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Background: COVID-19 vaccination is critical in sub-Saharan Africa to reduce the disease
burden. This study assessed real-world vaccine effectiveness (VE) in Zimbabwe.

Aim: To determine COVID-19 VE and factors associated with disease severity and mortality in
Zimbabwe.

Setting: The study setting comprised a test-negative case-control study across health facilities
in Harare and Bulawayo (May 2023 — August 2023).

Methods: Adults (> 18 years) were recruited from COVID-19 registers (1:1 case-control;
matched by sex, age and clinic visit date). Telephone interviews assessed vaccination status,
disease severity (cases) and comorbidities. Conditional logistic regression estimated VE
(1 - odds ratio*100), with stratification by age and comorbidities. Ordinal and simple logistic
regression analysed factors associated with disease severity and vaccination—variant
relationships.

Results: Overall vaccination coverage was 38% (fully vaccinated including boosters), with
62% unvaccinated. The median age was 38 years (interquartile range [IQR]: 30-50) with more
females (n = 352). Overall VE against any COVID-19 infection was 32.2% (95% CI: 8.9, 49.5).
Older age (45+ years) and chronic conditions were associated with increased hospitalisation
risk. Among cases, hospitalisation rate was 34.8% (n = 174/500) and COVID-19-related
mortality rate was 11.6% (n = 58/500).

Conclusion: This study found a moderate VE of COVID-19 vaccines in Zimbabwe, potentially
influenced by age, comorbidities and variants. We highlight the need for targeted vaccination
strategies and public health measures informed by these findings.

Contribution: This research informs public health strategies to optimise vaccination efforts
and improve health outcomes across Africa, aligning with the journal’s focus on public health
issues.

Keywords: COVID 19; vaccine effectiveness; vaccination status; efficacy; co-morbidity health
outcomes; hospitalisation.

Introduction

The coronavirus disease 2019 (COVID-19) pandemic necessitated rapid development and
deployment of vaccines to mitigate its spread."””? COVID-19 vaccines effectively reduce
transmission, morbidity and mortality.>* Mass vaccination is a proven strategy for protecting
susceptible individuals in the population.* According to the World Health Organization (WHO)
global vaccination target, Africa needed to vaccinate 70% of its population by 2022.> However,
by 2023 only 19% of the African population was fully vaccinated.?
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The deployment of multiple COVID-19 vaccines, such as
Sinopharm, Sinovac, Pfizer-BioNTech, Moderna, AstraZeneca,
Johnson & Johnson and others, raised hope for mitigating the
pandemic.’ Nonetheless, the primary objective of COVID-19
vaccination is not only to protect individuals from severe
disease but also to reduce virus transmission.* Numerous
studies have also shown the importance of vaccination and the
potential for herd immunity, which arises when a sufficient
proportion of the population is immune, either through
vaccination or previous infection.>*” This threshold inhibits
virus spread and ultimately safeguards those who cannot be
vaccinated.’ As such, investigating vaccine effectiveness (VE)
can also help understand whether a population can achieve
herd immunity and determine whether more vaccination
efforts are needed.®’

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) has given rise to multiple variants of concern,
including Delta and Omicron, which have raised questions
about their impact on VE.'*!! Apart from mutations, VE is
influenced by various factors, including population
demographics, comorbidities, vaccination coverage, timing
of vaccination and vaccine types.>'?'> As such, understanding
the factors associated with COVID-19 severity and mortality
is of paramount importance in sub-Saharan Africa."* In
addition, individuals with underlying health conditions,
such as diabetes, high blood pressure (HBP) and human
immunodeficiency viruses (HIV), are at a higher risk of
experiencing severe COVID-19."" The prevalence of these
comorbidities in sub-Saharan Africa influences disease
outcomes. Moreover, the effectiveness of vaccines in reducing
disease severity and mortality is a crucial consideration. The
COVID-19 pandemic has underscored the importance of
mass vaccination as a fundamental public health strategy. In
Zimbabwe, the vaccination programme (Sinopharm and
Sinovac vaccines were administered) was rolled out in
February 2021, targeting atleast 60% of the eligible population
by December 2021.* Thus, the study aimed to determine
COVID-19 VE in Zimbabwe as well as determine the factors
associated with COVID-19 disease severity.

