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Abstract

Background: Vaccine hesitancy is emerging as a significant challenge in many parts of the world in the fight
against the COVID19 pandemic. The continued infection amongst the unvaccinated can lead to a heightened risk
of further virus mutation, exposing even those vaccinated to new virus strains. Therefore, there are social benefits in
minimising vaccine hesitancy. The objective of this study is to assess the level of COVID19 vaccine hesitancy in
South Africa, identify the socio-economic patterns in vaccine hesitancy and highlight insights from the national
survey that can inform the development of a COVID-19 vaccination acceptance communication campaign.

Methods: The study uses the nationally representative National Income Dynamics Study - Coronavirus Rapid
Mobile Survey (NIDS-CRAM) survey. The analysis combines univariate and bivariate statistics, as well as multivariate
regression models like binomial/ordinal and multinomial logit.

Results: The study finds that vaccine acceptance is lower than that of non-pharmaceutical intervention like face-
mask use. Only 55% fully accept the vaccine, while a further 16% are moderately accepting of vaccines. Together,
vaccine acceptance is estimated at 70.8%, and vaccine hesitancy against COVID19 is estimated at 29.2% amongst
the adult South African population.

The study has identified the perceived risk of infection with the mediating role of efficacy as a key predictor of
vaccine intention. Higher awareness of COVID19 related information and higher household income are correlated
with lower vaccine hesitancy. The non-black African population group has significantly high vaccine hesitancy
compared to black Africans.

Conclusions: There are other significant differences across socio-economic and demographic variables in vaccine
hesitancy. From a communication perspective, it is imperative to continue risk messaging, hand in hand with
clearer information on the efficacy of the vaccines.
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Background
While the focus of protective behaviour for the first year
of the COVID19 pandemic relied on non-

pharmaceutical interventions (NPI) like the use of face-
mask, hand hygiene, social distancing, and staying at
home; the successful development of various COVID19
vaccines has expanded the available approaches to pro-
tective behaviour in South Africa. Previous studies have
shown that acceptance of NPI based protective behav-
iour is high in South Africa and has improved from 92%
in May—June 2020 to 97% in July—August 2021 as the
pandemic progressed [1, 2]. However, the concerns re-
garding side-effects of vaccines is much higher com-
pared to NPIL Therefore the behavioural response to
both can differ substantially. Hence, it is time to assess
the vaccine intentions of the population to put in place
measures to improve vaccine acceptance.

The focus of the government has now shifted to mak-
ing vaccines available and its roll-out strategy. It is
equally important to ensure the public uptake of vac-
cines once they become widely available [3]. The success
of the vaccination programme depends upon achieving a
sufficient scale to result in community immunity. Fur-
ther, continued infection amongst the unvaccinated can
lead to a heightened risk of further virus mutation, ex-
posing even those vaccinated (against the earlier strains
of the virus) to new virus strains [4]. Therefore, there
are social benefits in minimising vaccine hesitancy.

Pre-COVID19 studies have acknowledged that behav-
ioural response against vaccination can be specific to a
particular vaccine depending on the perceived risk of in-
fection and the confidence in the vaccine [5]. Sallam
(2021) [6] has highlighted the wide variation between
COVID19 vaccine acceptance between countries. There-
fore, it is highly relevant to assess vaccine intentions in
South Africa regarding the COVID vaccine and explore
ways to improve vaccine acceptance in the general pub-
lic health interest.

Various studies have shown that health communication
has an important role in influencing individual responses
to health risks [7-9]. Hence, it is imperative to develop a
health communication strategy to encourage individuals
to accept both NPI and vaccination against COVID19.

While different theories and models have been put forth
by health communication theorists designed for health
messaging, the Health Belief [10] and the Extended Paral-
lel Process (EPP) [11, 12] models are suited in the pan-
demic context because of their foundation on health risk
[13, 14]. Therefore, it is important to understand the con-
structs of risk and efficacy (or the belief that the health re-
sponse can yield the desired effect) to encourage
protective behaviour against COVID19 [15, 16].

The Health Belief Model (HBM) is one of the earliest
health models to use key variables such as risk
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susceptibility/vulnerability, risk severity, efficacy, and
barriers to behavioural change perception, to predict
health response behaviour [10]. EPPM builds on this
foundation by also using the tenets of the parallel
process model (PPM) [17], which distinguished between
two independent reactions to fear appeals, viz., (a) a cog-
nitive response of risk management process, leading to
protective behaviour, and (b) an emotional response of
fear management process, that leads to denial, and
avoidance. However, PPM did not explain the contexts
when either of these responses is evoked. EPPM extends
the PPM to incorporate the four elements of Protection
Motivation Theory (PMT) (the perceived severity of a
threatening event, the perceived vulnerability, the re-
sponse efficacy of the recommended preventive behav-
iour, and the perceived self-efficacy) [18] to explain the
contexts when protective behaviour or avoidance re-
sponse is evoked.

