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Abstract: The impact of COVID-19 vaccination programmes on disease transmission, morbidity
and mortality relies heavily on the population’s willingness to accept the vaccine. We explore
Ghanaian adult citizens’ vaccine hesitancy attitudes and identify the likelihood of participation
or non-participation in the government’s effort to get citizens vaccinated. A fully anonymised
cross-sectional online survey of 2345 adult Ghanaians was conducted from 23 to 28 February 2021.
Differences in intentions regarding COVID-19 vaccination were explored using Pearson Chi-square
tests. Additionally, multinomial logistic regression was used to analyse the factors associated with
willingness to receive vaccines. Responses were weighted using the iterative proportional fitting
technique to generate a representative sample. About half (51%) of mostly urban adult Ghanaians
over 15 years are likely to take the COVID-19 vaccine if made generally available. Almost a fifth
(21%) of the respondents were unlikely to take the vaccine, while another 28% were undecided.
Additionally, we find differences in vaccine hesitancy among some socio-demographic characteristics
such as age, gender, and primary sources of information. Attaining the proverbial 63% to 70%
herd immunity threshold in Ghana is only possible if the preventive vaccination programmes are
combined with an enhanced and coordinated public education campaign. Such a campaign should
focus on promoting the individual and population-level benefits of vaccination and pre-emptive
efforts towards addressing misinformation about vaccines.

Keywords: COVID-19; public health; vaccine hesitancy; willingness; attitude; Ghana; Sub-Saharan
Africa

1. Introduction

Coronavirus disease (COVID-19), a novel infectious disease, was declared a global
pandemic on 11 March 2020 by the World Health Organisation [1]. On 12 March 2020,
Ghana reported its first case of COVID-19, and since then, there have been 92,856 total
confirmed cases with 90,480 recoveries and 783 deaths as of 3 May 2021 [2]. In response
to the outbreak, several nation-states imposed various disease prevention and control
measures such as restrictions on movement, including lockdowns [3–5]. While the impact of
these measures varied between various countries, they were largely successful in reducing
the rate of spread of the virus [6–10]. Authorities in Ghana closed land, air, and sea
borders in mid-March 2021. Some weeks later, all educational institutions, including
universities, high schools, and primary schools (public and private), were closed. Bans
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were also imposed on public gatherings. Some of these interventions were subsequently
lifted on 20 April 2020 following a three-week restriction on movement within parts of
the Greater Accra and Greater Kumasi metropolis—the two most populous regions in the
country [11–13]. These public health measures were also imposed as a stop-gap measure
against an anticipated development of safe and efficacious COVID-19 vaccines, without
which containing the spread of the virus would be almost impossible.

Vaccination is often considered one of the most efficient means of preventing dis-
ease and is often a cost-effective tool for improving health at the population level [14–16].
Population-level immunity against infectious diseases is important because the likelihood
of the spread of the disease in the population is reduced, as many potential hosts for the
pathogen that causes the disease are immune [17]. This population-level immunity to an
infectious disease (commonly known as herd immunity) can occur either through vacci-
nation or natural immunity developed from prior infection [18]. The WHO recommends
achieving herd immunity through vaccination instead of exposing the population to an in-
fectious disease, as the latter runs the risk of causing unnecessary infections and deaths [18].
In order to achieve herd immunity through vaccination, a substantial proportion of the
population needs to be vaccinated before infection rates start declining [18].

Nevertheless, the percentage of the population that needs to be immune to achieve
herd immunity varies with each disease—usually 50% to 90% [18,19]. For example, herd
immunity for polio and measles is reported at 80% and 95% of the population to be
vaccinated, respectively [18]. For COVID-19, herd immunity thresholds are reported to be
in the 60% to 70% range to break the transmission chain [20–22].

However, the success of COVID-19 vaccination programmes on disease transmission,
morbidity, and mortality rely heavily on the population’s willingness to accept the vaccine.
Some segments of the population may delay accepting a safe vaccine or refuse to be
vaccinated despite the availability of vaccination services [23]. This is commonly known
as vaccine hesitancy. Reasons provided for vaccine hesitancy include concerns or fears
over the safety of vaccines, doubts or scepticism about the benefits of vaccines, religious
and moral convictions, social norms and social pressure, among others [24–27]. This fear
is also often expressed among persons who are vaccinated [28]. Generally, global vaccine
hesitancy is often further fuelled by conspiracy theories, especially through social media
channels [29–33]. Vaccine hesitancy is a global public health concern, especially because it
has a strong potential to lead to vaccine refusal [33–37].

Vaccine hesitancy trends vary across the globe. A systematic review of vaccine ac-
ceptance rates found general COVID-19 acceptance rates greater than 70% among adult
populations [32]. At the country level, the highest COVID-19 vaccine acceptance rates
among adults were in Ecuador (97.0%), Malaysia (94.3%), Indonesia (93.3%), and China
(91.3%) [32]. In comparison, the lowest vaccine acceptance rates were found in Kuwait
(23.6%), Jordan (28.4%), Italy (53.7%), Russia (54.9%), Poland (56.3%), USA (56.9%), and
France (58.9%) [32].

Additionally, Chen et al. [38] found that 83.8% of 3195 Chinese adults were found to
be willing to receive a COVID-19 vaccine, while another 76.6% believed having the vaccine
would benefit their health [38]. Nevertheless, another 74.9% were worried and or neutral
in their views regarding the vaccine’s potential adverse effects [38].

