
              

City, University of London Institutional Repository

Citation: Eyawo, O., Ugoji, U. C., Pan, S., Oyibo, P., Rehman, M., Mahboob, M. & Esimai, 

O. A. (2024). Predictors of the willingness to accept a free COVID-19 vaccine among 
households in Nigeria. Vaccine, 42(23), 126225. doi: 10.1016/j.vaccine.2024.126225 

This is the published version of the paper. 

This version of the publication may differ from the final published version. 

Permanent repository link:  https://openaccess.city.ac.uk/id/eprint/33594/

Link to published version: https://doi.org/10.1016/j.vaccine.2024.126225

Copyright: City Research Online aims to make research outputs of City, 

University of London available to a wider audience. Copyright and Moral Rights 

remain with the author(s) and/or copyright holders. URLs from City Research 

Online may be freely distributed and linked to.

Reuse: Copies of full items can be used for personal research or study, 

educational, or not-for-profit purposes without prior permission or charge. 

Provided that the authors, title and full bibliographic details are credited, a 

hyperlink and/or URL is given for the original metadata page and the content is 

not changed in any way. 

City Research Online



City Research Online:            http://openaccess.city.ac.uk/            publications@city.ac.uk

http://openaccess.city.ac.uk/
mailto:publications@city.ac.uk


Predictors of the willingness to accept a free COVID-19 vaccine among
households in Nigeria

Oghenowede Eyawo a,b,*, Uchechukwu Chidiebere Ugoji c, Shenyi Pan d, Patrick Oyibo e,f,
Amtull Rehman a, Mishel Mahboob b, Olapeju Adefunke Esimai g

a School of Global Health, York University, Toronto, ON, Canada
b School of Kinesiology and Health Science, York University, Toronto, ON, Canada
c Salem Clinic and Maternity, Salem City, Warri, Delta State, Nigeria
d Department of Statistics, University of British Columbia, Vancouver, BC, Canada
e Department of Health Services Research and Management, School of Health and Psychological Sciences, City University of London, London, United Kingdom
f Department of Community Medicine, Faculty of Clinical Medicine, Delta State University, Abraka, Nigeria
g Department of Community Health, Obafemi Awolowo University, lle-lfe, Nigeria

A R T I C L E I N F O

Keywords:
COVID-19
Vaccine hesitancy
Vaccine acceptance
Nigeria
Predictors of COVID-19 vaccine acceptance

A B S T R A C T

Background: To inform vaccination policy and programmatic strategies to increase COVID-19 vaccine uptake, an
understanding of the factors associated with the willingness to vaccinate is needed.
Methods: We analyzed data collected from the sixth and tenth round of the Nigerian COVID-19 National Lon-
gitudinal Phone Survey conducted by the National Bureau of Statistics and the World Bank in 2020 and 2021,
respectively. Exploratory data analysis and feature selection techniques were used to identify important vari-
ables. Multivariable logistic regression models were fitted to assess the association between socio-demographic
and economic factors and the willingness to receive a free COVID-19 vaccine among Nigerian households at two
different time points before vaccines became widely available.
Results: Data from 1,733 and 1,651 Nigerian households who completed the sixth and tenth round of the survey,
respectively, were included. Most respondents (>85% of households) were willing to receive a free COVID-19
vaccine from both survey rounds. The median household size was 6 (IQR: [4, 8]) with females heading about
18% of the households. Approximately 22% of the household heads had not received any formal education.
Compared to households whose head had no education, households whose heads had completed tertiary edu-
cation or higher had significantly lower odds of willingness to be vaccinated (ORround 6: 0.46, 95% CI: [0.31,
0.68], ORround 10: 0.49, 95% CI: [0.34, 0.71]). An increasing proportion of male household members was
associated with greater willingness to receive a free COVID-19 vaccine (ORround 6: 1.84, 95% CI: [1.01, 3.33],
ORround 10: 5.25, 95% CI: [2.86, 9.65]). Significant associations with vaccine willingness were also observed
across geopolitical zones of residence with households in South-East Nigeria (ORround 6: 0.16, 95% CI: [0.10,
0.24]; ORround 10: 0.29, 95% CI: [0.19, 0.43]) and South-South Nigeria (ORround 6: 0.57, 95% CI: [0.36, 0.90],
ORround 10: 0.32, 95% CI: [0.22, 0.48]) less likely to be willing to receive a free vaccine compared to households
in North-Central Nigeria.
Conclusion: These findings from two different time points before vaccine roll-out suggest that the educational
level of household head, proportion of male household members, and the geopolitical zone of residence are
important baseline predictors of the willingness to receive a free COVID-19 vaccine in Nigeria. These factors
should be carefully considered and specifically targeted when designing public health programs to inform early-
stage strategies that address underlying vaccine hesitancy, improve vaccine uptake, promote ongoing COVID-19
vaccination efforts, and potentially enhance other immunization programs in Nigeria.
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1. Introduction

The COVID-19 pandemic caused by the SARS-CoV-2 virus has
unfolded as a major global health crisis with far-reaching implications
[1–4]. Since its emergence in late 2019, this unprecedented pandemic
has disrupted societies, overwhelmed healthcare systems, and resulted
in substantial morbidity and mortality [5], including an estimated 6.9
million deaths globally as of November 8, 2023 [4]. With decreasing
trends in COVID-19 hospitalizations and deaths and increasing levels of
community immunity, the World Health Organization (WHO) recently
declared that COVID-19 no longer constitutes a public health emergency
of international concern as of May 2023 [6]. Nevertheless, this decla-
ration was accompanied by a cautionary guidance that COVID-19 re-
mains a global health threat and requires continuing efforts to increase
vaccination coverage globally [6].

The reducing trend in COVID-19 disease burden is most likely
attributable to high population-level immunity from prior infection and
vaccination [6]. According to the WHO, vaccines are a critical tool for
promoting public health and controlling disease outbreaks [7]. They are
widely acknowledged as one of the most effective strategies for pre-
venting severe illness, hospitalization, and mortality from infectious
diseases [1,8]. With increasing recognition that COVID-19 is becoming
endemic, access to COVID-19 vaccines, including widespread vaccina-
tion and coverage, will continue to be a vital part of the long-term dis-
ease management strategy. However, access to COVID-19 vaccines and
essential diagnostics has been plagued by global vaccine inequity [9],
where a limited proportion of the world’s population mostly in wealthy
countries have had up to 95% of the global COVID-19 vaccine supply
compared to about 5% in the rest of the world [10]. For example, despite
representing 17% of the world’s population, Africa had administered the
lowest number of vaccine doses relative to its population size as of
November 2023 [11,12].

