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Summary 
 

Despite current efforts, malaria remains a major public health problem in 
Burkina Faso. Malaria parasitemia prevalence is regarded as a suitable 
indicator of the public health burden of malaria. Understanding the spatial 
distribution of malaria parasite prevalence is useful in order to locate the 
infectious reservoirs that further transmission as well as to assess the 
relationship between antimalarial interventions and malaria morbidity. 
However, prevalence data is often incomplete in remote rural areas due to the 
lack of microscopy, the reference technique for malaria diagnosis. 
The main objective of this thesis was to explore the determinants of malaria 
burden among children under five years old in Burkina Faso through the 
analysis of: i) spatial heterogeneity of Plasmodium malaria prevalence 
distribution, ii) spatial heterogeneity of Paracheck® rapid diagnostic test 
(RDT) performance, and iii) geographic disparities in coverage of malaria 
vector control interventions. Community based survey data, health 
management information systems data, climatic and environmental data were 
combined first and then submitted to spatial statistical analyses. 
Although considerable progress has been achieved in mosquito net coverage 
in Burkina Faso between 2003 and 2014, our data depict for the first time the 
existence of high heterogeneity in malaria prevalence at the community level. 
Additionally, our results suggest that paracheck® RDT use without 
microscopy for malaria screening could bias the estimation of malaria burden. 
Collectively, these findings indicate that management of community based 
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malaria determinants could represent the preferred approach to reduce 
malaria transmission in Burkina Faso. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Résumé 
 

xix 
 

Résumé 
 

Au Burkina Faso, malgré les efforts déployés, le paludisme demeure un 
problème de santé publique majeur. La prévalence parasitaire de Plasmodium 
est considérée comme un indicateur utile de ce fardeau. La connaissance de 
la distribution spatiale de cette prévalence permet d’une part, de localiser le 
réservoir infectieux qui perpétue la transmission du paludisme et d’autre part, 
d’évaluer la relation entre les interventions antipaludiques et la morbidité 
palustre. Malheureusement, les données nécessaires pour estimer cette 
prévalence sont souvent incomplètes, à cause entre autre de l’absence d’accès 
à la microscopie, la technique de référence diagnostique de la pathologie, 
dans les zones reculées.  
L’objectif principal de cette thèse était d’explorer les déterminants du fardeau 
du paludisme chez les enfants de moins de 5 ans au Burkina Faso à travers 
l’analyse i) de l’hétérogénéité spatiale de la distribution de la prévalence 
parasitaire de Plasmodium, ii) de l’hétérogénéité spatiale de la performance 
diagnostique du test de dépistage rapide (TDR)  du paludisme Paracheck® et 
iii) des disparités géographiques dans la couverture des interventions de lutte 
antivectorielle. Des méthodes d’analyse statistique spatiale ont été appliquées 
à la combinaison de données d’enquêtes communautaires, de données de 
routine collectées par les districts de santé, de données climatiques et 
environnementales.     
En dépit des progrès réalisés dans la couverture des moustiquaires au Burkina 
Faso entre 2003 et 2014, nos données montrent pour la première fois, 
l’existence d’une forte hétérogénéité de l’infection parasitaire du paludisme 
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à l’échelle communautaire. Aussi, nos résultats suggèrent que l’utilisation du 
TDR Paracheck® sans microscopie pour le dépistage de la parasitémie 
palustre pourrait biaiser l’estimation du fardeau du paludisme. En conclusion, 
nos résultats indiquent que la prise en charge des déterminants 
communautaires de l’infection palustre serait la piste à privilégier pour 
réduire la transmission du paludisme au Burkina Faso. 
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1.1. Study Context   
 

Malaria is a vector-borne parasitic disease caused by a Plasmodium 
hematozoon, which infects and destroys red blood cells. It is transmitted to 
humans through the bite of an infected female mosquito, of the genus 
Anopheles, during a blood meal. Five plasmodial species (Plasmodium 
falciparum, Plasmodium malariae, Plasmodium ovale, Plasmodium vivax, 
and Plasmodium knowlesi) are responsible for malaria, of which P. 
falciparum is the most powerful in terms of number of clinical cases and 
severity of the disease.  
Several regions in Africa, Asia, and Latin America are affected by malaria. 
In 2015, the number of clinical cases was estimated at 212 million, including 
429,000 deaths [1]. More than 90% of clinical cases occur in sub-Saharan 
Africa [1] where P. falciparum is predominant. Asia and Latin America are 
mostly affected by Plasmodium vivax [1].  
The World Health Organization (WHO) estimated a 41% reduction in the 
global malaria incidence rate between 2000 and 2015 [1], with a 21% 
reduction from 2010 to 2015. Over half of the 91 countries affected by malaria 
were on track to meeting the WHO target of reducing the malaria incidence 
and the associated mortality by at least 40% in 2015 [1]. However, decreased 
vigilance in eradication measures has been seen, for example, by Venezuela’s 
rapid re-emergence of malaria in 2014 [2].  
In sub-Sarahan Africa, the environmental variability adds to the burden of 
reducing malaria, as it exists even within small geographical spaces [3]. This 
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finding is confirmed by maps estimating the prevalence of Plasmodium 
falciparum infections among children in 2000 and 2015 (Figure 1). Currently, 
the prevalence is still very high (above 25%) in Burkina Faso and six other 
countries (Cameroon, Equatorial Guinea, Guinea, Mali, Sierra Leone and 
Togo) [1].  
The parasite prevalence of Plasmodium is considered a useful indicator of the 
malaria burden, and an approximate measure of transmission [4, 5]. 
Knowledge of the spatial distribution of prevalence provides, on the one hand, 
useful information about malaria transmission and associated factors, and, on 
the other hand, the possibility to evaluate the relationship between anti-
malarial interventions and malaria morbidity [6, 7]. Regular estimation of 
prevalence is necessary for the epidemiological surveillance of malaria [6]. It 
helps guide malaria control interventions to the most affected areas and 
populations [6].  
In Burkina Faso, the National Malaria Control Program (NMCP) 
recommends focusing research activities on burden assessment, 
understanding the epidemiological profile of malaria, exploring the 
determinants of mosquito net use, and studying the impact of seasonal malaria 
chemoprevention (SMC) [8]. Unfortunately, the data required to estimate the 
malaria burden are often scattered or incomplete. Moreover, they are often 
not done in a sufficiently small location to allow for the study of local 
variability in the transmission of malaria.  
In order to explore the distribution of this burden (measured here by parasite 
prevalence), we have built a single database, combining data from 
Demographic and Health Surveys (DHS), from the national Health 
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Management Information Systems, as well as from other climatic and 
environmental co-variables, measured by remote sensing. Robust estimation 
methods were used to predict parasite prevalence in areas where information 
was unavailable.  
 

 
Source: https://www.nature.com/articles/nature15535 

Figure 1: Estimate of the prevalence of P. falciparum infection among children aged 2-10 
(PfPR2-10) in 2000 (a) and 2015 (b), predicted with a 5 × 5 km resolution [9] 
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1.2. History of Malaria    
 

Malaria is a very old parasitosis. Reports of fatal fevers due to malaria date 
back to 6000 or even 5500 BC. The parasite responsible for malaria was 
discovered by Charles Laveran in 1880, while the mosquito that transmits the 
disease was first suspected by Ross in 1897, and confirmed by Grassi in 1898 
[10]. The different plasmodial species that infect humans were discovered by 
Golgi (Plasmodium malariae in 1886), by Celli (Plasmodium falciparum), by 
Machiafava (Plasmodium vivax), and by Stephens (Plasmodium ovale in 
1922 [10] and Plasmodium knowlesi, which mainly infects monkeys, but was 
recently isolated in human malarial infections in Southeast Asia) [11-13]. 
The first known treatment against malaria was reported from Peru to Europe 
by a Jesuit missionary named Don Fancisco Lopez in 1630 [10]. However, it 
was in 1820 that Pellerier and Caventou isolated quinine, an active alkaloid 
for the treatment of malaria [10]. The first synthetic antimalarial drug 
(chloroquine) was discovered in Germany in 1934 [10]. In 1960, chloroquine 
resistant strains of P. falciparum developed due to excessive use and probably 
inadequate doses [14].  
The history of the fight against malaria has been marked by major WHO 
campaigns (in 1955) aimed at eradicating mosquitos using 
Dichlorodiphenyltrichloroethane (DDT) [14]. The emergence of insecticide 
resistant vectors, the financial cost of insecticides, and the uncertainty of 
vector ecology were all reasons that led the WHO to put an end to the global 
malaria eradication program in 1972 [15]. Since then, the most recent 
development in the fight against malaria was the launching of the “Roll Back 
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Malaria” initiative by the WHO, UNICEF, UNDP and the World Bank. This 
initiative mobilized major partners in the fight against malaria to, “halve the 
mortality due to malaria by 2010, and again in 2015.” In 2000, the RBM 
initiative was approved by African states in a statement at a special summit 
in Abuja, Nigeria. The main strategies for this objective were:  

 improving access to treatment for malaria, 
 promoting the use of Insecticide-Treated Nets (ITNs), 
 prevention and control of malaria in pregnant women (ITNs, IPTp), 
 detection and control of malaria epidemics. 
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1.3. Epidemiology of Malaria 
 

1.3.1. Malaria Vectors       
 

More than 450 species of Anopheles mosquitos have been identified [16]. 
Only 40 of these species are significant vectors of malaria [16, 17]. Anopheles 
gambiae s.l., Anopheles funestus and Anopheles arabiensis are the main 
vectors of malarial transmission [16]. In Africa, in most countries, malaria 
transmission involves several Anopheles species (Figure 2).  
 

