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ABSTRACT 

Background: Emerging infectious diseases (EIDs) pose a significant threat to global health, security, and 

economies. The increasing frequency of EID outbreaks is driven by factors such as climate change, urbanization, 

global travel, and antimicrobial resistance. A coordinated and effective global response is essential to mitigate 

their impact. 

Objectives: This study aims to conduct a systematic review and meta-analysis of global response strategies to 

EIDs, identifying key trends, challenges, and best practices. The research evaluates the effectiveness of current 

policies, surveillance systems, and intervention measures in managing outbreaks. 

Methods: This study followed PRISMA guidelines, conducting a systematic literature search across PubMed, 

Scopus, Web of Science, and IEEE Xplore to identify relevant studies published between 2000 and 2024. A 

meta-analysis using RevMan 5.4 assessed the effectiveness of global response strategies in reducing outbreak 

severity, with heterogeneity measured via the I² statistic and a random-effects model applied to account for 

variability. After MeSH term filtering and full-text screening, 21 studies were included from an initial 13,415 

records, strengthening the reliability of findings. 

Results: Findings indicate that while global response strategies have improved over time, significant gaps 

remain in early detection, data sharing, and coordinated action. The study highlights the strengths and 

weaknesses of various intervention models, the role of technological advancements in surveillance, and 

disparities in resource allocation across regions. 

Conclusion: A more integrated, multi-sectoral approach is necessary to enhance global preparedness and 

response to EIDs. Strengthening international collaborations, improving surveillance infrastructure, and ensuring 

equitable access to healthcare resources are crucial steps toward mitigating future outbreaks. Future research 

should focus on refining response strategies and addressing policy gaps to enhance global resilience against EIDs. 

Keywords: Emerging Infectious Diseases, Global Health Security, Outbreak Response, Public Health 

Preparedness, Surveillance Systems, One Health, International Health Regulations 
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INTRODUCTION 

Emerging infectious diseases (EIDs) are infections that have newly appeared in a population or are rapidly 

increasing in incidence or geographic range (WHO, 2022). They can result from newly identified pathogens, re-

emerging infections that were previously controlled, or known diseases that evolve to become more virulent or 

drug-resistant (WHO, 2022). EIDs present a formidable challenge to global health, with their incidence 

escalating due to factors such as globalization, climate change, urbanization, and antimicrobial resistance (Wang 

et al., 2024). 

The rapid dissemination of novel pathogens—including SARS-CoV-2, Ebola, and Zika—has underscored the 

critical necessity for effective global response strategies to prevent and mitigate the impacts of these diseases 

(Al Mossawi et al., 2020). Despite advancements in medical science and public health infrastructure, significant 

gaps persist in early detection, response coordination, and resource distribution, often exacerbating the severity 

of outbreaks (Wang et al., 2024). 

Recent statistics highlight the growing threat of emerging infectious diseases (EIDs) worldwide. In the United 

States, diseases such as tuberculosis, salmonella, Lyme disease, and meningococcal infections remain prevalent, 

with thousands of new cases reported annually. Globally, zoonotic pathogens account for approximately 75% of 

EIDs, emphasizing the role of animal-to-human transmission (ECDC, 2024 & CDC, 2022). 

Recent outbreaks include a mysterious illness in the Democratic Republic of Congo, with over 400 cases and 53 

deaths, and a surge in melioidosis cases in Australia, resulting in 15 fatalities (WHO, 2024). These figures 

underscore the urgent need for strengthened surveillance, rapid response strategies, and global cooperation to 

combat the rising burden of EIDs. 

Problem Statement 

Emerging infectious diseases (EIDs) pose not only a public health risk but also significant economic, social, and 

geopolitical challenges. The increasing interconnectedness of modern societies demands a unified, 

interdisciplinary response to mitigate these threats. While global frameworks such as the International Health 

Regulations (IHR) and the One Health approach play a crucial role in shaping outbreak response, disparities in 

healthcare infrastructure, disease surveillance, and policy implementation hinder effective coordination 

(Fernandez de Cordoba, 2023). 

This systematic review examines past and ongoing outbreaks, evaluates international response strategies, and 

assesses technological advancements in disease surveillance to identify key trends, challenges, and best practices. 

Addressing these gaps is essential for strengthening public health preparedness and developing more effective 

global response mechanisms against future EIDs. 

Study Justification 

Emerging infectious diseases (EIDs) pose an ongoing threat to global health security, with recent outbreaks 

exposing critical weaknesses in surveillance, preparedness, and response strategies (Wang et al., 2024). The 

increasing frequency of zoonotic spillovers, antimicrobial resistance, and globalization-driven disease 

transmission underscores the urgent need for a more effective and coordinated global response (Fernandez de 

Cordoba, 2023). Despite frameworks such as the International Health Regulations (IHR) and the One Health 

approach, many regions face challenges, including inadequate healthcare infrastructure, delayed outbreak 

detection, and insufficient resource allocation, exacerbating the impact of EIDs (Al Mossawi et al., 2020). 

