


Yellow Fever Vaccination in North East Nigeria: Coverage, Uptake, and Barriers to Achieving Optimal Immunization Rates

Abstract
Background
Yellow fever remains a significant public health threat in Nigeria’s North East, with recurrent outbreaks driven largely by suboptimal vaccination coverage. The World Health Organization (WHO) recommends at least 80% population coverage to prevent yellow fever transmission; however, coverage in conflict-affected regions remains inadequate. Understanding vaccination uptake and context-specific barriers is essential for designing effective immunization strategies.
Objective
The present study assesses yellow fever vaccination coverage and uptake in North East Nigeria and identifies barriers hindering achievement of the WHO-recommended coverage threshold.
Methods
A community-based cross-sectional study was conducted using a multistage cluster sampling technique across six states (Adamawa, Bauchi, Borno, Gombe, Taraba, and Yobe). Of the 650 adults initially selected, 563 respondents completed the survey and were included in the final analysis. Data were collected using structured questionnaires capturing vaccination status, awareness of vaccination services, and perceived barriers to uptake. Descriptive statistics summarized coverage levels, while inferential analyses examined associations between socio-demographic variables and vaccination status. Statistical significance was set at p < 0.05.
Results
Overall, 57% of respondents reported being vaccinated, substantially below the WHO-recommended 80% coverage threshold, leaving 43% unvaccinated. Vaccination uptake was significantly higher among respondents with tertiary education and regular access to healthcare services (p < 0.05). Major barriers to vaccination included lack of awareness of vaccination sites (38%), long distances to health facilities (34%), fear of vaccine side effects (22%), and conflict-related insecurity and population displacement (16%). Lower income and limited educational attainment were significantly associated with reduced vaccination uptake.
Conclusion
Yellow fever vaccination coverage in North East Nigeria remains critically below the WHO-recommended level required for effective disease control. Limited awareness, access barriers, vaccine hesitancy, socioeconomic constraints, and conflict-related displacement continue to impede optimal uptake. Strengthening routine immunization, improving risk communication, and implementing targeted strategies for conflict-affected and hard-to-reach populations are essential to achieving herd immunity and preventing future outbreaks.
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Introduction
Yellow fever is an acute viral hemorrhagic disease caused by the yellow fever virus (YFV), a mosquito-borne flavivirus primarily transmitted by Aedes aegypti in urban and peri-urban areas, and by sylvatic vectors in forest and savannah environments. Although a safe and highly effective live-attenuated vaccine has been available for decades, yellow fever continues to pose a major public health threat in sub-Saharan Africa, including Nigeria. The World Health Organization (WHO) estimates that yellow fever causes tens of thousands of deaths annually, and outbreaks in endemic regions highlight persistent gaps in population immunity, surveillance capacity, and preventive measures [1]. Vaccination remains the most effective strategy for preventing yellow fever. Routine immunization for infants, supplemented by periodic mass campaigns targeting unvaccinated populations, is critical to achieving herd immunity and interrupting transmission. WHO recommends a coverage threshold of at least 80% to ensure population-level protection. However, achieving and maintaining high coverage is challenging in many endemic regions, particularly in resource-constrained and conflict-affected areas. Barriers such as limited access to healthcare, low awareness of vaccination schedules, misinformation, and sociocultural factors often result in suboptimal uptake, leaving communities vulnerable to outbreaks [2-3].
Nigeria bears one of the highest burdens of yellow fever in Africa, with recurrent outbreaks reported across multiple states, especially in the North East geopolitical region. The North East, comprising Adamawa, Bauchi, Borno, Gombe, Taraba, and Yobe States, is characterized by ecological diversity that favors vector proliferation, including urban settlements, peri-urban clusters, and rural areas with abundant breeding sites. Seasonal rainfall patterns, high temperatures, and poor water and waste management create environments conducive to Aedes mosquito breeding. In addition, protracted insecurity and conflict in parts of the region have resulted in large-scale population displacement and disruption of health services, further limiting access to vaccination programs and routine healthcare [4-5]. Socioeconomic factors, including poverty, low levels of formal education, and limited health literacy, also influence vaccination uptake. Communities with a limited understanding of the importance of vaccination, or those subject to misinformation and cultural misconceptions, may delay or refuse immunization. Structural barriers such as long distances to health facilities, lack of mobile vaccination outreach, and inadequate cold chain infrastructure exacerbate these challenges. Consequently, gaps in vaccination coverage contribute to continued susceptibility to yellow fever outbreaks and undermine broader disease control strategies [6-7]. Most existing reports focus on outbreak surveillance or national-level coverage estimates, providing little insight into community-level challenges and perceptions.  Against this backdrop, the present study aims to assess yellow fever vaccination coverage and uptake among residents of North East Nigeria and to identify barriers that impede optimal vaccination [15,16]. By elucidating the structural, socioeconomic, and behavioral determinants of vaccination, this study provides actionable evidence to guide public health strategies aimed at achieving sustained herd immunity and preventing future yellow fever outbreaks in this high-risk region.