The extended parallel process model (EPPM) posits
that efficacy plays a mediating role in the relationship
between risk perception and response to the fear appeal
message [11, 12]. Based on the interaction between risk
perception and perceived efficacy, Witte (1992) identifies
two possible outcomes even with high perceived risk
(High risk-High efficacy and High risk-Low efficacy)
based on the available risk reduction measures. One of
the implications of this is recognition that greater fear
does not necessarily lead to greater message acceptance,
but can perversely cause message rejection, a possibility
not acknowledged by HBM. Moreover, according to
EPPM, if the individual perceives low risk, there is no
motivation to adopt behavioural change even if the indi-
viduals have high efficacy. For instance, in the context of
the COVID-19 pandemic, the High risk-Low efficacy
category of the population would benefit from health
communication that focuses on the efficacy and benefits
of vaccination as they are already aware of the health
risks COVID-19. The population category that perceives
the low risk of the pandemic (irrespective of their effi-
cacy perception) would need to be educated about the
pandemic related health risks first. Communication to
the High risk-High efficacy category needs to focus on
calls to vaccination with information on vaccination ac-
cess. Therefore, identifying the risk-efficacy interaction
is relevant in tailoring the communication strategy to
improve health response behaviour [19-25].

Studies within the COVID context are fast emerging
using the EPPM framework [26-29] or the HBM frame-
work [30]. However, these studies relate primarily to
non-vaccine behaviour. Exceptions are Chu (2021) [31]
in the US context and Lin et al. (2020) [28] in the con-
text of China, which used the EPPM and HBM frame-
works, respectively, to assess COVID19 vaccine
behaviour. Edwards et al. (2021) [32] has identified the
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correlates of vaccine hesitancy in Australia without using
a specific theoretical framework. The authors have not
been able to identify a study in the South African con-
text on COVID19 vaccine intention.

This study aims to assess the level of COVID19 vac-
cine hesitancy in South Africa, identify the socio-
economic patterns in vaccine hesitancy, and develop in-
sights from the national survey that can inform the de-
velopment of a COVID-19 vaccination acceptance
communication campaign.

Data & Methods

Data

The study primarily uses the fourth wave of the National
Income Dynamics Study - Coronavirus Rapid Mobile
Survey (NIDS-CRAM 2021) survey [33]. The NIDS-
CRAM survey is a special follow up with a subsample of
adults from households in Wave 5 of the National In-
come Dynamics Study (NIDS) run by the Southern
Africa Labour and Development Research Unit (SALDRU).
The NIDS is South Africa’s first nationally representative
household-level panel survey undertaken approximately
in two-year intervals between 2008 and 2017, covering
a wide range of socio-economic, health, labour and
household-related information. The NIDS-CRAM sur-
vey is designed to be nationally representative. Despite
the smaller sample size (compared to NIDS), it remains
the best available source of quantitative information on
a national scale to assess the socio-economic impact of
the coronavirus pandemic in South Africa. More de-
tailed technical information on NIDS-CRAM surveys is
provided by Ingle et al. (2021), Kerr et al. (2020),
Daniels et al. (2020) and Branson and Wittenberg 2019
[34-37].

The fourth wave of the NIDS-CRAM has a sample
covering complete questionnaire information for 5629
individuals. The fourth wave of the NIDS-CRAM survey
was conducted over February (96%) and March (4%)
2021. Therefore, the questions were administered under
adjusted alert level 3 (Feb 2-28 Feb 2021, when curfew
restrictions were imposed and businesses had to adhere
to regulations on the maximum number of persons on
their premises) and adjusted alert level 1 (March 2021,
when most normal activities were allowed to resume
with precautions and health guidelines being followed)
lockdown conditions.

Wave 4 of NIDS-CRAM introduced a question on vac-
cine intention, and hence this research is based on it.

Table 1 provides the description of variables used in
the analysis. Apart from the key risk perception variable,
the study uses age and pre-existing chronic illness of the
respondent to control for severity of risk [38, 39]. The
household income variable is an important variable to
control for the feasibility of behavioural change. The
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survey response for this variable, though, has a high pro-
portion of missing information. As such, rand value re-
sponses to household income variables have been
supplemented with the median value of the income
bracket responses. This approach can, however, distort
the income distribution. Therefore, following Wittenberg
(2017) [40], we reweight those who provide rand
amounts using the inverse probability that an individual
will report a rand amount in that bracket. Further, alter-
nate models are estimated where socio-economic status
is controlled by including other variables such as the re-
cent experience of hunger in the household, the pres-
ence of grant recipients, and electrified dwelling as
additional checks.

Because individual responses emerge from a complex
interaction of different social, cultural, political and per-
sonal factors in vaccine decision [41], additional socio-
economic variables such as sex (male), race (black Afri-
can), partnered, location (urban) and religiosity are in-
corporated to get a clearer picture of the range of
possible predictors about vaccine intention.