Likewise, Khubchandani et al. [39] assessed COVID-19 vaccination hesitancy in the
USA and found out that 52% of 1878 participants were very likely and another 27%
somewhat likely to accept the vaccines. However, multiple regression analyses found
heterogeneity in vaccine hesitancy by sex, education, employment, income, and other
variables. In Sub-Saharan Africa, 52% of South Africans indicated that they would not take
the COVID-19 vaccine [40]. Some of the major factors associated with vaccine hesitancy
among South Africans were religious beliefs and fear of vaccination being a means for
government tracking or surveillance. Furthermore, 50% of Zimbabweans indicated they
would accept the vaccine, with 30% and 20% being unsure and rejecting the vaccine outright,
respectively [40]. There are also varying acceptance levels, even among healthcare workers,
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whom ex-ante, one would have expected would be most willing to accept COVID-19
vaccines. For example, Gagneux-Brunon et al. [41] found a 75% intention to get vaccinated
against COVID-19 among healthcare workers, but with significant variations between
occupational categories. However, in a developing country context, Agyekum et al. [42]
found that 39% of 234 healthcare workers intended to receive the COVID-19 vaccines, with
differences in gender and healthcare category, and expressed concerns about the safety and
side effects of the vaccines.

The government of Ghana announced in February 2021 that it was seeking to procure
17.6 million vaccine doses by the end of June 2021 [43]. The Ministry of Health further
announced on 26 March 2021 that it expected to procure a total of 42 million COVID-
19 vaccine doses [44]. This would be enough to inoculate about 63% of Ghana’s adult
population above 15 years, allowing for the attainment of 60% to 70% herd immunity
threshold, even without considering the proportion of the population with naturally
acquired immunity. Ghana’s initial vaccine doses are being provided through COVAX
and other bilateral sources such as Russia’s Sputnik V vaccine [45]. On 24 February 2021,
Ghana became the first low-resource country outside India to receive COVID-19 vaccines
through the COVAX facility, with mass vaccination beginning on 1 March 2021 [46,47].
The country initially received 600,000 doses of the AstraZeneca/Oxford vaccine licensed
to the Serum Institute of India [47]. The country received another 350,000 doses of the
AstraZeneca coronavirus vaccine on 7 May 2021, initially deployed to the Democratic
Republic of Congo but could not be utilised due to logistical challenges [43,48]. According
to Ghana Health Service data, as of 30 April 2021, Ghana had administered 849,527 first
doses of the vaccines, comprising those sourced via COVAX and others procured directly
or received as donations, including Russia’s Sputnik V vaccine. Available reports indicate
that over 60% of Ghana’s first phase target population and 90% of all health workers had
received first doses of the vaccine as of 27 April 2021 [49].

Despite the positive initial rollout, concerns remain regarding vaccine hesitancy among
Africa’s wider population, including Ghana, which could hinder an effective vaccine roll-
out [50,51]. We, therefore, conducted this survey to examine Ghanaians’ vaccine hesitancy
attitudes and identify the likelihood of participation or non-participation as part of efforts
to vaccinate citizens against COVID-19. Another distinguishing feature of this paper is that,
unlike other works which only assess vaccine hesitancy on a binary scale using logistic
regression, we trichotomise our key variable as likely (very likely or somewhat likely),
mixed (undecided), or negative (somewhat unlikely or very unlikely). This allows a much
more nuanced interpretation of vaccine hesitancy and implications for mitigation strategies
and policies, especially among those who expressed mixed views (undecided) and those
with negative (somewhat unlikely or very unlikely) views.

2. Materials and Methods
2.1. Study Design

A cross-sectional online survey was conducted over five days between 23 and 28
February 2021. The questionnaire was developed using Microsoft Forms and distributed
through various media channels, including Facebook, WhatsApp, Twitter, LinkedIn, and
email. Participation in this study was voluntary, and there was no compensation provided.
In addition, all responses were fully anonymised. Our sampling is premised on the
snowballing or chain-referral approach using virtual networks to reach the population with
an online presence, allowing us to save time and cost [52]. While selection bias remains a
threat to the representativeness of our survey, we argue that reaching out to Ghana’s online
population is a beneficial exercise, as an indication of strong vaccine hesitancy within the
“literate” population has serious consequences for negatively influencing the rest of the
population [53–55]. Research also shows that misinformation or “fake news” tends to
be shared or forwarded on such online social networks; thus, it is of public health value
to collect or sample views of the population from such networks [56–59]. An additional
important justification is that those who often access online sources of information are
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the most directly connected to networks outside of their immediate geographic location
(especially outside the country) and are more likely to be influenced by online vaccine
conspiracies emanating from far and wide. This also means that due to knowledge and
power dynamics, some of the adult population who are not connected to the internet
may be persuaded by those on social media via word of mouth to either take or not take
the vaccine.

2.2. Study Setting and Sampling

Ghana is bounded on the West by Côte d’Ivoire, North by Burkina Faso, East by Togo,
and the South by the Gulf of Guinea. Ghana is classified as a lower-middle-income country
(LMIC) with a GNI per capita of $2220 as of 2019 [60]. The country has 16 administrative re-
gions, with an estimated population of 30.96 million as of 2020 [61]. The survey instrument
was designed and administered in English, Ghana’s official language. The anonymous
questionnaire covered two parts: (1) attitudes and knowledge about COVID-19; and (2) in-
formation on respondents’ socio-demographic characteristics. The former includes the
primary question of interest: that is, “how likely are you to take the COVID-19 vaccine
if it was made generally available by the Government of Ghana?”. Responses were on a
five-point Likert scale comprising, “very likely, somewhat likely, not decided, somewhat
unlikely, and very unlikely”. Additional questions asked included: (1) reasons for wanting
to take, being undecided or not wanting to take the COVID-19 vaccine (top 3 choices);
(2) heard about the COVID-19 pandemic (Yes/No responses); (2) believe COVID-19 is
real (Yes/No/Do not know responses); (3) tested for COVID-19 in the past one year, how
many times tested and outcome of test; (4) primary sources for acquiring information or
knowledge (4 choices). Gender, age, the highest educational attainment level, and residence
region were part of the information collected to account for socio-demographics.

