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Abstract

Background: COVID-19 is a major public health concern, and epidemiology remains central to vaccine
development, priority-setting, product testing, marketing strategy, equitable distribution, post-vaccination
surveillance, and the interpretation of vaccine uptake and hesitancy. This research examined COVID-19
knowledge, vaccine uptake, vaccine hesitancy, and preventive behaviours in post-pandemic African settings
to identify lessons for future vaccine development and vaccination programs.

Methods: A questionnaire-based cross-sectional survey was conducted in Nigeria and South Africa from
October 2023 to March 2024 following pilot validation. The final research included 2002 participants
recruited through convenience sampling. Data were analysed using ANOVA, Chi-square test, Student's
t-test, logistic regression, and Fisher's exact test to identify epidemiologically relevant patterns in knowledge,
attitudes, and vaccination status.
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Although the survey did not directly measure clinical trial performance, post-vaccination efficacy, or
pharmacovigilance outcomes, it generated population-level evidence relevant to transparent and equitable
testing, public communication, uptake, and post-marketing surveillance planning.

Results: Education, employment, living status, and occupation significantly shaped COVID-19 knowledge
and vaccine attitudes. Most participants with secondary or college/university education demonstrated good
knowledge, whereas most participants with vocational/technical education demonstrated poor knowledge.
Full-time employment and living with a spouse or small family were associated with better knowledge. Most
participants correctly identified COVID-19 as a virus and recognised cough as the main route of
transmission. Vaccine awareness was high, yet uptake was low: 21% received a first dose and 5% a second.
Negative attitudes toward vaccination remained common, and misinformation about vaccine-related harm
persisted. These findings suggest that future vaccine development and marketing strategies must link
scientific progress with transparent communication, equitable access, affordability, and stronger
post-deployment monitoring.

Conclusions: This research shows that epidemiological understanding, vaccine uptake, and vaccine
hesitancy are closely linked in post-pandemic Africa. High vaccine awareness did not translate into high
vaccination coverage. Low uptake appears to reflect both access barriers and persistent mistrust, especially
among younger and less-educated groups. The findings highlight the need for epidemiology-informed
vaccine development, transparent and equitable testing, responsible marketing, equitable distribution and
pricing, stronger post-vaccination efficacy assessment and surveillance, and targeted public health
communication to support future vaccine acceptance.

Trial registration: The study was registered in the ClinicalTrials.gov (PRS) registry under the PRS number
NCT05950243.

Keywords: COVID-19 epidemiology; Vaccine development; Public health communication; Vaccine
hesitancy; Vaccine pharmacovigilance; Post-marketing surveillance

Introduction

T he SARS-CoV-2 virus causes COVID-19 infection [1,2,3]. Although many infected patients recover without
specialised treatment, some develop severe iliness or die [1]. During the COVID-19 pandemic from March
2020 to May 2023, the disease strained health systems, increased mortality, and disrupted economies [2,3].
Epidemiology is fundamental to disease control because it clarifies transmission patterns, population risk,
disease burden, and the efficacy of prevention strategies. These epidemiological functions also underpin
vaccine development, as disease surveillance, burden estimation, transmission mapping, and risk
stratification help define target populations, trial endpoints, and deployment strategies. The World Health
Organisation (WHO) recommendations, including physical distancing, hand hygiene, personal protective
equipment, and vaccination, are grounded in epidemiological evidence [3-5]. Vaccination remains especially
important because it reduces severe disease and helps limit the emergence and impact of new COVID-19
variants [5,6].

COVID-19 vaccine uptake varies widely across countries, and vaccine hesitancy is a major public health
challenge [6,7]. Epidemiological evidence suggests that vaccine uptake is influenced not only by supply and
access, but also by trust, perceived risk, safety concerns, prior vaccination history, pricing, affordability, and
the credibility of health information and marketing messages [6-8]. In Africa, studies have reported uneven
knowledge of COVID-19, inconsistent adherence to preventive measures, and a persistent gap between
awareness and actual vaccination behaviour [9-11]. Some sub-Saharan African data further suggest that
educational level, gender, occupational status, attitudes toward control measures, and social media exposure
shape vaccine hesitancy and uptake [12-14]. These patterns matter beyond the COVID-19 pandemic
because they offer practical lessons for future vaccine development, including the need for transparent and
equitable testing, culturally credible marketing, fair distribution, affordable pricing, and robust post-marketing
surveillance.