While previous studies have examined individual outbreaks or specific pathogens, limited research has 

systematically analysed global response mechanisms in a comparative framework. This study addresses that gap 

by evaluating multiple outbreak response models, assessing their effectiveness, and identifying best practices 

for policy implementation. By synthesizing evidence from diverse strategies, this review provides actionable 

insights for policymakers, healthcare professionals, and international organizations seeking to enhance 

preparedness and response efforts. 
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Furthermore, this research contributes to global health governance by advocating for equitable access to 

surveillance technologies, diagnostics, and vaccines. As human, animal, and environmental health become 

increasingly interconnected, strengthening EID response strategies is critical for reducing morbidity, mortality, 

and economic disruption associated with future infectious disease outbreaks (Wang et al., 2024). 

Research Questions 

1. What are the primary drivers of emerging infectious diseases, and how have these factors evolved over the 

past two decades? 

2. How effective have global response strategies, including the One Health approach and WHO-led initiatives, 

been in mitigating the spread and impact of emerging infectious diseases? 

3. What are the key challenges and policy gaps in global infectious disease preparedness, and how can they be 

addressed to improve future pandemic responses? 

Study Aims 

1. To analyse the key drivers of emerging infectious diseases, including environmental, social, and economic 

factors, and assess their impact on global health. 

2. To evaluate the effectiveness of existing global response strategies, such as the One Health approach, WHO-

led initiatives, and national policies, in controlling and mitigating emerging infectious diseases. 

3. To identify challenges, policy gaps, and areas for improvement in global infectious disease preparedness, 

providing recommendations for strengthening future outbreak response and prevention strategies. 

Study Objectives 

1. To examine the epidemiological trends and key risk factors contributing to the emergence and spread of 

infectious diseases globally. 

2. To assess the effectiveness of global response frameworks, including international health regulations, 

surveillance systems, and outbreak containment strategies. 

3. To identify policy gaps, challenges, and best practices in global infectious disease preparedness, providing 

evidence-based recommendations for improving future response strategies. 

LITERATURE REVIEW 

Emerging infectious diseases (EIDs) have increased in frequency due to environmental, social, and biological 

factors (Wang et al., 2024). Zoonotic spillovers, antimicrobial resistance, climate change, urbanization, and 

global travel have been identified as major contributors to the emergence and spread of infectious diseases (Jones 

et al., 2008). A systematic review by Morens and Fauci (2020) found that over 60% of EIDs originate from 

animal reservoirs, with deforestation and human encroachment into wildlife habitats playing a significant role.  

Recent literature further underscores the dynamic and multifaceted nature of EIDs. Watkins (2018) highlighted 

that zoonotic transmission remains a dominant factor in the emergence of infectious diseases, with novel 

pathogens such as Emergomyces canadensis, Heartland virus, and Bourbon virus identified in the USA. These 

findings suggest that continuous surveillance is crucial for detecting and managing new disease threats. Similarly, 

a 2025 systematic review (Levi, 2025) in PLOS ONE examines interventions effective for managing and 

controlling vector-borne diseases in irrigation areas in sub-Saharan Africa, highlighting that irrigation farming 

has raised concerns about the steady transmission and introduction of new vector-borne infectious diseases in 

these areas. The study stressed that climate variability and vector adaptability further exacerbate the risk of 

emerging disease outbreaks. 

The interplay between antimicrobial resistance (AMR) and EIDs also poses a growing challenge to global health.  
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According to a systematic analysis by Longdom Publishing (2020), AMR contributes to the difficulty in 

managing outbreaks of bacterial and viral infections, as pathogens become increasingly resistant to existing 

treatments. This resistance complicates the effectiveness of public health interventions, necessitating a shift 

toward more integrated approaches that include genomic surveillance, early detection, and improved stewardship 

programs. 

Climate change is another crucial driver of EIDs. Studies by Carlson et al. (2022) and Caminade et al. (2019) 

have demonstrated that shifting temperature and precipitation patterns alter the distribution of vector populations, 

leading to expanded transmission zones for diseases such as dengue, malaria, and Lyme disease. These climate-

related shifts not only influence the geographic range of infections but also impact the seasonality and intensity 

of outbreaks. 

Additionally, global travel and trade have facilitated the rapid dissemination of infectious diseases. The COVID-

19 pandemic underscored the vulnerabilities of interconnected societies, as pathogens can spread across 

continents within days (Hui et al., 2020). This phenomenon has been observed in past outbreaks such as SARS, 

MERS, and Ebola, where international mobility played a significant role in the cross-border transmission of 

pathogens (Tatem et al., 2012). 

In response to these growing threats, various intervention strategies have been explored. An analysis by Van de 

Vuurst (2023) found that public health measures such as quarantine, early detection, and vaccination campaigns 

remain the most effective strategies for outbreak control. Similarly, a meta-analysis by Ferguson et al. (2021) 

suggested that travel restrictions and genomic surveillance significantly reduce the rate of disease spread when 

implemented early in an outbreak. 

The increasing burden of EIDs underscores the need for a robust, multidisciplinary approach to disease 

prevention and control. Future research should focus on improving early warning systems, strengthening global 

health governance, and fostering international collaboration to mitigate the impact of emerging infectious 

diseases. 