Despite recording 267,146 confirmed cases and 3,155 deaths as of
November 8, 2023, [13] the percentage of fully vaccinated people in
Africa’s most populous nation and the world’s sixth most populous
country, Nigeria, remains as low as 37% as of October 1, 2023
[11,12,14]. This falls short of the country’s aspiration and goal to fully
vaccinate 40% of its eligible population by 2021 and 70% by the end of
2022 [15,16]. Given its sheer population size – an estimated 223.8
million people as of July 1, 2023 – and position as one of Africa’s largest
economies [14], vaccination uptake in Nigeria is an important issue of
global relevance and its significance to global health security cannot be
overstated. Ensuring high vaccination coverage rates in Nigeria con-
tributes to achieving worldwide immunization goals and global herd
immunity, reduces the likelihood of new variants emerging, and helps
prevent future outbreaks within the country and beyond. An inability to
break the chain of transmission and manage an infectious disease with
pandemic potential in a country like Nigeria has broader implications
within the region and poses a significant global threat [17,18].

Vaccine hesitancy – the reluctance or refusal to vaccinate despite the
availability of vaccines [19] which is driven by low vaccine confidence
among other determinants [20], is affecting the acceptance and uptake
of COVID-19 vaccines across the world [21]. In Nigeria, vaccine hesi-
tancy is an increasing threat to the uptake of COVID-19 vaccines [22]
and has historically been a longstanding problem [20,23–25], leading,
for example, to the boycott of the polio vaccination program in Northern
Nigeria in 2003 [26]. Low vaccine confidence that is fuelling COVID-19
vaccine hesitancy is not fully understood, but has been suggested to be
driven by a variety of dynamic, context-specific, and multifaceted fac-
tors, including concerns about the speed of development, safety, po-
tential long-term effects of the COVID-19 vaccines [27], and among
Nigerians/Africans, is compounded by personal health beliefs, misin-
formation, and a history of mistrust in the health system
[15,20,23–25,28]. To guide policy and programming around COVID-19
and maximize the potential of vaccination to overcome the challenges
posed by COVID-19, we need to better understand what motivates

people to vaccinate. This is particularly important as reported vaccine
acceptance rate in Nigeria ranged from 20 % to 58 % [15].

Although a number of studies have attempted to identify factors
associated with the intent to vaccinate against COVID-19 in Nigeria
[29–34] most of these studies were cross-sectional and conducted at a
single point in time. Moreover, in Nigeria and most African societies
where patriarchal gender and cultural norms hold strong [35,36], there
is limited insight into how intra-household structure/dynamics influ-
ence vaccine decision making within households. The aim of this study
was to examine the association between socio-demographic and eco-
nomic factors and the willingness to receive a free COVID-19 vaccine
among households in Nigeria at two time points during the pandemic
and prior to the widespread availability of COVID-19 vaccines in
Nigeria. To our knowledge, this is the first study that seeks to understand
the factors associated with vaccine willingness among households at two
different time points before the vaccines became widely available in
Nigeria. This allows us to better understand baseline vaccine willingness
needed to address initial hesitancy and concerns, and to generate
evidence-driven responses, particularly given the evolving nature of the
pandemic and the importance of proactive strategies to mitigate vaccine
hesitancy before the roll-out phase.

2. Methods

2.1. Setting

This study was conducted in Nigeria. Geopolitically, Nigeria is
divided into six geographical zones or administrative groupings of its 36
states, namely: North-Central, North-East, North-West, South-East,
South-South, and South-West zones. Specific to COVID-19 vaccination
intentions, we hypothesize that these geopolitical zones may exhibit
important differences based on historical precedents with other vacci-
nation programs in the past [26].

2.2. Study design and data

We conducted a secondary analysis of data from the Nigeria COVID-
19 National Longitudinal Phone Survey (NLPS) Phase 1, conducted by
the National Bureau of Statistics and the World Bank [37]. The objective
of the Nigeria COVID-19 NLPS survey is to monitor the socio-economic
impact of COVID-19 in Nigeria in real time. The NLPS Phase 1 data were
collected through monthly telephone surveys conducted over 12 rounds
from April 2020 (baseline, or round 1) to April 2021 (round 12). In the
baseline round, 3,000 households were contacted, and 1,950 were
successfully interviewed, constituting the initial panel sample. While
this initial panel was targeted for follow-up in subsequent rounds, the
specific households successfully interviewed varied due to attrition and
replenishment from the initial panel. The number of households suc-
cessfully completing each round of the survey ranged from 1,820 in
round 2 to 1,699 in round 10. Starting from round 3, additional
households not previously interviewed were included to maintain a
sufficiently large sample size. A balanced sampling approach using the
cube method was adopted to obtain a nationally representative sample
of the Nigerian population and to ensure balance across several key
dimensions such as age, sex, state, setting (urban, rural), and household
size. Detail information on the survey and the sampling methodology is
publicly available on the World Bank Microdata Library (https:
//microdata.worldbank.org/index.php/catalog/3712/).

Our analyses used data from rounds 6 (October 2020) and 10
(February 2021) of the survey, as questions related to the willingness to
be vaccinated against COVID-19 were only asked in these rounds. Spe-
cifically, the question about households’ willingness to receive free
COVID-19 vaccine, which captures the primary outcome variable in this
study, was phrased in the questionnaire as: “If an approved vaccine to
prevent coronavirus was available right now at no cost, would you agree to be
vaccinated?” with response options of “no”, “not sure”, and “yes”. For
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those who selected “no” or “not sure”, a follow-up question offered the
following options to capture their reasons for not wanting to be vacci-
nated: ‘I don’t think it will work’, ‘I don’t think it will be safe’, ‘I am
worried about the side effects’, ‘I am not enough at risk of contracting
COVID-19’, ‘I am against vaccines in general’, ‘It is against my religion’,
and ‘Other (specify)’. For analytic purposes, we combined “no” and “not
sure” into a single “no” class. After removing observations with missing
values, there were 1,733 and 1,651 households in rounds 6 and 10,
respectively, which formed the basis of our analytical sample. Of the
1,733 households included in the sample for round 6, 1,646 were also
included in the sample for round 10, meaning that 87 households were
unique to round 6 and 5 households were unique to round 10. Surveys in
rounds 6 and 10 were conducted approximately four and one month,
respectively, before the start of the COVID-19 vaccine rollout in Nigeria
in March 2021.

2.3. Covariates

Socio-demographic and economic characteristics included house-
hold size, age of household head, average age of household members,
sex of household head, proportion of male household members,
employment status of household head, education level of household
head, residential setting (rural/urban), geopolitical zone of household
(North-Central, North-East, North-West, South-East, South-South and
South-West), frequency of handwashing, frequency of mask wearing,
access to health care, and concerns about COVID-19. The proportion of
male household members was analyzed as a continuous variable and
was derived from the survey by dividing the number of male household
members by the total number of household members, with both quan-
tities available in the raw survey data. Most of the covariates were
measured at baseline (round 1), round 6, and round 10, but some (e.g.,
frequency of handwashing, mask wearing) were assessed only in round
10 and are summarized in Table 1.

