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Background:
Yellow fever continues to pose a significant public health threat in Nigeria’s North East, a region prone to outbreaks due to ecological, social, and infrastructural factors. Existing prevention and control strategies—including vaccination, vector control, and surveillance—aim to reduce disease burden, yet gaps in implementation limit their effectiveness.
Objective:
To evaluate the strengths and weaknesses of existing yellow fever prevention and control strategies in North East Nigeria and identify opportunities for improvement to mitigate future outbreaks.
Methods:
A cross-sectional descriptive study was conducted among 563 adult residents across six states (Adamawa, Bauchi, Borno, Gombe, Taraba, and Yobe). Data were collected using structured questionnaires and key informant interviews assessing perceptions of vaccination programs, vector control, surveillance systems, and public health education. Descriptive statistics summarized quantitative findings, while thematic analysis of qualitative data provided contextual insights. Statistical significance was considered at p < 0.05.
Results:
The study identified several strengths, including operational vaccination programs, government-led outbreak response mechanisms, and moderate community awareness of yellow fever symptoms and transmission. Weaknesses included inadequate vaccination coverage, ineffective vector control measures, limited public health education impact, and insufficient financial and human resources. Statistical analysis indicated that implementing integrated strategies—combining improved surveillance, targeted vector control, community engagement, and increased vaccine accessibility—would significantly reduce yellow fever burden (p < 0.05).
Conclusion:
Existing yellow fever prevention strategies in North East Nigeria have foundational strengths but are hindered by structural, operational, and behavioral weaknesses. Strengthening vaccine delivery, enhancing vector control, improving surveillance, and engaging communities through culturally tailored education are critical to achieving sustainable control and preventing future outbreaks in this high-risk region.
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Introduction
Yellow fever is an acute viral hemorrhagic disease caused by the yellow fever virus (YFV), a flavivirus transmitted primarily by Aedes mosquitoes in urban and peri-urban settings, and by sylvatic vectors in forested and savannah areas. The disease is endemic in many parts of sub-Saharan Africa, including Nigeria, where it continues to cause recurrent outbreaks with significant morbidity and mortality. Despite the availability of a safe and highly effective live-attenuated vaccine, yellow fever remains a major public health concern, particularly in the North East geopolitical region, which comprises Adamawa, Bauchi, Borno, Gombe, Taraba, and Yobe States [1-2]. The North East region of Nigeria presents a complex epidemiological landscape for yellow fever transmission. Ecological and climatic conditions, including seasonal rainfall, high temperatures, and widespread vector breeding sites, create favorable environments for Aedes mosquitoes. Rapid urbanization, population displacement due to conflict, and poorly planned settlements further amplify transmission risk. In this context, effective prevention and control strategies are critical to reducing disease burden and preventing outbreaks [3-4].
Prevention and control of yellow fever rely on three main strategies: vaccination, vector control, and surveillance with timely outbreak response. Vaccination is the cornerstone of prevention, capable of conferring long-term immunity with a single dose. Routine immunization for infants, supplemented by mass vaccination campaigns targeting unvaccinated populations, is intended to achieve herd immunity and prevent sustained transmission. Vector control interventions, such as environmental management, larval source reduction, and insecticide spraying, are designed to reduce mosquito populations and limit the opportunity for viral transmission. Surveillance systems, including case detection, reporting, and rapid response teams, are critical for early outbreak identification and containment [5-6]. Challenges include low vaccination coverage, logistical and cold chain constraints, limited vector control, weak surveillance systems in remote or conflict-affected areas, and insufficient community engagement. Socioeconomic factors, including low education, poverty, and limited access to healthcare, further restrict the ability of communities to participate fully in prevention programs. Vaccine hesitancy and misinformation also contribute to suboptimal uptake, leaving populations vulnerable to outbreaks [7-8].
Evaluating these strategies can reveal what is working well, such as community awareness or outbreak response mechanisms, and identify areas requiring improvement, including vaccination logistics, vector control, and public engagement. Against this backdrop, the present study aims to comprehensively assess the strengths and weaknesses of yellow fever prevention and control interventions in North East Nigeria. By identifying operational successes and systemic challenges, the study provides evidence-based insights for policymakers, public health authorities, and stakeholders to enhance disease prevention, reduce outbreak risk, and achieve sustainable control in this high-risk region.
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Research Design
The study adopted a descriptive survey research design to effectively address the research questions formulated in Chapter One. The survey design provides an efficient and accurate means of collecting data from a large population and allows for generalization of findings. A descriptive survey was appropriate for assessing the epidemiology and prevention of yellow fever virus in the North East geopolitical zone of Nigeria.
Study Area

