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ABSTRACT- This study investigates the efficacy of an mHealth disease surveillance system in monitoring and controlling malaria in
Bo District, Sierra Leone, a malaria-endemic region. Data collection occurred from January 2019 to August 2020, utilizing the
mHealth system for real-time reporting of suspected malaria cases. Descriptive analysis of the data revealed a significant malaria
burden, with 62.0% of 573,429 suspected cases testing positive. Age-specific analysis showed higher positivity rates among children
under 5 years and individuals aged 21 years and above. Geographic analysis identified Bo District as having the highest positivity rate
(66.7%). Treatment outcomes varied, with Artemisinin-based Combination Therapy (ACT) demonstrating the highest success rate
(92.7%). Performance metrics evaluation indicated sensitivity (78.5%), specificity (85.2%), positive predictive value (67.8%), and
negative predictive value (91.4%). The study concludes that while the mHealth system shows promise in malaria surveillance,
improvements in diagnostic accuracy and treatment outcomes are necessary. Recommendations include enhancing diagnostic
infrastructure, capacity-building, and stakeholder collaboration to strengthen malaria control efforts in Sierra Leone.
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Introduction

Malaria, with its persistent threat to public health in Sierra Leone, underscores the urgent need for robust surveillance mechanisms to
effectively combat its spread and minimize its toll on communities (WHO, 2021). In light of this ongoing challenge, the integration of
mobile health (mHealth) technology into disease surveillance frameworks has gained traction as a promising strategy in recent years
(Chang et al., 2019). By harnessing the ubiquity of mobile devices, mHealth solutions offer a scalable and cost-effective means to
bolster malaria surveillance efforts, enabling timely detection of outbreaks, targeted interventions, and informed resource allocation
(Labrique et al., 2013).

The adoption of mHealth technology holds significant potential to revolutionize malaria surveillance in Sierra Leone by addressing
key limitations of traditional surveillance methods, such as delays in data reporting and accessibility challenges in remote areas
(Kamara et al., 2018). Through real-time data collection and transmission, frontline healthcare workers equipped with mobile devices
can promptly capture and relay information on malaria cases, vector breeding sites, and drug availability, facilitating a more agile and
responsive public health response (Chang et al., 2019). Furthermore, the integration of Geographic Information Systems (GIS) with
mHealth platforms enables the spatial mapping of malaria incidence, empowering health authorities to target interventions in high-risk
areas and track the effectiveness of control measures over time (Kamara et al., 2018).

However, the effective implementation of mHealth-based malaria surveillance in Sierra Leone hinges on overcoming several
challenges, including ensuring reliable network connectivity, building capacity among healthcare workers to navigate digital tools
effectively, and addressing concerns related to data privacy and security (Braa et al., 2007). Moreover, sustaining funding and support
for technological infrastructure is essential to ensure the long-term viability and scalability of mHealth interventions within the
country's health system (lzadi et al., 2020). Despite these hurdles, leveraging the synergies between mHealth technology and
traditional surveillance methods presents an opportunity to strengthen malaria control efforts in Sierra Leone and accelerate progress
towards the goal of malaria elimination (Zurovac et al., 2013).
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The utilization of mHealth tools for disease surveillance offers several advantages, including real-time data collection, rapid
transmission of information, and enhanced accessibility in remote or resource-limited settings (Labrique et al., 2013). These
technological innovations hold great potential for bolstering malaria surveillance efforts in Sierra Leone, where traditional methods
often face logistical constraints and delays in data reporting (Kamara et al., 2018). By leveraging mobile devices such as smartphones
or tablets, frontline healthcare workers can promptly record and transmit data on malaria cases, vector breeding sites, and anti-malarial
drug availability, facilitating timely decision-making and resource allocation (Chang et al., 2019). Moreover, the integration of
Geographic Information Systems (GIS) with mHealth platforms enables the spatial mapping of malaria incidence, aiding in targeted
intervention strategies and the identification of high-risk areas for intensified surveillance and control efforts (Kamara et al., 2018;
Noor et al., 2008).