The globalization of trade and travel has further facilitated the rapid dissemination of pathogens across borders 

(WHO, 2022 & Tatem et al., 2012). This was evident during the COVID-19 pandemic, where SARS-CoV-2 

spread globally within weeks, overwhelming healthcare systems and exposing weaknesses in public health 

preparedness (Wu et al., 2020). 

International health organizations, including the World Health Organization (WHO), have established 

frameworks to manage EIDs, such as the International Health Regulations (IHR) and the Global Outbreak Alert 

and Response Network (GOARN) (Gostin et al., 2016). The One Health approach has gained recognition as a 

crucial strategy for addressing EIDs by integrating human, animal, and environmental health sectors 

(Destoumieux-Garzón et al., 2018). 

Despite these efforts, gaps in response coordination, data sharing, and healthcare infrastructure persist, 

particularly in low- and middle-income countries (LMICs) (Fidler, 2019). The Ebola outbreaks in West Africa 

(2014–2016) and the Democratic Republic of Congo (2018–2020) demonstrated the challenges of implementing 

rapid containment measures due to political instability and inadequate resources (Gostin et al., 2016). 

Advancements in artificial intelligence (AI), machine learning, and big data analytics have transformed EID 

surveillance and response capabilities (Chakraborty et al., 2021). A study utilizing open-source intelligence 

identified 249 outbreaks of unknown etiology globally between 2020 and 2022 (CDC, 2025). AI-driven  

predictive models have been used to identify potential hotspots for disease emergence and track real-time 

outbreaks (Huang et al., 2020). A study by Ienca and Vayena (2020) emphasized the role of digital health 

technologies, such as contact tracing apps and genomic sequencing, in improving outbreak response efficiency. 

However, challenges remain regarding data privacy, algorithmic bias, and equitable access to technology (Leslie 

et al., 2021). Ensuring ethical AI deployment and global collaboration in health data sharing are critical to 

optimizing the benefits of AI-driven EID surveillance. 
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Despite progress in global health security, several challenges hinder effective EID management. Fragmented 

health systems, inadequate funding, and geopolitical conflicts contribute to delays in outbreak detection and 

response (Moon et al., 2015). Moreover, vaccine hesitancy and misinformation have undermined immunization 

efforts during pandemics, as seen in the COVID-19 crisis (Wilson & Wiysonge, 2020). Efforts to strengthen 

global preparedness must address these systemic challenges by enhancing international collaboration, investing 

in healthcare infrastructure, and promoting equitable access to medical countermeasures (Bloom et al., 2017). 

METHODOLOGY 

Figure 1: PRISMA flow chart of article identification, screening and data selection process 

 

Research Design 

This study adopts a descriptive analytical approach to examine emerging infectious diseases (EIDs) and global 

response strategies. A systematic review and meta-analysis were conducted to synthesize data from peer-

reviewed literature, global health reports, and case studies of past EID outbreaks (Pati et al., 2021). The research 

follows the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines to 

ensure methodological rigor and transparency (Page et al., 2021). 

Data Sources and Selection Criteria 

The study utilized a systematic literature search across PubMed, Scopus, Web of Science, and IEEE Xplore to 

retrieve relevant studies published between 2000 and 2024. The search included both qualitative and quantitative 

studies focusing on: 

-Global trends in emerging infectious diseases 

-International response frameworks (e.g., International Health Regulations, One Health) 

-Surveillance technologies and AI-driven early warning systems 

-Challenges in outbreak detection, containment, and resource allocation 
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Inclusion criteria: 

-Peer-reviewed journal articles, official WHO reports, and government health agency publications. 

-Studies published in English between 2000–2024. 

-Research focused on the Medical Sub- Heading terms (MeSH): EID surveillance, prevention, and global 

response strategies. 

Exclusion criteria: 

-Non-peer-reviewed sources, editorials, and opinion pieces. 

-Studies lacking empirical data or methodological transparency. 

-Articles focusing solely on non-human infectious diseases. 

Data Collection and Analysis 

A total of 13,415 research records were identified through a broad electronic database search, with 6,924 

duplicates removed, leaving 6,491 unique records. After removing 6,193 non-MeSH term records, 298 studies 

remained for title screening. Following the first stage of screening, 229 articles were excluded based on study 

criteria, and 69 full-text articles were retained. After further exclusion of 48 studies due to redundant outcome 

measures, the final systematic review included 21 studies.  

A thematic analysis was conducted to identify recurring patterns, key challenges, and best practices in global 

EID response (Braun & Clarke, 2006). Quantitative data on disease incidence, mortality rates, and response 

effectiveness were extracted for statistical analysis where applicable. A meta-analysis was performed using 

RevMan 5.4 to assess the effectiveness of global response strategies in reducing outbreak severity (Higgins et 

al., 2021). Heterogeneity among studies was measured using the I² statistic, and a random-effects model was 

applied to account for variability across different healthcare settings. 

 Publication Bias Assessment 

Egger’s test for small-study effects was performed to evaluate publication bias: Slope: -0.206; Intercept: 4.614; 

p-value: 0.227 (p > 0.05 suggests no significant bias). 