 
Source: https://parasitesandvectors.biomedcentral.com/articles/10.1186/1756-3305-5-69 

Figure 2: Distribution of the three main vectors of malaria transmission in Africa 
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1.3.2. Malaria Parasites and the Evolutionary Cycle       
 

Malaria is caused by a blood protozoan of the genus Plasmodium, which 
belongs to the phylum Apicomplexa (Sporozoa), the class Haemosporidea 
and the order Haemosporida. Five species are known to infect humans: P. 
falciparum, P. vivax, P. ovale, P. malariae and P. knowlesi. Among these 
species, P. falciparum is responsible for the majority of malaria related 
deaths. It is also the predominant infectious species in most parts of Africa.  
Throughout their evolutionary cycle (Figure 3), Plasmodium change their 
morphology, antigenicity, and size. They go through two reproduction cycles. 
The asexual cycle, or schizogony, takes place in humans (intermediate host); 
the sexual cycle, sporogony, takes place in the female Anopheles (definitive 
host and vector) [18]. 
The parasitic cycle in humans is biphasic: an exo-erythrocytic or hepatic 
phase during which the parasites enter hepatocytes, and an endo-erythrocytic 
phase during which the plasmodia invade red blood cells.  
The exo-erythrocytic cycle (A), begins with the injection of the sporozoite 
(infective form of the parasite) through a bite of the human host by an infected 
mosquito. These sporozoites pass through the blood stream to reach the liver 
within 24 hours. Some sporozoites are able to enter the liver cells (B). For 
about a week, they grow and multiply to give a multinucleated cell mass 
called a schizont, or a blue body. This intrahepatic phase is asymptomatic. At 
maturity, the schizonts rupture and release into the bloodstream the thousands 
of merozoites that will infect other red blood cells (C). However, in the case 
of Plasmodium vivax and Plasmodium ovale, some sporozoites, also called 
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hypnozoites may remain quiescent for a variable amount of time (a few 
months to several years) in hepatocytes. These hypnozoites may lead to future 
malaria relapses. 
Throughout this endo-erythrocytic phase, merozoites that penetrated red 
blood cells undergo asexual multiplication and become trophozoites, and then 
endo-erythocytic schizontes. The lysis of the schizontes releases new 
trophozoites, which will infect other red blood cells. The duration of this cycle 
varies between 48 and 72 hours, depending on the plasmodial species. In the 
absence of immunity, the erythrocyte cycle will lead to clinical symptoms. 
Some trophozoites differentiate into a sexual form, or gametocytes 
(gamogonic erythrocyte cycle), which are ingested by the Anopheles 
mosquito during a blood meal (D), perpetuating transmission.  
The sexual cycle, or sporogony, takes place in female Anopheles. During a 
blood meal from a malaria infected being, the mosquito ingests male and 
female gametocytes (D). In the mosquito’s stomach, male and female 
gametocytes conjugate to form a zygote, which successively transforms into 
an ookinete, an oocyst, and finally into a sporocyst. Once ripe, the oocyst 
dislocates and releases sporozoites that migrate into the salivary glands of the 
mosquito. From this point on, the mosquito becomes infective and can 
perpetuate transmission. Each stage of the parasite cycle is a potential target 
for malaria control measures.  
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Source: http://www.thelancet.com/action/showFullTextImages?pii=S0140-6736%2813%2960024-0 

Figure 3: Lifecycle of Plasmodium falciparum (boxed numbers represent the estimated 
number of parasites for each stage) 
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1.3.3.  Immunity Against Malaria Infection   
 

Malaria immunity can be natural; that is, it can be inherent to the genetic 
makeup of the host, independent of any prior contact with the parasite. It can 
also be an acquired immunity after a first infectious contact with the parasite.  
Innate resistance to malaria is considered a refractory state of the host to the 
parasite due to its genetic constitution [19]. This resistance may be specific 
to the plasmodial species and its evolutionary stages, including the 
mechanisms involving membranous and intracellular erythrocytic factors. In 
fact, individuals with red blood cells lacking the Duffy blood group antigen 
are resistant to P. vivax infection [20]. These antigens are associated with 
determinants that constitute specific receptors for the adhesion and 
subsequent penetration of P. vivax [20]. In addition, certain 
hemoglobinopathies (particularly with AS and AC hemoglobin, as well as -
thalassemia) confer a partial resistance in heterozygous individuals, with HbS 
hemoglobin playing an obvious role against severe forms of malaria [21]. 
Modiano et al. showed that HbC hemoglobin is associated with one of the 
clinical manifestations of malaria [22], whereas hemoglobin F (HbF) in 
neonates inhibits the growth of P. falciparum within red blood cells [23]. 
Certain human leukocyte antigens have been associated with protection 
against cerebral malaria and severe anemia [21]. Glucose-6-phosphate 
dehydrogenase (G6PD) deficiency provides protection against infection with 
the malaria parasite [24], although there is no consensus in the literature. 
Acquired anti-malarial immunity has several aspects and is a result of the 
combined action of cellular and humoral factors, dependent on the 
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physiological state of the host. At first, subjects living in endemic areas 
develop an asymptomatic carrier state, known as “premonition,” which is 
maintained by repeated exposure to infectious mosquito bites. This type of 
immunity is precarious because it can fade after leaving the endemic area. 
Nonetheless, passive transmission of protective antibodies from a mother to 
her child, through transplacental passage or breastfeeding, confers immunity 
against malaria to young infants. [25-27].  
 

1.4. Prevalence of Malaria Parasitemia 
 

1.4.1. Definitions 
 

Malaria infection refers to the presence of malaria parasites (Plasmodium) 
in a subject with or without clinical symptoms. It can manifest in many ways, 
going from asymptomatic malaria (absence of clinical manifestations) to 
severe malaria that can lead to death. Between these two extremes, infected 
children can present with a wide variety of non-specific symptoms such as 
fever, malaise, vomiting and headache.  
Prevalence of the Plasmodium parasite or prevalence of malaria 
parasitemia refers to the proportion of people in a population in whom a 
Plasmodium infection was detected at a particular time, using a diagnostic 
test (usually by microscopic examination or a rapid diagnostic test). This is 
the prevalence that is estimated through DHS among children 6 to 59 months.  
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The majority of infections studied in the population (malaria parasitemia) in 
endemic areas are asymptomatic [5, 28-30]. From a diagnostic standpoint, the 
asymptomatic group is composed of microscopic and submicroscopic 
parasitemias (Figure 4), which are distributed differently according to the 
transmission context. [31]. Only the microscopic group has a high potential 
for infection from humans to mosquitos (vectors of malaria) [31, 32]. 
 

 
Source: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4049069/ 

Figure 4: Divisions in the asymptomatic malaria group, according to transmission setting 
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1.4.2. Malaria Parasitemia and Malaria Control 
 

The prevalence of the parasite Plasmodium is a reflection of the level of 
malaria transmission. As such, slide positivity rate (SPR) is used by the WHO 
to classify the status of malaria transmission (Figure 5). This rate is the annual 
proportion of microscopically examined slides found to be positive among all 
the slides examined for fever cases. Countries with a SPR > 5 per 1000 
inhabitants at risk are classified into the “malaria control phase”. In these 
areas (which includes Burkina Faso), malaria control programs should focus 
on decreasing mortality and the number of cases [6].    
 

 
Source: Malaria elimination: a field manual for low and moderate endemic countries. Geneva, World Health 

Organization (WHO, 2007) 
Figure 5: Steps of a program for the elimination of Malaria 
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1.4.3. The Impact of Malaria Parasitemia on Health 
 

An individual infected by Plasmodium can remain asymptomatic or can 
progress to simple or even severe malaria (Figure 6). 
Although there are no strict diagnostic criteria for defining an asymptomatic 
infection, the absence of fever or any other clinical symptom for at least one 
week, and the presence of a positive blood smear or PCR test, are used to 
define a malaria infection as asymptomatic [33, 34]. Infections below the 
detectability threshold are also considered as asymptomatic. Despite the 
absence of acute symptoms, studies suggest that a chronic asymptomatic 
infection may have long term consequences for morbidity, particularly related 
to anemia [35-40], malnutrition [41], growth restriction and a decline in 
cognitive function [42].  
Asymptomatic carriage can progress to simple malaria (Figure 6), generally 
occurring in non-immunized individuals. Symptoms appear six to ten days 
after inoculation, during the asexual stage of the erythrocytic schizogony [18]. 
Clinical manifestations are characterized by fever with a variety of non-
specific symptoms such as headache, arthralgia, myalgia, malaise or sweating 
[18, 43]. Hemolytic anemia occurs following the destruction of erythrocytes 
by the parasite [35]. Globally, it is estimated that 90% of cases of simple 
malaria are due to P. falciparum [1]. 
Finally, a malaria infection can lead to severe malaria, with symptoms such 
as respiratory distress, severe anemia, prostration, convulsions or coma [44]. 
Other complications such as acidosis, hemoglobinuria, pulmonary edema, or 
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hypoglycemia may occur, further worsening the prognosis [44]. The sequelae 
following severe malaria, particularly cerebral malaria, are highly variable 
and may include neurological and developmental disorders [45-47] as well as 
the possibility of blindness, epilepsy, or cerebral palsy [48]. 
 