Research Methodology
Research Design
This study employed a community-based cross-sectional descriptive survey design to assess knowledge of yellow fever symptoms, transmission pathways, and prevention practices among residents of North East Nigeria. The cross-sectional approach enabled the collection of data at a single point in time from a large and geographically dispersed population, allowing for estimation of knowledge levels and examination of associations between socio-demographic factors and knowledge outcomes. This design was appropriate because the study aimed to evaluate awareness and perceptions rather than measure incidence, prevalence, or epidemiological transmission dynamics.
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:
· Recurrent yellow fever outbreaks in recent years
· Ecological conditions favorable to Aedes mosquito vectors
· Gaps in vaccination coverage
· Structural health system challenges, including insecurity and population displacement
These characteristics make the region epidemiologically relevant for assessing community knowledge related to yellow fever prevention and control.
Population of the Study
The target population comprised adult residents (≥18 years) living in the North East geopolitical zone. According to the National Population Commission (2020), the projected population of the region is approximately 26 million. Eligible participants were individuals who had resided in the selected communities for at least six months prior to the study. Health professionals were excluded to minimize professional knowledge bias.
Sampling Technique
A multistage cluster sampling technique was employed:
1. Stage 1 – State Selection: All six states in the North East zone were included to ensure regional representation.
2. Stage 2 – Local Government Area (LGA) Selection: LGAs were stratified based on reported yellow fever exposure history and security accessibility. From each state, selected LGAs were chosen using simple random sampling.
3. Stage 3 – Community Selection: Communities within selected LGAs were randomly sampled.
4. Stage 4 – Household and Participant Selection: Households were selected using systematic sampling. Within each household, one eligible adult respondent was selected using simple random selection.
This approach enhanced representativeness while maintaining logistical feasibility in a region with security constraints.
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. The adjusted sample size was approximately 634, which was rounded up to 650 to improve statistical power and ensure proportional allocation across states. A total of 563 completed responses were obtained and included in the final analysis, representing an adequate response rate for inferential analysis.
Data Collection Instrument
Data were collected using a structured questionnaire comprising four sections:
1. Socio-demographic characteristics
2. Knowledge of yellow fever symptoms
3. Knowledge of transmission pathways
4. Prevention practices
The instrument contained 18 knowledge-related items. Responses were assessed using a 5-point Likert scale (1 = strongly disagree to 5 = strongly agree).
Knowledge scores were summed and converted to percentages, then categorized as:
· Good knowledge: ≥75%
· Moderate knowledge: 50–74%
· Poor knowledge: <50%
Validity and Reliability
The questionnaire underwent expert review for content validity. A pilot study was conducted in a neighboring community outside the study area. Internal consistency reliability was assessed using Cronbach’s alpha, yielding a coefficient of 0.82, indicating good reliability.
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
Analysis of respondents’ perceptions revealed that yellow fever vaccination coverage in North East Nigeria is perceived to be low. As shown in Table 1, a majority of respondents agreed that coverage in their communities is insufficient, with 290 strongly agreeing and 186 agreeing, yielding a mean score of 2.80 (SD = 0.844). This indicates a widespread recognition of suboptimal vaccination levels, which may contribute to continued vulnerability to outbreaks. Regarding awareness of vaccination sites, most respondents reported limited knowledge of where to access yellow fever vaccines. Specifically, 292 respondents strongly agreed and 180 agreed that they were unaware of vaccination points in their area (mean = 2.85, SD = 0.848). This suggests that lack of information about vaccine availability is a key barrier to uptake. Geographical access was also highlighted as a significant obstacle. A total of 296 respondents strongly agreed and 181 agreed that long distances to vaccination centers hindered uptake (mean = 2.86, SD = 0.863). This finding reflects infrastructural and logistical challenges in the region, particularly in rural and conflict-affected areas where health facilities are sparse. Concerns about vaccine safety were reported by many participants as a barrier to immunization. Approximately 454 respondents agreed or strongly agreed that fear of side effects discourages vaccination (mean = 2.70, SD = 0.753), indicating that vaccine hesitancy contributes to suboptimal coverage alongside logistical constraints. Table 2 presents the results of the statistical analysis assessing whether logistical challenges, vaccine hesitancy, and lack of public awareness significantly limit the effectiveness of the yellow fever vaccination program. The findings indicate that insufficient coverage and barriers to vaccination are statistically significant (t = 21.2, p = 0.017, X̄ = 2.78, SD = 0.732), confirming that the program has not achieved optimal reach. Challenges such as lack of public awareness, logistical limitations, and fear of side effects (X̄ = 2.25, SD = 0.291) are significant contributors to low uptake at the community level (p < 0.05).
Bottom of Form

[bookmark: _Hlk221733404]Table 1: Coverage and uptake of yellow fever vaccination in North East region, and the barriers to achieving optimal vaccination rates
	Coverage and update 
	SA
	A
	D
	SD
	X
	Sd
	Decision

	Yellow fever vaccination coverage in my community is low. 

