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Abstract: (1) Background: By October 2022, vaccination rates with at least one dose of a COVID-19
vaccine were low among adolescent girls aged 12-17 (38%) and young women aged 18-34 (45%) in
South Africa. This study aimed to measure and identify barriers to and facilitators of motivation
to take up, access to, and uptake of COVID-19 vaccines among schoolgoing adolescent girls and
young women in two districts in South Africa. (2) Methods: Using the theory of the HIV prevention
cascade, we conceptualised the relationship between motivation, access, and uptake of COVID-19
vaccines, and associated barriers. Potential barriers and facilitators were identified using bivariate
and multivariable Poisson regression. (3) Results: Among all 2375 participants, access was high
(69%), but motivation (49%) and vaccination with at least one COVID-19 vaccine (45%) were lower.
Fear of injections was a barrier to vaccine uptake (aRR 0.85 95% CI 0.82-0.88), while being tested
for COVID-19 (aRR 2.10 95% CI 1.85-2.38) and believing that the COVID-19 vaccine was safe (aRR
1.31 95% CI 1.18-1.44) and would prevent you from getting very sick (aRR 1.11 95% CI 1.04-1.19)
were facilitators. (4) Conclusions: The controversy about the value of vaccinating adolescents and the
delay in vaccine rollout for adolescents and young adults may have contributed to fears about the
safety and efficacy of COVID-19 vaccines, as well as a lack of motivation to get vaccinated.

Keywords: COVID-19 vaccination; prevention cascades; adolescent girls and young women; South Africa

1. Background

By September 2023, it had been three and a half years since the World Health Organi-
sation (WHO) declared that severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
was a public health emergency of international concern [1]. By this time, there had been
almost seven million reported deaths due to SARS-CoV-2 worldwide [2]. South Africa
had reported a total of 102,595 SARS-CoV-2 related deaths, although recent data on excess
deaths suggest that this figure could be over three times higher [3].
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The South African government implemented a number of interventions to stop the
spread of COVID-19 over the course of the pandemic, including a national lockdown, social
distancing, and mask wearing in public. Although the lockdown may have slowed the
initial spread of COVID-19, it had devastating impacts on household financial security, pre-
vention and treatment of other communicable diseases, educational outcomes, and mental
health [4-7]. Adolescent girls and young women (AGYW) were especially vulnerable to
HIV infection, unintended pregnancies, educational disruptions, stress, and anxiety during
the national lockdown, which may have lasting effects.

In terms of COVID-19 cases among younger people, most COVID-19 cases among
children and adolescents under 19 years ranged from asymptomatic to mild-to-moderate
disease in South Africa and internationally during the first three waves of the pandemic [8].
However, the emergence of the Omicron variant of SARS-CoV-2 (the virus that causes
the COVID-19 disease) during the fourth wave of COVID-19 in South Africa (November—
December 2021) saw an increased number of hospitalisations among this sub-population.
This may be due to increased transmissibility of the virus and lower COVID-19 vaccination
rates among children and adolescents under 18 years.

In South Africa, two COVID-19 vaccines (one dose of the Janssen® (J&J) vaccine or
two doses of Comirnaty® (Pfizer)) were approved for use by young adults aged 18-34 from
September 2021 [9]. Adolescents aged 12-17 were eligible for one dose of the Pfizer vaccine
from October 2021 and two doses from December 2021 [10]. By October 2022 (the end of
data collection for this study), 30.2% and 37.8% of adolescent boys and girls, respectively,
had received one dose of the Pfizer vaccine [11]. In the 18-34 age group, 34.4% of men and
44.6% of women had received one dose of the J&]J or Pfizer vaccine.

Vaccination rates in South Africa are low compared to other Eastern and Southern
African countries (15th out of 20) [12]. Given that adolescents and young people aged
10-24 make up approximately one quarter of South Africa’s population, vaccinating this
sub-population is critical to reducing transmission in the total population and reducing
severe disease and death among young people in the country [13]. Vaccination with two
doses of the Pfizer vaccine has been shown to reduce COVID-19-associated hospitalisations
among adolescents aged 12-18 by 94% in the United States [14].

Despite the many benefits of COVID-19 vaccination, ‘vaccine hesitancy’ in South
Africa is as high as 32% [15]. Vaccine hesitancy is defined as a delay in acceptance or
refusal to get vaccinated despite the availability of vaccination services [16]. Several studies
conducted among adults in South Africa before October 2021 have found that vaccine
hesitancy was associated with younger age, higher levels of education, being male, having
no monthly income, living outside of urban areas, having no access to the online vaccination
registration portal, not believing that the government was capable of delivering safe and
effective vaccines, conspiracy theories, being worried about side effects, being worried
about the safety and effectiveness of COVID-19 vaccines, low COVID-19 risk perception,
and depending on someone else for vaccination decision [9,15,17].

While there is limited literature on the reasons for vaccine hesitancy among adoles-
cents in South Africa, a study conducted between July and December 2021 among 2662
adolescents aged 10-19 across five sub-Saharan African countries (excluding South Africa)
found that the key factors associated with vaccine hesitancy were perceived low necessity
and concerns about safety and effectiveness [18]. In South Africa, a study conducted in
May 2021 asked 16 young people aged 17-29 on Facebook an open-ended question about
whether they would receive the COVID-19 vaccine if it was made available to them [19].
Findings were similar to those among adults in South Africa and adolescents in sub-Saharan
Africa, but also included fear of injections and a preference for traditional remedies, while
reasons for vaccine acceptance included receiving information from trusted sources and
observing safe vaccine uptake among people they trusted [19]. The barriers to, and facili-
tators of vaccine uptake among adolescents in South Africa and sub-Saharan Africa are
very similar to those described by a global systematic review of quantitative studies on the
topic [20].
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Although vaccine hesitancy in South Africa is high, access to vaccination services
may also be an obstacle to vaccine uptake, which is poorly documented in the literature.
However, access to health services is a major barrier to uptake of and adherence to other
prevention methods, including those for HIV and family planning [21,22]. While HIV pre-
vention methods, family planning, and COVID-19 vaccines are all provided for free through
South Africa’s public health sector, HIV prevention methods and family planning are pro-
vided through government primary care facilities, and COVID-19 vaccines were provided
at newly established vaccination sites throughout South Africa, including in schools. While
schools may have been used as vaccination sites, learners were not necessarily encouraged
to get vaccinated, as there was no vaccination promotional or educational programme
rolled out by the government in school, but demand creation through television, radio, and
posters was common.

