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ABSTRACT

Vaccines are effective tools to prevent COVID-19-related morbidity. However, coverage is low throughout
sub-Saharan Africa. Uptake of public health measures, perceptions of COVID-19 illness and vaccines, and
intention to vaccinate were evaluated in 2021-2022 in rural Zambia. Adherence to public health mea-
sures, perceptions of COVID-19 risk and severity, and vaccine acceptance increased significantly over time,
particularly in December 2021, coinciding with the fourth pandemic wave and relaunch of the national
vaccine campaign. Vaccine acceptance was associated with perceptions of vaccine safety and effective-
ness, but not disease severity. These findings highlight the importance of strong pandemic response and
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public communication for increased uptake of mitigatory measures, including vaccine acceptance.

Introduction

To control the spread of SARS-CoV-2 globally, public health
measures were implemented in most countries soon after
COVID-19 was declared a pandemic in March 2020." These
measures initially relied on restricting movement, physical
distancing, improving hygiene, and masking. The rapid devel-
opment of safe and effective vaccines by December 2020 was
a tremendous achievement and added a key strategy for con-
trolling the pandemic. However, the roll-out of the vaccines
has highlighted global inequities in access, with much of the
supply going to high-income countries. As of 30 June 2022,
12.1 billion doses of the vaccines have been administered
worldwide, with only 539.8 million doses administered in
African countries.” Only 18.5% of the African continent is
fully vaccinated compared to >60% in all other regions.”
While supply issues have hampered the roll-out, challenges
with vaccine acceptance have also contributed to low uptake.
Many factors may contribute to vaccine hesitancy in Africa,
including lack of knowledge or confidence in the vaccines, lack
of perceived risk of COVID-19, religious beliefs, and mistrust
of public health or government institutions due to historical
abuses, with rates of hesitancy varying both between and
within countries as well as over time.””> Monitoring and
understanding vaccine acceptance as the pandemic progresses
will be critical to improve vaccine uptake and coverage.

This study was conducted to evaluate uptake of public health
measures and vaccine acceptance over time in a rural area of
southern Zambia, with the hypothesis that uptake of these

measures would increase over time. Zambia is located in south-
ern Africa and recorded its first cases of COVID-19 in
March 2020.° Soon afterward, the government imposed public
health measures, including screening and quarantine of travelers
into Zambia, restrictions on travel for residents and public
gatherings, closure of schools, indoor dining and recreational
facilities, and mandatory mask wearing in public.” Easing of
restrictions began in a phased manner in April 2020 and con-
tinued until September 2020 when most restrictions were fully
lifted.” The COVID-19 vaccine program was launched in
April 2021 when vaccines became available for adults 18 years
and older through COVAX initiatives, including COVISHIELD
(Oxford/AstraZeneca formulation from the Serum Institute of
India), Jcovden (Janssen/Johnson & Johnson), and the
Sinopharm vaccine.® However, uptake was low, with only 5%
of the eligible population vaccinated by October 2021.° The
program was relaunched that month with the goal of vaccinating
70% of the eligible population.” Vaccines became available for
children 12-17 years of age in December 2021.'"° As of
30 June 2022, Zambia reported 325,857 cases and 4,006
deaths," and 23.9% of the population was fully vaccinated.”

Methods
Study setting and procedures

Data for this analysis were collected as part of ongoing surveil-
lance conducted at Macha Hospital through the Johns Hopkins
Center of Excellence for Influenza Research and Surveillance
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(JHCEIRS). Macha Hospital is located in a rural area of
Southern Province, Zambia, and serves a catchment population
of approximately 150,000 individuals, consisting primarily of
subsistence farmers. While COVID-19 cases were identified in
Zambia beginning in March 2020, the first case in Macha was
definitively identified in December 2020.">"> COVID-19 vac-
cines became available in Macha in April 2021.