COVID-19 remains a relevant public health issue, and post-pandemic epidemiological assessment is still
needed to understand the social and behavioural drivers of vaccine uptake and hesitancy [6]. This research
forms part of regional efforts to strengthen public health knowledge in sub-Saharan African countries. It
examines public knowledge of COVID-19, attitudes toward preventive measures, and vaccination patterns in
Nigeria and South Africa. This research aims to identify epidemiological trends that can guide policy and
inform future vaccine development, marketing, communication, distribution, pricing, and surveillance
strategies. The pilot survey was completed in 2021, and the final survey was conducted from October 2023
to March 2024.
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Methods

This research used a non-probability cross-sectional survey design and was conducted in Port Elizabeth,
South Africa, and Port Harcourt, Nigeria. The study protocol was registered in the ClinicalTrials.gov (PRS)
registry under the PRS number NCT05950243. Cross-sectional epidemiological survey methods are
appropriate because they allow the research to measure knowledge, vaccine uptake, hesitancy, and related
sociodemographic patterns across a broad community population at a defined post-pandemic period. The
design also provided population-level evidence relevant to downstream vaccine policy questions, including
communication strategy, market acceptance, equitable access, and the practical conditions that shape vaccine
performance after rollout.

The University of Ibadan in Nigeria and the Eastern Cape Department of Health in South Africa approved the
research. The survey included participants from different age groups, literacy levels, socioeconomic classes,
and professions. Survey participation was voluntary. Participants completed consent forms and questionnaires
independently after receiving information about the research aims and rationale. Written informed consent was
obtained from all adult participants and from guardians of participants younger than 18 years. The research
followed the principles of the Declaration of Helsinki for research involving human participants.

The questionnaire-based survey was conducted in Port Elizabeth, South Africa, and Port Harcourt, Nigeria,
from 1 October 2023 to 30 March 2024. The survey questionnaire was validated in a pilot study in 2021 and
refined to align the questions better, the measured constructs, and the study objectives. The final questionnaire
was administered both online and in person. In-person administration improved reach among participants who
might otherwise have been excluded from digital surveys, while online distribution expanded access through
social media networks, including Facebook, Instagram, WhatsApp, Twitter, and LinkedIn. This mixed approach
was important because vaccine development and vaccine marketing ultimately succeed or fail in the real world
across populations with unequal access to information, technology, services, and trusted health institutions.

The questionnaire collected sociodemographic data and assessed knowledge of COVID-19 epidemiology,
preventive measures, vaccines, and therapies. Vaccine-related questions explored awareness of vaccine
types, preference, safety, efficacy, benefits, ingredients, adverse effects, and vaccination status. Although the
research did not directly evaluate laboratory development pathways, clinical trial conduct, biological efficacy,
or formal pharmacovigilance records, the questionnaire addressed issues that strongly influence these later
stages, including trust in vaccines, willingness to accept them, and beliefs about benefits and harms. Such
variables are essential for interpreting how transparent testing, responsible marketing, equitable distribution
and pricing, and post-vaccination surveillance may affect public uptake. Questions used multiple-choice
formats with one or more correct responses. Correct responses were scored one point each, producing a total
possible score of 22. Scores below 11 were classified as poor knowledge, and scores above 50% as good
knowledge. See Supplementary Data

Of the 2017 participants recruited, 15 were excluded due to incomplete data, leaving 2002 for analysis. Data
were analysed using IBM® SPSS® Statistics 28 (IBM Corp, Armonk, NY). The analytical approach included
cross-tabulation, frequency analysis, respondent segmentation, clustering analysis, and logistic regression to
identify predictors of poor knowledge and poor vaccine attitudes. Continuous variables, including age,
knowledge score, and attitude score, were categorised where appropriate. A p-value below 0.05 was
considered statistically significant. This approach enabled the research to identify epidemiologically relevant
differences in vaccine uptake, hesitancy, and understanding of disease control across population groups, while
also generating practical evidence for future vaccine marketing, equitable rollout, and post-deployment
monitoring.