This study will follow the logic of the HIV prevention cascade (the unifying frame-
work) to measure motivation, access, and uptake of COVID-19 vaccines, as well as identify
barriers to and facilitators of each step among AGYW in 14 high schools across two districts
in South Africa who participated in a process and outcomes evaluation [23-25]. The HIV
prevention cascade is a novel framework that incorporates both behavioural, social and
structural theories of behaviour change, providing a comprehensive model of the steps
required to take up a disease prevention method [26]. This conceptualisation of the HIV
prevention cascade has been chosen because it is the most appropriate for low-resource
settings, as it does not require access to sophisticated data systems and mathematical
modelling to construct, thus allowing for comparison with other studies in this region in
the future. The findings will help to inform targeted interventions to improve vaccine
uptake in the event of COVID-19 surges due to new variants or future national or global
outbreaks of new pathogen pandemics.

2. Methods and Materials
2.1. Study Setting

This study examines motivation, access, and uptake of COVID-19 vaccines among
AGYW using data from the baseline survey of a process and outcomes evaluation (Imagine
Evaluation) of a combination HIV prevention programme (The Imagine Programme). The
survey was conducted in July—September 2022 by the Health Systems Research Unit at the
South African Medical Research Council (SAMRC). The Imagine Programme was devel-
oped by the SAMRC'’s Office of AIDS and TB Research, NACOSA, and other stakeholders,
and is funded through a novel social impact bond [27]. The programme started in June
2023, after the baseline survey.

The Imagine Programme will be rolled out in 6 schools in the Moretele area of the North-
West Province, and 8 schools in the Newcastle area of Kwazulu-Natal Province. Moretele
is a rural site located one-hour from Johannesburg, while Newcastle is a semi-urban area
with the closest major city, Johannesburg, more than a three-hour drive away [28,29]. Both
study areas have high rates of poverty and unemployment, HIV infection, and teenage
pregnancy [28,29]. Although the primary focus of the programme is pregnancy and HIV
prevention and care, the programme seeks to improve the overall health and well-being
of its beneficiaries by offering a wide range of services, including clinical sexual and re-
productive health services, psycho-social support services, and social structural services.
The Imagine Evaluation assessed COVID-19 testing, deaths, and vaccination among par-
ticipants to understand the impact of the COVID-19 pandemic on participant health and
well-being to ensure that the programme provides appropriate services to its beneficiaries.

This data provides valuable information on vaccination rates, the barriers to, and facil-
itators of COVID-19 vaccines among vulnerable and hard-to-reach communities in South
Africa. Since schools are the ideal environment to roll out vaccination programmes, these
data provide useful information from the perspective of schoolgoing AGYW. Although
COVID-19 vaccination was lower among adolescent boys and young men, our data only
focuses on AGYW given the primary outcomes of the Imagine Programme. Nevertheless,



Vaccines 2023, 11, 1581

40f13

we will compare our results to the literature to see if our findings are similar to those for
both boys and girls.

2.2. Sample and Data Collection

For the baseline survey, a cross-sectional survey was conducted among AGYW aged 13
and older in grades 9-12 in all 14 programme schools in Moretele and Newcastle. A sample
size of 2240 (40 per grade) AGYW across all schools was required to have more than 80%
statistical power to measure desired changes in primary outcomes at the follow-up survey
based on a pair-matched study design. Two to three classes per grade were randomly
sampled for the study to ensure a minimum of 40 participants per grade. A back-up class
was also randomly sampled in case one of the sampled classes could not participate.

2.3. Ethical Considerations

Ethics approval was granted by the SAMRC’s Research and Ethics Committee (EC045-
10/2020). An informed consent process was conducted with all AGYW before participation
in the survey. Parental consent was first obtained from a parent or legal guardian for AGYW
who were under 18 years old. Participants filled in the survey themselves on a tablet. The
survey questions were audio-assisted, and available in English and the predominant
languages in the programme areas (isiZulu or Setswana). Participants received R150
reimbursement for their time.

2.4. Measures

The COVID-19 prevention cascade measures the proportion of the population in need
of COVID-19 vaccines that were motivated to take them up, had access to them, and were
partially or fully vaccinated. Definitions for the steps of the COVID-19 prevention cascade,
adapted from the HIV prevention cascade [23-25], are provided below:

e  Motivation: If the COVID-19 vaccines were freely available, AGYW would definitely
want to get it

e  Access: It is easy or very easy for AGYW to get the COVID-19 vaccine

e  Partial or full vaccination: AGYW had at least one dose of a COVID-19 vaccine

The population in need of COVID-19 vaccines in South Africa includes all people
aged 12 years and older, thus all participants of the Imagine Evaluation. Definitions for
motivation to take up and access to COVID-19 vaccines are based on Moorhouse et al.
(2019)’s definitions for the HIV prevention cascade (Moorhouse et al., 2019) [24]. Partial or
full vaccination was defined as receiving at least one dose of a COVID-19 vaccine, which is
the same definition used by the South African vaccination dashboard, allowing for an easy
comparison [11]. In addition, adolescents aged 13-17 years were initially only offered one
dose of the vaccine, and thus had less time to be fully vaccinated [10].

Binary and categorical variables relating to socio-demographics, COVID-19 testing
and outcomes, as well as potential barriers to, and facilitators of COVID-19 vaccination
were created from survey questions and are described in Table 1. A cluster variable with
two categories (relatively low and relatively high) was created for socio-economic status
(SES) using 13 SES-related variables included in the survey [30]:

AGYW was away from home for more than one month in past 12 months
Has piped water in household

Has flushing toilet in household

Household has working electricity

Household has a car

Household has a computer

Household has the internet

Household has a refrigerator

Household has a stove

O XN LN
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10. AGYW or a member of her household went a whole day and night without eating in
the past month

11.  AGYW has own money

12.  AGYW saves money

13.  AGYW owes money

The variable was created using the “klaR” package to perform cluster analysis with
the K-Modes algorithm [31,32]. Following a review of the literature on COVID-19 vaccine
hesitancy, attitudes and beliefs about COVID-19 vaccines were chosen as potential barriers
to and facilitators of motivation to use vaccines. Known barriers to accessing health services
in South Africa were selected as potential barriers to and facilitators of access to vaccines.