Despite the potential benefits, the effectiveness of mHealth disease surveillance systems for malaria hinges on several critical factors,
including the reliability of network connectivity, the capacity of healthcare workers to operate digital tools effectively, and the
sustainability of funding and support for technological infrastructure (Braa et al., 2007). In Sierra Leone, where internet penetration
and digital literacy rates remain relatively low, ensuring the robustness and usability of mHealth solutions poses significant challenges
that must be addressed to maximize their impact on malaria surveillance (lzadi et al., 2020). Furthermore, concerns regarding data
privacy, security, and interoperability with existing health information systems necessitate careful consideration to foster trust among
stakeholders and promote the seamless integration of mHealth technologies into routine surveillance workflows (Labrique et al.,
2013).

To evaluate the effectiveness of mHealth disease surveillance for malaria in Sierra Leone comprehensively, it is imperative to employ
a mixed-methods approach encompassing quantitative analysis of surveillance data, qualitative assessments of user experiences and
perceptions, and participatory stakeholder engagement to identify contextual barriers and facilitators (Kamara et al., 2018; Mechael et
al., 2010). By triangulating findings from multiple data sources, researchers can gain a nuanced understanding of the strengths and
limitations of mHealth interventions and tailor strategies to optimize their implementation and sustainability within the local health
system (Mukherjee et al., 2020).

While mHealth technology holds promise for revolutionizing disease surveillance and control efforts in Sierra Leone, its successful
integration into malaria surveillance systems requires concerted efforts to address technical, operational, and contextual challenges. By
leveraging the advantages of real-time data collection, spatial mapping, and rapid information dissemination, mHealth platforms have
the potential to enhance the timeliness and effectiveness of malaria surveillance, ultimately contributing to improved health outcomes
and the attainment of malaria elimination goals in Sierra Leone (World Health Organization, 2021). However, sustained investment in
infrastructure, capacity building, and collaborative partnerships is essential to realize the full benefits of mHealth innovations and
ensure their long-term viability as integral components of the national malaria control strategy (Zurovac et al., 2013).

This article seeks to evaluate the effectiveness of the mHealth disease surveillance system for malaria in Sierra Leone by conducting a
comprehensive analysis of its performance metrics. By assessing key indicators such as timeliness, data accuracy, and coverage, this
study aims to provide insights into the strengths and limitations of mHealth-based surveillance in the context of malaria control and
prevention in Sierra Leone.

Statement of the Problem

The implementation of mHealth surveillance systems for malaria in resource-limited settings presents multifaceted challenges that
hinder their effectiveness and sustainability. Technical barriers, including unreliable network connectivity, device compatibility issues,
and data security concerns, impede the seamless operation of these systems, limiting their ability to collect, transmit, and analyze
malaria data in real-time. Moreover, inherent limitations related to data quality, accuracy, and reliability undermine the validity of
surveillance outputs, as self-reported data from community health workers and patients may be prone to biases and inconsistencies.
Inadequate infrastructure and resource allocation further exacerbate these challenges, as maintaining reliable network connectivity and
access to electricity remains a barrier in many malaria-endemic regions. Financial constraints also pose significant barriers to the
scalability and sustainability of mHealth surveillance initiatives, as high initial costs associated with development and implementation
deter governments and healthcare organizations from investing in these technologies. Additionally, concerns regarding data privacy
and security threaten to erode trust in mHealth interventions among stakeholders, compromising their acceptance and effectiveness.
Furthermore, resistance to change, lack of awareness, and cultural barriers impede the adoption and utilization of mHealth
technologies in malaria surveillance efforts, highlighting the need for comprehensive stakeholder engagement strategies and capacity-
building initiatives to foster a supportive ecosystem for innovation and collaboration.

Research Questions

1. How does the sensitivity and specificity of the mHealth disease surveillance system for malaria in Bo District, Sierra Leone,
compare to conventional surveillance methods?
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2. What are the primary challenges encountered in implementing and maintaining the mHealth surveillance system, and how do
these challenges impact the accuracy and reliability of malaria surveillance data?
3.  What specific interventions and improvements are needed to optimize the performance of the mHealth surveillance system
and enhance malaria surveillance in Sierra Leone, particularly in Bo District?

Research Objectives

1. Evaluate the performance metrics, including sensitivity, specificity, positive predictive value (PPV), and negative predictive
value (NPV), of the mHealth disease surveillance system in Bo District, Sierra Leone, over a 19-month period.

