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Abstract

Fever sentinel surveillance system involving 34 health centers was set up in Madagascar to detect epidemic-
prone diseases in real time. Evaluative research was performed to assess the proportion of febrile cases that are not
captured by sentinel sites. Capture-recapture method was used with two independent data sources: the first source
was a passive detection of fevers in health centers while the second was an active screening of febrile subjects in
the catchment area of each corresponding health center. Cases common to both sources were identified by
matching name, age and location. Completeness of collected data was estimated through the population census. In
2014-15, six health centers were randomly selected from the sentinel network to perform the study. Active screening
in the catchment areas of the six health centers detected 2,902 febrile illnesses among 149,835 inhabitants. Acute
malaria represented 0.3% (10/2902) of febrile illnesses. The passive screening in health centers notified 157 cases
of fever of which 7.6% (12/157) were acute malaria. The estimated number of febrile cases and acute malaria in the
catchment areas based on the capture recapture analysis of data from the health facilities and the active screening
was 3,829 [95% CI: 3,498-4,160] and 17 [95% CI: 7-27] respectively. The overall sensitivity of sentinel health
centers to detect febrile illnesses and acute malaria was 4.1% and 70.0% respectively. Therefore most malaria
cases were captured by the sentinel fever surveillance system. These results will serve as a baseline for future
evaluative research of the fever sentinel surveillance system in Madagascar.

Keywords: Malaria; Madagascar; Evaluation; Capture-recapture;
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Introduction
Communicable diseases, particularly epidemic-prone diseases,

remain a major cause of morbidity and mortality in developing
countries including Madagascar [1]. Most infectious diseases can be
prevented and/or treated. Therefore responses to epidemics involve
preventive measures and case management with greater chances of
success when outbreaks are quickly notified. Abnormal
epidemiological situations, or alerts, usually result from a
communicable disease surveillance system with sufficient sensitivity
(detect all abnormal signals) and specificity (detect only abnormal
signals). A sensitive surveillance system implies the detection and
reporting of the specific diseases under surveillance.

The surveillance system in Madagascar employed immediate
notification of unusual event such as a time-space clustering of cases
[2]. Health facilities used a standardized form to report their monthly
activities, especially the number of outpatient visits for certain diseases
and syndromes. To strengthen the Malagasy surveillance system, a
sentinel surveillance network with daily reports of febrile syndromes
sent by SMS (Short Message System) was made operational in
Madagascar in 2007 [3]. All SMS from 34 sentinel health centers
distributed nationwide are pooled in a database. This sentinel system

has demonstrated its efficacy in Madagascar by detecting the spatio-
temporal evolution of the influenza pandemic in 2009 [4].

In 2011, an evaluation of the fever sentinel surveillance system
showed good quality of the collected data. The average timeliness and
completeness rate of the SMS data were 78% [95% CI: 73-82] and 97%
[95% CI: 95-98], respectively [5]. The site-specific incidence of
reported fever cases ranged from 0 to more than 100 daily cases, with
an average of 4 per week.

A regular assessment of a surveillance system is recommended by
the World Health Organization (WHO) to assess the quality of the
generated data and to identify the system attributes and processes that
need improvement [6]. Therefore in 2014-15, six health centers were
randomly selected from the sentinel network to be included in an
investigation of the sensitivity of the fever sentinel surveillance system
to reliably detect trends in febrile illnesses and malaria in Madagascar.

Materials and Methods

Study design
A capture-recapture approach was used to compare febrile patients

presenting in sentinel health centers with febrile subjects actively
detected in their respective catchment areas. The “capture” source of
febrile illnesses was the outpatient registry from sentinel health
centers, with identification of all registered patients presenting at least
one fever episode (axillary temperature ≥37.5℃) within the study
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week. The “recapture” source of febrile illnesses was the population
census in the catchment area of study health centers, with
identification of all new febrile cases through an active screening in the
same study week. The catchment area population for the recapture
population was defined as all individuals residing within a 5 km radius
of the health center. Two adjacent neighbourhoods beyond 5 km from
the health center were added to detect a possible effect of distance on
the sensitivity. One neighbourhood located more than 5 km from the
health center was randomly selected, and a second neighbourhood in
the diametrically opposite side (north-south for example). Only febrile
episodes that occurred during the one-week study period and within
the study area were included.