2.5. Assumptions

According to the theory of the HIV prevention cascade (unifying framework), both
motivation and access are required for an individual to take up a prevention method [23-25].
Figure 1 provides a model of this conceptualisation of the relationship between motivation,
access, partial or full vaccination, and associated barriers or facilitators. Socio-demographic
factors (age and SES) as well as COVID-19 testing and deaths have been included as
potential barriers to, or facilitators of partial or full vaccination, as it is the final outcome in

the model.
Partial or full
vaccination

CQOVID-19 testing
and deaths

Potential barriers and
facilitators of motivation,

Potential barriers and
facilitators of access

Figure 1. Conceptualisation of the relationship between motivation to take up, access to, partial or
full vaccination with, and associated barriers and facilitators of COVID-19 vaccines and vaccination,
based on the logic of the HIV prevention cascade [23-25].

2.6. Statistical Analysis

Statistical analyses were conducted in Stata (Stata SE 17.0, StataCorp, College Station,
TX, USA). Participant socio-demographics, COVID-19 testing and outcomes, potential
barriers to, and facilitators of COVID-19 vaccine uptake were described for all participants.
Unconditional COVID-19 prevention cascades were created for COVID-19 vaccines based
on Moorhouse et al. (2019) and Schaeffer et al. (2019)’s methodology [23,24]. All questions
had a “prefer not to answer” option which was included in the denominators for these
analyses, except in the case of the SES variable where these responses were excluded
for clustering.

Poisson regression was used to estimate the relative risk (RR) of motivation to use,
access to, and partial or full vaccination for potential barriers to and facilitators of COVID-
19 vaccination. For motivation and access, bivariate analyses were conducted with each
potential barrier and facilitator individually, adjusting for age and SES group as priori
confounders. A final model was then constructed for partial or full vaccination, which
included all variables that had a statistically significant relationship with motivation or
access (p < 0.05), as well as age, SES group, COVID-19 testing, and deaths. The variance
inflation factor (VIF) was calculated to test for multicollinearity in the model. A VIF
equal to 1 indicates low collinearity, and a VIF equal to 5 indicates high collinearity [33].
“Prefer not to answer” was recoded as missing for the regression analyses. All descriptive
and statistical analyses were adjusted for the multistage study design, which included
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the following stages: (1) schools stratified by district; (2) classes stratified by grade and
(3) individual students.

3. Results

We enrolled 2377 AGYW participants into our study (sample realisation = 84.0%);
76.0% were in the 13-17 age group (age range: 13-23) (Table 1). In terms of socio-
demographics, 39.6% were in the relatively low SES group.

With regards to COVID-19 testing and outcomes, 44.1% of AGYW had been tested
for COVID-19, of which 13.7% tested positive (Table 1). Of all participants, 1.7% went to
hospital for COVID-19. Among all participants, 26.6% had someone in their home test
positive for COVID-19, 17.6% had a family member who went to hospital for COVID-19,
10.4% had a family member who died from COVID-19, and 2.8% had a grandmother who
died from COVID-19.

Table 1 also describes the prevalence of potential barriers to, and facilitators of mo-
tivation to take up and access to COVID-19 vaccines. Barriers and facilitators that had a
statistically significant relationship with vaccine uptake were identified through statistical
analyses in Tables 2 and 3.

Figure 2 describes motivation to take up, access to, and partial or full vaccination
with COVID-19 vaccines among all AGYW participants who answered this section of
the survey (n = 2375); and is stratified by age group. Among all AGYW participants,
48.6% were motivated to take up COVID-19 vaccines, 69.0% had access to these vaccines
and 45.2% were partially or fully vaccinated. Only 20.5% of participants reported being
fully vaccinated. When stratified by age group, motivation, access, and partial or full
vaccination with COVID-19 vaccines were all higher among AGYW aged 18-23 compared
to participants aged 13-17, although there was no statistically significant difference between
the two age groups.

A bivariate analysis for each potential barrier and facilitator of motivation was con-
ducted, adjusting for age and relative SES (Table 2). All potential barriers and facilitators of
motivation had a statistically significant association with motivation and were included in
the final model of vaccine uptake (Table 3). The same approach was adopted for potential
barriers and facilitators of access. The only factors with a statistically significant associa-
tion with access and which were included in the final model for vaccine uptake were not
knowing where to go to get the vaccine, being expensive to get to the vaccine site, and not
being able to go to the vaccine site alone.

Table 3 describes the final multivariable model of all potential barriers to and facilita-
tors of partial or full vaccination with a COVID-19 vaccine. Participants who were very
afraid of the vaccine needle were 15% less likely to be partially or fully vaccinated (aRR 0.85
95% CI 0.82-0.88). Participants who had been tested for COVID-19 were more than twice
as likely to be partially or fully vaccinated (aRR 2.10 95% CI 1.85-2.38). Participants who
agreed that the COVID-19 vaccine would prevent them from getting very sick with COVID-
19 and that the vaccine would be safe for them were 11% (aRR 1.11 95% CI 1.04-1.19) and
31% (aRR 1.31 95% CI 1.18-1.44) more likely to be vaccinated, respectively. The VIF for each
variable included in the bivariate and final multivariable model was below two, indicating
low multicollinearity in the model.
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Table 1. Socio-demographics, COVID-19 testing and outcomes, and potential barriers and facilitators
of motivation to take up and access to COVID-19 vaccines among Imagine Evaluation participants,
stratified by age group (n = 2377).

Variable 13-17 Age Group (n = 1817) 18-23 Age Group (1 =560) Total (n = 2377)
N (%) 95% CI N (%) 95% CI N (%) 95% CI

Socio-demographics
Relatively low

socio-economic status 639 (38.5) [32.9,44.5] 229 (42.8) [35.0,51.0] 868 (39.6) [34.2,45.2]
COVID-19 testing and outcomes

AGYW * has been tested for

COVID-19 762 (42.0) [37.4,46.7] 285 (50.9) [46.2,55.6] 1047 (44.1) [39.7,48.6]
AGYW thinks she has had

COVID-19 209 (11.5) [9.2,14.3] 61 (10.9) [8.0,14.7] 270 (11.4) [9.5,13.6]
Someone in AGYW's home has

tested positive for COVID-19 513 (28.3) [24.3,32.6] 119 (21.3) [17.5,25.5] 632 (26.6) [23.2,30.4]
AGYW went to hospital for

COVID-19 32 (1.8) [1.2,2.6] 8(1.4) [0.6,3.4] 40 (1.7) [1.2,2.4]
Someone in AGYW's family went

to hospital for COVID-19 345 (19.2) [17.0,21.6] 68 (12.3) [9.5,15.8] 413 (17.6) [15.8,19.5]
Someone in AGYW's family has

died from COVID-19 188 (10.4) [8.7,12.3] 60 (10.7) [7.2,15.6] 248 (10.4) [9.3,11.7]
Potential barriers and facilitators

of motivation

AGYW worries that she might get 55 3¢ [33.4,38.6] 204(364)  [31.6416] 857(361)  [33.4389]
COVID-19

