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ABSTRACT 

This study examined malaria trends using data from health facilities in the Asante 

Mampong Municipality of the Ashanti Region, assessing different age groups, genders, 

and geographical clusters (rural, peri-urban, urban) settings. A retrospective cross-

sectional study was employed to analyze the disease trends, patterns, and dynamics in 

incidence and prevalence and the implications for future malaria control and elimination 

planning from 2015 to 2023. Results showed that malaria prevalence cumulatively stood 

at 15.38% and exhibited significant year-on-year increases, with children under five and 

those aged 5-14 being the most affected groups (29.67% and 32.77%), respectively, far 

above the national prevalence (8.36%). Malaria prevalence peaked in 2020 (19.73%), 

with a significant reduction in 2021 (15.70%) and 2022 (14.88%), spiking in 2023 

(17.15%). Geographical cluster analysis revealed substantial differences in malaria risk, 

with towns in the Ejura Cluster (Rural) having the highest relative risk (RR = 10.99), 

followed by the Kofiase Cluster (Peri-urban) (RR = 5.93) and the Jamasi Cluster (Peri-

urban) (RR = 4.22), compared to Mampong Town (Urban) (RR = 1.00), the reference 

cluster. Gender disparities were also significant, with females showing slightly higher 

incidence (55.93%) but lower prevalence (12.77%) compared to (20.76%) for males. 

Seasonal variation analysis indicated higher malaria prevalence during the rainy season 

(April-July). The findings also revealed a strong association between climate and 

vegetative factors, topography and human activities, and malaria transmission. A forecast 

analysis showed a continued upward trend in malaria cases if the current intervention 

strategies remain unchanged. The model projected an increase in prevalence from 2024 

through 2026, estimating values of approximately 18.7%, 19.4%, and 20.1% for these 
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years, respectively. Therefore, enhanced tailored community-based intervention strategies 

should be deployed to improve access to healthcare, environmental management and 

vector control initiatives, and targeted interventions for high-risk groups. These findings 

provide essential data to guide future regional malaria control efforts. 
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CHAPTER ONE 

INTRODUCTION 

 

1.1  Background of the Study 

Malaria infection persists as a significant worldwide public health problem, responsible 

for several morbidities, mortality, and substantial economic loss, despite the renewed 

commitment and implementation of interventions towards elimination and eradication in 

recent years (Dabaro et al., 2020; Deku et al., 2019; Frank et al., 2016). The global 

burden of malaria saw a substantial decline, recording a significant decrease in morbidity 

and mortality rate from 2000 – 2015 (40%), but has since stalled, recording fluctuating 

rates between 2016 and 2022 (Awine et al., 2017; Ketema et al., 2021; Mao et al., 2023). 

Nonetheless, progress toward malaria elimination by country status is increasing. In 

2021, there were 84 malaria-endemic countries compared with 108 in 2000, a significant 

reduction that provides hope and encouragement for the future (World Health 

Organisation (WHO), 2021), evidenced among the malaria-eliminating countries for 

2025 [E-2025 countries such as China, Algeria, Kyrgyzstan, Uzbekistan, and Argentina] 

(WHO, 2023). 

 

The WHO‘s Global Malaria Program (GMP) serves as the lead technical institution for 

malaria control and elimination worldwide. It has provided strategic guidance, developed 

evidence-based policies, and monitored progress toward global targets (WHO, 2023). 

Central to its work is the implementation of the Global Technical Strategy for Malaria 

2016–2030, which aims to reduce malaria incidence and mortality by at least 90% by 
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2030, eliminate malaria in 35 countries, and prevent re-establishment in malaria-free 

regions (WHO, 2021). The program supports countries in aligning national strategies 

with global goals while addressing emerging threats such as drug and insecticide 

resistance and climate-related transmission dynamics (WHO, 2023a). 

 

Nonetheless, there are remarkable regional variations in malaria burden, and it remains a 

significant public health problem affecting developing countries, Africa bearing the most 

significant share (WHO, 2023).  In 2021, an estimated 247 million malaria cases were 

recorded among the 84 malaria-endemic countries, an increase from 245 million in 2020,  

most occurring in the WHO African Region (Hsiang et al., 2013, WHO, 2021). 

 

Ghana, as part of the WHO African Region, is among the 15 highest-burden malaria 

countries, globally accounting for 4% of malaria cases in West Africa (Doumbe-Belisse 

et al., 2021; Joseph Osarfo et al., 2022). Malaria is endemic and perennial in Ghana, with 

pronounced seasonal variations, especially in the northern part of the country, with half 

of the sixteen regions recording malaria prevalence above 10%. The length of these 

transmissions varies by geographic region in Ghana (Joseph Osarfo et al., 2022; Shretta 

et al., 2020). Ghana Demographic and Health Survey (DHS) in 2022 indicated that the 

prevalence of malaria by microscopy in children aged 6 to 59 months is 8.6%. However, 

the prevalence of malaria in rural Ghana (12.8%) is about three times higher than that of 

urban Ghana (4.3%) (Ghana Health Survey, 2023).  
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In Ghana, the Ghana Malaria Elimination Program (GMEP), formerly the National 

Malaria Control Program (NMCP) is the principal agency under the Ghana Health 

Service responsible for national malaria control and elimination efforts. Guided by the 

National Malaria Strategic Plan 2021–2025, the program aims to attain pre-elimination 

status by 2025 and full elimination by 2030 (GHS, 2021). GMEP deploys a combination 

of interventions including mass distribution of insecticide-treated nets (ITNs), indoor 

residual spraying (IRS), intermittent preventive treatment for vulnerable groups, and the 

use of artemisinin-based combination therapies (ACTs). Emphasis is also placed on 

strengthening health systems, improving surveillance and data use, and tailoring 

interventions to regional transmission patterns, particularly in high-burden rural and peri-

urban settings (GHS, 2021; WHO, 2023b). 

 

Overall, records in the District Health Information Management System (DHIMS) have 

shown a decline in the total number of Outpatient Department (OPD) malaria cases from 

6.1 million in 2019 to 5.2 million in 2022, in which eight in every ten districts have more 

than 10,000 OPD malaria cases (Ghana Statistical Service, 2023). With these figures, 

specific vector distributions, the rapid evolution of the insect, anti-malaria drug 

resistance, climate change and the discovery of the new vector species (Anopheles 

stephensi) in Ghana pose a significant public health threat, reversing years of progress 

and informing the current case dynamics and varying results (Nolen, 2023; WHO, 2021). 

 



4 

 

1.2  Statement of Problem 

Malaria remains a significant public health challenge in Ghana despite ongoing 

elimination efforts by the government through the Ministry of Health (MOH) and the 

Ghana Health Service (GHS) in collaboration with the WHO. The WHO Global Malaria 

Program and the Ghana Malaria Elimination Program aim to eliminate malaria by 2030. 

However, the feasibility of this current trajectory of malaria elimination locally is 

uncertain, with success hanging by a thread due to several factors and potential 

drawbacks (Kaehler et al., 2019; WHO, 2021; Yaro et al., 2021). Although Ghana is 

amongst the highest-burden malaria nations, local and sub-district epidemiological 

studies are limited in the literature to ascertain the current malaria elimination status. 

Moreover, there are limited epidemiological studies in the Mampong Municipality in 

particular. This thus calls for a study to understand the current status of the national and 

local malaria elimination program, its current trajectory, and to best forecast local 

prevalence and disease burden using the municipality's unique climate and topography in 

the region. These studies are crucial for describing and analyzing trends, making 

informed projections about future malaria cases, and filling the gap in literature. 

 

1.3  Objectives of the Study 

The main aim of this study was to determine malaria epidemiology, trends and dynamics 

in the Mampong Municipality and its implications for future malaria control and 

elimination program. 
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1.3.1  Specific Objectives 

1. To describe the epidemiological characteristics of malaria in the municipality 

from 2015 to 2023. 

2. To evaluate malaria trends and dynamics as a proxy for the effectiveness of 

control interventions for 2015 to 2023. 

3. To forecast future trends of malaria prevalence in the municipality. 

 

1.4 Research Questions 

1. What is the prevalence of malaria and associated demographic characteristics in 

the municipality from 2015 to 2023? 

2. How effective are malaria control interventions in reducing malaria over the years 

in the municipality? 

3. What are the projected trends in malaria prevalence in the municipality? 

 

1.5  Research Hypothesis 

Null Hypothesis (Ho): 

There was no significant change in malaria prevalence in the Mampong Municipality 

from 2015 to 2023, and future trends do not indicate a decline, suggesting no measurable 

impact. 

Alternative Hypothesis (H₁): 

Malaria prevalence in the Mampong Municipality significantly decreased from 2015 to 

2023, with epidemiological trends projecting a continued decline in future prevalence. 
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1.6  Justification of the Study 

Malaria remains a significant public health challenge, particularly in tropical and 

subtropical regions. Understanding the epidemiology of malaria is crucial for designing 

targeted interventions and monitoring progress towards the global health community's 

malaria control and elimination goals. A retrospective cross-sectional study examining 

the epidemiology and dynamics of malaria in the Mampong Municipality over nine years 

(2015-2023) offers a critical evaluation of the progress made towards malaria 

elimination. Such studies help measure the effectiveness of current interventions and 

guide future efforts through disease mapping, trend analysis, and predictive modelling. 

This study therefore would analyze cumulative data on malaria incidences and 

prevalence, understanding the spatial and demographic patterns of malaria cases in the 

Mampong Municipality. This would be better clue to know the progress of the Malaria 

Elimination Program. The findings would provide valuable insights into targeted malaria 

prevention, control, deployment of resources, interventional and elimination strategies 

applicable to similar regions in Ghana. Thus, contributing to the overall goal of malaria 

eradication. The data available and results generated will inform the development of a 

predictive model for better surveillance and control strategies to combat the disease 

effectively and efficiently in the future. 

 

1.7  Significance of the Study 

This study improves the understanding of malaria trends and transmission dynamics 

within the Mampong Municipality. By analyzing data from 2015 to 2023, the study 

provides critical insights into the temporal and spatial patterns of malaria incidence and 
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prevalence, highlighting the influence of local demographic, geographic, and 

environmental factors. Understanding these patterns is essential for evaluating the 

effectiveness of existing control interventions and informing the design of a more 

targeted strategy. The findings also offer evidence-based guidance for local policymakers 

and public health practitioners, contributing to more effective malaria control and 

elimination efforts. Moreover, the study fills a vital knowledge gap in the literature by 

documenting the progress of malaria elimination at the sub-national level, serving as a 

valuable reference for similar epidemiological studies in other regions. 

 

1.8  Scope of the Study 

This study comprehensively analyzed malaria epidemiology and control interventions in 

the Mampong Municipality from 2015 to 2023. With three primary objectives, the scope 

includes: Firstly, epidemiological characteristics of malaria were described, including 

incidence, prevalence, and demographic distribution of cases.  Secondly, a trend analysis 

was done to examine changes in malaria incidence and prevalence over the study period. 

Using a spatial distribution map, the geographic distribution of malaria cases at the 

municipal level identified high-risk areas. Thirdly, it forecasted future trends in malaria 

incidence and prevalence. 

 

1.9  Limitations of the Study 

The study was limited by some missing data points, including a well-documented 

coverage of the different malaria control interventions over the period, and the 

availability of data only from 2015 to 2023. Additionally, there was no accurate and 
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specific data points on the climate and weather of the municipality for the study period, 

limiting the association of case and prevalence to climate change. In contrast, the analysis 

was constrained to the Mampong Municipality, potentially limiting the generalizability of 

the findings to other regions with different ecological and socio-economic factors. That 

notwithstanding, adequate measures for data cleaning, imputations, and adjustments were 

carefully undertaken for a standardized analysis and to enhance the robustness of the 

results. 

 

1.10 Thesis Organization 

The study is structured into six chapters to provide a coherent exploration of the research 

topic. Chapter One introduces the study, outlining the background, problem statement, 

objectives, research questions, study hypothesis, justification, study significance, scope of 

the study, study limitations, and organizational structure. Chapter Two presents a relevant 

literature review related to this research topic thoroughly examined. Discussing 

theoretical frameworks related malaria epidemiology and dynamics in a developing 

country and in the local context. Chapter Three details the methodology, including the 

study design, study area and population, data collection and analysis plan. Chapter Four 

presents the results from data analysis. Chapter Five offers a discussion, interpreting the 

results, and comparing them with existing literature. Finally, Chapter Six concludes the 

study, summarizing key findings and providing recommendations for stakeholders and 

suggestions for future research. 
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CHAPTER TWO 

LITERATURE REVIEW 

 

2.0  Introduction 

Malaria remains a global health issue, particularly affecting tropical and subtropical 

regions, mainly in Africa. Despite numerous efforts to control and eliminate the disease, 

several challenges impede progress. 