The surveillance methods have been previously
described.'* Briefly, surveillance for respiratory infections
was initiated in December 2018. All patients attending the
outpatient department are screened for influenza-like illness
(ILI) and an age-stratified sample of patients with ILI are
recruited to participate in the study each week. After obtain-
ing written informed consent, participants are administered
a questionnaire to collect information on demographics,
household characteristics, current symptoms, and medical
history. Questions about COVID-related public health mea-
sures were added on 25 January 2021. Participants were
asked if they had made changes to their lifestyle or daily
activities due to COVID-19 and provided a list of measures.
Questions about perceptions of COVID-19 and vaccines and
receipt of vaccines were added on 10 May 2021. Participants
were presented with a set of statements about COVID-19
risk and severity, COVID-19 vaccine safety and effectiveness,
and intention to receive the vaccine. Participants responded
on a Likert scale from strongly disagree to strongly agree.
For participants who indicated that they did not intend for
themselves or their children to be vaccinated, reasons for
concern were documented. For participants 0-15years of
age, these questions were answered by their caregiver.

Statistical analysis

The analysis of public health measures was restricted to partici-
pants enrolled from 25 January 2021 (when questions were
added to the questionnaire) to 31 May 2022 (n=>569). The
proportion of participants performing each measure was sum-
marized over time. Trends over time were assessed using the
Mantel-Haenszel chi-square statistic. Time periods for the ana-
lysis were defined by pandemic waves based on the number of
cases reported by the World Health Organization (https://
covid19.who.int/region/afro/country/zm) (Figure S1).

The analysis of COVID-19 perceptions and vaccine inten-
tions was restricted to participants enrolled from 10 May 2021
(when questions were added to the questionnaire) to
31 May 2022 (n = 461). The proportion of participants strongly
agreeing or agreeing to each statement was summarized over
time, with time periods defined as previously described. Trends
over time were assessed using the Mantel-Haenszel chi-square
statistic. Agreement between statements was assessed using the
Kappa statistic.

The characteristics of participants intending (strongly
agree or agree), no opinion, and not intending (strongly
disagree or disagree) to be vaccinated or have their child
vaccinated were compared using a chi-square test for cate-
gorical variables and a Kruskal-Wallis test for continuous
variables. As the proportion of participants intending to be
vaccinated increased over time, the analysis was stratified

into two periods: Wave 2 to Post-Wave 3 and Wave 4 to
Post-Wave 4.

The analysis was conducted using SAS software, Version 9.4
(SAS Institute Inc., Cary, NC, USA).

Ethics statement

This study was approved by the Johns Hopkins Institutional
Review Board (IRB00168163), the Macha Research Trust
Institutional Review Board (E.2018.02), and the Zambian
National Health Research Authority. Adult participants and
the parents or legal guardians of pediatric participants pro-
vided written informed consent. Children 12-15 years of age
provided written assent.

Results

From 25 January 2021 to 31 May 2022, 569 participants were
enrolled. The characteristics of participants are provided in Table
S1. Adherence to public health measures was 58-90% during
Wave 2 and increased significantly over time to 89-100%, with
the exception of disinfecting surfaces in the home which was
reported by 50% of participants in Wave 2 and decreased over
time (Figure 1a).

From 10 May 2021 to 31 May 2022, 461 participants were
enrolled. Concerns about getting COVID-19 increased significantly
over time, from 67% in Post-Wave 2 to 93% in Post-Wave 4
(Figure 1b). Over the same time, perceptions that COVID-19 was
not severe or life-threatening decreased significantly, from 88% in
Post-Wave 2 to 65% in Post-Wave 4 (Figure 1b). Intentions to get
vaccinated and perceptions that the vaccines were safe and effective
were low and stable (36-47%) during Post-Wave 2, Wave 3, and
Post-Wave 3 (Figure 1b). They then increased significantly to 72—
80% during Wave 4 and Post-Wave 4.