The questionnaire was developed guided by similar studies [39,40,62–65] and was re-
viewed by public health experts with several years’ experience developing and conducting
such surveys. The questionnaire was also piloted with 20 persons before rollout—these par-
ticipants were excluded from the survey. The initial minimum sample size of participants
was calculated by the standard Cochran formula [66–68] given as follows:

no =
Z2 pq

e2 , (1)

where e = is the desired precision level (margin of error), p is the proportion of the popula-
tion, q is 1− p, Z is the z-value as found in a Z table.

For our survey, a total of 2345 respondents filled out the close-ended questionnaire.
This translates to a margin of error of ±2 percentage points at a 95% confidence level.

2.3. Statistical Analysis

We used descriptive statistical methods to summarise the survey data and describe
the study participants’ demographic characteristics. This was followed by conducting
chi-square tests to evaluate the associations between the socio-demographic characteristics
and participants’ willingness to receive a COVID-19 vaccine, as documented in several
studies [38,39,62]. Responses were compared for various socio-demographic characteristics
by trichotomising the variable as likely (very likely or somewhat likely), mixed (not
decided), or negative (somewhat unlikely or very unlikely) towards taking a COVID-19
vaccine, as indicated by the category of vaccine hesitancy. We subsequently employed
multivariate logistic regression to identify the possible factors affecting vaccine hesitancy
attitudes, with an alpha level set at 5% and p-value < 0.05 being considered statistically
significant. The multinomial logit model specification is described in detail in Section 2.4.
We weighted the survey responses using Ghana’s regional population breakdown of those
aged 15 years and above and gender, based on publicly available data from the Ghana
Statistical Service [61]. Weighting was based on the widely used iterative proportional
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fitting or raking technique for surveys and implemented with the “ipfraking” command in
STATA 16 software package [69,70].

2.4. Multinomial Logit Model Specification

For all categories of vaccine hesitancy (Likely (1), Undecided (2), and Unlikely (3)),
there is no natural ordering, but these choices provide the individual with the maximum
utility. These options also reveal the strength of an individual’s preference of choosing
a particular outcome [39]. The study employed the multinomial logit to analyse the
determinants of likelihood to take the COVID-19 vaccine. For an individual i faced with j
choices, the maximum utility for choosing j can be specified as:

Uij = Z!
ij + εij where Prob

(
Uij > Uik

)
, k 6= j. (2)

Following Greene [71], the multinomial logit can be specified as:

(Yi = j|xi) =
exp

(
x!

iαj
)

∑3
j=1 exp

(
x!

iαj
) , j = 1, 2, 3, (3)

where Y denotes the probability of choosing from j choices with x as the set of individual
characteristics and α econometric parameters. To ensure that Equation (3) is identified
and further remove the indeterminacy, we set αk = 0. Therefore, the probabilities can be
determined as

(Yi = j|xi) = Pij =
exp

(
x!

iαj
)

1 + ∑3
j=2 exp

(
x!

iαk
) , j = 1, 2, 3. (4)

Equation (4) measures the change relative to the base. Again, the log-odds of the
binomial with respect to alternative j relative to the base k can be computed in Equation (5).

ln
[ Pij

Pik

]
= x!

i
(
αj − αk

)
= x!

iαj, if k = 0. (5)

Using the general log-likelihood of the binomial logit model, with an individual, i,
choosing alternative j (dij = 1 and 0 otherwise) gives:

ln L =
n

∑
i=1

J

∑
j=0

dij ln Prob(Yi = j|xi). (6)

The derivative of from the log-likelihood is specified as

ln L
αj

=
n

∑
i=1

(
dij − Pij

)
wi for j = 1, 2, 3. (7)

3. Results
3.1. Participant Characteristics

A summary breakdown of the weighted demographic profiles for the 2345 survey
respondents, which is consistent with Ghana’s population structure as of May 2020 [61], is
as follows: Greater Accra had 19.77% of the respondents (down from 64.48% in unweighted
sample); Ashanti 19.28% (up from 9.34% in unweighted sample), Eastern 10.72% (up
from 4.86% in unweighted sample), Central 8.5% (up from 3.88% in unweighted sample),
Western 6.89% (up from 3.45% in unweighted sample), Volta 6.43% (up from 2.81% in
unweighted sample), and Northern 5.33% (up from 2.52% in unweighted sample), among
others (Table 1). In terms of the age, 7.54% of the weighted sample were between 15 and
25 years, followed by 26–35 years (47.08%), 36–45 years (23.27%), 46–55 years (8.89%), and
more than 55 years (13.22%)—Table 1. Regarding gender, the weighted proportion of male
and female participants in this survey was 52.15% to 47.85%. On education, junior high
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school graduates represented 1.25% of the weighted sample, followed by respondents with
secondary education (4.40%), tertiary (57.10%), postgraduate (36.34%), and other (0.91%).

Table 1. Participant socio-demographics and the likelihood of taking COVID-19 vaccine.