Results

Table 1 and Figure 1 present the sociodemographic profile of the participants, which is important for
interpreting the epidemiology of vaccine uptake and hesitancy in this study population. The largest age group
was early adults aged 20-49 years (68%), and females constituted 57% of participants. Most participants had
completed secondary education (31%) or college/university education (49%). Nearly half lived with a spouse
or small family, while more than half were unemployed. These characteristics provide important context
because age, education, living arrangements, and employment often shape exposure to health information,
trust in health systems, price sensitivity, access to care, and willingness to accept vaccines marketed through
public health or mixed public-private channels.
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Table 1. Socio-demographics of participants (single-choice answers)

Variables Number %
Age Group
13-19, Youth 360 18
20-49, Early adult 1361 68
50-64, Middle-aged adult 220 11
65-99, Older adult 61 3
Gender
Female 1141 57
Male 861 43
Education Status
Primary school 200 10
Secondary school 620 31
College/University 980 49
Vocational/Technical 202 10
Living Status
Congregation 422 21
Single/Alone 600 30
Spouse or Small family 980 49
Job Status
Full-time work 620 31
Part-time work 340 17
Unemployed because or since COVID 360 18
Unemployed before COVID 682 34
Job Type
Business owner or executive 200 10
Essential worker, not healthcare 160 8
Healthcare nurse worker 242 12
Labour worker 240 12
Market or store worker 160 8
Office worker 380 19
Student 620 31
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Figure 1. Age distribution of survey participants
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Table 2 and Figure 2 summarise participants' knowledge of COVID-19 epidemiology and control measures.
Most participants correctly identified COVID-19 as a viral disease and recognised coughing and sneezing as
the main routes of transmission. Many also identified facemasks, hand hygiene, physical distancing, and
vaccination as preventive measures. These findings suggest broad awareness of core public health
messages, although the persistence of incorrect responses indicates that epidemiological knowledge
remained incomplete in a meaningful minority of participants. That gap matters because an incomplete
understanding of disease can weaken confidence in vaccine development, reduce receptivity to evidence-
based marketing, and undermine later uptake.

Figure 2. Reported COVID-19 preventive measures
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Table 2. Knowledge of COVID-19 transmission and control

Epidemiology of COVID-19 Control, Vaccine Development, and Public Health Communication: Insights from Post-Pandemic Africa

Characteristics Number %
Cause of COVID-19 (single-choice answer)
Bacteria 80 4
Virus 1922 96
Route of transmission (multiple-choice answers)
Insects 60 3
Cough, sneeze 1881 94
Household items 540 27
Close physical contact 1001 50
Curse or bad luck 20 1
Treatment cure (multiple-choice answers)
Herbalist or spiritual cure 80 4
Antibiotic 240 12
Vaccine cure 840 42
Home remedy or mixture 220 11
Dexamethasone 79 4
No Cure 700 35
COVID problem in any nation (single-choice answer)
COVID is a problem 1621 81
COVID is not a problem 381 19
Population affected (multiple-choice answers)
Affect poor people 200 10
Affect rich people 180
Affect rural people 140 7
Affect city people 120 6
Affect anyone 1741 87
Preventive measures (multiple-choice answers)
Facemask 1401 70
Hand hygiene 1201 60
Physical distance 1121 56
Vaccine 1061 53
Medicine or Herb 140
No prevention 120 6
Responsibility for control (multiple-choice answers)
Government control 1361 68
Private sector 640 32
Religious group 680 34
WHO control 1041 52
Other charities or donors 360 18
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Table 3. Knowledge of COVID-19 vaccine types

Characteristics

Number

Awareness about vaccine types (multiple-choice answers)

Epidemiology of COVID-19 Control, Vaccine Development, and Public Health Communication: Insights from Post-Pandemic Africa