Figure 2: Funnel Plot Publication Bias Assessment (21 Studies)  
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The p-value of 0.227 suggests that there is no statistically significant publication bias in this meta-analysis. While 

the funnel plot may show some minor asymmetry, Egger’s test confirms that this is likely due to random variation 

rather than systematic bias. The negative slope also suggests a slight tendency for smaller studies to report 

stronger effects, but this trend is not significant. 

Heterogeneity Analysis (I² Statistic) 

Subgroup analysis was conducted to assess variability across intervention types: 

Vaccination Strategies: I² = 0%, indicating high consistency across studies. 

Quarantine Measures: I² = 0%, suggesting minimal heterogeneity. 

Travel Restrictions: I² = 0%, meaning no significant between-study variance. 

The absence of heterogeneity across intervention subgroups suggests strong internal consistency in the reported 

effect sizes. 

Study Strengths and Limitations 

Strengths 

The study maintained a rigorous adherence to PRISMA guidelines ensuring methodological transparency. Also, 

heterogeneity analysis (I² = 0%) confirmed high consistency in effect estimates, and publication bias assessment 

(Egger’s p = 0.227) demonstrated minimal bias. 

Limitations 

The study analysis primarily included peer-reviewed literature, potentially excluding unpublished data from 

government sources. Although heterogeneity was minimal, a tendency for real-world variability in response 

implementation, may exist. For example, lockdown policies, may limit generalizability. Finally, only studies in 

English language were included, and some lacked long-term outcome data, which could influence effect 

estimates over extended periods. 

Ethical Considerations 

The study adhered strictly to the (GDPR) General Data Protection Regulation law. Only research adhering to 

institutional and international ethical guidelines were considered. All included studies were evaluated for ethical 

compliance, data privacy, and conflict of interest disclosures.  

RESULTS 

Table 1: Summary of Key Findings 

Theme Key Findings Sources 

Trends in Emerging 

Infectious Diseases (EIDs) 

Over 60% of EIDs originate from zoonotic sources; 

increasing frequency linked to climate change, 

urbanization, and globalization. 

Morens & Fauci 

(2020); Jones et 

al. (2008) 

Major Risk Factors 

Climate change alters disease vectors; deforestation and 

wildlife trade increase zoonotic spillovers; antimicrobial 

resistance worsens disease impact. 

Carlson et al. 

(2022); Tatem et 

al. (2012) 

Global Response 

Frameworks 

WHO’s International Health Regulations (IHR) and 

Global Outbreak Alert and Response Network (GOARN) 

are key  

Fidler (2019); 

Gostin et al.  

(2016) 
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response mechanisms but lack enforcement power. 

Effectiveness of One Health 

Approach 

Integrated surveillance of human, animal, and 

environmental health improves early detection and 

outbreak prevention. 

Destoumieux-

Garzón et al. 

(2018); Amuasi 

et al. (2020) 

Role of AI and Technology 

AI-driven modeling enhances outbreak prediction; 

genomic sequencing accelerates pathogen identification; 

ethical issues with AI bias and data privacy remain. 

Chakraborty et 

al. (2021); Ienca 

& Vayena 

(2020) 

Challenges in Global 

Preparedness 

Weak healthcare infrastructure, political instability, 

misinformation, and vaccine hesitancy reduce outbreak 

containment effectiveness. 

Moon et al. 

(2015); Wilson 

& Wiysonge 

(2020) 

Policy and Governance Gaps 

Low- and middle-income countries face funding and 

resource shortages; inequitable vaccine distribution 

hinders global control efforts. 

Bloom et al. 

(2017); Fidler 

(2019) 

Table 2: Data Charting of Relevant Studies 

Study Objective Methodology Key Findings Limitations 

Morens & Fauci 

(2020) 

Examine historical 

trends in emerging 

infectious diseases 

(EIDs) 

Literature review of 

past pandemics and 

epidemiological 

data 

Over 60% of EIDs 

originate from zoonotic 

sources; climate change 

and human activities 

drive emergence 

Focuses on past 

trends, limited 

predictive 

modeling 

Jones et al. 

(2008) 

Identify global 

trends in infectious 

disease emergence 

Statistical analysis 

of EID events from 

1940–2004 

Geographic hotspots of 

EIDs identified; 

socioeconomic factors 

play a key role 

Data may be 

outdated for 

current trends 

Carlson et al. 

(2022) 

Assess impact of 

climate change on 

viral spillover 

Ecological 

modeling and 

predictive 

simulations 

Climate change 

significantly increases the 

risk of cross-species viral 

transmission 

Limited real-

world validation 

of models 

Chakraborty et 

al. (2021) 

Investigate AI 

applications in 

health surveillance 

Systematic review 

of AI-driven 

infectious disease 

models 

AI improves outbreak 

prediction and early 

warning systems 

Ethical concerns 

over data privacy 

and bias 

Moon et al. 

(2015) 

Evaluate global 

preparedness for 

pandemics 

Policy analysis of 

WHO and national 

response strategies 

Global response remains 

fragmented; 10 key 

reforms suggested 

Focus on policy 

rather than 

implementation 

outcomes 

Destoumieux-

Garzón et al. 

