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Background:
Yellow fever virus (YFV) remains a significant public health threat in Nigeria, with recurrent outbreaks reported in the North East geopolitical region. Despite the availability of an effective vaccine, persistent transmission reflects the interaction of ecological suitability for vectors, socioeconomic vulnerability, and health system constraints. Understanding local epidemiological patterns and community-perceived determinants is essential for designing context-appropriate prevention and control strategies.
Objective:
To assess the current epidemiological situation of yellow fever in Nigeria’s North East and examine the environmental, socioeconomic, and behavioral factors perceived to contribute to YFV transmission and spread.
Methods:
A cross-sectional descriptive study was conducted among 563 respondents across six states in the North East geopolitical region (Adamawa, Bauchi, Borno, Gombe, Taraba, and Yobe). Data were collected using a structured questionnaire capturing socio-demographic characteristics and perceptions of yellow fever epidemiology and determinants of transmission. Responses to epidemiological and risk factor statements were measured using a Likert scale. Descriptive statistics (frequencies, percentages, means, and standard deviations) were used to summarize findings.
Results:
Females constituted 60% of respondents, and 57% were aged 20–39 years. Nearly half of participants had no formal or only Qur’anic education, and farming (35%) and unemployment (32%) were predominant occupations. The majority agreed that yellow fever is a significant public health concern in the North East (mean = 2.97 ± 0.92), that incidence has increased over the past five years (2.85 ± 0.83), and that outbreaks exhibit seasonal patterns (2.75 ± 0.74). Respondents identified climate variability (2.95 ± 0.92), poor urban waste management (2.82 ± 0.87), inadequate healthcare infrastructure (2.80 ± 0.86), and low vaccination uptake and limited personal protection (2.73 ± 0.76) as key contributors to YFV transmission.
Conclusion:
Yellow fever remains a perceived and ongoing public health concern in Nigeria’s North East, driven by interconnected environmental, socioeconomic, and behavioral factors. Interventions should prioritize equitable vaccination coverage, strengthened surveillance and healthcare infrastructure, community-based environmental management, and culturally tailored risk communication. Integrating these actions within climate-informed and cross-border coordination frameworks is critical to reducing outbreak risk and advancing sustainable yellow fever control in the region.
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Introduction
Yellow fever is an acute viral hemorrhagic disease caused by the yellow fever virus (YFV), a mosquito-borne flavivirus transmitted primarily by Aedes species in urban and peri-urban settings and by sylvatic vectors in forest–savannah ecotones. Despite the availability of a safe, affordable, and highly efficacious live-attenuated vaccine, yellow fever continues to pose a substantial public health threat across sub-Saharan Africa and parts of South America. The persistence and re-emergence of yellow fever outbreaks in the 21st century underscore enduring gaps in population immunity, vector control, surveillance capacity, and health system resilience, particularly in resource-constrained and conflict-affected settings [1-2]. Nigeria bears a disproportionate share of the global yellow fever burden and remains a priority country under the World Health Organization’s Eliminate Yellow Fever Epidemics (EYE) Strategy. The epidemiology of yellow fever in Nigeria is shaped by complex transmission cycles encompassing sylvatic spillover from non-human primates, intermediate transmission in rural and peri-urban communities, and urban amplification driven by Aedes aegypti in densely populated settlements. Over the past decade, Nigeria has experienced recurrent outbreaks affecting multiple states, reflecting persistent immunity gaps and favorable ecological conditions for vector proliferation. These outbreaks have been associated with substantial morbidity and mortality, economic disruption, and strain on already fragile health systems [3-4].
The North East geopolitical region of Nigeria—comprising Adamawa, Bauchi, Borno, Gombe, Taraba, and Yobe States—presents a particularly high-risk context for yellow fever transmission. The region is characterized by pronounced ecological heterogeneity spanning Sudan–Sahel savannah and peri-forest zones, marked seasonal rainfall, and increasing urbanization with limited urban planning. These environmental features intersect with widespread poverty, inadequate water and waste management infrastructure, and extensive reliance on water storage practices, all of which create conducive breeding habitats for Aedes mosquitoes. Climatic variability, including shifts in rainfall patterns and rising temperatures, further modulates vector abundance and viral replication dynamics, potentially intensifying seasonal transmission risk [5-6]. Beyond environmental determinants, the North East is uniquely shaped by protracted insecurity and humanitarian crises that have resulted in large-scale population displacement, disruption of routine health services, and deterioration of public health infrastructure. Internally displaced persons (IDP) camps and host communities often experience overcrowding and suboptimal WASH (water, sanitation, and hygiene) conditions, amplifying exposure to vector breeding sites and facilitating human–vector contact. Population mobility across porous borders with Cameroon, Chad, and Niger complicates vaccination coverage tracking and introduces risks of cross-border viral importation. These dynamics undermine the continuity of routine immunization and the effectiveness of outbreak preparedness and response mechanisms [7].
