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ABSTRACT
Introduction: Mass dog rabies vaccination is the most effective strategy for preventing human rabies and interrupting transmis-
sion. However, achieving high vaccination coverage in dog populations remains challenging in many low- and middle-income 
countries (LMICs), due to multiple barriers. In Nigeria, Africa's most populous country, rabies remains a major public health 
burden, with domestic dogs as the primary reservoir. Efforts to scale up canine rabies vaccination are limited by the lack of a co-
ordinated national programme and challenges related to affordability, service availability, infrastructure, and owner awareness.
Methods: We conducted a cross-sectional study of dog-owning households in three Nigerian states and the Federal Capital 
Territory (FCT) and developed a probabilistic model to uncover contextual factors associated with perceived barriers to canine 
rabies vaccination among owners of unvaccinated dogs.
Results: Posterior distributions of our model estimates indicate that respondents reporting not knowing how to vaccinate their 
dogs against rabies were more likely to have tertiary education, prior awareness of rabies, use dogs for security purposes, urban 
residence, and residence in areas with higher household poverty. In contrast, respondents reporting knowledge of rabies trans-
mission via bites from rabid dogs, access to local veterinary services, good road networks, and ownership of partially confined 
dogs were less likely to perceive this barrier. Respondents who were students, had attained tertiary education, resided in urban 
areas, and were in the FCT and Anambra State were more likely to perceive the rabies vaccine as too costly. Conversely, re-
spondents from medium-sized households, those who relied on traditional care in the event of a dog bite, and owners of partially 
confined dogs were also more likely to perceive the rabies vaccine as too costly. Finally, respondents who had heard about rabies 
and those with tertiary education were less likely to perceive the rabies vaccine as unimportant.
Conclusions: Our study identified key barriers to canine rabies vaccination in Nigeria, including lack of knowledge, perceived 
high cost, and low perceived importance. These were influenced by socioeconomic factors, place of residence, and dog ownership 
practices, while rabies awareness, veterinary access, good road infrastructure, and partial confinement reduced these percep-
tions. These findings highlight the need for targeted, context-specific strategies to improve affordability, access, and infrastruc-
ture, particularly among disadvantaged households.
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1   |   Introduction

Rabies, a fatal but entirely vaccine-preventable zoonosis, re-
mains one of the most important neglected infectious diseases 
worldwide. Dog-mediated rabies remains a critical global 
health threat, particularly in LMICs, where weak public health 
systems, inadequate dog vaccination, and limited access to 
post-exposure prophylaxis (PEP) cause tens of thousands of 
preventable deaths each year (Hampson et al. 2015; Rupprecht 
et al. 2022). Socioeconomic challenges further limit surveillance 
and create barriers to care, even though rabies is entirely pre-
ventable through mass dog vaccination and timely human PEP 
(Subedi et al. 2022).

In Nigeria, domestic dogs serve as the key reservoir sustaining 
rabies virus (RABV) transmission, yet vaccination coverage is 
grossly inadequate (Mshelbwala et al. 2021). Rabies has also 
been reported in livestock species, including cattle, sheep, 
goats, pigs, and horses (Okoh 1981; Mshelbwala et al. 2021). 
Canine rabies vaccines are often delivered through veter-
inary clinics, but evidence suggests that approximately 60% 
of Nigeria's rural population lacks access to basic veterinary 
services (Mshelbwala et  al.  2021; Ken Research  2025). The 
World Health Organization (WHO) recommends at least 
70% annual vaccination coverage of the canine population 
to achieve herd immunity and interrupt RABV transmission 
(Coleman and Dye 1996). However, despite decades of inter-
mittent campaigns, Nigeria continues to fall far short of this 
threshold required to interrupt RABV transmission (Vakuru 
and Kwaghe 2024; Mshelbwala et al. 2021).

The barriers to rabies vaccination have been reported in 
other LMICs. In Tanzania, rabies vaccination coverage was 
influenced by the poverty index and urbanization (Sambo 
et al. 2024, 2014). In Peru, participation in mass dog vaccina-
tion campaigns dropped by 16% with increasing distance from 
fixed vaccination points, revealing critical spatial access chal-
lenge (Castillo-Neyra et al. 2019). In Indonesia, a study reported 
suboptimal rabies vaccination coverage despite free-of-charge 
campaigns, mainly due to limited awareness of vaccination 

schedules and practical difficulties in accessing or handling 
dogs (Wera et  al.  2015). Across many LMICs, commonly re-
ported barriers include limited access to vaccination services, 
financial constraints, including opportunity costs even when 
vaccines are free, knowledge gaps, mistrust of veterinary ser-
vices, and logistical challenges in reaching free-roaming or 
ownerless dog populations (Mshelbwala et  al.  2026; Mbilo 
et  al.  2021; Wera et  al.  2016; Yoak et  al.  2021; Rupprecht 
et  al.  2022; Obara, Omwenga, Mativo, and Agasa  2025). In 
Nigeria, the national rabies control programme remains frag-
mented, underfunded, and lacks coordination. Coupled with 
patchy surveillance and low prioritization in both human and 
animal health sectors, these factors render rabies control infea-
sible under current strategies (Mshelbwala et al. 2021; Vakuru 
and Kwaghe 2024). Therefore, there is a need to systematically 
identify and understand the complex, context-specific barriers 
impeding mass dog vaccination. Only with empirical insights 
can interventions be strategically designed and implemented 
to increase vaccination coverage toward the critical 70% herd 
immunity threshold. Here, we developed a probabilistic model 
to identify factors associated with perceived barriers to canine 
rabies vaccination among owners of unvaccinated dogs, with 
the goal of informing targeted, scalable strategies for effective 
rabies control.

