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Abstract

Background: The malaria burden in Madagascar dropped down last decade, largely due to scale-up of control
measures. Nevertheless, a significant rise of malaria cases occurred in 2011-2012 in two regions of the rainy South-
Eastern Madagascar, where malaria is considered as mesoendemic and the population is supposed to be protected
by its acquired immunity against Plasmodium. A multidisciplinary investigation was conducted in order to identify the
causes of the outbreak.

Methods: In March 2012, a cross-sectional study was conducted in 20 randomly selected clusters, involving the rapid
diagnostic testing of all >6 month-old members of households and a questionnaire about socio-demographic data
and exposure to malaria control interventions. Changes in environmental conditions were evaluated by qualitative
interview of local authorities, climatic conditions were evaluated by remote-sensing, and stock outs of malaria sup-
plies in health facilities were evaluated by quantitative means. Two long-lasting insecticidal nets (LLINs) were sampled
in each cluster in order to evaluate their condition and the remanence of their insecticidal activity. The entomological
investigation also encompassed the collection Anopheles vectors in two sites, and the measure of their sensitivity to
deltamethrin.

Results: The cross-sectional survey included 1615 members of 440 households. The mean Plasmodium infection rate
was 25.6 % and the mean bed net use on the day before survey was 71.1 %. The prevalence of Plasmodium infections
was higher in 6-14 year-old children (odds ratio (OR) 7.73 [95 % Cl 3.58-16.68]), in rural areas (OR 6.25 [4.46-8.76]), in
poorest socio-economic tercile (OR 1.54 [1.13-2.08]), and it was lower in individuals sleeping regularly under the bed
net (OR 0.51 [0.32-0.82]). Stock outs of anti-malarial drugs in the last 6 months have been reported in two third of
health facilities. Rainfalls were increased as compared with the three previous rainy seasons. Vectors collected were
sensitive to pyrethroids. Two years after distribution, nearly all LLINs collected showed a loss of physical integrity and
insecticide activity,

Conclusions: Increased rainfall, decreasing use and reduced insecticide activity of long-lasting insecticide-treated
nets, and drug shortages may have been responsible for, or contributed to, the outbreak observed in South-Eastern
Madagascar in 2011-2012. Control interventions for malaria elimination must be sustained at the risk of triggering
harmful epidemics, even in zones of high transmission.
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Background

The rainy Eastern region of Madagascar is an area of
endemic and perennial malaria transmission. It had been
a malaria hyperendemic area prior to 2006 with annual
entomological inoculation rate ranging from 16 to 240
infective bites/person and a Plasmodium falciparum par-
asite rate up to 50 % among children [1-4]. The malaria
burden in Madagascar has dropped from 2006 levels fol-
lowing the large scale-up of malaria control measures.
After the massive scale-up of malaria control interven-
tions during the years 2000’s, malaria endemicity of the
Eastern transmission pattern shifted from hyperendemic
to mesoendemic, with a parasite rate among children
under-five years old of 16.4 % in 2011 [5, 6]. Given the
historically high levels of malaria transmission, the popu-
lation was thought to be protected by its acquired immu-
nity against Plasmodium infection and this area was not
considered a zone prone to malaria epidemics [1, 3]. No
malaria outbreaks have previously been described in
this geographic zone of Madagascar [4]. In February of
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2012, an increase in malaria cases was reported in Vato-
vavy Fitovinany and Atsimo Atsinanana regions (Fig. 1)
through the fever sentinel surveillance system [7]. Biolog-
ically confirmed clinical malaria cases increased almost
threefold when compared to the same period in 2010-
2011. The rise in cases began in December 2011 [5]. A
multidisciplinary investigation, involving epidemiological
and entomological methods, was conducted to identify
factors that could have caused the malaria outbreak.