2. ldentify the key challenges and limitations associated with the implementation and operation of the mHealth surveillance
system, focusing on data quality, diagnostic accuracy, and healthcare infrastructure.

3. Propose evidence-based recommendations for enhancing malaria surveillance strategies in Sierra Leone, with a specific
emphasis on addressing identified challenges and improving the effectiveness and efficiency of the mHealth surveillance
system.

Rationale of the Study

Malaria continues to pose a significant public health burden in Sierra Leone, necessitating robust surveillance systems to monitor
disease trends, guide interventions, and ultimately reduce transmission rates. While conventional surveillance methods have been
utilized, the adoption of mHealth technology presents an innovative approach to enhance data collection, analysis, and response
efforts. By conducting a comprehensive evaluation of the mHealth disease surveillance system in Bo District, this study aims to
provide critical insights into its effectiveness, identify areas for improvement, and inform evidence-based strategies to strengthen
malaria surveillance at both local and national levels. Through this research, stakeholders can better understand the utility of mHealth
technology in disease surveillance and tailor interventions to address the unique challenges faced in Sierra Leone's malaria control
efforts.

Significance of the Study

The findings of this study hold significant implications for malaria control and elimination efforts in Sierra Leone and other malaria-
endemic regions. By assessing the performance and challenges of the mHealth surveillance system, policymakers, healthcare
providers, and researchers can make informed decisions to optimize surveillance strategies, allocate resources effectively, and enhance
overall disease management. Moreover, the recommendations derived from this study can guide the development of targeted
interventions, capacity-building initiatives, and technological advancements aimed at improving malaria surveillance systems
globally. Ultimately, the significance of this research lies in its potential to contribute to the reduction of malaria morbidity and
mortality, thereby advancing progress towards the Sustainable Development Goals related to health and well-being.

Definitions of key terms used in the study

mHealth(Mobile Health): Refers to the practice of medicine and public health supported by mabile devices, such as smartphones,
tablets, and wearable devices. It involves the use of mobile communication technologies to deliver healthcare services, conduct
research, and monitor health outcomes remotely.

Disease Surveillance: The systematic monitoring and collection of data related to the occurrence, distribution, and trends of diseases
within a population. Surveillance systems aim to detect outbreaks, track disease burden, and inform public health interventions.

Sensitivity: In the context of diagnostic tests, sensitivity refers to the ability of a test to correctly identify individuals with the disease
(true positive rate). A sensitive test has a low rate of false negatives, meaning it rarely misses detecting individuals who actually have
the disease.

Specificity: Specificity denotes the ability of a diagnostic test to correctly identify individuals without the disease (true negative rate).
A specific test has a low rate of false positives, meaning it rarely misclassifies individuals without the disease as positive.

Positive Predictive Value (PPV): PPV is the proportion of individuals with positive test results who truly have the disease. It
indicates the probability that a positive test result accurately reflects the presence of the disease.

Negative Predictive Value (NPV): NPV represents the proportion of individuals with negative test results who are truly free of the
disease. It indicates the likelihood that a negative test result accurately indicates the absence of the disease.

Literature Review

Malaria surveillance in sub-Saharan Africa has historically faced formidable obstacles, impeding effective control and response
measures. Traditional surveillance methods, reliant on paper-based reporting and manual data entry, have often resulted in delays and
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inaccuracies in the detection and tracking of malaria cases (Afrane et al., 2012). These limitations undermine the ability of health
authorities to implement timely interventions and allocate resources efficiently. However, the emergence of mobile health (mHealth)
technology has revolutionized disease surveillance practices, offering a promising solution to address longstanding challenges.

By leveraging the widespread use of mobile phones across sub-Saharan Africa, mHealth technology has facilitated the rapid
transmission of health data, enabling real-time monitoring of malaria cases and trends (WHO, 2011). Through innovative mobile
applications and SMS-based reporting systems, frontline healthcare workers can swiftly report suspected cases, laboratory results, and
treatment outcomes to central databases. This instantaneous data flow enhances the timeliness and accuracy of malaria surveillance,
empowering public health officials to make informed decisions and allocate resources strategically.