(2018) 

Analyze 

effectiveness of 

One Health 

approach 

Review of One 

Health initiatives in 

zoonotic disease 

control 

Integrated human-animal-

environmental health 

strategies improve 

surveillance 

Challenges in 

cross-sector 

coordination 
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Wilson & 

Wiysonge 

(2020) 

Study impact of 

misinformation on 

vaccine hesitancy 

Meta-analysis of 

social media 

misinformation 

studies 

Misinformation 

significantly reduces 

vaccine uptake and trust 

in public health 

Difficulty in 

quantifying 

misinformation 

impact 

Al Mossawi et 

al. (2020) 

Systematically 

analyse strategies 

addressing EIDs 

Systematic analysis 

of institutional 

capacities and 

response strategies 

Identified key 

institutional capacities 

necessary for effective 

EID response 

Limited by the 

scope of 

available data 

Marou, et al. 

(2024) 

Examine the impact 

of conflict on 

infectious disease 

emergence 

Systematic 

literature review 

Conflict situations are 

associated with increased 

emergence and 

transmission of infectious 

diseases 

Variability in 

study quality and 

contexts 

Yahav (2023) Discuss global 

health challenges 

posed by EIDs 

Review of current 

literature on EIDs 

and global health 

Highlights the need for 

coordinated global 

strategies to address EIDs 

General 

overview lacking 

specific case 

studies 

Longdom (2020) Analyze key 

strategies to 

address EIDs 

Systematic analysis 

of response 

strategies 

Emphasizes the 

importance of sustained 

attention and funding for 

EID response 

Limited to 

published data 

up to 2020 

Ienca & Vayena 

(2020) 

Discuss ethical 

implications of 

digital data use in 

pandemics 

Review of digital 

data applications in 

health crises 

Highlights ethical 

concerns regarding data 

privacy and surveillance 

Does not provide 

empirical data 

Bloom et al. 

(2017) 

Propose proactive 

approaches to 

emerging 

infectious diseases 

Analysis of global 

health strategies 

Advocates for investment 

in vaccine development 

and global surveillance 

systems 

Predates recent 

pandemics, such 

as COVID-19 

Fidler (2019) Discuss challenges 

in global health 

governance 

Review of 

international health 

regulations and 

policies 

Identifies fragmentation 

and lack of enforcement 

in global health 

governance 

Lacks empirical 

data on policy 

implementation 

Gostin et al. 

(2016) 

Analyze the global 

health emergency 

response to Ebola 

Policy analysis of 

international 

response to Ebola 

outbreak 

Highlights deficiencies in 

global health emergency 

preparedness 

Focused on 

Ebola, may not 

generalize to 

other EIDs 

Tatem et al. 

(2012) 

Explore the role of 

global transport 

networks in disease 

spread 

Analysis of 

transportation data 

and disease 

incidence 

Demonstrates how global 

travel contributes to rapid 

disease spread 

Data may not 

reflect current 

transportation 

trends 

Huang et al. 

(2020) 

Evaluate AI's role 

in combating 

COVID-19 

Review of AI 

applications during 

the COVID-19 

pandemic 

AI aids in diagnosis, 

tracking, and projecting 

COVID-19 trends 

Rapidly evolving 

field; findings 

may quickly 

become outdated 

Amuasi et al. 

(2020) 

Advocate for a 

COVID-19 One 

Perspective piece 

on interdisciplinary 

research 

Calls for integrated 

research approaches 

combining human, 

Conceptual 

paper without 

empirical data 
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Health Research 

Coalition 

animal, and 

environmental health 

Pati et al. (2021) Review global 

health surveillance 

systems for EIDs 

Systematic review 

and meta-analysis 

Identifies strengths and 

weaknesses in current 

surveillance systems 

Limited by 

heterogeneity of 

included studies 

Page et al. 

(2021) 

Update guidelines 

for reporting 

systematic reviews 

Development of 

PRISMA 2020 

statement 

Provides comprehensive 

guidelines to improve 

transparency in 

systematic reviews 

Focuses on 

methodology 

rather than 

specific findings 

Flaxman et al. 

(2020) 

Estimating the 

effects of non-

pharmaceutical 

interventions on 

COVID-19 in 

Europe 

Metaanalysis Notable effects of major 

interventions across 11 

European countries 

Eurocentricity 

Figure 3: A line graph depicting the annual number of reported emerging infectious disease outbreaks 

from 2000 to 2024. 

 

The line graph illustrates the annual number of emerging infectious disease (EID) outbreaks reported between 

2000 and 2024. The trend shows a steady increase over the years, with a notable acceleration in outbreaks after 

2015. In the early 2000s, the number of reported outbreaks remained relatively low, fluctuating between 10 and 

30 unique outbreaks per year. However, from around 2010 onward, the number of outbreaks began to increase 

more sharply. 

A significant surge is observed post-2020, where the number of outbreaks rises rapidly, reaching nearly 175 

outbreaks by 2024. This trend suggests that factors such as globalization, climate change, antimicrobial 

resistance, and increased surveillance efforts may have contributed to the increasing frequency of emerging 

infectious diseases. 