 

According to the World Malaria Report 2023 by the WHO, there were an estimated 247 

million malaria cases worldwide in 2022, resulting in approximately 619,000 deaths. 

Most of these cases and deaths occur in Sub-Saharan Africa (SSA), where children under 

five years old are specifically vulnerable. The report highlights several key issues, 

including climate change, conflict, and resistance to drugs and insecticides, which hinder 

efforts to combat malaria effectively (Benjamin et al., 2023; Ketema et al., 2021; WHO, 

2023).   

 

A study in Uganda demonstrated that improved housing can significantly reduce malaria 

transmission by limiting mosquito entry, underscoring the importance of environmental 

and infrastructural interventions in malaria control strategies (Epstein et al., 2025; 

Okiring et al., 2024). In Ethiopia, several studies have reported similar patterns and 

trends; a five-year surveillance data analysis revealed persistent malaria transmission, 

highlighting the need for continuous monitoring and adaptive strategies to address 

changing patterns of malaria spread (Dabaro et al., 2020; Solomon et al., 2020; Tesfa et 
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al., 2018). Furthermore, research in Mali explored the relationship between nutritional 

status and malaria in children, suggesting that malnutrition may exacerbate the risk and 

severity of malaria episodes; thus, integrating nutritional support with malaria control 

could be beneficial (Anwar et al., 2019; Konaté et al., 2020; Touré et al., 2022). Efforts to 

eliminate malaria now include innovative approaches like the Malakit intervention, which 

provides malaria testing and treatment kits to remote populations not reached by the 

healthcare system, ensuring broader coverage and timely treatment (Douine et al., 2023; 

Sanna et al., 2024). 

 

Overall, while significant progress has been made in reducing the global burden of 

malaria, the disease remains a public health challenge (Liu et al., 2021). Continued 

investment in research, healthcare infrastructure, and innovative solutions is crucial to 

achieving long-term malaria control and eventual eradication (Boyce et al., 2021). 

 

2.1  Conceptual Review 

The conceptual framework for measuring and evaluating malaria trends and dynamics in 

line with the epidemiological study from 2015 to 2023 integrates various theoretical and 

empirical insights from public health, socioeconomics, and environmental science 

(Athirah Naserrudin et al., 2022). Acknowledging these key concepts, theories, and 

relationships underpinning the study provides a structured approach to understanding 

and analyzing the multifaceted nature of malaria control (Savi et al., 2021). In addition, 

several concepts and theories address public health concerns, vector-borne infectious 

diseases, and health behaviour concerns, which are all inclusive in malaria epidemiology 
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(Athirah Naserrudin et al., 2022). However, the stated objectives of this study permit the 

discussion of only a few of these concepts. Taking into consideration Malaria Control 

Interventions: Insecticide-Treated Nets (ITNs), Indoor Residual Spraying (IRS), Rapid 

Diagnostic Tests (RDTs), and Artemisinin-Based Combination Therapies (ACTs) 

(Taffese et al., 2018). Intervention Coverage, Effectiveness, and Utilization: The 

extent to which malaria control measures are distributed and used by the target 

population (K Galactionova et al., 2015). Socioeconomic and Environmental 

Determinants: Factors such as poverty, education, housing quality, climate change, and 

migration patterns influence malaria transmission and the effectiveness of control 

measures (Rouamba et al., 2019). Health Systems Strengthening: Building robust 

health systems that can support the delivery and sustainability of malaria interventions, 

including healthcare infrastructure, workforce, and supply chains (Lourenço et. al. 2019, 

Sahu et. al. 2020). Community Engagements and Behavioral Change: Involving the 

community in malaria control efforts through educational campaigns to increase 

knowledge about malaria prevention and treatment. Such initiatives aim to promote 

behaviours that reduce malaria transmission, such as consistently using bed nets and 

seeking timely medical care (Baltzell et. al. 2019, Awasthi et. al. 2021). Monitoring and 

Surveillance: Building systems for tracking malaria cases and intervention outcomes. 

Thus, collecting and analyzing data on malaria incidence, prevalence, and mortality 

(Lourenço et. al. 2019). 

 

Collectively, these concepts can be visualized as Inputs (Implementation of ITNs, IRS, 

RDTs, and ACTs, Socioeconomic data, Environmental data), Processes (Distribution and 
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coverage of interventions, community education and engagement effort), Outputs 

(Utilization rates of malaria interventions, community behavior changes regarding 

malaria prevention and treatment), and Outcomes (changes in malaria incidence and 

mortality rates, improved overall public health and economic productivity) (Hasyim et. 

al. 2024). 

 

Over the years, these key concepts addressing malaria epidemiology in endemic, 

developing countries have evolved significantly due to advancements in scientific 

understanding, technology and public health strategies (Parkhurst et. al. 2021; WHO, 

2021). Considering socioeconomic and environmental factors, we no longer consider the 

basic role of water bodies in mosquito breeding, but are now implementing 

environmental management strategies, leveraging climate and environmental data for 

predictive modelling to pre-emptively tackle malaria outbreaks (Ryan et al., 2023). 

 

This study, therefore, provides a comprehensive framework for understanding the trend 

and patterns together with the unique dynamics accompanied with malaria epidemiology 

in the municipality. These concepts integrate with empirical data and guide the study in 

understanding the complex interactions between interventions, socioeconomic and 

environmental factors, and malaria outcomes. This structured approach ensures a holistic 

evaluation of the efforts made to combat malaria from 2015 to 2023, ultimately 

contributing to the goal of reducing the malaria burden in the municipality. 
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2.2  Conceptual Framework 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.1: Author’s construct; Integrated Epidemiological-Demographic 

Framework for Trend Analysis and Forecasting of Malaria 
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The conceptual framework is grounded in an integrated epidemiological modeling 

approach, which combines elements from epidemiology, demography, and forecasting 

theory. The framework consists of four interconnected components: 

1. Disease Surveillance and Historical Trend Analysis: It uses retrospective 

epidemiological data to identify patterns, seasonal variations, and temporal trends. 

Informed by Time Series Epidemiology and Public Health Surveillance 

Theory. 

2. Demographic Determinants and Risk Stratification: This integrates population-

based variables such as age, sex, location, and socio-economic status to 

understand group-specific vulnerabilities. It also draws on Population Health 

Theory and Social Determinants of Health Framework. 

3. Statistical Modeling and Forecasting: It employs statistical models (Holt-Winter‘s 

Exponential Smoothing) to forecast future malaria cases based on past trends and 

seasonality. Underpinned by Forecasting Theory and Stochastic Process 

Theory. 

4. Public Health Response and Policy Implication: Provides evidence-based 

projections to guide malaria control interventions, resource allocation, and health 

system planning, aligned with Health Systems Strengthening and Decision 

Theory in Public Health. 

 

This conceptual framework equips the study with a robust and multidisciplinary lens 

through which malaria epidemiology in Mampong Municipality can be examined. It 

allows for a comprehensive analysis of past patterns, demographic influences, and future 
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scenarios, ensuring that findings are not only descriptive but also predictive and policy-

relevant. 

 

The integration of demographic analysis, and public health systems thinking ensures that 

the research aligns with national and global malaria control strategies and contributes 

meaningfully to the knowledge base for malaria elimination. 

 

2.3  Theoretical Review 

In recent times, several theoretical frameworks have been employed to approach malaria 

epidemiology, particularly in underdeveloped and endemic regions (Naserrudin et. al. 

2022). These frameworks integrate various disciplines including public health, 

epidemiology, sociology, and environmental science (Naserrudin et. al. 2022). Among 

these is the Social Ecological Model (SEM), which considers multiple levels of influence 

on health behaviors and outcomes, such as individual level, interpersonal level, 

community level, institutional level, and policy level (Uchendu, C., Windle, R., & Blake, 

H. 2020; Lee, Y., & Park, S. 2021). The Diffusion of Innovations Theory: used to 

understand how new malaria control interventions (e.g., long-lasting insecticidal nets, 

rapid diagnostic tests) are adopted within communities (Dearing, J. W., & Cox, J. G. 

2018). The Integrated Vector Management (IVM) Framework: promotes the coordinated 

use of multiple vector methods based on local context (Chanda et. al. 2017). The Health 

Systems Strengthening Framework: emphasizes improving the overall health system to 

enhance malaria control efforts (AlJaberi, O. A., Hussain, M., & Drake, P. R. 2020, Sahu 

et. al. 2020). The Climate and Health Framework: examines the impact of climate change 
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and environmental factors on malaria transmission (Boylan et. al 2018), and The Socio-

Ecological Systems (SES) Framework: explores the interactions between human and 

environmental systems (Berrouet, L. M., Machado, J., & Villegas-Palacio, C. 2018). 

These theoretical frameworks provide a comprehensive approach to understanding and 

addressing malaria epidemiology in underdeveloped, endemic regions. They emphasize 

the importance of considering multiple factors and levels of influence, integrating 

scientific knowledge with community engagements and policy support. By using these 

frameworks, researchers and practitioners can and have develop more effective and 

sustainable strategies for malaria control and prevention (Katya Galactionova et al., 2015; 

Savi et al., 2021). 

 

2.3.1  Theoretical Underpinnings for the Conceptual Framework 

Understanding the epidemiology, trends, and future burden of malaria requires a 

multidimensional conceptual approach. This study adopts an integrated framework that 

combines epidemiological theory, statistical modeling, demographic analysis, and public 

health decision-making to explore the historical and future dynamics of malaria in the 

Mampong Municipality. The framework is anchored in both classical and contemporary 

theories to support the study‘s core objectives: describing malaria patterns, evaluating 

temporal dynamics, and projecting future prevalence for informed control and 

elimination strategies. 
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Time Series Epidemiology and Public Health Surveillance Theory 

Aligned with Objective 1 and Objective 2, time series epidemiology enables the study of 

temporal patterns, seasonality, and long-term trends in malaria incidence from 2015 to 

2023. This approach supports the identification of epidemiological shifts and peak 

transmission periods, which are essential for evaluating intervention effectiveness. Public 

Health Surveillance Theory provides the basis for systematically collecting, analyzing, 

and interpreting malaria data over time. It reinforces the study‘s foundation by ensuring 

that retrospective surveillance records are used not just descriptively, but analytically, to 

infer the performance of malaria control strategies within the municipality.  These 

frameworks directly contribute to Objective 1 by offering tools to describe the 

epidemiological characteristics of malaria (e.g., incidence rates, seasonal peaks, and 

mortality), and to Objective 2 by supporting the evaluation of control efforts based on 

observed changes in trends. 

 

Population Health Theory and the Social Determinants of Health Framework 

To contextualize malaria patterns within the broader demographic and social 

environment, the study incorporates Population Health Theory and the Social 

Determinants of Health (SDH) Framework. These perspectives are critical in interpreting 

the role of age, sex, geography, sanitation, and socio-economic conditions on malaria 

outcomes. 
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By integrating demographic variables, the study recognizes that malaria is not only 

biologically driven but also shaped by systemic inequities and living conditions, such as 

access to healthcare or vector exposure due to geography or land use in the broader sense. 

These frameworks underpin Objective 1 by explaining the differential distribution of 

malaria cases across population subgroups, thus offering a nuanced understanding of 

malaria epidemiology beyond simple incidence figures. 

 

Forecasting Theory and Stochastic Process Theory 

Objective 3 requires predictive capacity. Forecasting Theory provides the methodological 

foundation for projecting malaria prevalence using historical data. Techniques such as 

Exponential Smoothing will be applied to generate future estimates of malaria cases in 

the municipality. 

 

Complementing this, Stochastic Process Theory models the randomness and uncertainty 

in disease transmission, accounting for environmental variability, vector behavior, and 

human interactions. This allows the forecasting model to incorporate uncertainty and risk, 

which is particularly relevant in dynamic settings like malaria-endemic regions. These 

theories are crucial for Objective 3, which seeks to forecast malaria prevalence and 

inform anticipatory planning. The insights derived support timely interventions and 

strategic resource allocation. 
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Health Systems Strengthening and Decision Theory in Public Health 

While not explicitly stated in the objectives, the implications of this study are meant to 

guide future malaria control and elimination programs. Therefore, the conceptual 

framework also integrates Health Systems Strengthening (HSS) and Decision Theory to 

translate findings into actionable public health policy. 

 

HSS focuses on ensuring that core functions, such as data systems, supply chains, trained 

workforce, and financing are capable of implementing adaptive malaria interventions. 