Socioeconomic and behavioral factors further mediate yellow fever risk in the region. Low levels of formal education and limited health literacy can constrain understanding of transmission pathways and the importance of vaccination, while poverty restricts access to preventive measures such as improved housing, screened windows, and appropriate water storage containers. Vaccine hesitancy, misinformation, and competing livelihood priorities may reduce uptake during mass vaccination campaigns, particularly among mobile and hard-to-reach populations. Health-seeking behaviors characterized by delayed presentation for febrile illness and reliance on informal providers contribute to under-detection of cases and delayed outbreak recognition, weakening surveillance sensitivity under the Integrated Disease Surveillance and Response (IDSR) framework [8-9].
Despite the recognized importance of these multilevel determinants, empirical data integrating community perceptions of epidemiological trends with environmental, socioeconomic, and behavioral drivers of yellow fever transmission in the North East remain limited. Most existing evidence is derived from surveillance reports and outbreak investigations, with less attention to community-level insights that can inform the design and acceptability of interventions [10].  Against this backdrop, the present study examines the current epidemiological situation of yellow fever in Nigeria’s North East geopolitical region and explores perceived environmental, socioeconomic, and behavioral determinants of YFV transmission and spread. By situating community perceptions within a broader epidemiological and ecological framework, this study aims to generate actionable evidence to inform integrated, context-sensitive strategies for yellow fever prevention and control in a region marked by heightened vulnerability and structural constraints. 
Bottom of Form
Research Methodology
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
Table 1 shows the gender distribution of respondents. Females constituted the majority of the study population with 337 respondents (60%), while 226 respondents (40%) were males. This indicates a higher participation of females in the survey, which may reflect their availability at household level and active involvement in community health-related issues. The age distribution of respondents revealed that the largest proportion fell within the 30–39 years age group (175 respondents; 31%), followed by those aged 20–29 years (146 respondents; 26%). Respondents aged 40–49 years accounted for 19%, while those aged 50–59 years and 60 years and above constituted 14% and 10%, respectively. This suggests that the study population was predominantly composed of economically active adults, who are critical in disease transmission dynamics and prevention practices. Table 3 indicates that married respondents constituted the largest group (237; 42%), followed by single respondents (171; 30%). Widows and widowers accounted for 17%, while 10% were separated. The predominance of married respondents may influence household-level health decisions, including vaccination uptake and preventive behaviors. The educational profile of respondents shows that Qur’anic education was the most common form of education, reported by 177 respondents (31%). Respondents with secondary education accounted for 25%, while those with tertiary education represented 18%. A notable 17% had no formal education, and only 8% had postgraduate qualifications. This distribution highlights varying literacy levels, which may affect health knowledge, awareness, and adoption of preventive measures against yellow fever.
As shown in Table 5, farming was the dominant occupation among respondents (199; 35%), reflecting the agrarian nature of the region. The unemployed constituted 32%, while self-employed individuals accounted for 17%. Public or civil servants made up 11%, and Imams/clergy represented 5%. Occupational exposure, particularly farming, may increase contact with mosquito habitats, thereby elevating yellow fever risk. Table 6 presents the distribution of respondents by state. Borno State had the highest number of respondents (123; 22%), followed by Yobe (108; 19%) and Adamawa (96; 17%). Taraba, Bauchi, and Gombe accounted for 16%, 14%, and 12%, respectively. This distribution reflects representation across all six states in the North East geopolitical zone. Findings in Table 7 indicate that respondents generally agreed that yellow fever is a significant public health concern in the North East region (mean = 2.97). Respondents also agreed that the incidence of yellow fever has increased over the past five years (mean = 2.85) and that there is a clear seasonal pattern to outbreaks (mean = 2.75). Furthermore, respondents agreed that the risk of yellow fever differs between urban and rural areas, with a higher perceived risk in certain settings (overall mean values above 2.50). These results suggest a widespread perception of increasing and persistent yellow fever transmission in the region.
Table 8 shows that respondents agreed that climate change is increasing habitat suitability for yellow fever vectors (mean = 2.95). Poor waste management in urban areas was also identified as a major contributor to mosquito breeding (mean = 2.82). Inadequate healthcare infrastructure and low uptake of vaccination coupled with lack of mosquito nets were similarly acknowledged as important factors facilitating yellow fever transmission (overall mean = 2.76). These findings highlight the multifactorial nature of yellow fever spread in the region.
Table 1: Distribution of the respondents’ based on Gender