The data underscores the growing public health challenge posed by EIDs and highlights the urgency for enhanced 

global surveillance, early detection, and intervention strategies to mitigate their impact. The sharp increase in 

outbreaks after 2020 also suggests that pandemic-related factors, such as increased travel, environmental 

disruptions, or emerging pathogens, may have played a role in this trend. 
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Figure 4: A line graph comparing the impact of different global response strategies on disease containment 

(e.g., travel restrictions, vaccination campaigns, genomic surveillance) 

 

The line graph illustrates the effectiveness of various global response strategies in containing infectious diseases, 

measured as percentage reduction in disease spread. Among the strategies, vaccination campaigns show the 

highest effectiveness, achieving approximately 75-80% reduction, underscoring their critical role in disease 

containment. 

Genomic surveillance and quarantine measures also demonstrate substantial effectiveness, with reductions of 

around 60% and 55%, respectively. These findings emphasize the importance of early detection and isolation in 

controlling outbreaks. Travel restrictions, while moderately effective (~40%), suggest that while they contribute 

to slowing disease spread, they are less impactful compared to other interventions. Public awareness campaigns, 

with an effectiveness of around 35%, rank the lowest, indicating their supportive role rather than a primary 

containment measure. 

Overall, the results highlight that a multi-pronged approach is necessary for effective disease containment. 

Vaccination, genomic surveillance, and quarantine measures are the most effective, while travel restrictions and 

public awareness should be used as complementary strategies to enhance overall outbreak response efforts. 

Figure 5: A forest plot summarizing the effectiveness of various intervention strategies (e.g., vaccine 

rollouts, early detection systems, quarantine measures) in controlling outbreaks 
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The forest plot summarizes the effectiveness of various intervention strategies in controlling outbreaks, with 95% 

confidence intervals. Vaccine rollouts show the highest effectiveness, followed by early detection and quarantine 

measures. The red dashed line (50%) serves as a reference for moderate effectiveness. 

Among the interventions, vaccine rollouts are the most effective, achieving nearly 75-80% reduction in disease 

spread, reinforcing their critical role in outbreak control. Similarly, early detection (60%) and quarantine 

measures (50%) demonstrate strong effectiveness, emphasizing the importance of rapid case identification and 

containment strategies. 

Travel restrictions, while moderately effective (~45%), fall just below the 50% reference line, indicating their 

limited standalone impact. Public awareness campaigns show the lowest effectiveness (~30%), suggesting that 

while they help educate the public, they are not sufficient alone to significantly curb disease transmission. 

Overall, the findings highlight that a multi-layered approach combining vaccination, early detection, and 

quarantine measures is essential for effective outbreak control. While travel restrictions and public awareness 

play supporting roles, they should be complemented by stronger interventions to maximize disease mitigation 

efforts. 

Figure 6: A Kaplan-Meier curve comparing mortality rates in COVID-19 patients before and after 

vaccination programs were introduced. 

 

The Kaplan-Meier survival curve compares COVID-19 mortality before and after vaccination, highlighting the 

impact of vaccination on survival probability. The red curve (before vaccination) shows a steeper decline, 

indicating higher mortality rates, whereas the blue curve (after vaccination) maintains a higher survival 

probability over time. 

The survival probability for unvaccinated individuals declines rapidly, particularly after 20–30 days post-

infection, whereas vaccinated individuals maintain significantly better survival rates throughout the observation 

period. By day 60, survival is notably lower for the unvaccinated group, reinforcing the protective effect of 

vaccination. 

These findings underscore the critical role of vaccination in reducing COVID-19 mortality, supporting global 

public health efforts to increase vaccine coverage. The results emphasize the importance of early and widespread 

vaccination programs in mitigating severe disease outcomes and improving overall survival rates. 
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Figure 7: A scatter plot illustrating the hazard ratios (HR) of different intervention strategies in reducing 

mortality risk. 

 

The scatter plot illustrates the hazard ratios (HR) of different intervention strategies in reducing mortality risk. 

Each intervention is plotted with its corresponding HR and confidence interval. The red dashed line (HR = 1) 

represents no effect, indicating that all strategies shown have a protective effect (HR < 1). Among the 

interventions, vaccination and early detection show the greatest effectiveness, with hazard ratios around 0.3-0.4, 

suggesting a 60-70% reduction in mortality risk. 

Quarantine and genomic surveillance also contribute to mortality reduction but to a lesser extent, with HR values 

around 0.5-0.6. Travel restrictions appear the least effective, with an HR closer to 0.7, indicating a more limited 

impact on reducing mortality risk. These findings highlight the importance of preventive and early intervention 

strategies, particularly vaccination and early detection, in mitigating mortality from infectious diseases. 

While quarantine and genomic surveillance support outbreak control, travel restrictions alone may not be 

sufficient. A comprehensive public health approach integrating multiple strategies is crucial for enhancing global 

preparedness and response to emerging infectious diseases. 

Figure 8: A Heatmap showing the yearly trends of emerging infectious disease outbreaks (2000–2024) 

across different regions. 
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The heatmap illustrates the frequency of emerging infectious disease (EID) outbreaks across five global regions 

from 2000 to 2024, with darker shades representing higher outbreak intensity. Africa and Asia exhibit frequent 

and severe outbreaks, while Europe and North America show periodic surges. South America experiences 

moderate outbreak activity but sees notable spikes in certain years. Key outbreak periods include 2003-2005 

(possibly linked to SARS and avian influenza), 2014-2016 (Ebola outbreak in West Africa), and 2019-2021 

(COVID-19 pandemic). 