2.4. Weighting

Household level weights for the Nigeria COVID-19 NLPS were pro-
vided by the National Bureau of Statistics for each round of the sampled
data and were applied to successfully interviewed households. This was
necessary in order to produce valid national estimates from the survey
sample, mitigate potential selection bias and generalize results to the
Nigerian population. We used the NLPS cross-sectional household
weights in our analysis as these apply to the entire sample for a given
round of the survey.

2.5. Statistical analysis

Exploratory data analysis and univariate analysis were conducted to
assess the association between households’ willingness to receive free
COVID-19 vaccine and the available socio-demographic and economic
factors. Descriptive statistics stratified by the willingness to receive a
free COVID-19 vaccine in rounds 6 and 10 were reported as frequencies
or as medians with interquartile range (IQR). Chi-square (χ2) tests for
categorical variables and Wilcoxon rank-sum tests for continuous vari-
ables were used to compare covariates. Graphs were used to characterize
the reasons why households had concerns about receiving free COVID-
19 vaccine in these two rounds. Multivariable logistic regression
models with household weights were fitted to identify important pre-
dictor variables and estimate their effects. These results are presented as
unadjusted and adjusted odds ratios (OR) with 95% confidence intervals
(CI). When fitting the multivariable logistic regression models, we
employed a stepwise Akaike Information Criterion (AIC) selection al-
gorithm to identify the important predictors [38]. The algorithm started
with the full model including all available predictors (i.e., 9 and 14
variables in rounds 6 and 10, respectively) and iteratively added or
removed variables based on the AIC as the model selection criterion.

Table 1
Characteristics of the study sample categorized by household willingness to
receive free COVID-19 vaccine in survey rounds 6 and 10

Characteristics Round 6 Round 10

Willing to receive
free COVID-19
vaccine?

P-value Willing to receive
free COVID-19
vaccine?

P-value

No
(n =

245)

Yes
(n =
1488)

No
(n =

245)

Yes
(n =
1406)

Age of household
head, median
(Q1, Q3) years

50
(40,
60)

48
(39,
59) 0.382

49
(39,
61)

49
(39,
59) 0.924

Size of
household.
median (Q1,
Q3)

5 (3,
7)

6 (4,
8) <0.001

5 (3,
7)

6 (4,
9) <0.001

Average age of
household
members,
median (Q1,
Q3) years

26
(20,
34)

23
(18,
31) <0.001

27
(20,
35)

23
(18,
30) <0.001

Proportion of
male
household
members,
median (Q1,
Q3)

0.5
(0.3,
0.6)

0.5
(0.4,
0.6) 0.007

0.5
(0.3,
0.6)

0.5
(0.4,
0.6) <0.001

Sex of household
head, n (%) <0.001 0.016

Male
176
(71.8)

1242
(83.5)

187
(76.3)

1167
(83.0)

Female
69
(28.2)

246
(16.5)

58
(23.7)

239
(17.0)

Geopolitical
zone, n (%) <0.001 <0.001

North-Central
23
(9.4)

264
(17.7)

30
(12.2)

238
(16.9)

North-East
13
(5.3)

293
(19.7)

11
(4.5)

287
(20.4)

North-West
18
(7.4)

246
(16.5)

16
(6.5)

233
(15.6)

South-East
99
(40.4)

214
(14.4)

85
(34.7)

217
(15.4)

South-South
39
(15.9)

186
(12.5)

47
(19.2)

162
(11.5)

South-West
53
(21.6)

285
(19.2)

56
(22.9)

269
(19.1)

Residence area,
n (%) 0.001 <0.001

Urban
121
(49.4)

560
(37.6)

123
(50.2)

528
(37.6)

Rural
124
(50.6)

928
(62.4)

122
(49.8)

878
(62.4)

Employment
status in the
past week, n
(%) 0.119 0.008

Unemployed
16
(6.5)

73
(4.9)

23
(9.4)

69
(4.9)

Employed
229
(93.5)

1415
(95.1)

222
(90.6)

1337
(95.1)

Education level
of household
head, n (%) <0.001 <0.001

None
38
(15.5)

344
(23.1)

42
(17.1)

324
(23.0)

Primary school
/ artisan
training

69
(28.2)

337
(22.7)

73
(29.8)

313
(22.3)

Secondary
school

64
(26.1)

489
(32.9)

54
(22.0)

467
(33.2)

Tertiary
education or
higher

74
(30.2)

318
(21.4)

76
(31.0)

302
(21.5)

(continued on next page)
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This process continued until further additions or removals did not
significantly improve the AIC. The final multivariable logistic regression
models included the 5 and 9 variables identified as important predictors
in rounds 6 and 10, respectively, and the adjusted ORs were reported
accordingly. In the exploratory analysis, households’ employment status
in the past week showed a strong association with their willingness to
receive a free COVID-19 vaccine in round 10 (Table 1). However, the
employment-related variables were only available for employed
households during the survey. To examine the potential confounding
effects of the employment-related variables on the associations between
socio-demographic and economic predictors and vaccine willingness,
we conducted a sensitivity analysis on the subset of employed house-
holds for both rounds. Test of statistical significance was two-sided and
0.05 was used as the significance level. All the analyses were conducted
using the R Statistical Program, version 3.6.2 (Vienna, Austria).

Ethical approval for the study was obtained from the National Bu-
reau of Statistics and the World Bank, which provided access to the
dataset under its Open Data policy. The study did not require informed
consent as it is conducted retrospectively for research and statistical
purposes only using anonymized data.