	Variables
	Frequency
	Percentages (%)

	Male
	226
	40

	Female
	337
	60

	Total
	563
	100



Table 2:  Distribution of the respondents’ based on Age

	Variables
	Frequency
	Percentages (%)

	20-29 years
	146
	26

	30-39 years
	175
	31

	40-49 years
	107
	19

	50-59 years
	77
	14

	60  years  and above
	58
	10

	Total
	563
	100



Table 3: Distribution of the Respondents based on marital status

	Variables
	Frequency
	Percentages (%)

	Married
	237
	42

	Single
	171
	30

	Widow/widower
	98
	17

	Separated
	57
	10

	Total
	563
	100



Table 4: Distribution of the Respondents based on educational Qualification

	Variables
	Frequency
	Percentages (%)

	None
	99
	17

	Qur’anic education 
	177
	31

	Secondary education
	143
	25

	Tertiary education
	102
	18

	Post-Graduate education
	42
	8

	Total
	563
	100


Table 5: Distribution of the respondents’ based on occupation

	Variables
	Frequency
	Percentages (%)

	Farming
	199
	35

	Imam /Clergy
	26
	5

	Self-employed
	98
	17

	Public/Civil servant
	63
	11

	Unemployed
	178
	32

	Total
	563
	100


Table 6: Distribution of the Respondents based on states

	Variables
	Frequency
	Percentages (%)

	Adamawa
	96
	17

	Bauchi
	79
	14

	Borno
	123
	22

	Gombe
	67
	12

	Taraba
	90
	16

	Yobe
	108
	19

	Total
	563
	100



[bookmark: _Hlk54973601]Table 7: The current epidemiological situation of yellow fever virus in North East geopolitical region
	
	Epidemiology situation
	SA
	A
	D
	SD
	X
	Sd
	Decision

	
	Yellow fever is a significant public health concern in the North East region
	247
	254
	46
	16
	2.97
	0.9155
	Agree

	
	The incidence of yellow fever has increased in the region over the past five years
	233
	197
	89
	44
	2.85
	0.828
	Agree

	
	
	
	
	
	
	
	
	

	
	There is a clear seasonal pattern to yellow fever outbreaks in the region
	200
	198
	87
	78
	2.75
	0.735
	Agree

	
	The risk of yellow fever is higher In urban compared to rural areas
	162
	165
	104
	132
	2.53
	0.647
	Agree

	
	
	
	
	
	
	2.87
	0.804
	Agree
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Table 8: The potential environmental, socioeconomic, and behavioral factors that contribute to the transmission and spread of YFV in North East region
	Factors 
	SA
	A
	D
	SD
	X
	Sd
	Decision

	Climate change is increasing the habitat suitability for yellow fever vectors in the region.

	198
	269
	59
	37
	2.95
	0.924
	Agree

	Poor waste management in urban areas is creating more breeding sites for Aedes mosquitoes.