AGYW agrees that COVID-19

would be a serious illness for 1244 (68.5) [65.9,71.1] 392 (70.0) [64.2,75.2] 1636 (68.9) [66.6,71.1]
people in her community

AGYWis very afraid of the 1052 (58.0) [53.4,62.4] 322 (57.5) [52.5,62.3]  1374(57.9)  [54.0,61.6]

vaccine needle

AGYW agrees that the COVID-19
vaccine will protect her from 1029 (56.7) [53.6,59.8] 356 (63.6) [56.7,69.9] 1385 (58.3) [54.7,61.9]
getting very sick

AGYW agrees that the COVID-19

e b safs for her 924 (50.9) [46.4,55.4] 324 (579)  [52.0,635]  1248(52.5)  [48.3,56.8]
Most of AGYW's friends think

that getting the COVID-19 vaccine ~ 934 (51.5) [48.1,54.8] 298 (532)  [454,60.8]  1232(519)  [48.1,55.6]
is a good thing

Most of AGYW's family think that

getting the COVID-19 vaccineisa 1058 (58.3) [56.5,60.1] 322(575)  [50.0,647] 1380 (58.1)  [55.7,60.5]
good thing

Potential barriers and facilitators

of access

The vaccine site is too far away 480 (26.4) [24.1,28.9] 174(311)  [275349]  654(27.5)  [25.3,29.9]
AGYW does not know whereto 51 ¢ [12.5,17.0] 78 (13.9) [104,185] 343 (144)  [123,16.8]
go to get the vaccine

The opening times at the vaccine g7 1 ) 8.9,11.9] 55 (9.8) [79121]  242(102)  [9.1,114]
site are not convenient

The waiting times at vaccine site 5 55 ) [20.3,24.3] 131(234)  [17.830.1]  535(225)  [20.4,24.8]
are too long

It will be expensive for AGYW to

get to the vaceine sife 89 (4.9) [3.9,6.1] 23 (4.1) [2.4,7.0] 112 (47) [3.6,6.1]
AGYW cannot go to vaceine site 533 (14 5 [15.8,21.2] 53 (9.5) [6.4,13.8] 386 (16.3)  [13.6,19.3]
on her own

There are not enough vaccinesat =) ¢ 7) [5.0,8.8] 30 (5.4) 3.5,8.1] 151 (6.4) [5.0,8.1]

the vaccine site she wants to go to

Bold indicates a statistically significant difference between age groups. There are a maximum of two observations
missing per variable except for relative socio-economic status, which is missing in 184 observations. AGYW * is
adolescent girls and young women.
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COVID-19 Prevention Cascade for

COVID-19 Prevention Cascade

ALL Ages Stratified by Age Group
__100.0 __100.0
X X 73.4
= 69.0 =
= 800 = 800 67.7 e
53.9 .

€ 600 48.6 g 600 470 42.7
£ I £ I
5 400 S 40.0
& &
> 20.0 > 20.0
Q. Q.
@] [e]
& 00 & 00

Motivation Access Partial or full Motivation Access Partial or full

vaccination vaccination

Figure 2. COVID-19 prevention cascades describing motivation, access, and partial or full vaccination
of COVID-19 vaccines among ALL school-going participants aged 13-23 (n = 2375) and stratified by

age group (darker colours = 13-17 age group, n = 1815; lighter colours = 18-23 age group, n = 560).

Table 2. Bivariate analysis of potential barriers to and facilitators of motivation to take up and access
to COVID-19 vaccines, adjusted by age and relative socio-economic status for each individual variable

(n =2115).

Variable aRR 95% CI
Potential barriers to motivation
AGYW * worries that she might get COVID-19 (strongly disagree—strongly agree *) 1.06 [1.01,1.12] *
AGYW agrees that COVID-19 would be a serious illness for people in her community (strongly

. N 1.09 [1.04,1.14] **
disagree—strongly agree *)
AGYW is very afraid of the vaccine needle (strongly disagree—strongly agree *) 0.87 [0.85,0.90] **
AGYW agrees that the COVID-19 vaccine will protect her from getting very sick (strongly 1.43 [1.31,1.56] **

disagree—strongly agree *)

AGYW agrees that the COVID-19 vaccine would be safe for her (strongly disagree—strongly agree *)  1.51

Most of AGYW'’s friends think that getting the COVID-19 vaccine is a good thing (strongly

[1.41,1.61] **

. 1.17 [1.12,1.23] **
disagree—strongly agree *)
Most of AGYW's family think that getting the COVID-19 vaccine is a good thing (strongly 1.23 -
. . [1.16,1.31]
disagree—strongly agree *)
Potential barriers to access
The vaccine site is too far away (ref = no) 0.97 [0.90,1.04]
AGYW does not know where to go to get the vaccine (ref = no) 0.74 [0.66,0.82] **
The opening times at the vaccine site are not convenient (ref = no) 0.96 [0.88,1.05]
The waiting times at vaccine site are too long (ref = no) 0.98 [0.91,1.05]
It will be expensive for AGYW to get to the vaccine site (ref = no) 0.81 [0.69,0.94] *
AGYW cannot go to vaccine site on her own (ref = no) 0.88 [0.81,0.95] **
There are not enough vaccines at the vaccine site she wants to go to (ref = no) 0.96 [0.88,1.05]

Bold indicates a barrier or facilitator that has a statistically significant association with motivation or access
(p <0.05). *p < 0.05,** p < 0.01, strongly disagree—strongly agree * is a five-point Linkert scale with categories
strongly disagree, disagree, unsure, agree, strongly agree. AGYW * is adolescent girls and young women. Each

individual regression is adjusted by age and SES as priori confounders.
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Table 3. Final multivariable model of the barriers to and facilitators of partial or full vaccination
against COVID-19 (n = 2040).