Research methods and design
Study design

The study design was a test-negative retrospective case-
control study comprising a historical cohort of community-
dwelling individuals eligible for COVID-19 vaccination who
presented to a testing/treatment centre meeting the local
criteria for a patient under investigation for COVID-19
infection. Cases were adults (> 18 years) with laboratory-
confirmed COVID-19 who presented to healthcare facilities
with symptoms. Controls were adults who presented for
COVID-19 testing but tested negative.

Study setting

The study was conducted at central healthcare facilities in
Harare and Bulawayo, Zimbabwe, from May 2023 to August
2023.
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Study population and sampling strategy

The study enrolled, from hospital records, 1000 participants
aged 18 years and above with an available phone contact who
had presented to the health care worker with at least one of the
following symptoms: fever, cough, shortness of breath, and
any other symptom based on the COVID-19 variant and
country-specific criteria for suspected disease. In addition, all
COVID-19 cases had a laboratory-confirmed diagnosis by
polymerase chain reaction (PCR) or point-of-care test. Controls
were participants presented at a facility to get a COVID-19 test
but confirmed negative by PCR or point-of-care testing.

The study excluded individuals who had received a COVID-19
vaccine within 14 days of presentation to the testing and
treatment centre. We classified participants as: (1) vaccinated:
received two doses of a two-dose vaccine or one dose of a
single-dose vaccine at least 14 days before presenting for a test;
(2) partially vaccinated: received only one dose of a single-dose
vaccine at least 14 days before they presented for a test; (3)
unvaccinated: number of individuals who had not received a
single dose of any of the available vaccines at the time of testing.

Data-collection methods

Source of information and matching

The hospital records provided data on which the COVID-19-
positive cases were matched to COVID-19 negative controls.
These variables were age (+ 5 years), sex (same sex) and date
of testing (within the same month). Data were collected using
a standardised structured questionnaire on REDCap via a
telephone interview, maintaining the matched structure and
recording further COVID-19 testing and vaccination
information. In addition, the study recorded outcomes of
COVID-19 disease as well as underlying comorbidities
(diabetes, hypertension, heart disease, asthma, lung disease,
HIV, kidney disease, cancer and liver disease).

Data analysis

Data were exported into STATA software version 17 for
Windows 11 for management, ensuring data cleanliness and
consistency of responses. All normal continuous variables are
presented as means (standard deviation [s.d.]) and medians
(interquartile range [IQR]). All categorical variables (e.g. sex
and age groups) are presented as frequencies and percentages.

We first describe the participant’s demographic and clinical-
related characteristics by COVID-19 disease status (case vs.
controls). We also present the (1) different vaccination status
groups stratified by COVID-19 status; (2) the prevalence of
comorbidities; (3) distribution of lifestyle characteristics
(smoking status and alcohol intake); and (4) disease severity.
Severe disease was classified as requiring oxygen while
admitted, while moderate and mild were defined as
hospitalised with no oxygen and home-based care, respectively.

Secondly, univariate conditional logistic regression models
were implemented to determine the relationship between
vaccination status and COVID-19 estimating the odds ratios
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(ORs) with the corresponding 95% confidence intervals (CI).
Vaccine effectiveness was estimated as one minus the OR, for
example, VE = (1 — OR)*100, computed from the primary
analysis. Thirdly, further adjustments for a priori predictor
confounding factors disease including smoking status,
pregnancy (among females), sex and alcohol consumption
were performed. Multicollinearity between predictor
variables was assessed using the variance inflation factor
(VIF < 5 indicating a good fit). Fourthly, to control for effect
modification, stratified analyses for VE were conducted
while adjusting for confounders. In a multiple conditional
logistic regression model, effect modification was assessed
by comparing the VE across strata using a likelihood ratio
test for age group (different groups and group trend),
presence of at least one chronic condition, vaccine brand and
calendar time.