Study location
Six sentinel sites were selected for the study and stratified in three

strata of two health centers according to the average number of weekly
reported fever cases since 2007:

- Stratum 1: Two health centers were randomly selected from the 19
health centers reporting an average of fewer than 4 fevers per week.

- Stratum 2: Two health centers were randomly selected from the 11
health centers reporting an average between 4 and 9 fevers per week.

- Stratum 3: Two health centers were randomly selected from the
four health centers reporting an average above than 9 fevers per week.

Data collection
The data collection from the capture source was initiated during the

passive screening in health centers. The passive screening was not
influenced by the investigator team. A standardized questionnaire was
administered to each patient presenting with fever to collect his or her
demographics, clinical information as well as the main reason for their
consultation. A “capture card” was then distributed with the following
information: age, patient number, duration of the fever and
neighbourhood of residence.

The recapture component in each catchment area used the same
questionnaire with an additional section to identify the reasons for not
attending a health center during the week-end after passive screening.
A population census was carried out with home visits (a second visit if
people were out at time of first visit), while geographical locations of all
fever cases were recorded. The “capture cards” distributed during the
recapture active screening allowed investigators to match cases
common to both sources.

Acute malaria was defined as a fever syndrome with a positive
malaria rapid diagnostic test. Influenza-like illness (ILI) was defined as
a fever with a cough and evolution less than 7 days. Dengue-like
syndrome (DLS) or arbovirosis was defined as a fever without
respiratory symptoms and at least two of the following symptoms:
headache, arthralgia, myalgia, skin rash, retro-orbital pain and
hemorrhagic syndrome. Febrile diarrhoea was defined as a fever with 3
or more watery stools during the previous 24 hours.

Statistical analysis
All data were entered in an MS Access® database at the

Epidemiology Unit of the Institute Pasteur of Madagascar. Data
anonymization was performed by allocating a unique ID number to
each patient. The data analysis was performed with R version 2.7.0
software and Stata® (version 13, Stata Corp LP, College Station, TX,

USA). A socio-demographic description of persons with fevers was
followed by a time, place and person analysis. Chi-square tests and t
tests were deemed statistically significant whenever a p-value was
below 0.05.

Febrile subjects identified during the same study week were
recorded from both capture (registry=A) and recapture (catchment
area=B) sources. Using cross-tabulation of the data from both sources,
a contingency table was established to display the number of fever
cases which were not reported in health centers [7,8]. The total number
of cases in the population N was estimated using the number of cases
from each source (NA and NB) and the number of common cases

XAB, according to the following formula:N = NA  × NBXAB . Under the

two independent sources hypothesis, the values of Sekar and Demming
allowed an estimation of the number cases that were not identified by
any of the sources (X0), the variance of N (Var N), and the 95%

confidence interval.Var N = NANBXAX�XAB3��95% � = �± 1, 96 ��� �
And�0 =� − ���+ ��+ ��                                      

  �0 = �������
The sensitivity for the system was calculated as follows:��+ �� − ���� The sensitivity of the capture source is indicative of the

sensitivity of the fever sentinel sites to detect a disease under
surveillance, whether a febrile illness or a malaria case [9,10]. The
sensitivity of the fever cases was measured based on the estimated
number of cases [11].

Six conditions are required to apply the capture-recapture method:
(i) all identified cases were true cases, (ii) all identified cases occurred
during the same period and in the precise geographical area studied,
(iii) the study population was closed, (iv) all true duplicates and only
true duplicates were identified, (v) there was homogeneity for the
catchment cases and (vi) the two sources were independent [12].

Ethics committee
The protocol for this study was submitted for review to the National

Ethics Committee at the Malagasy MoH. It was approved as a non-
interventional research study. This study was classified as a public
health practice and did not required human subject research review
beyond center for Global Health.