AstraZeneca 1501 75
Pfizer-Biontech 400 20
Sinovac 220 11
Covishield 260 13
Sputnik-Gamaleya 280 14
Moderna 180
Sinopharm 100
Janssen-Johnson 500 25
No vaccine awareness 240 12
Vaccine doses received (single-choice answer)
Vaccine 1st dose received 420 21
Vaccine 2nd dose received 100 5
Vaccine type preferred (single-choice answer)
AstraZeneca 902 45
Covishield 180 9
Janssen-Johnson 540 27
Moderna 240 12
Pfizer-Biontech 140 7
Reasons for vaccine preference (multiple-choice answers)
Safety 800 40
Efficacy 1901 95
Recommended by doctor 220 11
Readily available 420 21
No choice 460 23
Recommend by government or employer 480 24
Characteristics of vaccines (multiple-choice answers)
Vaccine safe 1121 56
Vaccine secret ingredient 300 15
Vaccine tested well 800 40
Vaccine cause Covid 340 17
Vaccine minor effect 820 41
Vaccine death 520 26
Vaccine benefit for people group (multiple-choice answers)
Vaccines are suitable for old people 1261 63
Good for young people 720 36
Good for healthcare worker 1181 59
Good for chronic disease 880 44
Good for international travellers 840 42
Good for the rich 540 27
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Table 3 and Figure 3 describe vaccine awareness and vaccine preference. AstraZeneca was the most
recognised and preferred vaccine, likely reflecting patterns of availability, pricing, and public familiarity in the
study settings. Although awareness of vaccine types was high and many participants viewed vaccines as safe
or effective, actual uptake remained low. Figure 4 highlights the low vaccine uptake. Figure 5 shows the
vaccine awareness-to-uptake cascade. This gap between awareness and vaccination behaviour is
epidemiologically important because it signals that vaccine acceptance cannot be inferred from awareness
alone. It also suggests that successful vaccine development must be linked to trusted marketing, equitable
distribution, affordability, and credible post-vaccination follow-up.

Figure 3. Awareness of COVID-19 vaccine types
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Table 4 shows that COVID-19 knowledge was associated with education, living status, employment, and
occupation. Participants with secondary and college/university education were more likely to demonstrate
good knowledge, while participants with vocational/technical education were more likely to demonstrate poor
knowledge. Those living with a spouse or a small family, and those in full-time work, also showed better
knowledge. These findings identify socially patterned differences in epidemiological understanding that may
later influence vaccine uptake, response to vaccine marketing, and willingness to participate in equitable
vaccination programs.

Table 4. Association between sociodemographic factors and COVID-19 knowledge level

Characteristics Poor knowledge Good knowledge
Nur:lbe % Number %
Age group 0.3
13-19, Youth 162 45 198 55
20-49, Early adult 598 | 44 763 56
50-64, Middle-aged 77 35 143 65
65-99, Older adult 28 | 46 33 54
Gender 0.7
Female 490 | 43 651 57
Male 361 42 500 58
Education Status 0.001
Primary school 90 45 110 55
Secondary school 248 40 372 60
College/University 401 41 579 59
Vocational/Technical 127 63 75 37
Living Status 0.001
Congregation 21 50 211 50
Single/alone 282 47 318 53
Spouse/small family 362 37 618 63
Job Status 0.002
Full-time work 223 36 397 64
Part-time work 139 | 41 201 59
Unemployed because or | 151 | 42 209 58
Unemployed before COVID| 347 51 335 49
Job Type <0.001
Business owner or 60 | 30 140 70
Essential worker, not 57 36 103 64
healthcare
Healthcare nurse worker 147 61 95 39
Labour work 93 39 147 61
Market or store worker 67 42 93 58
Office worker 159 42 221 58
Student 279 | 45 341 55
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Table 5 presents the logistic regression analysis of factors associated with poor COVID-19 knowledge.
Vocational/technical education, unemployment, and healthcare nurse work were significant predictors of
inadequate knowledge. These findings highlight the need for more targeted public health education strategies,
especially when designing vaccine communication and marketing campaigns for occupational or socially
vulnerable groups. They also suggest that equitable vaccine development and rollout require better alignment
between scientific evidence, frontline communication, and local trust.

Table 5. Logistic regression of factors associated with poor COVID-19 knowledge

Characteristics OR? 95% CI’ p-value
Education Status
Primary — —
Secondary 0.80 0.49, 1.32 0.4
College/University 0.65 0.39, 1.08 0.093
Vocational/Technical 2.20 1.16, 4.23 0.017

Living Status

Congregation — —
Single/alone 1.22 0.84,1.77 0.3
Spouse/small family 0.83 0.58, 1.18 0.3
Job Status

Full-time work — —

Part-time work 1.57 0.99, 2.49 0.057
Unemployed because or since COVID 2.03 1.30, 3.19 0.002
Unemployed before COVID 3.37 2.17,5.29 <0.001

