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III | Abstract in English 

The African region experiences a disproportionate burden of public health emergencies, with 

over 90% linked to infectious diseases. This thesis investigates innovative approaches to 

epidemic preparedness and response, focusing on Ebola Virus Disease (EVD) and leveraging 

real-world data from Guinea and the Democratic Republic of Congo (DRC). It evaluates early 

warning systems, community-driven interventions, and health system reforms to enhance 

outbreak containment. Key findings include the effectiveness of the Early Warning, Alert, and 

Response System (EWARS) during the 2018–2020 EVD outbreak in the DRC. This 

decentralised system demonstrated robust sensitivity, specificity, and rapid investigation 

capabilities, improving epidemic detection and response. The study further highlights the 

pivotal role of genomic sequencing and targeted interventions in controlling residual 

transmission clusters during the outbreak's final stages. Community-based strategies emerged 

as transformative tools for outbreak management. In Beni and Mabalako, community-led 

contact isolation achieved a significant reduction in transmission, fostering trust and 

collaboration through culturally sensitive approaches. These findings underscore the 

importance of integrating local engagement with technical interventions to achieve rapid 

epidemic control. The thesis also examines factors influencing the reliability of contact tracing, 

revealing that socio-demographic characteristics, resource allocation, and community trust are 

critical determinants. Lessons from Guinea’s 2021 EVD outbreak emphasise the need for 

tailored strategies that address urban and rural dynamics. An examined case of Lassa fever and 

COVID-19 coinfection during an EVD outbreak in Guinea underscores the necessity of 

integrated diagnostic systems to manage overlapping health emergencies effectively. Finally, 

the thesis also explores the impact of investing in preparedness, with a focus on health system 

reforms in Guinea following the 2014-2016 EVD epidemic. Investments in decentralised early 

warning systems, workforce capacity-building, and community engagement yielded substantial 

improvements in outbreak responsiveness. These reforms enhanced the detection and 

containment of emerging health threats, highlighting the importance of sustained funding and 

strategic planning. Ultimately, this research advances the understanding of epidemic 

preparedness, offering practical insights to strengthen health systems and improve responses in 

resource-limited settings. The findings contribute to global health security efforts, particularly 

in regions facing recurrent zoonotic disease threats. 
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IV | Résumé en français 

La région Africaine subit une charge disproportionnée d'urgences de santé publique, dont plus 

de 90 % sont liées à des maladies infectieuses. Cette thèse étudie des approches innovantes en 

matière de préparation et de réponse aux épidémies, en se concentrant sur la maladie à virus 

Ebola (MVE) et en s'appuyant sur des données factuelles provenant de la Guinée et de la 

République démocratique du Congo (RDC). Elle évalue les systèmes d'alerte précoce, les 

interventions communautaires et les réformes du système de santé afin d'améliorer le contrôle 

des épidémies. Les principales conclusions incluent l'efficacité du système d'alerte précoce et 

de réponse (EWARS) pendant l'épidémie de MVE de 2018-2020 en RDC. Ce système 

décentralisé s'est révélé très sensible, spécifique et a permis de mener des investigations dans 

les meilleurs délais, améliorant ainsi la détection et la réponse à l'épidémie. Les résultats de 

cette thèse mettent également en évidence le rôle central du séquençage génomique et des 

interventions ciblées dans le contrôle des clusters de transmission résiduels au cours des 

dernières phases de l'épidémie. Des stratégies communautaires se sont révélées aussi être des 

outils de transformation pour la gestion des épidémies. À Beni et à Mabalako, l'isolement des 

contacts au niveau communautaire a considérablement réduit la transmission, tout en favorisant 

la confiance et la collaboration grâce à des approches empreintes de tact et de respect de la 

réalité culturelle. Ces résultats soulignent l'importance d'intégrer l'engagement communautaire 

aux interventions techniques pour parvenir à un contrôle rapide de l'épidémie. Cette thèse 

examine également les facteurs influençant la fiabilité du suivi des contacts, en démontrant que 

les caractéristiques sociodémographiques, l'allocation des ressources et la confiance de la 

communauté sont des facteurs déterminants. Les leçons tirées de l'épidémie de MVE de 2021 

en Guinée soulignent la nécessité d'élaborer des stratégies sur mesure qui tiennent compte des 

dynamiques urbaines et rurales. Une étude de cas de co-infection par la fièvre de Lassa et le 

COVID-19 au cours d'une épidémie de MVE en Guinée souligne la nécessité de systèmes de 

diagnostic intégrés pour gérer efficacement les urgences sanitaires qui se chevauchent. Enfin, 

la thèse explore également l'impact de l'investissement dans la préparation, en mettant l'accent 

sur les réformes du système de santé en Guinée à la suite de l'épidémie de MVE de 2014-2016. 

Les investissements dans les systèmes d'alerte précoce décentralisés, dans le renforcement des 

capacités du personnel et dans l'engagement des communautés ont permis d'améliorer 

considérablement la réponse aux épidémies. Ces réformes ont permis d'améliorer la détection 

et le contrôle des menaces sanitaires émergentes, mettant en évidence l'importance d'un 

financement durable et d'une planification stratégique. Somme toute, cette thèse fait progresser 
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la compréhension de la préparation aux épidémies, en offrant des idées pratiques pour renforcer 

les systèmes de santé et améliorer les réponses dans les environnements à ressources limitées. 

Les résultats contribuent ainsi aux efforts de sécurité sanitaire mondiale, en particulier dans les 

régions confrontées à des menaces récurrentes de zoonoses. 
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1 | General introduction 

1.1 | Background 

With over 100 major public health events annually, the African region experiences the highest 

number of public health emergencies globally, the majority (92%) of which are attributable to 

infectious diseases(1). In recent decades, zoonotic events—instances where a pathogen 

transitions from animals to humans—have occurred with increasing frequency and scale(2). 

For example, Africa has witnessed a dramatic 87% increase in zoonotic disease outbreaks over 

the past two decades(1). Time and again, these (re)emerging pathogens have demonstrated the 

capacity to sustain human-to-human transmission following zoonotic spillover events. 

Examples include Ebola virus disease (EVD), severe acute respiratory syndrome (SARS), 

pandemic influenza, Middle East respiratory syndrome (MERS), and the recently emerged 

coronavirus disease 2019 (COVID-19)(3,4). While these viral epidemics differ in their basic 

reproduction number (R₀)—partly influenced by the mode of transmission (e.g., oral-fecal vs. 

droplet transmission)—the core strategies for containment remain consistent: testing, isolation, 

contact tracing, and treatment where possible(2). 

Ebola disease (EBOD) is a severe disease with high case fatality caused by infection with Ebola 

virus or a closely related virus, such as Sudan virus (SUDV), and Bundibugyo virus 

(BDBV)(5). Among these, Ebolavirus is the most lethal, with a case-fatality rate of 60–100%, 

followed by Sudan virus at 40–60%(6), and Bundibugyo virus at approximately 25%(7). 

Epidemics typically begin with a single instance of zoonotic transmission, followed by human-

to-human transmission through direct contact with infected bodily fluids, contaminated 

fomites, or other forms of close contact(8). While most outbreaks can be traced to a single 

spillover event from an unknown reservoir via unknown mechanisms(8), recent epidemics have 

increasingly implicated persistent viral contamination in Ebola survivors as a significant source 

of transmission(9). 
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Figure 2: How Ebola virus disease spreads (Source : Centers for Diseases Control and Prevention) 

Ebola epidemics have far-reaching direct and indirect socio-economic consequences. Direct 

impacts include loss of life and disruptions to trade and travel, while indirect effects encompass 

workforce absenteeism, lost wages, reduced tax revenue, informal healthcare costs (e.g., patient 

transport), and strain on human resources for health. Additional consequences include losses 

in the agriculture sector, declines in tourism and travel, reduced trade and retail activity, 

environmental damage, and disruptions to education. These effects often exacerbate existing 

inequalities, disproportionately affecting marginalised populations(4). Such challenges 

underscore the fragility of global health security in an interdependent world and the critical 

need for a robust global health system capable of mitigating these risks for the entire global 

community(10). 

Since 1976, there have been 48 recorded Ebola outbreaks globally, with over 85% occurring in 

Africa (Figure 3). These outbreaks have resulted in a total of 34,932 cases and 15,407 deaths, 

equating to a global case-fatality rate of 44%. Of these, 29 epidemics occurred between 2010 

and 2022, compared with 15 between 1999 and 2010, indicating a doubling in frequency. In 

the Democratic Republic of Congo (DRC), an Ebola outbreak was reported on average, every 
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five years between 1976 and 2014, but this interval has shortened, with outbreaks occurring 

almost annually between 2017 and 2022(6). 