Variable
Total Weighted
Sample N (%)

Likelihood of Taking COVID-19 Vaccine

Likely Undecided Unlikely p-Value

Total sample 2345 (100) 1197 (51%) 662 (28%) 486 (21%) -
Gender

Female 1122 (48%) 518 (46%) 359 (32%) 245 (22%)
0.0083 ***Male 1223 (52%) 679 (56%) 303 (25%) 241 (20%)

Age group
15–25 177 (8%) 70 (40%) 59 (34%) 47 (27%)

0.0068 ***
26–35 1104 (47%) 565 (51%) 311 (28%) 228 (21%)
36–45 546 (23%) 251 (46%) 163 (30%) 132 (24%)
46–55 208 (9%) 107 (51%) 69 (33%) 32 (16%)

Above 55 310 (13%) 203 (66%) 60 (19%) 47 (15%)
Education

Junior Secondary (JSS) 30 (1%) 11 (38%) 13 (44%) 5 (18%)

0.0042 ***
Senior Secondary (SSS) 103 (4%) 64 (62%) 21 (21%) 18 (18%)

Tertiary 1339 (57%) 619 (46%) 425 (32%) 295 (22%)
Postgraduate 852 (36%) 499 (59%) 194 (23%) 159 (19%)

Other 21 (1%) 4 (21%) 8 (37%) 9 (41%)
Tested for COVID-19

No 1729 (74%) 826 (48%) 524 (30%) 379 (22%)
0.0013 ***Yes 615 (26%) 371 (60%) 138 (22%) 107 (17%)

Primary Source of Information
Books/Journals/Official

Publications 124 (5%) 73 (59%) 35 (28%) 16 (13%)

0.3970
Media-TV 1364 (58%) 692 (51%) 391 (29%) 281 (20%)

Newspapers/Print Media 74 (3%) 38 (52%) 10 (13%) 25 (35%)
Social Media 708 (30%) 358 (51%) 203 (29%) 147 (21%)

Word of Mouth (Family and
Friends) 76 (3%) 36 (48%) 23 (31%) 17 (22%)

Region
Ahafo 48 (2%) 22 (45%) 20 (42%) 6 (12%)

0.7493

Ashanti 452 (19%) 247 (55%) 113 (25%) 92 (20%)
Bono 91 (4%) 43 (47%) 30 (33%) 18 (20%)

Bono East 79 (3%) 37 (47%) 21 (26%) 21 (26%)
Central 200 (9%) 101 (51%) 47 (24%) 52 (26%)
Eastern 251 (11%) 127 (51%) 89 (35%) 35 (14%)

Greater Accra 464 (20%) 268 (58%) 116 (25%) 80 (17%)
North East 35 (1%) 23 (65%) 6 (17%) 6 (17%)
Northern 125 (5%) 51 (41%) 43 (34%) 31 (25%)

Oti 51 (2%) 24 (47%) 18 (35%) 9 (18%)
Savannah 34 (1%) 18 (55%) 4 (13%) 11 (32%)

Upper East 85 (4%) 43 (50%) 22 (26%) 20 (24%)
Upper West 49 (2%) 26 (53%) 14 (27%) 10 (19%)

Volta 151 (6%) 49 (33%) 54 (36%) 48 (32%)
Western 162 (7%) 84 (52%) 41 (25%) 37 (23%)

Western North 69 (3%) 33 (48%) 25 (37%) 11 (16%)

Significance thresholds: p < 1 *, p < 0.05 **, p < 0.01 ***.

The results indicate that about half (5 in 10 or 51%) of mostly urban adult Ghanaians
over 15 years are likely to take the COVID-19 vaccine if generally made available by the
Government of Ghana (Table 1). This comprises those who answered “very likely or
somewhat likely” to the question “how likely are you to take the COVID-19 vaccine if
it was made generally available by the Government of Ghana?”. Another 28% or 3 in
10 of the sampled population indicated that they are “undecided” about taking the vaccine
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(Figure 1; Table 1). In comparison, another 21% (2 in 10 of the population) indicated that
they are “somewhat unlikely or very unlikely” to take the vaccine (Table 1).
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3.2. Vaccination Willingness and Hesitancy

Regarding the likelihood of taking the vaccine by the different demographic groups,
we find some notable differences by gender, age, educational attainment, and region of
residence. For example, on gender, there is an almost 9% difference between males (56%)
and females (46%) on “very likely or somewhat likely” (Figure 1). On age, those above
55 years are the most “very likely or somewhat likely” to take the vaccine (66%) followed
by the 46–55 year group (51%), 26–35 year group (51%), 36–45 year group (46%), and lastly
the 15–25 year group (40%) (Figure 1). This observation is consistent with the literature
where older population groups have been identified as relatively more at risk of requiring
hospitalisation or dying if they contract COVID-19 [72]. Hence, it is not surprising that
they are the most likely to take the vaccine. Such a finding is also consistent with, for
example, the UK government’s strategy of vaccinating most of the vulnerable population
first, including older persons and those with underlying health conditions [73]. Regarding
the educational level, we find that respondents with a high school (secondary) degree are
the most likely to take the vaccine at 62% (Figure 1). This is followed by postgraduate
(master’s) degree (59%), tertiary (bachelor’s) degree (51%), junior secondary/high school
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(JSS) and below (38%), and lastly, other degrees (21%). Again, we posit that increased
educational attainment levels are likely to drive vaccine uptake, all things being equal.