Whereas Decision Theory supports optimal policy choices by applying logic, evidence, 

and probabilistic reasoning to select interventions with the highest expected utility (e.g., 

targeted indoor residual spraying vs. mass net distribution). 

 

These theories provide the foundation for translating the findings from Objectives 1–3 

into programmatic recommendations, ensuring that evidence from surveillance and 

modeling is actionable.  

 

2.4  Empirical Review 

2.4.1 Epidemiology: Concept and Scope in the Malaria Research 

Epidemiology, as a core discipline of public health, focuses on the systematic analysis of 

the patterns and determinants of diseases in human populations. It serves as both a 

theoretical and practical tool for disease prevention and control. Classically defined as: 

―The study of the distribution and determinants of health-related states or events in 

specified populations, and the application of this study to the control of health problems‖ 
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(WHO, 2021). Moreso, it is a foundational discipline in public health that involves the 

systematic study of the distribution and determinants of health-related states or events in 

specified populations, and the application of this study to control health problems 

(Centers for Disease Control and Prevention [CDC], 2021). 

 

According to Rothman et al. (2021), modern epidemiology has evolved to incorporate 

both traditional risk factor analysis and advanced modeling tools, allowing for more 

precise and timely responses to disease outbreaks. It has expanded to integrate molecular, 

genetic, and social determinants, allowing for a more holistic approach to disease control. 

Especially in sub-Saharan Africa where climatic and ecological conditions favor year-

round transmission. A 2023 study by Kumar et al. used spatial epidemiology to analyze 

malaria trends in sub-Saharan Africa and demonstrated how geographic information 

systems (GIS) can improve targeted vector control strategies. To effectively address the 

burden of malaria, public health researchers and practitioners rely on the science of 

epidemiology. In the context of malaria, this involves investigating the patterns of disease 

occurrence, risk factors, and evaluating control measures such as insecticide-treated nets, 

antimalarial drugs, and vector control programs. 

 

According to Guerra et al. (2024), integrating real-time climate and land-use data can 

enhance malaria early warning systems. Additionally, the COVID-19 pandemic 

underscored the need for resilient health systems and reinforced the critical role of 

epidemiology in managing co-epidemics and maintaining surveillance (WHO, 2022). 
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The relevance of epidemiology to malaria control cannot be overemphasized. It provides 

the foundation for understanding who is affected, when, where, and why, and for 

assessing the effectiveness of interventions over time. With advances in geospatial 

technologies, molecular biology, and climate modeling, epidemiology now plays an even 

more critical role in informing targeted interventions and malaria elimination strategies 

(Kumar et al., 2023; Guerra et al., 2024). Thus, this research applies epidemiological 

principles to assess malaria trends, risk factors, and control measures in the Mampong 

Municipality. 

 

2.4.2  Epidemiology of Malaria 

Efforts to combat malaria on a global scale have included widespread distribution of 

insecticide-treated bed nets (ITNs), indoor residual spraying (IRS), and the introduction 

of artemisinin-based combination therapies (ACTs) (Bhatt et al., 2015). These 

interventions have contributed to a 40% decline in global malaria mortality rates since 

2000 (WHO, 2020). However, the emergence of drug-resistant malaria strains and 

insecticide-resistant mosquito vectors poses significant challenges to sustained progress 

(Nwe et al., 2017). 

 

The WHO has consistently reported on the global burden of malaria. There were an 

estimated 207 million cases of malaria in 2012, and 77% occurred in children under five 

(WHO, 2013). In 2015, the WHO reported 212 million new cases of malaria worldwide 

(WHO, 2015). By 2019, this number had increased to an estimated 229 million malaria 

cases, with 409,000 deaths globally (WHO, 2020). The upward trend continued, and in 
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2020, there were 245 million recorded cases of malaria. This number increased to 247 

million cases in 2021 (WHO, 2022). These statistics further highlight the persistent and 

growing challenge of malaria, particularly in regions like sub-Saharan Africa (SSA). 

 

Africa continues to be the epicenter of malaria transmission, accounting for 

approximately 94% of all malaria cases and deaths globally (WHO, 2020). Countries 

such as Nigeria, the Democratic Republic of the Congo, and Uganda have some of the 

highest malaria burdens. In these regions, children under five and pregnant women are 

the most vulnerable (Snow et al., 2017). 

 

Recent studies highlight the variability in malaria transmission across different African 

regions, influenced by factors such as climate, topography, and human behavior 

(Cibulskis et al., 2016, Ryan et. al. 2020, Villena et. al. 2024). For example, West Africa 

experiences intense seasonal transmission corresponding with the rainy season, while 

parts of East Africa, such as the highlands, have lower transmission rates due to cooler 

temperatures and less favorable breeding conditions for mosquitoes (Sherrard-Smith et 

al., 2019). Ghana, being a malaria-endemic country, has witnessed significant shifts in 

malaria infection patterns over the past decade. The trends and dynamics of malaria in 

Ghana are influenced by various factors including climate change, healthcare 

interventions, and socio-economic conditions (Awine et al., 2017; Bempah et al., 2020; 

Boadu et al., 2020). 
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2.4.3  Trends and Dynamics of Malaria Cases: 

The trends in malaria infections, including incidence and prevalence, mortality rates, and 

seasonal variations, paint a complex and concerning picture but also provides essential 

insights into the evolving dynamics of this disease (Dabaro et al., 2020; Katya 

Galactionova et al., 2017; Savi et al., 2021). The documented global trend of malaria 

reveals some alarming curves over the past decade, underscoring the persistent and 

escalating challenge posed by malaria, despite significant advancements in malaria 

control (Deku et al., 2019). Similarly, the trends and dynamics of malaria infection in 

Ghana over the past decade reflect both progress and ongoing challenges (Joseph Osarfo 

et al., 2022). 

 

2.4.3.1 Global Trends and Dynamics 

The global and regional dynamics of malaria are increasingly shaped by environmental, 

biological, and socio-political factors. Malaria continues to pose a substantial threat to 

public health globally, particularly in low- and middle-income countries. Despite decades 

of control efforts, recent data show a troubling resurgence in malaria incidence in many 

parts of the world. According to the WHO (WHO, 2023), there were an estimated 263 

million malaria cases worldwide in 2023, representing an increase of approximately 11 

million cases compared to the previous year. Malaria-related deaths were estimated at 

597,000, highlighting the continuing high disease burden globally despite the availability 

of preventive and curative interventions. 
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Several factors are driving these trends. First, climate change has been identified as a 

critical determinant of malaria transmission. Rising temperatures, altered precipitation 

patterns, and expanding mosquito habitats are contributing to increased malaria 

transmission in previously non-endemic areas (El-Sayed & Kamel, 2020; Jabeen et al., 

2022). Second, drug and insecticide resistance pose a growing challenge, especially the 

emergence of Plasmodium falciparum strains resistant to artemisinin-based therapies and 

the spread of insecticide-resistant mosquito vectors (Basu et al., 2017). Third, funding 

shortfalls continue to hinder control efforts; in 2023, malaria control programs received 

only $4 billion globally, less than half of the $8.3 billion estimated to be needed for 

effective control (WHO, 2023). 

 

2.4.3.2 Sub-Saharan Africa Trends and Dynamics 

In sub-Saharan Africa, which bears the greatest share of the malaria burden, these 

challenges are even more pronounced. The region accounted for approximately 94% of 

all global malaria cases and 95% of deaths in 2023 (WHO, 2023). The high transmission 

intensity is partly attributed to a combination of climatic suitability, weak health 

infrastructure, poverty, and limited access to effective malaria interventions (Benjamin et 

al., 2023). Children under five years remain the most vulnerable population, with malaria 

being a leading cause of mortality among this group. Furthermore, the spread of 

Anopheles stephensi, a mosquito species adapted to urban environments, has further 

complicated urban malaria control (El-Sayed & Kamel, 2020). 
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2.4.3.3 Malaria in Ghana: Trends and Dynamics 

In early 2017, Ghana recorded 2.3 million malaria cases, which was a 1.5% increase from 

the same period in 2016 (Anaba et. al. 2019). By 2018, Ghana was among the African 

countries with the highest jump in malaria cases, with an 8% rise from the previous year 

(WHO, 2019). In response, the country became one of the ten African nations supported 

by the WHO‘s High Burden to High Impact (HBHI) approach, aimed at improving 

malaria control and eventually eliminating the disease (WHO, 2024). To combat malaria, 

Ghana joined the African Union‘s ―Zero Malaria Starts with Me‖ campaign in 2019 

(Sarpong et. al. 2022). This initiative involved working with parliament members, 

increasing private sector involvement, using local funds more efficiently, and tracking 

progress through a national malaria scorecard (Sarpong et. al. 2022). Thanks to these 

efforts, malaria incidence rates have dropped significantly in recent years, from 375 cases 

per 1,000 people in 2011 to 158.8 in 2022 (WHO, 2022). 

 

In Ghana, significant progress has been made in reducing malaria morbidity and 

mortality over the past decade (Osarfo et al., 2022). Nationally, the malaria mortality rate 

declined from 2,799 deaths in 2012 to 151 in 2022, while malaria prevalence among 

children under five dropped from 27.5% in 2011 to 8.6% in 2022 (Ghana Health Service 

(GHS), 2023; WHO, 2023). Key interventions include the nationwide distribution of 

long-lasting insecticidal nets (LLINs), seasonal malaria chemoprevention (SMC), prompt 

diagnosis and treatment with artemisinin-based combination therapies (ACTs), and 

indoor residual spraying in selected districts. Additionally, Ghana was among the first 

countries to pilot the RTS,S/AS01 (Mosquirix) malaria vaccine, which has contributed to 
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a measurable reduction in malaria incidence among young children (Cowman et al., 

2016; K Galactionova et al., 2017). 

 

Nonetheless, malaria remains a significant cause of morbidity and mortality with several 

other challenges. (Kolekang et. al. 2022). While LLIN ownership is relatively high, 

actual utilization remains suboptimal, largely due to behavioral and environmental factors 

(GHS, 2023). Regions, municipals and districts across the country still face enormous 

challenges in fighting the disease (Kolekang et. al. 2022), largely due to the 

disproportionate access to resources, unique weather and climatic conditions and socio-

economic and cultural influences (Osarfo et al., 2022). Urban malaria is also on the rise, 

partly due to population density, inadequate drainage systems, and poor urban planning. 

The emergence of insecticide resistance in local Anopheles populations further 

underscores the need for integrated vector management approaches. While Ghana‘s 

efforts have yielded commendable results, sustained progress will depend on continuous 

investment, innovation in control strategies, and effective adaptation to emerging threats 

such as climate variability and urban transmission. This breakdown, highlights the 

individual battles each region, municipal, district, and health facility faces in eliminating 

malaria (Awine et al., 2017). 

 

2.4.4  Incidence and Prevalence 

Recording the number of new and persistent cases, the incidence and prevalence of 

malaria have shown worrying trends over the past decade, with data from the WHO‘s 
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report from 2013 to 2023. These figures highlight the persistent challenge malaria poses 

and underscore the need for sustained intervention efforts. 

 

Recent studies corroborate these findings. Oladipo et. al. (2022) and Sarpong et. al. 

(2022) demonstrated that despite significant reductions in malaria incidence in some 

regions, overall global prevalence has not declined at a comparable rate, primarily due to 

high transmission rates in sub-Saharan Africa (SSA). Similarly, Gething et al. (2016) 

noted that while some countries have made substantial progress, malaria prevalence 

remains high in areas with inadequate healthcare infrastructure and vector control 

measures. 

 

In 2022, Ghana reported over 5.2 million confirmed malaria cases, a decrease from 6.1 

million in 2019. The national malaria prevalence declined from 14.1% in 2019 to 8.6% in 

2022. Children under five years old are particularly affected, with a prevalence rate of 

8.6% in 2022, down from 26.7% in 2014. Rural areas experience higher prevalence rates 

(12.8%) compared to urban areas (4.3%). Regionally, the Oti Region recorded the highest 

prevalence at 15.0%, while the Greater Accra Region had the lowest at 2.0% (Aidoo et. 

al. 2024). 

 

2.4.5  Mortality Rates 

Malaria-related mortality rates have also exhibited concerning trends. In 2019, the WHO 

reported 409,000 deaths globally due to malaria (WHO, 2020). This figure, while slightly 

lower than in previous years, still represents a significant burden. SSA accounts for the 
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majority of these deaths, reflecting the region's high transmission rates and the 

vulnerability of its population, particularly children under five and pregnant women 

(WHO, 2023). 