Over the past decade, the world has faced the two largest Ebola epidemics in recorded history, 

both of which were declared Public Health Emergencies of International Concern (PHEIC) by 

the World Health Organization (WHO). The first, the largest, longest, and deadliest EVD 

outbreak to date, occurred in West Africa between December 2013 and March 2016, resulting 

in 28,652 infections and 11,325 deaths across 10 countries(11). The second, the 2018–2020 

outbreak in the DRC, was the second largest EVD epidemic on record and the only one to occur 

in an active conflict zone. This outbreak caused 3,481 cases (3,323 confirmed and 158 

probable) and 2,299 deaths in North Kivu, Ituri, and South Kivu Provinces from August 2018 

to June 2020(12). 

The failure to prevent the spread of the 2014–2016 Ebola outbreak in West Africa exposed 

significant weaknesses in the implementation of the International Health Regulations (2005) 

(IHR). This legally binding international framework requires 196 countries, including all 194 

WHO Member States, to establish and maintain the surveillance and response capabilities 

necessary to detect, assess, notify, and respond to public health emergencies with potential 

international repercussions(13,14). The magnitude of the outbreak prompted the United 

Nations Security Council to unanimously adopt a resolution establishing the United Nations 

Mission for Ebola Emergency Response (UNMEER)—the first UN emergency health agency. 

UNMEER was tasked with strengthening surveillance, supporting health workers, and 

mobilising resources, with its responsibilities later transferred to WHO upon achieving its 

primary objectives(13,15).   

 

Although predicting the timing and location of future Ebola epidemics remains challenging, 

past events clearly demonstrate that the African region is particularly vulnerable and will likely 

continue to be disproportionately affected compared to other regions, despite global advances 

in vaccines, diagnostics, and treatments(9). Effective and timely responses are essential given 

the high morbidity, mortality, and socio-economic disruption caused by Ebola epidemics. This 

necessitates a proactive focus on high-impact strategies that ensure swift, reactive responses. 

Improved implementation of these strategies holds the potential to mitigate public health 

impacts and reduce the overall cost of responses. 
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Figure 3: Ebola outbreaks around the world since 1976 (Source: author) 

Before 2013, ED epidemics typically involved relatively small numbers of cases, were 

confined to rural areas, and were effectively controlled using basic public health measures, 

such as quarantine and containment(16). However, more recent epidemics have fundamentally 

altered the perception and understanding of Ebola epidemiology. These outbreaks have affected 

larger populations and spread to urban areas, presenting new challenges for control and 

containment. 

While all Ebola epidemics are generally believed to have originated from zoonotic spillover 

events—where ebolaviruses are transmitted from wildlife to humans—recent outbreaks have 

reshaped our understanding of the mechanisms driving the emergence of these viruses (Table 

1)(9). 

Table 1: Ebola disease outbreak origins 2014 - 2022 

Year Disease Location 
Cases (CFR 

%) 
Suspected cause 

2014 EVD Equateur, DRC 69 (71) Spillover 

2014-16 EVD 
Guinea, Liberia, 

Sierra Leone 
28,610 (39) Spillover 
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Year Disease Location 
Cases (CFR 

%) 
Suspected cause 

2017 EVD 
Likati, Bas Uélé, 

DRC 
8 (50) Spillover 

2018 EVD Equateur, DRC 54 (61) Spillover 

2018-20 EVD 
North Kivu, Ituri, 

DRC 
3481 (66) Spillover 

2020 EVD Equateur, DRC 130 (42) 
Spillover; Viral 

persistence 

2021 EVD North Kivu, DRC 12 (50) Viral persistence 

2021 EVD N’Zérékoré, Guinea 23 (52) Viral persistence 

2021 EVD North Kivu, DRC 11 (82) Viral persistence 

2022 EVD North Kivu, DRC 1 (100) Viral persistence 

2022 SVD 
Mubende, Kampala, 

Uganda 
164 (55) Spillover 

 

Controlling epidemics like Ebola across a wide spatial scale in a timely manner poses a 

complex optimisation challenge. Disease parameters, such as transmission and fatality rates, 

can vary significantly across different geographical regions. Furthermore, the mobility and 

migration of populations facilitate the spread of disease from one area (e.g., city, country, or 

continent) to another. This is compounded by the fact that resources for epidemic intervention 

are often limited and insufficient, forcing policymakers and healthcare providers to make 

strategic and rapid decisions about resource allocation to effectively control outbreaks of 

infectious diseases(17). 

The West African epidemic persisted and spread rapidly due to the extremely weak health 

systems in the affected countries(13). The 2016 self-assessments identified major gaps in the 

implementation of the International Health Regulations (IHR) 2005, showing that no country 

in the WHO African Region had all the necessary IHR capacities, due to weak health 

systems(18). Additionally, misinformation, amplified by a lack of trust between communities 

and political and health authorities, led to widespread rejection of proposed interventions and 

response efforts. This mistrust resulted in unprecedented violence, including attacks and 

killings, during an epidemic response(19). During this outbreak, the World Health Organization 

(WHO) implemented a roadmap based on nearly 40 years of experience in controlling Ebola 
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virus disease (EVD), employing strategies that had previously proven effective. However, this 

unique context highlighted that in areas with high transmission and fragile health systems, 

standard outbreak control strategies must be complemented by novel approaches (18). For 

instance, in the absence of effective vaccines or medicines, Sierra Leone and Liberia resorted 

to the forced quarantine of contacts. This approach likely proved counterproductive, fostering 

negative behaviours such as hiding bodies or sick individuals and avoiding healthcare services. 

This suggests that epidemic control strategies rooted in social acceptance and local practices 

may be more effective(20,21). 

The 2018–2020 EVD epidemic in North Kivu and Ituri, Democratic Republic of Congo (DRC), 

exhibited high transmissibility and mortality, exacerbated by chronic insecurity in the affected 

areas. Contributing factors included the presence of multiple armed groups, extreme poverty, 

displaced populations, and widespread mistrust of the government(22). However, this outbreak 

benefitted from advancements in understanding the molecular biology and pathogenesis of the 

virus, which enabled the deployment of an effective vaccine(23) and new specific 

therapies(24). Despite these advances, significant challenges remain in optimising the use of 

available tools to rapidly control epidemics. Deploying these resources effectively requires 

community trust, a factor that cannot be assumed, as the DRC epidemic demonstrated. Future 

responses must prioritise the development of acceptable and comprehensive control 

strategies(7). 

1.2 | Theory of change 

In the absence of primary prevention measures, managing an Ebola epidemic relies heavily on 

implementing secondary strategies during the outbreak(25). For instance, during the 2018–

2020 epidemic in eastern Democratic Republic of Congo (DRC), which persisted for nearly 

two years despite the availability of effective vaccines and therapeutics, public health 

performance indicators were at times suboptimal. This was evidenced by an increase in 

community deaths, poor transmission control (as indicated by a high number of cases with no 

known contacts), and delays between symptom onset and isolation. Consequently, a strategic 

shift was required to adapt to the challenging context and achieve a rapid and substantial 

reduction in transmissibility(26). 

The fourth Strategic Response Plan (SRP-4) was therefore developed, building on strategic 

directions that capitalised on lessons learned. Key measures included the detection and rapid 

isolation of cases, the intensification of multidisciplinary public health actions around 
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confirmed cases, and the strengthening of community engagement(26). In this context, and 

aligned with our research objectives, we proposed a Theory of Change (ToC) diagram to guide 

the identification of new strategic approaches to surveillance. This was inspired in part by the 

“micro-cerclage” strategy implemented in Guinea, which was developed after traditional 

methods failed to control the epidemic(27). 

The proposed model integrates a combination of strategies, including the establishment of a 

decentralised early warning system, reliable contact tracing (understanding the key influencing 

factors is crucial for this), and more extensive investigations incorporating both 

epidemiological methods and real-time genomic sequencing. Additionally, a community-based 

contact isolation strategy was proposed where feasible and culturally appropriate. The primary 

targets of this strategic approach were alerts, suspected cases, and contacts(28), for whom 

intervention methods needed to be adjusted given that the epidemic had already persisted for 

over a year. 