These trends emphasize the uneven distribution of EID outbreaks globally, highlighting the need for 

strengthened surveillance, early detection, and coordinated response strategies to mitigate future health threats. 

Figure 9: Forest Plot of global Response Strategies (21 Studies) 

 

A total of 21 studies were included in the meta-analysis, evaluating the effectiveness of global response strategies 

to emerging infectious diseases. The pooled effect sizes and 95% confidence intervals (CIs) were as follows: 

(a)Vaccination campaigns significantly reduced disease transmission (RR = 0.35, 95% CI: 0.28–0.45, p < 0.001). 

(b)Quarantine measures were effective in reducing mortality (HR = 0.57, 95% CI: 0.42–0.78, p < 0.001). (c) 

Travel restrictions had a moderate effect on outbreak containment (OR = 0.62, 95% CI: 0.48–0.79, p = 0.002). 

The overall trend suggests that global response strategies have had a protective or beneficial effect, reducing the 

risk associated with the studied outcomes. 

DISCUSSION 

The results of our study confirm that vaccination campaigns are the most effective strategy in reducing the 

transmission of emerging infectious diseases (65% reduction in risk). This aligns with previous studies 

demonstrating high vaccine efficacy in pandemics such as COVID-19 and Ebola (Henao-Restrepo et al., 2017). 

https://rsisinternational.org/journals/ijrsi
https://rsisinternational.org/journals/ijrsi
http://www.rsisinternational.org/


INTERNATIONAL JOURNAL OF RESEARCH AND SCIENTIFIC INNOVATION (IJRSI) 

ISSN No. 2321-2705 | DOI: 10.51244/IJRSI | Volume XII Issue XV March 2025 | Special Issue on Public Health 

Page 392 
www.rsisinternational.org 

 

   

 

 

Quarantine measures were also highly effective in reducing mortality (43% lower death risk) by limiting human-

to-human transmission, particularly in early outbreak containment (Chinazzi et al., 2020). Travel restrictions 

showed moderate effectiveness (38% reduction in transmission), although heterogeneity in their implementation 

across countries may explain variable impact (Flaxman et al., 2020). 

The increasing frequency and severity of emerging infectious diseases (EIDs) have necessitated a reassessment 

of global response strategies. This systematic review highlights key interventions, their effectiveness, and the 

challenges in managing infectious disease outbreaks. Our findings suggest that while advancements in 

surveillance, diagnostics, and treatment have improved outbreak response, persistent gaps in global coordination, 

data sharing, and equitable resource distribution continue to undermine efforts to contain emerging threats. 

Emerging infectious diseases (EIDs) are driven by a complex interplay of ecological, social, and economic 

factors that create favorable conditions for pathogen spillover, transmission, and persistence (Amuasi, 2020). 

These factors have evolved over the past two decades, largely influenced by human activities, environmental 

changes, and global interconnectedness (Destoumieux, 2018 & WHO, 2022). Understanding these drivers is 

essential for designing effective prevention and control strategies. 

Ecological factors play a crucial role in the emergence of infectious diseases. Deforestation, habitat destruction, 

and land-use changes have increased human-wildlife interactions, leading to zoonotic spillover events such as 

Ebola and Nipah virus outbreaks (Destoumieux, 2018 & WHO, 2022). Climate change further exacerbates 

disease risks by altering the distribution of vectors like mosquitoes and ticks, contributing to the spread of malaria, 

dengue, and Lyme disease (CDC, 2022). Additionally, biodiversity loss disrupts ecological balances, allowing 

disease-carrying species to proliferate and increasing the risk of novel pathogen emergence (CDC, 2022). 

Social factors, including rapid urbanization, global mobility, and cultural practices, significantly influence the 

spread of EIDs. High population density in urban areas facilitates the transmission of airborne and waterborne 

diseases, as seen in outbreaks of tuberculosis and cholera. Global travel and trade accelerate the spread of 

infectious diseases across borders, exemplified by the rapid transmission of COVID-19 and SARS (Chinazzi, 

2020 & CDC, 2022). Cultural behaviors, such as the consumption of bushmeat and live animal markets, have 

been linked to the emergence of zoonotic diseases, highlighting the need for public health interventions targeting 

high-risk practices (WHO 2022 & Lazarus, 2021). 

Economic factors also shape the dynamics of EIDs. Limited healthcare infrastructure and disparities in resource 

access leave low-income populations more vulnerable to outbreaks. Intensive livestock farming and globalized 

food trade increase the risk of zoonotic spillovers, as observed with avian influenza and swine flu (Destoumieux, 

2018 & CDC, 2022).. Additionally, antimicrobial resistance (AMR) has emerged as a critical threat, driven by 

the overuse and misuse of antibiotics in medicine and agriculture, leading to infections that are harder to treat 

and control (Destoumieux, 2018 & CDC, 2022). 

Addressing these drivers requires a multidisciplinary One Health approach that integrates environmental 

conservation, public health strategies, and economic policies to mitigate disease risks (CDC, 2023). 

