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Abstract  
Malaria transmission in the Sahel has declined substantially over the past two decades following the 

scale-up of vector control, improved access to diagnosis and treatment, and seasonal malaria 

chemoprevention (SMC). Despite these gains, transmission persists in many settings. This 

persistence increasingly reflects not failure of interventions, but a evolving malaria epidemiology 

under sustained control pressure, characterised by the growing importance of asymptomatic and 

low-density Plasmodium falciparum infections. 

 

This thesis aimed to understand how malaria persists in highly seasonal Sahelian settings despite 

large-scale intervention deployment, and to identify opportunities for improving and adapting 

control strategies. Using routine surveillance data from Senegal and longitudinal cohort data from 

the Malaria Asymptomatic Reservoirs in the Sahel (MARS) project in Mali and Senegal. The work 

examined (i) the temporal alignment between SMC delivery and malaria incidence, (ii) the age 

distribution and seasonal dynamics of parasite carriage, and (iii) the determinants of persistent 

infection. 

 

The findings show that while SMC effectively reduces clinical malaria in targeted populations, its 

impact is constrained by imperfect alignment with local transmission dynamics, resulting in periods 

of vulnerability. At the same time, malaria epidemiology progressively evolving, with parasite 

carriage increasingly concentrated in older children and adolescents and dominated by 

asymptomatic and frequently subpatent infections. These infections persist across seasons and are 

likely to sustain transmission despite reductions in clinical burden. 

 

By integrating epidemiological, environmental, and operational perspectives, this work highlights the 

need to move beyond uniform intervention strategies toward more adaptive and context-specific 

approaches. These include optimizing SMC timing and duration and developing complementary 

strategies targeting the asymptomatic parasite reservoir. Overall, this thesis contributes to a 

reframing of malaria control in the Sahel as a dynamic process requiring continuous adaptation to 

evolving transmission systems. 
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Introduction 

Over the past two decades, malaria control efforts in sub-Saharan Africa have led to substantial 

reductions in morbidity and mortality [1,2]. In the Sahel, where transmission is highly seasonal and 

concentrated within a limited period each year [3], this progress has been driven by the combined 

scale-up of vector control interventions, improved access to diagnosis and treatment, and the 

deployment of seasonal malaria chemoprevention (SMC) [2,4]. SMC consists of the monthly 

administration of antimalarial drugs to young children under 5 years of age, and up to 10 years in 

some settings, during the rainy season, regardless of infection status, to prevent clinical malaria [4,5]. 

Together, these strategies have significantly reduced the burden of clinical malaria, particularly 

among young children [1,6]. 

Despite these advances, malaria transmission persists across many Sahelian settings . In several high-

burden regions, progress has slowed or plateaued in recent years [1,2], raising important questions 

about the limits of current control strategies. While persistent transmission has often been 

attributed to incomplete coverage, operational constraints, or emerging biological threats such as 

insecticide and drug resistance [7], there is growing recognition that these explanations are only 

partial. Increasingly, malaria persistence appears to be linked to changes in the underlying 

epidemiology of infection under sustained intervention pressure [8,9]. 

In highly seasonal transmission systems, the relationship between infection, disease, and immunity 

is complex. Repeated exposure over successive transmission seasons leads to the gradual acquisition 

of partial immunity, which reduces the risk of clinical disease without preventing infection [10]. As a 

result, a substantial proportion of Plasmodium falciparum infections remain asymptomatic, often at 

low density and frequently undetected by routine diagnostic tools[8]. These infections can persist 

over time, including across dry seasons, and constitute a reservoir that may contribute to ongoing 

transmission despite reductions in clinical incidence [11,12]. 

The scale-up of SMC has further altered the epidemiological context. By providing chemoprophylaxis 

to young children during the peak transmission period, SMC has become a central component of 

malaria prevention in the Sahel [4] However, its impact depends on how the intervention interacts 

with other determinants of infection, including age, seasonality, and patterns of exposure. At the 

same time, malaria transmission in the Sahel remains characterised by marked spatial heterogeneity 

and population mobility[13], which can complicate the interpretation of surveillance data and the 

design of interventions. 
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Taken together, these elements highlight the need to better understand how malaria transmission 

is maintained in highly seasonal settings under sustained intervention pressure. This requires moving 

beyond a focus on clinical cases alone to consider the broader structure and dynamics of infection, 

including asymptomatic carriage and its determinants. 

 

Main findings 

This work provides an integrated analysis of malaria persistence in highly seasonal Sahelian settings, 

focusing on the interaction between SMC intervention deployment, infection dynamics, and 

population characteristics. Three main dimensions emerge from the findings. 

First, the effectiveness of SMC is closely linked to its temporal alignment with local transmission 

dynamics. Analyses of routine surveillance data in southeastern Senegal, where SMC is delivered to 

children under 10 years of age, indicate that under real-world programme conditions, protection is 

highest during the first three weeks following each round and declines thereafter. When the timing 

and spacing of rounds are not fully aligned with the duration and dynamics of the transmission 

season, protection becomes uneven over time, resulting in periods during which targeted children 

are less protected. 

Second, the distribution of Plasmodium falciparum infection appears structured by age and 

characterised by a high prevalence of asymptomatic carriage. In the Malian study sites, where SMC 

targets children under 5 years of age, parasite carriage was observed across a broad age range, with 

higher prevalence among older children and young adults not targeted by the intervention. Most 

infections were asymptomatic and of low density, and were detected in both rainy and dry seasons, 

suggesting ongoing parasite circulation beyond peak transmission periods. 