Lastly, as also shown in Figure 1, the top five regions most likely to take the COVID-
19 vaccine are North East (65.10%), Greater Accra (57.87%), Ashanti (54.67%), Savannah
(54.55%), and Upper West (53.08%). The bottom five regions were Bono (47.16%), Bono
East (47.02%), Ahafo (45.41%), Northern (41.09%), and Volta (32.50%). From Figure 3, the
results of the test of the relationship between the confirmed case rate in regions (that is, the
cumulative case counts per 100,000 people) and the share of their population willing to be
vaccinated were mixed. Whereas regions such as Greater Accra, Ashanti and Western who
had the highest case rates had a higher share of the population willing to be vaccinated,
others with lower case rates such as North East and Savannah also had a higher population
share willing to be vaccinated. This is further corroborated in Table 2, which shows that
differences between regions are not statistically significant—in fact, responses are fairly
similar across regions. These factors are all empirically tested in the next Section 3.3
and discussed.

The top three reasons for those very likely or somewhat likely to take the vaccines are:
(1) it will help me protect family, friends, and other people in the community (69%); (2) the
vaccine is effective at preventing me from getting COVID-19 (67%); and (3) I have a public
health responsibility to help fight the pandemic (Figure 2). For those who are undecided,
the main reasons they provided were: (1) not being well informed about the possible
effects of the vaccine (60%); (2) not being sure that the vaccine is clinically safe (41%); and
(3) not being sure that the vaccine is effective to prevent them from getting COVID-19 (23%)
(Figure 3). Respondents did not highly rank the option that the government will distribute
the vaccine to people on protocol lists, which is very reassuring. Finally, those somewhat
unlikely or very unlikely to take the vaccine gave the following top three reasons: (1) I
am not sure that the vaccine is clinically safe (61%); (2) I am not well informed about the
possible effects of the vaccine (53%); and (3) not being sure that the vaccine is effective to
prevent them from getting COVID-19 (35%) (Figure 4). Again, respondents did not highly
rank the option of the government distributing vaccines to people on protocol lists.
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3.3. Factors Associated with COVID-19 Vaccination Intention

To determine the factors that influence the likelihood of Ghanaian adults’ decision to
take, remain undecided, or not take the COVID-19 vaccine, we estimated the multinomial
logistic regression with the result presented in Table 2. The odds (relative risk) ratios and
the marginal effects are reported with their respective 95% confidential interval presented
in parenthesis. Two separate models are estimated to highlight the robustness of our
modelling approach.

Model I presents the regression output from the weighted sample, while Model II is
the regression output from the unweighted sample. Both models include controls for age,
educational status, and gender of the respondents as well as region and primary source
of information. The original sample (Model II) represents the spatial prevalence of the
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regional COVID-19 incidence data. This is because Greater Accra (64.48%) and Ashanti
(9.34%) comprise a combined 74% of the sample. At the time of completing the data
collection on 28 February 2021, these two regions collectively accounted for 73.69% of all of
Ghana’s 84,750 total cases. That is, 47,705 cases (56.29%) in Greater Accra and 14,746 cases
(17.4%) in Ashanti. However, our results are discussed, emphasising the weighted sample
(Model I) as this is the national picture or population sample.

We did not find any statistically significant differences in the region of residence
variable on both the weighted and unweighted samples on being undecided or not likely
to take the vaccine. This was the same for education. However, the decision to take, remain
undecided, or unlikely to take the COVID-19 vaccine is significantly influenced by age,
gender, and primary source of information. Relative to respondents aged 15–25 years,
Ghanaian adults’ aged 55 years and above are less likely to remain undecided (rrr = 0.466)
or unlikely (rrr = 0.473) about their decision to take the vaccine holding other factors
constant. The low level of vaccine hesitancy among older age groups can be explained by
underlining health conditions associated with old age, thus pushing the aged to be more
accepting of vaccines. This aligns with previous studies that found an association between
old age and vaccine hesitancy [74].

Regarding gender, we find that the average marginal effect is negative (−0.0694)
for the undecided category. This means that the probability of males relative to females
remaining undecided on taking the COVID-19 vaccine is on average about 7% lower.
When it comes to the unlikely category, again, being male decreases the odds of not taking
the vaccine by about two percentage points (−0.0190); however, this is not statistically
significant. Previous studies also point out that females have a lower likelihood of deciding
to be vaccinated [75,76]. This is because the decision to take a vaccine is considered a risk,
and gender-based studies assert that women are more meticulous and will take longer to
assess the safety and efficacy of vaccines before being vaccinated [77,78].

Given the role of media and other information sources on information dissemination, it
has become incumbent on us to analyse the role of information sources on vaccine hesitancy.
Relative to official publications, respondents who obtained information from newspapers
are more likely to be undecided (hesitant) on taking the COVID-19 vaccine. Similarly,
the study points out that Ghanaian adults who obtained information from newspapers
relative to official publications are 0.220 times more unlikely (remain unlikely) to take the
vaccine. In line with our expectation, information from official sources such as journals and
books would have been fact-checked to ensure high accuracy not to put out anti-vaccine
information that will deter people from taking vaccines. It is, therefore, necessary for
media houses to vigorously promote the publication of COVID-19 vaccine-based contents
from the WHO or the Ghana Health Service for public consumption. Different sources of
information also have a significant association with vaccine hesitancy among Ghanaians.
Contrary to official sources such as journals and books, information from TV and social
media increases the likelihood of not deciding to take the vaccine at varying degrees. Often,
information from social media outlets lacks proper scrutiny or scientific vetting and may
denote personal opinions, which may be anti-vaccine [79,80].
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Table 2. Multinomial logistic regression model for intention to accept COVID-19 vaccine.