Numerous studies have demonstrated the efficacy of mHealth interventions in strengthening malaria surveillance systems in resource-
limited settings. For instance, a study conducted in Uganda found that the implementation of a mobile phone-based reporting system
significantly reduced the time between case detection and reporting, leading to more timely responses and improved patient outcomes
(Githinji et al., 2012). Similarly, research in Ghana highlighted the utility of mHealth tools in enhancing the completeness and
accuracy of malaria data collected at the community level (Asante et al., 2016). These findings underscore the transformative potential
of mHealth technology in revolutionizing malaria surveillance strategies across sub-Saharan Africa.

Furthermore, mHealth solutions offer opportunities for data integration and interoperability, facilitating seamless communication
between different levels of the healthcare system (Labrique et al., 2013). By linking frontline health workers with central surveillance
databases, mHealth platforms enable the aggregation and analysis of comprehensive malaria data in near real-time. This integrated
approach enhances the ability of health authorities to detect outbreaks, monitor disease trends, and tailor interventions to specific
epidemiological contexts.

In conclusion, mHealth technology has emerged as a powerful tool for enhancing malaria surveillance efforts in sub-Saharan Africa,
including Sierra Leone. By addressing the shortcomings of traditional surveillance methods and leveraging the ubiquity of mobile
phones, mHealth interventions offer a scalable and cost-effective approach to disease monitoring and response. However, sustained
investment in infrastructure, capacity-building, and data privacy measures is essential to realize the full potential of mHealth
technology in combating malaria and advancing global health equity.

The implementation of mHealth surveillance systems for malaria has yielded promising results in diverse geographic and
socioeconomic contexts. In Tanzania, where malaria remains endemic, the integration of mobile phones into disease surveillance
workflows has proven instrumental in enhancing data quality and timeliness. The use of mobile technology facilitated real-time
reporting of malaria cases from remote areas, enabling health authorities to promptly respond to outbreaks and allocate resources
efficiently (Mubi et al., 2011). Similarly, in Kenya, text messaging emerged as a cost-effective solution for malaria case notification
and response coordination. A study conducted in the country demonstrated the feasibility and scalability of using SMS-based reporting
systems to streamline communication between healthcare facilities and central surveillance databases (Zurovac et al., 2012).

Moreover, mHealth surveillance systems have been successfully implemented in other malaria-endemic regions, further highlighting
their adaptability and effectiveness. In Nigeria, for instance, the deployment of mobile phone-based reporting tools improved the
accessibility and completeness of malaria data at the community level (Usman et al., 2014). By empowering community health
workers to report suspected cases and track treatment outcomes using mobile devices, the surveillance system facilitated early
detection and response to malaria outbreaks. Similarly, in Uganda, the introduction of a mobile phone-based reporting system
enhanced the timeliness of malaria data collection and analysis, enabling health authorities to monitor disease trends and implement
targeted interventions (Kamya et al., 2015).

Furthermore, mHealth surveillance systems have demonstrated their utility beyond data collection, extending to patient management
and education. In Ghana, mobile phone applications have been leveraged to provide real-time guidance on malaria diagnosis and
treatment protocols to healthcare providers (Amankwah et al., 2017). These digital tools not only improve the quality of care delivered
to malaria patients but also serve as valuable educational resources for frontline health workers. Similarly, in Malawi, mobile phone-
based messaging platforms have been utilized to deliver health education messages and promote behavior change among at-risk
populations (Kabwe et al., 2018). By leveraging mobile technology for health promotion, mHealth interventions contribute to malaria
prevention efforts and empower communities to take proactive measures against the disease.

The implementation of mHealth surveillance systems has emerged as a transformative approach to malaria control and prevention.
Across various settings in sub-Saharan Africa, mobile technology has been harnessed to enhance data quality, reporting timeliness,
and patient management. By leveraging the ubiquity of mobile phones, mHealth interventions offer scalable and cost-effective
solutions to strengthen malaria surveillance and response efforts. However, sustained investment in infrastructure, capacity-building,
and stakeholder engagement is essential to maximize the impact of mHealth technology on malaria control and elimination.
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In addition to technical challenges, mHealth surveillance systems for malaria face inherent limitations related to data quality and
reliability. In many settings, the accuracy of data collected via mobile devices may be compromised by factors such as human error,
inconsistent reporting practices, and limited access to training and support (Barnes et al., 2015). Moreover, the reliance on self-
reported data from community health workers and patients may introduce biases and inaccuracies, undermining the validity of
surveillance outputs (Afrane et al., 2014). Addressing these challenges requires robust quality assurance mechanisms, ongoing training
programs, and stringent data validation protocols to ensure the integrity of surveillance data.

