laboratory in Niamey. Stool colleatusually
lacked for the first cholera cases. Tubes with €&lgir medium
for the transport of the samples were not avail&iol® 2006 to
2009. For 26 cholera cultures results from 20080109
available at the time of the study, 13 were posiftur Vibrio
cholereaO1 ogawa (2 were positive for shigella and no
pathogens were found for 11 cultures).

Positive predictive value Each epidemic was confirmed by stool culture. Ieardemic

during an epidemic periodwas confirmed with five to ten stool samples, stamlection
and testing ceased. Four heads of health struatepested that
during an epidemic, the population was aware ofjtlawity of
cholera and that they were more likely to seek aafresalthcare
facilities in case of acute diarrhea.

Representativeness

Accurate description of Each week, each healthcare facility completed tidiable

cholera cases over time diseases reports, which include the number of caaases.
When a cholera case is suspected, the head oédlhtare
facility promptly contacted the district epidemigist, who in
turn contacted the regional responsible of theesliance
system. During an epidemic, the count of cholesesavas
reported daily to the regional and national heddbe
surveillance system.

Accurate description of  In remote villages, the first cholera cases didssak care at
cholera cases by healthcare facilities. After a few cases had besed) the
geographic location population tended to seek care at health facilities

Accurate description of  For each cholera case, specific forms were compleith
cholera cases by socio- accurate information including: age, sex, addresssultation

demographics date, report date, date of symptom onset, vitalistand final

characteristics diagnosis.Individuals aged less than 5 years dargypally
reported. Some cases in children under 5 were teghor
however.

Surveillance system data from 2006—2009 showedbtlwaving epidemiologic indicators.
Four hundred and three cholera cases were reparthd region between 2006 and 2009,
among which 18 (4.47 %) deaths were reported. Sexwere reported in 2009. All
epidemics occurred during the rainy season (Figur€ompared to the overall incidence
rate of 0.05 per 1000 in the region for 2006 thio@G09, the Maradi city incidence rate was
0.27 per 1000 for the same period (Table 3 - Figiré&rom 2006 to 2009, the mean age of
cholera cases was 25 years (Figure 4). Duringpimi®d, 232 women and 170 men were
reported as cholera cases (sex rafio73, sex not available for 1 case). In the chg, t
deprived neighborhoods of Bagalam and Yandaka,wi@present 1 % of the regional
population, reported 21 % of the cholera cases3f). Incidence rates of 3 per 1000 were
recorded in those neighborhoods in 2006 or 20081€T4 - Figure 5).



Figure 2 Temporal distribution of cholera cases in the regio of Maradi

Table 3Cholera cases reported to the national surveillancgystem between 2006 and
2009 by administrative district

Administrative 2006 2007 2008 Total 2006-2009
districts of the CholerzIncidencéCholerzincidencéCholerzIncidencéCholerzlncidencé
region of cases cases cases cases

Maradi

Aguié 0 0.00 18 0.07 0 0.00 18 0.02
Dakoro 0 0.00 0 0.00 0 0.00 0 0.00
Guidan 6 0.02 0 0.00 4 0.01 10 0.01
Roumdji

Madarounfa 130 0.46 0 0.00 1 0.00 131 0.11
City of Maradi 73 0.50 0 0.00 86 0.58 159 7.2
Mayahi 0 0.00 0 0.00 30 0.08 30 0.02
Tessaoua 0 0.00 0 0.00 55 0.16 55 0.04

Total region 209 0.09 18 0.01 176 0.08 403 0.05
"The city of Maradi is listed separately althougtsiincluded in the administrative district of
Madarounfa

"No cholera cases were reported in 2009

*Incidence rates per 1000 inhabitants

Figure 3 Distribution of cholera cases in the region of Mardi over 3 years
Figure 4 Distribution of cholera cases by neighborhood in ta city of Maradi

Table 4Cholera cases in the city of Maradi reported to thenational surveillance system
between 2006 and 2009 by neighbourhood

2006 2008 Total 2006-2009
Neighborhoods of the citfholera IncidencéCholera IncidencéCholera Incidencé
of Maradi cases cases cases
Ali Dan Sofo 0 0.00 2 0.25 2 0.06
Bagalam 40 3.08 19 1.46 59 1.14
Bourja 1 0.09 0 0.00 1 0.02
Bouzou Dan Zamba 1 0.10 0 0.00 1 0.03
Dan Goulbi 1 0.21 1 0.21 2 0.11
Limantchf 1 2 3
Makoyo 2 0.29 3 0.43 5 0.18
Maradoua 1 0.06 6 0.37 7 0.11
Mazadou Djika 1 0.27 0 0.00 1 0.07
Nouveau carré 0 5 5
Sabon Gari 5 0.24 4 0.19 9 0.11
Soura Bildi 6 0.36 6 0.36 12 0.18
Yandaka 2 0.25 24 2.99 26 0.81
Zaria 5 0.19 0 0.00 5 0.05




Neighborhood not 7 14 21
documented

"No cholera cases were reported in 2007 and 2009
"Incidence rates per 1000 inhabitants
*Population figures not available

Figure 5 Age distribution of the cholera cases reported inhe region of Maradi from
2006 to 2009 and age distribution of the inhabitastof the region of Maradi in 2001

The Maradi region met the WHO criteria for endenholera, while Bagalam and Yandaka
neighborhoods were identified as consistent higk-areas for cholera within the city of
Maradi and met the criteria for cholera vaccinataoording to the WHO recommendations.