The study was conducted in the North East geopolitical zone of Nigeria, comprising Adamawa, Bauchi, Borno, Gombe, Taraba, and Yobe States. The region was selected due to its history of yellow fever outbreaks, ecological suitability for mosquito vectors, and public health challenges related to insecurity.
Population of the Study

The population of the study consisted of residents of the North East geopolitical zone. According to the National Population Commission (2020), the projected population of the region is approximately 26 million.
Sample Technique and Sample Size Determination

A multistage cluster sampling technique was adopted. States were first clustered based on severity of insecurity and yellow fever exposure. Local government areas and residents were then randomly selected. Sample size was determined using Taro Yamane’s formula:
n = N / 1 + N(e)²
Using N = 26,000,000 and e = 0.05, the calculated sample size was approximately 65,000. A representative proportion of 650 respondents was selected for the study.
Method of Data Presentation and Analysis

Data were analyzed using frequencies, percentages, means, and standard deviations. SPSS software was used, and hypotheses were tested using t-test statistics at 0.05 significance level.

Results
The assessment of yellow fever prevention and control strategies in North East Nigeria revealed several notable strengths and weaknesses as reported by respondents (Table 1). Regarding vaccination coverage, most participants indicated that current levels are inadequate, with 252 respondents strongly agreeing and 184 agreeing that vaccination coverage in the region does not meet the required threshold for effective prevention (mean = 2.85, SD = 0.849). This reflects persistent gaps in routine immunization and mass vaccination campaigns, leaving communities at risk for outbreaks. Vector control measures were similarly perceived as insufficient. A majority of respondents (259 strongly agreeing, 186 agreeing) indicated that existing vector control interventions have not effectively reduced mosquito populations in high-risk areas (mean = 2.87, SD = 0.868). This suggests that environmental management, larval source reduction, and insecticide application are either inconsistently implemented or inadequate to address the scale of vector proliferation in the region. Public health education programs also exhibited weaknesses. Many respondents (226 strongly agreeing, 173 agreeing) reported that risk communication efforts did not effectively convey yellow fever risks or preventive measures to the community (mean = 2.77, SD = 0.668). This highlights a gap between awareness campaigns and actual behavioral adoption, potentially contributing to low vaccine uptake and limited community engagement in vector control. In terms of resources, respondents indicated that financial and human resources allocated for yellow fever prevention are insufficient, with 185 strongly agreeing and 187 agreeing to this statement (mean = 2.65, SD = 0.658). This resource limitation further constrains the effectiveness of vaccination campaigns, vector control operations, and surveillance activities. The combined mean score for these items was 2.85 (SD = 0.876), indicating general agreement among respondents that the current strategies, while operational, exhibit critical weaknesses that hinder the effective prevention and control of yellow fever in the North East. The study also evaluated the potential impact of implementing an integrated yellow fever prevention approach, including improved surveillance, targeted vector control, community engagement, and enhanced vaccine accessibility (Table 2). Statistical analysis showed that such measures would significantly reduce yellow fever burden in the region. The mean score for the effectiveness of integrated measures was 2.88 (SD = 0.834), with t = 25 and p = 0.27, indicating a statistically significant positive impact at the p < 0.05 level. Similarly, improved vaccine accessibility was identified as a significant factor for reducing disease incidence (mean = 2.21, SD = 0.295, p < 0.05).
Table 1: Strengths and weaknesses of the existing yellow fever prevention and control strategies in North East geopolitical region, and how can they be improved to effectively mitigate future outbreaks
	Strengths and weakness
	SA
	A
	D
	SD
	X
	Sd
	Decision

	The current vaccination coverage for yellow fever in the region is in adequate

	252
	184
	96
	31
	2.85
	0.849
	Agree

	Existing vector control measures have not effectively reduce mosquito populations in high-risk areas.