 

Efforts to reduce malaria mortality have seen mixed results. According to WHO (2022), 

the number of deaths increased slightly in 2020 and 2021, correlating with the rise in 

incidence. This increase may be attributed to disruptions in malaria control programs due 

to the COVID-19 pandemic, which hampered access to preventive measures and 

treatments (Sherrard-Smith et al., 2020). Studies by Weiss et al. (2019) and Battle et al. 

(2019) emphasize the importance of sustained investment in healthcare infrastructure and 

the development of new interventions to reduce mortality rates effectively. 

 

Malaria-related deaths have significantly decreased over the past decade in Ghana. In 

2012, there were 2,799 reported deaths, which declined to 151 in 2022, representing a 

95% reduction. This improvement is attributed to enhanced interventions, including the 

introduction of the RTS,S/AS01 malaria vaccine, distribution of insecticide-treated nets, 

indoor residual spraying, and improved case management (Peprah et. al. 2024). 

 

2.4.5  Seasonal Variations 

Seasonal variation is a critical dimension of malaria epidemiology, particularly in regions 

where transmission is not perennial but follows distinct climatic patterns (Donkor et al., 

2021). In such areas, malaria cases often peak during and shortly after the rainy season, 

corresponding to increased vector breeding and survival (Kawaguchi et al., 2022). 
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Accurately measuring and analyzing these seasonal trends is essential for designing 

timely and effective interventions, such as SMC and IRS. 

 

Malaria transmission is highly sensitive to environmental and climatic variables, 

particularly rainfall, temperature, and humidity, which directly influence mosquito vector 

abundance and parasite development (Midekisa et al., 2015). In sub-Saharan Africa and 

similar tropical regions, these seasonal factors lead to marked fluctuations in transmission 

intensity, which must be considered in surveillance and intervention planning (Caminade 

et al., 2014). 

 

Seasonal variations significantly influence malaria transmission dynamics (Adetokunboh 

et al., 2021; Doumbe-Belisse et al., 2021). Malaria incidence often peaks during rainy 

seasons when mosquito breeding sites proliferate. For instance, in many parts of Sub-

Saharan Africa, the highest transmission rates occur during and after the rainy season, 

which can last from several weeks to several months, depending on the region (Benjamin 

et al., 2023). 

 

Research indicates that climate change and environmental modifications are altering 

these seasonal patterns. Parham and Michael (2010) found that rising temperatures and 

changing precipitation patterns are extending the transmission season in some areas, 

potentially increasing the burden of malaria. Furthermore, studies by Caminade et al. 

(2014) and Paaijmans et al. (2010) suggest that these climatic changes may lead to 

malaria transmission in previously unaffected regions, complicating eradication efforts. 
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2.4.6 Risk Factors for Malaria Transmission 

While biological factors and climate conditions play significant roles in malaria 

transmission, anthropogenic activities and topography are also critical determinants. The 

impact of human activities and geographical features on malaria transmission (Rouamba 

et. al. 2019). 

 

2.4.6.1 Anthropogenic Activities 

Anthropogenic activities significantly influence malaria transmission dynamics. Human 

actions such as deforestation, agricultural practices, urbanization, and mining create 

environments conducive to mosquito breeding, thereby increasing malaria risk (Rouamba 

et. al. 2019). 

 

Deforestation: Deforestation is a well-documented factor that alters local ecosystems 

and facilitates malaria transmission. The removal of forest cover changes the 

microclimate and creates breeding sites for Anopheles mosquitoes, the primary vectors of 

malaria. A study by Myers et al. (2017) indicate that deforestation leads to increased 

mosquito populations and higher malaria transmission rates. These studies highlight that 

areas experiencing rapid deforestation often see a concomitant rise in malaria incidence. 

 

Agricultural Practices: Agricultural activities, particularly those involving irrigation 

and water storage, can significantly impact malaria transmission (Fornace et. al. 2021). 

Irrigated fields and water reservoirs create breeding grounds for mosquitoes. Research by 
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Fornace et. al. (2021) demonstrates that agricultural irrigation schemes have led to a 

notable increase in malaria cases due to the abundance of water sources. 

 

Urbanization: Urbanization and the expansion of human settlements also play a crucial 

role in malaria dynamics. Urban areas can provide both challenges and opportunities for 

malaria control. While improved infrastructure and healthcare can reduce malaria 

incidence, poor urban planning and inadequate drainage systems can create mosquito 

breeding habitats. This unplanned urbanization, particularly in developing countries, 

often leads to increased malaria risk due to poor sanitation and water management 

(Doumbe-Belisse et al., 2021; Frank et al., 2016). 

 

Mining: Mining activities, especially in remote and forested areas, are associated with 

increased malaria transmission. Mining operations often involve water storage and 

excavation, creating breeding sites for mosquitoes. Additionally, mining workers may 

come from malaria-endemic regions, bringing the disease with them and facilitating its 

spread. 

 

2.4.6.2 Topography 

Topography, or the physical features of a landscape, plays a crucial role in malaria 

transmission by influencing climate, vegetation, and human habitation patterns. 

Variations in altitude, slope, and landforms can create diverse microenvironments that 

affect mosquito breeding and survival. 
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Altitude: Altitude is a significant determinant of malaria risk. Higher altitudes generally 

have lower temperatures, which can inhibit mosquito development and reduce malaria 

transmission (Dabaro et al., 2020). However, climate change is causing temperatures to 

rise, allowing mosquitoes to survive at higher altitudes. Malaria transmission is occurring 

at altitudes previously considered too cold for mosquito survival, particularly in the East 

African highlands (Sarkar et al., 2019). 

 

Slope and Drainage: The slope of the land affects water drainage and the formation of 

mosquito breeding sites. Flat and poorly drained areas are more likely to harbor stagnant 

water, providing ideal conditions for mosquito breeding. Regions with poor drainage and 

flat topography have higher malaria prevalence due to the abundance of breeding sites 

(Githeko et al., 2012). 

 

Vegetation and Land Use: The type and distribution of vegetation also influence 

malaria transmission (Beke et. al. 2023). Forested areas can provide shade and humidity, 

creating favorable conditions for mosquito breeding. However, agricultural and urban 

land use changes can either reduce or increase malaria risk depending on how they alter 

the landscape (Fornace et. al. 2021). Beke et. al. (2023) also demonstrated that changes in 

land use and vegetation cover significantly impact mosquito populations and malaria 

transmission dynamics. 
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2.4.7 Malaria Interventions 

Effective malaria interventions have been and remain an essential component for 

reducing transmission, achieving control, and elimination. Over the past few decades, 

various interventions have been developed and implemented to combat malaria. This 

fight has made significant progress, including vector control measures, antimalarial 

medications, vaccination efforts, and community-based strategies (Kleinschmidt et al., 

2018, Owusu-Agyei et al., 2020). Each breakthrough has reduced malaria incidence and 

mortality, particularly in high-burden regions. Some of these primary strategies employed 

include: 

 

2.4.7.1 Vector Control Measures 

One of the most significant advances in malaria control has been the implementation of 

vector control measures. The use of ITNs and IRS as a vector control measure has 

substantially reduced malaria transmission.  ITNs are one of the most effective tools for 

preventing malaria. They provide a physical barrier against mosquito bites and are treated 

with insecticides to kill mosquitoes on contact. Studies have shown that widespread ITN 

distribution has significantly reduced malaria incidence in various regions (Bhatt et al., 

2015). According to the World Health Organization (WHO, 2020), ITNs alone have been 

responsible for preventing approximately 68% of malaria cases in SSA from 2000 to 

2015. 

 

IRS involves spraying the interior walls of homes with long-lasting insecticides to kill 

mosquitoes that rest there. This method has been particularly effective in high-
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transmission areas and has contributed to significant declines in malaria cases 

(Kleinschmidt et al., 2018). 

 

A landmark study by Bhatt et al. (2015) estimated that ITNs, IRS, and ACTs collectively 

prevented 663 million malaria cases in Africa between 2000 and 2015. The study 

emphasized that ITNs contributed the most to this decline, showcasing the effectiveness 

of these interventions. Additionally, a review by Strode et al. (2014) highlighted the 

sustained impact of ITNs in reducing malaria incidence, particularly in high-transmission 

areas. 

 

2.4.7.2 Antimalarial Medications 

The development and deployment of ACTs have been a breakthrough in malaria 

treatment. ACTs are the first-line treatment for uncomplicated malaria caused by 

Plasmodium falciparum. They combine artemisinin with another antimalarial drug to 

increase efficacy and reduce the risk of resistance. The widespread use of ACTs has been 

a cornerstone of malaria treatment and has saved millions of lives (Boyce et al., 2021; 

Fornace et al., 2022; Yaro, Ouedraogo, et al., 2021). ACTs have proven highly effective 

in treating Plasmodium falciparum malaria, the most lethal strain. ACTs had significantly 

improved treatment outcomes, reducing mortality rates by more than 90% in some 

regions (Boyce et al., 2021; Fornace et al., 2022; Yaro, Ouedraogo, et al., 2021). 

 

Despite the success of ACTs, the emergence of artemisinin resistance in Southeast Asia 

poses a significant threat to malaria control efforts. Research by Ashley et al. (2014) 
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identified genetic mutations associated with artemisinin resistance, emphasizing the need 

for continuous monitoring and the development of new treatment strategies. In response, 

the WHO has recommended combination therapies that include partner drugs to which 

resistance has not yet developed, maintaining the efficacy of treatment regimens (WHO, 

2019). 

 

Intermittent Preventive Treatment (IPT) on the other hand involves administering 

antimalarial drugs at regular intervals to vulnerable populations, such as pregnant women 

(IPTp) and infants (IPTi), to prevent malaria infection. This strategy has been shown to 

reduce malaria-related morbidity and mortality in these groups (Kayentao et al., 2013). 

 

2.4.7.3 Vaccination Efforts 

The development of malaria vaccines has been a critical focus in recent years (Stanisic, 

D., & Good, M. F. 2023). The RTS,S/AS01 (RTS,S) vaccine, also known as Mosquirix, 

is the first malaria vaccine to show significant efficacy in large-scale clinical trials 

(Morrison, C. 2015, Laurens, M. B. 2020). A study on the RTS,S demonstrated that the 

vaccine provided protection against malaria in young children, drastically reducing the 

incidence of clinical malaria and mortality (El-moamly, A. A., & El-Sweify, M. A 2023). 

 

In 2019, the WHO initiated a pilot implementation of the RTS,S vaccine in Ghana, 

Kenya, and Malawi, aiming to evaluate its real-world impact and feasibility (Asante et. 

al. 2024). The early results have been promising, showing a substantial reduction in 

malaria cases and hospitalizations among vaccinated children (WHO, 2021). However, 
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the vaccine's relatively low efficacy and the need for a multi-dose regimen highlight the 

ongoing need for improved vaccines (Duffy et. al. 2024). 

 

2.4.7.4 Integrated Community Case Management (iCCM) 

Integrated Community Case Management (iCCM) has been another innovative approach 

to malaria control, particularly in remote and underserved areas. iCCM involves training 

community health workers to diagnose and treat malaria, pneumonia, and diarrhea, 

improving access to essential healthcare services. 

 

A study by Duffy et. al. 2024, found that iCCM significantly increased the coverage of 

malaria diagnostic and treatment services, leading to improved health outcomes in 

children under five. The study emphasized the importance of community-based 

interventions in bridging healthcare gaps and reducing malaria-related morbidity and 

mortality. Building on these achievements and addressing emerging threats, moves the 

global community closer to the ultimate goal of malaria eradication. 

 

2.4.8  Malaria Elimination and Eradication Plan 

Malaria control has made progress over the past decades, with effective interventions 

such as ITNs, IRS, ACTs, and IPT proven successful in reducing malaria transmission. 

The global malaria elimination and eradication plan aims to reduce malaria cases and 

deaths to zero, ultimately achieving a world free of malaria (WHO, 2022). This ambitious 

goal requires coordinated efforts at national, regional, and global levels, and also 

emphasizes the need for strengthened surveillance, integrated vector management, 
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development of new tools, community engagement, and international collaboration as the 

key components (WHO, 2023). 

 

2.4.8.1 Strengthening Surveillance Systems 

Robust surveillance systems are crucial for tracking malaria cases, identifying outbreaks, 

and targeting interventions. Improved data collection and analysis help in making 

informed decisions and allocating resources effectively (WHO, 2021). 

 

2.4.8.2 Integrated Vector Management (IVM) 

IVM involves combining multiple vector control strategies, such as ITNs, IRS, larval 

source management, and environmental management, to reduce mosquito populations 

and interrupt malaria transmission (WHO, 2020). 