	264
	184
	92
	23
	2.82
	0.873
	Agree

	Inadequate healthcare infrastructure is hampering early detection and response to yellow fever cases 
	286
	175
	58
	44
	2.80
	0.860
	Agree

	Low uptake of vaccination and lack of mosquito nets is a major factor in yellow fever transmission.
	256
	187
	84
	36
	2.73
	0.759
	Agree


								         2.76      0.721    Agree
						

Discussion
The gender distribution of respondents (Table 1) shows a higher proportion of females (60%) compared to males (40%). This skewed representation may reflect differential availability or willingness to participate in community-based surveys, particularly in settings where women are more likely to be present in households during data collection periods. From a public health perspective, the higher female participation is relevant because women often serve as primary caregivers and play a central role in household health-seeking behavior and vaccination decision-making. However, the underrepresentation of males may introduce response bias, especially in relation to occupational exposure (e.g., farming, outdoor labor) that could be associated with increased vector contact and yellow fever risk. Age distribution (Table 2) indicates that the majority of respondents were within the economically productive age groups of 20–39 years (57%), with a gradual decline in representation among older age categories. This demographic profile is epidemiologically meaningful, as younger and middle-aged adults are more mobile, more likely to engage in outdoor economic activities, and may contribute disproportionately to transmission dynamics through increased exposure to vector habitats. The relatively smaller proportion of respondents aged ≥60 years (10%) may limit insights into risk perception and vulnerability among older adults, who may experience more severe disease outcomes [11].
Marital status (Table 3) reveals that married individuals constitute the largest group (42%), followed by singles (30%) and widows/widowers (17%). The relatively high proportion of widowed respondents may reflect the broader demographic consequences of conflict and insecurity in the North East. Marital status is an important social determinant because household structure influences exposure patterns, health-seeking behavior, and vaccination uptake. For instance, widowed or separated individuals may face socioeconomic vulnerabilities that constrain access to preventive services [12]. Educational attainment (Table 4) demonstrates low formal education levels, with 48% of respondents having no formal or Qur’anic education, and only 26% attaining tertiary or postgraduate education. This educational profile has critical implications for health literacy, risk communication, and vaccine acceptance. Lower educational attainment is often associated with limited understanding of disease transmission mechanisms and preventive measures, which can undermine the effectiveness of public health messaging. The prominence of Qur’anic education highlights the need for culturally tailored communication strategies that leverage religious and community leadership structures to improve engagement with yellow fever prevention initiatives [13].
Occupational distribution (Table 5) shows that farming (35%) and unemployment (32%) dominate, reflecting the agrarian and economically constrained context of the region. Farmers are likely to experience increased exposure to sylvatic and peri-domestic mosquito vectors due to occupational proximity to breeding habitats. The high unemployment rate underscores structural poverty, which constrains access to improved housing, waste management, and preventive tools, thereby amplifying vulnerability to vector-borne diseases. The low proportion of religious leaders (5%) suggests limited direct representation of key community influencers, although their role in shaping health behaviors remains pivotal [14]. State-level representation (Table 6) indicates relatively balanced coverage across the six North East states, with Borno (22%) and Yobe (19%) having the highest representation. Given that Borno has been disproportionately affected by conflict and displacement, its higher representation enhances the relevance of findings to humanitarian settings. Nevertheless, state-level heterogeneity in insecurity, health system functionality, and urbanization may influence perceptions and actual epidemiological risk, warranting cautious generalization of aggregated findings [15].
Respondents largely agreed that yellow fever is a significant public health concern in the North East (mean = 2.97), and that incidence has increased over the past five years (mean = 2.85). This perception aligns with documented national trends of yellow fever resurgence in Nigeria, reflecting heightened community awareness of outbreaks. However, reliance on perceived epidemiological trends rather than surveillance data introduces subjectivity and potential recall bias. Community perceptions may be influenced by episodic outbreaks or media coverage rather than longitudinal incidence patterns [16]. The perceived seasonality of yellow fever outbreaks (mean = 2.75) is consistent with the ecological reality of vector population dynamics, which are driven by rainfall and temperature. This finding suggests that communities recognize temporal patterns of disease risk, presenting an opportunity for seasonally targeted risk communication and pre-emptive vaccination or vector control campaigns [17]. The perception that urban risk exceeds rural risk (mean = 2.53) warrants critical scrutiny. While urban Aedes aegypti–mediated transmission is well-documented, yellow fever in Nigeria also has significant sylvatic and peri-urban transmission components. The relatively lower mean score and greater dispersion (SD = 0.647) indicate heterogeneity in understanding of transmission ecology, potentially reflecting differential exposure experiences across urban, peri-urban, and rural respondents. This underscores the need for nuanced public health messaging that communicates the multi-ecological nature of yellow fever transmission [18].