Methods

We estimate the concentration index of vaccine hesi-
tancy, risk perception and efficacy variables to analyse
the socio-economic inequality in the distribution of vac-
cine intention and COVID risk-efficacy perceptions in
South Africa. The socio-economic criteria considered
are household per capita income, age and educational
outcomes of all individuals in the sample. Since vaccine
hesitancy, risk and efficacy are binary variables, the
Erreygers-corrected concentration index (Erreygers
2009) is calculated as:

4<ﬂ 2 n
E = - g
(h) bh—ﬂh*< p” E it 1)

where n is sample size, h is the binary vaccine hesitancy
variable, bh and ah are the maximum (1) and minimum
(0) of the binary variable, p its mean and r the rank of
individual i by income from poorest to richest. E(h) is
expected to lie between + 1 and - 1, with a positive value
indicating that vaccine hesitancy is distributed more
among the higher end of the income distribution and a
negative value indicating that it is concentrated more
among the lower end of the income distribution (Kol-
lamparambil 2020).

The study uses logit regression to model the probabil-
ity of vaccine hesitancy to identify its predictors. Two
theoretical models are used for regression specification;
a) Model A with the two target variables of risk percep-
tion and efficacy specified as separate binary variables
and b) Model B with the inclusion of the interaction of
risk perception and efficacy variables in the form of High
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Table 1 Variable definitions

Page 4 of 12

Variable

Instrument question

Response

Vaccine intention

Risk of infection

Efficacy

Age

Chronic illness

Covid Awareness

Education
Socio-economic status

Hunger

Grant receiving household
Electricity

Sex:

Race:

Religious:

Employed

Partnered

To what extent do you agree or disagree with the statement: If a vaccine
for COVID-19 were available, | would get it?

‘Do you think you are likely to get the coronavirus?'

‘Can you avoid getting Coronavirus?, ‘Vaccine ineffectiveness is not the
main reason why you would not take a vaccine for COVID-19'. To create a
vaccine-specific efficacy variable, the two questions are interacted. If the

respondent does not state vaccines to be ineffective, it takes the value one

and believes that coronavirus can be avoided.
Age of the individual

Do you have any of these chronic conditions (you don't have to tell us
which one): HIV, TB, lung condition, heart condition or diabetes?”.

a binary variable is constructed which takes the value 1 if the respondent
is aware of the three most important symptoms of infection
(cough, breathlessness and fever).

Number of years of education completed
Per capita Household income

In the last 7 days has anyone in your household gone hungry because
there wasn't enough food? Yes=1, No=1

The household received at least one form of social grant=1, 0 otherwise
Dwelling with electricity =1, 0 otherwise

Male =1, 0 otherwise

black African =1, 0 otherwise

Religion is important =1, 0 otherwise

Employed =1, 0 otherwise

Married or living with partner =1, 0 otherwise

strongly agree/ somewhat agree/
somewhat disagree/strongly disagree

Yes/No
Yes/No

years
Yes/No

Binary

years
Rands
Binary

Binary
Binary
Binary
Binary
Binary
Binary
Binary

NPI behaviour

The number of non-pharmaceutical measure adopted to prevent COVID infection 0-8

risk-Low efficacy (denial) and Low-risk groups. Both the
denial and low-risk groups are benchmarked in the
model against the responsive (High risk-High efficacy)
group. The logit estimation of Models 1 and 2 are speci-
fied as follows:

Vac_Hes; = B, + B, (Risk_perception;)
+ By (Efficacy;) + y X + € (1)

Vac_Hes; = B, + B, (Denial;) + f3,(Low_risk;)
+yXite (2)

Where,

Vac _ Hes; denotes the vaccine intention for individual
i, taking the value 1 for hesitancy and 0 otherwise,

Risk _perception is a binary variable where 1 is
assigned to individuals who perceive the risk of
COVID19 infection and 0 otherwise,

Efficacy is a binary variable where 1 is assigned to indi-
viduals who perceive vaccine efficiency and the possibil-
ity to avoid COVID19 infection and O otherwise,

Denial is a binary variable where 1 is assigned to indi-
viduals with high-risk perception and low efficacy
perception.

Low _risk is a binary variable where 1 is assigned to
individuals with low efficacy perception.

Xi denotes a vector of explanatory variables such as
age, sex, race, education, household income, COVID
awareness, religiosity, socio-economic status etc. that
characterise individual i,

€i encapsulates the error term.

The predicted probability of vaccine hesitancy based
on Models A and B are estimated as:

Prob(Vac_Hes;) = ;_
1+ exp%

Following identifying the predictors of vaccine hesi-
tancy using logit regress, the study undertakes the
multinomial regression to identify the differentiating
characteristics of responsive, denial and low-risk
groups. The responsive category is the benchmark re-
gression for estimation. Therefore the multinomial lo-
gistic regression used to predict categorical placement
within denial and low-risk groups are specified as
follows:

Deniali = X3 + °‘1X,‘ + 6,’
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Low_risk; = Ao + 11 X; + 6;

The vector X of independent variables include age,
race, sex, education, employment status, marital status,
socio-economic status proxies, regional dummy variables
etc. The regression error term is denoted by 6.

