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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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Introduction
The SARS-CoV-2 virus causes COVID-19 infection [1,2,3]. Although many infected patients recover without 
specialised treatment, some develop severe illness 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.

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 
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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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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.
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Table 2. Knowledge of COVID-19 transmission and control 

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   9

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   7

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) 

AstraZeneca 1501 75

Pfizer-Biontech   400 20

Sinovac   220 11

Covishield   260 13

Sputnik-Gamaleya   280 14

Moderna   180   9

Sinopharm   100   5

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.
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Characteristics 
Poor knowledge  Good knowledge  

p-valueNumbe
r % 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   211 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 

since COVID   151 42     209 58

Unemployed before COVID   347 51     335 49

              Job Type <0.001
Business owner or 

executive     60 30    140 70

Essential worker, not 
healthcare     57 36    103 64

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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Characteristics OR1 95% CI1 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   0.11

Student 0.98 0.57, 1.70 >0.9
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Characteristics      Poor Attitude           Good attitude p-value

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

Unemployed because or 
since COVID   316   88   44 12

Unemployed before COVID   593   87   89 13

          Job Type 0.1
Business owner or 

executive   160   80   40 20

Essential worker, not 
healthcare   140   88   20 12

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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Characteristics OR1 95% CI1 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   0.4

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
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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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