The expected outcomes of this new approach included an enhanced alert and response system, 

a reduction in secondary and tertiary cases, and the rapid interruption of transmission to achieve 

epidemic control. These outcomes, however, were contingent on several moderating factors. 

Chief among these was community involvement, which ensures that communities are both 

motivated and equipped to adopt desired behaviours, such as adherence to contact isolation and 

the implementation of infection prevention measures at the community level. Furthermore, the 

success of this approach depended on the continuation of other core interventions, including 

surveillance, case management, vaccination, infection prevention and control, and risk 

communication and community engagement (Figure 4). 

Consequently, an intervention framework (Figure 5), incorporating key research areas, was 

developed to better inform, understand, and evaluate the effectiveness of interventions aimed 

at achieving rapid epidemic control. This research holds particular relevance as it was 

conducted under real-world conditions, seeking to understand and work within existing 

complexities rather than attempting to control or eliminate them as causal factors. Moreover, it 

engaged with populations directly affected by the interventions, ensuring that the findings were 

applicable to the target population, rather than relying on selected beneficiaries who might not 

represent the broader intervention context(29). 
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Figure 4: Theory of change framework (Source: author) 

 

STRATEGIES

Decentralized early warning alert 
system; extensive investigation 

combining epidemiology and real-
time genomic sequencing; 

community-based contacts 
isolation strategy

TARGETS

Ebola alerts and suspected cases; 
Ebola contacts

OUTCOME

Enhanced alert and response 
system with reduced number of 

secondary and tertiary cases; rapid 
interruption of transmission and 

control of epidemics

MODERATORS 

Community engagement and buy-in and other classic interventions 
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Figure 5: Intervention framework (Source: author) 
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Although Ebola virus disease has been extensively documented since its discovery in 1976, 

there remains a scarcity of published studies evaluating the effectiveness of specific 

containment strategies during an active epidemic. This gap highlights the importance of 

generating evidence to guide public health decision-making and optimise intervention 

outcomes. 

1.3 | Hypothesis 

This research hypothesises that the rapid control of an Ebola epidemic can be achieved through 

the application of innovative approaches, including a decentralised early warning alert system, 

reliable contact tracing, and community-based contact isolation. 

1.4 | Research aims and objectives 

The aim of this research is to enhance the response to Ebola and similar disease outbreaks by 

providing evidence-based strategies and approaches proven effective in certain settings, with 

adaptations for broader application where necessary. To achieve this, the specific objectives 

were: 

1. To evaluate the sensitivity, specificity, positive predictive value (PPV), and negative 

predictive value (NPV) of a decentralised early warning alert system in controlling 

Ebola epidemics; 

2. To integrate epidemiological and genomic investigations to better understand the 

origins and dynamics of transmission during epidemics; 

3. To provide evidence for the effectiveness of a community-based contact isolation 

strategy, centred on the participation of contacts and community engagement, as a 

potential approach for future outbreaks to rapidly mitigate onward transmission; 

4. To identify factors associated with the reliability of 21-day follow-up among listed 

contacts, to inform and improve contact tracing efforts in future outbreak responses in 

similar contexts; and 

5. To assess the feasibility and acceptance of applying community contact isolation and 

decentralised early warning system strategies in comparable outbreak scenarios. 

6. To investigate how investment in preparedness capacities (IHR core capacities) will 

affect and contribute to the response to an Ebola epidemic.
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2 | Articles 

2.1 | Methodological contribution 

Note: for each research objective, a research article was written and published, as detailed in 

the table below (Table 2). 

This thesis represents the culmination of independent work conducted by the candidate, with 

significant intellectual and practical contributions at every stage of the research process. Across 

the six articles forming the core of this thesis, the candidate played a leading role in 

conceptualising, designing, and executing each study, ensuring a cohesive and impactful body 

of work. 

The candidate independently conceived the research objectives for all six studies, guided by a 

deep understanding of the public health challenges posed by Ebola Virus Disease (EVD) and 

related epidemics. These objectives were strategically aligned to address critical gaps in the 

literature and to generate actionable insights for epidemic preparedness and response. For each 

study, the candidate designed the methodologies, collected and analysed data, and interpreted 

findings with minimal external direction. This reflects a high degree of autonomy and expertise 

in navigating complex public health challenges. 

As the corresponding author for all six articles, the candidate bore primary responsibility for 

drafting, revising, and finalising the manuscripts for submission. This involved synthesising 

input from co-authors while maintaining intellectual leadership throughout the process. The 

candidate ensured that each article met the highest standards of academic rigour, contributing 

significantly to the dissemination of findings in peer-reviewed journals. 

For the first article, evaluating the Early Warning, Alert, and Response System (EWARS) in 

the Democratic Republic of Congo (DRC), the candidate independently designed the study and 

analysed its sensitivity, specificity, and predictive values. Similarly, in the second article, the 

candidate integrated epidemiological and genomic investigations to elucidate transmission 

dynamics during the final cluster of the 2018–2020 EVD outbreak. Both studies required 

advanced analytical skills and a nuanced understanding of outbreak management, 

demonstrating the candidate’s capacity to lead cutting-edge research. 

In subsequent articles, the candidate extended his focus to community-based strategies, contact 

tracing, and preparedness. The third article’s investigation of community isolation strategies 



31/112 

was entirely conceptualised and executed by the candidate, highlighting the importance of 

participatory approaches in outbreak response. Likewise, the fourth article’s identification of 

factors affecting contact tracing reliability relied on the candidate’s ability to derive practical 

insights from complex epidemiological data. The fifth and sixth articles further emphasised the 

candidate’s expertise in applying these findings to broader health systems, including addressing 

coinfections and evaluating health system reforms in Guinea. 

This body of work reflects the candidate’s independent contributions as a researcher and 

practitioner. The studies were designed to complement one another, creating a comprehensive 

thesis that advances the field of epidemic preparedness and response. Each article stands as a 

testament to the candidate’s intellectual autonomy, methodological precision, and commitment 

to addressing critical public health challenges in resource-constrained settings.
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Table 2: Articles in this thesis addressing each research objective, and the candidate's contribution to each 

Research objective Associated article Candidate contribution 

1. To evaluate the sensitivity, specificity, positive 

predictive value (PPV), and negative predictive 

value (NPV) of a decentralised early warning alert 

system in controlling Ebola epidemics 

The findings are presented in the first article of this 

thesis: Evaluation of Early Warning, Alert and Response 

System for Ebola Virus Disease, Democratic Republic of 

the Congo, 2018–2020 (Chapter 2.4.1, page 3530). 

I conceived and designed the study; collected, analysed, 

and interpreted the data; wrote the first draft; incorporated 

co-authors’ suggestions; and prepared the final version for 

submission. I served as the corresponding author. 

2. To integrate epidemiological and genomic 

investigations to better understand the origins and 

dynamics of transmission during epidemics 

The results are detailed in the second article of this 

thesis: Investigation of and Strategies to Control the 

Final Cluster of the 2018–2020 Ebola Virus Disease 

Outbreak in the Eastern Democratic Republic of Congo 

(Chapter 2.4.2, page 47). 

I conceived and designed the study; collected, analysed, 

and interpreted the data; wrote the first draft; incorporated 

co-authors’ suggestions; and prepared the final version for 

submission. I served as the corresponding author. 

3. To provide evidence for the effectiveness of a 

community-based contact isolation strategy, centred 

on the participation of contacts and community 

engagement, as a potential approach for future 

outbreaks to rapidly mitigate onward transmission 

These findings are reported in the third article of this 

thesis: A Community-Based Contact Isolation Strategy 

to Reduce the Spread of Ebola Virus Disease: An 

Analysis of the 2018–2020 Outbreak in the Democratic 

Republic of the Congo (Chapter 2.4.3, page 64). 

I conceived and designed the study; collected, analysed, 

and interpreted the data; wrote the first draft; incorporated 

co-authors’ suggestions; and prepared the final version for 

submission. I was responsible for the overall content as 

guarantor and served as the corresponding author. 

4. To identify factors associated with the reliability 

of 21-day follow-up among listed contacts, to 

inform and improve contact tracing efforts in future 

outbreak responses in similar contexts 

The findings are presented in the fourth article of this 

thesis: Factors Associated with Reliable Contact 

Tracing During the 2021 Ebola Virus Disease Outbreak 

in Guinea (Chapter 2.4.4, page 63). 