Results

The descriptive statistics of the key socio-economic
characteristics of the sample for the multivariate regres-
sion indicate resonance with national statistics (Table 2).

Preliminary analysis

Our analysis of vaccine intention indicates that 55% of
the population have a strong acceptance of the vaccine,
followed by 16% who have a lower certainty to accept
the vaccine (Fig. 1). Stronger uncertainty is expressed by
7% who somewhat reject the vaccine and a further 16%
that strongly rejected the vaccine. For purposes of this
analysis we include the 6% who did not respond to the
question as being vaccine hesitant.

Vaccine acceptance is defined as those who ‘strongly
agree’ or ‘somewhat agree’ while those who ‘strongly dis-
agree’ with ‘somewhat disagree’ and ‘don’t know’ are in-
cluded in the vaccine hesitant category. Vaccine
hesitancy is calculated as 29.16% (with a 95% confidence
interval of 28—30%).

Vaccine hesitancy across sex, race and education at-
tainment is presented in Fig. 2. A difference across sexes
is significant at 95% confidence level, with females in the

Table 2 Summary statistics of the Study Sample
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sample having higher level vaccine hesitancy (31%) com-
pared to males (27%). Further, the difference across
population groups is signficant at 99% confidence level,
with the non-black African population reporting higher
hesitancy (39%), compared to the black African popula-
tion (26%). Tertiary education is another differentiating
factor, with those with tertiary education recording sig-
nificantly lower hesitancy (26%) than those with below
tertiary education (31%).

Geographical location is found to be also a significant
differentiating factor, with vaccine hesitancy found to be
higher in urban areas (30%) compared to rural areas
(27%) (Fig. 3). Individuals who reported chronic illness
have on an average lower (23%) vaccine hesitancy com-
pared to those who did not report chronic illness (30%).
While these findings are relevant and point to possible
predictors, some variables may have confounding factor-
like income. For instance, poverty and hunger are higher
in rural areas in South Africa. Thus, it is important to
undertake a multivariate analysis before drawing firm
conclusions on the predictors of vaccine hesitancy.

Figure 4 highlights a significant difference between the
vaccine hesitancy rates between those who reported high
risk perception and those who did not with the former
catefory having signficanty lower hesitancy (26%) com-
pared to the latter (31%) (Fig. 4). Similarly, those who re-
ported higher self-efficacy had significantly lower
vaccine hesitancy in relation to those without self-
efficiacy. Further statistically significant differences are
evident in the hesitancy across the efficacy groups and

Variable Obs Mean Std. Dev. Min Max
Age, years 4440 4047 15.04 18 90
18-35 4440 0.274 0446 0 1
36-60 4440 0617 0486 0 1
Above 60 4440 0.108 0310

Chronic illness 4440 0.168 0374 0 1
Covid Awareness 4440 0.096 0.295 0 1
Household per capita income, Rands 4440 2854 6135 0 150,000
Education, years 4440 11.52 3.729 0 22
African 4440 0.782 0413 0 1
Male 4440 0482 0.500 0 1
Married/with partner 4440 0479 0.500 0 1
Urban 4440 0.760 0427 0 1
Electricity 4440 0.946 0.226 0 1
Experienced Hunger 4440 0.164 0.370 0 1
Employed 4440 0497 0.500 0 1
Social Grant recipient 4440 0.353 0478 0 1
Religious 4440 0913 0.282 0 1

Source: NIDS-CRAM weighted. # All variables except age, education and income are binary
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6%

= Don’t know = Strongly agree Somewhat agree
Somewhat disagree = Strongly disagree

Fig. 1 If a vaccine for COVID-19 were available, | would get it?.

Source: NIDS-CRAM wave 4. n = 5613, weighted

the risk-efficacy interaction groups (responsive and de-
nial) with the responsive group having the lowest vac-
cine hesitancy (17%).

Table 3 uses the concentration index to assess the
socio-economic inequality in the prevalence of vaccine
hesitancy and the risk and efficacy parameters along
with the income, age, and education distributions. As
vaccine hesitancy, risk perception and efficacy variables
are binary, the Erreygers-corrected concentration index
[42] is used to assess their socio-economic inequality.

While income-based inequality is not evident for vac-
cine hesitancy, it is clear that income plays a key role in
risk and efficacy (Table 3). Vaccine hesitancy is negative
and significant along with age, pointing to higher accept-
ance among the elderly. The higher hesitancy concentra-
tion among the young could be related to the perceived
lower severity of the infection-related morbidity and
mortality among the younger age groups [43, 44].