Variable aRR 95% CI
Age group (years)
13-17 _ _
18-23 1.10 [0.95,1.27]
Relative socio-economic status group
Low _ —
High 1.11 [0.97,1.28]
AGYW * has been tested for COVID-19 (ref = no) 2.10 [1.85,2.38] **
Someone in AGYW's family has died from COVID-19 (ref = no) 1.08 [0.93,1.24]
AGYW worries that she might get COVID-19 (strongly disagree—strongly agree *) 1.00 [0.96,1.04]
AGYW agrees that COVID-19 would be a serious illness for people in her community (strongly
. * 1.01 [0.95,1.07]
disagree—strongly agree *)
AGYW is very afraid of the vaccine needle (strongly disagree—strongly agree *) 0.85 [0.82,0.88] **
AGYW agrees that the COVID-19 vaccine will protect her from getting very sick (strongly
. N 1.11 [1.04,1.19] **
disagree—strongly agree *)
AGYW agrees that the COVID-19 vaccine would be safe for her (strongly disagree—strongly agree *)  1.31 [1.18,1.44] **
Most of AGYW's friends think that getting the COVID-19 vaccine is a good thing (strongly
. * 1.00 [0.97,1.03]
disagree—strongly agree *)
Most of AGYW'’s family think that getting the COVID-19 vaccine is a good thing (strongly
di - " 1.02 [0.98,1.07]
isagree—strongly agree *)
AGYW does not know where to go to get the vaccine (ref = no) 0.83 [0.68,1.01]
It will be expensive for AGYW to get to the vaccine site (ref = no) 1.16 [0.99,1.36]
AGYW cannot go to vaccine site on her own (ref = no) 0.84 [0.69,1.02]

Bold indicates a barrier or facilitator with a statistically significant association with motivation or access (p < 0.05).
** p < 0.01, strongly disagree—strongly agree * is a five-point Linkert scale with categories strongly disagree,
disagree, unsure, agree, strongly agree. AGYW * is adolescent girls and young women.

4. Discussion

This study aimed to measure motivation to take up, access to, and uptake of COVID-19
vaccines, as well as identify barriers to and facilitators of COVID-19 vaccination among
AGYW in 14 high schools across two districts in South Africa. The key findings of this study
are that 45% of all participants had been vaccinated with at least one dose of a COVID-19
vaccine, and 21% were fully vaccinated. Motivation to take up COVID-19 vaccines was low
(49%), while access to COVID-19 vaccines was higher (69%).

By October 2022 (the end of the Imagine Evaluation baseline survey), vaccination
coverage with at least one dose of a COVID-19 vaccine among all participants of the Imagine
Evaluation (45%) was lower compared to the national average for women aged 35-49 (59%)
and 50-59 (65%) in South Africa, as well as the WHO's target of 70% vaccination coverage
by mid-2022 [11,34]. There are several factors which may have contributed to the low
vaccination coverage among AGYW in South Africa. First, we will discuss the barriers
and facilitators that were identified through our analyses, and then we will discuss other
potential contributors.

The findings of this study highlight the key barrier to COVID-19 vaccination as a fear
of injections, while facilitators were prior testing for COVID-19, believing that the vaccine
would prevent you from getting very sick with COVID-19, and believing that the vaccine is
safe. In terms of barriers, fear of injections is a well-known phobia which is particularly
prevalent among children and adolescents [35,36]. Fear of injections was also highlighted as
a barrier to COVID-19 vaccination in one qualitative study among adolescents and young
people in South Africa, as well as a global systematic review of vaccine demand among
adolescents [19,20]. With regards to facilitators, it is not surprising that participants who
had ever tested for COVID-19 were also more likely to be vaccinated for COVID-19, as both
demonstrate a willingness and ability to access COVID-19-related health services. Findings
regarding safety and effectiveness of COVID-19 vaccines are supported by findings from
a study conducted among adolescents in five sub-Saharan African countries excluding
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South Africa, which found that concerns about the safety and effectiveness of vaccines was
a major barrier to vaccine uptake, except in our study, positive beliefs about safety and
effectiveness facilitated vaccine uptake [18]. The delay in vaccine rollout for adolescents
and changing recommendations from one-dose of Pfizer in October 2021 to two-doses
in December 2021 may have also contributed to concerns about safety and effectiveness
among this age group.

Another important finding is that 69% of participants agreed that COVID-19 would
be a serious illness for people in their community, but only 36% of participants worried
about getting COVID-19 themselves, although neither of these factors were associated
with vaccine uptake in the final multivariable model. Nevertheless, we cannot ignore this
finding, as it is supported by other evidence which describes the widely held view among
adolescents that they were less vulnerable to severe COVID-19 disease. This is reflected
in the decision of the South African government (and many other governments) to target
the elderly population for the distribution of a limited vaccine supply at the beginning
of the pandemic [9,37]. COVID-19 vaccinations were only made available to adolescents
in South Africa at the end of the third wave in October 2021. By July 2022, at the end
of a miniscule fifth wave, the putative view that the pandemic was behind us in South
Africa was well established and reflected in the lifting of most restrictions—including mask
wearing in public—and a rapid deceleration of vaccine uptake [38]. This meant that most
of the vaccine effort among adolescents took place over a short nine-month period between
October 2021 and July 2022 [10].

Despite delays in the commencement of COVID-19 vaccination procurement during
2021 in South Africa, and challenges in delivering vaccines to rural areas in the country, this
study found that access to COVID-19 vaccines among schoolgoing AGYW in two study
areas with high rates of poverty and unemployment was as high as 69% [39]. Furthermore,
SES group was not associated with vaccine uptake, demonstrating that the government
was successful in delivering vaccines to the hard-to-reach sites included in this study. By
October 2022, vaccine coverage of at least one dose among adolescent girls (43%) and young
women aged 18-23 (53%) who participated in this study was also higher than the national
average for adolescent girls (38%) and young women aged 18-34 (45%), respectively. This
could be because vaccines were successfully provided through school programmes, and all
Imagine Evaluation participants were in school, but not all AGYW aged 12-34 in South
Africa are in school and they may have faced a multitude of additional challenges in
accessing vaccines, including getting to a vaccination site.

Following the logic of the HIV prevention cascade, which describes how motivation
and access are required for individuals to take up prevention methods, the findings of
this study suggest that interventions to improve uptake of COVID-19 vaccines should aim
to increase motivation for COVID-19 vaccines by addressing AGYW's fear of injections
and concerns about the safety and effectiveness of vaccines. A systematic review of
292 reviews and primary studies on the effectiveness of HIV prevention interventions in
relation to the HIV prevention cascade suggests that the most effective interventions for
demand-side (motivation) barriers to condom use are peer-led information, education, and
communication interventions [40]. This is supported by the literature on vaccine hesitancy
in South Africa, which also recommends education and communication interventions to
improve vaccine uptake and address concerns about their safety and effectiveness [15,17].
These interventions should be provided by different stakeholders involved in the national
immunisation programme, including teachers, peer ambassadors, health workers, and
community members. The Department of Basic Education may even consider including a
section on vaccination in the Life Orientation curriculum in South Africa for routine use or
rollout during pandemic situations. Educational interventions should include an exposure-
based therapeutic component to desensitise adolescents to vaccination and address any
potential needle fears [36]. Health workers should also be trained in distraction techniques
to assist in vaccinating individuals with a fear of injections.
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A final noteworthy finding of this study is the high percentage of participants that
lost family members due to COVID-19 (10%). Of particular concern is the finding that 3%
of participants lost grandmothers due to COVID-19. Grandmothers are often the primary
caretakers of children and adolescents in South Africa [41]. In addition, 2% of participants
report that they had been hospitalised for a COVID-related illness. This is a high rate of
hospitalisation for this age group. These findings highlight the trauma that adolescents
and young people experienced during the COVID-19 pandemic, which may have impacted
participants’ mental health, financial security, and academic performance. These findings
are supported by other studies on education and mental health among adolescents during
COVID-19 lockdowns, which found that adolescents experienced significant educational
disruption and increased stress and anxiety [6,7].