Overall, there was strong agreement between intentions
to be vaccinated and to have their child vaccinated (Kappa:
0.85) (Table S2). Participants with intentions to be vacci-
nated or to have their child vaccinated were significantly
more likely to believe that the vaccine was safe and effective
in all time periods (Table S3). Participants with intentions
to receive the vaccine were significantly more likely to have
concerns about getting COVID-19 in Wave 2 to Post-Wave
3. Participants with no opinion about intentions to vacci-
nate were significantly more likely to believe that COVID-
19 is not serious or life threatening in Wave 4 to Post-
Wave 4. There were no statistically significant differences in
the demographic characteristics of participants with and
without intentions to vaccinate in any time periods
(Table S3).

Among the 167 participants who did not intend to be
vaccinated or have their child vaccinated, concerns were
provided by 161 participants (96%). The primary concern
was vaccine safety (Figure 2). Other top concerns included
vaccine side effects and getting COVID-19 from the
vaccine.

Self-reported receipt of COVID-19 vaccines was evaluated
over time. Between May and November 2021, 41 participants
aged 18 to 50 years and 18 participants 51 years and older were
enrolled. Only one (2.4%) participant 18 to 50 years and older
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Figure 1. a) Adherence to public health measures by time period® (Jan 2021 to May 2022) and b) perceptions of COVID-19 risk, severity, and vaccines by time period®®
(May 2021 to May 2022) in Macha, Zambia.?Time periods were defined by pandemic waves based on the number of cases reported by the World Health Organization
(https://covid19.who.int/region/afro/country/zm) as Wave 2 (Jan 1 - Mar 14, 2021), Post-Wave 2 (Mar 15 — May 31, 2021), Wave 3 (Jun 1 - Aug 14, 2021), Post-Wave 3
(Aug 15 - Dec 14, 2021), Wave 4 (Dec 15, 2021 - Jan 31, 2022), and Post-Wave 4 (Feb 1 — May 31, 2022).

PWave 2 is omitted from Figure 1b as the questions about COVID-19 risk, severity, and vaccines were added to the survey on May 10, 2021.

reported having received a COVID-19 vaccine (Figures S2 and
S3). Between December 2021 and May 2022, 29 participants 18
to 50 years of age and 15 participants 51 years of age and older
were enrolled. Eleven (38%) participants 18 to 50 years and
eight (53%) participants 51 years and older reported having
received a vaccine. Between December 2021 and May 2022,
14 participants 12 to 17 years of age were enrolled, and only
one (7.1%) reported having received a vaccine. Among the 21
participants receiving a vaccine, three (14%) received
COVIDSHIELD and 15 (71%) received Jcovden (three partici-
pants did not know which product they received). The median

time between self-reported receipt of first dose and enrollment
was 2.2 months (range: 0.1, 12.0).

Discussion

In this study, conducted in rural Zambia over one year, adher-
ence to COVID-19 public health measures, perceptions of
COVID-19 risk and severity, and COVID-19 vaccine accep-
tance increased over time.

Intentions to be vaccinated were low at the beginning of the
study period (36-47%), consistent with other reports from
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Figure 2. Reasons® for not wanting to receive the COVID-19 vaccine in Macha, Zambia. ? Participants (n=161) could select multiple reasons.
* Other reasons included needing to consult the husband/father first (n = 3), scared of needles (n = 1), belief that only those who are sick or have tested positive should
receive the vaccine (n = 4), and believing they are too old to receive the vaccine (n=1).

adults in Zambia around this time.">'® A study conducted in
two districts in Zambia in November 2020, prior to the avail-
ability of COVID-19 vaccines, found that 66% of adults
planned to receive the vaccine when available, with lower levels
of acceptance in the primarily rural (47%) compared to urban
(85%) district."> An online survey available throughout Zambia
in April and May 2021 found similarly low acceptance, with
only 33% of adults willing to receive the vaccine if made
available.'® Comparisons across studies and countries are dif-
ficult due to differences in timing, setting, and population, but
these findings are consistent with other studies in the
region.™” A recent review of studies from Africa conducted
in late 2020 and early 2021 found a rate of acceptance ranging
from 6.9% to 97.9%, with almost a third of studies reporting
estimates below 50%."®