Results
Six randomly selected health centers were investigated between

August 2014 and March 2015. The first stratum included Taolagnaro
and Ambositra (sites with lower consultation activity), the second
included Tsiroanomandidy and Ambato Boeny (medium activity), and
the third included Maevatanana and Toamasina (higher activity).
Figure 1 show the sentinel surveillance network categorized by weekly
incidence of febrile illnesses. The capture phase (one week of passive
screening in health centers) identified 1,164 registered outpatients, of
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which 23.2% (270/1164) presented fever during the study week. The
recapture phase (same week active screening in catchment area)
screened 149,855 persons in 79 neighbourhoods, of which 3.7%
(5546/149855) had fever. Hence, a total of 5,816 febrile subjects were
identified in both sources.

Figure 1: Geographical location of Fever sentinel sites, 2014-2015,
Madagascar.

However, 2,757 febrile subjects were excluded from the capture-
recapture analysis: 113/270 (41.9%) from the capture population and
2644/5546 (47.7%) from the recapture population. The main causes of
exclusion were: fever episodes ending before or beginning after the

study period (75.6%-2083/2757), living outside the defined study area
(23.2%-641/2757) and refusing to participate (1.2%-33/2757). Of the
3,059 (5816-2757) eligible febrile subjects, 119 were common to both
sources. Duplicate observations were removed and the capture-
recapture analysis therefore included 2,940 febrile subjects (3059-119)
(Table 1).

Epidemiological description
The overall sex ratio (male/female) of febrile subjects was 0.76

(1269/1671), and the median age was 14 years [IQR: 4-33 years]. 57%
of individuals or their parents completed secondary level education or
higher (1677/2940). The median fever duration was 9 days (IQR:
70-13) with an average body temperature of 38.1°C [95% CI:
37.9-38.2]. Main febrile illnesses were malaria confirm by rapid
diagnostic test (0.5%-15/2940), febrile diarrhoea (4.8%-140/2940),
influenza like illness (37.6%-1104/2940) and other causes
(57.2%-1681/2940).

In the capture population (health centers), 157 febrile patients were
included with a sex ratio (male/female) of 1.04 (80/77), and their
median age was 6 years [IQR: 2-21 years]. Age below 6 years and
acuteness of fever were the most common reasons for consulting.

In the recapture population (community active screening), 2,783
febrile individuals were included with a sex ratio (male/female) of 0.75
(1189/1594) and a median age of 14 years [IQR: 4-4 years]. Based on
census data, 4.0% (119/2940) of the individuals had received the study
capture card.

There was a statistically significant difference between sources in the
median age (p<0.001) and duration of fever (p<0.001, 2 days in health
center versus 10 days in community). The number of associated
symptoms or clinical signs, educational level of the individual/parents
and gender were not determining factors for visiting the health centers.

Stratu
m

Study
location

Field
investigation
period

Passive screening (Health Center) Active Screening (Population) Fever
Cases
identifi
ed by 2
source
s
(matchi
ng rate
in %)

Cases identified (n=270) Outpatient
visits Cases Identified (n=5,546) Population

census

Included
cases

Excluded For outside
study area

Included
cases

Included cases
casesadjusted*

Excluded

1 Taolagnaro 2014/09/01-201
4/09/06 13 0 75 501 488 2,013 45,879 13

(2.6%)

1 Ambositra 2014/12/08-201
4/12/12 10 11 110 10 0 31 8,978 10

(100%)

2 Ambato
Boeny

2014/11/24-201
4/11/28 27 1 209 32 9 16 11,929 23

(71.9%)

2 Tsiroanoman
didy

2014/11/17-201
4/11/22 27 6 123 356 329 240 34,591 27

(7.6%)

3 Maevatanan
a

2014/08/04-201
4/08/08 63 58 346 119 83 75 13,736 36

(30.3%)
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3 Toamasina 2015/03/16-201
5/03/20 17 37 301 1,884 1,874 269 34,742 10

(0.5%)

Total  157 113 1164 2902 2783 2644 149,855 119
(4.1%)

*Adjusted to take account of the fever cases identified during passive screening.