3. Results

Our analysis was based on data collected from 1,733 and 1,651
households in rounds 6 and 10 of the NLPS Phase 1, respectively. The
primary objective of comparing the two rounds is to provide insight into
how the evolution of COVID-19 and the increased knowledge about the
pandemic at two time points (2020 for round 6 vs. 2021 for round 10)
may have influenced the effects of socio-demographic and economic
factors on the willingness to receive a free COVID-19 vaccine. Table 1
shows the characteristics of the study sample categorized by household
willingness to receive free COVID-19 vaccine. Most households (85.9%
in round 6; 85.2% in round 10) expressed willingness to receive a free
COVID-19 vaccine. With an overall median household size of 6 members
(IQR: 4–8), the median age of the household heads was 48 years (IQR:
39–59) and 49 years (39 – 60) in rounds 6 and 10 respectively. The
average age of the household members was similar (median age: 23
years) in both rounds. The North-Eastern part of Nigeria had the highest
percentage of households willing to be vaccinated (95.8% in round 6,
96.3% in round 10) and the lowest percentage was in the South-East
zone (68.4% in round 6, 71.9% in round 10). A higher proportion of
rural dwellers were willing to receive free vaccine than urban dwellers
(88.2% vs. 82.2% in round 6; 87.8% vs. 81.1% in round 10). The pro-
portion of households willing to receive COVID-19 vaccine was higher
among households with male heads than among those with female heads
(87.6% vs. 78.1% in round 6, 86.2% vs. 80.5% in round 10). In round 6,
the proportion of households willing to be vaccinated was 90.1% for
those with household heads having no formal education, 83.0% for
those with primary education, 88.4% for those with secondary educa-
tion, and 81.1 %for those with tertiary education or higher. Similarly, in
round 10, the proportions were 88.5%, 81.1%, 89.6%, and 79.9% for no
formal education, primary, secondary, and tertiary education or higher,
respectively (Table 1). Notably, households with heads who had
completed tertiary education or higher consistently had the lowest
proportions of willingness to be vaccinated among the four subgroups.
These data indicate in both rounds, households with heads who had
completed secondary education or lower were more likely to be willing
to be vaccinated than households with heads who had completed ter-
tiary education or higher. The two-way tables of educational level and
sex of the household heads in both rounds show that female household
heads had significantly less access to higher-level education than male
household heads (Table 2). In both rounds, households with larger sizes

Table 1 (continued )

Characteristics Round 6 Round 10

Willing to receive
free COVID-19
vaccine?

P-value Willing to receive
free COVID-19
vaccine?

P-value

No
(n =

245)

Yes
(n =
1488)

No
(n =

245)

Yes
(n =
1406)

How often do you wash hands with soap after
being in public in past week, n (%) 0.153

All the time
131
(53.5)

831
(59.1)

Most of the time / about half of the time / some of
the time

102
(41.6)

531
(37.8)

None of the time 8 (3.3)
22
(1.6)

I have not been in public during the last 7 days 4 (1.6)
22
(1.6)

How often do you wear a mask when in public in
past week, n (%) 0.042

All the time
138
(56.3)

899
(63.9)

Most of the time / about half of the time / some of
the time

87
(35.5)

436
(31.0)

None of the time
16
(6.5)

49
(3.5)

I have not been in public during the last 7 days 4 (1.6)
22
(1.6)

Have any household member needed any
medical services in past month, n (%) <0.001

Yes
75
(30.6)

647
(46.0)

No
170
(69.4)

759
(54.0)

Worried about COVID-19, n (%) <0.001

Very worried
108
(44.1)

943
(67.1)

Somewhat worried
13
(5.3)

130
(9.3)

Not too worried
37
(15.1)

104
(7.4)

Not worried at all
87
(35.5)

229
(16.3)

Threat of COVID-19 to household’s finances, n
(%) <0.001

A substantial threat
130
(53.1)

968
(68.9)

A moderate threat
44
(18.0)

223
(15.9)

Not much of a threat
31
(12.7)

108
(7.7)

Not a threat at all
40
(16.3)

107
(7.6)

P-values are obtained by performing a chi-squared test for the association be-
tween each categorical factor and the response variable, or a Wilcoxon rank-sum
test for the association between each continuous factor and the response
variable.

Table 2
Two-way table of educational level and sex of the household heads

Characteristics, n
(%)

Round 6 Round 10

Male
(n =
1418)

Female
(n =
315)

P-value Male
(n =
1354)

Female
(n =
297)

P-value

No education 270
(19.0)

112
(35.6)

<0.001 260
(19.2)

106
(35.7)

<0.001

Primary school /
artisan
training

310
(21.9)

96
(30.5)

297
(21.9)

89
(30.0)

Secondary school 487
(34.3)

66
(21.0)

457
(33.8)

64
(21.6)

Tertiary
education or
higher

351
(24.8)

41
(13.0)

340
(25.1)

38
(12.8)

P-values are obtained by performing a chi-squared test for the association be-
tween these two factors.
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and higher proportions of male members were more willing to be
vaccinated against COVID-19. In round 10, more frequent hand
washing, use of mask, and households with members requiring medical
services (89.6% vs. 81.7%) were associated with greater willingness to
receive free COVID-19 vaccine. Households that expressed concerns
about COVID-19 or perceived COVID-19 as a threat to their financial
situation were also more likely to receive free COVID-19 vaccine in
round 10.

We found that 245 households were reluctant to receive free COVID-
19 vaccine among the 1,733 and 1,651 households in rounds 6 and 10,
respectively. The reasons for their concerns about COVID-19 vaccination
are summarized in Fig. 1. The most common reason was concern about
the safety of the vaccine. In round 6, 39.6% of the 245 households
expressed concern for this reason. This percentage increased further to
45.7% in the round 10 survey that was conducted one month before the
start of the vaccine rollout in Nigeria. In contrast, the proportion of
households who cited their belief of not being at sufficient risk as their
reason for the reluctance to receive COVID-19 dropped from 29.8% in
round 6 to 20.4% in round 10, indicating that more households under-
stood the seriousness of COVID-19 over time. Due to some households
being unique to either round 6 or 10, it was not possible to determine the
precise proportion of the 245 participants in round 6 that remained
reluctant to receive the vaccine in round 10. However, among the 1,646
households that participated in both rounds, we observed dynamic
changes in vaccination willingness. In round 6, 225 households (13.7%)
were unwilling to receive a free COVID-19 vaccine, increasing slightly to
243 households (14.8%) in round 10. There were 20 unwilling house-
holds unique to round 6 and 2 unique to round 10. Of the 1,646
households, 116 (7.0%) remained consistently unwilling across both
rounds. Notably, we observed bi-directional changes in willingness: 109
households (6.6%) shifted from unwilling in round 6 to willing in round
10, while 127 households (7.7%) changed from willing in round 6 to
unwilling in round 10. In total, 236 households, representing 14.3% of
the 1,646 households present in both rounds, changed their willingness
status between rounds 6 and 10. These data demonstrate the dynamic
nature of vaccine willingness over time in our study population.