Fifthly, among COVID-19 positive participants, we described
COVID-19 severity (mild, moderate and severe), management

TABLE 1: Participant demographic characteristics.
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and disease outcome highlighting those who were hospitalised,
home-based care or died. For COVID-19 severity, ordinal
logistic regression models were used for risk estimation
through ordered ORs with the corresponding 95% CL

Ethical considerations

Ethical clearance to conduct this study was obtained from the
Medical Research Council of Zimbabwe (No.MRCZ/ A /2987).
Individual consent was sought from each participant, and
written consent was obtained before each interview.

Results
Participant characteristics

The study enrolled 1000 participants on a 1:1 COVID-19 case-
control ratio with an overall median age of 38 years (IQR:
30-50). More female participants were recruited (352 female
pairs vs. 148 male pairs). Only 56 (5.6%) of the participants

Characteristics Total (V= 1000) COVID 19 (=) (n = 500) COVID-19 (+) (n = 500) P
n % Median 1QR n % Median 1QR n % Median 1QR

Age (years) - - 38 30-50 - - 39 30-50.5 - - 38 30-50 0.77
Age (years) - - - - - - - - - - - - 0.946
18-24 115 11.5 - - 57 11.4 - - 58 11.6 - - -
25-34 261 26.1 - - 137 27.4 - - 124 24.8 - - -
35-44 264 26.4 - - 128 25.6 - - 136 27.2 - - -
45-54 146 14.6 - - 72 14.4 - - 74 14.8 - - -
55-64 68 6.8 - - 32 14.4 - - 36 7.2 - - -
65-94 146 14.6 - - 74 14.8 - - 72 14.4 - - -
Sex 0.99
Female 704 70.4 - - 352 70.4 - - 352 70.4 - - -
Male 296 29.6 - - 148 29.6 - - 148 29.6 - - -
Health care worker 56 5.6 - - 35 7.0 - - 21 4.2 - - 0.054
Response from NOK 229 229 - - 69 13.8 - = 160 32.0 - - <0.001
Test type <0.001
PCR 256 25.6 - - 102 20.4 - - 154 30.8 - - -
Point-of-care 744 74.4 - - 398 79.6 - - 346 69.2 - - -
Prior COVID-19 + test 26 2.6 - - 14 2.8 - - 12 24 - - 0.91
Yes 874 87.4 - - 437 87.4 - - 437 87.4 - - -
No 100 10.0 - - 49 9.8 - - 51 10.2 - - -
Do not know - - - - - - - - - - - - -
Current COVID-19 <0.001
vaccination status: fully 313 313 - - 181 36.2 - - 132 26.4 - - -
vaccinated/boosted: partially 67 6.7 - - 15 3.0 - - 52 10.4 - - -
Unvaccinated 620 62.0 - - 304 60.8 - - 316 63.2 - - -
Number of COVID-19 vaccine doses <0.001
1 68 17.7 - - 15 7.6 - - 53 28.2 - - -

2 211 54.8 - - 112 56.9 - - 99 52.7 - - -

3 101 26.2 - - 69 35.0 - - 32 17.0 - - -
Don’t know 5 1.3 - - 1 0.5 - - 4 2.1 - - -
Brand of 1st dose 0.16
J&J 2 0.5 - - 1 0.5 - - 1 0.5 - - -
Sinovac 206 54.2 - - 96 49.0 - - 110 59.8 - - -
Sinopharm 169 44.5 - - 98 50.0 - - 71 38.6 - - -
AstraZeneca 1 0.3 - - 0 0.0 - - 1 0.5 - - -
Sputnik 1 0.3 - - 0 0.0 - - 1 0.5 - - -
Covaxin 1 0.3 - - 0.5 - - 0 0.0 - - -
Presence of a chronic condition 322 32.2 - - 146 29.2 - - 176 35.2 - - 0.042
Ever consumed alcohol 296 29.6 - - 167 334 - - 129 25.8 - - 0.008
Ever smoke 82 8.2 - - 43 8.6 - - 39 7.8 - - 0.645

NOK, next of kin; —, negative; +, positive; COVID-19, coronavirus disease 2019; J&J, Johnson & Johnson; PCR, polymerase chain reaction; IQR, interquartile range; COVID-19, coronavirus disease

2019.
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were healthcare workers (HCW) and responses from next of
kin (NOK) were likely to be cases (32% vs. 13.8%) than
controls (p < 0.001). The study also identified that almost
three in four (74.4%) of the enrolled participants had a point-
of-care COVID-19 test, and more cases tested using PCR test
than controls (30.8% vs. 20.4%) (Table 1).