 
Figure 6: Representation of pathological states of malaria infection from P. falciparum 
Adapted from Snow et al. [49] 
 
 
 
 
 
 
 
 
 



 
Introduction 

 

18 
 

1.4.4. Determinants of Plasmodium Infection  
 

The prevalence of malaria parasites among children under 5 years of age 
depends, according to multiple population studies, on individual, household 
and community factors. 
At the individual level, the prevalence of malaria parasites increases with age 
[50-54] and does not vary with gender [51]. Children whose mothers have at 
least a high school education are less likely to present with a malaria infection 
[50, 51]. However, the effect of the use of mosquito nets by children on the 
probability of being infected with Plamodium is unclear. Some studies 
suggest a protective effect [50, 55, 56]. In contrast, many studies have found 
no association [57, 58], probably because the protective effect of net use 
varies with the level of malaria transmission [55]. 
At the household-level, children from households with lower socioeconomic 
status are more likely to have a positive parasitemia [50, 51, 53, 54, 57, 59, 
60]. This link can be explained by the fact that households with a higher 
socioeconomic status have better access to quality materials for the 
prevention and treatment of malaria. In fact, certain characteristics of habitat 
materials (construction materials used for walls, the roof and the floor) [61, 
62] have been associated with the risk of being infected by Plasmodium. In 
addition, the greater the number of inhabitants in a household, the greater the 
probability of a malaria infection among children [63]. In contrast, the 
protective effect of indoor residual spraying (IRS) has not been clearly 
established by Demographic Health Surveys. Multiple studies have addressed 
this question and have found no association between IRS and the probability 
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of malaria infection in children [54, 64]. However, some studies have shown 
that IRS decreases the risk of malaria infection [55, 57, 65]. 
At the community level, the prevalence of malaria parasites is determined by 
climatic conditions, such as rainfall patterns [66, 67], temperature [68, 69] 
and humidity, which all influence the survival of mosquitos, and, as a result, 
the transmission of malaria. Multiple studies have shown that the 
epidemiology of malaria depends on local meteorological conditions [67, 70-
72]. Children living in rural communities [50, 53, 54] and those with limited 
access to the healthcare system are more frequently infected with the malaria 
parasite [73].   
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1.4.5. Mapping Parasite Prevalence 
 

Mapping the prevalence of the malaria parasites is useful for locating 
infectious reservoirs of malaria and for evaluating the impact of malaria 
control interventions. To be efficient, malaria control in countries with a 
heterogeneous transmission should target the most affected areas [74, 75].  
In malaria endemic countries, there is no geographic data that is sufficiently 
precise to provide a continuous map of parasite prevalence. Geostatistical 
models have recently been applied to malaria parasite prevalence surveys to 
produce malaria risk distribution maps, and to estimate the number of infected 
children [54, 55, 76-78]. These are georeferenced data (or geostatistical data) 
that are collected in an irregular fashion and at a fixed number of sites. This 
type of data allows for prediction of a value for the variable of interest, with 
a certain degree of uncertainty, through spatial interpolation, at any point in 
the field of study [79, 80]. 
Recently, a six-step model, using data from DHS, has been proposed (Figure 
7). The rate of parasitemia (proportion of infected individuals) in the selected 
areas is the starting point for this model. The prediction of the rate in 
unsampled locations accounts for potential environmental covariables and for 
the spatial correlation of the distribution of malaria infection cases [81].   
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Source: https://dhsprogram.com/pubs/pdf/SAR14/SAR14.pdf 

 
Figure 7: Procedure for the creation of a continuous surface map using DHS indicators 
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1.5. Active Screening for Malaria Parasitemia 
 

DHS surveys are used to evaluate the burden of malaria and the impact of 
anti-malaria interventions in sub-Saharan Africa. Parasite prevalence is the 
main indicator of this assessment. The results of this screening may be 
influenced by the tests used (Rapid Diagnostic Tests, microscopy, or 
molecular diagnosis), and also by the age of the subject and the level of 
transmission [82-84]. In addition to microscopy, which is considered the 
standard reference, RDTs are increasingly used for this type of screening. 
Molecular diagnosis (such as the amplification by polymerase chain reaction, 
PCR) is generally used in research contexts, and for surveillance in zones 
where malaria is being eliminated.  
 

1.5.1. Diagnosis of Malaria by Microscopy 
 
Microscopy is often considered the standard method for the detection of 
malaria parasites. In addition to detection, it can quantify and detect different 
Plasmodium species [85]. For this screening, two types of smears are used 
(Figure 8): the thick smear and a blood film (thin smear).  
The thick smear is very sensitive because it has a detection threshold of 5 to 
10 parasites per microliter, which corresponds to a parasite density of 
0.0001% of infected red blood cells [86]. It is a technique that concentrates 
red blood cells. The blood film is very specific as it allows for the diagnosis 
of the species since the cells are spread out in a single layer.  
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Microscopy provides diagnostic certainty. It is capable of detecting 
approximately 75% of malaria infections in high-transmission areas 
[87]. However, it requires highly qualified microscopists, quality equipment, 
and ample time for reading samples.    
 

 
Source: http://apps.who.int/iris/bitstream/10665/164472/1/9789242547825_fre.pdf 

 
Figure 8: Picture of a thick smear and a blood film  
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1.5.2. Rapid Diagnostic Tests for Malaria  
 
RDTs have become the most common method of screening for malaria 
infection. They are antigenic tests capable of detecting different plasmodial 
antigens (Table 1). For the screening of P. falciparum in regions of sub-
Saharan Africa, the WHO recommends targeting histidine-rich protein 2 
(HRP2) or P. falciparum lactate dehydrogenase (pLDH-Pf) [88].   
HRP2 is produced solely by P. falciparum, while aldolase is produced by all 
four species (Table 1). Aldolase can therefore be used to identify each of the 
four species. pLDH is also common to all four species. It can be detected with 
the help of antigenic epitopes that bind to antibodies that are found in all four 
species or are specific to a given species (Table 1). Recently, a new RDT 
method for the diagnosis of P. knowlesi has been developed [89].  
RDTs have the advantage of being easy to use and do not require a high level 
of technical ability to use. However, a RDT may remain positive for several 
weeks, even in the absence of a parasite, since the presence of antigens, and 
not the actual parasites, are measured [90]. This can lead to false positive 
results and an overestimation of the prevalence. On the other hand, deletions 
and mutations within the PfHPR-2 gene, and the prozone effect, could lead to 
false negatives [91, 92]. 
Finally, the sensitivity of RDTs may deteriorate at extreme temperatures and 
at high humidity levels during on-site use [93]. Given these limitations, many 
research studies recommend using RDTs only in comparison to microscopy 
in malaria surveys [83, 84, 94, 95].  
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 Table 1: Antigenic targets of malaria Rapid Diagnostic Tests  
 
    P. falciparum P. vivax P. malariae P. ovale P. knowlesi  
HRP2   X         
Aldolase   X X X X X 

pLDH 
pLDH-pan X X X X X 
pLDH-Pf X     pLDH-
Pvom   X X X  
pLDH-Pv   X       

HRP2 – Histidine-Rich Protéine 2, pLDH – Plasmodium lactate dehydrogenase, Pf – P. falciparum, 
pan – all of the Plasmodium species, Pvom – P. vivax, ovale and malariae, Pv – P. vivax. 
 

Source : adaptée de http://www.who.int/malaria/publications/atoz/9789241501125/fr/ 
 
 

1.5.3. Screening and Molecular Testing by PCR 
 
Molecular biology (including PCR) is certainly the most sensitive technique, 
particularly for mixed infections and low-density parasite infections (1 to 5 
parasites per microliter of blood) [96]. It cannot be used for emergency 
diagnoses. It is a costly test that requires a special equipment and skill. The 
test allows for the differentiation of strains and is essentially reserved for the 
study of mutations and genes involved in mutation. New gene amplification 
techniques, known as, “Loop Mediated Iso-Thermal Amplification,” 
(LAMP), have been introduced for the detection of Plasmodium [90]. These 
techniques are claimed to have a similar sensitivity to PCR and could be used 
for field screening [90].  
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1.6. Prevention of Malaria Infection   
 
In malaria-endemic areas, malaria prevention strategies, particularly among 
children, aim to i) prevent contact between humans and mosquito vectors of 
malaria by using LLINs (Long Lasting Insecticidal Nets), ii) reduce the vector 
population by Indoor Residual Spraying (IRS) of insecticides, iii) reduce 
malaria infection by Seasonal Malaria Chemoprevention (SMC), iv) develop 
an anti-malaria vaccine, and v) monitor anti-malarial drug resistance.   
 

1.6.1. Use of LLINs   
 
The current goal of malaria-endemic countries is to ensure universal coverage 
of LLINs (at least one mosquito net per two people for the entire population) 
and that at least 80% of mosquito nets are effectively used by the population. 
This level of coverage is assumed to reduce the transmission of malaria [97].   
The protective effect of insecticide-treated nets has been established in 
various randomized trials [98, 99]. It was calculated that mosquito nets 
contribute to approximately 70% of the decline in malaria prevalence [3]. In 
children under 5 years old, the use of LLINs has reduced malaria associated 
mortality by 55% [100, 101]. However, the impact of LLINs on malaria 
reduction varies according to transmission intensity [102]. 
Recent mass LLIN distribution campaigns, the distribution of mosquito nets 
during prenatal consultations, and vaccination campaigns have increased the 
population’s ownership and use of mosquito nets [1, 103]. Nonetheless, 



 
Introduction 

 

27 
 

discrepancies between net ownership (number of households with at least one 
ITN) and household ownership of a sufficient number of nets (number of 
households with at least one ITN per two people) have been reported [104-
106]. Similar differences were found between population access to mosquito 
nets and their actual use [104-106].  As a result, it is necessary to regularly 
evaluate the use of LLINs by populations [107]. At the same time, effective 
communication strategies need to be established so that each individual at risk 
of malaria infection sleeps under a LLIN [107]. 
 