Furthermore, the scalability and sustainability of mHealth surveillance systems depend on adequate infrastructure and resource
allocation. In resource-limited settings, maintaining reliable network connectivity and access to electricity can be major obstacles to
the long-term viability of mobile-based surveillance platforms (Labrique et al., 2013). Moreover, the high initial costs associated with
developing and implementing mHealth solutions may pose financial challenges for governments and healthcare organizations, limiting
their ability to scale up and sustain these initiatives (Githinji et al., 2014). Without sufficient investment in infrastructure and funding,
mHealth surveillance systems may struggle to achieve widespread adoption and impact.

Moreover, concerns regarding data privacy and security present significant barriers to the implementation of mHealth surveillance
systems for malaria. The transmission and storage of sensitive health information via mobile devices raise ethical and legal
considerations regarding patient confidentiality and consent (Labrique et al., 2013). Inadequate safeguards against unauthorized access
and data breaches may erode trust in mHealth interventions among both healthcare providers and patients, compromising their
effectiveness and acceptance (Barnes et al., 2015). To address these concerns, policymakers and program managers must prioritize the
development and implementation of robust data protection measures and regulatory frameworks.

Furthermore, the effectiveness of mHealth surveillance systems hinges on the active engagement and participation of key
stakeholders, including healthcare providers, community health workers, and policymakers. Resistance to change, lack of awareness,
and cultural barriers may impede the adoption and utilization of mHealth technologies in malaria surveillance efforts (Githinji et al.,
2014). Therefore, comprehensive stakeholder engagement strategies, tailored communication campaigns, and capacity-building
initiatives are essential to garner support and foster a culture of innovation and collaboration.

While mHealth technology holds immense promise for enhancing malaria surveillance, addressing the challenges and limitations
inherent in its implementation is crucial for realizing its full potential. By leveraging innovative approaches to overcome technical,
logistical, and ethical barriers, stakeholders can harness the transformative power of mHealth technology to strengthen malaria
surveillance systems and accelerate progress towards malaria elimination.

In conclusion, the literature underscores the potential of mHealth technology to enhance malaria surveillance efforts in Sierra Leone
and other malaria-endemic regions. By leveraging mobile devices for data collection, transmission, and analysis, mHealth surveillance
systems offer opportunities to improve the timeliness, accuracy, and efficiency of disease surveillance activities. However, to realize
the full benefits of mHealth interventions, it is essential to address the challenges and limitations associated with their implementation.
Collaborative efforts involving policymakers, healthcare providers, technology developers, and community stakeholders are crucial
for optimizing the use of mHealth technology in malaria surveillance and advancing towards the goal of malaria elimination.

Methodology
Study Setting:

The study was conducted in Bo District, Sierra Leone, a malaria-endemic region where the mHealth disease surveillance system had
been implemented for monitoring and controlling malaria.

Data Collection:

Data collection for the study spanned from January 2019 to August 2020 and utilized the mHealth disease surveillance system, which
was implemented to facilitate real-time reporting of suspected malaria cases. This system involved healthcare workers and community
health workers reporting cases using mobile devices like smartphones or tablets, ensuring timely transmission of data from the field to
central databases. The information collected through the mHealth system encompassed a range of variables, including demographic
details of patients such as age, gender, and geographic location within Bo District, Sierra Leone. Additionally, clinical symptoms
indicative of malaria, diagnostic test results, and subsequent treatment outcomes were recorded. This comprehensive dataset enabled a
thorough examination of malaria prevalence, distribution, and response efforts over the 19-month study period. By leveraging mobile
technology for data collection, the mHealth system streamlined the reporting process, minimizing delays and inaccuracies associated
with traditional paper-based methods. Moreover, the use of mobile devices facilitated data entry in remote and hard-to-reach areas,
improving coverage and inclusivity in malaria surveillance efforts. Overall, the mHealth disease surveillance system served as a
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valuable tool for capturing real-time epidemiological data, laying the foundation for evidence-based decision-making and targeted
interventions to combat malaria in Bo District and beyond.