Most of the participants (n = 874/1000) indicated that the
documented result was their first time having a COVID-19
test. Data on vaccination status showed that 13.4%
(n = 134) were fully vaccinated or had received a booster
dose of the vaccine. In addition, one in four (n = 248;
24.8%) and three in five (n = 596; 59.6%) of the respondents
were partially vaccinated or unvaccinated respectively.
We also show that participants who were fully vaccinated
and/or boosted (n = 134; 13.4%), were likely to be controls
(n =95;19%) than cases (n = 39; 7.8%), partially vaccinated
were likely cases (n = 146; 29.2%) than controls (n = 102;
20.4%) (Table 1).

Also, many of the participants had received two doses of a
two-dose regimen (n = 211; 54.8%) and seconded by three
doses (two-dose regimen plus a booster) (n = 101; 26.2%). In
addition, the most common brands were Sinovac (n = 206;
54.2%) and Sinopharm (n = 169: 44.5%). Overall, a third of the
participants (n = 322; 32.2%) reported having at least one of
the chronic conditions.

The most common condition to be reported was HBP
(18.4%) and this was followed by diabetes (9.5%) and
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HIV (6%). When asked about their smoking and alcohol
intake status, most of the participants highlighted that they
have never smoked (n = 913; 91.3%) or drank alcohol
(n = 695; 69.5%). Comparatively more participants pointed
currently taking alcohol (16.7%) versus smoking (2.5%),
while 12.9% and 5.7% mentioned stopping alcohol and
smoking respectively (Table 1).

Vaccine effectiveness

Results from the conditional logistic regression model used to
determine the association between vaccination status and
COVID-19 disease status adjusted for age, date of testing and
sex showed a statistically significant VE of 32.2% (95% CI: 8.9,
49.5) when compared against unvaccinated participants
(Table 2). However, combining fully and partially vaccinated
participants reduced the VE lacking statistical evidence
(VE =10.7%, 95% CI: -16.8, 31.7). On the other hand, comparing
those fully vaccinated to a group of unvaccinated plus partially
vaccinated showed a VE of 39.4% (95% CI: 19.1, 54.6) (Table 2).
After stratified analysis, we have shown a lower VE for older
participants and those with at least one chronic condition and no
difference between Sinovac and Sinopharm vaccines (Table 2).

Coronavirus disease 2019 severity

Of the 500 COVID-19 cases, most (n = 326; 65.2%) had mild
disease, followed by severe (n = 116; 23.2%) and moderate
(n = 58; 11.6%) disease. More specifically, more unvaccinated
participants had severe disease (n = 86; 27.2%) versus partially
vaccinated (n = 10; 19.2%) or fully vaccinated (n = 20; 15.2%)
(Figure 1).

TABLE 2: Conditional logistic regression for the effect of vaccination on coronavirus disease 2019 status.