I conceived and designed the study; collected, analysed, 

and interpreted the data; wrote the first draft; incorporated 

co-authors’ suggestions; and prepared the final version for 

submission. I was responsible for the overall content as 

guarantor and served as the corresponding author. 
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Research objective Associated article Candidate contribution 

5. To assess the feasibility and acceptance of 

applying community contact isolation and 

decentralised early warning system strategies in 

comparable outbreak scenarios 

These findings are reported in the third article of this 

thesis: A Community-Based Contact Isolation Strategy 

to Reduce the Spread of Ebola Virus Disease: An 

Analysis of the 2018–2020 Outbreak in the Democratic 

Republic of the Congo (Chapter 2.4.3, page 64). 

 

And in this case report, the fifth article: Case Report: 

COVID-19 and Lassa Fever Coinfection in an Ebola-

Suspected Patient in Guinea (Chapter 2.4.5, page 75); 

and 

I conceived and designed the study; collected, analysed, 

and interpreted the data; wrote the first draft; incorporated 

co-authors’ suggestions; and prepared the final version for 

submission. I was responsible for the overall content as 

guarantor and served as the corresponding author. 

 

I wrote the first draft; incorporated co-authors’ 

suggestions; and prepared the final version for submission. 

I served as the corresponding author. 

6. To investigate how investment in preparedness 

capacities (IHR core capacities) will affect and 

contribute to the response to an Ebola epidemic. 

These findings are reported in the sixth article of this 

thesis: Investing in Preparedness for Rapid Detection 

and Control of Epidemics: Analysis of Health System 

Reforms and Their Effect on the 2021 Ebola Virus 

Disease Epidemic Response in Guinea (Chapter 2.4.6, 

page 79). 

I conceived and designed the study; collected, analysed, 

and interpreted the data; wrote the first draft; incorporated 

co-authors’ suggestions; and prepared the final version for 

submission. I served as the corresponding author. 
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2.2 | Site selection 

This thesis was conducted in two countries that experienced the largest Ebola epidemics in 

history: Guinea and the Democratic Republic of Congo (DRC). My involvement in the 

response to these and subsequent outbreaks was substantial. Serving as Senior Field 

Coordinator, Deputy Incident Manager, and Incident Manager for the World Health 

Organization (WHO) across various locations, I contributed significantly to the operational 

management of these emergencies. These roles allowed me to initiate and implement 

innovative approaches, which are detailed in this thesis and were integral to the response 

efforts. 

The thesis is based on field data that my team and I were directly involved in collecting, 

ensuring its relevance to real-world conditions and its direct application to outbreak response. 

The research focused on districts that had experienced Ebola outbreaks and where innovative 

strategies were implemented to accelerate epidemic control. These included the provinces of 

North Kivu (Beni and Mabalako Health Zones) and Equateur (Ingende, Bomongo, Lolanga 

Mampoko, Lotumbe, and Bikoro Health Zones) in the DRC (Figure 6), as well as the prefecture 

of Nzérékoré in Guinea (Figure 7). 

 

Figure 6: Study sites map in the Democratic Republic of Congo (Source: author) 
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Figure 7: Study sites map in Guinea (Source: author) 

 

2.3 | Ethics 

To support this work, I designed a research protocol that was reviewed and approved by the 

ethics committees in both countries (under reference numbers ESP/CE/03/2021 and   

017/CNERS/21 respectively for the DRC and Guinea). All research was conducted in 

accordance with best practice. 

2.4 | Chapter articles 

Six peer-reviewed academic journal articles are now presented, comprising the main body of 

this PhD thesis, as indicated in Table 2 (page 32). 

 



36/112 

2.4.1 | Evaluation of Early Warning, Alert and Response System for Ebola Virus Disease, 

Democratic Republic of the Congo, 2018 – 2020 
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Figure 8: Organization of Early Warning, Alert and Response System as used in  the Democratic Republic of the Congo, August 2018 - June 2020 
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Figure 9: Flow diagram of alerts in the Early Warning, Alert and Response System and their outcomes in 3 health zones, Democratic 

Republic of the Congo, August 2018 - June 2020 
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Figure 10: Trend in the daily number of alerts from the Early Warning, Alert and Response System by final validation status in 3 health 

zones, Democratic Republic of the Congo, August 2018 - June 2020 
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Table 3: Characteristics of Ebola virus disease alerts received in Beni sub-coordination, Democratic Republic of the Congo, August 5, 2018 - June 30, 

2020 

Table 4: Evaluation results and overall characteristics of Ebola virus disease alerts from EWARS, Democratic Republic of the Congo, August 5, 2018 

- June 30, 2020 
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Figure 11: Timeliness over time of alerts from thre Early Warning, Alert and Response System, Democratic Republic of the Congo, August 2018 - June 2020 
Table 5: Evaluation of EWARS alerts by source of Ebola virus disease alert and health zone, Democratic Republic of the Congo, August 5, 2018 - June 30, 2020 
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Table 6: Costs for EWARS in Beni, Mutwanga, and Oicha, Democratic Republic of the Congo, August 2018 - June 2020 

Figure 12: Trend in daily number of alerts in the Early Warning, Alert and Response System in 3 health zones in the Democratic Republic of the Congo, August 2018 - June 2020 
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2.4.2 | Investigation of and Strategies to Control the Final Cluster of the 2018 – 2020 Ebola 

Virus Disease Outbreak in the Eastern Democratic Republic of the Congo 
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Figure 13: Epidemiological curve of confirmed and probable cases of EVD in Eastern DRC, 2018 - 2020 
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Figure 14: Transmission chain of the last cluster in Beni, DR Congo, March - April 2020 
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Figure 15: Geographic distribution of cases by residence 
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Figure 16: Sequencing results 

Figure 17: Key aspects of community confinement strategy 
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2.4.3 | A community-based contact isolation strategy to reduce the spread of Ebola virus 

disease: an analysis of the 2018 – 2020 outbreak in the Democratic Republic of the Congo 
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Figure 18: Community-based contact isolation study protocol, Beni and Mabalako sub-coordination, Democratic Republic of the Congo, June 2019 – May 2020 

Figure 19: Evolution of the weekly number of confirmed and probable cases of Ebola virus disease by Health Zone, Democratic Republic of the Congo, May 2018 – June 2020 
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Figure 20: Flow diagram of the progress of contacts and their outcome through the intervention and comparaison arms of the study, Beni  and 

Mabalako sub-coordination, Democratic Republic of the Congo, June 2019 - May 2020 
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Table 7: Baseline characteristics of study participants according to intervention arm, Beni and Mabalako sub-coordination, Democratic Republic of the Congo, June 2019 - May 2020 

Table 8: Assessment of intervention and comparison groups according to primary and secondary objectives, Beni and Mabalako sub-coordination, Democratic Republic of the Congo, June 

2019 - May 2020 
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Figure 21: Kaplan-Meier survival curves for confirmed Ebola virus disease case-patients among the intervention (isolated) and comparison (non-
isolated) groups, Beni and Mabalako sub-coordination, Democratic Republic of the Congo, June 2019 - May 2020 

Table 9: Results of multivariable analysis of predictors of death among confirmed cases, Beni and Mabalako sub-coordination, Democratic 

Republic of the Congo, June 2019 - May 2020 
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2.4.4 | Factors Associated with Reliable Contact Tracing During the 2021 Ebola Virus Disease 

Outbreak in Guinea 
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Figure 22: Follow-up procedure for EVD contacts and completeness criteria 
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Figure 23: Number of EVD cases (confirmed and probable) by week of symptom onset in Guinea between February and May 2021; Number of 

confirmed EVD cases by week of onset and contact tracing status including epidemiological link at time of detection 
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Figure 24: Evolution of delays to isolation, to alert, and to report over time of EVD confirmed and probable cases in Guinea between February 

and May 2021; Delays to isolation, to alert, and to report of EVD confirmed and probable cases by affected SP in Guinea 
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Table 10: Characteristics of EVD contacts in Nzerekore in the 2021 outbreak 
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Table 11: Factors associated with non-completeness of contact tracing in Nzerekore during the 2021 EVD outbreak, using univariable analysis 
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Table 12: Factors associated with non-completeness of contact tracing in Nzerekore during the 2021 EVD outbreka, using multivariable analysis 
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2.4.5 | Case Report: COVID-19 and Lassa Fever Coinfection in Ebola Suspected Patient in 