 

2.4.8.3 Development of New Tools 

Research and development of new tools, including vaccines, diagnostic tests, and novel 

insecticides, are essential for overcoming resistance and achieving sustainable malaria 

control. The RTS,S/AS01 malaria vaccine, for example, has shown promise in reducing 

malaria cases among children in pilot programs (Genton et al., 2021). 

 

2.4.8.4 Community Engagement and Education 

Engaging communities and educating them about malaria prevention and treatment is 

critical for ensuring the success of interventions. Community-based approaches help to 
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build trust, address misconceptions, and encourage the adoption of preventive measures 

(Amoako et al., 2021). 

 

2.4.8.5 International Collaboration and Funding 

Achieving malaria elimination and eradication requires sustained international 

collaboration and adequate funding. Global initiatives, such as the Roll Back Malaria 

Partnership and the Global Fund to Fight AIDS, Tuberculosis, and Malaria, play a pivotal 

role in coordinating efforts and providing financial support (Shretta et al., 2017). By 

addressing adhering to these key components on all levels, and sustaining efforts, it is 

possible to move closer to a malaria-free world. 
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CHAPTER THREE 

METHODOLOGY 

 

3.1  Research Design and Strategy 

A retrospective cross-sectional design was used to analyze malaria epidemiological data 

from 2015 to 2023 in the Mampong Municipality to quantify the impact of control 

interventions over the period. The available data was analyzed to determine malaria 

morbidity and prevalence as a metric across the municipality and between its various 

towns. Geographic Information System (GIS) was used to map incidence and prevalence 

and correlate them with environmental variables. 

 

3.2  Study Area 

The study area, the Mampong Municipality, marks a special territory within the Ashanti 

Region. It forms about 2.2% of the region's total land area and covers an area of about 

23.9 km. The municipality is in the transitional zone between the forest and the Savanna 

Region of Ghana (Draft Strategic Environmental Assessment Report, 2010). 
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Figure 3.1: An area map of the Asante Mampong Municipality showing the study 

facilities. 

 

3.2.1  Population 

Administratively, the Mampong Municipality, which is the study area, is a subsidiary of 

the Ashanti Regional Health Directorate and is among the forty-three (43) administrative 

districts in the Ashanti Region. Its total population is 116,632, a significant fraction of the 

entire population (Annual Health Report, 2019). 

 

3.2.2  Economic Activities 

The Asante Mampong Municipality is known for its agricultural production capacity; 

over 30% of the population are farmers.  Mampong is a major urban vegetable producer 
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in the Ashanti region, 59km from the regional capital, Kumasi. As a key economic hub 

and educational destination, the municipality has over sixty educational institutions, from 

the basic to the tertiary level. It has demographic characteristics stemming from the 

diverse backgrounds of people and students in the community. This study area is and 

continues to be necessary, especially in disease epidemiological studies, because of its 

unique climate and landscape (GSS, 2021). 

 

3.2.3  Healthcare Facilities  

The municipality has twenty-one (21) health facilities, one (1) Municipal Hospital, seven 

(7) private Hospital, seven (7) Health Centers, one (1) CHAG, two (2) Quasi-

Government, five (5) Private Hospitals, and six (6) CHPS compounds. The municipality 

has four hundred and seventy-three (473) health staff, including eight (8) Doctors, fifty-

seven (57) Midwives, fifty (50) Community Health Nurses, seventy-four (74), one (1) 

Public health Nurses, and other health staff. The year 2019 witnessed a reduction in the 

stillbirth rate per 1,000 deliveries from 15 to 10; maternal mortality has also reduced 

from 66.9% per 100,000 live births to 65.1% by the end of 2019 (GHS, 2021). 

 

3.2.4  Climate 

Climatically, the municipality has two rainy seasons, with an average temperature of 

about 27
0
C, and lies within the wet semi-equatorial forest zone. Topographically, the land 

is relatively low at the south and undulates at the north, and this provides the best 

ecological zone for the study of malaria transmission dynamics and epidemiology, taking 

into account the vector breeding sites, density and behavior, human-mosquito interaction, 
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parasite development, and epidemiological patterns (Draft Strategic Environmental 

Assessment Report, 2010, Annual Health Report, 2019). As warmer temperatures 

accelerate the development of mosquito larvae into adults and shorten the parasite‘s 

incubation period within the mosquito, heavy rains create numerous breeding sites. At the 

same time, intermittent rainfall maintains them, and with the high humidity levels, the 

lifespan of adult mosquitoes is extended. 

 

3.3  Data Source and Processing 

All public and private health facilities within the municipality (hospitals, health centres, 

clinics, and CHPS) that provided malaria diagnosis and treatment services were included 

in the study. The malaria morbidity data from these health facilities captured in the 

National Health Database (District Health Information Management System) from 2015 

to 2023 were extracted and transferred from the DHIMS on a prepared Excel spreadsheet.  

All topographical data (elevation, land use patterns) were sourced from Google Earth. 

 

3.3.1  Study Facilities 

Twenty-three (23) health facilities scattered across the municipality with malaria data 

(2015-2023) served as the sites for the study. The health facilities were grouped into four 

geographical clusters (urban, peri-urban, and rural). The geographical clusters and 

facilities included in Table 3.1. 
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Table 3.1: Study facilities and towns arranged in geographical clusters 

Geographical Cluster Facilities Local Towns 

Ejura Cluster (EC) 

(Rural) 

Adidwan Health Center 

Atonsuagya CHPS 

Bosomkyekye CHPS 

Bunuso Health Center 

Nkwanta CHPS 

Adidwan 

Atonsuagya 

Bosomkyekye 

Bunuso 

Nkwanta 

Jamasi Cluster (JC) 

(Peri-Urban) 

Yonso Clinic 

Apaa SDA Clinic 

Mampong Government Hospital 

Mprim CHPS 

Yonso 

Apaa 

Asante Mampong 

Mprim 

Kofiase Cluster (KC) 

(Peri-Urban) 

Krobo (Mampong) Health Center 

Asaam Health Center 

Benim Health Center 

Kofiase Health Center 

Nyinyampong CHPS 

Aframano CHPS 

Krobo 

Asaam 

Benim 

Kofiase 

Nyinyampong 

Aframano 

Mampong Town (MT) 

(Urban) 

Sister Phillipah Clinic 

Calvary Health Services Mampong 

Quality Health Care Clinic 

Nadoworoma Clinic 

Mamtech CHPS 

Christaa Clinic 

AAMUSTED Clinic 

Takyiwaa Clinic 

Asante Mampong 

Asante Mampong 

Asante Mampong 

Asante Mampong 

Asante Mampong 

Asante Mampong 

Asante Mampong 

Asante Mampong 

Source: District Health Information Management System (2024). 

 

3.3.2  Inclusion and Exclusion Criteria 

The primary study variables used in setting the criteria included dates in months (Jan-

Dec) and years (2015-2023) of diagnosis and patient care per facility. A facility data set 

should have at least seven (≥7) monthly data points for that year to be included in the 

analysis to better maintain the variability of the data and limit any biases or skewness. A 

facility of less than seven (≤7) monthly data points was excluded the analysis. 

Furthermore, a facility with four (4) years missing data points is exclude from the yearly 

trend analysis.  
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3.3.3  Handling Missing Data with Mean Imputation 

In this study, the data obtained across the various months from 2015 to 2023 had some 

data points missing. To ensure the robustness of the statistical analysis, a combination of 

mean imputation and seasonal adjustment was employed to address these issues. 

 

A test for normality of the data was assessed ahead of handling missing data. Missing 

data points were identified in the monthly malaria incidence dataset. To address this, 

mean imputation was chosen to replace missing values. The arithmetic mean of the 

available data was calculated for each missing data point. This approach was selected 

because it preserves the central tendency and maintains the overall distribution of the 

dataset, thereby minimizing bias introduced by missing values. Mathematically expressed 

as; 

             ……………...……………………………………………………… (1)

 (representing the set of observed data values, excluding missing data (  )) 

 ̅  
 

    
∑   

    
    …… (2) 

Where  ̅ is the mean of the observed data,      is the number of observed (non-missing) 

values and,    is the observed value. Therefore,     ̅, for all missing values. 

 

3.3.4  Seasonal Adjustment 

Given the seasonal fluctuations in malaria incidence, seasonal adjustment was performed 

to isolate the underlying trend. The seasonal component was estimated using a moving 

average method. This component was then subtracted from the original data, resulting in 

de-seasonalized values. The presence of negative values in the de-seasonalized data 
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indicated periods where the actual incidence was below the seasonal expectation, 

providing valuable insights into the non-seasonal factors affecting malaria prevalence. 

Missing data in the deseasonalized values were now replaced using the mean imputation 

method to better preserve its original variability. The seasonal component (monthly 

average) was added to the complete de-seasonalized values for an overall complete 

dataset to be used for further analysis. Mathematically expressed as;  

            ………… (3) 

Give a time series of malaria prevalence    , the decomposition model as an additive 

process. The seasonal component    for each month is estimated as the average 

prevalence for that month across multiple years: 

       
 

 
∑         

 

   
 ……… (4) 

To remove the seasonal effect and obtain the de-seasonalized prevalence   
   

, the 

seasonal component is subtracted from the observed values (for the additive model): 

  
   

 
  

  
 ……… (5) 

Finally, the trend component    is estimated using moving average for smoothing. 

 

3.3.5  Combination of Mean Imputation and Seasonal Adjustment 

The process of mean imputation was applied prior to seasonal adjustment with facility 

data that had greater than or equal to seven (7) time points (months) per year on Out 

Patients Department (OPD) records. This ensured that all data points were present for the 

calculation of the seasonal component, after applying the inclusion and exclusion criteria. 

This sequence was critical for maintaining the accuracy of the seasonal adjustment, as 

missing values could have skewed the estimation of the seasonal pattern. By imputing the 
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missing values first, consistent dataset was ensured, which allowed for more accurate de-

seasonalization. 

 

The application of mean imputation and seasonal adjustment in this study was crucial for 

addressing missing data and seasonal variations. These processes enhanced the dataset‘s 

completeness and allowed for a more accurate analysis of the underlying trends in 

malaria incidence, thereby strengthening the study‘s conclusions. 

 

3.4  Data Analysis 

The study analyzed secondary data of patients who reported to every health facility 

within the Mampong Municipality for care, and were recorded as malaria patients, 

subsequently referred to the Clinical Laboratory for testing and confirmation during the 

study period (January 2015-December 2023). This was also done with the GIS data to 

better identify the hotspots and geographical variations in the disease incidence and 

prevalence. 

 

3.4.1  Objective One 

With descriptive statistics, the data was summarized on epidemiological characteristics 

(malaria incidence, prevalence, and demographic distributions) using Excel and R 4.4.1 

with R Studio 2024.04.2-764. 
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For specific character (Age, Sex, Facilities) percentages, the total cases attributed to the 

category was divided by the total number of cases recorded within the period and 

multiplied by a hundred, mathematically represented as: 

                (
                             

                                             
)      ……… (6) 

For malaria prevalence, the point prevalence and period prevalence, depending on the 

aggregation, were calculated. Since the data span multiple years, the cumulative 

prevalence was the average across the study period. Mathematically represented as: 

                       (
                                 

                             
)      ……… (7) 

 

3.4.2  Objective Two 

A trend analysis was conducted analyzing the overall trend, and the yearly percentage 

change in malaria prevalence. A seasonal variation, and geographical differences in 

malaria incidence and prevalence was analyzed to assess the impact of control 

interventions on each town, and in geographical clusters in the municipality. 

 

This metric for the yearly percentage change was derived by taking the percentage 

difference between each year's prevalence and the previous year's prevalence, calculated 

as: 

                    (
                                       

                       
)      ……… (8) 

And with ArcGIS software, malaria hotspots in the municipality were mapped using the 

yearly prevalence rate for each facility, and compared with environmental data to identify 

spatial patterns and correlations. 
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3.4.3  Objective Three 

From literature, many models and data cleaning methods and approach have been 

employed in recent years. ARIMA and SARIMA models was used to predict influenza in 

2012 (Song, 2016). Liu et al. (2020) used Bayesian time-series framework to predict the 

number of COVID-19 infection cases in USA. Satrio et al. (2021) utilized Facebook‘s 

Prophet Model and the ARIMA model to forecast the trend of the COVID19 diseases in 

Indonesia. The COVID-19 pandemic in Saudi Arabia was analyzed using modified 

singular spectrum analysis or SSA (Alharbi, 2021). 