Job Type

Business owner or Executive — —

Essential worker, not healthcare 1.22 0.61,2.43 0.6
Healthcare nurse worker 6.08 3.20, 11.8 <0.001
Labour work 1.02 0.57,1.85 >0.9

Market or store worker 1.36 0.68, 2.71 0.4
Office worker 1.56 0.91,2.71 0.1

Student 0.98 0.57,1.70 >0.9

" OR = Odds Ratio, Cl = Confidence Interval
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Table 6 presents the association between sociodemographic characteristics and attitudes toward COVID-19
vaccines. Poor attitudes were especially common among younger participants, those with lower educational
attainment, those living in congregation settings, and those who were unemployed or working part-time. These
findings help define the epidemiology of vaccine hesitancy in the study population and identify groups that may
require tailored engagement in future vaccination campaigns, especially when pricing, access, misinformation,
and marketing credibility shape decision-making.

Table 6. Association between socio-demographics and attitude toward the COVID-19 vaccine

Characteristics Poor Attitude Good attitude

Number % Number %
Age Group <0.001
13-19, Youth 338 94 22 6
20-49, Early adult 1102 81 259 19
50-64, Middle-aged 165 75 55 25
65-99, Older adult 41 68 20 32
Gender 0.3
Female 947 83 194 17
Male 689 80 172 20
Education Status <0.001
Primary 198 99 2 1
Secondary 514 83 106 17
College/University 754 77 226 23
Vocational/Technical 185 92 17 8
Living Status <0.001
Congregation 405 96 17 4
Single/alone 498 83 102 17
Spouse/small family 725 74 255 26
Job Status <0.001
Full-time work 440 71 180 29
Part-time work 289 85 51 15
U”em;’i'r‘]’g:‘ég‘i/"l%use or 316 88 44 12
Unemployed before COVID 593 87 89 13
Job Type 0.1
Business awner or 160 80 40 20
Essential worker, not 140 88 20 12
healthcare
Healthcare nurse worker 188 78 54 22
Labour work 196 82 44 18
Market or store worker 121 76 39 24
Office worker 288 76 92 24
Student 533 86 87 14
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Table 7 presents the multivariable analysis of factors associated with poor vaccine attitudes. Older age groups
were relatively protected against poor attitudes, while unemployment remained a strong risk factor. Living
alone, with a spouse, or with a small family also appeared protective compared with living in congregation
housing. These patterns reinforce that vaccine hesitancy is socially distributed and should be addressed with
targeted, evidence-based public health strategies rather than relying solely on uniform messaging. They also
show why future vaccine development and marketing strategies must anticipate social vulnerability rather than
treat uptake as a purely individual choice.

Table 7. Logistic regression of factors associated with a poor attitude toward COVID-19 disease

Characteristics OR? 95% CI’ p-value
Age Group
13-19, Youth — —
20-49, Early adult 0.26 0.12, 0.56 <0.001
50-64, Middle-aged 0.22 0.08, 0.56 0.002
65-99, Older adult 0.12 0.04, 0.37 <0.001
Education Status
Primary school 12,303 | 0.00, NA >0.9
Secondary school 0.56 0.23,1.23 0.2
College/University 0.48 0.20, 1.06 0.083
Vocational/Technical 1.23 0.40, 3.94 0.7
Living Status
Congregation — —
Single/alone 0.36 0.17,0.72 0.006
Spouse/small family 0.17 0.08, 0.33 <0.001
Job Status
Full-time work — —
Part-time work 1.68 0.96, 3.00 0.075
Unemployed because or since COVID 2.89 1.61, 5.33 <0.001
Unemployed before COVID 2.04 1.18, 3.55 0.011
Job Type
Business owner or executive — —
Essential worker, not healthcare 2.02 0.81, 5.37 0.14
Healthcare worker 0.92 0.41, 2.07 0.8
Labour worker 0.70 0.33,1.48 04
Market or store worker 0.56 0.24,1.30 0.2
Office worker 0.68 0.35, 1.31 0.3
Student 0.47 0.22,0.99 0.049

" OR = Odds Ratio, Cl = Confidence Interval
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Discussion

The present study provides a post-pandemic epidemiological view of COVID-19 knowledge, vaccine uptake,
and vaccine hesitancy in two African urban settings. Many participants understood the basic epidemiology of
COVID-19, including the viral cause of the disease and the dominant routes of transmission. This level of
knowledge likely reflects both public health campaigns and the partly online mode of data collection, which
may have favoured individuals with greater digital literacy and better access to health information. The finding
aligns with evidence from other sub-Saharan African urban settings, which have generally shown high
awareness of COVID-19 [6,12]. From a vaccine-development perspective, this matters because
epidemiological literacy shapes whether communities understand why vaccines are developed, who should be
prioritised, and how evidence should guide adoption.