Methods

Epidemiological studies

In March 2012, in collaboration with the Ministry of
Health, a cross-sectional survey was carried out in 20
fokontany or villages (clusters) selected by probability
sampling (proportional to population size) among the
fokontany of Vatovavy Fitovinany and Atsimo Atsina-
nana regions. In each cluster, households were selected
at random so as to include 80 household members
per cluster interviewed with informed consent. The
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questionnaire was administered to each household
member and included questions on socio-demographic
status, history of exposure to malaria prevention and
control measures, and travel during the preceding
3 months. A rapid diagnostic test for malaria (RDT) was
performed on all household members aged 6 months
or older. The CareStart® Malaria RDT (Access Bio Inc.,
Monmouth Junction (NJ), USA) was used, since it is
the RDT commonly used in the public health system
in Madagascar. Individuals with a positive RDT result
were treated with artemisinin-based combination ther-
apy (ACT) according to national guidelines. Household
socioeconomic terciles were created by principal com-
ponent analysis of socioeconomic variables [8]. Gener-
alized estimating equation logistic regression models
were constructed to assess relationships between pos-
sible risk factors and parasitemia, accounting for
clustering.

In each selected village the nearest health care facilities
were visited to assess the availability of ACT and RDTs
from September 2011 to February 2012, using a stand-
ardized quantitative questionnaire. Rainfall and tempera-
ture data collected by remote climatic sensing during the
2011-2012 rainy season and the previous 3 years were
retrieved from databases available on the internet [9]
and compared. Qualitative interviews of health work-
ers, health authorities and administrative authorities
have been conducted in order to assess recent changes in
socio-economic conditions, agricultural habits, environ-
mental conditions, and movements of populations.

Given the emergency and to avoid any delay, upon
request of the Ministry of Health of Madagascar, the
study protocol was not submitted to the National Ethic
Committee. Nevertheless, the investigators’ practices
were fully in line with the ethical principles according to
the Helsinki Declaration. Particularly, informed consent
was obtained from the individuals or the parents/tutors
of the children before inclusion and all individual data
remained confidential.

Entomological studies

Anopheles vectors, adults and larvae, were collected
at two sites in the study area during the same period.
Adult vectors were collected by human landing catches
involving approximately five catchers indoors and five
outdoors, during two nights in the first site and one
night in the second site. Vector species was determined
morphologically. The infection of vectors with Plasmo-
dium and the origin of blood meals were determined by
ELISA. Sensitivity of wild caught female adults to del-
tamethrin 0.05 % was determined. The feeding behaviour
(endophagic vs exophagic) of female adults was also stud-
ied. Two long-lasting insecticidal nets (LLINs) per cluster
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were randomly sampled during the cross-sectional sur-
vey to evaluate physical integrity and insecticidal activity
(bioefficacy) using methods recommended by the World
Health Organization (WHO) [10, 11].

Results

Epidemiological studies

Among the 20 clusters there were 1615 individuals living
in 440 households, owning a total of 692 bed nets (BNs).
Data were collected from 1531 (94.8 %) individuals. The
Plasmodium infection rate was 25.6 % (95 % confidence
interval (CI) 23.4-27.9 %, range among clusters 3.1
57.5 %, Table 1) and the reported BN use by individuals
on the night before the survey was 71.1 % [95 % CI 68.8—
73.4 %). Among 589/692 (85.1 %) of BNs for which the
net brand was clearly identified, 574 (97.4 %) were LLINs.
Median age of LLINs was 2.3 years [interquartile range
(IQR) 2.0-3.0 years]. Indoor residual spraying was not
performed in this area.

The prevalence of Plasmodium sp. infections was sig-
nificantly higher among (i) individuals who did not sleep
under a BN every night; (ii) 6—14 year-old children; (iii)
residents of households with lower socioeconomic status;
and (iv) in rural areas, both in bivariate and multivari-
ate analysis (Table 1). There was no evidence of massive
population movements in this area, and no correlation
was observed between travel history and RDT positivity
(Table 1). Nightly BN use was associated with lower para-
site prevalence (OR 0.51 [95 % CI 0.32—0.81], Table 1).

Of the 47 health facilities that served the selected
study site communities, 31 (66 %) experienced at least
one stock-out of at least one dosage type of ACT since
September 2011 (mean stock-out duration 51 days); and
14 (45 %) had stock-outs at the time of the survey. The
interviews of health workers indicated that they adapted
to shortages by adjusting paediatric doses for adults if
adult doses were missing or vice versa. When analysed
by cluster, stock-outs of ACT during the 6 months prior
to the survey were associated in univariate analysis with
a higher prevalence of Plasmodium infection (OR 1.46
[95 % CI 0.7-3.0], Table 1) although the association was
not significant. Out of 31 health facilities supposed to
have RDTs, 20 (64.5 %) experienced stock outs of RDTs
since September 2011.