 

Similar to this study, Least Square Method, Moving Average Method, Single Exponential 

Method, Double Exponential Method and Winter‘s Method were used in forecasting 

agricultural products prices (Ruekkasaem & Sasananan 2018). Moreso, Gecili et al. 

(2021) applied four time series models (Holt, ARIMA, TBATS, and cubic smoothing 

spline model) to publicly available daily COVID-19 data for both the USA and Italy. 

 

This paper mainly focused on using Holt-Winters Exponential Smoothing in time series 

forecasting as a common and usual method used by Gecili et al. (2021). The model takes 

into account the trend and seasonality while doing the forecasting (Solar Winds 

Worldwide, 2021). HW method is used for short term forecasts (Goodwin, 2010). 

Depending on the type of seasonality (the nature of the seasonal component), it can either 

be additive or multiplicative. The additive method is preferred when the seasonal 

variations are roughly constant through the series, while the multiplicative method is 

preferred when the seasonal variations are changing proportional to the level of the series. 
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The forecast analysis was developed using Holt-Winters Exponential Smoothing method, 

which captured the observed trend over time, including an additive trend component 

which captured the linear increase observed in the yearly malaria prevalence rates to 

align closely with the historical data. The forecast mathematically represented:  

Level Update; The level component,   , captures the smoothed estimate of the series at 

time t: 

                        ………… (9) 

Where   : Observed value at time t,     : Previous level estimate,     : Previous trend 

estimate,  : Smoothing parameter for the level         

  

Trend Update; The trend component;  

                        ………… (10) 

Where  : Smoothing parameter for the trend         

 

Forecast equation; Using the updated level and trend, the forecast      for   steps ahead 

is given by:                 ……… (11) 

Where  : Forecast horizon (number of periods ahead). 
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CHAPTER FOUR 

RESULTS 

 

4.0  Introduction 

This chapter presents the findings of this study in a comprehensive analysis of the 

epidemiological trends, intervention impacts, and projected trends of malaria incidence 

and prevalence in the Mampong Municipality from 2015 to 2023. 

 

The findings are presented through a combination of quantitative data analyses and 

qualitative insights, supported by relevant up-to-date publications. They are structured 

around the key research questions, beginning with a detailed examination of malaria 

incidence, prevalence and demographic characteristics. This is followed by an analysis of 

the overall trends in seasonal patterns and geographical differences, as it explores the 

effectiveness of various interventions implemented during this period and their 

implications for malaria transmission dynamics in the region. Finally, the chapter 

presents the projected trends in malaria incidence and prevalence based on historical data, 

climate patterns, and current intervention strategies in the municipality. 

 

The chapter concludes with a synthesis of the key findings and their relevance to the 

overarching goal of malaria eradication, setting the stage for the subsequent discussion 

and recommendations outlined in chapter five. 
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4.1  Epidemiological Characteristics of Malaria from 2015 to 2023 

4.1.1  Demographic characteristics and malaria prevalence  

Table 4.1 presents the demographic data analyzed from the DHIMS during the period 

from 2015 to 2023, showing the distribution and burden of malaria across different 

population groups. There were age and gender variations, children (5-14) and children 

under five showed the highest disease burden rates, with adults (15-49) and the elderly 

reporting lower prevalence. Gender based analysis indicated that males had higher 

disease burden rates. 

 

Table 4.1: Demographic presentation of malaria prevalence (2015-2023)  

Character Frequency Cases Percentage Prevalence 

Sex     

Male 370696 76962 44.07 20.76 

Female 764797 97663 55.93 12.77 

Total 1135493 174625 100 15.38 

Age     

< 5 181124 53742 30.78 29.67 

Children (5-14) 126480 41447 23.74 32.77 

Adults (15-49) 545764 56299 32.24 10.32 

Elderly (50 ≥) 282125 23121 13.24 8.20 

Total 1135493 174609 100 15.38 

Source: District Health Information Management System (2024). 
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4.1.2 Gender-Specific Annual Malaria Prevalence among Patients across the 

Municipality 

Table 4.2 shows a significant gender variation in malaria burden for the cumulative nine-

year period (p < 0.0001), with male patients recording a greater percentage of confirmed 

cases than their female counterparts. Female patients recorded the highest number of 

attendees, but recorded the lowest in prevalence in all the years. In general, a 

significantly higher infection burden occurred among the male group, year-on-year for 

the entire period (2015 - 2023). Irrespective of sex, the infection density peaked in 2020 

but dropped in 2022, with significant changes within and across the years.  

 

Table 4.2: Year-on-year sex distributed trends of malaria confirmed cases and 

prevalence 

Years Male 
 

Female 

 
Total Positives Prevalence 

 
Total Positives Prevalence 

2015 46109 6410 13.9 
 

95610 8306 8.69 

2016 41645 7338 17.62 
 

92924 9081 9.77 

2017 43214 9286 21.49 
 

93404 12002 12.85 

2018 48829 10464 21.43 
 

99675 13127 13.17 

2019 47320 11055 23.36 
 

92457 13725 14.84 

2020 37655 9311 24.73 
 

72055 12375 17.17 

2021 38072 7984 20.97 
 

77575 10208 13.16 

2022 30460 6100 20.03 
 

60035 7429 12.37 

2023 37392 9014 24.11 
 

81062 11410 14.08 

Source: District Health Information Management System (2024). 
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4.1.3 Age-Specific Annual Malaria Prevalence among Patients 

Table 4.3 shows that children under five recorded a steady and significant increase in 

malaria prevalence starting at 18.10% in 2015 and peaking at 40.35% in 2020, before 

slightly decreasing to 36.55% in 2023. School-aged children (5-14 years) also saw an 

increase in malaria prevalence, rising from 21.69% in 2015 to 39.85% in 2023, 

highlighting their role in the transmission of the disease. Adults aged 15-49 experienced 

lower prevalence rates, beginning at 7.02% in 2015 and gradually increasing to 11.97% 

by 2023. The elderly population (50 years and above) consistently had the lowest rates, 

rising from 5.45% in 2015 to 9.13% in 2023. These trends emphasize the need for age-

specific strategies in malaria control, tailored to address the unique risks and challenges 

each group faces. 

 

Table 4.3: Year-on-year age-distributed trends of malaria prevalence 

Years Age 

< 5 Children (5-14) Adults (15-49) Elderly (50 ≥) 

2015 18.10 21.69 7.02 5.45 

2016 22.46 26.02 7.78 5.59 

2017 28.95 31.01 11.10 8.85 

2018 31.69 30.17 10.20 8.81 

2019 34.39 37.42 11.50 10.07 

2020 40.35 44.45 13.28 10.52 

2021 32.07 35.95 10.08 8.66 

2022 33.07 35.29 10.40 6.60 

2023 36.55 39.85 11.97 9.13 

Source: District Health Information Management System (2024). 
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4.2   The Overall Trends, Seasonal Variations, and Geographical Differences 

4.2.1  Trend Relationship between OPD Attendance and Positive Cases 

The trend established a relationship between OPD attendance and the number of positive 

cases, helping to understand if changes in OPD visits were associated with changes in 

positive cases. 

 

 

Figure 4.1: Trend relationship between OPD attendance and positive cases (2015 – 

2023) 

 

This plot established the relationship between OPD attendance and positive malaria cases 

from 2015 to 2023 in this study. With a Pearson correlation (r) = 0.45, indicating a 

moderate positive linear relationship between OPD attendance and malaria cases. An R² 

= 0.20 associated about 20% of the variation in malaria cases to OPD attendance, shown 

in figure 4.2 
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Figure 4.2: Association between OPD attendance and positive cases (2015 – 2023) 

 

These suggest that while there is a relationship between OPD attendance and positive 

cases, it is not very strong. Therefore, OPD attendance alone does not account for all the 

variability in positive cases. The remaining 80% is likely due to other factors like 

seasonality, vector control measures, climate, and behavior. This suggests that while 

there's some association, OPD attendance alone is not a strong predictor of malaria cases. 

 

4.2.2  Overall Malaria Prevalence Trend 

The prevalence of malaria-confirmed cases throughout the period ranged from 10.36% to 

19.73% among the total population. Deductively, the entire municipality registered and 

observed a steady increase, with fluctuations including a peak in 2020 (19.73%), a 

decline between 2021 (15.7%) and 2022 (14.88%), and a rebound in 2023 (17.15%) as 

shown in Figure 4.3. 

 



56 

 

 

Figure 4.3: Yearly trend of malaria prevalence in the Mampong Municipality for 

the period 

 

4.2.3  The Yearly Percentage Change in Malaria Prevalence in the Mampong 

Municipality (2015-2023) 

The yearly percentage change in malaria prevalence was calculated to understand the rate 

of increase or decrease year over year, providing insight into the relative change rather 

than the absolute increase, helping to normalize differences in scale over time. 
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Figure 4.4: A yearly percentage change in malaria prevalence in the general 

population 

This approach enabled a clear view of the fluctuations in prevalence, highlighting both 

the magnitude and direction of change. The malaria prevalence fluctuated over the years, 

with the highest increase in 2017 (27.57%) and the largest decrease in 2021 (-20.43%). 

On average, malaria prevalence increased by 7.49% per year from 2015 to 2023. 

4.2.4  Seasonality and Patterns in Malaria Prevalence 

The month-on-month trends of malaria prevalence in the Mampong Municipality from 

2015 to 2023 displayed a significant and well-defined seasonal variation, closely tied to 

Ghana‘s rainy and dry seasons. The data showed an increase in malaria cases during the 

rainy season, particular from May to July, where prevalence consistently peaked across 

all years observed, representing a significant increase in case density. In general, the 

pattern saw a rise in the infection burden each year with one peak from May through to 

July, a slight peak in October, and then a decline in the infection burden onward through 

to March, as shown in Figure 4.5. 
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Figure 4.5: Month-on-month trend of malaria reported cases and prevalence in the Asante Mampong Municipality for the period. 



59 

 

4.2.5  Facility and Geographical Differences in Malaria Prevalence 

The data revealed the facility and geographical differences in malaria burden recorded over the period from 2015 to 2023. 
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Figure 4.6:  Yearly trends in malaria prevalence per facility in the Asante Mampong Municipality. 

 

Differences in malaria prevalence across the various areas are shaped by varying environmental and socio-economic factors. Rural 

areas often face higher risks due to poor infrastructure and proximity to mosquito breeding sites. Understanding these variations is 

essential for designing targeted, effective malaria interventions and ensuring equitable disease control and prevention. 
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Cumulatively, Table 4.4 shows the overall disease burden and the totals for each facility 

within the study period, indicating the individual percentage contributed per facility and 

their respective prevalence. 

 

Table 4.4: Malaria prevalence per facility 

Facilities Total OPD Cases Percentage Prevalence 

AAMUSTED Clinic 3788 31 0.02 0.82 

Adidwan Health Center 31337 20318 11.64 64.84 

Aframano CHPS 872 0 0.00 0.00 

Apaa SDA Clinic 33887 3501 2.01 10.33 

Asaam Health Center 35313 10977 6.29 31.08 

Atonsuagya CHPS 3248 2418 1.39 74.45 

Benim Health Center 16468 8517 4.88 51.72 

Bosomkyekye CHPS 9083 6600 3.78 72.66 

Bunuso Health Center 1165 1135 0.65 97.42 

Calvary Health Services 48803 9371 5.37 19.20 

Christaa Clinic 62784 7223 4.14 11.50 

Kofiase Health Center 135738 46481 26.63 34.24 

Krobo Health Center 10890 5658 3.24 51.96 

Mampong Gov.t Hospital 560946 22432 12.85 4.00 

Mamtech CHPS 1537 250 0.14 16.27 

Mprim CHPS 7161 3581 2.05 50.01 

Nadoworoma Clinic 7766 999 0.57 12.86 

Nkwanta CHPS 2280 1443 0.83 63.29 

Nyinyampong CHPS 5597 3269 1.87 58.41 

Quality Health Care Clinic 10112 1472 0.84 14.56 

Sister Phillipah Clinic 130849 9131 5.23 6.98 

Takyiwaa Clinic 140 46 0.03 32.86 

Yonso Clinic 23604 9718 5.57 41.17 

Total 1143368 174571 100 15.27 

Source: District Health Information Management System (2024). 
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Aframano CHPS had no captured data on the DHIMS, except for an OPD attendance 

record from February 2022. This resulted in the recorded zero (0) malaria cases for the 

facility. 