Most participants identified facemasks, hand hygiene, physical distancing, and vaccination as preventive
measures. This pattern suggests that core public health messages reached a large portion of the study
population. However, awareness of preventive measures does not necessarily produce sustained adherence.
Previous work from sub-Saharan Africa has shown that compliance may still be weakened by negative
attitudes, limited access to protective resources, and structural barriers such as inadequate potable water [7-
12]. From an epidemiological perspective, this gap between knowledge and behaviour is important because
prevention depends not only on awareness but also on feasibility, trust, social context, and the credibility of
public messaging and marketing.

The study also showed that education level, living arrangement, employment status, and occupation shaped
knowledge of COVID-19. Participants with secondary and college education generally had better knowledge,
whereas those with vocational or technical education were more likely to have poor knowledge. Similar
associations between higher education and stronger COVID-19 knowledge have been reported elsewhere in
sub-Saharan Africa [6,12,13]. These findings matter for public health because epidemiological literacy
influences how people interpret risk, respond to vaccination campaigns, evaluate marketing claims, and
engage with prevention guidance.

Participants living with a spouse or a small family, and those in full-time work, demonstrated better COVID-19
knowledge. These findings may reflect more stable social environments, stronger information networks, or
greater exposure to formal health messaging. Business owners or executives also showed relatively good
knowledge. Together, these results suggest that the social distribution of knowledge is not random. It follows
recognisable demographic and occupational patterns that can help public health teams identify where to
concentrate communication, equitable access planning, price protection, and community outreach efforts.

One notable finding was the poor knowledge observed among healthcare nurse workers. This contrasts with
many studies from other sub-Saharan African settings, where healthcare workers are often reported to have
stronger disease knowledge [6,12,14]. The odds ratio of 6.08 suggests a strong association, but this result
should be interpreted cautiously because residual confounding, subgroup heterogeneity, or local contextual
factors may contribute. Even so, the finding is epidemiologically and operationally important. Frontline workers
influence patient trust, vaccine confidence, participation in equitable testing and rollout, and the credibility of
public health messaging. If knowledge gaps exist in this group, they could weaken vaccination efforts, post-
vaccination follow-up, and the implementation of future immunisation programs.

The study’s vaccine-related findings were especially important. Most participants were aware of COVID-19
vaccines, and AstraZeneca was the most recognised and preferred option. Perceived efficacy strongly
influenced preference, and many participants believed vaccines would benefit older adults and healthcare
workers. Yet uptake remained low, with only 21% reporting a first dose and 5% reporting a second dose. This
disconnect between vaccine awareness and uptake is one of the study's central epidemiological findings. It
emphasises that awareness alone does not secure vaccination coverage [15]. It also indicates that public
health success depends on converting awareness into trust, affordability, access, and action. It also suggests
that vaccine development should be accompanied by early planning for transparent testing, equitable
distribution, fair pricing, and credible public communication.

Poor attitudes toward vaccination were widespread across the study population. Many participants believed
that vaccines could cause death or illness, despite a majority also describing vaccines as safe or tested. This
apparent contradiction suggests that vaccine hesitancy is not merely a lack of knowledge. It may instead
reflect ambivalence, exposure to conflicting information, distrust of institutions, concerns about product
development and testing, price anxiety, or difficulty translating general awareness into personal acceptance.
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These dynamics are well recognised in vaccine epidemiology and remain highly relevant for public health
planning, marketing ethics, and future vaccine deployment [16-19].

Age, education, housing, and employment status were all associated with vaccine attitudes. Adolescents and
younger participants showed particularly negative attitudes toward vaccination. This pattern is consistent with
reports from other settings, where younger people often perceive themselves to be at lower risk while also
being more exposed to rapidly circulating misinformation on social media [20-25]. For public health agencies,
this means that future vaccine campaigns should not rely only on generic mass messaging. They should also
use age-specific communication, trusted messengers, transparent marketing, and accessible digital strategies
that can compete effectively with misinformation.