2   |   Materials and Methods

2.1   |   Study Area

The study was conducted between June and December 2022 
in three Nigerian states namely, Anambra, Enugu, Kaduna, 
and the FCT. The rationale for selecting these locations was 
detailed in an earlier publication (Mshelbwala et  al.  2024). In 
brief, we used a stratified approach based on the level of state 
rabies reporting from national surveillance data and published 
studies, which indicated a higher prevalence of canine rabies in 
the Northwest and Southeast regions. Accordingly, we selected 
Kaduna in the Northwest (Ikara and Sabon Gari LGAs), the FCT 
in the North Central (Kuje and Bwari LGAs), and Enugu and 
Anambra (Idemili South and Ekwusigo LGAs) in the Southeast 
(Data S1).

2.2   |   Sociodemographic and Contextual Variables

We conducted a cross-sectional study involving 4162 dog-
owning households across states in and the capital of Nigeria. 
The data collection methods were described elsewhere 
(Mshelbwala et  al.  2024). Variables included in the present 
analysis were selected a priori based on their documented or 
hypothesised associations with access to preventive animal 
health services and uptake of canine rabies vaccination in 
LMIC settings. At the household and individual levels, sociode-
mographic characteristics of dog owners including gender, level 
of education, occupation and household size, were included as 
proxies for socioeconomic status, decision-making autonomy, 
and resource availability, all of which have been shown to in-
fluence health-seeking behaviour and participation in vaccina-
tion programmes. Household size was categorized into three 
groups small (≤ 4 members), medium (5–6 members), and 

Impacts

•	 Perceived barriers to canine rabies vaccination among 
owners of unvaccinated dogs in Nigeria were associ-
ated with socioeconomic factors, including poverty, 
education, residence type, household size as well as 
structural and geographic access factors such as road 
access and physical access to veterinary services.

•	 Respondents who reported lack of access to rabies ser-
vices or perceived rabies vaccine as expensive were 
more likely to live in urban areas, have higher levels 
of education, and be students. In contrast, access to 
veterinary services, improved road networks, and par-
tial confinement of dogs were associated with reduced 
probability of reporting these barriers.

•	 Respondents who had heard about rabies and had 
higher levels of education were less likely to perceive 
rabies vaccination as unimportant.

 18632378, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/zph.70070 by N

ational Institutes O
f H

ealth M
alaysia, W

iley O
nline L

ibrary on [18/06/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



3Zoonoses and Public Health, 2026

large (≥ 7 members), to reflect typical household distributions 
observed in African demographic data, where median house-
hold size often ranges around 4–5 persons and larger extended 
households are common. These categories have been used in 
prior household survey analysis to facilitate comparison of 
social and health outcomes across household compositions 
(United Nations, D. o. E. and P. D. Social Affairs 2019).

Dog-related variables, such as the primary purpose of dog owner-
ship (e.g., security, companionship and hunting), dog confinement 
status (i.e., fully confined, partially confined, or not confined), and 
intended actions following a dog bite (i.e., seeking traditional care 
or rabies post-exposure prophylaxis), were included to capture 
differences in perceived value of dogs, exposure risk, and owner 
attitudes toward rabies prevention, which may directly influence 
willingness to vaccinate. Prior familiarity with rabies (i.e., whether 
respondents had heard of the disease) and knowledge that a bite 
from a rabid dog can transmit rabies were included as indicators 
of risk perception and disease literacy, both of which are critical 
determinants of participation in vaccination campaigns.

Access-related variables were incorporated to assess struc-
tural barriers to canine rabies vaccination. Self-reported ac-
cess to veterinary services was included to capture perceived 
availability of vaccination services. In addition, spatially 
derived contextual variables were extracted using the geo-
graphic coordinates of each household to characterize the 
broader socioeconomic and infrastructural environment. 
These included a poverty raster representing the proportion 
of individuals living in poverty per 1 km2 grid cell in Nigeria 
(Tatem et  al.  2013), an urban–rural classification derived 
from the Global Rural–Urban Mapping Project (GRUMP v.1) 
(CIESIN, I  2010) and distance (in kilometres) to the nearest 
road OpenStreetMap. These variables were included to ac-
count for financial constraints, settlement type, and physical 
accessibility, all of which are known to influence participation 
in mass dog vaccination programmes by affecting cost, aware-
ness, and ease of reaching vaccination points.

Data were collected using structured questionnaire which was 
administered to an adult household member in English, Hausa, 
Yoruba, or Igbo. In households where children were the primary 
dog owners, parents or guardians completed the survey on their 
behalf to ensure clarity and accuracy.