Unfortunately, recent studies have reported barriers to mosquito net use. In 
Burkina Faso, factors associated with the non-use of LLINs included 
misconception of the usefulness of the nets, the inconvenience of having a 
bulky net hanging above the bed [108] and household size [109]. In addition, 
the season, the discomfort, and preferences for net shape, size or colour, have 
often been cited as determinants of LLIN non-utilization [102, 110]. 
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1.6.2. Seasonal Malaria Chemoprevention 
 
In areas of high seasonal malaria transmission, the WHO has recommended 
malaria chemoprevention (SMC) during the high transmission season. This 
consists of giving children ages 3 to 59 months a complete treatment for 
malaria at one month intervals, with a maximum of four cycles [111]. 
However, SMC does not provide complete protection against malaria, and 
requires the establishment of a drug distribution network [112]. Some studies 
have reported the risk of the emergence of resistance to drugs such as 
sulfadoxine-pyrimethamine and amodiquine, which are currently used for 
SMC [112]. Starting in 2016, health authorities in Burkina Faso suggested the 
implementation of SMC in all health districts [8].  
 

1.6.3. Vaccines and Malaria Prevention 
 
Transmission of malaria remains high in many regions, despite efforts of 
prevention. A low-cost vaccine that provides effective prevention is an 
important component that should be a part of  malaria control strategies [113]. 
According to results from a mathematical model, the addition of the 
RTS,S/AS01 vaccine to the routine childhood immunization program, would 
prevent 200 to 700 deaths per 100,000 due to malaria in endemic areas [114]. 
Currently, the RTS, S / AS01 vaccine, from GlaxoSmithKline (GSK), is the 
most advanced candidate among anti-malarial vaccines.  
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2. MALARIA AMONG CHILDREN IN BURKINA 
FASO 
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2.1. Context of Burkina Faso  
 

2.1.1. Geography and Climate     
 

Burkina Faso is a vast and flat landlocked country with a landmass of 274,900 
square kilometers located in West Africa. It shares common borders with six 
other nations: Mali to the north and west, Niger to the northeast, Togo, Ghana 
and Cote d’Ivoire to the south and Benin to the southeast. The bordering 
regions with Niger and Mali have been affected by many tribal conflicts 
following the Touareg’s rebellion. The country’s average altitude is 400 
meters. The hydrographic network includes three main rivers: Mouhoun, 
Nazinon and Nakambe. Administratively, the country is divided into 45 
provinces organized within 13 regions (Figure 9). 
In Burkina Faso three climatic profiles are present from tropical to sudano 
sahelian climate. Precipitation has seasonal patterns with a rainy season from 
July to October, and a dry season from November to June. A transitional 
season, between November and February, separates the dry and rainy seasons. 
[1]. Average rainfall increases from the northern part of the country (average 
350 mm) towards the southwestern part of the country (average above 1.000 
mm). 
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Source : http://d-maps.com/m/africa/burkina/burkina18.gif 

Figure 9 : Map of Burkina Faso highlighting the 13 administrative regions. 
 

2.1.2.  Demography and Economy 
 
The country has a population of 18 million inhabitants, 77% of which live in 
rural areas [2]. Children under 5 years old represent more than 17% of the 
population.[2]. Demographic growth is about 3.1% [2] whereas infant 
mortality is 83 deaths for 1000 live births. Life expectancy at birth is 57 years, 
and the crude mortality rate is 12‰ [3]. 
The Burkina Faso’s economy is often ranked among the world weakest. 
Despite recent developments in the mining sector, it remains an agricultural 
economy, dependent on climatic fluctuations. According to the United 
Nations Development Program's (UNDP) ranking, the country ranked 185th 
out of 188 countries according to the Human Development Index (HDI) in 
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2015 [4]. This condition of poverty affects several determinants of malaria, 
including access to health services, education, housing quality, and socio-
economic inequalities. The country is engaged in socio-economic reforms 
favorable to development. With the purpose of achieving the Sustainable 
Development Goals (SDGs), several strategic plans are being implemented, 
including those related to the fight against malaria.      
 

2.1.3.  Burkina Faso’s Healthcare System 
 
The healthcare system of Burkina Faso has two organizational structures: the 
administrative organization and the organization of care.  
The administrative organization structure is pyramidal with three levels [5]. 
The central level is responsible for the country’s health policy design. The 
intermediate level includes 13 health regions that are in charge of supervising 
the health district’s activities. The peripheral level is composed of operational 
units termed "health districts" where healthcare services are delivered, 
including those related to malaria control. Between 2010 and 2015, the 
number of health districts increased from 63 to 70.  
Health care provision is organized within different sectors including the 
public, the private, and the traditional sectors with the more recent addition 
of the community based system. The public sector, the main provider of care, 
has three complementary levels ranging from the peripheral to the central 
level (Figure 10). At the base of this system, there are peripheral health 
centers and medical centers with surgical antenna (Centre Médical avec 
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Antenne chirurgicale - CMA). These are hierarchically attached to the 9 
Regional Hospital Centers (Centres Hospitaliers Régionaux - CHR) 
representing the referral centers for the CMAs. At the top of the pyramid there 
were four (04) university teaching hospitals (Centres Hospitaliers 
Universitaires) in 2015. 
 

 
Source : http://cns.bf/IMG/pdf/tableau_de_bord_2015_ms_vf.pdf 

Figure 10 : Health care service organization in Burkina Faso. 
 
In addition to this organization, community-based health workers (CHWs) 
and non-governmental organizations (NGOs) carry out community-based 
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healthcare activities. These activities consist of social engagement, health 
promotion, patient follow-up, family planning promotion, and treatment of 
malaria and diarrhea, etc. This community-based health care, now favored by 
Burkina Faso, ensures continuity and accessibility of health services to the 
population. 
Finally, so-called "traditional" medicine is playing an increasingly important 
role in Burkina Faso's health system. Traditional healers are trained to 
recognize the symptoms of malaria severity in order to refer these cases to 
health facilities. 
 

2.2. Epidemiological Profile of Malaria   
 

In 2015, Burkina Faso’s healthcare centers reported 3,688,077 cases of 
malaria in children under 5 years old, which represented 45% of all malaria 
cases. In this age group, malaria remains the first reason for health care visits 
(53%), hospital admission (60%) and cause of death (39%) [5].  
On average, a Burkinabe child has 1.3 to 2.4 uncomplicated malaria episodes 
per year [6-8] and all this, despite recent efforts that aim to improve the access 
to insecticide treated nets and effective artemisinin-based combination 
therapy [8]. During peak transmission period in 2013, malaria prevalence was 
58% in Nouna (area of continuous transmission) and 42% in Sapone (area of 
seasonal transmission) among children between 6 months to 4 years old [9].  
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Malaria transmission is holo-endemic in Burkina Faso with significant 
seasonal upsurge. Almost 60% of malaria cases in the health centers are 
recorded between July and November [10]. This window of time is also used 
for the progressive implementation of seasonal malaria chemoprevention 
(SPC) in children. 
Malaria transmission in the country is categorized into three groups that 
correspond to the climatic zones (Figure 11). The northern part of the country, 
which is located in the Sahelian region, has short seasonal transmission (two 
to three months). The central Sudano-Sahelian region has long seasonal 
transmission (four to six months). Finally, the South-West Sudano-Sahelian 
region experiences permanent transmission with peak transmission occurring 
during the rainy season. Recent socio-demographic, climatic and ecological 
changes in Burkina Faso may have changed this sub-division that has been 
present since 2003.     
P. falciparum malaria represents 90% of malaria cases in the country [11] and 
is responsible for significant mortality [10]. P. malariae (3-8%) and P. ovale 
(0.5-2%) cause 10% of malaria cases [11]. Unlike P. falciparum infection, 
which is widespread throughout the country, P. malariae and P. ovale peak 
individually at the end of the rainy season in October [12]. 
Malaria is transmitted by female mosquitoes belonging to the Anopheles 
gambiae s.l. mainly Anopheles gambiae s.s, An. Coluzzi and An. Arabiaensis 
[11, 13]. In terms of numbers, An. Funestus is the second largest group of 
vectors following An. Gambiae s.l. and they are particularly important at the 
end of the rainy season [10].  
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Figure 11 : Malaria Transmission Zones, Burkina Faso. 
 

2.3. Problem of Malaria Control 
 

Malaria control activities are coordinated by the National Malaria Control 
Program (NMCP) created in 1991 [10]. These activities are usually based on 
WHO recommendations. 
Among key milestones in the fight against malaria, we can cite the 
chloroquine replacement in 2005 as first line treatment by Artemisinin-based 
Combination Therapy (ACT) (Figure 12). Universal mosquito net distribution 
campaigns in 2010, 2013 and 2016 have also significantly contributed to the 
prevention of malaria. Mosquito nets are provided to the population during 
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antenatal visits and vaccination campaigns, although the contribution of these 
networks is currently limited. However, free distribution campaigns may 
prove to be ineffective in the long run due to lack of funding and the average 
3 year lifespan of nets [14]. 
Indoor residual spraying (IRS) is also used for malaria vector control. This 
strategy is still marginal in Burkina Faso. It could be suitable for targeted 
interventions [11] although its funding could be a limiting factor in the 
Burkinabe context.  
The parasitological diagnosis of malaria suspected cases is performed by 
microscopy or RDT. At the community level, CHWs are in charge of testing 
fever cases using RDT. However, RDT usage at the community level is still 
low[15]. Only a small proportion of malaria cases, called “the ears of 
hippopotamus” [16] are diagnosed on a biological basis. An accurate 
estimation of malaria burden is not possible using the routine surveillance 
system because of under notification of cases, but the information is useful 
for guiding malaria control interventions.  
The prevalence of parasitemia in the population is under documented. To 
strengthen control measures in Burkina Faso, it is necessary to understand the 
spatial and temporal dynamics of the transmission reservoir [17, 18].  
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Source Rapport PLNP  

ACT : Combinaison thérapeutique à base d'artémisinine, CPS : Chimio prévention du paludisme saisonnier, CQ : Chloroquine, LAL : Lutte anti larvaire, MILDA : 
Moustiquaires imprégnées d’insecticide à longue durée d’action, PECADO : Prise en charge à domicile, PID : Pulvérisation intra domiciliaire, PNLP : Programme national 
de lutte contre le paludisme, TDR : Test de diagnostic rapide, TPI-SP : Traitement préventif intermittent - Sulfadoxine-pyriméthamine.  
 