Negative vaccine attitudes were also common among participants with primary, vocational, or technical
education, among those living in congregation housing, and among those who were unemployed or working
part-time. Unemployment before or since COVID-19 was associated with poor attitudes in the regression
analysis. These findings suggest that vaccine hesitancy is intertwined with broader social vulnerability,
institutional mistrust, and unequal access to reliable health information. Public health interventions should
therefore treat vaccine hesitancy not only as a communication problem but also as a social and structural issue
involving affordability, equitable distribution, and trust in how vaccines are developed, tested, marketed, and
monitored.

High awareness but low uptake suggests that future vaccine programs must address both supply and demand.
On the supply side, people may face limited availability, inconsistent delivery, long travel distances, clinic
congestion, or indirect costs such as transportation and time away from work. On the demand side, people
may delay or refuse vaccination because of mistrust, fear of adverse effects, low perceived risk, cultural
concerns, or misinformation. For future vaccine development, these findings offer several lessons. Scientific
efficacy alone is not enough. Vaccine innovation must be paired with transparent and equitable testing, realistic
market preparation, culturally credible marketing, fair pricing, equitable distribution, and systems for post-
vaccination efficacy assessment and surveillance. Although this study did not directly measure biological
effectiveness after vaccination, it shows that post-deployment success depends on whether communities trust
the product, can access it, can afford it, and receive follow-up that is visible, responsive, and credible.

Public health systems in many African settings continue to face resource constraints [26-28]. These constraints
affect both outbreak control and the equitable delivery of vaccines. Administrators and providers must
therefore be resourceful in designing delivery systems that reach vulnerable groups without worsening cost
pressures. For example, COVID-19 vaccine delivery in some sub-Saharan countries, such as Nigeria and
South Africa, is estimated at approximately US$ 0.8 per dose, with major cost drivers including fieldwork,
labour incentives, and travel [16,29]. Such evidence matters for future vaccine development and marketing
because successful vaccination depends not only on the product itself, but also on affordability, logistics,
distribution equity, price acceptability, and the sustainability of surveillance and follow-up systems in real-world
settings.

Limitations

This study has several limitations. Convenience sampling may limit representativeness and reduce
generalizability to the wider populations of Nigeria and South Africa. The cross-sectional design also limits
causal inference. Although the sample size is larger than in some comparable studies, the findings should still
be interpreted as a snapshot of post-pandemic epidemiology rather than a definitive account of all population
groups. The survey examined knowledge, uptake, and attitudes, but it did not directly measure vaccine
development pathways, trial conduct, pricing mechanisms, biological efficacy after vaccination, or formal
pharmacovigilance outcomes. As a result, lessons for vaccine development, marketing, and surveillance
should be understood as implications drawn from population attitudes and behaviours rather than direct
evaluations of those systems.

The mixed online and in-person data collection strategy improved inclusivity, but online recruitment may have
overrepresented participants with stronger digital access and higher baseline exposure to health information.
Self-reported responses may also have introduced recall or social desirability bias. Nonetheless, the study
used a validated questionnaire, prospective data collection, and robust statistical analyses. These strengths
support the value of the findings while underscoring the need for future research using probability sampling,
deeper behavioural measures, pricing and access indicators, and longitudinal approaches to better
understand vaccine uptake, post-vaccination effectiveness perceptions, safety monitoring, and hesitancy over
time.
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Conclusions

Most participants demonstrated good basic knowledge of COVID-19 epidemiology, yet vaccine uptake
remained low, and vaccine hesitancy remained common. Education, living status, employment, and
occupation shaped both knowledge and attitudes. The study, therefore, highlights a key public health lesson
from post-pandemic Africa: awareness alone is insufficient. Effective vaccination requires epidemiology-
informed vaccine development, transparent and equitable testing, responsible marketing, equitable
distribution and pricing, trusted delivery systems, and sustained efforts to counter misinformation. Future
vaccine programs should also include visible post-vaccination efficacy assessment, safety surveillance, and
community feedback mechanisms so that scientific progress is matched by public confidence and real-world
uptake.
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COVID-19 Survey Questionnaire Page1l

Read questions carefully; select your best answers; mark with X or V. Thanks for your contribution.
Section I — Demographic Data
1. Country: South Africa] | Nigeria |