Data were collected using Kobo Toolbox, a free and open-source 
platform for mobile data collection (Pundhir et al. 2024). Upon 
completion of data collection, the datasets were downloaded 
from Kobo Toolbox, cleaned, and pre-processed using R statisti-
cal software (Team 2020). Raster layers used in the analysis are 
provided in the Supporting files (S2–S4).

All variables were then combined, and continuous variables 
were standardized prior to statistical analysis. Supporting file 
contains the raster maps used for the analysis (S2–S4). Pearson's 
correlation coefficients were calculated to assess collinearity 
among explanatory variables. When pairs of variables were 
highly correlated (r > 0.75), the variable considered less epidemi-
ologically relevant was excluded from further analyses to reduce 
multicollinearity.

2.3   |   Statistical Analysis

2.3.1   |   Model Definition

For the subset of respondents who provided reasons for not vac-
cinating their dogs against rabies. We constructed a Bayesian 
multinomial logistic regression model to examine factors asso-
ciated with perceived barriers. The outcome variable was mod-
elled as a nominal, non-ordered categorical variable with three 
levels: (1) rabies vaccine is unimportant (reference category), (2) 
I do not know how to get the vaccine (3) rabies vaccine is too 
costly. The outcome was assumed to follow a multinomial dis-
tribution with k = 3 unordered categories, conditional on a set 
of predictors, including gender, level of education, occupation, 
primary use of the dog, prior familiarity with the term ‘rabies’, 
awareness that a bite from a rabid dog can transmit rabies, his-
tory of being bitten by a dog, dog confinement status, access to 
veterinary services, type of residence, proportion of people liv-
ing in poverty, distance to the nearest road, household size, and 
intended action after a dog bite. Using a multinomial logistic 
link function, we modelled the log-odds of each non-reference 
category relative to the reference category as a linear function of 
these covariates, allowing us to estimate their additive effects on 
the probability of each perceived barrier.

The analysis was implemented using the brms package in 
R, which interfaces with Stan to perform full Bayesian in-
ference using Hamiltonian Monte Carlo (HMC) sampling 
(Bürkner  2021; Carpenter et  al.  2017). Model fitting was con-
ducted using the HMC with four independent chains of 10,000 
iterations, each implemented via Stan. The first 500 iterations of 
each chain were discarded as a warmup, leaving 9500 iterations 
per chain for posterior sampling. Convergence was assessed 
using the potential scale reduction factor (R ̂), with values below 
1.01 considered indicative of convergence and visual examina-
tion trace plots to assess model convergence. Model performance 
was evaluated using posterior predictive checks and leave-one-
out cross-validation (LOO-CV). Differences in expected log pre-
dictive density (ELPD) were used to compare competing model 
(Vehtari et al. 2017). The first model included only fixed effects 
of the covariates, while the second model incorporated a re-
gional random intercept to account for unobserved heterogene-
ity across survey locations. The first model included only fixed 
effects of the covariates, while the second model incorporated a 
random intercept for region to account for unobserved regional 
heterogeneity.

2.3.2   |   Model Formula

where �ik = probability that respondent i selects outcome cate-
gory k. �k = intercept for category k. �kj = coefficient for predic-
tor j in category k. Xij = value of predictor j for respondent i. 
k = a non-reference category (the Kth category is the reference). 
j = 1, 2, … , 12 corresponds to the 12 predictors in our model.

logit
(

�ik
)

= �k +

12
∑

j= 1

�kj ⋅ Xij
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2.3.3   |   Priors and Model Checks

Weakly informative normal priors were assigned to all fixed-effect 
coefficients, and region-level standard deviations were assigned 
independent Exponential (1) priors to allow for shrinkage toward 
no between-region variation while accommodating substantial 
heterogeneity if supported by the data (Bürkner 2021). Model di-
agnostics indicated that the hierarchical model, which included a 
regional random intercept, outperformed the fixed-effects model. 
Using both LOO and WAIC comparisons, the fixed-effects model 
had elpd_diff = −18.2 (SE = 6.0) relative to the hierarchical model 
(reference), indicating lower predictive accuracy. Similarly, WAIC 
computed from the posterior log-likelihood showed the fixed-
effects model had elpd_waic = −1834.4 (SE = 18.0), p_waic = 41.0 
(SE = 0.6), and WAIC = 3668.9 (SE = 35.9), further confirming that 
accounting for regional variation improved model performance. 
Convergence diagnostics indicated high effective sample sizes and 
(R )̂ values consistently near 1. Posterior predictive checks con-
firmed that the hierarchical model better reproduced the observed 
distribution of barrier categories (S5) and the trace plots from the 
multinomial model show good mixing across chains, with stable 
sampling behaviour and no apparent convergence issues (S6). We 
therefore selected the hierarchical model for inference.

2.3.4   |   Sensitivity Analysis

Sensitivity analysis in Bayesian inference examines how pos-
terior inferences change under alternative prior assumptions, 
thereby facilitating transparent interpretation of results (Depaoli 
et al. 2020). To evaluate the influence of prior specification on 
our findings, we assessed whether posterior inferences obtained 
under the reference (original) prior were comparable to those de-
rived from a set of alternative priors.