Intentions to vaccinate in this study increased significantly up
to 80% in December 2021. Other estimates from the region
during this time are not currently available for comparison, but
these findings are consistent with the upper range of estimates
from earlier in the year.'® Increased intentions were supported
by increased reports of vaccine receipt among study participants
around the same time. This coincided with the emergence of the
Omicron variant and fourth pandemic wave as well as the
relaunch of the national vaccine campaign. Both factors likely
contributed to increased vaccine acceptance, although the con-
tribution of each cannot be evaluated. The onset of the fourth
wave and rapid increase in cases may have contributed to
increased awareness of COVID-19 in this community, as parti-
cipants reported an increase in perceived risk and severity of
COVID-19 at this same time. Other surveys in Africa, including
Zambia, have found that those perceiving a higher risk of infec-
tion or severe illness were more willing to be vaccinated.">'”'* In
this study, concerns about getting COVID-19, but not disease
severity, were correlated with vaccine acceptance. Relaunching
the vaccine campaign may have contributed to vaccine

acceptance by increasing knowledge about the vaccines and
their benefits. Other programs in the region have found that
strong political commitment and leadership, community
engagement, and diverse vaccine delivery strategies are critical
for a successful program. '’

The primary concerns reported by participants were related
to the safety and side effects of the vaccine, which is consistent
with other studies in the region.'”'®** Myths and misinforma-
tion were also reported by a small proportion of participants,
including that the vaccine would alter their DNA, make them
infertile, or contain a tracking device. These myths and conspi-
racy theories have been widely reported and served to increase
public suspicion of the vaccines and decrease uptake,'®*%*!
including in Zambia. A key goal of the vaccine campaign
relaunch was to increase knowledge about COVID-19 and the
vaccines and combat misinformation.’

While intentions to vaccinate increased after December 2021,
additional gains over time were not observed and approximately
20% of participants throughout the study period in 2022 did not
intend to vaccinate. This is consistent with 15-30% of indivi-
duals in high-income countries who remain unvaccinated
despite widespread availability.”* As the factors contributing to
vaccine hesitancy may differ by community and setting, con-
tinuing to understand context-specific drivers of vaccine hesi-
tancy will be critical to develop innovative and culturally
relevant strategies to enhance existing vaccine campaigns and
reach individuals and communities with concerns. Proposed
approaches for generating positive health behaviors toward
COVID-19 vaccines in sub-Saharan Africa include community
empowerment to engage all sectors of society, people-centered
strategies to build confidence in vaccines, innovative strategies
to promote equitable health education, novel and improved
tools to build vaccine literacy, better training for personnel to
respond to local needs, and utilizing non-traditional avenues to
endorse and facilitate vaccination.”



This study had several limitations. First, the study only
included individuals with ILI seeking care at the health facility
who may not be representative of all individuals in the com-
munity. It is possible that those seeking care may be more
aware of COVID-19 and the benefits of vaccination, leading
to an overestimation of vaccine acceptance in this community.
However, this should have had limited impact on the observed
trends over time in perceived risk and vaccine acceptance.
Second, uptake of public health measures and perceptions of
COVID-19 and vaccines were not available at the start of the
pandemic as these questions were added in 2021. However,
perceptions about COVID-19 and the vaccines were assessed
from the time that vaccines were available in Zambia and can
provide insights for the vaccine program. Third, as the study
was nested within ongoing surveillance, the analysis of factors
associated with vaccine acceptance was limited to those col-
lected in the main survey and important factors may have been
missed.

In summary, this study demonstrated how adherence to
COVID-19 public health measures, perceptions of COVID-19
risk and severity, and COVID-19 vaccine acceptance have
changed over time in rural Zambia as both the pandemic
and response have evolved. The findings highlight the impor-
tance of providing accurate and trustworthy information
about COVID-19 and vaccines and having strong national
and regional pandemic response strategies to increase vaccine
demand.
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