Rainfall during the 2011-2012 rainy season was higher
than the previous three rainy seasons in the two regions;
four districts had over 40 % more rainfall, two districts
30-39 % more rainfall, two districts 15-29 % more rain-
fall and one district had no change in rainfall (0.5 %
more rainfall). No significant change in temperature
was observed. Interviews with health and administrative
authorities did not support changes in agriculture/hus-
bandry habits or soil use.
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Table 1 Bivariate and multivariate multilevel analysis of the association between Plasmodium infection (assessed
by RDT) and demographic and epidemiological variables, South-Eastern Madagascar, 2012

Variable N (% RDT positive) Bivariate Multivariate
Crude OR[95 % Cl] p Adjusted OR [95 % ClI] p
Bed net use
Every night 1009 (22.6) 049 (0.33-0.72) <0.001 0.51(0.32-0.82) 0.005
Irregular 225(32.0) 0.84 (0.60-1.19) 0.331 0.95 (0.62-1.43) 0.791
Never 297 (31.0) 1.00 1.00
Age group
0-5 years 410 (32.9) 5.15(2.38-11.15) <0.001 551(248-12.26) <0.001
6-14 years 395(39.2) 742 (3.52-15.65) <0.001 7.73 (3.58-16.68) <0.001
15-49 years 594 (15.7) 2.21(1.06-4.63) 0.036 2.32(1.09-4.96) 0.029
>50 years 132 (6.8) 1.00 1.00
Sex
Male 630 (28.1) 1.00 1.00
Female 901 (23.9) 0.79 (0.62-1.01) 0.064 0.97 (0.73-1.30) 0.862
Travel history
None 1179 (27.0) 1.00
<10km 217 (24.0) 0.77 (0.48-1.23) 0.271
11-50 km 103 (16.5) 0.65(0.37-1.14) 0.131
>50 km 32(15.6) 0.69 (0.25-1.91) 0472
Socio-economic tercile
First (poorest) 566 (32.2) 1.74 (1.31-2.30) <0.001 1.54 (1.13-2.08) 0.006
Second 459 (27.0) 148 (1.01-2.15) 0.043 146 (0.99-2.15) 0.058
Third (wealthiest) 506 (17.0) 1.00 1.00
Area type
Rural 1311 (29.0) 8.59 (645-11.44) <0.001 6.25 (4.46-8.76) <0.001
Suburban 153 (5.9) 1.26 (0.67-2.40) 0475 1.15(0.59-2.23) 0.677
Urban 67 (4.5) 1.00 1.00
ACT shortages last 6 months
No (4 sites) 272 (21.0) 1.00
Yes (14 sites) 1131 (27.9) 1.46 (0.70-3.06) 0313
Unknown (2 sites) 128(14.8) 0.79(0.22-2.78) 0711

Entomological studies
Endo- and exophagic Anopheles gambiae (N = 96) and
endophagic An. mascarensis (N = 70) were identified in
two nights in the first site. Exophagic An. mascarensis
(N = 170), a few An. gambiae (N = 6) and An. funestus
(N = 5) were identified in the other site in one night. Spe-
cies and feeding behaviour (including biting hours) of
Anopheles vectors found were consistent with findings
prior to LLIN mass distributions campaigns [12]. All vec-
tors tested (59 An. mascarensis and 16 An. gambiae) were
sensitive to deltamethrin. Only one vector was found to
be infected by Plasmodium, but all vectors were found to
have fed on humans.

Thirty-nine LLINs were collected from households
belonging the 20 clusters investigated in the cross-
sectional study. The median age of sampled LLINs was

2.3 years [IQR 2.0-3.0 years]. Physical integrity was
“good” for six (15.0 %) LLINs, 17 (42.5 %) LLINs were
“damaged” and 17 (42.5 %) were “too torn”. Cone bioas-
say results showed only one (2.6 %) LLIN achieving the
desired knocked-down threshold of 95 % and no LLIN
met the WHO efficacy requirement of 80 % mortality
using a susceptible strain of An. arabiensis mosquitoes.
This strain was previously characterized in the Institut
Pasteur in Madagascar for insecticide susceptibility using
standard WHO impregnated paper tests and 100 % mor-
tality was observed with deltamethrin 0.05 %.