Explanatory
Variable

Model I (Weighted Sample) Model II (Unweighted Sample)

Not Decided Unlikely Not Decided Unlikely

Odds Ratio
(95% CI)

Average Marginal
Effect (95% CI)

Odds Ratio
(95% CI)

Average Marginal
Effect (95% CI)

Odds Ratio
(95% CI)

Average Marginal
Effect (95% CI)

Odds Ratio
(95% CI)

Average Marginal
Effect (95% CI)

Age
Ref: 15–25 years

26–35 years 0.796 (0.42–1.49) −0.021 (−0.13–0.09) 0.689 (0.36–1.31) −0.048 (−0.15–0.05) 0.798 (0.52–1.22) −0.012 (−0.09–0.09) 0.609 (0.39–0.95) ** −0.073
(−0.15–0.003) *

36–45 years 1.098 (0.56–2.14) 0.015 (−0.11–0.14) 1.051 (0.53–2.10) 0.002 (−0.11–0.11) 0.888 (0.57–1.39) 0.004 (−0.08–0.08) 0.657 (0.41–1.05) * −0.067 (−0.15–0.01)

46–55 years 1.067 (0.51–2.25) 0.050 (−0.09–0.19) 0.564 (0.25–1.27) −0.092 (−0.21–0.02) 0.680 (0.41–1.13) −0.24 (−0.11–0.06) 0.411 (0.24–0.72) *** −0.12
(−0.21–0.03) ***

>55 years 0.466 (0.23–0.95) ** −0.098 (−0.22–0.02) 0.473 (0.22–0.003) * −0.079 (−0.19–0.03) 0.528 (0.33–0.74) *** −0.059 (−0.14–0.02) 0.309 (0.18–0.52) *** −0.145
(−0.22–0.07) ***

Education
Ref: JSS
Secondary 0.379 (0.09–1.56) −0.178 (−0.46–0.10) 0.823 (0.16–4.25) 0.020 (−0.19–0.23) 0.599 (0.21–1.71) −0.094 (−0.31–0.13) 0.756 (0.21–2.71) −0.010 (−0.18–0.16)
Tertiary 0.839 (0.25– 2.82) −0.059 (−0.32–0.20) 1.367 (0.32–5.90) 0.058 (−0.13–0.24) 0.612 (0.23–1.60) −0.099 (−0.30–0.10) 0.887 (0.28–2.86) 0.013 (−0.15–0.17)
Postgraduate 0.467 (0.14–1.60) −0.149 (−0.41–0.11) 0.922 (0.21–4.05) 0.028 (−0.16–0.21) 0.380 (0.14–1.00) ** −0.170 (−0.37–0.03) 0.633 (0.20–2.06) −0.014 (−0.7–0.15)
Other 2.180 (0.28–17.05) −0.005 (−0.40–0.39) 5.837 (0.62–55.00) 0.251 (−0.11–0.61) 2.001 (0.52–7.72) 0.102 (−0.19–0.39) 2.052 (0.41–10.17) 0.054 (−0.18–0.29)
Gender
Ref: Female

Male 0.643 (0.47–0.87) *** −0.069
(−0.13–0.01) ** 0.753 (0.53–1.07) −0.019 (−0.07–0.03) 0.655 (0.53–0.80) *** −0.065

(−0.10–0.03) *** 0.746 (0.59–0.94) ** −0.022 (−0.06–0.01)