Limitations of this study are that the findings are not generalisable to the two districts
in which data were collected, as the 14 study schools may not be representative of all
schoolgoing AGYW in these districts. Nevertheless, the results are representative of the
14 study schools. In addition, vaccines were rolled out at all high schools in the country;
thus, schoolgoing adolescents in South Africa should all have had access to vaccines even
if motivation and uptake differed across the country. Although this study only focused on
barriers to and facilitators of vaccine uptake among AGYW, the barriers and facilitators that
were identified have already been highlighted as barriers or facilitators among adolescent
boys and girls in sub-Saharan Africa and globally. Thus, we do not think that our findings
and their implications only apply to AGYW. The findings of the study may also have been
influenced by an upward social desirability bias, as participants may have been eager to
show their willingness to be vaccinated to ensure their inclusion in future programme
interventions. However, since the survey was an anonymised self-assessment, this bias
should be minimal. Furthermore, participants were informed that the Imagine Programme
would be available to all female learners at their school.

5. Conclusions

In conclusion, the WHO and South African government’s goal of 70% vaccination
coverage was not achieved in schoolgoing adolescents and young people. As it turns out,
there is a high degree of vaccine escape by currently circulating variants of Omicron, and
the notion of herd immunity has proven not to be the primary goal of the vaccination
programme. Control of severe disease is the stated goal of the vaccination programme, and
this has lesser value in this population than older or more vulnerable groups, confirming
that the strategy to reach learners later with vaccinations made good sense in hindsight.
The rapid expansion of a critical intervention under pandemic conditions, demonstrated
by the high level of access achieved in a short period of time as shown in our study, is an
important achievement in South Africa. Low uptake is likely linked to the delay in targeting
the younger age groups, the shortened time frame in which to scale up the intervention,
controversy about the value of targeting the 12-17-year-old population, and as shown in
this study, a lack of motivation due to beliefs, attitudes, and fears. A more effective public
health education and vaccine promotion programme may have been the missing ingredient
in the scale up of vaccinations to schoolgoing learners.

Author Contributions: Conceptualisation, K.B., C.M. and F.A.; Methodology, K.B. and T.R.; Formal
analysis, K.B.; Investigation, K.B., K.J., Z.D., D.G., CM,, N.S. and F.A.; Writing—original draft, K.B.
and FA.; Writing—review & editing, K.B.,K.J., Z.D.,D.G.,,CM., TR,,N.S,, G.W. and FA ; Supervision,
KJ. and C.M. All authors have read and agreed to the published version of the manuscript.

Funding: The Imagine Evaluation was funded by the Global Fund to Fight AIDS, Tuberculosis and
Malaria through the AIDS Foundation South Africa (AFSA).

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the South African Medical Research Council’s Research
and Ethics Committee (EC045-10/2020).



Vaccines 2023, 11, 1581 12 of 13

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study. If participants were under 18 years old, then parental consent was first obtained from a parent
or legal guardian.

Data Availability Statement: Data is available on request.

Acknowledgments: We thank the AGYW participants for agreeing to take part in this study and
sharing their opinions and experiences with us. We acknowledge the broader Imagine team, including
the implementers of the Imagine programme, the qualitative evaluation team and the economic
evaluation team, for their advice and support during this evaluation. We thank the excellent team
of data collectors and school coordinators, as well as individuals who provided administrative and
logistical support to the study.

Conflicts of Interest: The authors declare that they have no competing interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

World Health Organization. COVID-19 Public Health Emergency of International Concern (PHEIC) Global Research and Innovation
Forum; WHO: Geneva, Switzerland, 2020.

World Health Organization. WHO Coronavirus (COVID-19) Dashboard. Available online: https://covid19.who.int/ (accessed
on 23 November 2022).

Bradshaw, D.; Laubscher, R.; Dorrington, R.; Groenewald, P.; Moultrie, T. Eport on Weekly Deaths in South Africa 4-10 DEC 2022
(WEEK49). 2022. Available online: https://www.samrc.ac.za/research-reports/report-weekly-deaths-south-africa (accessed on
23 November 2022).

Jardim, C.G.R.; Zamani, R.; Akrami, M. Evaluating the Impact of the COVID-19 Pandemic on Accessing HIV Services in South
Africa: A Systematic Review. Int. J. Environ. Res. Public Health 2022, 19, 11899. [CrossRef]

Groenewald, C.; Isaacs, N.; Isaacs, D. Adolescent Sexual and Reproductive Health During the COVID-19 Pandemic: A Mini
Review. Front. Reprod. Health 2022, 4, 794477. [CrossRef]

Duby, Z; Jonas, K.; Bunce, B.; Bergh, K.; Maruping, K.; Fowler, C.; Reddy, T.; Govindasamy, D.; Mathews, C. Navigating Education
in the Context of COVID-19 Lockdowns and School Closures: Challenges and Resilience Among Adolescent Girls and Young
Women in South Africa. Front. Educ. 2022, 7, 856610. [CrossRef]

Duby, Z.; Bunce, B.; Fowler, C.; Bergh, K.; Jonas, K.; Dietrich, ].J.; Govindasamy, D.; Kuo, C.; Mathews, C. Intersections between
COVID-19 and socio-economic mental health stressors in the lives of South African adolescent girls and young women. Child
Adolesc. Psychiatry Ment. Health 2022, 16, 23. [CrossRef]

Cloete, J.; Kruger, A.; Masha, M.; du Plessis, N.M.; Mawela, D.; Tshukudu, M.; Manyane, T.; Komane, L.; Venter, M.; Jassat, W.;
et al. Paediatric hospitalisations due to COVID-19 during the first SARS-CoV-2 omicron (B.1.1.529) variant wave in South Africa:
A multicentre observational study. Lancet Child Adolesc. Health 2022, 6, 294-302. [CrossRef]

Engelbrecht, M.; Heunis, C.; Kigozi, G. COVID-19 Vaccine Hesitancy in South Africa: Lessons for Future Pandemics. Int. J.
Environ. Res. Public Health 2022, 19, 6694. [CrossRef]

South African National Department of Health. News and Updates: Circular: Changes to Vaccine Roll-Out Eligibility Criteria for
Adolescents (12-17 Years) 9 December 2021; South African National Department of Health: Pretoria, South Africa, 2021. Available
online: https:/ /sacoronavirus.co.za/2021/12/09/circular-changes-to-vaccine-roll-out-eligibility-criteria-for-adolescents-12-1
7-years-09-dec-2021/ (accessed on 23 November 2022).