Figure 12 : Principal steps of malaria control in Burkina Faso (source: NPMC 2016)



Malaria in Burkina Faso 

50 
 

 

References  
 
1. Institut National de la Statistique et de la Démographie - INSD/Burkina 

Faso, ICF International: Burkina Faso Enquête Démographique et de 
Santé et à Indicateurs Multiples (EDSBF-MICS IV) 2010. Calverton, 
Maryland, USA: Institut National de la Statistique et de la Démographie - 
INSD/Burkina Faso and ICF International; 2012. 

2. Enquête multisectorielle continue (EMC) 2014 – Caractéristiques 
sociodémographiques de la population [http://www.insd.bf/n/contenu/enquetes_recensements/Enq_EMC/Caract%
e9ristiques_sociodemographiques_de_la_population.pdf] 

3. Recensement général de la population et de l’habitation de 2006 (rgph-
2006) [http://cns.bf/IMG/pdf/theme_7_mortalite_fin_f.pdf] 

4. Human development report 2015: Work for human development 
[http://hdr.undp.org/sites/default/files/2015_human_development_report.p
df] 

5. Tableau de bord 2015 des indicateurs de santé 
[http://cns.bf/IMG/pdf/tableau_de_bord_2015_ms_vf.pdf] 

6. Konaté AT, Yaro JB, Ouédraogo AZ, Diarra A, Gansané A, Soulama I, 
Kangoyé DT, Kaboré Y, Ouédraogo E, Ouédraogo A: Morbidity from 
malaria in children in the year after they had received intermittent preventive treatment of malaria: a randomised trial. PLoS One 2011, 
6:e23391. 

7. Ouédraogo A, Tiono AB, Diarra A, Sanon S, Yaro JB, Ouedraogo E, 
Bougouma EC, Soulama I, Gansané A, Ouedraogo A: Malaria morbidity 
in high and seasonal malaria transmission area of Burkina Faso. PLoS 
One 2013, 8:e50036. 

8. Tiono AB, Kangoye DT, Rehman AM, Kargougou DG, Kaboré Y, Diarra 
A, Ouedraogo E, Nébié I, Ouédraogo A, Okech B: Malaria incidence in 
children in South-West Burkina Faso: comparison of active and passive case detection methods. PLoS One 2014, 9:e86936. 

9. Diallo A, Sié A, Sirima S, Sylla K, Ndiaye M, Bountogo M, Ouedraogo E, 
Tine R, Ndiaye A, Coulibaly B: An epidemiological study to assess 
Plasmodium falciparum parasite prevalence and malaria control measures in Burkina Faso and Senegal. Malaria journal 2017, 16:63. 

10. Ministère de la santé: Plan stratégique national de lutte contre le 
paludisme 2016-2020. Ministère de la santé 2016:138. 



Malaria in Burkina Faso 

51 
 

 

11. Ministère de la santé: Plan stratégique 2011-2015 de lutte contre le 
paludisme au Burkina Faso. Ministère de la santé 2011. 

12. Gnémé A, Guelbéogo WM, Riehle MM, Sanou A, Traoré A, Zongo S, 
Eiglmeier K, Kabré GB, Vernick KD: Equivalent susceptibility of 
Anopheles gambiae M and S molecular forms and Anopheles arabiensis to Plasmodium falciparum infection in Burkina Faso. Malaria journal 
2013, 12:204. 

13. Rossi P, Belli A, Mancini L, Sabatinelli G: A longitudinal entomologic 
survey on the transmission of malaria in Ouagadougou (Burkina Faso). Parassitologia 1986, 28:1-15. 

14. Kilian A, Wijayanandana N, Ssekitoleeko J: Review of delivery strategies 
for insecticide treated mosquito nets: are we ready for the next phase of malaria control efforts? TropIKA net 2010, 1:0-0. 

15. Plan opérationnel de l’USAID pour la lutte contre le paludisme au titre 
de l’année fiscale 2015 [https://www.usaid.gov/sites/default/files/documents/1860/BURKINA%20
FASO_FY%202015%20MOP-FRENCH.docx.] 

16. Breman JG: The ears of the hippopotamus: manifestations, 
determinants, and estimates of the malaria burden. The American 
journal of tropical medicine and hygiene 2001, 64:1-11. 

17. Tiono AB, Guelbeogo MW, Sagnon NF, Nébié I, Sirima SB, 
Mukhopadhyay A, Hamed K: Dynamics of malaria transmission and 
susceptibility to clinical malaria episodes following treatment of 
Plasmodium falciparum asymptomatic carriers: results of a cluster-
randomized study of community-wide screening and treatment, and a parallel entomology study. BMC infectious diseases 2013, 13:535. 

18. Lin Ouédraogo A, Gonçalves BP, Gnémé A, Wenger EA, Guelbeogo MW, 
Ouédraogo A, Gerardin J, Bever CA, Lyons H, Pitroipa X: Dynamics of the 
human infectious reservoir for malaria determined by mosquito feeding assays and ultrasensitive malaria diagnosis in Burkina Faso. The Journal 
of infectious diseases 2015, 213:90-99. 

 
 
 
 
 
 
 



 

52 
 

 

 



Objectives 
 

53 
 

 

3. RESEARCH OBJECTIVES 
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3.1. Study Rational  
 

Malaria remains a major public health problem in Burkina Faso, even though 
the country has firmly committed itself in the last decade to the fight against 
malaria by deploying significant human and financial resources in vector 
control and case management.  
The parasitological prevalence of malaria infection among Burkinabe infants 
is greater than 50% according to recent demographic and health surveys. This 
parasite carriage represents an infectious reservoir maintaining the high 
transmission level of malaria and has important health consequences.  
A better understanding of the spatial variation of this infectious reservoir as 
well as the geographic inequalities in the access to resources available in the 
fight against malaria could contribute to the improvement of malaria control 
programs (Figure 13). At a time of policymaking decentralization in Burkina 
Faso, it is necessary to utilize available data to target the most affected areas 
and to evaluate the impact of control interventions.         
 
 
 
 
 



Objectives 
 

56 
 

 

 
 
Figure 13 : Relational model upon which the thesis is based.  
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3.2. General Objective 
 

The overall objective of this thesis is to contribute to the improvement of malaria 
prevention in children under 5 years old in Burkina Faso through a better 
understanding of the spatial distribution of P. falciparum malaria carriage 
prevalence and the geographic inequalities in access of the population to anti-
malarial interventions. 
 

3.3.  Specific Objectives  
 
 Describe the spatial distribution of malaria infection among children 

under 5 years old in Burkina Faso.  
 Identify socio-demographic and environmental factors that determine 

this spatial distribution. 
 Analyze the geographic variation of Paracheck® RDT performance and 

its implication for the estimation of malaria burden. 
 Analyze the geographical disparities in the access and the use of long-

lasting insecticide-treated nets (LLINs) to prevent the population’s 
exposure to malaria vectors. 
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4.1.  Study Design 
 

This thesis is based on a secondary analysis of cross-sectional demographic 
and health surveys conducted in Burkina Faso between 2003 and 2014 
(Figure 14), in which malaria indicators were collected. The analysis also 
includes environmental data from remote sensing as well as routine data from 
the national Health Management Information Systems (HMIS). 
 

 
 
Figure 144 : Data sources 
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4.2. Study Sites 
 

The study sites included in this thesis are the clusters selected by the DHS. A 
cluster represents a grouping of households generated for the needs of the 
general census of Burkina Faso’s population. It roughly corresponds to a 
village (or a group of villages) in a rural area and a district in an urban area. 
In other words, a cluster refers to a "community" a group of respondents 
living in the same geographic environment. During DHS surveys, the 
longitude and latitude coordinates of the clusters were collected by Global 
Positioning System (GPS). Unfortunately, this information is underutilized in 
DHS studies. The clusters were selected to provide indicators that are 
representative of the 13 regions of Burkina Faso. 
 