Discussion

The present study identified several factors that may have
caused, or exacerbated, the outbreak of malaria observed in
these regions. First, the increase in rainfall likely triggered
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a rise in vector population, although this could not be con-
firmed by the entomological investigations. Indeed, the
entomological inoculation rate could not be reliably cal-
culated in the present study because only one vector was
found infected by Plasmodium. Second, the intensive con-
trol interventions deployed in the previous decade could
have weakened the population’s immunity against clini-
cal malaria. The meteorological conditions resulting in an
increased Plasmodium transmission thus translated into an
increase in the number of clinical cases of malaria.

Third, less intensive control interventions made pos-
sible for the parasite to keep circulating and the num-
ber of cases to keep growing. The individual BN use
was 71.1 % [95 % CI 68.8-73.4 %] in this study, which
is lower compared to results from the Malaria Indica-
tor Survey in 2011 (88.6 % in the Eastern transmission
pattern [95 % CI 88.0-89.2 %]) [6]. Nightly BN use was
significantly associated with lower parasite prevalence
(OR 0.51 [95 % CI 0.32-0.81], Table 1). This association
was comparable to reports from other sub-Saharan Afri-
can settings, including a meta-analysis where the overall
OR of sleeping under an insecticide-treated net was 0.76
[95 % CI 0.58-0.99] [13]. Nonetheless, the bio-efficacy of
a subsample of LLINs was found to be poor after 2 years
while the expected survival was at least 3 years. This
may have impaired the overall protective effect of the
LLINs at community level provided by the reduction of
endophagic and endophilic vectors, and contributed to
the observed increase in malaria cases. Finally, the results
show that an important proportion of health facilities
experienced stock-outs in ACT and/or RDTs. Even if
health workers adapted the dosages not to leave infected
individuals untreated, it is likely that treatments were not
optimal during stock-outs. Part of these shortages pre-
ceded the outbreak and may have precluded the treat-
ment of Plasmodium infections, consequently increasing
the parasite reservoir. The causal relationship between
shortages and increase in malaria cases could not be
established from the present study and it’s of course
likely that stock outs were the consequence of the unan-
ticipated increase in the number of cases to be treated.
Overall, whatever was the princeps movens, inappropriate
case management may have aggravated the outbreak.

Other possible causes or favouring factors have been
discarded. Entomological investigations showed that
no major change in vectors’ biting behaviour or species
had occurred. Qualitative interviews evidenced neither
changes in agriculture or husbandry practices—that could
have created new breeding sites for vectors—, nor popula-
tion movements between the regions studied and regions
with lower transmission.

The main limitation of the present study is that some
factors that may have played a role in the outbreak were
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not evaluated. The sensitivity of local parasite strains for
ACT was not verified. Nevertheless, reduced sensitiv-
ity of Plasmodium falciparum to artemisinin was not
detected in recent clinical [14] or molecular [15] sur-
veys in Madagascar. More importantly, changes in socio-
economic and wealth conditions were not investigated.
The political and economic crisis that lasts since 2009
has seriously affected the population of Madagascar and
impacts their health, in particular through a reduction in
healthcare workforce, that is especially marked in rural
areas [16]. It is likely that this adverse context has played
a role in the emergence or the expansion of the outbreak
of 2012.

Overall these results emphasize the importance of
maintaining a constant- or increasing- level of malaria
control. This corroborates the recent recommendation of
the Global Malaria Programme not to scale back malaria
control interventions before transmission has been
halted and surveillance/response capacities have been
developed [17].

Conclusions

Multiple factors including increased rainfall, waning BN
use, poor physical quality and bioefficacy of LLINs, and
ACT shortages may have been responsible for, or contrib-
uted to, the malaria outbreak observed in South-Eastern
Madagascar in 2011-2012. A decline in malaria endemic-
ity following large-scale prevention and control measures
can result in a population with decreased malaria immu-
nity rendering them vulnerable to malaria outbreaks after
only a few years. The sustainability of effective malaria
prevention and control measures is imperative in the
path from malaria control to elimination.
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