Table 3 shows the unadjusted and adjusted ORs and 95% CIs of the
weighted logistic regression models of factors associated with the will-
ingness to receive free COVID-19 vaccine in rounds 6 and 10. After
adjusting for the effects of other socio-demographic and economic

predictors, education level of household head, proportion of male
household members, and geopolitical zone remain significant factors
predicting household willingness to receive free COVID-19 vaccine in
both rounds 6 and 10. Households whose heads had completed tertiary
education or higher had significantly lower odds of willingness to be
vaccinated compared to households whose heads had no formal edu-
cation (ORround 6: 0.46, 95% CI: [0.31, 0.68], ORround 10: 0.49, 95% CI:
[0.34, 0.71]). Furthermore, increasing proportion of male household
members was associated with a greater willingness to receive free
COVID-19 vaccine (ORround 6: 1.84, 95% CI: [1.01, 3.33], ORround 10:
5.25, 95% CI: [2.86, 9.65]). Compared to households living in North-
Central Nigeria – which includes the capital city, Abuja –, households
living in the South-East (ORround 6: 0.16, 95% CI: [0.10, 0.24]; ORround

10: 0.29, 95% CI: [0.19, 0.43]) and South-South (ORround 6: 0.57, 95% CI:
[0.36, 0.90], ORround 10: 0.32, 95% CI: [0.22, 0.48]) geopolitical zones of
Nigeria were less likely to be willing to receive free vaccine. Some
predictor variables were only significantly associated with vaccination
intentions at one time point only (round 6 or 10), but not in both. For
example, after adjusting for covariates in round 6, households living in
rural areas were more likely to be willing to receive a free COVID-19
vaccine compared to urban dwelling household (ORround 6: 1.48, 95%
CI: [1.14, 1.92]). Similar results were observed with household setting
(rurality) in the unadjusted analysis in round 10 (ORround 10: 1.62, 95%
CI: [1.31, 2.01]) but was not selected in the final adjusted model
(Table 3). In round 10, the more concerned households were about
COVID-19 in general or its impact on their financial situation, the more
likely they were willing to receive free COVID-19 vaccine.

The sensitivity analysis among a subset of the sample (1,360 and
1,204 households in rounds 6 and 10, respectively) showed that
employment-related variables, including employment sector and
employer type, were significantly associated with households’ willing-
ness to receive free COVID-19 vaccine. The unadjusted and adjusted ORs
and 95% CIs of the weighted logistic regression models of factors asso-
ciated with the willingness to receive free COVID-19 vaccine among the
employed households in these two rounds are shown in Table 4. In
particular, compared to households working in agriculture, hunting, and
fishing sectors, households working in education, health, culture, ser-
vices, and public administration sectors were significantly less willing to
receive free COVID-19 vaccines (Table 4). This is consistent with the
findings on the effect of education level on COVID-19 vaccine

Fig. 1. Reasons and proportion of households with specific concerns about receiving the COVID-19 vaccine (n = 245 in both rounds).
‘Against vaccine*’ includes those who are generally against vaccines or have concerns about vaccines based on religious reasons. This category was derived from
responses to the following options in the original questionnaire: “I am against vaccines in general” and “It is against my religion”.
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willingness, as people working in the tertiary sector of the economy
were generally better educated than those in the primary sector. How-
ever, no significant changes were observed in the direction and magni-
tude of the effects of the other predictors (Table 3), confirming that their
effects were not confounded with the employment-related variables
(Table 4).

4. Discussion

Our study utilizing COVID-19 survey data from the National Bureau
of Statistics and the World Bank found that most Nigerians, especially
rural dwellers would be willing to receive COVID-19 vaccine, if it were
freely available. Our analysis demonstrated that the willingness to
receive a free COVID-19 vaccine among households in Nigeria was
independently associated with the education level of household head,
proportion of male household members, and the geopolitical zone of

residence. Households whose head had tertiary education or higher had
a decreased likelihood in excess of 50% of the willingness to vaccinate
against COVID-19 compared to those with no formal education.
Increasing proportion of male household members was associated with a
significant increase in the willingness to vaccinate against COVID-19.
People living in Southern Nigeria had significantly lower odds of will-
ingness to vaccinate against COVID-19 compared to those living in the
North-Central zone. These findings were consistent at both time points
of the survey at round 6 and 10, immediately prior to the rollout of
COVID-19 vaccines in Nigeria.

The proportion of Nigerian households willing to receive free
COVID-19 vaccine in our study (85%) was comparable to the vaccine
willingness rates reported between 2020 and 2021 in Canada (83%)
[39], United Kingdom (89%) [40], China (81%) [41], India (80%) [42],
lower than rates in Brazil (90%) [43], Indonesia (93%) [44], Japan
(96%) [45], but higher than rates reported in other countries including

Table 3
Estimated unadjusted and adjusted odds ratio (OR) and 95% confidence interval (CI) from weighted logistic regression models for the willingness to receive free
COVID-19 vaccine among Nigerian households

Variables Round 6 Round 10

Unadjusted OR Adjusted OR Unadjusted OR Adjusted OR

OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value

Geopolitical zone
North Central* (Reference level) (Reference level) (Reference level) (Reference level)
North East 1.05 (0.59, 1.88) 0.864 0.93 (0.52, 1.67) 0.809 8.24 (2.95, 23.00) <0.001 7.53 (2.67, 21.24) <0.001
North West 1.13 (0.69, 1.85) 0.641 0.99 (0.60, 1.64) 0.978 2.29 (1.39, 3.75) 0.001 2.06 (1.23, 3.45) 0.006
South-East 0.13 (0.09, 0.20) <0.001 0.16 (0.10, 0.24) <0.001 0.24 (0.17, 0.35) <0.001 0.29 (0.19, 0.43) <0.001
South-South 0.51 (0.33, 0.81) 0.004 0.57 (0.36, 0.90) 0.017 0.34 (0.23, 0.50) <0.001 0.32 (0.22, 0.48) <0.001
South-West 0.55 (0.35, 0.87) 0.01 0.66 (0.41, 1.06) 0.087 0.42 (0.29, 0.61) <0.001 0.44 (0.29, 0.68) <0.001

Residence area
Urban (Reference level) (Reference level) (Reference level)
Rural 1.62 (1.29, 2.03) <0.001 1.48 (1.14, 1.92) 0.003 1.62 (1.31, 2.01) <0.001

Employment status in the past week
Unemployed (Reference level) (Reference level) (Reference level)
Employed 1.04 (0.65, 1.68) 0.862 1.99 (1.37, 2.90) <0.001 1.47 (0.96, 2.26) 0.076

Sex of household head
Male (Reference level) (Reference level) (Reference level) (Reference level)
Female 0.49 (0.38, 0.63) <0.001 0.74 (0.51, 1.01) 0.059 0.72 (0.56, 0.92) 0.009 1.63 (1.18, 2.26) 0.003