Guinea 
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Table 13: Dynamic of hematology and biochemistry profile of the patient between admission 1 and 2 
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Figure 25: Therapeutic itinerary of the COVID-19 and Lassa fever coinfection patient from his village (the health district of Yomou) to the regional 

capital (Nzerekore) 
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2.4.6 | Investing in preparedness for rapid detection and control of epidemics: analysis of 

health system reforms and their effect on 2021 Ebola virus disease epidemic response in 

Guinea 

 



80/112 

 

 



81/112 

 



82/112 

 

Figure 26: Timelines of the major events during the 2014 - 2016 (blue) and 2021 (green) EVD outbreaks in Guinea 
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Figure 27: Comparison of the epidemiological curves of the two EVD outbreaks 2014 - 2016 and 2021 in Guinea 

Table 14: Summary of the case fatality rate for the first and second EVD outbreaks in Guinea 
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Figure 28: Comparison of the spread of the two EVD outbreaks 2014 - 2016 and 2021 in Guinea 
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3 | Conclusion and perspectives 

This chapter concludes the thesis by synthesising the findings of six interlinked studies focused 

on public health emergency preparedness and response, particularly in the context of Ebola 

Virus Disease (EVD) and related epidemic challenges in sub-Saharan Africa. These studies 

collectively address critical aspects of epidemic management, ranging from early warning 

systems and contact tracing to community-based strategies and health system preparedness. 

The work presented in this thesis underscores the importance of timely and efficient responses 

to infectious disease outbreaks, especially in resource-constrained settings. Using both 

empirical data and analytical methods, the studies explore how integrated approaches can 

strengthen health system resilience, improve outbreak containment, and minimise the societal 

and economic impacts of epidemics. From evaluating the Early Warning, Alert, and Response 

System (EWARS) in the Democratic Republic of Congo (DRC) to examining health reforms 

in Guinea post-EVD, the findings provide actionable insights for global health security. 

The chapter also explores cross-cutting themes that emerge across the studies, such as the 

critical role of community engagement, the utility of data-driven surveillance systems, and the 

value of sustained investments in health security infrastructure. Through this integrative 

analysis, it aims to provide a cohesive narrative that positions the findings within the broader 

context of global public health challenges, offering pathways for future advancements in 

epidemic control. 

3.1 | Key insights from the articles 

The studies presented in this thesis represent a diverse yet interconnected body of work, each 

addressing a crucial element of epidemic preparedness and response. Together, they build a 

nuanced understanding of the challenges and opportunities in managing public health 

emergencies, particularly in regions characterised by fragile health systems and complex socio-

political landscapes.  

3.1.1 | Synthesis of findings 

3.1.1.1 | Early warning and surveillance systems 

Effective early warning and surveillance systems are fundamental to epidemic preparedness 

and response, as they enable the rapid detection and containment of infectious disease 
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outbreaks. In the context of the 2018–2020 Ebola Virus Disease (EVD) outbreak in the 

Democratic Republic of Congo (DRC), the Early Warning, Alert, and Response System 

(EWARS) demonstrated its critical role in managing one of the most complex public health 

emergencies in recent history(30). 

The implementation of EWARS in North Kivu and Ituri provinces provided a systematic 

approach to detecting and responding to EVD cases in real time. With its core operational 

unit—the Alert Unit—EWARS integrated diverse sources of information, including 

community reports, active case finding, and surveillance at health facilities and points of entry. 

The system proved robust despite significant challenges, including ongoing conflict and limited 

resources(30). Its performance metrics were notable: over 194,000 alerts were received during 

the outbreak period, with 15.8% validated as suspected cases. Sensitivity and specificity 

exceeded 80%, and 97% of alerts were investigated within two hours of notification, reflecting 

the system's operational efficiency(30). 

In addition to timeliness, EWARS enhanced community engagement by incorporating input 

from local health workers, community members, and traditional leaders. This participatory 

approach helped build trust in the system and increased the reporting of suspected cases. 

Furthermore, the system's cost-effectiveness—estimated at $438 per case detected—

highlighted its feasibility in resource-constrained settings(30). 

However, the study also identified areas for improvement. Insufficient understanding and 

application of standard EVD case definitions at community and health facility levels led to 

delays in case detection during the early stages of the outbreak. This underscores the need for 

continuous training and capacity-building initiatives to enhance system reliability and 

responsiveness(30). 

The EWARS experience in the DRC illustrates the importance of adaptive surveillance systems 

tailored to the unique challenges of each outbreak. By integrating technological, community-

based, and operational elements, such systems can provide a robust foundation for outbreak 

detection and containment. These insights inform not only the design of future early warning 

mechanisms but also broader health system strengthening efforts in low-resource settings. 
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3.1.1.2 | Cluster control strategies 

The success of early warning systems like EWARS is ultimately measured by their ability to 

trigger effective responses. During the 2018–2020 Ebola Virus Disease (EVD) outbreak in the 

Democratic Republic of Congo (DRC), the identification and management of the final cluster 

of cases demonstrated how rigorous investigations and decisive interventions can prevent a 

resurgence of infections. On April 10, 2020, just two days before the outbreak’s expected end-

of-epidemic declaration, a new confirmed case in the city of Beni disrupted 52 consecutive 

days without confirmed EVD cases. This incident highlighted the persistent risk of flare-ups 

even during the final stages of an epidemic(31). 

To understand and contain this cluster, a combined approach of epidemiological and genomic 

investigation was employed. Eight cases were identified, all tracing back to a single chain of 

transmission from a 2019 case in the same area. Genomic sequencing revealed minimal 

variation—only 31 nucleotide differences—between the cluster’s cases and their source, 

reinforcing the epidemiological link. This integration of genomic data provided critical insights 

into the cluster’s transmission dynamics and supported a targeted response(31). 

The control strategy for this cluster centred on community confinement. High-risk contacts 

were advised to stay within specific community settings, with resources such as food and 

essential supplies provided to ensure compliance. Unlike enforced quarantines, this approach 

relied on voluntary participation and community trust, minimising resistance while effectively 

limiting movement. Enhanced contact tracing further supported these efforts, with over 1,000 

contacts identified and closely monitored. Eligible individuals were vaccinated promptly, 

adding a crucial layer of protection against further transmission(31). 

Timely isolation of suspected cases was another cornerstone of the response. Rapid testing 

enabled the swift confirmation of infections, shortening the time between symptom onset and 

medical intervention. This reduced the likelihood of onward transmission and ensured that 

cases received appropriate care. The ability to implement these measures quickly and 

effectively was pivotal in containing the cluster before it could escalate(31). 

This response yielded important lessons for future epidemic management. First, it underscored 

the necessity of maintaining heightened vigilance and operational readiness even as case 

numbers decline. Outbreaks are rarely linear, and complacency during their final stages can 

allow undetected transmission chains to re-emerge. Second, the emphasis on community 
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engagement demonstrated how trust-building and supportive measures can enhance the 

acceptance and effectiveness of containment efforts. Providing food and other resources during 

confinement, for instance, alleviated potential hardships and fostered cooperation. Finally, the 

integration of genomic analysis into the response framework illustrated the value of advanced 

scientific tools in informing and refining intervention strategies(31). 

The Beni cluster exemplifies how a well-coordinated, community-centred approach can 

effectively manage the complexities of outbreak control. By combining epidemiological 

precision with locally adapted interventions, the response not only halted transmission but also 

reinforced the importance of aligning technical strategies with community needs. These 

experiences offer invaluable guidance for managing future outbreaks and ensuring that even 

the most challenging clusters can be contained. 

3.1.1.3 | Community-based strategies 

The successful containment of the Beni cluster during the 2018–2020 Ebola Virus Disease 

(EVD) outbreak underscored the critical role of targeted interventions and swift responses. 

However, such efforts must extend beyond individual clusters to address the broader dynamics 

of epidemic transmission. Community-based strategies offer a powerful framework for 

outbreak control, combining local engagement with evidence-based interventions to reduce 

transmission and enhance trust in public health efforts. These strategies, deeply rooted in the 

specific socio-cultural contexts of affected regions, proved particularly effective in the 

Democratic Republic of Congo (DRC)(32). 

One notable example of a community-based approach was the implementation of contact 

isolation strategies in Beni and Mabalako health zones during the 2018–2020 outbreak. Unlike 

traditional quarantines, which often rely on enforcement and may provoke resistance, the 

community-based contact isolation model emphasised voluntary participation and support. 