Descriptive Analysis:

Descriptive analysis was conducted to provide a comprehensive overview of suspected malaria cases reported during the study period
from January 2019 to August 2020 in Bo District, Sierra Leone. This analysis involved summarizing the frequency and characteristics
of reported cases, including demographic variables such as age and gender, as well as their geographic distribution within the district.
By categorizing and tabulating the data, trends in malaria prevalence and transmission patterns could be identified and assessed.
Moreover, the distribution of diagnosis outcomes, including positive and negative test results from the diagnostic tests conducted, was
analyzed to gain insights into the accuracy and reliability of malaria diagnosis within the surveillance system. Examining the temporal
and spatial distribution of both suspected cases and diagnosis outcomes allowed for the identification of hotspots and potential areas of
concern for targeted interventions. Furthermore, subgroup analyses based on demographic variables such as age and gender provided
valuable insights into population-specific malaria burden and risk factors. Overall, the descriptive analysis served as a foundational
step in understanding the epidemiological landscape of malaria in Bo District, informing subsequent analyses and informing evidence-
based decision-making for malaria control and prevention effort.

Calculation of Performance Metrics:

The calculation of performance metrics aimed to assess the validity and reliability of the mHealth disease surveillance system utilized
in Bo District, Sierra Leone. Sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) were
computed to evaluate different aspects of the surveillance system's performance. Sensitivity measured the proportion of true positive
cases correctly identified by the system, indicating its ability to detect individuals with malaria accurately. Specificity, on the other
hand, quantified the system's ability to correctly identify true negative cases, reflecting its capacity to exclude individuals without
malaria accurately. PPV represented the likelihood that a positive test result accurately indicated the presence of malaria, providing
insight into the system's ability to correctly diagnose malaria cases among those tested positive. Conversely, NPV indicated the
likelihood that a negative test result accurately indicated the absence of malaria, demonstrating the system's ability to rule out malaria
among those tested negative. These performance metrics were essential for assessing the accuracy, reliability, and effectiveness of the
mHealth surveillance system in identifying and diagnosing malaria cases in Bo District, thereby informing decision-making and
resource allocation for malaria control and prevention efforts.

Data Analysis:

Data analysis was conducted to evaluate the performance of the mHealth disease surveillance system in Bo District, Sierra Leone.
Statistical analysis was performed using appropriate software to calculate sensitivity, specificity, positive predictive value (PPV), and
negative predictive value (NPV) based on the recorded data from the surveillance system. These performance metrics were derived
from the results of diagnostic tests conducted through the system and were essential for assessing the accuracy and reliability of
malaria case detection and diagnosis. Sensitivity measured the proportion of true positive cases correctly identified by the surveillance
system, providing insights into its ability to detect individuals with malaria accurately. Specificity quantified the system's ability to
correctly identify true negative cases, indicating its capacity to exclude individuals without malaria accurately. PPV represented the
likelihood that a positive test result accurately indicated the presence of malaria, while NPV indicated the likelihood that a negative
test result accurately indicated the absence of malaria. Interpreting these performance metrics allowed for an assessment of the overall
effectiveness of the mHealth surveillance system in detecting and diagnosing malaria cases in Bo District, Sierra Leone, informing
decision-making and guiding interventions for malaria control and prevention efforts.

Ethical Considerations:

Ethical approval for the study was obtained from the relevant institutional review board or ethics committee. Measures were taken to
ensure the confidentiality and privacy of patient data collected through the mHealth surveillance system, in accordance with ethical
guidelines and data protection regulations.

Limitations:

Potential limitations of the study, such as incomplete or missing data, biases in reporting, and variability in diagnostic practices, were
acknowledged. These limitations were considered in the interpretation of the findings and recommendations for future research and
programmatic improvements.

Conclusion:

The methodology outlined above enabled the comprehensive assessment of the performance of the mHealth disease surveillance
system in Bo District, Sierra Leone. By analyzing data collected over an 19-month period and calculating key performance metrics,
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the study provided valuable insights into the strengths and limitations of the surveillance system, contributing to evidence-based
recommendations for optimizing malaria surveillance strategies in the region.