 

4.2.6  Geographical clusters and topography in Malaria Prevalence. 

Table 4.5: Malaria prevalence per facility in geographical clusters 

Geographical Cluster Facilities Total Cases Percentage Prevalence 

Ejura Road (ER) Adidwan Health 

Center 

31337 20318 63.66 64.84 

 Atonsuagya CHPS 3248 2418 7.58 74.45 

 Bosomkyekye CHPS 9083 6600 20.68 72.66 

 Bunuso Health Center 1165 1135 3.56 97.42 

 Nkwanta CHPS 2280 1443 4.52 63.29 

Total  47113 31914 100 67.74 

Jamasi Road (JR) Yonso Clinic 23604 9718 57.85 41.17 

 Apaa SDA Clinic 33887 3501 20.84 10.33 

 Mprim CHPS 7161 3581 21.32 50.01 

Total  64652 16800 100 25.99 

 

Kofiase Road (KR) Krobo Health Center 10890 5658 7.55 51.96 

 Asaam Health Center 35313 10977 14.66 31.08 

 Benim Health Center 16468 8517 11.37 51.72 

 Kofiase Health Center 135738 46481 62.06 34.24 

 Nyinyampong CHPS 5597 3269 4.36 58.41 

 Aframano CHPS 872 0 0.00 0.00 

Total  204878 74902 100 36.56 

Mampong Town (MT) Mampong Gov.t 

Hospital 

 

560946 

 

22432 

 

44.02 

 

4.00 

 Sister Phillipah Clinic 130849 9131 17.92 6.98 

 Calvary Health 

Services 

48803 9371 18.39 19.20 

 Quality Health Care 

Clinic 

10112 1472 2.89 14.56 

 Nadoworoma Clinic 7766 999 1.96 12.86 

 Mamtech CHPS 1537 250 0.49 16.27 

 Christaa Clinic 62784 7223 14.18 11.50 

 AAMUSTED Clinic 3788 31 0.06 0.82 

 Takyiwaa Clinic 140 46 0.09 32.86 

Total  826725 50955 100 6.16 

Source: District Health Information Management System (2024). 
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Geographically, the data identified the rural regions within the municipality to have 

malaria prevalence particularly high (Ejura Road Cluster = 67.74%). This rural cluster is 

associated with the population‘s proximity to water bodies, and agricultural activities, 

and reflects disparities in healthcare access, and socio-economic factors. These 

differences coupled with malaria reporting and case detection rates between rural and 

urban settings within the municipality could also be contributing factors, offering insights 

into how location-specific factors contributed to the observed disparities observed in 

Table 4.5. 

 

4.2.7  Reporting Relative Risk of Malaria in Geographical Clusters 

Providing crucial insight into how the different geographical regions are affected by 

malaria, comparisons were made to identify areas where individuals are at a higher risk 

of contracting malaria within the municipality. The relative risk for each geographical 

cluster was calculated based on malaria incidence from 2015 to 2023, using the urban 

area (Mampong Town) as the reference group (Table 4.6). 

 

Table 4.6: Malaria prevalence and relative risk among geographical clusters. 

Geographical Cluster Population Cases Prevalence Relative Risk 

Ejura Road (ER) 47113 31914 67.74 10.99 

Jamasi Road (JR) 64652 16800 25.99 4.22 

Kofiase Road (KR) 204878 74902 36.56 5.93 

Mampong Town (MT) 826725 50955 6.16 1.00 

P-Value   *** *** 

Source: District Health Information Management System (2024). 
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The relative risk for rural (Ejura Cluster) and peri-urban (Jamasi Cluster, Kofiase Cluster) 

compared to the urban (Mampong Town) demonstrates that malaria risk is significantly 

higher in rural areas with an RR of 10.99, indicating individuals in rural areas are 11-fold 

more likely to contract malaria. Peri-urban areas also exhibit an elevated RR of value 

4.22 and 5.93, showing a 5-6-fold increase in malaria risk compared to the urban areas. 

 

4.3  Future Trends in Malaria Incidence and Prevalence 

4.3.1  Forecasted values for malaria prevalence for the Mampong Municipality 

Presenting the annual trend in malaria prevalence in the Mampong Municipality from 

2015 to 2023 and a projection of future prevalence for 2024–2026. The annual malaria 

prevalence data from 2015 to 2023 obtained, represented the proportion of diagnosed 

cases relative to the population. 

 

Figure 4.7: Malaria prevalence trend and forecast in the Mampong Municipality 

(2015-2026) 
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The malaria prevalence trend from 2015 to 2023 indicates a general increase. The linear 

regression forecast projects a continued upward trend, with prevalence expected to rise 

steadily from 18.7% in 2024 to 20.1% by 2026. This suggests that, in the absence of 

intensified control measures, malaria may remain a persistent public health burden in the 

coming years. The forecast underscores the need for sustained and enhanced 

interventions to reverse the upward trajectory and move toward elimination goals. 
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CHAPTER FIVE 

DISCUSSION 

5.1  Introduction 

This retrospective study on malaria epidemiology, conducted from 2015 to 2023 in the 

Mampong Municipality, aimed to assess the trends in malaria prevalence, and 

demographic characteristics, while examining seasonal variations, the effects of facility 

and geographical differences, and forecasts. The study's objectives focused on 

understanding the dynamics of malaria transmission in different age groups and 

identifying potential hotspots for more focused interventions. The findings of this study 

reveal several important insights that align with, yet also differ from, results reported in 

other malaria studies conducted in similar endemic regions. 

 

5.2  Gender-related Patterns and Differences in Malaria Prevalence 

Gender plays a significant role in malaria transmission and disease outcomes. Our study's 

findings on gender-related malaria prevalence show distinct patterns, which are supported 

by existing research on how gender-specific behaviors, biological differences, and socio-

economic factors influence malaria risks (Wharton-Smith et. al. 2019). 

 

Over the study period (2015-2023), our data indicated that males generally had a slightly 

higher malaria prevalence than females across most age groups. This finding aligns with 

studies by  (Kalyesubula et al., 2019), which highlight the increased malaria risk in 

males, particularly in outdoor environments where exposure to Anopheles mosquitoes is 

higher. Men are often more likely to engage in agricultural, or night-time work that 
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expose them to mosquito bites during peak transmission hours, particularly in rural 

settings (Ding et al., 2020). Typically, in our study area, men‘s activities like farming and 

evening gatherings increase their vulnerability to mosquito bites compared to women 

who tend to stay indoors (Ding et al., 2020). A study by Naserrudin et. al. (2023) 

supports this by reporting that males in rural environments are disproportionately affected 

by malaria due to these behavioral factors. However, this trend is not uniform across all 

regions, as gender norms and daily activities vary in different communities (Deku et al., 

2019). Although behavioral patterns explain part of the gender discrepancy, biological 

differences between men and women may also influence malaria susceptibility (Briggs et. 

al. 2023). Research by Baines, K. J., & West, R. C. (2023) suggests that hormonal 

differences and immune system responses may play a role, with some studies 

hypothesizing that estrogen levels could influence women‘s immunity to malaria, though 

the evidence is still evolving. 

 

Given the significant role of gender in malaria transmission and health outcomes, gender-

sensitive interventions are crucial for successful malaria control (Briggs et. al. 2023). Our 

study‘s findings highlight the need for targeted approaches that address the specific 

behaviors and vulnerabilities of both men and women. 

 

5.3  Age-specific Malaria Trends 

5.3.1  Children under 5 Years 

Malaria prevalence among children under 5 is notably high and showed an upward trend 

from 18.1% in 2015 to a peak of 40.35% in 2020, followed by a decline in later years in 
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this study. This pattern aligns with findings that children under five are at the highest risk 

of malaria morbidity and mortality due to underdeveloped immune responses and 

increased susceptibility to severe malaria symptoms, including cerebral malaria and 

severe anaemia (Osarfo et al., 2022). Interventions such as insecticide-treated bed nets 

(ITNs) and prompt access to artemisinin-based combination therapies (ACTs) have 

proven effective in reducing malaria cases among this vulnerable group (Dhiman, S. 

2019). 

 

5.3.2  Ages (5-14) 

Prevalence in this age group also increased, from 21.69% in 2015 to 39.85% in 2023. 

Unlike younger children, children aged 5-14 tend to have more outdoor activities, 

increasing their exposure to malaria vectors (Penny et al., 2015). The school-age 

population often receives less attention in malaria control programs, which typically 

prioritize young children and pregnant women (Makenga et. al. 2020). As a result, 

children aged 5-14 may act as a reservoir for malaria transmission, contributing to 

sustained community transmission rates (Khagayi et. al. 2019). 

 

5.3.3  Adults (Ages 15-49) 

The adult prevalence rates are consistently lower than those in younger groups (), but 

there was a moderate increase from 7.02% in 2015 to 11.97% in 2023. Adults often have 

a degree of acquired immunity, resulting in asymptomatic or less severe cases (Cheaveau 

et. al. 2019, Prusty et. al. 2021), yet they can still contribute to transmission (Khagayi et. 

al. 2019). Studies like those by Prusty et. al. (2021) has found that adults can act as 
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asymptomatic carriers, silently contributing to malaria's transmission cycle, particularly 

in endemic areas (Khagayi et. al. 2019). Urbanization, migration patterns, and 

occupational risks (e.g., outdoor nighttime activities) are factors that can influence adult 

exposure to malaria. Addressing malaria in adults may require tailored interventions, 

such as occupational health measures and targeted testing (Athirah Naserrudin et al., 

2022). 

 

5.3.4  Elderly (Ages 50 and above) 

The elderly show the lowest prevalence rates across the years, though with a slight 

increase from 5.45% in 2015 to 9.13% in 2023. The relatively low prevalence may reflect 

lower exposure due to less outdoor activity and some level of immunity from long-term 

exposure in endemic areas (Cheaveau et. al. 2019). Research by Bello et. al. (2023) 

suggests that the elderly have reduced exposure, the impact of malaria can be more 

severe due to comorbidities. However, age-related immune decline (immune-senescence) 

may increase the risk of complications when malaria does occur in this age group 

(Miglar, A. 2023). The efficacy of interventions in this group might need to consider age-

related health vulnerabilities. 

 

5.4  The Overall Trends, Seasonal Variations, And Geographical Differences 

Globally, malaria incidence and prevalence have shown mixed trends. While the WHO 

(2021) reports a decline in malaria cases in several regions due to intensified malaria 

control efforts, the upward trend observed in our study reflects the ongoing challenge of 

malaria elimination in sub-Saharan Africa (Okumu et. al. 2022). 
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5.4.1 Trend Relationship Between OPD Attendance and Positive Malaria Cases 

(2015-2023) 

The trend of outpatient department (OPD) attendance and positive malaria cases from 

2015 to 2023 reflects the complex interplay of healthcare utilization and disease 

prevalence, particularly influenced by the impact of the COVID-19 pandemic in 2020 

(Dulacha et. al. 2022). 

 

The relationship between the overall OPD attendance and positive malaria cases is an 

indicator of understanding the healthcare-seeking behavior in response to malaria 

(Dulacha et. al. 2022). Studies by Maikore, I. K. (2021) and World Health Organization 

(2020) emphasize the utility of OPD data in tracking malaria cases, especially in high-

transmission areas, suggesting that fluctuations in OPD attendance often mirror trends in 

malaria incidence. A Pearson correlation coefficients analysis (0.45, R
2
 = 0.20), although 

not significant indicated a moderate positive linear relationship between OPD attendance 

and positive cases, further revealing that only 20% of the variability in positive cases is 

explained by OPD attendance in this study. This suggests that additional factors may be 

influencing positive case counts. This further suggests that OPD attendance is a reliable, 

though indirect, marker for malaria prevalence, supporting continued integration of OPD 

data in malaria surveillance systems. 

 

5.4.2  Overall Malaria Prevalence Trends (2015-2023) 

The overall malaria prevalence trend in this study showed a steady increase, with a 

noticeable peak in 2020, where malaria prevalence reached 19.73%, and a subsequent 
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decline in 2022 to 14.88%. These fluctuations may be attributed to several factors such as 

climate change, healthcare-seeking behavior changes (e.g., during the COVID-19 

pandemic), or external interventions, including possible disruptions in malaria 

intervention programs due to the COVID-19 pandemic (Rogerson et. al. 2020, Awino, D. 

B. 2021). These have been documented to affect healthcare access in malaria-endemic 

regions (Weiss et al., 2021). 

 

Pre-2020 (2015-2019): In the years leading up to 2020, both OPD attendance and 

malaria-positive cases exhibited a steady increase. This trend indicates a growing 

recognition of malaria as a pressing public health issue, prompting more individuals to 

seek healthcare services. The steady rise in OPD visits during this period may also reflect 

effective public health campaigns that encouraged healthcare utilization for malaria 

diagnosis and treatment. Moreover, increased access to healthcare facilities, including the 

distribution of insecticide-treated nets and antimalarial medications, likely contributed to 

this trend, creating a supportive environment for individuals experiencing malaria 

symptoms to seek medical attention (Ingabire et. al. 2016, Dhiman, S. 2019). 