4.3.  Target Population  
 

This thesis focuses on children ages 6 to 59 months who were residents of the 
surveyed households. Together with pregnant women, they represent the 
population that is most vulnerable to malaria and to its transmission. 
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4.4. Sampling   
 

Data included in the sample were collected during the DHS conducted in 
Burkina Faso in 2003, 2010, 2014 and the Multiple Indicator Cluster Survey 
(MICS) in 2006. The surveys were conducted by the National Institute of 
Statistics and Demography (Institut National de la Statistique et de la 
Démographie - INSD) and ICF Macro International. 
Sample size calculations have been published [1-4]. Briefly, the samples were 
selected using a two-stage stratified clustering method. Stratification was 
done at the level of the region and the place of residence (urban or rural). The 
samples were drawn independently within each stratum with a probability 
proportional to the number of households. The primary sampling unit (PSU) 
for the 2003 DHS and the 2006 MICS was the cluster or enumeration area 
(EA), as defined by the 1996 census. For the 2010 DHS and 2014 the PSU 
was defined by the 2006 census.  
Environmental variables likely to influence the transmission of malaria such 
as altitude, precipitation, temperature, and vegetation index were used as 
control variables. Similarly, control variables regarding the supply of care 
such as access to health centers and availability of health care staff have been 
incorporated. These variables were generated from routine data obtained from 
health facility monthly reports compiled in the national Health Management 
Information System (HMIS). The different data sources were merged using 
either the location (longitude, latitude) or the geographical area.    
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4.5.  Data Collection  
 

The data were collected using a household questionnaire and an individual 
questionnaire. These are standard questionnaires (adapted to the needs of 
Burkina Faso) developed by the DHS program, in collaboration with the Roll 
Back Malaria (RBM) Partnership. During the surveys, demographic, socio-
economic and malaria indicators were collected. The location of the clusters 
was geocoded via Global Positioning System (GPS) receptors. These sites 
were moved randomly up to 2 km (urban) and 5 km (rural) according to the 
standard DHS protocol to protect the anonymity of respondents [5].  
 

4.6. Statistical Analysis 
 

Statistical analyses were conducted taking into account the complex survey 
design of the DHS (including strata, cluster effects and weights). To do this, 
the descriptive analyses were carried out by using the commands for complex 
survey data in Stata (svyset) [6] and in R (Survey package) [7]. Different 
statistical methods were used based on the distribution of the data in each 
study and the assumptions of the study. 
In the study on malaria parasite prevalence mapping, a two-level logistic 
model was used to identify individual and community level factors associated 
with the risk of malaria infection. Subsequently, we used a predictive model 
commonly called model-based geostatistics (MBG) [8] to predict the 
prevalence of malaria in unsampled locations and to produce a continuous 
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map of malaria prevalence in Burkina Faso. This analysis was performed 
through a Bayesian approach using the R-INLA library of the R software [9]. 
This approach also helped to design maps of the uncertainties inherent to the 
estimation of the prevalence.  
In the Paracheck® rapid diagnostic test study, the performance of the test for 
P. falciparum detection was assessed in comparison to microscopy. Several 
performance parameters were calculated including sensitivity, specificity and 
Youden (J) index. The analyses were stratified by place of residence and 
geographic region. 
In the study regarding the coverage of anti-malarial interventions, 
geographical disparities in possession and use of nets were mapped and 
analyzed by socio-demographic groups. Four main indicators were 
considered: net possession, access to sufficient numbers of nets, use of nets, 
and gaps between possession and use. 
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4.7. Ethical Considerations 
 

The data included in this thesis are from public domain material and were 
obtained on request from DHS. In accordance with the recommendations 
received during our request, the articles based on this thesis have been 
published on the DHS website (https://dhsprogram.com/). DHS protocols 
were approved by the national ethics committee of Burkina Faso and the ICF 
Macro-International Ethics Committee. The survey questionnaires were 
administered after obtaining informed and voluntary consent. For anemia and 
malaria screening in children, consent was sought from parents or a legal 
representative. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Methods 
 
 

67 
 

 

References 
 
1. Institut National de la Statistique et de la Démographie - INSD/Burkina 

Faso, ICF International: Burkina Faso Enquête Démographique et de 
Santé et à Indicateurs Multiples (EDSBF-MICS IV) 2010. Calverton, 
Maryland, USA: Institut National de la Statistique et de la Démographie - 
INSD/Burkina Faso and ICF International; 2012. 

2. Enquête par grappe à indicateurs multiples (MICS3 2006) 
[https://www.unicef.org/bfa/french/burkina_faso_suivi_de_la_situation_de
s_enfants_et_des_femmes_enquete_par_grappes_a_indicateurs_multiples_
2006.pdf] 

3. Institut National de la Statistique et de la Démographie/Burkina Faso, ORC 
Macro: Burkina Faso Enquête Démographique et de Santé 2003. 
Calverton, Maryland, USA: Institut National de la Statistique et de la 
Démographie/Burkina Faso and ORC Macro; 2004. 

4. Institut National de la Statistique et de la Démographie/Burkina Faso, 
Programme National de Lutte contre le Paludisme/Burkina Faso, ICF 
International: Enquête sur les Indicateurs du Paludisme (EIPBF) au 
Burkina Faso 2014. Rockville, Maryland, USA: Institut National de la 
Statistique et de la Démographie/Burkina Faso, Programme National de 
Lutte contre le Paludisme/Burkina Faso, and ICF International; 2015. 

5. Burgert CR, Colston J, Roy T, Zachary B: Geographic displacement 
procedure and georeferenced data release policy for the Demographic and Health Surveys. In DHS Spatial Analysis Reports No 7. Calverton, 
Maryland, USA: ICF International; 2013. 

6. Heeringa SG, West BT, Berglund PA: Applied survey data analysis. CRC 
Press; 2010. 

7. Lumley T: Complex Surveys: A Guide to Analysis Using R,(2010). Wiley 
Series in Survey Methodology, pp2-3 Wiley and Sons, Inc, Hoboken, NJ. 

8. Diggle PJ, Tawn JA, Moyeed RA: Model-based geostatistics. J Roy Stat 
Soc C-App 1998, 47:299-326. 

9. Lindgren F, Rue H: Bayesian spatial modelling with R-INLA. Journal of 
Statistical Software 2015, 63. 

 
 
 



 
 
 

68 
 

 

 
 
  



Results 

69 
 

5. RESULTS 
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5.1. Determinants and Spatial Distribution of Malaria 
Parasite Carriage 
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Introduction 
The aim of this technical appendix is to provide the reader with further 
information on the Bayesian Variable Selection using Spike-and-Slab priors 
and the prior distributions used in fitting the multilevel and geo-statistical 
models through Integrated Nested Laplace Approximation (INLA).  
 
Bayesian Variable Selection 
In order to build parsimonious and well identifiable models, Bayesian 
variable selection was performed [1]. Specifically, we used a Gibbs variable 
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selection algorithm [2] that used spike and slab priors on the model’s 
coefficients [3]. For the variable’s coefficient k in the vector β, the spike and 
slab prior is given by: 

βk ~ Normal(0, σk2) 
σk2 ~ IkΓ-1(a,b) + (1-Ik)υ0Γ-1(a,b) 

Ik ~ Bernoulli(πk) 
πk ~ Beta(1,1) 

The hyperparameters (a, b) of the inverse Gamma were fixed to a=5 and b=25, 
and υ0=0.00025, as proposed by Scheipl et al [4]. In addition, many of our 
variables were either categorical or polynomials. To enable simultaneous 
selection or deselection of block of coefficients pertaining to the same 
variable, we used parameter expansion on these scaled normal mixture of 
inverse Gamma [4] to avoid oversampling block of coefficients around zero 
[5]. This prior takes the following form for category h of variable βk: 

βkh = ϕkξkh  
ξkh ~ Normal(mkh, 1) 
mkh = γhk – (1- γkh) 
γkh ~ Bernoulli(0.5) 

where ϕk is given a spike and slab prior, as described above. The best set of 
predictors was identified using a model with independent random effect at the 
community level. Model selection was performed using Markov Chain Monte 
Carlo (MCMC) simulations implemented in JAGS [6]. An adaptive phase of 
5,000 iterations and 5 chains of 35,000 iterations were used after discarding 
5,000 iterations per chain as burn-in (inference was thus based on 150,000 
iterations). The ‘rjags’ and ‘CODA’ libraries  were used to run JAGS within 
the R statistical software [7] .  
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Prior distributions of the multilevel and geo-statistical models 
The Bayesian model formulations described in the manuscript was completed 
using non-informative priors on all model hyperparameters and parameters. 
Specifically, all regression parameters were assumed to have Gaussian 
distributions with mean of zero and precision of 0.001. Priors for the 
hyperparameters of the random effect at the community level were defined 
on the logarithmic scale. That is, we assumed that the precision of the random 
effect followed a logGamma(shape=1, scale=1e-5) distribution. For the 
spatially-structured random effect of the geo-statistical model, the 
hyperparameters are the precision and spatial scale parameter (κ) of the 
Matérn model. Again, both hyperparameters are defined on the logarithmic 
scale and are given vague log-Normal prior distributions, where the prior 
medians for the hyperparameter are chosen heuristically to match the 
domain’s spatial scale (see Lindgren 2012 for more information – [8]) 
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Additional file 2:  

Figure S1: Map of surveyed clustered and observed prevalence of malaria 
parasitaemia in 540 clusters in Burkina Faso (2010). 
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Additional file 3: 
Figure S2: Maps of the posterior predictive distribution of the 2.5thand 

97.5th percentiles of malaria parasitaemia risk in children under 5 years in 
Burkina Faso for August 2010.  
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5.2. Accuracy of Paracheck® RDT for estimating Malaria 
Prevalence: does geographic location matter? 
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5.3. Geographical Disparities in Coverage of Malaria 
Vector Control Interventions 



Results 

100 
 

 



Results 

101 
 

 



Results 

102 
  



Results 

103 
 

 



Results 

104 
 

 



Results 

105 
 

 



Results 

106 
 

 



Results 

107 
 

 



Results 

108 
 

 



Results 

109 
 

 



Results 

110 
 

 



Results 

111 
  



Results 

112 
 

 
Table 2 : Factors associated with bed net use in univariate and multivariate analysis for households owning at least 1 ITN for every 2 household members: Burkina Faso 
2014 Malaria Indicator Survey. 