Risk perception is significantly higher among those
with higher income. Similar results have been reported
by Kollamparambil and Oyenubi (2021) [30] based on
waves 1 and 2 of the NIDS-CRAM. Our results show
that this pattern is sustained after a year. As expected,
risk perception has a significant positive concentration
along with the age distribution, indicating higher risk
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Fig. 2 Vaccine hesitancy, Sex, Race and Education. Source: NIDS-
CRAM wave 4, weighted

_35%

X 30%
Z 25%
< 209
S 20%
S
2 15%
< 10%
2 s
§ 0%
> S > & > S ) Iy B S
2 « ) \Z .0 o > 5 & &
o %"(\% & Q\@ & & & ¢ &
SRS S R I O
9 <« @ 3 S S » B
S F © R
o) (OO
&
&

Fig. 3 Vaccine hesitancy and key characteristics. Source: NIDS-CRAM
wave 4, weighted

perception among the older individuals (Table 3). This is
not surprising considering the available information that
age increases the severity of COVID illness, the risk of
hospitalisation and a higher COVID infection-related
mortality rate [38, 39]. This is related to the results ob-
served regarding vaccine hesitancy and points to the me-
diating role of risk perception in leading to the higher
vaccine hesitancy among younger age groups.

Both risk perception and efficacy are found to be pro-
education. The risk-efficacy interaction variables are led
by risk in terms of their concentration patterns. ‘Respon-
sive’ (high risk-high efficacy) and ‘Denial’ (high risk-low
efficacy) are both pro-rich, aligned with the results of
risk perception. The low-risk category (combination of
low-risk-high efficacy and low risk-low efficacy groups)
are pro-poor. Low-risk is also pro-young and pro-low
education.

The findings indicate that although vaccine hesitancy
is not concentrated along with the income or education
distribution, they can nevertheless play a role through
mediating factors like risk perception, which have defin-
ite concentration along with income, age and education
distributions.

Multivariate analysis

This section undertakes two sets of multivariate analysis:
first, to identify the correlates of vaccine hesitancy with
particular focus on identifying the role of risk and effi-
cacy variables (Table 4); and second, to identify the

60%
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40%
30%
- I I
0% '

High risk Low risk
perception perception

Vaccine hesitancy (%

=
Q
x

High efficacy Low efficacy Responsive Denial

Fig. 4 Vaccine hesitancy, Risk and Efficacy. Source: NIDS-CRAM wave

4, weighted
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Table 3 Erreygers concentration index of vaccine hesitancy, risk and efficacy

Cl Vaccine hesitancy  Risk Efficacy  Responsive (High risk-high efficacy)  Denial (High risk-Low efficacy)  Low risk
Income -0.017 0.223%*  —0.03 0.143%%* 0.043%** —0.223%**
(0.031) (0.035) (0.024) (0.030) (0.016) (0.35)
Age —0.121%* 0.111%*  —0,003 0.023 -0.014 —0.1171%**
(0.023) (0.026) (0.017) (0.023) (0.009) (0.026)
Education  -0.018 0.132%%*  0.045%%*  0.114** 0.029** —0.133%**
(0.023) (0.027) (0.018) (0.025) 0.011) (0.027)

Standard errors in parentheses, *** p <0.01, ** p <0.05, * p <0.1

characteristics of the population groups that comprise
the high risk-high efficacy (responsive), high risk-low ef-
ficacy (denial) and low-risk groups (Table 5).

Models 1-3 in Table 4 include risk and efficacy as
separate binary variables, whereas models 4—6 include
risk-efficacy interaction variables (denial and low-risk
categories) in line with the EPPM model. Various speci-
fications are estimated using the log of per capita in-
come, income quintiles and non-financial proxies for
socio-economic status (hunger in household, household
with electricity, grant recipient in household).

The marginal effects of logit regressions in models 1—
3 highlight the role of risk and efficacy in driving vaccine
hesitancy while controlling for other pertinent predictors
(Table 4). The predicted probability of vaccine hesitancy
(model 1) changes by - 0.056 (95%, CI -0.103 -0.009) for
an individual who perceives the risk of COVID19 infec-
tion. Similarly, the incremental risk associated with the
self-efficacy variable on vaccine hesitancy is - 0.258
(99%, CI -0.334 -0.183).

The results of Models 4—6 provide additional insight
into the mediating role of the efficacy in determining the
effect of risk perception on vaccine hesitancy. The posi-
tive marginal effects of the low-risk variable in model 4
indicate that individuals who perceive lower vulnerability
to infection are more likely to be vaccine-hesitant [0.085,
99%, CI 0.036 0.135] than the responsive (high risk and
high efficacy) group. In addition, the denial (high risk
and low efficacy) group have, on average, a higher vac-
cine hesitancy [0.262, 99%, CI 0.145-0.379] compared to
the responsive (high risk and high efficacy) group.

Age categories have a significant negative association
with vaccine hesitancy across all estimations, compared
against the benchmark age group of 18-31years. The
predicted probability of vaccine hesitancy is lowest
amongst the oldest age group of above sixty years
[Model 1: - 0.128, 99%, CI -0.184 -0.072], while the age
group 31 to 60 years also had a negative marginal effect
[Model 1: -0.065, 95% CI -0.119 -0.010].

Chronic illness is also significant in the models with
interacted risk-efficacy variables [Model 4: -0.049, 90%
CI -0.103 - 0.004]. Education is associated with lower

vaccine hesitancy [Model 4: -0.008, 95%, CI -0.015
-0.002].