South African Department of Health. Vaccine Updates: Latest Vaccine Statistics. Available online: https://sacoronavirus.co.za/
latest-vaccine-statistics/ (accessed on 24 November 2022).

World Health Organization. AFRICA COVID-19 Vaccination Dashboard. Available online: https:/ /app.powerbi.com/view?
r=ey]JrljoiOTIOZDIhZWEtMjUxMC00ZDhhLWFOTYtYjZIMGYzOWI4NGIwILiwid CI6Im Y2M TBjMGI3LWJkMjQtNGIzOS0
AMTBIiLTNkYzI4AMGFmYjUSMCIsImMiOjh9 (accessed on 15 March 2023).

Statista. Total Population of South Africa in 2022, by Age Group. Available online: https://www.statista.com/statistics /1116077 /
total-population-of-south-africa-by-age-group/ (accessed on 24 November 2022).

Olson, S.M.; Newhams, M.M.; Halasa, N.B.; Price, A.M.; Boom, J.A.; Sahni, L.C.; Pannaraj, P.S.; Irby, K.; Walker, T.C.; Schwartz,
S.P; et al. Effectiveness of BNT162b2 Vaccine against Critical Covid-19 in Adolescents. N. Engl. J. Med. 2022, 386, 713-723.
[CrossRef]

Katoto, PD.M.C,; Parker, S.; Coulson, N.; Pillay, N.; Cooper, S.; Jaca, A.; Mavundza, E.; Houston, G.; Groenewald, C.; Essack, Z.;
et al. Predictors of COVID-19 Vaccine Hesitancy in South African Local Communities: The VaxScenes Study. Vaccines 2022, 10,
353. [CrossRef]

MacDonald, N.E. The SAGE Working Group on Vaccine Hesitancy. Vaccine hesitancy: Definition, scope and determinants.
Vaccine 2015, 33, 4161-4164. [CrossRef]

Cooper, S.; van Rooyen, H.; Wiysonge, C.S. COVID-19 vaccine hesitancy in South Africa: How can we maximize uptake of
COVID-19 vaccines? Expert Rev. Vaccines 2021, 20, 921-933. [CrossRef]


https://covid19.who.int/
https://www.samrc.ac.za/research-reports/report-weekly-deaths-south-africa
https://doi.org/10.3390/ijerph191911899
https://doi.org/10.3389/frph.2022.794477
https://doi.org/10.3389/feduc.2022.856610
https://doi.org/10.1186/s13034-022-00457-y
https://doi.org/10.1016/S2352-4642(22)00027-X
https://doi.org/10.3390/ijerph19116694
https://sacoronavirus.co.za/2021/12/09/circular-changes-to-vaccine-roll-out-eligibility-criteria-for-adolescents-12-17-years-09-dec-2021/
https://sacoronavirus.co.za/2021/12/09/circular-changes-to-vaccine-roll-out-eligibility-criteria-for-adolescents-12-17-years-09-dec-2021/
https://sacoronavirus.co.za/latest-vaccine-statistics/
https://sacoronavirus.co.za/latest-vaccine-statistics/
https://app.powerbi.com/view?r=eyJrIjoiOTI0ZDlhZWEtMjUxMC00ZDhhLWFjOTYtYjZlMGYzOWI4NGIwIiwidCI6ImY2MTBjMGI3LWJkMjQtNGIzOS04MTBiLTNkYzI4MGFmYjU5MCIsImMiOjh9
https://app.powerbi.com/view?r=eyJrIjoiOTI0ZDlhZWEtMjUxMC00ZDhhLWFjOTYtYjZlMGYzOWI4NGIwIiwidCI6ImY2MTBjMGI3LWJkMjQtNGIzOS04MTBiLTNkYzI4MGFmYjU5MCIsImMiOjh9
https://app.powerbi.com/view?r=eyJrIjoiOTI0ZDlhZWEtMjUxMC00ZDhhLWFjOTYtYjZlMGYzOWI4NGIwIiwidCI6ImY2MTBjMGI3LWJkMjQtNGIzOS04MTBiLTNkYzI4MGFmYjU5MCIsImMiOjh9
https://www.statista.com/statistics/1116077/total-population-of-south-africa-by-age-group/
https://www.statista.com/statistics/1116077/total-population-of-south-africa-by-age-group/
https://doi.org/10.1056/NEJMoa2117995
https://doi.org/10.3390/vaccines10030353
https://doi.org/10.1016/j.vaccine.2015.04.036
https://doi.org/10.1080/14760584.2021.1949291

Vaccines 2023, 11, 1581 13 of 13

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.
32.
33.
34.
35.
36.

37.

38.

39.

40.

41.

Wang, D.; Chukwu, A.; Mwanyika-Sando, M.; Abubakari, S.W.; Assefa, N.; Madzorera, I.; Hemler, E.C.; Ismail, A.; Lankoande, B.;
Mapendo, F.; et al. COVID-19 vaccine hesitancy and its determinants among sub-Saharan African adolescents. PLoS Glob. Public
Health 2022, 2, €0000611. [CrossRef]

Gittings, L.; Casale, M.; Kannemeyer, N.; Rayalo, N.; Cluver, L.; Kelly, J.; Logie, C.; Toska, E. “Even if I'm well informed, I will
never get it”: COVID-19 vaccine beliefs, intentions and acceptability among adolescents and young people in South Africa. S. Afr.
Health Rev. 2022, 24, 298-304. [CrossRef]

Tan, S.Y.; Oka, P; Tan, N.C. Intention to Vaccinate against COVID-19 in Adolescents: A Systematic Review. Vaccines 2023, 11, 1393.
[CrossRef]

National Department of Health; Statistics South Africa; South African Medical Research Council; ICFE. South African Demographic
and Health Survey; National Department of Health: Pretoria, South Africa, 2016.