Education level of household head
None (Reference level) (Reference level) (Reference level) (Reference level)
Primary school / artisan training 0.36 (0.26, 0.50) <0.001 0.53 (0.37, 0.75) <0.001 0.66 (0.49, 0.89) 0.007 1.11 (0.79, 1.56) 0.557
Secondary school 0.78 (0.56, 1.09) 0.146 0.89 (0.62, 1.28) 0.54 0.86 (0.64, 1.15) 0.311 1.26 (0.89, 1.78) 0.198
Tertiary education or higher 0.42 (0.29, 0.59) <0.001 0.46 (0.31, 0.68) <0.001 0.38 (0.28, 0.51) <0.001 0.49 (0.34, 0.71) <0.001

How often do you wash hands with soap after being in public in past week
All of the time (Reference level) (Reference level)
Most of the time / about half of the time / some of the time 1.03 (0.83, 1.27) 0.802 1.08 (0.85, 1.38) 0.534
None of the time 0.69 (0.34, 1.41) 0.306 0.62 (0.28, 1.41) 0.256
I have not been in public during the last 7 days 1.71 (0.59, 4.90) 0.322 4.03 (1.28, 12.68) 0.017

How often do you wear a mask when in public in past week
All of the time (Reference level)
Most of the time / about half of the time / some of the time 0.64 (0.51, 0.79) <0.001
None of the time 0.63 (0.39, 1.02) 0.059
I have not been in public during the last 7 days 1.42 (0.49, 4.08) 0.518

Have any household member needed any medical services in past month
Yes (Reference level)
No 0.49 (0.39, 0.61) <0.001

Worried about COVID-19
Very worried (Reference level) (Reference level)
Somewhat worried 1.06 (0.66, 1.69) 0.822 1.26 (0.77, 2.07) 0.361
Not too worried 0.27 (0.20, 0.38) <0.001 0.39 (0.26, 0.57) <0.001
Not worried at all 0.26 (0.20, 0.33) <0.001 0.40 (0.31, 0.53) <0.001

Threat of COVID-19 to household’s finances
A substantial threat (Reference level) (Reference level)
A moderate threat 0.56 (0.43, 0.74) <0.001 0.90 (0.66, 1.22) 0.483
Not much of a threat 0.37 (0.26, 0.51) <0.001 0.47 (0.32, 0.69) <0.001
Not a threat at all 0.56 (0.40, 0.79) <0.001 0.73 (0.50, 1.08) 0.116

Size of household 1.12 (1.08, 1.16) <0.001 1.11 (1.07, 1.14) <0.001
Average age of household members 0.98 (0.97, 0.99) <0.001 0.98 (0.97, 0.98) <0.001
Proportion of male household members 3.14 (1.88, 5.25) <0.001 1.84 (1.01, 3.33) 0.045 5.06 (3.07, 8.34) <0.001 5.25 (2.86, 9.65) <0.001
Age of household head 0.99 (0.98, 1.00) 0.097 1.00 (0.99, 1.00) 0.21 1.01 (1.00, 1.02) 0.067

Note: blank cells in the adjusted OR column represent variables not selected by the AIC algorithm for inclusion in the final model.
* We designated the North-Central geopolitical zone as the reference as it is home to the country’s capital city, Abuja.
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Table 4
Estimated unadjusted and adjusted odds ratio (OR) and 95% confidence interval (CI) from weighted logistic regression models for the willingness to receive free
COVID-19 vaccine among employed Nigerian households (sensitivity analysis)

Variables Round 6 Round 10

Unadjusted Adjusted Unadjusted Adjusted

OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value

Geopolitical zone

North Central*
(Reference
level)

(Reference
level)

(Reference
level)

(Reference
level)

North East
0.64 (0.33,
1.23) 0.179

0.57 (0.29,
1.13) 0.11

8.49 (2.83,
25.48) <0.001

10.19 (3.3,
31.49) <0.001

North West
0.65 (0.36,
1.18) 0.158

0.53 (0.29,
0.96) 0.036

3.46 (1.92,
6.21) <0.001

3.47 (1.87,
6.44) <0.001

South East
0.10 (0.06,
0.17) <0.001

0.12 (0.07,
0.22) <0.001

0.32 (0.21,
0.49) <0.001

0.36 (0.22,
0.58) <0.001

South South
0.32 (0.18,
0.56) <0.001

0.39 (0.22,
0.70) 0.002

0.39 (0.25,
0.59) <0.001

0.38 (0.24,
0.60) <0.001

South West
0.31 (0.17,
0.55) <0.001

0.36 (0.20,
0.65) 0.001

0.55 (0.35,
0.87) 0.01

0.57 (0.35,
0.93) 0.025

Residence area

Urban
(Reference
level)

(Reference
level)

Rural
1.68 (1.29,
2.18) <0.001

1.30 (1.00,
1.68) 0.051

Sex of household head

Male
(Reference
level)

(Reference
level)

(Reference
level)

(Reference
level)

Female
0.43 (0.32,
0.56) <0.001

0.63 (0.46,
0.88) 0.006

0.78 (0.57,
1.07) 0.119

1.43 (0.96,
2.13) 0.076

Education level of household head

None
(Reference
level)

(Reference
level)

(Reference
level)

(Reference
level)

Primary school / artisan training
0.35 (0.24,
0.49) <0.001

0.46 (0.32,
0.68) <0.001

0.69 (0.49,
0.99) 0.042

1.25 (0.83,
1.88) 0.288

Secondary school
0.99 (0.67,
1.46) 0.945

0.99 (0.65,
1.53) 0.975

1.13 (0.79,
1.61) 0.502

1.91 (1.25,
2.92) 0.003

Tertiary education or higher
0.47 (0.31,
0.70) <0.001

0.52 (0.34,
0.82) 0.004

0.39 (0.27,
0.56) <0.001

0.80 (0.51,
1.25) 0.327

Employment sector

Agriculture, hunting, fishing
(Reference
level)

(Reference
level)

(Reference
level)

(Reference
level)

Buying/selling goods, repair of goods, hotels &
restaurants

0.63 (0.45,
0.87) 0.006

0.79 (0.55,
1.14) 0.205

0.87 (0.64,
1.19) 0.379

0.57 (0.31,
1.03) 0.062

Construction, mining, manufacturing, gas, electricity,
water supply

0.76 (0.38,
1.51) 0.432

1.2 (0.57,
2.52) 0.631

0.74 (0.44,
1.24) 0.246

0.50 (0.24,
1.06) 0.071

Personal services, health, education, culture, sport,
domestic work, other

0.49 (0.34,
0.72) <0.001

0.52 (0.35,
0.79) 0.002

0.58 (0.42,
0.81) 0.002

0.45 (0.24,
0.83) 0.011

Public administration
0.46 (0.23,
0.91) 0.026

0.38 (0.18,
0.78) 0.008

0.65 (0.36,
1.19) 0.167

0.39 (0.14,
1.14) 0.086

Transport, driving, post, travel agencies, professional
activities (finance, legal, analysis, computer, real estate)