Table 1: Fever cases distribution by health centers during the active and passive screening, 2014-2015.

Reasons for attendance and non-attendance
The main reasons for attendance among the 157 febrile illnesses

consulting the health centers were point of care satisfaction (43.5%),
good healthcare provider-patient relationship (20.3%), other trip
purpose (8.5%), proximity of the health center (7.3%) and financial
capacity (6.1%). At health center, the work flow to provide care
management was clearly marked, the need for prescribed medication/s
and clinical signs perceived as severe were cited but represented less
than 5 % of the reported reasons for attendance.

The main reasons for not consulting the sentinel sites among the
2,783 febrile subjects in neighbouring communities were: other
preferences for consultation (35.6%), poverty (25.7%), and clinical
symptoms not perceived as severe (10.5%), dissatisfaction in previous
visits (6.5%) and remoteness of the health center (4.8%). Other reasons
such as unsatisfactory patient-provider rapport and the several
appointments with the health care provider were cited but less than
5%.

Estimation of the number of fever cases
We supposed that the six conditions to estimate cases not identified

by either sources (Sekar and Demming) were verified:

1. In passive screening, the case definition used for the fever
syndrome was an axillary temperature ≥ 37.5°C. Therefore, all
identified cases were true cases.

2. The exclusion criteria were individuals living outside the defined
study area and individuals who had a fever syndrome that ended
before or began after the inclusion period in the health centers. All
identified cases occurred during the same study period and in the
same geographical area.

3. The study population included only those who were present or
close to the health centers during the inclusion period.

4. The capture card was delivered to the health centers and filled out
during the active screening for recapture. Therefore, all identified
common cases were real.

5. The two sources were independent: the first from the health
centers and the second from the population census.

6. All cases in the study population had the same probability of
being identified at the health centers. No statistically significant
variations in gender, diagnosis or level of education were
demonstrated.

As capture-recapture method with two sources, 3,829 [95% CI:
3498-4160] were the estimated cases and minus by 2,940 cases
observed during the field study, 889 febrile cases were probably
unidentified by the sentinel sites. Therefore 76.8% (2940/3829) was the
sample coverage of the sentinel sites (Figure 2).

Figure 2: Inclusion flow chart for fever cases capture-recapture,
2014-2015.

Sensitivity of fever and diseases surveillance in sentinel sites
The sensitivity to document febrile illnesses in the sentinel health

centers was 4.1% (157/3829) [95% CI: 3.8-4.5]. In each of the three
strata, the estimated febrile cases were 511, 419 and 3,484, which
corresponded to a sensitivity of 4.5% [95% CI: 3.0-6.7] in lower
attendance centers, 12.9% [95% CI: 12.0-13.9] in medium attendance
centers and 2.3% [95% CI: 1.9-2.8] in higher attendance centers. A
comparison of sensitivity between strata showed a statistically
significant difference (p<0.001) (Table 2).

Mean
of
weekly
fever
cases
declare
d

Fever
cases
identifie
d by
health
center

Estimatio
n of fever
cases into
the
catchment
area

[95% CI] Sensiti
vity

[95%
CI]

Stratum 1
(Taolagnaro,
Ambositra)

<4 23 511 [343.3-76
6.7]

4.50% [3.0-6.7
]

Stratum 2
(Tsiroanoma
ndidy,
Ambato
Boeny)

4-9 54 419 [389.5-44
8.5]

12.90% [12.0-1
3.9]

Stratum 3
(Maevatanan
a,
Toamasina)

>9 80 3,484 [2835.3-4
132.7]

2.30% [1.9-2.8
]
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All six health centers 157 3,829 [3497.6-4
160.4]

4.10% [3.8-4.5
]

Table 2: Estimation of fever syndromes in the catchment area by
stratum, 2014-2015.