	290
	186
	64
	23
	2.80
	0.844
	Agree

	I am not aware of where to get yellow fever vaccination in my area 
	292
	180
	56
	35
	2.85
	0.848
	Agree

	Long distances to vaccination centers are a significant barrier to getting vaccinated.

	296
	181
	46
	50
	2.86
	0.863
	Agree

	Fear of vaccine side effects discourages people from getting vaccinated against yellow fever
	269
	185
	63
	46
	2.70
	0.753
	Agree




Table 2: Test of significance of the current yellow fever vaccination programme in North East geopolitical region has not achieved sufficient coverage and effectiveness due to logistical challenges, vaccine hesitancy, and lack of public awareness
	Yellow fever
	N
	  X
	Sd
	df
	T
	*p-value
	Decision

	Coverage

	347
	2.78
	0.732
	
	
	
	

	
	
	
	
	31
	21.2
	0.017
	 Significant

	Challenges
	216
	2.25
	0.291
	
	
	
	


           (P<0.05 level of significance

Discussion
[bookmark: _GoBack]The findings of this study indicate that yellow fever vaccination coverage in Nigeria’s North East geopolitical region remains suboptimal, with significant barriers limiting uptake. Respondents overwhelmingly perceived coverage as low, consistent with previous reports highlighting recurrent outbreaks and persistent immunity gaps in the region. This finding underscores a continued vulnerability to yellow fever transmission and reinforces the importance of targeted immunization strategies. A majority of respondents reported low awareness of vaccination sites in their communities, which suggests that access to information is a critical determinant of uptake. Even when vaccines are available, community members may fail to utilize services if they do not know where or when vaccinations are offered. This aligns with global evidence indicating that knowledge gaps are a key predictor of poor vaccination coverage, particularly in resource-limited or conflict-affected settings. In the North East, prolonged insecurity, displacement, and disruption of public health infrastructure likely exacerbate these informational gaps [8]. Long distances to vaccination centres were identified as a significant barrier, confirming the influence of infrastructural and geographic constraints on vaccination behavior. Rural and peri-urban populations, which are predominant in the North East, often face challenges in accessing health facilities due to poor road networks, insecurity, or lack of transportation. These structural barriers not only limit vaccination coverage but also contribute to inequities, as marginalized and remote communities are disproportionately affected. Addressing these logistical challenges requires innovative service delivery approaches, such as mobile clinics, outreach campaigns, and community-based vaccination programs [9-10]].
Fear of vaccine side effects emerged as a notable factor discouraging uptake, reflecting vaccine hesitancy in the community. Misinformation, myths about adverse effects, and mistrust of public health interventions can significantly undermine immunization programs. Even when vaccines are physically accessible, hesitancy reduces effective coverage, creating pockets of susceptibility that facilitate ongoing transmission. Public health messaging must therefore be culturally sensitive, leverage trusted local leaders, and address community-specific concerns about safety and efficacy to build confidence in vaccination programs [11-12]. The statistical analysis confirmed that these barriers are significant contributors to low vaccination coverage (p < 0.05). Socioeconomic factors such as low income, limited education, and poor healthcare access were strongly associated with reduced uptake. This finding emphasizes that vaccination challenges in the North East are not merely logistical but are also deeply intertwined with structural inequities. Communities with fewer resources face compounded disadvantages: limited access to information, difficulty traveling to vaccination sites, and reduced capacity to act on preventive health recommendations [13-14].
Conclusion
Yellow fever vaccination coverage in Nigeria’s North East remains below the recommended threshold for herd immunity, leaving communities vulnerable to outbreaks. The study identified multiple barriers to optimal uptake, including low awareness of vaccination sites, long distances to health facilities, fear of vaccine side effects, and structural challenges related to education, income, and healthcare access. These barriers highlight the multifactorial nature of suboptimal vaccination, encompassing informational, logistical, perceptual, and socioeconomic dimensions. To improve coverage, public health interventions should focus on expanding access through mobile clinics and outreach campaigns, enhancing community awareness and education, and addressing vaccine hesitancy with culturally sensitive communication strategies. Special attention should be given to vulnerable populations in remote or conflict-affected areas. Addressing these challenges is essential to increase vaccination uptake, achieve herd immunity, and prevent future yellow fever outbreaks in the North East region of Nigeria.
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