We constructed three models that differed only in their prior dis-
tributions. The reference model employed weakly informative 
priors consistent with common recommendations for Bayesian 
regression models. As a first alternative, we specified weakly 
informative Student-t priors with 1 degree of freedom, mean 0, 
and scale 2.5 (Student-t (1, 0, 2.5)) for all regression coefficients 
and intercepts. These priors are centred at zero and have heavy 
tails, providing regularization while permitting larger param-
eter values when supported by the data. In the second model, 
intercepts and regression coefficients were assigned normal pri-
ors centred at zero, reflecting symmetric and moderately con-
centrated prior beliefs. Group-level standard deviations were 
assigned weakly informative Student-t (1, 0, 2) priors, which 
constrain variance parameters to plausible ranges while allow-
ing for larger between-group variability when supported by the 
data. In the third model, intercepts and regression coefficients 
again received normal priors centred at zero, while exponential 
priors were specified for the group-level standard deviations. 
The exponential prior enforces positivity and places greater 
prior mass on smaller variance values, thereby encouraging 
stronger shrinkage of group-level effects while still permitting 
larger variability when warranted by the data.

Posterior estimates were compared across models to assess the 
influence of these alternative prior specifications. Across pa-
rameters, posterior means and 95% credible intervals (CrI) were 

highly similar, and substantive conclusions did not differ across 
models. Minor sampling issues were observed for the model 
with the heaviest-tailed priors, with 10 divergent transitions 
out of 36,000 post-warmup draws; however, posterior summa-
ries were stable across models. Posterior summaries and condi-
tional effects plots were generated to aid interpretation of model 
parameters.

3   |   Results

3.1   |   Demographic Characteristics of Survey 
Participants and Dog Ownership Practices Around 
Rabies Vaccination

Of the 4162 dog-owning households, 1815 (44%) reported not 
vaccinating their dogs against rabies. Of these, 38% (695/1815) 
indicated access as a major barrier, 27% (488/1815) believed ra-
bies vaccine is not important while 35% (632/1815) indicated is it 
too costly. Table 1 summarizes the demographic characteristics 
of respondents in relation to perceived barriers to canine rabies 
vaccination.

3.2   |   Factors Associated With Perceived Barrier to 
Canine Rabies Vaccination

Table 2 presents the posterior estimates from the Bayesian mul-
tinomial regression model with 95% CrI; significant associations 
(variables whose 95% CrI did not include zero) are described in 
the text below. The posterior distribution of our model estimates 
(relative to the reference category[rabies vaccine not important]) 
suggested that reporting difficulty accessing rabies vaccine 
was positively associated with socioeconomic and contextual 
factors, including higher education, rabies knowledge, student 
status, urban residence, and household poverty, and negatively 
associated with access-related and behavioural factors such as 
veterinary services, dog confinement, road access, and appro-
priate rabies knowledge.

Similarly, perceiving rabies vaccination as too costly was 
positively associated with higher education, student status, 
and urban residence, while being negatively associated with 
traditional care preference in an event of a dog bite, dog con-
finement, household size, and road access. Conditional effect 
plots, rabies vaccine is not important (red), I cannot access the 
vaccine (green) and vaccine is too costly (blue). Respondents 
with tertiary education had the highest probability of report-
ing access as a barrier and the lowest probability of report-
ing that vaccination is not important, whereas those with no 
formal education had the highest probability of considering 
vaccination unimportant (Figure  1). Respondents who had 
not heard of rabies had a higher probability of reporting vac-
cination as unimportant, while those who were aware had the 
highest probability of reporting access as a barrier (Figure 2). 
Availability of veterinary services affected perceived barriers, 
with respondents having access showing the highest proba-
bility of reporting cost as a barrier, and those without access 
showing the highest probability of reporting access as the 
main constraint (Figure 3). Distance to the road network sim-
ilarly influenced probabilities: respondents living farther from 
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TABLE 1    |    Demographic characteristics of respondents in relation to perceived barriers to canine rabies vaccination.

Variable Rabies vaccination not important n (%) I cannot access rabies vaccine n (%)
Too costly 

n (%)

Gender

Male 257 (52.7) 383 (55.1) 388 (61.4)

Female 231 (47.3) 312 (44.9) 244 (38.6)

Education

No formal 128 (26.2) 87 (12.5) 137 (21.7)

Primary 59 (12.1) 75 (10.8) 41 (6.5)

Secondary 214 (43.9) 280 (40.3) 245 (38.8)

Tertiary 87 (17.8) 253 (36.4) 209 (33.1)

If you or any member of your household was bitten by a dog, which method would you adopt

Allopathic care 291 (59.6) 444 (63.9) 435 (68.8)

Traditional care 197 (40.4) 251 (36.1) 197 (31.2)

Is there any livestock officer or Veterinary establishment in your location?

Don't know 31 (6.4) 37 (5.3) 77 (1.1)

None 311 (63.7) 429 (61.7) 317 (50.2)

Service available 146 (29.9) 229 (33.0) 308 (48.7)

Have you heard about rabies?