Respondents expressed strong agreement that climate change is increasing habitat suitability for vectors (mean = 2.95), reflecting growing public awareness of environmental change as a health risk amplifier. While this perception aligns with evidence linking temperature and rainfall variability to vector dynamics, attributing causality solely to climate change may oversimplify the interplay of local environmental management, urbanization, and household practices [19]. Agreement that poor urban waste management creates breeding sites (mean = 2.82) highlights community recognition of modifiable environmental risk factors. This perception is epidemiologically salient, as container breeding in poorly managed urban environments is a key driver of Aedes proliferation. The finding supports integrated vector management approaches that combine environmental sanitation with community engagement [20]. Inadequate healthcare infrastructure was widely perceived as hampering early detection and response (mean = 2.80), reflecting lived experiences of delayed diagnosis, limited laboratory access, and constrained outbreak response capacity in the North East. This aligns with structural health system challenges documented in conflict-affected settings, where service delivery disruptions compromise surveillance sensitivity and timeliness [21].
Low vaccination uptake and limited use of mosquito nets were also identified as major transmission factors (mean = 2.73). While mosquito nets are more commonly associated with malaria control than Aedes-borne diseases, their inclusion reflects a broader perception of personal protective measures. The emphasis on vaccination gaps is particularly important, as immunity gaps are the primary determinant of outbreak potential for yellow fever. However, self-reported perceptions may not accurately reflect actual coverage levels, underscoring the need to triangulate these findings with administrative and survey-based immunization data [22]. The findings suggest that community perceptions of yellow fever risk in North East Nigeria are broadly aligned with epidemiological and ecological evidence, particularly regarding the significance of the disease, seasonal patterns, environmental drivers, and health system constraints. Nevertheless, the reliance on perceptual data introduces limitations related to recall bias, social desirability bias, and potential misattribution of causality. The socio-demographic profile—characterized by low formal education, high unemployment, and agrarian livelihoods—highlights structural vulnerabilities that amplify exposure and constrain preventive behaviors.
Conclusion
This study provides empirical insight into the epidemiological situation of yellow fever in Nigeria’s North East geopolitical region and elucidates the environmental, socioeconomic, and behavioral factors that shape transmission dynamics. The socio-demographic profile of respondents—characterized by a predominance of economically active adults, low levels of formal education, high unemployment, and agrarian livelihoods—highlights structural vulnerabilities that increase exposure to vector habitats and constrain access to preventive and curative health services. These vulnerabilities are further compounded by conflict-related displacement, fragile health systems, and uneven access to routine immunization services across states. Respondents’ perceptions align with epidemiological evidence indicating that yellow fever remains a significant public health concern in the region, with increasing incidence and discernible seasonality. The widespread agreement on the role of climate variability, poor urban waste management, inadequate healthcare infrastructure, and suboptimal vaccination uptake underscores the multifactorial nature of yellow fever transmission. Importantly, the findings suggest that communities recognize both environmental and systemic drivers of risk, providing a foundation for community-engaged interventions. Effective control of yellow fever in the North East requires an integrated, context-sensitive approach that prioritizes equitable vaccination coverage, strengthens surveillance and diagnostic capacity, and embeds integrated vector management within broader WASH and urban environmental interventions. Risk communication strategies must be culturally attuned and leverage trusted community and religious structures to address knowledge gaps and behavioral barriers to vaccination and environmental sanitation. Given the region’s exposure to climatic variability and population mobility, climate-informed early warning systems and cross-border coordination are also critical.
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