Analysis options Vaccination status OR 95% ClI V4 VE %
Primary analysis Unvaccinated Ref. Ref.
Fully vaccinated 0.68 0.50, 0.91 0.010 32.2 8.9,49.5
Partially vaccinated 3.33 1.79, 6.20 <0.001 -232.9 -520, -78.8
Secondary analysis  Unvaccinated Ref. Ref.
Fully + Partially vaccinated 0.89 0.68,1.17 0.410 10.7 -16.8, 31.7
Unvaccinated + Partially Ref. Ref.
vaccinated
Fully vaccinated 0.61 0.45,0.81 <0.001 39.4 19.1,54.6
Partially vaccinated Ref. Ref.
Fully vaccinated 0.20 0.11, 0.39 <0.001 79.6 61.1,89.3
Unvaccinated 0.30 0.16, 0.56 <0.001 70.0 83.9,44.1
Age (years)
18-24 (ref) Unvaccinated Ref. Ref.
25-34 Fully vaccinated 0.68 0.17, 2.68 0.581 321 -167.8, 82.8
34-44 Fully vaccinated 1.64 0.34,7.89 0.535 -64.4 -689.3, 65.8
45-54 Fully vaccinated 2.59 17.55, 0.38 0.331 -155.9 -1655, 61.9
55-64 Fully vaccinated
65+ Fully vaccinated
Age (trend) Unvaccinated Ref. Ref.
Fully vaccinated 0.62 0.39, 0.98 0.041 38.3 2.0,61.1
Chronic condition:
No (ref) Unvaccinated Ref. Ref.
Yes Fully vaccinated 1.001 0.64, 1.56 0.998 -0.64 -55.7,35.7
Vaccine type Sinovac Ref. Ref. 0.555 -23.4 38.7,148.5
Sinopharm 1.23 0.61,2.48

Ref., reference category; OR, odds ratio; Cl, confidence interval; VE, vaccine effectiveness.
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Coronavirus disease 2019 management (home-
based care or hospitalised) and outcome
(recovered or died)

Of the 500 cases enrolled in the study, 326 (65.2%) of the
participants were managed at home while the remainder
(n = 174) were hospitalised (Table 3). Participants who were
hospitalised were older [median: 46; IQR: 35-65] than those
who were home-based cared [median: 36.5; IQR: 30-46].
More participants with a chronic condition were hospitalised
(49.4%) as compared to being provided care at home (27.6%).
More so, of the 174 participants who were hospitalised, the
majority (n = 95; 54.6%) were admitted to hospital for less
than a week. In addition, only seven of the 174 participants
(4.0%) were in hospital for more than 2 weeks. In addition,
two-thirds of the participants required oxygen during
admission and 40% of those hospitalised were admitted in
the intensive care unit. Notably, 11.6% (n = 58) of the
participants died among cases and there was no control
mortality reported (Table 3).

In the multivariable analysis, we have shown that after
co-adjusting the factors in the bivariable models, the effects
of vaccination, being a HCW and alcohol intake were
attenuated (Table 4). Regardless, it should be noted that the
oldest participants (65+ years) were three times more likely
to be severely diseased when compared to the youngest age
group (18-24 years). More so, after mutually adjusting for

‘ I Incorrect responses [l Correct responses

Visual acuity - light
motor vehicle

Visual acuity - heavy
motor vehicle

Total horizontal
visual fields

Temporal visual fields

Minimum vision
requirements
for driving

Vision requirements for driving

FIGURE 1: Disease severity among cases by vaccination status.

TABLE 3: Coronavirus disease 2019 management and outcome among cases.
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confounders and potential effect modification, presence of a
chronic condition was twice likely associated with severe
COVID-19 disease (aOR = 1.86, 95% CI: 1.20, 2.89) than
combined moderate and mild cases. Similarly, participants
who reported either having stopped (aOR = 2.55, 95% CI:
1.03, 6.29) or currently smoking (aOR = 2.30, 95% CI: 0.71,
7.44) were at least twice more likely to report a severe case
(Table 4).

Discussion

The study identified a primary VE of 32% among fully
vaccinated individuals when compared against those
unvaccinated. The VE reduced among the elderly, and was
negative among participants with a chronic condition like
hypertension and diabetes reduced it. In addition, most
COVID-19 cases were managed at home, and these were likely
to have received at least one COVID-19 dose (partially
vaccinated). Likewise, age, being a nurse and the presence
of a chronic condition were associated with COVID-19
hospitalisation. However, COVID-19-related mortality was low
though associated with higher age, sex, presence of a comorbid
condition and testing COVID-19 positive at a prior event.