No 261 (53.5) 266 (38.3) 223 (35.3)

Yes 227 (46.5) 429 (61.7) 409 (64.7)

Main use of dog

Hunting 155 (31.8) 162 (23.3) 169 (26.7)

Pet 120 (24.6) 109 (15.7) 120 (19.0)

Security 213 (43.6) 424 (61.0) 343 (54.3)

Occupation of owner

Civil servant 121 (24.8) 212 (30.5) 188 (29.7)

Student 63 (12.9) 77 (11.1) 84 (13.3)

Artisan/private/
NGO

304 (62.3) 406 (58.4) 360 (57.0)

Confinement status

Not confined 267 (54.7) 369 (53.1) 334 (52.8)

Partial 127 (26.0) 154 (22.2) 162 (25.6)

Fully confined 94 (19.3) 172 (24.7) 136 (21.5)

Household size

Large 101 (20.7) 228 (32.8) 218 (34.5)

Medium 246 (50.4) 287 (41.3) 212 (33.5)

Small 141 (28.9) 180 (25.9) 202 (32.0)

Bite from rabid infected dog can transmit rabies?

False 305 (62.5) 528 (75.9) 402 (36.4)

True 183 (37.5) 167 (24.1) 230 (36.4)
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TABLE 2    |    Posterior means and 95% credible intervals from a multinomial regression model, with believing rabies vaccine not important as 
reference group.

Variable I cannot access rabies vaccine Too costly

Gender

Female Ref Ref

Male −0.12 (−0.40, 0.14) 0.18 (−0.10–0.46)

Education

No formal Ref Ref

Primary 0.43 (−0.05–0.91) −0.33 (−0.85–0.19)

Secondary 0.28 (−0.10–0.66) 0.11 (−0.26–0.49)

Tertiary 1.03 (0.62–1.44) 0.63 (0.22–1.04)

If you or any member of your household was bitten by a dog, which method would you adopt

Allopathic care Ref

Traditional care −0.31 (−0.58, −0.05) 0.48 (−0.76, −0.20)

Is there any livestock officer or Veterinary establishment in your location?

Don't know Ref Ref

No service available −0.30 (−0.87–0.27) 0.26 (−0.48–1.04)

Service available −0.69 (−1.30, −0.10)

Have you heard about rabies?

No Ref Ref

Yes 0.46 (0.17–0.75) 0.11 (−0.19–0.41)

Main use of dog

Hunting Ref Ref

Pet −0.17 (−0.53–0.20) −0.27 (−0.65–0.110)

Security 0.32 (0.01–0.64) 0.01 (−0.31–0.33)

Occupation of owner

Civil servant Ref Ref

Student 0.62 (0.18–1.07) 0.59 (0.14–1.04)

Artisan/private/NGO 0.31 (−0.09–0.71) 0.16 (−0.24–0.55)

Confinement status

Not confined Ref Ref

Partial −0.59 (−0.92, −0.25) −0.40 (−0.73, −0.06)

Fully confined −0.22 (−0.57–0.12) −0.32 (−0.69–0.04)

Household size

Large Ref Ref

Medium −0.32 (−0.65–0.001) −0.58 (−0.92, −0.24)

Small −0.10 (−0.48–0.27) −0.19 (−0.57–0.19)

Bite from rabid infected dog can transmit rabies?

False Ref Ref

True −0.67 (−0.96, −0.37) −0.14 (−0.44–0.16)

(Continues)
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roads had a higher probability of reporting vaccination as un-
important, while those closer to roads had lower probabili-
ties of reporting access or cost as barriers (Figure 4). Spatial 
patterns of perceived cost barriers varied regionally, with 
respondents in the FCT and Anambra exhibiting the highest 
probabilities, Kaduna moderate probabilities, and Enugu the 
lowest, as indicated by continuous colour-scaled posterior es-
timates (Figure 5).

4   |   Discussion

This study offers valuable insights into factors associated with the 
perceived barriers to canine rabies vaccination among owners of 
unvaccinated dogs in Nigeria. We found that barriers to dog rabies 
vaccination are significantly associated with educational attain-
ment, knowledge of rabies, household poverty, residence type, and 
access to road networks. Individuals with higher education levels, 
better rabies knowledge, and urban residence were more likely to 
report inability to access canine rabies vaccines, while improved 
road access and access to veterinary services were associated with 
decrease likelihood of reporting this barrier. These findings are 
crucial for informing public health policies aimed at achieving the 
global target of zero human rabies deaths by 2030.

Respondents with tertiary education were more likely to re-
port access to the rabies vaccine as a major barrier compared 
to those with no formal education. This finding may reflect 
differences in awareness and expectations rather than ob-
jectively poorer access among more educated respondents. 
Higher educational attainment is consistently associated 
with better health knowledge and greater awareness of pre-
ventive interventions, including rabies vaccination. Studies 
in rabies-endemic settings show that individuals with higher 
education have significantly greater knowledge of rabies 
transmission and prevention than those with less schooling 
(Misapa et al. 2024). More broadly, educational attainment is 
a strong predictor of vaccine awareness and uptake in low-
income settings, as it enhances understanding of health risks 
and the benefits of immunization (Abdi et al. 2025). Greater 
awareness and demand may, in turn, heighten recognition 
of systemic constraints such as vaccine cost, limited-service 
availability, or inconvenient service delivery leading more ed-
ucated respondents to report access as a major barrier.