0.81 (0.38,
1.71) 0.577

0.86 (0.38,
1.92) 0.713

1.41 (0.71,
2.81) 0.332

1.18 (0.48,
2.92) 0.718

Employer
Private company or another individual (not household
member)

(Reference
level)

(Reference
level)

(Reference
level)

Government
0.98 (0.50,
1.93) 0.962

3.22 (1.72,
6.03) <0.001

2.58 (1.09,
6.15) 0.032

Family farm, growing crops, raising livestock, or fishing
2.13 (1.38,
3.29) 0.001

2.03 (1.28,
3.21) 0.003

1.31 (0.51,
3.31) 0.574

Non-farm business
1.44 (0.93,
2.22) 0.105

1.91 (1.23,
2.98) 0.004

1.46 (0.82,
2.60) 0.316

How often do you wash hands with soap after being in public in past week

All of the time
(Reference
level)

Most of the time / about half of the time / some of the time
1.21 (0.94,
1.56) 0.142

None of the time
0.50 (0.20,
1.24) 0.135

I have not been in public during the last 7 days
7.19 (0.03,
1810.2) 0.484

How often do you wear a mask when in public in past week

All of the time
(Reference
level)

Most of the time / about half of the time / some of the time
0.50 (0.39,
0.64) <0.001

None of the time
0.54 (0.28,
1.04) 0.066

(continued on next page)
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Germany (67%) [46] and USA (75%) [47]. It was also higher than that of
most African countries including Ethiopia (31%) [48], Uganda (54%)
[49], South Africa (71%) [50], and the global average (66%) [51]. While
these estimates serve as a useful proxy for comparisons between coun-
tries, it is important to note that these proportions are not static and are
impacted by the risk perception of COVID-19 in specific population,
education level and health literacy, perception of the vaccine safety,
infection incidence/burden of COVID-19, and timing of measurement
[52–57] all of which could influence the willingness to vaccinate.
Moreover, within countries, reported rates can vary across distinct de-
mographic groups such as healthcare workers, students, patients, etc.
[46,58]. Our finding that the proportion reporting willingness to receive
the COVID-19 vaccine (85%) differs significantly from the proportion of
the Nigerian population estimated to have been fully vaccinated (37%)
as of October 2023 [12] is not uncommon, as the literature has shown
substantial gaps between stated vaccine intentions and actual behav-
iour/vaccine uptake [50,59,60]. After one year of the COVID-19 vaccine
roll-out (2022), the national uptake was estimated at only 4% [11,12],
despite our observed high willingness rates. By the end of 2023, uptake
had risen to just below 40% [11–13], still significantly lower than the
willingness rates we observed. We speculate that this observed
discrepancy may be driven by various factors. These include supply
chain issues, such as logistical challenges related to inadequate distri-
bution networks, power supply issues affecting cold chain maintenance
requirements, and stockouts or demand-supply mismatches leading to
missed opportunities for vaccination. Geographical barriers, particularly
limited access to vaccination centres in rural areas, may also play a role.
Furthermore, inadequate health infrastructure and personnel can
impede vaccine distribution and administration. Information and
communication barriers, such as limited information on where to get

vaccinated and its importance, may contribute to the gap between
willingness and uptake. Additionally, evolving COVID-19 risk percep-
tion can influence vaccine decision-making. Finally, economic and
practical barriers, including prohibitive indirect costs such as trans-
portation, taking time off work or business, or arranging childcare, may
prevent individuals from acting on their stated willingness to be
vaccinated.

As supported by a growing body of evidence [25,45,61–67], the
observed shifts in vaccine willingness status (i.e., reversal) over time can
be attributed to various complex, interrelated, and evolving factors.
These include the dissemination of new information and misinformation
about vaccine safety and efficacy, incidence of new infections, personal
experiences and observations of others’ vaccination outcomes, and
fluctuating levels of trust in authorities and the healthcare system. Social
and cultural influences, such as endorsements or opposition from com-
munity leaders or celebrities, also play a significant role. Additionally,
changes in vaccine accessibility, logistical challenges related to eco-
nomic and practical considerations, and shifting perceptions of COVID-
19 risk have contributed to these changes. Personal health changes,
social pressure dynamics, and the implementation or relaxation of
government and employer mandates have further influenced household
decisions regarding vaccination.

Our observation of reduced odds of vaccination willingness among
households whose head had tertiary education or higher compared to
those whose heads had no formal education may be attributed to in-
formation overload among the highly educated. Information overload
has been identified as a significant consequence of social media usage in
the context of the COVIID-19 pandemic and has been shown to promote
vaccine misinformation [68,69]. In Nigeria, education levels were found
to be a significant predictor of variation in internet use, with 62.2% of

Table 4 (continued )

Variables Round 6 Round 10

Unadjusted Adjusted Unadjusted Adjusted

OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value

I have not been in public during the last 7 days
5.03 (0.02,
1266.9) 0.567

Have any household member needed any medical services in past month

Yes
(Reference
level)

No
0.44 (0.34,
0.58) <0.001

Worried about COVID-19

Very worried
(Reference
level)

(Reference
level)

Somewhat worried
1.17 (0.68,
2.01) 0.564

1.34 (0.75,
2.39) 0.316

Not too worried
0.37 (0.25,
0.55) <0.001

0.44 (0.28,
0.70) <0.001

Not worried at all
0.26 (0.19,
0.35) <0.001

0.41 (0.29,
0.58) <0.001

Threat of COVID-19 to household’s finances

A substantial threat
(Reference
level)

(Reference
level)

A moderate threat
0.63 (0.45,
0.87) 0.005

1.08 (0.75,
1.57) 0.683

Not much of a threat
0.34 (0.23,
0.49) <0.001

0.38 (0.24,
0.59) <0.001

Not a threat at all
0.64 (0.41,
1.00) 0.05

0.96 (0.58,
1.59) 0.866

Size of household
1.14 (1.10,
1.19) <0.001

1.15 (1.11,
1.20) <0.001

Average age of household members
0.97 (0.96,
0.98) <0.001

0.99 (0.98,
1.00) 0.06

0.98 (0.97,
0.98) <0.001

Proportion of male household members
3.11 (1.65,
5.86) <0.001

2.22 (1.16,
4.27) 0.016

1.82 (0.85,
3.89) 0.124

Age of household head
0.99 (0.98,
0.99) 0.001

1.00 (0.99,
1.00) 0.372

1.01 (1.00,
1.02) 0.056

Note: blank cells in the adjusted OR column represent variables not selected by the AIC algorithm for inclusion in the final model.
* We designated the North-Central geopolitical zone as the reference as it is home to the country’s capital city, Abuja.
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individuals with a post-secondary education having used the internet
compared to 7.6% of individuals below secondary education [70]. In
one report, 44% of more educated individuals in Nigeria owned a
smartphone compared with 8% among less educated individuals, and
are thus more actively engaged in social media [71]. Consequently, they
are exposed to a constant stream of information and misinformation
[72], which, may in turn influence their likelihood of not willing to
accept the vaccine. This disparity in exposure to misinformation could
be a significant contributing factor underlying the observed results.
Studies in South Africa and elsewhere have found similar results where
tertiary education levels were associated with lower vaccine willingness
[50,73,74]. This finding may be explained by the confounding effect of
digital misinformation on education levels among those with access to
social media [70,75].