Variable N (Use%) 1 Crude OR (95% CI) P-value Multivariate OR (95% CI) P-value 
Age group 

U5 (<5 years old) 5206 (82.7%) 1 - 1 - 
Child (5-14 years old) 7315 (66.0%) 0.53 

[0.43-0.65] 
p < 0.001 *** 0.52 

[0.42-0.65] 
p < 0.001 *** 

Adult (15-34 years old) 6997 (71.6%) 0.57 
[0.48-0.69] 

p < 0.001 *** 0.60 
[0.49-0.73] 

p < 0.001 *** 

Older (35+ years old) 6212 (81.3%) 0.73 
[0.59-0.90] 

p = 0.003 ** 0.73 
[0.59-0.91] 

p = 0.005 
Gender 

Male 11812 (70.2%) 1 - 1 - 
Female 13918 (77.5%) 1.35 

[1.20-1.51] 
p < 0.001 *** 1.39 

[1.24-1.56] 
p < 0.001 *** 

Household wealth index 
Poorest 5246 (74.2%) 1.17 

[0.90-1.52] 
p = 0.25 0.94 

[0.74-1.21] 
p = 0.65 

Poorer 5805 (74.8%) 0.77 
[0.61-0.96] 

p = 0.02 * 0.72 
[0.57-0.90] 

p = 0.004 ** 
Average 5957 (75.0%) 1 - 1 - 

Richer 5696 (73.8%) 0.94 
[0.69-1.28] 

p = 0.68 0.99 
[0.74-1.34] 

p = 0.97 

Richest 3026 (70.3%) 0.60 
[0.45-0.81] 

p = 0.001 ** 0.82 
[0.53-1.28] 

p = 0.389 
Location of cluster 

Urban 4239 (70.5%) 1 - 1 - 
Rural 21491 (74.7%) 1.50 

[1.19-1.89] 
p = 0.001 ** 1.14 

[0.78-1.67] 
p = 0.482 

Size of the household 
Small (1-5 members) 8229 (82.3%) 1 - 1 - 

Intermediate (6-8 members) 8384 (76.4%) 1.03 
[0.85-1.24] p = 0.76 

1.04 
[0.86-1.27] 

p = 0.68 

Big (9+ members) 9117 (66.0%) 0.84 
[0.65-1.09] p = 0.19 

0.87 
[0.66-1.15] 

p = 0.33 
1 Effectives are un-weighted. 
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Figure 155 : ITN use by age and gender. Weighted proportions are plotted in red for women, 
blue for men in (A) households with less than 1 ITN for 2 members (if any ITN) and (B) 
households with at least 1 ITN for 2 members for 2003, 2010 and 2014 
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6. DISCUSSION  
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In this work, we have performed a number of analyses to assess the current 
malaria burden among children under 5 years old in Burkina Faso following 
the implementation of malaria control measures. We used the prevalence of 
malaria infection (proportion of Plasmodium infected individuals diagnosed 
by microscopy or rapid diagnostic test) as the indicator to evaluate malaria 
burden. This work consisted in the evaluation of: i) the spatial distribution of 
malaria burden and associated factors, ii) the performance of malaria burden 
assessment tools, and iii) the proportion of population that used LLINs, the 
main strategy to reduce malaria burden. 
This exploratory analysis is the first to estimate the burden of malaria in 
Burkina Faso from a population level survey, using data from the first survey 
in which children under five years old were tested for Plasmodium sp 
infections. These results come at the right moment when Burkina Faso's 
National Malaria Control Program (NMCP) is looking for up-to-date 
information on malaria epidemiological patterns, its burden and factors 
influencing mosquito nets use across the country [1]. The results provide 
some responses to these questions. 
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Spatial distribution of malaria infection among children in Burkina Faso 
and its implication for effective prevention 
 
The epidemiological study of P. falciparum infection, using data from the 
2010 Demographic and Health Survey was presented in Chapter 5. Results 
demonstrated that in a context of endemic transmission, despite the national 
overall prevalence of malaria (66%), significant heterogeneity remains 
between the 13 regions, and also between villages and districts within the 
same region. 
In 2010, regional level prevalence varied between 28% to 78%. Geostatistical 
models were used to show that prevalence varied between 11% and 92% 
among communities. Low risk areas were concentrated in major urban centers 
such as the capital Ouagadougou. The northern part of the country and the 
horizontal band between the cities of Bobo-Dioulasso and Ouagadougou had 
the highest risk of malaria. Communities with high malaria infection 
prevalence represent important infectious reservoirs that substantially 
contribute to transmission. 
Other studies also reported a high heterogeneity in malaria transmission [2-
6]. This heterogeneity is likely to reduce the effectiveness of malaria 
prevention programs [3, 4, 7], and should therefore be considered as key 
element in planning these programs [7-9]. Malaria transmission risk is usually 
localized in space and time [9]. Only a small proportion of the population 
bears most of the burden of malaria and contributes disproportionately to 
subsequent transmission [2, 10]. Research suggests, therefore, that optimal 
interventions should target high-risk areas [2, 7, 9, 11, 12]. Although targeting 
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seems an attractive strategy, its implementation is complex. In endemic areas, 
it is difficult to delineate high-risk areas of malaria with adequate accuracy 
[13].    
 
Explanatory factors of the spatial heterogeneity of malaria distribution 
in Burkina Faso 
 
A number of factors could explain the heterogeneity of malaria infection in 
endemic areas [14, 15]. Particularly they include variation in vector density, 
temperature and humidity [6, 16], household characteristics [17-20], 
population genetic susceptibility [21, 22], and behavioral factors [23]. The 
combination of these factors creates areas of high risk of malaria or "hot 
spots" [7]. By intervening on these factors, control interventions could reduce 
transmission.  
Our results, like many other studies conducted in Burkina Faso [24, 25], 
confirmed significant associations between malaria and a number of 
environmental factors (the NDVI index, rainfall, temperature). Malaria 
infection was also associated with age, mother’s educational level, socio-
economic status and health facility attendance. 
However, there was no significant association between malaria infection in 
children and bed net use. Studies conducted in similar contexts, however, 
have reported significant associations[4, 26]. The effect of net use is likely to 
vary with the level of malaria endemicity and geographical scale [4, 27]. 
Some interventions may not produce an effect when implemented at the 
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national level while they could be protective at sub-national levels [28]. Using 
DHS data, Diboulo et al [28], found that the use of LLINs had a protective 
effect against malaria infection only in Ouagadougou (the capital) and in three 
other health districts of Burkina Faso [28].  
 
What "modifiable factors" can be targeted immediately in order to 
reduce the parasitic reservoir of malaria in Burkina Faso? 
 
Based on our results, improving health facilities attendance is the main factor 
the NMCP could influence to reduce malaria burden. Children living in 
communities with an average yearly attendance at health centers greater than 
2 visits per year were significantly less at risk of malaria infection. 
This could be related to the fact that health centers are the principle source of 
access to malaria prevention and treatment measures. In addition, these 
centers carry out information, education and communication (IEC) activities 
that could improve people's knowledge, attitudes and practices towards 
malaria prevention. It is reported that in Burkina Faso this type of intervention 
significantly improves the prevention of malaria [29, 30].  
Studies in Côte d'Ivoire [31] and Kenya [32] reported that risk of malaria 
infection decreases following the distance to health centers. Improving 
physical accessibility of populations to health centers could reduce the burden 
of malaria in Burkina Faso. An alternative strategy could be that Burkina 
Faso’s health authorities implement prevention and case management 



Discussion 
 

121 
 

activities (mosquito nets distribution, prompt diagnosis, awareness, and 
adequate treatment of uncomplicated cases) within the community. 
 
Can microscopy be replaced by RDTs in estimating malaria burden in 
Demographic and Health Surveys (DHS)? 
 
DHS surveys are the main tools for monitoring malaria morbidity and the 
impact of anti-malarial interventions in sub-Saharan Africa. RDT use to 
detect malaria infection during these surveys remains problematic. Although 
RDTs offer many advantages in resource-constrained settings, several studies 
suggest that they may bias the estimation of malaria burden. They 
overestimate malaria prevalence by about 1.5% to 10% [33-35]. In contrast, 
microscopy, which is method of reference in most sub-Sahara African 
countries, is often not available in rural settings [36, 37].  
Our results in Chapter 6 represent the first countrywide assessment of RDT 
performance in Burkina Faso. The overall sensitivity ranged from 74% in the 
Cascades region to 98% in the South Central region and the specificity from 
21% in the Central-South region to 71% in the Central region. Sensitivity 
increased from 88% during the dry season to 93% during the rainy season. 
The results also suggest that RDT specificity is higher in urban areas and in 
younger children. This important variation in sensitivity and specificity 
according to region, rural or urban area, age group and season underlies the 
need to consider the influence of such variation in approaches aiming to 
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estimate the prevalence of malaria infection. Statistical models could be 
proposed to adjust RDT estimated prevalence. 
The RDT Paracheck Pf® used in this survey is P. falciparum HRP-2 antigen 
specific. The low specificity of this RDT could be explained by the 
persistence of HRP-2 antigen over several days during which smear results 
remain negative [38, 39]. Also, false negative results have been reported in 
asymptomatic carriers indicating the existence of non-secretory HRP-2 
protein P. falciparum strains [40]. The following question then arises: What 
methods should be used to screen malaria infection during community 
surveys in Burkina Faso? 
Our results suggested that for community-based surveys such as the DHS that 
primarily target asymptomatic carriers the use of Paracheck Pf® RDT should 
be coupled with the microscopy, or with novel techniques such as the Loop 
mediated isothermal amplification assay of DNA (LAMP) [41].  
 