Our study also found that reporting difficulty accessing rabies 
vaccination was positively associated with urban residency, de-
spite expectations of better service availability in urban areas. In 

many rabies-endemic settings, veterinary services are unevenly 
distributed and frequently dominated by private providers, 
where higher costs, limited operating hours, and periodic vac-
cine stockouts can restrict access, even in urban centers (Mbilo 
et al. 2021). As a result, although awareness of rabies prevention 
may be higher among urban populations, structural limitations 
within veterinary health systems can continue to impede access 
to vaccination.

Our study shows that respondents in higher-poverty areas were 
more likely to report difficulty accessing rabies vaccination. 
Poverty is often associated with limited infrastructure and re-
sources, which can constrain access to veterinary services, in-
cluding rabies vaccination (Akinsulie et al. 2024). Indeed, our 
model estimates indicate that reporting access as a barrier was 
less likely among respondents with access to veterinary services 
and road networks. These disparities have important implica-
tions for rabies prevention and control, as limited access may 
lead to lower vaccination coverage and sustained transmission 
risk. Moreover, limited access to rabies-related information in 
high-poverty settings may further undermine prevention ef-
forts. Targeted strategies such as mobile vaccination clinics, 
community-based vaccination campaigns, and locally tailored 
rabies education could help reduce access barriers and improve 
vaccination uptake in underserved areas.

Furthermore, our model estimates indicated that the probability 
of reporting cost as a barrier was higher among urban residents 
and those with tertiary education. This may at first seem coun-
terintuitive, as urban areas and individuals with higher educa-
tion often have greater health literacy and economic resources. 
However, this finding likely reflects higher expectations of ser-
vice availability in urban settings, when rabies vaccines and 
veterinary services are present but not subsidized, the direct 
financial cost becomes more salient and reported as a barrier.

In many LMICs, rabies vaccines are not provided free of charge 
in the public sector, and out-of-pocket costs in some cases sig-
nificantly high relative to income have been shown to deter both 
initiation and completion of PEP and canine vaccination efforts 
(Ayesha et al. 2025). Studies from Tanzania and other African 
contexts have documented that direct and indirect costs, includ-
ing travel and lost wages, contribute substantially to patients not 
starting or abandoning the PEP regimen, with cost frequently 
reported as the most prominent barrier (Lushasi et  al.  2025). 
Similarly, research from India found a high financial burden 
as the leading deterrent to completing the full PEP schedule 
(Ayesha et al. 2025).

Variable I cannot access rabies vaccine Too costly

Resident type

Rural Ref

Urban 0.41 (0.05–0.76) 0.44 (0.08–0.7)

Poverty 0.24 (0.03–0.47) 0.05 (−0.18–0.29)

Road −0.24 (−0.40, −0.09) −0.48 (−0.77, −0.22)

Abbreviations: Crl, credible interval; NGO, non-government organizationorganisation; Ref, reference.

TABLE 2    |    (Continued)
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FIGURE 1    |    Illustrates modelled conditional effects of education level on three reported barriers to rabies vaccination: (1) “rabies vaccination is 
not important” (red), (2) “I cannot access the vaccine” (green), and (3) “the vaccine is too costly” (blue), holding all other covariates at their mean 
values. rabies vaccine is not important (red), I cannot access the vaccine (green) and vaccine is too costly (blue). The results indicated that respondents 
with tertiary education have the highest probability of reporting access as a barrier and the lowest probability of reporting that rabies vaccination is 
not important. In contrast, respondents with no formal education have the highest probability of reporting that rabies vaccination is not important.

FIGURE 2    |    Illustrates modelled conditional effects of familiarity with the word rabies on three reported barriers to rabies vaccination: (1) “rabies 
vaccination is not important” (red), (2) “I cannot access the vaccine” (green), and (3) “the vaccine is too costly” (blue), holding all other covariates at 
their mean values. Our results indicate that respondents who had not heard about rabies had a higher probability of reporting that rabies vaccination 
is not important. In contrast, respondents who had heard about rabies had the highest probability of reporting access as a barrier to obtaining rabies 
vaccines.
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FIGURE 3    |    Illustrates modelled conditional effects of veterinary service availability on three reported barriers to rabies vaccination: (1) “rabies 
vaccination is not important” (red), (2) “I cannot access the vaccine” (green), and (3) “the vaccine is too costly” (blue), holding all other covariates at 
their mean values. Our results indicate that respondents with access to veterinary services have the highest probability of reporting cost as a barrier, 
while those without access to such services have the highest probability of reporting access as the primary barrier.