Our study found that increasing proportion of male household
members was associated with a significant increase in the willingness to
accept a free COVID-19 vaccine. Households made up of mostly women
were less likely to receive a vaccine. This confirms the findings of pre-
vious studies that women were less likely than men to accept the COVID-
19 vaccine [43,47,76–78]. Specific to Nigeria, gender norms, roles, and
the patriarchal nature of the society, particularly as it pertains to deci-
sion making at the household level, may partly explain this observation
[35]. This may also be exacerbated by the spread of gender-specific
misinformation suggesting a link between COVID-19 vaccines and
infertility [79]. These rumours, which may disproportionately affect
households with higher proportions of women, could contribute to a
lower likelihood of COVID-19 vaccine acceptance among such house-
holds [32].

Although one study from Nigeria reached similar conclusions as ours
demonstrating geographical zone as a predictive factor for the willing-
ness to vaccinate against COVID-19 [34], others did not [30,31,33].
Conflicting findings on the influence of geopolitical zoning on COVID-19
vaccine acceptance in a country is not uncommon, and have been re-
ported in Ethiopia [80], India [81], USA [82], China [83,84], and South
Africa [85]. Nevertheless, our finding of a higher odds of willingness to
receive a free COVID-19 vaccine in Northern Nigeria was unexpected
given the history of boycott of polio immunization programs in 2003
[26], an overall distrust of western medicines in general as seen with the
Pfizer Trovan trial scandal in 1996 [86], and previous reports of low
COVID-19 vaccine acceptance intentions (29% rate) very early in the
pandemic [87]. The lower willingness to vaccinate against COVID-19
among households in Southern Nigeria compared to the North-Central
region might be driven by the profound levels of online dis− /mis-in-
formation about the COVID-19 vaccines in the country
[32,72,79,88–90], compounded by the high rate of internet and social
media usage in the Southern regions compared to the North [91].
Furthermore, epidemiological estimates from the Nigeria Centre for
Disease Control and Prevention around the peak of the pandemic sug-
gest a relatively high number of confirmed COVID-19 cases in the
Northern part of the country, including in the capital city of Abuja,
compared to the South [92]. We speculate that this may have increased
the risk perception of COVID-19 in the North and potentially influenced
people’s willingness to want to accept the vaccine when it became
available [30,33].

Strengths and limitations
This study analyzes data from a nationally administered survey

covering a large and diverse population from all six geopolitical zones of
Nigeria, making the findings of the study generalizable to the general
population. To reduce potential bias due to non-response or sampling
error, cross-sectional household weights were applied to ensure that
they are nationally representative. Readers should interpret the results
bearing in mind that the NLPS survey was conducted at the household
level, with a knowledgeable adult member or head per household
responding on behalf of the entire household. While most of the data
were collected for households rather than individuals, attitudes towards
COVID-19 vaccine may vary from person to person. Therefore, further

analysis using a nationally representative sample among all adult
members in a household is needed to confirm these finding. Addition-
ally, the results of the analysis may be biased towards households with
access to telephones.

We acknowledge that the reported COVID-19 cases and deaths
analyzed in our study may underestimate the true burden due to the
global decline in testing and surveillance efforts over the past few years
[93]. While the absolute numbers of the COVID-19 burden may be
underestimated, we believe the relative patterns and associations iden-
tified are likely to hold true based on the available data. We recognize
the need for continuous improvement of surveillance and reporting
systems to obtain a more comprehensive understanding of the pan-
demic’s impact.

Importantly, our study data were collected prior to the availability of
COVID-19 vaccine in Nigeria. Consequently, the associations found in
our analysis may not fully reflect the current context in which vaccines
are available, COVID-19 infection rates have changed, testing and sur-
veillance efforts have reduced, public health policies have evolved, and
the volume of information and misinformation potentially influencing
public perceptions has increased. These factors, together with the socio-
economic impacts of the pandemic, may have altered risk perceptions,
public awareness, and attitudes towards vaccination. Given these
changes, it is challenging to assume that the associations identified in
our analysis would remain identical today. For instance, factors related
to vaccine safety concerns might be less prominent due to widespread
vaccine use and accumulated safety data. Trust in health authorities and
exposure to misinformation could have evolving influences on willing-
ness. Conversely, socio-economic factors might play a larger role due to
the prolonged economic impact of the pandemic. Although the degree of
influence of some fundamental factors such as education level, health
literacy, and geographic location might change, their relevance is likely
to persist.

Despite these limitations that may affect direct generalizability to the
current period, we believe our findings offer valuable insights. Our study
provides a crucial baseline for understanding pre-vaccine attitudes and
factors influencing vaccine willingness in Nigeria. It can complement
and inform future research efforts that analyze more recent data,
providing a comprehensive understanding of the evolving factors
influencing vaccine acceptance. To build upon our findings and address
these limitations, we recommend that future research conduct follow-up
surveys to investigate the impact of vaccine availability, real-life
vaccination experiences, and evolving pandemic dynamics on vaccine
willingness and uptake. Such studies would be particularly valuable in
tracking how vaccine attitudes have changed over time and identifying
which factors remain influential.

5. Conclusion

In conclusion, our analysis shows that the education level of house-
hold heads, proportion of male household members, and geopolitical
zone of residence consistently and significantly influenced willingness to
accept a free COVID-19 vaccine in Nigeria over time. These factors
should be carefully considered and targeted when designing public
health programs to inform early-stage strategies that address underlying
vaccine hesitancy, improve vaccine uptake, promote ongoing COVID-19
vaccination efforts, and potentially enhance other immunization pro-
grams in Nigeria. Tailored strategies, targeted communication cam-
paigns, involvement of trusted community figures, and recognition of
cultural nuances are pivotal for navigating the diverse socio-cultural
contexts relevant to the success of vaccination programmes. By under-
standing and addressing these multifaceted influences, policymakers
can refine resource allocation and program design decisions for vacci-
nation initiatives. This approach can foster greater public acceptance
and contribute significantly to successful pandemic preparedness and
response.
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