The negative association between the adoption of NPI
behaviour and vaccine hesitancy is evident across all
models. In model 4, the marginal effects of NPI indicate
a reduction in the predicted probability of vaccine hesi-
tancy by - 0.030 [99%, CI -0.051 -0.009]. There are other
interesting  socio-economic predictors of vaccine
intention revealed through the estimations. The black
African individuals have significantly lower vaccine hesi-
tancy [Model 4: - 0.144, 99%, CI -0.234 -0.053] com-
pared to other race groups.

In order to address any potential bias caused by the
construct of the efficacy variable, the observations where
only vaccine hesitancy drives the efficacy variable are ex-
cluded in a restricted estimation. In other words, in
order to ensure that no definitional relationship runs be-
tween the efficacy variable and the dependent variable of
vaccine hesitancy, observations where vaccine ineffect-
iveness takes the value one, and the general efficacy vari-
able is one are excluded from the estimation.. The
results from this restricted estimation are given in the
appendix (Table A1) and validate Table 4.

As a further robustness check to the logit regression
(Table 4), we retain the response to the vaccine intention
on a four-point scale to estimate a ordinal logit regressions
(Table A2). The results that risk perception, through the
mediation of efficacy, is driving vaccine intentions are
consistent with the logit regression in Table 4.

The multivariate analysis of predictors of vaccine hesi-
tancy has identified denial and low-risk perception (low
risk-low efficacy and low risk- high efficacy) categories
as positive predictors of vaccine hesitancy. Therefore, it
is important to target these groups for health communi-
cation based on health-risk appeal and efficacy messa-
ging. This requires identifying the socio-economic and
demographic characteristics of these groups. For this
purpose, the study next undertakes a multinomial logit
regression, where the base category is the responsive
(high risk-high efficacy) category (Table 5). It must be
flagged here that the construct of the risk categories is
based on risk perception and not the severity of the risk.
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Table 4 Marginal effects: Logit regression Dependent variable, Vaccine Hesitancy
VARIABLES (1) (2) (3) (4) (5) (6)
Risk perception —0.056** —0.064** —0.057**
(=0.103 - -0.009) (=0.117--0011) (=0.104 - -0.009)
Efficacy —0.258*** —0.275%** —0.257%**
(-0.334 - -0.183) (-0357 - -0.192) (-0327 --0.175)
Low risk® 0.085%** 0.092%** 0.0817%**
(0.036-0.135) (0.039-0.145) (0.032-0.131)
Denial® 0.262%** 0.268*** 0.256***
(0.145-0.379) (0.150-0.387) (0.138-0.375)
Age above 60 years@ —0.128*** —0.150%** — 0.147%** —0.125%%* —0.140%** —0.1417%%
(=0.184 - -0.072) (=0.217 - -0.083) (=0.194 - -0.087) (=0.190 - -0.059) (=0.211 - -0.068) (=0.204 - -0.078)
Age 31-60 years@ —0.065** —0.073** —0.066%* —0.069** —0.073** —0.079%**
(=0.119--0010) (-0.134--0012) (-=0.120--0011) (=0.129--0009) (-0.137--0009) (=0.136 --0.021)
Chronic illness -0.028 —0.031 -0.028 —0.049% —0.052*% —0.046*
(—0.083-0.027) (—0.091-0.030) (—0.083-0.027) (=0.103-0.004) (=0.108-0.005) (=0.100-0.008)
COVID Information —0.038 —0.044 —0.045 —0.060* —0.066* —0.064*
(—0.102-0.025) (-0.115-0.027) (—0.108-0.018) (—0.128-0.008) (= 0.138-0.006) (—0.131-0.003)
Education —0.007** —-0.010** — 0.009*** —0.008** —0.010** —0.010%**
(-0.014 - -0.001) (-=0019--0001)  (-0015--0002) (-=0015--0002) (-0.019--0002) (-0.017--0.004)
log PC HH Income -0016** -0.016**
(-=0.030 - -0.001) (-=0.032 - -0.001)
2. PC HH Income _Q2 0.005 —-0.002
(-0.065-0.075) (—0.073-0.068)
3. PC HH Income _Q3 - 0.059* —0.052
(-=0.119-0.000) (—0.118-0.014)
4. PC HH Income _Q4 -0.035 -0.033
(= 0.099-0.030) (= 0.102-0.035)
5. PC HH Income _Q5 —0.032 —-0.030
(=0.106-0.042) (—0.108-0.048)
Hunger -0.009 -0.010
(=0.067-0.050) (—0.069-0.048)
Electricity 0.002 —-0.028
(—0.094-0.099) (=0.137-0.082)
Grant receiving Household 0.034 0.027
(—0.016-0.084) (—0.022-0.076)
African —0.159*** —0.162%** — 0.154%** —0.144%* —0.139%** —0.139%**