Contacts at high risk of developing EVD were encouraged, incentivised, and supported to 

remain in designated isolation sites within their communities for the duration of their 

monitoring period. This approach reduced potential exposure to others while addressing the 

socio-economic challenges that might otherwise discourage compliance. Food and essential 

supplies were provided, fostering cooperation and minimising hardship(32). 

The impact of this strategy was striking. Among the intervention group, the average delay 

between symptom onset and isolation was significantly reduced—from 4.8 days in the 



91/112 

comparison group to just 1.3 days. This improvement not only curtailed the opportunity for 

onward transmission but also ensured earlier access to care, leading to better survival rates. 

Furthermore, the reproduction number (R) among the intervention group was effectively 

reduced to zero, with no secondary cases arising from the first-generation contacts in isolation. 

In contrast, contacts who were not isolated generated secondary cases, underscoring the critical 

role of the isolation strategy in breaking transmission chains(32). 

The success of community-based contact isolation was not merely a function of logistical 

coordination but also of community engagement and trust-building. Past outbreaks had 

revealed that mistrust of public health authorities often undermines containment efforts. In 

response, the strategy in the DRC was carefully designed to align with local practices and 

priorities. Health workers and community leaders were engaged as advocates, fostering 

dialogue and ensuring that the interventions were culturally sensitive and contextually relevant. 

This participatory approach strengthened the legitimacy of the measures and increased public 

acceptance(32). 

These lessons from the DRC illustrate the potential of community-driven strategies to 

transform epidemic response. By prioritising local engagement and addressing the social 

determinants of compliance, public health authorities can achieve both technical and relational 

success. The voluntary nature of isolation, combined with tangible support for affected 

individuals, proved to be a humane and effective alternative to coercive measures(32). 

Community-based strategies are not only practical but also scalable. The principles 

demonstrated during the DRC outbreak—engaging local actors, providing material support, 

and building trust—are broadly applicable to other infectious disease outbreaks and health 

crises. 

3.1.1.4 | Factors in contact tracing 

The success of community-based strategies in managing EVD outbreaks underscores the 

importance of local engagement and trust in epidemic response. However, the effectiveness of 

these strategies often hinges on the foundational public health function of contact tracing. 

Identifying, monitoring, and supporting individuals exposed to infectious diseases remains a 

cornerstone of outbreak control. The 2018–2020 EVD outbreak in the Democratic Republic of 

Congo (DRC) and the 2021 outbreak in Guinea reveal critical insights into the factors 

influencing the reliability and effectiveness of contact tracing. 
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Contact tracing is inherently resource-intensive and requires meticulous execution to achieve 

its dual objectives: preventing further transmission and ensuring early intervention for those 

who may become symptomatic. Despite its central role, the effectiveness of contact tracing can 

be undermined by various demographic, logistical, and systemic factors. A study of the 2021 

Guinea outbreak highlighted key determinants of contact tracing reliability. Rural-dwelling 

contacts were far more likely to complete the 21-day follow-up period compared to their urban 

counterparts, suggesting that smaller, more cohesive communities may facilitate better 

engagement. Conversely, contacts in urban areas, where populations are more mobile and 

dispersed, were significantly more challenging to monitor(33). 

Demographic factors also played a significant role. Unmarried contacts were more likely to be 

missed during follow-ups than married individuals, perhaps reflecting the social support 

structures that facilitate accountability and compliance. Similarly, contacts who were 

unvaccinated or who did not receive material support, such as food donations, were less likely 

to adhere to the required monitoring protocols. These findings highlight the importance of 

integrating supportive measures into contact tracing strategies to incentivise compliance and 

reduce barriers to participation(33). 

The number and capacity of contact tracing teams further influenced outcomes. Health areas 

with multiple teams achieved significantly higher follow-up rates compared to areas with a 

single team, underscoring the importance of adequate resourcing and workforce distribution. 

In Guinea, well-coordinated, decentralised contact tracing operations enabled rapid response 

to outbreaks in challenging and dispersed settings, but gaps in team capacity sometimes 

hindered efforts(33)(34). 

Beyond operational challenges, trust and community acceptance emerged as pivotal factors. 

Historical experiences of marginalisation and mistrust of government authorities can 

undermine compliance with public health interventions. In Guinea, distrust was mitigated by 

leveraging local actors, including community health workers and traditional leaders, as 

intermediaries. These actors not only facilitated better communication but also helped to 

personalise the process, fostering greater cooperation from affected communities(33). 

The lessons from these outbreaks underscore the multidimensional nature of contact tracing. 

While technical and logistical considerations are critical, the human and social dimensions—

trust, support, and engagement—are equally influential. These findings point to the need for a 
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holistic approach to contact tracing, one that integrates demographic insights, community 

dynamics, and resource allocation. 

3.1.1.5 | Complex coinfections 

The factors influencing contact tracing effectiveness reveal how outbreaks are shaped by both 

individual and systemic dynamics. These challenges become even more pronounced when 

multiple infectious diseases circulate simultaneously, complicating diagnosis, response 

coordination, and resource allocation. Coinfections during epidemic-prone diseases underscore 

the need for robust, integrated systems capable of addressing overlapping health emergencies. 

The 2021 case of a patient in Guinea presenting with both Lassa fever and COVID-19 in the 

midst of an ongoing Ebola Virus Disease (EVD) outbreak illustrates the complexities of 

managing such scenarios(35). 

In May 2021, during Guinea's resurgence of EVD, a young man was admitted to a treatment 

centre with symptoms initially suspected to be Ebola. However, further diagnostic testing 

revealed concurrent infections with Lassa fever and COVID-19. This case underscores the 

critical importance of differential diagnosis in outbreak settings, where the symptoms of 

multiple diseases often overlap. Misdiagnosis or delayed identification of coinfections can lead 

to inappropriate treatment protocols and increased mortality risk(35). 

The management of this patient highlighted key challenges and lessons for handling 

coinfections. First, it demonstrated the need for integrated diagnostic capacity at the point of 

care. In this case, real-time PCR testing for multiple pathogens enabled the rapid identification 

of Lassa fever and COVID-19, guiding appropriate treatment. Without such capabilities, the 

patient's conditions might have gone unrecognised, potentially resulting in further transmission 

of both diseases and suboptimal care(35). 

Second, the case revealed the operational strain that coinfections can impose on healthcare 

systems. In regions already overwhelmed by an Ebola outbreak, the simultaneous management 

of Lassa fever and COVID-19 required additional resources and coordination among different 

response teams. This strain was compounded by community resistance, which delayed 

response implementation in some areas. Efforts to build trust, such as providing food support 

during community confinement, were critical to overcoming these challenges(35). 
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Moreover, the socio-political context in which coinfections occur cannot be ignored. Epidemics 

often exacerbate existing tensions, and the introduction of new public health interventions for 

additional diseases may be met with scepticism or resistance. In Guinea, pre-existing 

frustration from the prolonged COVID-19 pandemic and the memories of the 2013–2016 West 

African Ebola epidemic created a challenging environment for public health authorities. 

Addressing these tensions required careful community engagement and clear communication 

to build trust and foster cooperation(35). 

This case also highlights the importance of strengthening surveillance systems that can 

simultaneously monitor multiple diseases. Coinfections and concurrent outbreaks demand a 

shift from siloed responses to a more integrated approach that considers the full spectrum of 

potential public health threats. Investments in diagnostic capacity, workforce training, and 

multi-disease preparedness are essential to mitigate the risks posed by overlapping epidemics. 

3.1.1.6 | Preparedness and health systems reform 

The challenges posed by complex coinfections highlight the broader need for robust health 

systems capable of responding to overlapping public health emergencies. The experience of 

Guinea following the 2014–2016 West African Ebola Virus Disease (EVD) epidemic provides 

compelling evidence of how targeted health system reforms can enhance preparedness and 

response capacity. These investments not only improved the country’s ability to manage the 

2021 EVD outbreak but also bolstered its capacity to address concurrent health crises, 

including Lassa fever, COVID-19, and Marburg virus disease(34). 

In the wake of the devastating 2014–2016 EVD epidemic, Guinea undertook significant 

reforms aimed at strengthening its health security. These efforts included scaling up Integrated 

Disease Surveillance and Response (IDSR), conducting Joint External Evaluations (JEE) to 

assess International Health Regulation (IHR) capacities, and developing a National Action Plan 

for Health Security (NAPHS). By decentralising emergency operations through the 

establishment of regional and prefectural Emergency Operation Centres, Guinea enhanced its 

ability to detect and respond to outbreaks rapidly and efficiently(34). 