2. Age: 13-19 yrsl:] 20-49 yst 50-64 yrsD 65-99 yrsl:l
3. Gender: MaleD Femalel:l Otherl:l

4. Highest level of education completed: (choose one)
None\:l Primary‘j Seconda.ry[l Vocational/Technicall:I College/UniversityD

5. Current living situation/status: (choose one)
Living alone, SingleD ‘With spouse or small/nuclear familyD Congregation, Group livingD

6. Current job status: (choose one)
Unemployed because or since COVIDI:] Unemployed before COVIDD

Full-time work] | Part-time work[ |

7. Current job type: (choose one)
Office work\:’ Business owner or execulivel:l Essential worker, not healthca.rel:l

Labour work[ | Market or store worker[ | Healthcare worker[ | Student[ |

Section IT — Knowledge about COVID-19 disease
1. COVID-19 disease is caused by: (choose one)

VirusD Bacteria[l Fungusl:l Notsurel:l

2.COVID-19 can be transmitted by: (choose one or more)
Insects| | Cough, sneeze[ |  Sharing household items ]

Curse, Bad luck[’ Close physical contactD

3. COVID-19 can be cured by: (choose one or more)
Herbalist or spiritual cure[ ] Antibiotic[ | COVID Vaccine\j

Home remedy or mixture | Dexamethasone[ |~ No cure[ |

4. COVID-19 is a problem in our country: (choose one)
Yes| NoD Not sureD

5. COVID-19 affects: (choose one or more)
Poor people | Rich people[ | Village/Rural people] | City/Urban people | Anyone[ |

6. COVID-19 can be prevented by: (choose one or more)
Face mask[l Hand hygiene\:| Physical dista.ncingD Vaccine‘:‘ Medicine/Herbl:l None|:|

7. COVID-19 control & management needs to be improved by: (choose one or more)
Government| | Private sector] | Religious groups| | The WHO[ | Other donors/charity| |

Section III: Knowledge of COVID-19 vaccine Survey Page 2
1. Which of these vaccines are you aware of? (choose one or more)
Aera»ZenecaD Pﬁzer-BiontechD Sinovacl:l Covishield D Spumik-Ga.maleyal:l

Moderna[ | Sinopharm-BIBP[ | J anssen-Johnson&Johnson| | None[ |

2. Have you received your 1° dose of any vaccine? (choose one)
Astra-Zeneca[ | Pfizer-Biontech[ | Sinovac[ ] Covishield[ | Sputnik-Gamaleya[ |

Moderna[ | Sinopharm-BIBP[ ] Janssen-Johnson&Johnson[ ] None[ |

3. Have you received your 2" dose of any vaccine? (choose one)

Astra-Zeneca\:, Pﬁzer-BiontechD Sinnvacl:l Covishieldl:l Sputnik—GamaleyaD
Moderna‘j Sinopharm-BIBPD Janssen-]ohnson&]ohnson\:l Nonel:l

4. Which one of these vaccines do you prefer? (choose one)

Astra-Zeneca\:I Pﬁzer-Biontech[:l Sinovacl:l CovishieldD Sputnik—GamaleyaD
ModernaD Sinopharm-B[BPD Janssen-Johnson&JohnsonD NoneD

5. Why do you prefer your choice of vaccine? (choose one or more)

Safety\:] Efﬁcacy\:| Recommended by doctor\:l Ready availableD

No choice D Recommended by govemmenvemployerD

6. COVID vaccine is safe for our people or citizens. (choose one)

Yes[ | No[ ] Not sure[ ]

7. COVID vaccine contains unknown or secret ingredients. (choose one)
Yesl:l Nol:’ Not sureEl

8. COVID vaccine was tested properly & adequately, with enough time & research. (choose one)
Yes\j Nol:l Not sure\:l
9. COVID vaccine may cause COVID-19 disease. (choose one)

YesD NOD Not sure\:]

10. COVID vaccine may cause minor side-effects. (choose one)
Yes[ | No[ |  Not sure]

11. COVID vaccine may cause severe problems or death. (choose one)
Yesl:l NOD Not surel:l

12. COVID-19 vaccine is only beneficial for: (choose one or more)

0ld people D Young people l:l Healthcare workers D People with chronic disease \:’

International travellers D Rich people D
1
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