Can Paracheck Pf® RDT’s specificity and spatial variability affecting 
the effectiveness of the "Test and Treat" policy in Burkina Faso? 
 
Early diagnosis and adequate treatment of uncomplicated malaria cases will 
help reduce the severity of the disease, its associated mortality, and the 
transmission intensity. In Burkina Faso, following with WHO 
recommendations, all malaria suspected cases should be confirmed 
parasitologically (by microscopy or rapid diagnostic test) prior to the 
administration of treatment. This is the so-called « test and treat » strategy. 
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This approach rationalizes the use of antimalarials compared to the 
presumptive diagnosis strategy [42]. It also helps prevent the emergence of 
antimalarial resistance and reduces the costs associated with repeat patient 
visits to health care facilities [43].  
Although this study (Chapter 5) was not conducted in a context of malaria 
clinical diagnosis, our results indicate that the performance of Paracheck Pf® 
RDT varies significantly by region. This variability suggests that the 
effectiveness of the "test and treat" approach may not be similar throughout 
the year or throughout the regions. This approach may be adequate for some 
contexts and unacceptable for others, given the large proportion of false 
negatives. Further investigations are needed to propose malaria diagnostic 
algorithms and case management that account for regional context. 
  
Could bed net ownership or its use partly explain spatial heterogeneity 
of malaria prevalence as certain areas are more at risk than others ?  
 
Vector control is the main approach of preventing and reducing malaria 
transmission in Burkina Faso. It is assumed that protection against malaria 
through LLINs is effective if utilization rate by the population reaches at least 
80%. 
An evaluation using data from four national population level surveys 
conducted in 2003, 2006, 2010 and 2014 has helped describe the geographical 
heterogeneity of the ownership and use of mosquito nets in Burkina Faso 
(Chapter 5). In terms of prevention, household level net ownership increased 
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from 6% in 2003 to 90% in 2014 with low regional disparity. Similarly, the 
use of ITNs in children under five years old increased from 2% (2003) to 75% 
(2012). Our report also shows that the gap between ownership and use of 
mosquito nets has decreased between 2003 and 2014 in Burkina Faso, with 
the largest reduction reported in the southwest part of the country, particularly 
in the Hauts Bassins regions. Changes in the gap between net possession and 
use have slight geographical heterogeneity. The Sahel, the North and the 
Central East presented a smaller gap reduction. These results could partly 
explain the high prevalence of malaria in these regions. 
Despite progress made in Burkina Faso, the rates of LLIN possession and use 
remain below the respective national targets of 100% and 80%. Although the 
majority of households possess LLINs, about half of them do not have a 
sufficient number to protect all household members. Also, one in two regions 
has a gap between LLIN possession and use of up to 10%. Similar results 
have been from multiple countries have been published elsewhere [44-46]. 
Increased involvement of communities during LLIN distribution and 
promotion campaigns could remove some of these associated barriers. In 
particular, it may be useful to take into account the population’s preferences 
(size, color, shape) in the choice of LLINs. Finally, an incentive should be put 
in place (financial or in-kind) to avoid the "malaria trap" [47] which results 
in the use of nets for other purposes (resale to a parallel market, fishing 
activities), particularly by the poorest populations. 
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7. CONCLUSION AND PERSPECTIVES 
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7.1. Conclusion  
 
In this thesis, we sought to generate new evidence in the understanding of the 
spatial distribution of malaria in children under 5 years old in Burkina Faso. 
To answer our research question, we used the fourth Demographic and Health 
Survey (DHS) conducted in 2010 in Burkina Faso. This was the first national 
survey in which children were tested for Plasmodium sp. Results from this 
study include the high variability of malaria prevalence in the country. The 
North-South gradient of malaria observed since 2003 seems to no longer 
guide transmission. The challenge of controlling malaria resides now at the 
community level. Recent climate change, rapid urbanization, development 
projects (dams, roads) and legislative changes may have contributed to 
changes in the pattern of malaria distribution in Burkina Faso. Improving 
health care access and educating mothers (mainly through raising community 
awareness campaigns) could reduce the prevalence of malaria in children 
according to this study. 
This thesis brings to light evidence that malaria prevalence estimates using 
Paracheck® RDT vary according to region, season, place of residence, and 
age of the subject. RDT use in community surveys should be compared to 
other screening technique (microscopy or PCR) to validate results. This work 
also reveals that a unique algorithm based on RDT may be ineffective due to 
the geographical variation in the number of false negative tests. Further 
investigations are needed to propose RDTs that are suited to different areas 
of malaria transmission in Burkina Faso. Finally, there is a need for optimal 
coverage of LLIN access and use to reduce the burden of malaria. According 
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to the observed trends between 2003 and 2014, LLIN possession and use 
increased sharply in all regions of Burkina Faso. This progress is still, 
however, below the NMCP target in Burkina Faso.  
Currently, people acquire LLINs mainly through free distribution campaigns. 
The contribution of other distribution mechanisms of mosquito nets 
(vaccination campaigns and antenatal care visits) should be improved to 
ensure the adequate protection of vulnerable populations, including children. 
This exploratory work paves the way towards new research questions, and 
produces findings that could contribute to reducing malaria burden and to 
better addressing current NMCP weaknesses. 
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7.2. Perspectives  
  
What was the contribution of antimalarial interventions in reducing the 
risk of malaria in Burkina Faso between 2010 and 2014? 
 
Average malaria prevalence decreased from 66% in 2010 to 46% in 2014 [48, 
49]. It is necessary to compare prevalence variation estimates using a fine 
spatial resolution to quantify the effects of antimalarial interventions both at 
national and subnational levels. These estimates are valuable tools to identify 
priority areas where interventions appear less effective in order to reinforce 
malaria control. Similar studies conducted in Angola, Liberia, Mozambique, 
Senegal, Rwanda, Tanzania and more recently in Ouagada reported that 
interventions’ effects vary among regions and villages [4, 50]. To mitigate 
malaria burden, the authors suggest that areas in need of additional resources 
should be targeted as well as areas where interventions are more likely to 
produce the greatest impact [4]. 
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Given the endemic context of malaria in Burkina Faso, could spatial 
analysis accelerate progress in malaria control and lessen the waste of 
resources in Burkina? 
 
In the context of high heterogeneity in malaria prevalence, targeting highly 
affected communities appears complex. Heterogeneity implies diversity of 
needs in terms of intervention strategies against malaria. In urban areas, for 
example, although malaria prevalence seems low, there are areas of high 
prevalence. These areas should be targeted with specific activities such as the 
destruction of larva breeding sites and the promotion of indoor residual 
insecticide spraying. 
However, in areas of high malaria prevalence it could be possible to achieve 
the NMCP goal of reducing malaria mortality rate by at least 40% by 2020  
[1]. In a near future, the NMCP could achieve this objective through a spatial 
identification of health districts (operational entity of the Burkinabè health 
system), which report most of the malaria severe cases. Cases occur mainly 
between August and October according to our spatio-temporal analysis of 
severe malaria distribution in Burkina Faso (Appendix 1). Risk of severe 
malaria is significantly higher than the NMCP target in several districts of the 
South West between June and July (Appendix 2). During September, the 
highest burden of severe cases is reported in the northern part of the country 
(Appendix 2).    
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Is Burkina Faso’s work accomplished in terms of population mosquito 
net coverage? 
 
Coverage of mosquito net ownership and use has sharply increased in Burkina 
Faso between 2003 and 2014. Nonetheless, malaria burden in children 
remains high with a high heterogeneity at the community level. Progress 
seems unevenly distributed among communities. In Burkina Faso, mosquito 
net use increases when populations have access to sufficient quantity of nets, 
(Figure 15). The high level of coverage of malaria control interventions at 
regional level may overlook important disparities at sub-regional level [51, 
52]. It is important to estimate coverage indicators for these interventions on 
a fine geographic scale and at a household level. Individuals from large 
households were less likely to sleep under a net (Table 2). Finally, some 
studies suggest that improving housing conditions could contribute to more 
effective vector control. Understanding the relationship between the 
probability of malaria infection and housing characteristics (roofing, interior 
walls and floors) is essential to optimize vector control in Burkina Faso. 
Our results also confirm that understanding the factors that influence malaria 
distribution is key to optimizing malaria intervention strategies. In order to 
reduce number of new P. falciparum infections, it appears necessary to 
identify the areas and populations for focused intervention efforts including 
prevention activities, access to care and treatment. In Burkina Faso, our 
results suggest that malaria control activities should be particularly 
strengthened in the north of the country and in the horizontal band between 
the cities of Bobo-Dioulasso and Ouagadougou. Regarding household and 
regional characteristics, efforts should focus on high-risk groups, such as 
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children over one year of age, households with low socio-economic status and 
children with low access to health care.  
Finally, our results indicate that the prevalence of malaria, during the high 
transmission season, does not follow a North-South gradient. Within the same 
region, there are often significant variations between villages and districts. 
This finding recommends that malaria control strategies target communities 
for a more effective impact. 
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8.1. Heterogeneity of severe malaria among children in 
Burkina Faso: a spatio-temporal analysis. 

 

 Appendix 1: Figures showing A) showing the average monthly rainfall (line) and malaria cases for 
Burkina Faso (2013-2014) (bars) and B) A box plot of predicted rate by month for the two-year period. 
The red dashed line is a loess smooth based on the median. 
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Appendix 2: Figures showing space-time interaction term for probability of incidence density ratio 
>1.6, spatiotemporal model of Burkina Faso (2013-2014). 
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