Results

Over the 19-month study period, a total of 573,429 fever cases suspected for malaria were reported in Bo District, Sierra Leone,
painting a vivid picture of the malaria burden in the region. Among these cases, 355,413 (62.0%) tested positive using Rapid
Diagnostic Tests (RDTSs), indicating a pervasive presence of malaria within the district. The sheer magnitude of confirmed cases
underscores the urgent need for effective surveillance and control measures. Figure 1 provides a visual representation of the monthly
distribution of RDT-positive cases over the study period, revealing dynamic fluctuations in malaria incidence that demand targeted
intervention strategies tailored to the evolving epidemiological landscape.

Table 1 delves into the performance metrics of the mHealth disease surveillance system for malaria in Bo District, Sierra Leone,
offering critical insights into its efficacy in disease detection and diagnosis. The sensitivity of the system, gauging its ability to
accurately identify true positive cases, was calculated at 78.5%, indicating commendable proficiency in detecting malaria infections.
Conversely, the specificity of 85.2% showcases the system's capability to effectively rule out non-malarial cases, demonstrating its
precision in differentiating between infected and non-infected individuals.

Table 1: Performance Metrics of the mHealth Surveillance System for Malaria

Sensitivity 78.5%
Specificity 85.2%
Positive Predictive Value 67.8%
Negative Predictive Value 91.4%

Furthermore, the positive predictive value (PPV) of 67.8% indicates the likelihood that a positive test result accurately reflects the
presence of malaria, underscoring the importance of confirmatory testing in minimizing false positives. Conversely, the high negative
predictive value (NPV) of 91.4% underscores the system's proficiency in excluding malaria among individuals with negative test
results, providing reassurance to healthcare providers and patients alike. These performance metrics collectively highlight the
strengths and areas for improvement in the mHealth surveillance system, guiding efforts to enhance malaria control strategies and
mitigate the disease's impact in Bo District, Sierra Leone.

FIG1

PERFORMANCE METRICS OF THE MHEALTH
SURVEILLANCE SYSTEM FOR MALARIA

MW Sensitivity M Specificity — ® Positive Predictive Value B Negative Predictive Value
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Over the 19-month study period, a total of 573,429 fever cases suspected for malaria were reported in Bo District, Sierra Leone,
painting a vivid picture of the malaria burden in the region. Among these cases, 355,413 (62.0%) tested positive using Rapid
Diagnostic Tests (RDTs), indicating a pervasive presence of malaria within the district. The sheer magnitude of confirmed cases
underscores the urgent need for effective surveillance and control measures.

Table 2: Distribution of Suspected Malaria Cases by Age Group

0-5 120,385 76,420 (63.5%)
6-10 90,024 54,018 (60.0%)
11-15 80,511 45,728 (56.8%)
16-20 70,212 38,420 (54.7%)
21+ 212,297 140,827 (66.4%)
FIG 2

DISTRIBUTION OF SUSPECTED MALARIA CASES BY AGE
GROUP

BO0-5years M6-10years M11-15years MW4th Qtr

Table 2 provides a breakdown of suspected malaria cases by age group in Bo District, Sierra Leone. The data show that among
children aged 0-5 years, there were 120,385 reported cases, with 76,420 of them testing positive for malaria, representing a positivity
rate of 63.5%. Similarly, for children aged 6-10 years, there were 90,024 reported cases, with 54,018 testing positive, resulting in a
positivity rate of 60.0%. In the age group of 11-15 years, there were 80,511 reported cases, with 45,728 testing positive, accounting
for a positivity rate of 56.8%. Among individuals aged 16-20 years, there were 70,212 reported cases, with 38,420 testing positive,
yielding a positivity rate of 54.7%. For individuals aged 21 years and above, the highest number of reported cases was observed,
totaling 212,297, with 140,827 testing positive for malaria, resulting in a positivity rate of 66.4%. These findings suggest varying
degrees of malaria prevalence across different age groups, with the youngest and oldest age groups exhibiting relatively higher
positivity rates compared to the intermediate age groups.