FIGURE 4    |    Illustrates modelled conditional effects of distance to the road network on three reported barriers to rabies vaccination: (1) “rabies 
vaccination is not important” (red), (2) “I cannot access the vaccine” (green), and (3) “the vaccine is too costly” (blue), holding all other covariates at 
their mean values. Our result suggests that respondents who live farther from the road network have a higher probability of reporting that vaccines 
are not important. In contrast, respondents who live closer to the road network have a lower probability of reporting access or cost as a barrier.
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Together, these findings align with our results in demonstrating 
that economic barriers persist even where services exist partic-
ularly in urban facilities where expectations of ready access are 
higher. In contrast, community-based studies in settings such as 
Sierra Leone suggest that lack of information on how to access 
vaccination services, rather than cost alone, may be the domi-
nant perceived barrier in rural or underserved areas, although 
cost remains an important constraint where veterinary infra-
structure is limited (Mshelbwala et al. 2026). This highlights the 
multifaceted nature of access barriers, whereby urban and more 
educated populations may primarily emphasize financial con-
straints, while rural and less educated groups face compounded 
challenges of limited availability, information gaps, and cost.

Overall, our findings reinforce the broader literature showing 
that cost is a critical barrier to canine rabies vaccination, inter-
acting with geographic access and socioeconomic expectations. 
Policies that reduce upfront costs, such as subsidized vaccines 
and improved vaccine distribution to underserved areas, are 
likely to enhance uptake and coverage.

Our results also indicate that the likelihood of identifying cost 
as a barrier to accessing rabies vaccination was lower among re-
spondents from medium-sized households compared with those 
from large households. Individuals in medium-sized households 
may have fewer dependents and, therefore, greater financial 
capacity to seek appropriate veterinary care for their dogs. In 
many developing countries, including Nigeria, lower-income 
households tend to have larger family sizes, which places ad-
ditional strain on limited financial resources and reduces 
the ability to afford preventive health services such as rabies 

vaccination (Abdi et al. 2025; Maduekwe 2023). Evidence from 
Tanzania similar shows that lower socioeconomic status and 
specific household factors were associated with reduced rabies 
knowledge and poorer rabies prevention practices, including 
dog vaccination uptake (Sambo et  al.  2014). Likewise, a study 
in Ethiopia found that the cost of rabies vaccination and related 
financial constraints influence dog owners' willingness and 
ability to vaccinate their animals, with lower income linked to 
reduced participation in vaccination efforts (Mengie et al. 2025). 
Taken together, our findings therefore align with existing evi-
dence indicating that economic constraints, compounded by 
larger household sizes, significantly limit access to rabies vac-
cination services.

Our model estimates indicate that households that partially 
confined their dogs were less likely to report cost as a barrier 
to rabies vaccination. This contrasts with findings from Sierra 
Leone, where owners of partially confined dogs were more 
likely to report access-related barriers (Mshelbwala et al. 2026). 
This discrepancy may reflect differences in the availability and 
organization of veterinary services between the two countries. 
Although Nigeria has a higher number of veterinarians and 
veterinary clinics than Sierra Leone, rabies vaccination is not 
provided free of charge (Mshelbwala et al. 2022). Consequently, 
cost-related barriers persist despite physical availability of ser-
vices. These findings underscore the need to implement free or 
subsidized rabies vaccination programs in Nigeria to improve 
vaccine uptake, while also situating the results within the 
broader African context, which highlights both the effectiveness 
of mass vaccination strategies and the persistent operational and 
financial barriers to their delivery.

FIGURE 5    |    Model posterior estimates indicate that respondents in the Federal Capital Territory (FCT) and Anambra exhibit the highest proba-
bilities of reporting cost as a barrier to accessing rabies vaccine, as indicated by the yellow shading. Kaduna shows moderate probabilities (orange), 
while Enugu has the lowest probability, indicated by dark blue shading. Estimates are represented on a continuous colour scale ranging from nega-
tive (purple/blue) to positive values (yellow), reflecting relative differences in perceived cost barriers. (S1) Map of Nigeria showing the areas where 
the study was conducted, highlighted in red, including Kaduna, Anambra, Enugu, and the Federal Capital Territory. The inset map shows the loca-
tion of Nigeria within Africa. The shapefile used to create the map was obtained from DIVA-GIS. (S2) Urban extent grid at 0.00833 degrees (30 arc sec) 
resolution, indicating the proportion of rural and urban areas in Sierra Leone extracted from the Global Rural–Urban Mapping Project (GRUMP v1). 
(S3) Raster map representing the proportion of people per 1 km2 grid square living in poverty in Nigeria. (S4) Distance (in kilometres) from the centre 
of each cell to the nearest road obtained from OpenStreetMap. (S5) Posterior predictive check comparing observed data (dark line) with replicated 
data from the model (light lines), demonstrating good agreement and model fit. (S6) The trace plots from the multinomial model show good mixing 
across chains, with stable sampling behaviour and no apparent convergence issues.
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Furthermore, we observed regional variation in the probability 
of reporting cost as a barrier to accessing rabies vaccination, 
with respondents in the FCT and Anambra more likely to re-
port cost-related constraints. A recent study from Sierra Leone 
similarly documented regional variation in barriers to rabies 
vaccination access (Mshelbwala et  al.  2026). Both Abuja and 
Anambra are predominantly urban settings, with a relatively 
higher concentration of private veterinary clinics, particularly 
in Abuja, compared to Kaduna. While increased availability of 
veterinary services might be expected to improve access, the 
predominance of private clinics operating on a fee for service 
basis appears to shift the financial responsibility entirely onto 
dog owners, thereby creating a significant economic barrier to 
vaccination uptake.