The value of these reforms became evident during the 2021 EVD outbreak. Unlike the earlier 

epidemic, the response to the 2021 outbreak was characterised by early detection, rapid 

intervention, and effective containment. The outbreak was declared over within five months, 

with a significantly lower case burden and mortality rate compared to the 2014–2016 epidemic. 
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This success was attributed to the foundational improvements in surveillance, workforce 

capacity, and community engagement that had been implemented in the intervening years(34). 

One of the most impactful reforms was the introduction of an Early Warning, Alert, and 

Response System (EWARS), which provided a streamlined mechanism for identifying and 

responding to potential outbreaks. Coupled with community preparedness initiatives, this 

system allowed for the rapid mobilisation of resources and personnel, even in remote and 

conflict-affected areas. Simulation exercises and risk assessments further reinforced the 

country’s readiness, enabling stakeholders to identify gaps and refine response strategies before 

crises occurred(34). 

Another critical component of Guinea’s preparedness was its focus on fostering trust and 

collaboration with communities. The response to the 2014–2016 epidemic had been hampered 

by mistrust and misinformation, leading to resistance and delayed containment. In contrast, the 

2021 outbreak response emphasised community-driven approaches, with local leaders and 

health workers playing a central role in communication and intervention efforts. This approach 

not only improved public compliance but also reinforced the legitimacy of public health 

measures(34). 

The economic benefits of these reforms were also significant. By investing in preparedness, 

Guinea reduced the costs associated with emergency responses, which are typically much 

higher when outbreaks are allowed to escalate unchecked. The ability to detect and contain 

outbreaks early not only saves lives but also minimises disruptions to health systems, 

economies, and societies(34). 

Guinea’s experience underscores the importance of sustained investment in health system 

strengthening. The reforms implemented after the 2014–2016 epidemic served as a blueprint 

for building resilience and adaptability, offering valuable lessons for other low-resource 

settings at risk of infectious disease outbreaks. As this chapter transitions to broader reflections 

on the findings, the case of Guinea provides a compelling argument for the integration of 

preparedness into long-term health system planning, ensuring that countries are equipped to 

face future public health challenges with confidence and efficiency. 

3.1.2 | Cross-cutting themes 
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The examination of preparedness and health system reform highlights the multifaceted nature 

of epidemic response, where technical, operational, and social dimensions converge. From 

enhancing surveillance systems and contact tracing to managing coinfections and fostering 

community trust, the interconnectedness of these elements underscores the need for a holistic 

approach to public health emergencies. While each intervention plays a distinct role, cross-

cutting themes emerge that unify these efforts and provide broader lessons for strengthening 

health systems and outbreak response. The following section explores these themes, offering 

insights into how they inform and shape effective strategies across diverse epidemic contexts. 

3.1.2.1 | Community engagement as a foundation 

A recurring theme across the studies is the indispensable role of community engagement in 

outbreak response. Whether implementing voluntary contact isolation, fostering compliance 

with contact tracing, or managing coinfections in complex socio-political contexts, trust and 

collaboration with affected populations were paramount. In the Democratic Republic of Congo 

(DRC) and Guinea, involving community leaders and health workers as intermediaries ensured 

that public health measures aligned with local customs and priorities. This participatory 

approach not only improved intervention acceptance but also strengthened the legitimacy of 

the response(32)(35). It was equally founded on a Human Rights-Based Approach (HRBA), 

which emphasises the promotion and realisation of human rights principles—universality, 

indivisibility, equality and non-discrimination, participation, and accountability. This approach 

includes a focus on building the capacities of 'duty-bearers' to meet their obligations and of 

'rights-holders' to assert their rights, encompassing all civil, cultural, economic, political, and 

social rights, as well as the right to development(36). 

The success of these efforts underscores the importance of building trust before and during 

outbreaks. Community resistance often stems from historical mistrust of authorities or 

inadequate communication during health crises. By addressing these concerns proactively, 

public health responses can foster cooperation and reduce barriers to effective 

implementation(32). 

3.1.2.2 | Interdependence of systems and strategies 

The studies illustrate how different components of epidemic response—surveillance, contact 

tracing, isolation, and treatment—are deeply interconnected. Early warning systems, for 

example, provide the data necessary to guide contact tracing and case management, while 
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community-based isolation strategies rely on robust surveillance to identify and support high-

risk contacts. The ability to integrate these systems into a cohesive framework is critical for 

achieving timely and efficient responses(30)(32). 

This interdependence also highlights the importance of capacity-building at all levels of the 

health system. In both the DRC and Guinea, decentralised emergency operations and well-

trained local teams were pivotal in ensuring rapid and context-specific responses. Investments 

in these areas not only improve preparedness but also enhance resilience to future 

outbreaks(34). 

3.1.2.3 | Equity and resource allocation 

Equity emerged as a key consideration in the design and implementation of outbreak responses. 

Factors such as geographic location, socio-economic status, and access to healthcare resources 

influenced outcomes during the DRC and Guinea outbreaks. Rural communities, for instance, 

demonstrated higher contact tracing follow-up rates due to their cohesion and accessibility, 

while urban settings faced challenges related to mobility and resource constraints(33). 

Efforts to address these disparities included targeted resource allocation, such as providing food 

and essential supplies to isolated contacts, and prioritising vaccination campaigns for high-risk 

populations. These measures not only enhanced compliance but also ensured that interventions 

were accessible to those most in need(31)(32). 

3.1.2.4 | Preparedness as a cost-effective investment 

The experiences of Guinea demonstrate the long-term benefits of investing in preparedness. 

By strengthening surveillance systems, decentralising emergency operations, and conducting 

regular simulations, the country was able to contain the 2021 EVD outbreak with fewer cases, 

lower costs, and reduced disruption. This underscores the cost-effectiveness of proactive 

measures compared to reactive responses, which are often more expensive and less 

effective(34). 

Preparedness also extends beyond technical capacities to include governance and community 

trust. Establishing clear roles and responsibilities, fostering collaboration among stakeholders, 

and building confidence in public health institutions are critical components of a resilient health 

system(34). As part of efforts to strengthen global health emergency preparedness and 
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response, amendments to the International Health Regulations (2005) (IHR) were adopted in 

June 2024. These notably expanded the purpose and scope of the IHR, as outlined in Article 2, 

to include preparedness for the international spread of disease(37). While uncertainties remain 

regarding the final outcome, the Pandemic Accord currently under negotiation highlights 

preparedness, readiness, and health system resilience in Article 6, where consensus has been 

reached. This reflects Member States' commitment to investing more in preparedness and 

enhancing core IHR capacities(38). 

3.2 | Theoretical and practical implications 

The findings of this thesis have significant theoretical and practical implications for the fields 

of epidemic preparedness, response, and health system strengthening. They provide a deeper 

understanding of the dynamics of public health emergencies and offer actionable 

recommendations for improving future responses in low-resource settings. 

3.2.1 | Theoretical contributions 

Theoretical contributions of the research include: 

• The integration of multidimensional frameworks. The studies underscore the need for 

a multidimensional approach to epidemic management, integrating surveillance, 

community engagement, and health system reforms. They highlight how different 

components of public health responses—early warning systems, contact tracing, 

isolation, and case management—interact and reinforce one another. This 

interdependence suggests a need for theoretical frameworks that account for these 

synergies rather than treating each intervention in isolation. For instance, the 

effectiveness of community-based contact isolation during the DRC outbreak was 

contingent on robust early warning systems and trust-building measures. These findings 

challenge linear models of outbreak response, advocating for frameworks that prioritise 

adaptability and interconnectedness(32,34). 

• The role of trust and social determinants. This thesis contributes to a growing body of 

literature recognising the centrality of social determinants, human rights and trust in 

public health responses. By demonstrating how community engagement influences 

compliance with interventions, the findings suggest that trust-building should be 

considered a core element of epidemic preparedness. Theoretical models of epidemic 
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response must therefore move beyond technical efficiency to incorporate relational 

dynamics and socio-cultural factors(32,33,39). 

• Resilience and adaptive capacity. The experiences in Guinea and the DRC highlight 

resilience as a critical attribute of health systems facing complex emergencies. 

Theoretical contributions from this thesis propose resilience not just as the capacity to 

absorb shocks but as the ability to adapt and transform in response to evolving 

challenges. This perspective is particularly relevant for regions where concurrent 

outbreaks and socio-political instability complicate response efforts (32,34). 