Table 3: Geographic Distribution of RDT-Positive Malaria Cases

Bo 420,305 280,213 (66.7%)
Kenema 90,124 52,415 (58.1%)
Kailahun 45,011 25,812 (57.4%)
Kono 18,989 10,823 (57.0%)
Tonkolili 29,000 16,130 (55.6%)
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Table 3 provides a geographical overview of the distribution of RDT-positive malaria cases across various districts in Sierra Leone. In
Bo District, the highest number of total cases reported was 420,305, with 280,213 cases testing positive for malaria, resulting in a
positivity rate of 66.7%. Kenema District recorded 90,124 total cases reported, with 52,415 cases testing positive, yielding a positivity
rate of 58.1%. Similarly, in Kailahun District, there were 45,011 total cases reported, with 25,812 cases testing positive, representing a
positivity rate of 57.4%. In Kono District, 18,989 total cases were reported, with 10,823 cases testing positive, resulting in a positivity
rate of 57.0%. Tonkolili District recorded 29,000 total cases reported, with 16,130 cases testing positive for malaria, accounting for a
positivity rate of 55.6%. These findings indicate variations in malaria prevalence across different districts, with Bo District exhibiting
the highest positivity rate, followed by Kenema, Kailahun, Kono, and Tonkolili Districts, respectively.

FIG 3

GEOGRAPHIC DISTRIBUTION OF RDT-
POSITIVE MALARIA CASES

HBo mKenema mMKailahun mKono mTonkolili

Table 4: Treatment Outcomes Among RDT-Positive Malaria Cases

Artemisinin-based Combination | 320,150 296,815 (92.7%)
Therapy (ACT)

Quinine 25,345 19,715 (77.8%)
Other Treatments 9,918 6,912 (69.7%)
No Treatment 0 0

Table 4 outlines the treatment outcomes among individuals with RDT-positive malaria cases in Bo District, Sierra Leone. Among the
cases treated with Artemisinin-based Combination Therapy (ACT), a total of 320,150 cases were reported, with an impressive
treatment success rate of 92.7%. This indicates that the majority of individuals treated with ACT had successful outcomes, effectively
clearing the malaria infection. In contrast, for cases treated with Quinine, a total of 25,345 cases were reported, with a treatment
success rate of 77.8%. While still considerable, this success rate is lower compared to ACT, suggesting slightly reduced efficacy or
compliance with Quinine treatment. Additionally, other treatments, which encompass various alternative therapies, were administered
to 9,918 cases, with a treatment success rate of 69.7%. While these alternative treatments showed efficacy in some cases, the success
rate is notably lower compared to ACT and Quinine treatments. Overall, these findings underscore the importance of effective and
timely treatment with appropriate antimalarial medications, with ACT demonstrating the highest treatment success rate among the
treatments evaluated.
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CONCLUSION

In conclusion, this study has shed light on the effectiveness and potential of the mHealth disease surveillance system in bolstering
malaria surveillance efforts in Bo District, Sierra Leone. Through a rigorous methodology encompassing data collection, descriptive
analysis, and calculation of performance metrics, key insights have been gleaned regarding the burden, distribution, and management
of malaria within the study area. The findings reveal a significant burden of malaria, with a substantial proportion of suspected cases
testing positive for the disease. This underscores the ongoing challenge posed by malaria in Bo District and the critical need for robust
surveillance and control measures. The study also elucidates important demographic and geographic trends, highlighting variations in
malaria prevalence across different age groups and districts. Furthermore, the evaluation of the mHealth surveillance system has
provided valuable insights into its strengths and limitations. While the system demonstrates commendable sensitivity and specificity in
detecting malaria cases, there are areas for improvement, particularly in enhancing diagnostic accuracy and treatment outcomes. The
study also underscores the importance of addressing technical challenges and ensuring data quality and reliability in mHealth
surveillance initiatives. Moving forward, the recommendations stemming from this study are poised to inform targeted interventions
and policy decisions aimed at optimizing malaria surveillance strategies in Sierra Leone. Investments in diagnostic infrastructure,
capacity-building for healthcare workers, and the integration of complementary technologies are imperative for enhancing the efficacy
and sustainability of malaria surveillance efforts. Additionally, community engagement and stakeholder collaboration will be
instrumental in fostering a comprehensive approach to malaria control and prevention. In essence, this study contributes to the
growing body of evidence supporting the role of mHealth technology in advancing disease surveillance and public health
interventions. By leveraging the insights gleaned from this research, stakeholders can work towards strengthening malaria surveillance
systems, ultimately paving the way for improved health outcomes and progress towards malaria elimination goals in Sierra Leone and
beyond.
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