Comparable research from other parts of Africa has consistently 
highlighted cost as a barrier to canine rabies vaccination (Obara, 
Omwenga, Mativo, and Agasa 2025). Systematic reviews of vac-
cination coverage in Africa also show that owner-charged vac-
cination schemes yield far lower coverage (~18%) compared to 
free vaccination programs (~68%), suggesting that cost recovery 
requirements drastically reduce uptake (Jibat et al. 2015). These 
findings align with broader evidence that free or subsidized 
vaccination campaigns generally achieve higher coverage and 
that economic barriers can outweigh even logistical availabil-
ity of services. This finding underscores the need for improving 
access to affordable rabies vaccines through community-based 
veterinary outreach and subsidized, free programmes could 
help overcome cost-related barriers and improve uptake (Obara, 
Omwenga, Nzioki, and Agasa 2025; Yoak et al. 2021; Mshelbwala 
et al. 2021).

Our model estimates suggest that respondents who had heard 
about rabies were less likely to report that rabies vaccination is 
unimportant. Although familiarity with the term ‘rabies’ alone 
does not fully reflect understanding of the disease (Mshelbwala 
et al. 2024), basic exposure to information may help reduce mis-
trust, particularly given the disease's near-universal fatality and 
ongoing awareness efforts such as World Rabies Day (Balaram 
et al. 2016). However, evidence from Kenya demonstrates that 
adequate knowledge alone is insufficient; despite reported ra-
bies awareness levels of 87%, vaccination coverage remained 
below the threshold required to interrupt RABV transmission, 
underscoring broader challenges in rabies control across devel-
oping settings.

Finally, higher educational attainment in our study was asso-
ciated with a lower likelihood of perceiving rabies vaccination 
as unimportant, aligning with literature linking education to 
improved access to health information and adoption of preven-
tive health behaviours. Nevertheless, this relationship is not uni-
form across contexts. For example, a community-based survey 
in Mekelle City, Ethiopia found that individuals with secondary 
or higher education were less likely to express positive attitudes 
toward rabies prevention than those who could not read or write 
(Hagos et  al.  2020) Moreover, a recent study reporting rabies 
knowledge levels exceeding 80% alongside vaccination coverage 
as low as 22% further highlight a persistent knowledge–practice 
gap (Gitonga et  al.  2025). Collectively, these findings suggest 
that awareness and formal education, while important, are in-
sufficient on their own to ensure adequate rabies vaccination 

uptake, pointing to the need for context-specific strategies that 
address structural, behavioural, and trust-related barriers.

4.1   |   Study Limitation

This study has several limitations. First, self-reported data may 
be subject to recall or social desirability bias, and the cross-
sectional design precludes causal inference. While we assessed 
multiple sociodemographic factors, other relevant influences 
such as cultural beliefs, prior exposure to RABV, trust in veteri-
nary services, and systemic issues including vaccine availability, 
cold-chain infrastructure, and the effectiveness of national de-
livery models were not examined. Future studies should incor-
porate these dimensions to better characterize barriers to rabies 
control. Despite these limitations, our findings provide import-
ant evidence on the sociocultural and geographic determinants 
of dog rabies vaccination and offer actionable insights to support 
rabies control efforts in Nigeria.

5   |   Conclusion

In conclusion, this study demonstrates that barriers to dog 
rabies vaccination are significantly associated with educa-
tional attainment, knowledge of rabies, household poverty, 
residence type, and access to road networks. Individuals with 
higher education levels, greater rabies knowledge, and urban 
residence were more likely to report difficulties accessing ra-
bies vaccination, while improved road access and access to 
veterinary services reduced these barriers. These findings 
underscore the need for targeted interventions that address 
economic constraints, improve physical access to vaccination 
services, and strengthen community-based awareness and de-
livery strategies, particularly in underserved populations.
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Supporting Information

Additional supporting information can be found online in the 
Supporting Information section. Data S1: Map of Nigeria showing the 
areas where the study was conducted, highlighted in red, including 
Kaduna, Anambra, Enugu, and the Federal Capital Territory. The inset 
map shows the location of Nigeria within Africa. The shapefile used to 
create the map was obtained from DIVA-GIS. Data S2: Urban extent 
grid at 0.00833 degrees (30 arc sec) resolution, indicating the proportion 
of rural and urban areas in Nigeria extracted from the Global Rural–
Urban Mapping Project (GRUMP v1). Data S3: raster map represent-
ing the proportion of people per 1 km2 grid square living in poverty in 
Nigeria. Data S4: Distance (in kilometres) from the centre of each cell 
to the nearest road obtained from OpenStreetMap. Data S5: Posterior 
predictive check comparing observed data (dark line) with replicated 
data from the model (light lines), demonstrating good agreement and 
model fit. Data S6: The trace plots from the multinomial model show 
good mixing across chains, with stable sampling behaviour and no ap-
parent convergence issues. 
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