Third, exploratory analyses suggest that patterns of human mobility may contribute to the 

distribution of infection across space. Although these analyses remain preliminary, they indicate that 

recent travel may be associated with parasite carriage, supporting the hypothesis that population 

movement may play a role in connecting areas with different transmission intensities. 
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Interdisciplinary perspectives 

Understanding malaria persistence in the Sahel requires moving beyond a single disciplinary 

perspective. The findings of this thesis highlight how the interaction between intervention design 

and implementation, infection dynamics, and population behaviour reshapes transmission patterns, 

and call for an integrated approach combining epidemiology, data science, social sciences, health 

policy, and health economics. 

From an epidemiological perspective, the results illustrate how sustained intervention pressure can 

modify the distribution of infection within populations. While reductions in clinical malaria among 

young children reflect the success of SMC [5,6], the persistence of asymptomatic and low-density 

infections across a broader age range suggests that transmission is increasingly maintained outside 

the population targeted by SMC [14,15]. This highlights the need to consider infection dynamics 

beyond clinical case patterns and to better characterise the structure of the parasite reservoir. 

From a data science and analytical perspective, this work underscores the value of high-resolution 

temporal and longitudinal data for understanding malaria dynamics in seasonal settings. The 

identification of variations in protection following SMC rounds illustrates how routine surveillance 

data can be used to assess intervention performance under real-world conditions. Similarly, cohort-

based analyses provide insights into infection patterns that are not captured through routine 

diagnostics [14]. Together, these approaches highlight the importance of integrating multiple data 

sources to better capture the complexity of malaria transmission. 

From a social and behavioural sciences perspective, the findings point to the role of human behaviour 

and mobility in shaping exposure to infection. Patterns of movement, care-seeking behaviour, and 

adherence to interventions influence both individual risk and the broader distribution of infection 

within populations. In contexts characterised by spatial heterogeneity in transmission, these factors 

may contribute to disconnects between place of residence and place of exposure, complicating both 

surveillance and intervention design [13]. 

 

From a health policy and implementation perspective, the results emphasise the importance of 

aligning intervention strategies with local epidemiological and operational realities. The temporal 

patterns observed in relation to SMC delivery highlight the sensitivity of intervention effectiveness 

to timing, spacing, and coverage. At the same time, the persistence of infection outside targeted 

groups raises questions about the scope and targeting of existing strategies. These findings point to 
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the need for more flexible and context-specific approaches that can adapt to local transmission 

dynamics and evolving epidemiological patterns. 

From a health economics perspective, these findings highlight the importance of considering malaria 

control within the broader context of health system financing, resource allocation, and competing 

priorities. Interventions such as SMC, which target young children at highest risk of severe disease, 

can reduce both morbidity and associated healthcare costs. However, they are implemented as part 

of a wider package of interventions, including vector control, case management, and surveillance [1], 

and should be assessed within this broader context. Changes in the distribution of infection across 

age groups also observed in other studies in the Sahel [14,15] further raise questions about how well 

the allocation of resources across malaria interventions aligns with evolving patterns of risk and 

transmission. Decisions regarding intervention design, timing, and targeting therefore need to be 

considered in relation to overall programme objectives and available health budgets, taking into 

account interactions between different components of the control strategy. 

Taken together, these perspectives suggest that malaria persistence in the Sahel arises from 

interactions between intervention design, infection dynamics, and population behaviours across 

temporal and spatial scales. This complexity challenges approaches that rely on fixed assumptions 

about risk, target populations, or transmission patterns, and highlights the need for strategies that 

can respond to changing epidemiological contexts. 

 

Public health challenges and implications 

The findings of this work point to several important considerations for malaria control in highly 

seasonal Sahelian settings, which arise not from the absence of effective interventions, but from the 

increasing complexity of transmission dynamics under sustained control. 

Firstly, it is important to consider how intervention strategies can be adapted to variable 

transmission patterns. In practice, malaria control programmes rely on standardised delivery 

schedules, yet transmission intensity and duration vary across locations and over time [3,16]. This 

makes it difficult to balance operational feasibility with epidemiological responsiveness, and limits 

the extent to which flexibility can be introduced into intervention design without compromising 

programme delivery. 
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Secondly, the age-structured distribution of clinical burden and parasite carriage under SMC 

intervention pressure suggests that strategies targeting the reservoir, such as mass drug 

administration (MDA), could complement existing interventions to reduce transmission [17,18]. 

However, the implementation of such approaches presents several challenges, including their cost 

and sustainability, potential implications for drug resistance, operational complexity, and issues 

related to acceptability and adherence within communities [18–20]. These considerations highlight 

the need for careful evaluation of how reservoir-targeting strategies could be integrated into existing 

control programmes. 

Lastly, as transmission becomes more heterogeneous and shaped by population movement, 

approaches based on fixed geographic targeting may become less well suited to capturing patterns 

of exposure[13]. This raises operational questions regarding how surveillance systems and 

intervention strategies can account for mobility and spatial variability in a feasible and scalable way. 

More broadly, these challenges reflect the complexity of designing malaria control strategies in 

settings where transmission is not uniformly distributed across time, space, or population groups. 

They point to the limits of approaches based on uniform assumptions and highlight the need for 

decision-making frameworks that can accommodate changing epidemiological conditions while 

remaining operationally viable. 

 

Conclusion 

Malaria control in the Sahel has substantially reduced clinical burden, particularly among young 

children. However, these findings suggest that persistent transmission reflects a transformation of 

malaria epidemiology under sustained intervention pressure rather than a failure of current 

strategies. Changes in the temporal, spatial, and population distribution of infection highlight the 

need for more adaptive approaches to malaria control. 

Future strategies will need to better align intervention timing, target the broader infection reservoir, 

and account for spatial heterogeneity and population movement. Sustaining progress will depend on 

the ability to adapt control strategies to increasingly complex and evolving transmission dynamics. 
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