Discussion

We evaluated the cholera surveillance system ofég®n of Maradi and found the system
sufficient to appropriately identify endemic andlinirisk areas for potential cholera
vaccination.

Overall, the evaluation of the surveillance syssemggests that the system is reasonably
sensitive and that collected data are represeatafithe distribution of cholera cases in the
region. Initial cholera cases were missed, but meseé subsequently identified and
recorded. Furthermore, the systematic realizatf@iaml cultures in suspected cholera
clusters and the high transmissibility of the dsgemade it unlikely that an epidemic of
cholera would evade the surveillance system.

Few missing values were found. This may be dubdadgional centralization of the
surveillance system during cholera epidemics whata are checked daily at the regional
level. This increased communication and feedback lmetween local and regional levels
helps to improve data quality. Interviews with sillance system officers also asserted that
seeking health care in case of diarrhea duringoéech epidemic was common. Thus, for
people older than 5 years of age, and especiallyaas with health care facilities, non-
reported severe cholera cases should have beed haréata issued from Maradi’'s
surveillance system could be improved, but theityusalifficed to identify high-risk areas
with confidence.

Several limitations should be kept in mind whemipteting the results of the surveillance
system assessment. First, the evaluation was peitbge and limited to a four year
observation period during which only two had a éangimber of reported cases. Second, due
to logistical constraints, information about chalsurveillance outside Maradi city was filled
by regional heads only, while within the city dktheads of health facilities were also
interviewed. In all cases, however, it was posdibleontrast findings from interviews with
surveillance system reports. Third, as there waalteonative surveillance system for
comparison, the evaluation was based solely otr@spective review of MoH records,
reports and personal interviews. Consequently Beitgiwas assessed qualitatively. Fourth,
initial clinically suspected cases were laboratmgfirmed, but as testing ceased after the
epidemic was confirmed, a specific study would beassary to fully evaluate the system’s
PPV. Lastly, the surveillance system was desigoempture cases 5 years of age and older.



While this follows WHO surveillance recommendatiomsloes necessarily result in an
underestimation of cases in this age-group.

As an estimated 40 % of the population resides ri@e 5 km from a health facility [14],
under-reporting from these more distal areas claad to inaccurate epidemiological
estimations. In fact, sensitivity at the onsetmtlemics appears to have been lower in rural
areas, especially in remote villages and healttreenDue to cholera’s severity and high
transmissibility, however, and supported by theiltsof our evaluation, it appears that most
originally missed cases were retrospectively reedioly health authorities. Conversely, an
overestimation of cholera cases may have occupaticularly in urban areas due to over-
attribution of non-cholera diarrheas. The clusigohcholera cases in Maradi, in addition to
most neighborhoods reporting no cases suggestevwbateporting did not play a major role
either.

An additional limitation applies to the calculatiohincidence rates. Population data from the
2001 census would likely underestimate the poputdigures during the period 2006—-2009,
resulting in an overestimation of incidence ratethe study period. Cholera caseload could,
however, as noted in Bangladesh be several-foldgnithan the figure presenting at hospitals
[15]. Furthermore, the system does not routingbprecases under 5 years of age, which in
some Asian and African settings present with higiteck rates and are more prone to be
hospitalized during cholera epidemics [16,17]. Gopuntly it is more likely that cholera
incidence rates are higher than presented herpitelése population underestimation.

Our evaluation suggests that the cholera survedlaystem in place during the reviewed
period is reasonably sensitive and could be useddtzction of areas at risk for cholera
epidemics. WHO criteria to implement a vaccinattampaign [8] were met in the
neighborhoods of Bagalam and Yandaka in the citMafadi. The city of Maradi is the

major transport trade and agricultural hub of #gion. These neighborhoods are also among
the poorest of the city, over-crowded and are quigue to flooding. These factors may
explain why the city took a major part in the spie& cholera epidemics, particularly in the
overcrowded, poor sanitation neighborhoods of Bagadnd Yandaka. Following this
evaluation and identification, these two neighbodware being considered for a cholera
vaccination campaign. Of the two currently avaaptequalified oral cholera vaccines,
Shanchol does not require a buffer or water foriathtnation, is less expensive and
potentially promising for use in contexts with ltetdl sanitation infrastructures[18]. In
overcrowded, poor sanitation neighborhoods in ttyeat Beira, Mozambique, Jeularad al
estimated that a vaccination campaign targetingvtnae 1-14 year-old population would be
very cost-effective [19], despite the logisticdfidulties to its implementation. The
implementation of a similar long-term oral cholgegccination campaign in the identified
neighborhoods of Bagalam and Yandaka may presaiasiresults, until associated water
and sanitation infrastructure are improved.

Conclusion

By evaluating the surveillance system and subsdtyuttie surveillance data, the Maradi
region could be considered endemic for cholera. Tigh risk neighborhoods in the regional
capital were identified as candidates for preventikiolera vaccination. This case study
shows that evaluation of surveillance systems hadise of its data, when reliable, can be an



efficient approach for the identification of higisk areas for cholera in low- and middle-
income settings before considering cholera vacionatampaigns.
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WHO, World Health Organization; MOH, Ministry of ldith; PPV, Positive Predictive
Value.
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