Bolarinwa, O.A. Factors associated with access to condoms and sources of condoms during the COVID-19 pandemic in South
Africa. Arch. Public Health 2021, 79, 186. [CrossRef]

Schaefer, R.; Gregson, S.; Fearon, E.; Hensen, B.; Hallett, T.B.; Hargreaves, J.R. HIV prevention cascades: A unifying framework to
replicate the successes of treatment cascades. Lancet HIV 2019, 6, e60—e66. [CrossRef]

Moorhouse, L.; Schaefer, R.; Thomas, R.; Nyamukapa, C.; Skovdal, M.; Hallett, T.B.; Gregson, S. Application of the HIV prevention
cascade to identify, develop and evaluate interventions to improve use of prevention methods: Examples from a study in east
Zimbabwe. |. Int. AIDS Soc. 2019, 22, €25309. [CrossRef]

Auerbach, ].D.; Gerritsen, A.A.; Dallabetta, G.; Morrison, M.; Garnett, G.P. A tale of two cascades: Promoting a standardized tool
for monitoring progress in HIV prevention. J. Int. AIDS Soc. 2020, 23, €25498. [CrossRef]

Hargreaves, ].R.; Delany-Moretlwe, S.; Hallett, T.B.; Johnson, S.; Kapiga, S.; Bhattacharjee, P; Dallabetta, G.; Garnett, G.P. The
HIV prevention cascade: Integrating theories of epidemiological, behavioural, and social science into programme design and
monitoring. Lancet HIV 2016, 3, 318-340. [CrossRef]

Abdullah, F; Naledi, T.; Nettleship, E.; Davids, E.; Van Leeuw, L.; Shangase, S.; Ramburuth, M.; Majola, N.; Dudley, L.; Nyirenda,
M.; et al. First social impact bond for the SAMRC: A novel financing strategy to address the health and social challenges facing
adolescent girls and young women in South Africa. S. Afr. Med. |. 2019, 109, 57-62. [CrossRef]

Bojanala District Municipality North West. Profile and Analysis: District Development Model; Bojanala District Municipality North
West: Rustenburg, South Africa, 2020.

Amajuba District Municipality KwaZulu-Natal. Profile and Analysis: District Development Model; Amajuba District Municipality
KwaZulu-Natal: Newcastle, South Africa, 2020.

Mathews, C.; Duby, Z.; Bunce, B.; van Blydenstein, N.; Bergh, K.; Ambrose, A.; Mpungu, E,; Jonas, K. Safe spaces for beneficiaries
of a combination HIV prevention intervention for adolescent girls and young women in South Africa: Access, feasibility, and
acceptability. BMC Public Health 2022, 22, 1026. [CrossRef]

Weihs, C.; Ligges, U.; Luebke, K; Raabe, N. klaR analyzing German business cycles. In Data Analysis and Decision Support; Baier,
D., Decker, R., Schmidt-Thieme, L., Eds.; Springer: Berlin/Heidelberg, Germany, 2005; pp. 334-343.

Huang, Z.A. Fast Clustering Algorithm to Cluster Very Large Categorical Data Sets in Data Mining. In KDD: Techniques and
Applications; Lu, H., Matoda, H., Eds.; World Scientific: Singapore, 1997; pp. 21-34.

Craney, T.A.; Surles, ].G. Model-Dependent Variance Inflation Factor Cutoff Values. Qual. Eng. 2002, 14, 391-403. [CrossRef]
World Health Organization. Achieving 70% COVID-19 Immunization Coverage by Mid-2022; WHO: Geneva, Switzerland, 2021.
Love, A.S,; Love, R.]. Considering Needle Phobia among Adult Patients During Mass COVID-19 Vaccinations. J. Prim. Care
Community Health 2021, 12, 21501327211007393. [CrossRef]

Orenius, T.; Psych, L.; Sdild, H.; Mikola, K.; Ristolainen, L. Fear of Injections and Needle Phobia Among Children and Adolescents:
An Overview of Psychological, Behavioral, and Contextual Factors. SAGE Open Nurs. 2018, 4, 2377960818759442. [CrossRef]
Rehati, P.; Amaerjiang, N.; Yang, L.; Xiao, H.; Li, M.; Zunong, J.; Wang, L.; Vermund, S.H.; Hu, Y. COVID-19 Vaccine Hesitancy
among Adolescents: Cross-Sectional School Survey in Four Chinese Cities Prior to Vaccine Availability. Vaccines 2022, 10, 452.
[CrossRef]

Madhi, S.; Abdullah, E; Myers, J. South Africa Has Changed Tack on Tackling COVID: Why It Makes Sense. Conversation 2022.
Available online: https:/ /theconversation.com/south-africa-has-changed-tack-on-tackling-covid-why-it-makes-sense-174243
(accessed on 1 December 2022).

Suleman, M.H.; Lucero-Prisno, D.E. South Africa’s COVID-19 vaccine rollout amid the emergence of Omicron. Popul. Med. 2022,
4, 3. [CrossRef]

Krishnaratne, S.; Hensen, B.; Cordes, J.; Enstone, J.; Hargreaves, ].R. Interventions to strengthen the HIV prevention cascade: A
systematic review of reviews. Lancet HIV 2016, 3, e307-e317. [CrossRef]

Hatch, M.; Posel, D. Who cares for children? A quantitative study of childcare in South Africa. Dev. S. Afr. 2018, 35, 267-282.
[CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1371/journal.pgph.0000611
https://doi.org/10.61473/001c.75448
https://doi.org/10.3390/vaccines11081393
https://doi.org/10.1186/s13690-021-00701-5
https://doi.org/10.1016/S2352-3018(18)30327-8
https://doi.org/10.1002/jia2.25309
https://doi.org/10.1002/jia2.25498
https://doi.org/10.1016/S2352-3018(16)30063-7
https://doi.org/10.7196/SAMJ.2019.v109i11b.14254
https://doi.org/10.1186/s12889-022-13445-w
https://doi.org/10.1081/QEN-120001878
https://doi.org/10.1177/21501327211007393
https://doi.org/10.1177/2377960818759442
https://doi.org/10.3390/vaccines10030452
https://theconversation.com/south-africa-has-changed-tack-on-tackling-covid-why-it-makes-sense-174243
https://doi.org/10.18332/popmed/145772
https://doi.org/10.1016/S2352-3018(16)30038-8
https://doi.org/10.1080/0376835X.2018.1452716

	Background 
	Methods and Materials 
	Study Setting 
	Sample and Data Collection 
	Ethical Considerations 
	Measures 
	Assumptions 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