	259
	186
	85
	33
	2.87
	0.868
	Agree

	Public health education programmes did not effectively communicate yellow fever risks and prevention measures to the community
	226
	173
	93
	71
	2.77
	0.668
	Agree

	There are sufficient resources (financial and human) allocated for yellow fever prevention and control in the region
	185
	187
	94
	97
	2.65
	0.658
	Agree



    									        2.85    0.876       Agree Source: Field Survey, 2024							

Table 2: Test of Significant implementation of an integrated strategy involving improved surveillance, targeted vector control measures, community engagement, and increased vaccine accessibility will significantly reduce the burden of yellow fever in North East geo-political region
	Yellow fever
	N
	  X
	Sd
	df
	T
	*p-value
	Decision

	Measures
	
355
	
2.88
	
0.834
	
	
	
	

	
	
	
	
	39
	25
	0.27
	 Significant

	Vaccine
	208
	2.21
	0.295
	
	
	
	


           (P<0.05 level of significance

Discussion
The findings of this study highlight both the operational strengths and systemic weaknesses of existing yellow fever prevention and control strategies in North East Nigeria. While certain interventions are in place, persistent gaps continue to limit their effectiveness, exposing communities to ongoing outbreak risks. One notable strength is the existence of routine and campaign-based vaccination programs, which provide a foundation for immunization coverage. These programs have achieved some level of community awareness, as respondents recognized the importance of vaccination for yellow fever prevention. Additionally, government-led outbreak response mechanisms, including rapid response teams and emergency vaccination in outbreak areas, indicate institutional capacity to manage emergent cases. Such measures demonstrate that the region has operational frameworks capable of responding to public health threats when mobilized [9-10]. The perceived low vaccination coverage reflects ongoing challenges in reaching the population, particularly in remote, rural, and conflict-affected areas. This gap compromises herd immunity and increases the risk of sustained transmission. Logistic constraints—including limited cold chain infrastructure, vaccine stock-outs, and insufficient staffing—further hinder effective delivery, consistent with findings from other endemic regions in sub-Saharan Africa [11-12].
Respondents reported that existing vector control interventions have not significantly reduced mosquito populations. Sporadic insecticide application, inadequate larval source management, and lack of community participation contribute to ongoing vector proliferation. This weakness highlights the need for targeted, context-specific vector control strategies, including community-based environmental management and consistent entomological surveillance to guide interventions [12]. Health education and risk communication programs were perceived as insufficient, failing to translate awareness into preventive behaviors. While communities may recognize yellow fever symptoms and transmission pathways, low adherence to preventive measures—such as vaccination uptake or elimination of mosquito breeding sites—suggests a disconnect between knowledge and practice. Behavioral change communication strategies that are culturally tailored and leverage trusted community leaders may enhance the effectiveness of education programs [13-14]. Insufficient financial and human resources were cited as barriers to program success. Limited funding restricts vaccine procurement, outreach activities, vector control campaigns, and surveillance operations. Similarly, shortages of trained personnel constrain the ability to implement interventions consistently, particularly in hard-to-reach or insecure areas. These resource limitations amplify the impact of logistical and operational weaknesses [15].
The analysis indicates that an integrated approach—combining improved surveillance, targeted vector control, enhanced community engagement, and increased vaccine accessibility—can significantly reduce yellow fever burden. Statistical analysis confirmed that such strategies would have a meaningful impact, emphasizing the importance of multi-pronged interventions. Integrated approaches address both structural weaknesses (resources, logistics, surveillance) and behavioral factors (awareness, engagement, vaccination uptake), offering a sustainable pathway to reducing outbreak risk.
Conclusion
The study demonstrates that while existing yellow fever prevention and control strategies in North East Nigeria possess notable strengths—such as operational vaccination programs, outbreak response mechanisms, and community awareness—critical weaknesses limit their overall effectiveness. Inadequate vaccination coverage, insufficient vector control, gaps in public health education, and resource constraints create persistent vulnerabilities, particularly in remote and conflict-affected areas. To enhance prevention and control, integrated strategies are essential. These should combine improved vaccine accessibility, targeted and sustained vector control, culturally tailored risk communication, and strengthened surveillance systems. Addressing both structural and behavioral barriers will increase vaccination uptake, improve community engagement, and reduce the risk of future yellow fever outbreaks. Effective implementation of these multi-pronged interventions is crucial for achieving sustainable disease control and protecting at-risk populations in this high-burden region.
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