NPI behaviour

Male

Married/Partnered

Employed

(—=0.252 - -0.066)
—0.022%*
(~0.044 - -0.001)
—0.031

(= 0.076-0.014)
0.030
(-=0.017-0.077)
0.049*
(~0.000-0.098)

(—0.265 - -0.059)
—-0.025%
(~0.053-0.003)
—-0.039

(- 0.089-0.012)
0.030
(-=0.021-0.082)
0.050*
(~0.008-0.108)

(—=0.246 - -0.061)
—0.023**
(~0.044 - -0.001)
-0.034
(=0.079-0.010)
0.034
(-0.013-0.081)
0.041
(~0.008-0.090)

(=0.234 - -0.053)
—0.030%**
(=0.051 - -0.009)
-0.030
(-0.077-0.017)
0.021
(-0.028-0.071)
0.023
(~0.029-0.075)

(—=0.235 - -0.044)
—0.032**
(~0.059 - -0.006)
-0.035
(—0.086-0.015)
0.019
(-=0.033-0.071)
0.018
(~0.039-0.074)

(—0.228 - -0.049)
—0.0317***
(~=0.052 - -0.010)
-0.039*
(—0.084-0.006)
0.029
(-=0.020-0.077)
0.018
(~0.031-0.068)
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Table 4 Marginal effects: Logit regression Dependent variable, Vaccine Hesitancy (Continued)

VARIABLES (1) (2) (3) (4) (5) (6)

Religious -0.028 -0.034 -0.033 -0.024 -0.026 -0.034
(—0.124-0.069) (—0.138-0.071) (—0.130-0.064) (-0.120-0.072) (=0.126-0.073) (=0.130-0.061)

Province controls yes yes yes yes yes yes

Wald chi2 138.57%* 158.31%%* 158.14%%* 11546%** 122.23%%% 115.96%**

Observations 3642 3642 3611 3950 3950 3912

Robust ci in parentheses, *** p <0.01, ** p <0.05, * p <0.1

“the benchmark category is Responsive (High risk-high efficacy), @ the benchmark category is 18-30 years

Table 5 Multinomial logit regression: Base regression,
Responsive category

VARIABLES Denial® Low risk®
Age, above 60 yrs.@ —-0.801* 0.178
(—1.727-0.125) (—0.297-0.654)
Age, 31-60 yrs.@ —-0.528* —0457%*
(—=1.121-0.066) (=0.751 --0.163)
Education, yrs —0.004 —0.042%*
(- 0.082-0.075) (- 0.078 - -0.005)
African —0.870%* 0.158
(- 1.580 - -0.159) (-0.303-0619)
COVID Information 0.055 —0.383**
(-0.563-0.673) (-=0.760 - -0.006)
Chronic illness —0.240 —0.303**
(—0.785-0.304) (0596 - -0.011)
Household Income per capita (log) 0.002 —0.104**
(-0.175-0.180) (-0.198 - -0.011)
Receiving government grant 0.365 -0.196
(=0.155-0.885) (—0.448-0.056)
Employed -0.211 —0.672%**
(-0.756-0.335) (0951 - -0.393)
Male 0.263 —-0.028
(-0.217-0.743) (-0.272-0217)
Married/Partnered 0.100 —0.334%**
(-0.378-0.578) (-0.586 - -0.081)
Urban 0.068 -0.038
(-0616-0.751) (—0.300-0.224)
Electricity -0.114 -0271
(—1.484-1.255) (—0.807-0.266)
Religious 0.998* -0325
(-0.165-2.161) (-0.801-0.152)
Province control yes yes
Constant —-1.849 2.9971%**
(—4.668-0.971) (1.806-4.176)
Wald chi2(46) 206.46%** 206.46%**
Observations 3665 3665

Robust ci in parentheses, *** p <0.01, ** p <0.05, * p <0.1
Base regression: Responsive (High risk-high efficacy), @ Base category
Age 18-30years

A non-linear relationship between age and the low-
risk perception group is indicated by the results. The age
group, 30-60, are less likely to belong to the low-risk
group [-0.457, 99%, CI -0.751 -0.163] compared to the
benchmark category (responsive group) (Table 5). How-
ever, those above 60 years are not significantly different
across the risk-efficacy groups. On the other hand, edu-
cation decreases the probability [- 0.042, 95%, CI -0.078
-0.005] of belonging to the low-risk perception group,
vis-a-vis the responsive group. Being married [-0.334,
99%, CI -0.586 -0.081] and being employed [-0.672,
99%, CI -0.951 -0.393] have a similar effect of reducing
the probability of being in the low-risk perception group.
Per capita, household income also decreases the prob-
ability [-0.104, 95%, CI -0.198 -0.011] of being in the
low-risk perception group.

There are not many significant identifiers of the denial
group (high risk-low efficacy) from the responsive group
(high risk-high efficacy). The black African individuals
have a lower probability [- 0.870, 95%, CI -1.580 -0.159]
of being in the denial category than the responsive cat-
egory. Albeit at a 90% confidence level, those who con-
sider religion important are more likely to be in the
denial category.