3.2.2 | Practical applications 

Practical applications of research findings include the need for: 

• Strengthening surveillance and early warning systems: practical recommendations 

include investing in surveillance infrastructure such as Early Warning, Alert, and 

Response Systems (EWARS), which proved effective in the DRC. These systems 

should be decentralised and integrated with community-level reporting mechanisms to 

ensure timely detection and response, particularly in conflict-affected or remote 

areas(30). 

• Enhancing community-centric approaches: public health interventions should prioritise 

community engagement, leveraging local leaders, health workers, and culturally 

tailored communication strategies. The success of voluntary isolation strategies in the 

DRC and trust-building measures in Guinea demonstrate the importance of aligning 

public health actions with community needs and values. Such approaches not only 

improve compliance but also strengthen the legitimacy of health authorities(32,33). 

• Addressing equity in resource allocation: interventions should account for geographic 

and socio-economic disparities. Targeted support for vulnerable populations, such as 

providing food and essential resources during isolation, can enhance the accessibility 

and acceptability of public health measures. Resource allocation strategies must 

prioritise equity to ensure that no community is left behind during an outbreak 

response(32). 

• Investing in preparedness for cost-effectiveness: the case of Guinea illustrates the 

economic advantages of investing in health system reforms before outbreaks occur. 

Preparedness activities—such as regular simulation exercises, training programs, and 

decentralised emergency operations—reduce response costs and improve outcomes 
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when outbreaks do arise. Policymakers should view these investments as not only 

lifesaving but also cost-effective in the long term(34). 

• Integrating multi-disease responses: coinfections and concurrent outbreaks require an 

integrated response strategy. Building diagnostic capacity to detect multiple pathogens 

simultaneously and fostering collaboration across response teams are critical for 

managing overlapping epidemics. This approach minimises resource duplication and 

enhances the overall effectiveness of public health efforts(35). 

• Capacity building at all levels: developing the workforce capacity of health systems, 

particularly at local and regional levels, is essential for scalable and sustainable 

epidemic responses. Training programs should focus on enhancing technical skills, 

leadership, and coordination capabilities to ensure preparedness at every level of the 

health system(34). 

3.3 | Limitations and challenges 

The findings of this thesis are derived from localised epidemics in Guinea and the DRC, where 

tailored strategies were successfully implemented. However, their generalisability to other 

outbreaks remains limited. While decentralised alert systems may have broader applicability 

across varying contexts, the feasibility of implementing community-based contact isolation 

strategies in widespread, geographically dispersed epidemics—such as the DRC's mpox 

outbreak affecting all 26 provinces(40)—is significantly constrained. 

In such disseminated epidemics, a targeted approach focusing on hotspot areas with intense, 

community-based transmission may offer a viable alternative. This is particularly relevant in 

semi-urban settings, where the strategy could be adapted to local dynamics. Crucial to its 

success is the active involvement of affected communities and families, alongside tangible 

support, such as the provision of food and financial assistance, to sustain isolated contacts. 

Moreover, regular qualitative assessments of community acceptance and perceptions are 

essential to refine and adapt these strategies. Incorporating feedback mechanisms would ensure 

that interventions remain contextually appropriate and effective over time. These challenges 

underscore the importance of balancing technical strategies with social considerations, 

particularly in resource-constrained settings. 
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3.4 | Perspectives for future research and practice 

The findings and implications of this thesis not only address pressing challenges in epidemic 

preparedness and response but also point to critical areas for future exploration and practice. 

As the global health landscape continues to evolve, driven by emerging pathogens, shifting 

socio-political contexts, and the lingering impacts of the COVID-19 pandemic, there is an 

urgent need to translate these insights into actionable strategies that bolster resilience and 

equity in public health systems. 

One of the key areas for future research lies in refining and scaling integrated surveillance 

systems. While EWARS have demonstrated effectiveness in specific contexts, questions 

remain about its adaptability to diverse epidemiological and socio-political environments. 

Future studies could explore how these systems perform in urban versus rural settings or in 

regions with limited internet or phone connectivity and technical infrastructure. Additionally, 

the role of artificial intelligence and machine learning in enhancing the predictive capacity of 

surveillance systems warrants further investigation. 

Community engagement, a cornerstone of effective outbreak responses, also requires deeper 

exploration. While the importance of trust and local participation has been well-established, 

future research could examine innovative methods to sustain this engagement beyond crisis 

periods. For instance, how can public health authorities build enduring partnerships with 

communities to ensure readiness for future emergencies? The use of participatory action 

research, where communities co-design interventions alongside researchers and practitioners, 

could provide valuable insights into this question. 

Another critical area for future practice is the development of frameworks that address the 

complexities of overlapping outbreaks and coinfections. As demonstrated by the Lassa fever 

and COVID-19 case during the EVD outbreak in Guinea, simultaneous epidemics strain 

diagnostic, operational, and resource capacities. Future research could focus on designing 

integrated diagnostic protocols and response strategies that enable health systems to manage 

multiple diseases simultaneously. Additionally, practice-based innovations, such as multi-

disease emergency response teams, could be tested and evaluated in real-world settings. 

Equity must remain central to both research and practice in epidemic response. The findings 

from Guinea and the DRC underscore the disparities in access to healthcare and public health 

resources across different communities. Future initiatives should focus on designing 
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interventions that are explicitly tailored to reach the most vulnerable populations. This includes 

addressing systemic barriers such as geographic isolation, socio-economic inequality, and 

gender-based disparities that exacerbate health inequities during crises. 

Lastly, the economic dimensions of preparedness deserve further attention. While the cost-

effectiveness of investing in health system resilience has been demonstrated, there is a need for 

more granular analyses of the return on investment for specific preparedness activities. For 

example, how do investments in training programs, simulation exercises, or decentralised 

emergency operations centres translate into reduced response costs and improved health 

outcomes during actual outbreaks? These insights could provide compelling evidence for 

policymakers to prioritise sustained funding for epidemic preparedness. 

In practice, these perspectives call for a paradigm shift toward integrated, proactive, and 

inclusive approaches to public health. Preparedness must be viewed as an ongoing commitment 

rather than a reactive response to crises. This includes embedding epidemic response planning 

into broader health system strengthening initiatives, fostering cross-sectoral collaboration, and 

ensuring that community voices remain central to decision-making processes. 

3.5 | Conclusion 

This thesis has explored the intricate and interconnected dimensions of epidemic preparedness 

and response, drawing on lessons from the 2018–2020 Ebola Virus Disease (EVD) outbreak in 

the Democratic Republic of Congo (DRC), the 2021 EVD outbreak in Guinea, and the broader 

challenges of concurrent health emergencies. Through an analysis of early warning systems, 

community-based strategies, contact tracing, complex coinfections, and health system reforms, 

it has underscored the critical importance of integrated, equitable, and community-driven 

approaches to managing public health crises. 

At its core, the findings reveal that effective epidemic response requires more than technical 

interventions. It demands systems that are adaptable, holistic, and grounded in the realities of 

affected populations. Early warning and surveillance systems like EWARS demonstrated their 

potential to rapidly detect outbreaks, while community-based strategies showed how local 

engagement can transform compliance and intervention effectiveness. The success of these 

approaches depended not only on their technical design but also on the trust and legitimacy 

they fostered within communities. 
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The thesis also highlighted the importance of preparedness as a proactive investment. Guinea’s 

post-2014 reforms, which strengthened its health system and response capacity, provide a 

compelling example of how sustained efforts can mitigate the devastating impacts of outbreaks. 

These lessons are particularly relevant for low-resource settings, where the cost of reactive 

responses often far outweighs the investments required to build resilience. 

As global health faces mounting challenges, including the emergence of novel pathogens and 

the persistence of socio-economic inequalities, this research points to critical priorities for the 

future. These include advancing integrated surveillance systems, addressing the complexities 

of concurrent outbreaks, and ensuring equity in resource allocation. It also calls for sustained 

focus on building trust with communities, recognising that their engagement is not just a 

component of public health responses but a foundation for their success. 

In conclusion, this thesis has shown that while the challenges of managing public health 

emergencies are significant, they are not insurmountable. By learning from past experiences 

and prioritising integrated, equitable, and community-centred approaches, health systems can 

not only respond to crises more effectively but also strengthen their capacity to prevent them. 

In doing so, they can move closer to achieving the broader goal of health security and resilience 

for all. 
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