Region
Ref: Ahafo
Ashanti 0.526 (0.12–2.41) −0.156 (−0.50–0.19) 1.422 (0.14–14.47) 0.081 (−0.16–0.32) 0.810 (0.15–4.24) −0.049 (−0.37–0.28) 1.177 (0.12–11.13) 0.034 (−0.26–0.33)
Bono 0.712 (0.13–3.77) −0.103 (−0.47–0.26) 1.597 (0.14–18.63) 0.081 (−0.19–0.35) 1.311 (0.22–7.90) 0.040 (−0.32–0.40) 1.355 (0.12–14.72) 0.028 (−0.28–0.34)
Bono East 0.548 (0.09–3.46) −0.168 (−0.55–0.22) 1.982 (0.15–26.86) 0.136 (−0.18–0.45) 0.779 (0.11–5.34) −0.065 (−0.43–0.30) 1.398 (0.11–17.06) 0.064 (−0.28–0.41)
Central 0.461 (0.09–2.24) −0.193 (−0.54–0.15) 1.815 (0.17–19.09) 0.130 (−0.12–0.38) 0.733 (0.13–4.03) −0.079 (−0.41–0.25) 1.483 (0.15–14.45) 0.078 (−0.22–0.38)
Eastern 0.781 (0.17–3.65) −0.060 (−0.41–0.29) 1.085 (0.10–11.43) 0.022 (−0.22–0.26) 1.181 (0.22–6.31) 0.037 (−0.29–0.37) 0.969 (0.10–9.54) −0.012 (−0.31–0.28)
GreaterAccra 0.478 (0.11–2.11) −0.164 (−0.50–0.17) 1.166 (0.12–11.31) 0.056 (−0.18–0.29) 0.742 (0.14–3.78) −0.056 (−0.38–0.26) 0.969 (0.11–8.93) 0.010 (−0.28–0.30)
North East 0.260 (0.02–4.04) −0.255 (−0.70–0.19) 1.019 (0.04–25.00) 0.059 (−0.33–0.45) 0.599 (0.04–10.02) −0.098 (−0.57–0.38) 1.122 (0.05–26.60) 0.041 (−0.41–0.49)
Northern 0.926 (0.19–4.54) −0.083 (−0.44–0.27) 2.571 (0.23–28.25) 0.145 (−0.12–0.41) 1.316 (0.23–7.43) 0.018 (−0.32–0.36) 1.850 (0.18–18.76) 0.080 (−0.23–0.39)
Oti 0.778 (0.14–4.43) −0.075 (−0.46–0.31) 1.386 (0.11–17.04) 0.054 (−0.22–0.33) 1.089 (0.17–7.12) 0.007 (−0.36–0.38) 1.205 (0.10–14.52) 0.022 (−0.31–0.35)
Savannah 0.289 (0.03–2.46) −0.274 (−0.65–0.11) 2.312 (0.16–32.79) 0.203 (−0.15–0.56) 0.446 (0.05–4.18) −0.154 (−0.52–0.21) 1.610 (0.13–20.24) 0.118 (−0.25–0.49)
Upper East 0.558 (0.10–3.01) −0.154 (−0.52–0.21) 1.677 (0.15–19.37) 0.105 (−0.16–0.37) 0.902 (0.15–5.44) −0.036 (−0.38–0.31) 1.345 (0.13–14.20) 0.050 (−0.26–0.36)
Upper West 0.525 (0.10–2.69) −0.146 (−0.50–0.21) 1.155 (0.10–13.84) 0.050 (−0.22–0.32) 0.729 (0.13–4.25) −0.052 (−0.39–0.29) 0.812 (0.08–8.77) −0.013 (−0.32–0.29)
Volta 1.191 (0.24–5.93) −0.064 (−0.42–0.29) 3.675 (0.35–38.85) 0.192 (−0.07–0.45) 1.986 (0.35–11.19) 0.063 (−0.28–0.40) 3.03 (0.30–30.26) 0.137 (−0.17–0.44)
Western 0.540 (0.11–2.64) −0.156 (−0.51–0.19) 1.565 (0.15–16.61) 0.095 (−0.16–0.35) 0.875 (0.16–4.84) −0.040 (−0.37–0.29) 1.292 (0.13–12.79) 0.045 (−0.26–0.35)
Western North 0.876 (0.13–5.95) −0.043 (−0.46–0.38) 1.268 (0.07–22.09) 0.035 (−0.28–0.35) 1.22 (0.17–901) 0.051 (−0.35–0.45) 0.842 (0.05–13.11) −0.031 (−0.37–0.30)
Primary Info Source
Ref: Official
Publications
Media-TV 1.085 (0.56–2.09) −0.018 (−0.14–0.11) 1.99 (0.89–4.44) * 0.087 (0.003–0.17) ** 1.102 (0.72–1.69) 0.019 (−0.05–0.09) 0.981 (0.60–1.59) −0.007 (−0.08–0.06)

Newspapers 0.453 (0.14–1.48) −0.178
(−0.34–0.02) ** 3.105 (1.05–9.19) ** 0.220 (0.05–0.39) ** 0.592 (0.26–1.34) −0.087 (−0.20–0.02) 1.190 (0.58–2.45) 0.050 (−0.06–0.16)

Social media 0.978 (0.49–1.93) −0.034 (−0.16–0.10) 1.848 (0.81–4.20) 0.081 (−0.006–0.17) * 1.188 (0.76–1.87) 0.028 (−0.05–0.11) 1.082 (0.65–1.80) 0.003 (−0.07–0.08)
Word of mouth 1.080 (0.36–3.28) −0.026 (−0.23–0.18) 2.218 (0.72–6.87) 0.105 (−0.05–0.26) 0.930 (0.44–1.97) −0.023 (−0.15–0.10) 1.257 (0.57–2.76) 0.040 (−0.08–0.16)

Significance thresholds: p < 1 *, p < 0.05 **, p < 0.01 ***.

4. Discussion

In general, vaccine acceptance levels are about half of the sampled adult population.
Our survey results suggest that chances of attaining the coveted 63–70% herd immunity
threshold in Ghana would be enhanced if the preventive vaccination programmes, which
are underway in-country, are combined with an enhanced and coordinated public education
campaign so that at least 19.57 million Ghanaians and residents are vaccinated (or achieve
immunity) within an acceptable time frame (Table 3). However, using our 51% of the adult
population over 15 years who are likely to take the COVID-19 vaccine means that only
9.98 million persons (19.57 million * 51%) are likely to take the vaccine (Table 3). This means
that potentially 9.59 million persons or 49% of the 19.57 million population over 15-years
needed to attain herd immunity are undecided or will likely not take the vaccine—which
must be a concern. Using the 70% total population as the basis for herd immunity increases
the number to 11.77 million potentially undecided or unlikely citizens who will not take
the vaccine. It is also further complicated because there are no vaccines licensed as yet in
Ghana for people below 16-years.