Discussion

Based on the findings of this study and the meta-analysis
by Sallam (2021) [6], we find that vaccine hesitancy in
South Africa is lower than in countries like Kuwait,
Jordan, Italy, Russia, Poland, US, and France; but higher
than other countries like Ecuador, Malaysia, Indonesia
and China.

The study has found that the health behaviour models
offer important predictors of vaccine intentions. Risk
perception (both vulnerability and severity) is a key driv-
ing factor along with efficacy. Further, the results indi-
cate that efficacy plays a mediating role in the
relationship between risk perception and vaccine behav-
iour. This study validates the argument by Witte (1992)
[11] and Witte et al. (2002) [23] that efficacy plays an
important mediating role in the relationship between
risk perception and the associated health behavioural
response.
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The group that was seen to be most accepting of
vaccines is those that perceive high risk and high effi-
cacy (responsive group). Compared to responsive indi-
viduals, low-risk individuals are more likely to be
hesitant regarding the vaccine. We also see a signifi-
cant difference between the vaccine intention of the
‘responsive’ and the ‘denial’ groups. This points to
risk perception as the driving factor, with the clear
role of efficacy as the mediating factor. Similarly, the
negative association between COVID awareness and
vaccine hesitancy points to the need for creating
more awareness and education around vaccines to re-
duce hesitancy. From a communication perspective,
the findings highlight the need to continue risk mes-
saging, hand in hand with clearer information on the
efficacy of the vaccines.

A plausible explanation for the negative association
between household income and vaccine hesitancy is that
income improves access and reduces the barriers to vac-
cines. The other proxies included controlling for socio-
economic statuses like the experience of hunger, social
grant receipt, and electrified dwelling. However, do not
give any strong indications on their role in driving vac-
cine hesitancy. However, there is still the possibility that
socio-economic status acts via risk perception and
efficacy.

Our study finds that the lowest risk from COVID19
is perceived by the young, the less informed, low-
income individuals, and those without partners
(Table 6). Therefore the emerging recommendation is
that these groups are targeted for health-risk appeal,
which focusses on the vulnerability to and severity of
COVID19 infection. Enhanced risk perception is ex-
pected to improve vaccine acceptance amongst these
groups of individuals. Our study has highlighted the
importance of information on COVID19 in driving
the behavioural response to it. Therefore, strong
health communication to educate and create aware-
ness on the pandemic will improve vaccine accept-
ance as well. However, it needs to be emphasised that
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excessive fear messaging without efficacy-related mes-
saging can lead to mental health issues [45]. There-
fore, efficacy messaging cannot be ignored in the
health communication strategy. The efficacy related
communication needs to be especially targeted to the
non-black Africans and the religious individuals who
need to be educated on COVID19 vaccine as a cred-
ible solution to the coronavirus pandemic. A recom-
mendation emerging from the study is to use
religious leaders and institutions for efficacy messa-
ging. This is based on the finding that 91% of South
Africans consider religion important and religious in-
dividuals are found more likely to belong to the de-
nial (high risk-low efficacy) group. The inputs from
this study for the COVID-19 vaccination acceptance
communication campaign are summarised in Table 6.

Conclusion

The study has highlighted the mediating role of efficacy
in the relationship between risk perception and health
behaviour relating to vaccine intention. This result is
insightful and suggests that it is important to accompany
risk messaging with efficacy related communication to
improve vaccine acceptance.

Further insights from the study that can inform the
development of a COVID-19 vaccination acceptance
communication campaign are the low-risk perception
group as the young, less educated, less informed,
lower-income individuals who can benefit through
health-risk messaging. Efficacy messaging needs to
focus on non-black African and religious individuals
who comprise the denial group. There is an over-
arching need to provide research-based information
on the side effects and effectiveness of COVID 19
vaccines across the board. The study acknowledges
the need for further focussed research that can yield
recommendations on the nature of health-risk appeal
as well as vaccine-related information that would lead
to improved vaccine acceptance.

Table 6 Key findings for the COVID-19 vaccination acceptance communication campaign

Responsive: People are educated about risk, believe in the
efficacy and respond by taking protective action.

40% of population are responsive.

Vaccine hesitancy is 26%.

Profile: Older, educated, married, well-informed
Communication focus: Provide calls to vaccination and make
vaccination available.

Provide clear information on COVID19 vaccine side effects and
effectiveness

Denial: People are aware of the risks but feel helpless to respond effectively.

7% of population fall in this category.

Vaccine hesitancy is 27%.

Profile: Non-black African, religious

Communication focus: Less focus on health-risk messaging and more on protect-
ive danger control through educating about solutions

Provide clear information on COVID19 vaccine side effects and effectiveness

Low risk: Due to the low-risk perception, people do not enter into efficacy assessment.

52.6% of population fall in this category
Vaccine hesitancy is highest at 31%.
Profile: Young, low education, single status, less informed, low income

Communication focus: Educate through health-risk messaging, risk and protective danger control through awareness about solutions.

Provide clear information on COVID19 vaccine side effects and effectiveness
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