Unidentified malaria cases were estimated at 2 out of 17 [95% CI:
7-27] acute malaria cases in both sources. Of notice, 88% (15/17) of
acute malaria cases were identified in both sources. The sensitivity of
identifying cases of acute malaria in the sentinel health centers was
therefore 70% (12/17). For ILI and febrile diarrhea, the sensitivity to
identify cases was 2.9% and 8.8%, respectively.

Space-time distribution of diseases under surveillance in the
population
The weekly prevalence of fever syndrome was estimated at 2.6%

(3829/149855) in the catchment area population. The weekly
cumulative incidence was 0.01% (15/149855) for malaria, 0.09%
(140/149855) for diarrhoea and 0.7% (1104/149855) for ILI. When
extrapolating, the yearly cumulative incidence of acute malaria,
diarrhoea and ILI were respectively 0.5%, 4.7% and 36.4%.

The disease distributions varied with study locations. Comparison
of diseases incidence such as acute malaria, ILI and febrile diarrhoea
showed significant differences by health center (p<0.002). In
Maevatanana and Ambato Boeny, with a sub-humid bio climate, the
yearly malaria incidence was above 5%, with specific incidences of
6.2% and 5.6%, respectively. For the other bio climates, the malaria
incidence was below 1%. For ILI and febrile diarrhoea, the weekly
morbidity ranged from 10 to 49% and 0 to 10%, respectively (Figure 3).
No suspected cases of arbovirosis (dengue like syndrome) were
diagnosed during the study period.

Figure 3: Diseases distribution by study location (n=2,940),
2014-2015.

Discussion
The objective of this study was to evaluate the sensitivity of fever

sentinel surveillance system to detect febrile illnesses in Madagascar. A
capture-recapture method compared febrile illnesses presenting at the
sentinel site health facilities with all febrile illnesses in their respective
catchment areas was used. This method is primarily used to estimate
the completeness of notifications and to estimate the size of animal
populations in a geographical location [13,14]. The proportion of fever
case captured by health centers with medium attendance was threefold
higher than the other two strata. The fever sentinel surveillance system
in Madagascar had a low sensitivity to detect fevers. This result may be
linked to the weakness of the health system in Madagascar, as
evidenced by the low outpatient department attendance (35.7% in
2013) [15,16] and poverty. In addition, individuals end up paying for
healthcare and the average cost for one visit with treatment increased
threefold from 2005 to 2010 (from $1.80 to $5.60). Health insurance or
pooling healthcare exists, but less than 1% of the Malagasy population
benefits from such services. Approximately 40% of the Malagasy
population lives in remote rural areas which are further than 5 km
from a health facility and tend to self-medicate or neglect fever
syndromes [15,17].

Breman et al. cited that more than 80% of febrile persons do not
utilize the formal health infrastructure [18]. Using this information,
the sample coverage in this study appears to be high compared to
disease surveillance systems in Africa. For example, measles and acute
flaccid paralysis surveillance system in Benin and Ivory Coast which
showed a sample coverage of 28% and 40%, respectively [19,20].

The distribution of the diseases under surveillance varied
significantly between the health centers (p<0.001) as a result of the
different bio climates. The incidence of malaria was approximately
5.0% in the sub-humid bio climate, specifically in Maevatanana and
Ambato Boeny, with respective incidences of 6.2% and 5.6%. The
incidence was <1% in the other bio climates (per-humid and humid).
These results confirmed the malaria trends reported by Kesteman et al.
[21].

Limitations
The first limitation of this study was the low number of malaria

cases, detected. And the second limitation was the organization of the
field investigation. The passive screening was conducted during
business hours in health centers while the active screening was
performed after business hours. However, the population census, the
geolocation of households and revisiting in case of absent household
members helped unsure the completeness of the recapture survey.
Finally, the high rate of exclusion and the reliance on measured
temperature at a single encounter maybe limited this study.

Conclusion
This study allowed evaluating the sensitivity of a fever sentinel

surveillance system in Madagascar. The sensitivity for capturing fever
cases by health centers was low at 4.1%, but much higher at 70.0% for
acute malaria. These results will serve as a baseline for future evaluative
research of the fever sentinel surveillance system in Madagascar.
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