One important consideration we have not factored so far in our analysis is the sero-
prevalence or presence of COVID-19 antibodies accounted for by naturally acquired immu-
nity. Several studies have reported detectable SARS-CoV-2 antibodies (seropositivity) of up
to 25% [81–83]. In sub-Saharan Africa, a 25.41% seroprevalence rate was estimated in Niger
State, Nigeria [84]. Also, in Zambia, a 10.6% SARS-CoV-2 prevalence based on sampling
in six districts in Zambia in July 2020 is reported [85]. In Kenya, there is a reported a
4.3% population-weighted and test performance-adjusted national seroprevalence rate [86].
Additionally, George et al. [87] reported 27.8% mean age and test adjusted SARS CoV2
seroprevalence in the Gauteng province in South Africa. Given the foregoing, we simulated
two scenarios of how naturally acquired immunity will influence vaccine acquisition and
rollout (Table 3). Assuming 10% naturally acquired immunity, 8.40 million of Ghana’s adult
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population more than 15 years are likely to take the vaccine, while another 8.07 million
are unlikely to take the vaccine. Assuming 20% naturally acquired immunity, 6.81 million
of Ghana’s adult population over 15 years are likely to take the vaccine, while another
6.55 million are unlikely to take the vaccine. Thus, factoring in naturally acquired immunity
means slightly lower vaccines would need to be procured.

Table 3. Ghana’s herd immunity simulation.

Variable
Assuming No Naturally

Acquired Immunity
Assuming 10% Naturally

Acquired Immunity
Assuming 20% Naturally

Acquired Immunity

Population
(Millions) Percentage (%) Population

(Millions) Percentage (%) Population
(millions) Percentage (%)

(A) Ghana 2020 total
population (GSS) 31.07 100.00% 31.07 100.00% 31.07 100.00%

(B) % of the total population
needed for herd immunity 21.75 70.00% 18.64 60.00% 15.54 50.00%

(C) Ghana’s adult population
more than 15 years (GSS) 19.57 63.00% 16.47 53.00% 13.36 43.00%

(D) Adult population more
than 15 years likely to take

vaccine (from survey)
9.98 51.00% 8.40 51.00% 6.81 51.00%

(E) Difference (C–D) 9.59 49.00% 8.07 49.00% 6.55 49.00%

Despite the preceding estimates, the inclusion of the “undecided” and “somewhat
likely” adult population will significantly improve vaccine uptake and herd immunity
dynamics. Hence, the next best thing will be for all the eligible 63% of the adult population
above 15 years to be vaccinated. Public campaigns should involve multiple channels but
strongly emphasise media (TV and radio) and social media (Facebook, WhatsApp, Twitter,
among others). These are the primary sources for acquiring information or knowledge
among our respondents. Additionally, nuanced messaging emphasising the efficacy and
safety of the vaccine should be strongly considered. These are the main reasons people
are undecided or unwilling to take the vaccine, as shown earlier in Figures 3 and 4. Such
messaging should also consider the demographic differences in Ghana’s population.

Our study has some limitations. First, the study has a higher proportion of respondents
in the 26–35 years and 36–45 year group than in the general population. This is because
there was a mismatch of one additional year between Ghana’s regional population group
breakdown as provided in official statistics and the age categorisation we used. For
example, while we use 26–35 and 36–45 years for age categorisation, Ghana’s official data
has 25–34 years, 35–44 years and other similar categories. So, the iterative proportional
fitting was specified using only the regional population totals and regional gender split. The
algorithm subsequently adjusted this for age and education, albeit resulting in imperfect
representation. Other than the age group distribution, the demographics of the respondents
were comparable with Ghana’s population and largely urbanised structure.

Secondly, while the data [88] shows that there are about 16 million internet users in
Ghana with about 50% internet penetration and over 100% mobile phone penetration, the
lack of efficient internet communication means a segment of the rural population may
have been excluded from the survey. Additionally, generally lower levels of education in
Ghana’s rural areas would likely lead to less vaccination acceptance in these areas—for
example, as demonstrated in [89,90]. Thirdly, this being a cross-sectional survey means that
it is wholly impossible to determine causal relationships between the factors and dependent
variables. Future research could consider a longitudinal cohort study with additional time
points to ascertain time-varying willingness to vaccinate. This would allow policymakers
to see how the changing picture of prevalence may alter vaccine hesitancy. Fourthly, our
questions focused on vaccination provided by the government. However, responses have
been different based on sources such as the private sector or companies providing them
directly to their employees. Finally, we did not ask questions related to vaccine hesitancy
based on the type of vaccines, such as between mRNA vaccines (such as Pfizer-BionTech,
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Moderna) and adenovirus vector vaccines (such as AstraZeneca-University of Oxford,
Johnson & Johnson, Sputnik V), for example. Despite these limitations, the reported
vaccine acceptance rates were similar to other reported studies, as noted in earlier parts of
this paper.

5. Conclusions

This study examined vaccine hesitancy attitudes among mostly urban adult Ghana-
ians and explored the likelihood of participation or non-participation in the government’s
effort to vaccinate citizens. We find that about 5 in 10 (51%) of mostly urban Ghanaians
over 15 years are likely to take the COVID-19 vaccine if it was made generally available.
We also found that almost a fifth (21%) of the respondents were unlikely to take the vaccine,
while another 28% were undecided. Additionally, we find differences in vaccine hesitancy
and some socio-demographic characteristics. For example, there are low vaccine hesitancy
levels among older age groups, while males are more likely to be undecided about taking
the vaccine than females. No significant associations were found between willingness to
vaccinate and education or region of residence. Attaining the coveted 63–70% herd immu-
nity threshold in Ghana would be enhanced if the preventive vaccination programmes,
which are underway in-country, are combined with an enhanced and coordinated public
education campaign. Thus, there is an urgent need for key stakeholders in the health
sector to increase efforts in targeted public education and raise awareness about the indi-
vidual and collective benefit of vaccinations, especially among younger populations, with
an additional focus on men. Such a campaign should focus on curbing misinformation
about vaccines.
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