 

2020 (COVID-19 Impact): The year 2020 marked a turning point, characterized by a 

marked decrease in both OPD attendance and the number of confirmed positive malaria 

cases. This decline can be largely attributed to the widespread disruption caused by the 

COVID-19 pandemic, which led to lockdowns, resource reallocation, and increased fear 

of seeking medical care due to potential exposure to the virus in healthcare settings 

(Weiss et al., 2021, Dulacha et. al. 2022). Interestingly, while overall attendance dropped, 
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the malaria prevalence spiked during this period, suggesting a change in healthcare-

seeking behavior (Dulacha et. al. 2022). Those who did attend the OPD were more likely 

to be malaria-positive, indicating that even with fewer visits, the disease remained a 

significant threat and that symptomatic individuals continued to seek care despite the 

pandemic's constraints. This phenomenon emphasizes the potential for an 

underestimation of malaria cases during this time, as many symptomatic individuals 

likely remained untreated. 

 

Post-2020 (2021-2023): In the years following the initial impact of COVID-19, OPD 

attendance and malaria-positive cases began to recover; however, they have not returned 

to pre-2020 levels. This stagnation suggests that while healthcare access improved, the 

lingering effects of the pandemic on public health behavior may have created a hesitance 

among individuals to visit healthcare facilities (Nicholson et. al. 2020). Additionally, the 

prevalence of malaria has remained higher than in the early years of the study, indicating 

that although fewer individuals are accessing OPD services, those who did are 

experiencing a relatively high rate of positive cases. This trend raises important questions 

about the effectiveness of malaria control interventions in the context of a recovering 

healthcare system and points to the need for sustained efforts to promote healthcare 

utilization and address malaria in the aftermath of the pandemic. 

 

5.4.3  Seasonal Variation and Transmission Patterns 

This data demonstrates clear seasonal trends in malaria cases, with the rainy season 

bringing a significant surge in cases due to increased mosquito breeding sites created by 
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stagnant water. Such seasonal spikes align closely with findings in the literature (Mayi et. 

al. 2020, Nsereko et. al. 2020, Chandra, G., & Mukherjee, D. 2022). Nabatanzi et. al. 

(2022) discussed the role of the rainy season in amplifying malaria transmission, as wet 

conditions foster an ideal environment for mosquito reproduction. Rain-filled habitats 

serve as prolific breeding grounds, particularly in sub-Saharan Africa, where these 

conditions coincide with peak malaria transmission months (Nsereko et. al. 2020). This 

seasonal pattern is echoed in Siya et. al. (2020) research, which examines tropical regions 

and concludes that precipitation is a major determinant in malaria prevalence due to its 

direct relationship with mosquito population growth. 

 

However, unlike other studies where malaria cases sharply decline during dry months, 

our data reveal a milder seasonal drop, suggesting potential "residual transmission" that 

persists through the dry season. This could reflect the impact of factors like irrigation, 

artificial reservoirs, or small, permanent water bodies that can sustain mosquito 

populations even in drier months (Kibret et. al. 2021). Jiang et. al. (2023) addresses this 

phenomenon, noting that agricultural practices and human-engineered water sources 

contribute to ongoing malaria transmission, as they create microhabitats for mosquito 

larvae that endure outside the typical rainy season. 

 

The persistent transmission observed in our study may further reflect a shift in malaria 

vector ecology and behavior (Forson et. al. 2022). Hill, K. K. (2024) found that some 

Anopheles species adapt to dry-season conditions by seeking out alternative breeding 

sites like wells, irrigation channels, and other human-maintained water sources, creating a 
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―residual‖ transmission environment. This adaptability is compounded by temperature 

and humidity variations, which can prolong mosquito survival rates even in less favorable 

seasons (Gimnig et al., 2020). 

 

Our findings underscore the need for adaptive malaria control strategies that account for 

year-round breeding habitats. While the literature supports seasonal targeting of vector 

control measures, studies such as that by Stresman et al. (2022) argue for increased 

vigilance during the dry season, especially in areas with intensive irrigation or permanent 

water bodies. To combat this year-round transmission, targeted interventions like larval 

source management and community awareness on reducing stagnant water sources can 

play an essential role, addressing both natural and artificial breeding sites. Our findings 

advocate for a nuanced malaria control approach that considers both rainy and dry 

seasons to achieve more comprehensive malaria management. 

 

5.4.4  Geographical and Facility-based Differences 

The findings from our study underscore notable geographical and facility-based 

differences in malaria prevalence, with rural areas experiencing disproportionately higher 

rates of infection compared to urban centers. This urban-rural disparity aligns with 

existing literature, which indicates that rural populations are often at a greater risk of 

malaria due to several interconnected factors, including limited healthcare access, fewer 

prevention programs, and environmental conditions favorable for mosquito breeding. 

Yeka et al. (2020) explain that the remoteness of rural areas can delay access to timely 

medical care and reduce the likelihood of community-level interventions, such as 
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insecticide-treated net distribution and indoor residual spraying, effectively increasing 

malaria vulnerability.  Environmental factors unique to rural settings further exacerbate 

these risks. Studies show that rural communities, particularly in sub-Saharan Africa, are 

typically closer to stagnant water bodies and have lower levels of infrastructure, such as 

paved roads, which tend to be associated with better healthcare access and less mosquito 

breeding (Kariuki et al., 2022). Agricultural practices common in rural areas, such as 

irrigation, can also create additional mosquito breeding sites, which is supported by 

Mwakitalu et al. (2018), who report higher malaria prevalence in agricultural regions 

where irrigation practices are prevalent. 

 

In light of these findings, targeted interventions that specifically address the needs of 

rural areas are essential. Environmental management, such as the reduction of mosquito 

breeding sites near rural communities, can be an effective complementary approach to 

medical interventions. Addressing these facility-based and geographical differences is 

crucial in the pursuit of equitable malaria control and elimination efforts, aligning with 

recommendations by the WHO to strengthen healthcare systems and adapt interventions 

based on local epidemiological contexts (WHO, 2022). By implementing these targeted 

interventions, it is possible to reduce the malaria burden more equitably and improve 

overall public health outcomes in endemic regions. 

 

5.5  Forecasting Malaria Trends 

Forecasting malaria trends based on retrospective data from 2015 to 2023 offers critical 

insights into potential shifts in malaria incidence, particularly in endemic regions like the 
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Mampong Municipality. Our study‘s projections indicate a steady increase in malaria 

prevalence, with an annual average growth rate of approximately 7.49%. Notably, the 

data suggests that without intensified interventions, prevalence rates will continue to rise, 

particularly affecting high-risk groups, such as children under five and adults aged 15–49. 

This forecast aligns with findings from similar studies, where predictive modeling has 

proven effective in strengthening preparedness for malaria outbreaks. 

 

Our model‘s projections for the years 2024 through 2026 estimate a consistent increase in 

malaria prevalence, with rates of approximately 18.7%, 19.4%, and 20.1%, respectively. 

This upward trend points to a sustained risk of malaria if intervention efforts are not 

enhanced. In settings like the Asante Mampong municipality, addressing these gaps 

becomes essential to counter the predicted increase in malaria cases.  
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CHAPTER SIX 

SUMMARY OF FINDINGS, CONCLUSION, RECOMMENDATION, 

AND POLICY IMPLICATION 

 

6.1  Summary of Findings 

In this retrospective study, we examined malaria incidence, prevalence, and demographic 

characteristics from 2015 to 2023. Our findings highlight significant patterns in malaria 

transmission, with age, gender, and seasonal variations playing critical roles in shaping 

malaria prevalence. Children under five and adults aged 15-49 experienced the highest 

burden of malaria, while males, particularly those in rural areas, were more susceptible 

due to occupational and behavioral factors. Seasonal variations, particularly during the 

rainy season, significantly influenced malaria transmission, underscoring the need for 

targeted interventions during peak transmission months. 

 

The gender-specific trends and analysis revealed that males had higher malaria 

prevalence, likely due to increased outdoor activities. It also underscores the importance 

of addressing the unique vulnerabilities of both men and women in malaria control 

efforts. Tailoring interventions to reflect these gendered patterns will be essential in 

closing the malaria prevention gap and ensuring equitable access to effective prevention 

and treatment. Forecasting models indicate that, without further interventions, malaria 

cases are likely to rise in the near future, particularly during the rainy season and among 

the most vulnerable groups. 
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6.2  Conclusion 

With infection rates persistently higher in rural areas and a seasonal surge during rainy 

periods, it is clear that current measures are insufficient to curb the spread of malaria. The 

slight but steady increase in cases signals a potential failure to meet the National Malaria 

Strategic Elimination Plan (2024–2028) and the ambitious zero-malaria goal of a 90% 

case reduction in high-burden areas. This study therefore underscores the urgent need for 

a bold re-evaluation of Ghana's malaria control strategies, particularly in the Mampong 

Municipality. Achieving these targets is still within reach, but it demands decisive policy 

changes, targeted interventions in vulnerable regions, and rigorous monitoring. Only with 

such transformative action can Ghana hope to make significant strides toward eliminating 

malaria. 

 

6.3  Recommendation 

6.3.1  Municipal Health Directorate, and the Ghana Health Service; 

1. Gender-Sensitive Approaches: Malaria interventions must account for gender-

specific risk factors. Programs should target males working in high-risk outdoor 

environments and provide women, especially those in rural areas, with improved 

access to prevention tools and healthcare services. 

2. Strengthening Health Infrastructure: Malaria control programs should work to 

improve healthcare accessibility in rural areas where malaria prevalence is 

highest. This includes ensuring a consistent supply of antimalarial drugs, 

diagnostic tools, and preventive measures. 
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3. Community Engagement and Education: Public health campaigns should focus on 

educating communities about the importance of malaria prevention, particularly 

during the rainy season. Raising awareness about the proper use of ITNs and 

prompt treatment-seeking behavior can reduce the malaria burden. 

 

6.3.2  Ghana Malaria Elimination Program; 

1. Enhanced Locally Informed Surveillance and Predictive Modeling: Incorporating 

real-time weather and climate data into malaria surveillance systems will improve 

the accuracy of outbreak predictions. Thus, allowing for proactive responses 

during peak transmission seasons, and also ensuring that intervention programs 

remain responsive to evolving transmission dynamics locally. This will also 

reflect emerging trends and provide reliable forecasts for resource allocation. 

2. Targeted Interventions for High-Risk Groups: Malaria control programs should 

focus on the most vulnerable populations, particularly children under five, and 

adults in rural areas. Interventions such as insecticide-treated nets (ITNs), indoor 

residual spraying (IRS), and intermittent preventive treatment in pregnancy 

(IPTp) should be prioritized for these groups. 

 

6.3.3  WHO Global Malaria Program; 

1. Climate Change and Malaria Transmission: Collaboration with climate experts 

and professionals to prepare for climate-driven shifts in malaria transmission 

patterns. 
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2. Enhanced Surveillance and Data Utilization: Continues investment in real-time 

digital surveillance systems to improve outbreak response and resource allocation. 

3. Combatting Insecticide and Drug Resistance: An increase on alternative 

insecticides, treatments, and resistance tracking in real-time. 

 

6.4  Policy Implications 

The rising trend in malaria prevalence projected by the model, particularly among high-

risk groups and during peak seasons, has serious implications for Ghana‘s malaria 

elimination agenda. If current patterns persist, the country risks falling short of the 

National Malaria Strategic Elimination Plan (2024–2028) and its goal of a 90% case 

reduction. Policymakers must therefore urgently strengthen localized and data-driven 

strategies that prioritize rural and peri-urban populations, where prevalence remains high. 

Interventions should be seasonally adaptive, gender-responsive, and focused on 

vulnerable groups such as children under five and working-age adults. Integrating 

predictive modeling and real-time surveillance into national and municipal health systems 

can support timely, targeted action. Without these shifts, elimination targets may remain 

aspirational rather than achievable. 

 

6.5  Future Research Direction 

Future malaria control efforts should integrate climate data to anticipate and mitigate 

outbreaks. By employing seasonal autoregressive integrated moving average (SARIMA) 

models, we can predict potential surges in malaria cases during peak transmission 

periods, particularly in the rainy seasons where environmental conditions favor mosquito 
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breeding. These models, combined with demographic and behavioral data, enable public 

health authorities to anticipate outbreaks and allocate resources effectively. 
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