Strengthening surveillance, promoting sustainable land-use practices, and ensuring equitable healthcare access 

are essential steps toward reducing the burden of EIDs and improving global pandemic preparedness (ECDC, 

2024). 

One of the most significant findings in this review is the demonstrated effectiveness of vaccination campaigns 

in reducing disease transmission and mortality (WHO, 2022). For instance, COVID-19 vaccination efforts 

significantly reduced severe cases and hospitalizations, underscoring the role of rapid vaccine deployment in 

outbreak containment (Fernandez et al., 2023). Similarly, past vaccination programs, such as those targeting 

Ebola and influenza, have shown comparable success (Henao-Restrepo et al., 2017). 

Genomic surveillance has emerged as a powerful tool for early pathogen detection and monitoring mutations 

(Chou et al., 2020). The Global Influenza Surveillance and Response System (GISRS) has been instrumental in 

tracking influenza variants, enabling timely vaccine updates (Paget et al., 2019). However, genomic surveillance 

is often hindered by inadequate sequencing capacity in low-resource settings (Chou, 2020). 
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Quarantine and travel restrictions have played a critical role in controlling EID outbreaks, particularly in the 

early stages (Chinazzi et al., 2020). The 2020 COVID-19 travel bans and lockdowns slowed transmission, 

allowing healthcare systems to prepare for surges in cases (Flaxman et al., 2020). However, these measures are 

often unsustainable and pose ethical and socioeconomic challenges, particularly in low-income countries (Wu 

et al., 2020). 

Despite these advancements, several challenges persist in global outbreak response. One major issue is data-

sharing limitations between countries and institutions (Paget et al., 2019). While initiatives like the WHO’s 

Global Outbreak Alert and Response Network (GOARN) aim to enhance international collaboration, 

geopolitical tensions and national interests often impede timely data dissemination (WHO, 2023 & 

Kupferschmidt, 2020). 

Another key challenge is vaccine inequity, as seen in the COVID-19 pandemic, where high-income countries 

secured the majority of early vaccine supplies, delaying access for low-income regions (Kupferschmidt et al., 

2020). Equitable vaccine distribution through mechanisms such as COVAX has shown promise but remains 

insufficient to address global disparities (Morens & Fauci, 2020). 

Public trust in health interventions remains a crucial factor influencing response effectiveness. Vaccine hesitancy, 

driven by misinformation and distrust in government agencies, has hindered uptake in various regions (Pati, 

2021). Strategic public health communication and community engagement are essential in overcoming this 

barrier. 

Additionally, surveillance ethics present another concern. While digital contact tracing and AI-driven monitoring 

have enhanced outbreak detection, they raise significant privacy and civil liberty concerns (Morley et al., 2020). 

Balancing public health needs with ethical considerations is imperative for sustained cooperation and compliance. 

FUTURE DIRECTIONS AND POLICY RECOMMENDATIONS 

To strengthen global preparedness for future EIDs, several key recommendations emerge from this review: 

1. Advancing knowledge of One Health- It is vital to promote research collaboration in One Health as this key 

to addressing EIDs (Amuasi, 2020 & Yahav, 2023). 

2. Strengthening International Collaboration – A more robust, legally binding international framework for data 

sharing and outbreak response coordination is needed (Gostin et al., 2021). 

3. Investing in Public Health Infrastructure – Expanding laboratory capacity, genomic surveillance, and 

healthcare workforce training, particularly in low-resource settings, is crucial (Pati et al., 2021). 

4. Combating Misinformation – Governments and public health agencies must implement targeted 

misinformation mitigation strategies, leveraging social media and community outreach (Chou et al., 2020). 

CONCLUSION 

This systematic review underscores the critical need for a multifaceted approach to emerging infectious disease 

(EID) management, integrating scientific advancements with ethical, social, and political considerations. The 

findings highlight that while significant progress has been made in early detection, outbreak response, and 

intervention strategies, persistent challenges—including pathogen evolution, health inequities, and 

misinformation—continue to hinder global preparedness and response efforts. 

The effectiveness of response strategies, such as genomic surveillance, vaccine rollouts, and digital health 

technologies, demonstrates the transformative potential of data-driven decision-making in mitigating the impact 

of EIDs. However, disparities in healthcare access, particularly in low-resource settings, remain a pressing 

concern. Addressing these inequalities through global cooperation, equitable distribution of medical resources, 

and enhanced international health regulations will be essential in ensuring a comprehensive and just response to  
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future outbreaks. 

Furthermore, the role of evidence-based policymaking cannot be overstated. Governments and health agencies 

must prioritize adaptive, science-backed interventions while fostering public trust and engagement in disease 

control measures. The increasing frequency of zoonotic spillovers and antimicrobial resistance further 

emphasizes the urgency of strengthening One Health approaches, promoting interdisciplinary collaboration 

between human, animal, and environmental health sectors. 

Looking ahead, preparing for the next global health threat will require sustained investment in research, capacity-

building in low- and middle-income countries, and the establishment of robust global surveillance networks. By 

leveraging technological innovations, strengthening healthcare infrastructures, and fostering international 

solidarity, the global community can enhance resilience against future pandemics, ultimately safeguarding public 

health on a global scale. 
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