This study indicated a VE of 32% among fully vaccinated
participants (Sinovac and Sinopharm) and this is lower than
what has been reported in similar settings such as in Jordan
where patients admitted to Prince Hamza Hospital showed
a VE of 67%."7 Nonetheless, in a different study in Latin
America, CoronaVac an equivalent to Sinovac was identified
to have quite a moderate VE of 53%."® Comparatively, other
studies have also shown that participants who were
recipients of other vaccines (Pfizer-BioNTech/Comirnaty)
were less likely to get infected than those on Sinovac-
CoronaVac and Sinopharm.” Recent studies have
highlighted that the emergence of COVID-19 variants like
Delta and Omicron lowered VE, particularly impacting
inactivated vaccines such as Sinovac and Sinopharm. More
so, the presence of chronic conditions like diabetes was
found to diminish COVID-19 VE, a trend observed in other
studies as well.?® Our retrospective findings on VE are
comparable to the clinical results elsewhere including
countries that were not necessarily offering the vaccines to

Variables Total (n = 500) Home-based cared (n = 326) Hospitalised (n = 174) )4
n % Median 1QR n % Median 1QR n % Median 1QR
Age (years) = = 38 30-50 = s 36.5 30-46 - - 46 35-65 <0.001
Sex (female) 352 70.4 235 72.1 117 117 (67.2) 0.260
Presence of a chronic 176 35.2 - - 90 27.6 86 86 (49.4) <0.001
condition
Length of stay in hospital
(weeks)
<1 95 19.0 95 54.6
1-2 72 14.4 72 41.4
>2 7 14 7 4.0
Required oxygen during 116 23.2 - - 116 66.7 - - -
admission
Admitted in the intensive 71 14.2 71 40.8
care unit
COVID-19 outcome (death) 58 11.6 - - 13 4.0 45 25.9 <0.001

IQR, interquartile range; COVID-19, coronavirus disease 2019.

http://publichealthinafrica.org . Open Access
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TABLE 4: Ordinal logistic regression for factors associated with COVID 19 severity (n = 500).

Variable Univariable analysis Multivariable analysis PR
OR 95% ClI aOR 95% CI

Vaccination status

Unvaccinated Ref Ref Ref Ref

Fully vaccinated 0.56 0.36, 0.87 0.68 0.41,1.11 0.124

Partially vaccinated 0.63 0.34,1.19 0.92 0.45, 1.86 0.808

Age (years)

18-24 Ref Ref Ref Ref -

25-34 0.40 0.20,0.81 0.46 0.21,1.01 0.053

35-44 1.07 0.57,2.01 1.01 0.50, 2.02 0.984

45-54 1.32 0.65, 2.66 1.07 0.49, 2.36 0.859

55-64 2.14 0.94,1.90 1.62 0.64, 4.05 0.306

65-94 3.69 1.85,7.35 3.58 1.62,7.91 0.002

Sex (male) 1.32 0.89, 1.95 0.79 0.48,1.31 0.363

Presence of at least one 2.65 1.82,3.85 1.86 1.20, 2.89 0.005

chronic condition

HCW 0.30 0.09, 1.04 0.36 0.09, 1.49 0.159

Ever tested (+) for COVID 19 0.80 0.21, 2.95 1.80 0.41,7.96 <0.001

before

Smoking status

Never smoked Ref Ref Ref Ref

Stopped 4.11 1.94, 8.68 2.55 1.03, 6.29 0.043

Currently smoking 1.66 0.62, 4.40 2.30 0.71, 7.44 0.163

Alcohol intake

Never took alcohol Ref Ref - -

Stopped 2.55 1.50,4.31 1.19 0.61, 2.30 0.612

Current drinker 1.31 0.78,2.23 1.36 0.67,2.78 0.392

HCW, health care workers; OR, odds ratio; aOR, adjusted odds ratio; Cl, confidence interval; Ref, reference category.

their local population. Taking into consideration the fact
that the Sinopharm clinical trials yielded a 79% efficacy
according to WHO,” our findings would translate to
acceptable effectiveness.

Most COVID-19 patients were managed at home, and this
could be attributed to a myriad of factors including but not
limited to lack of health service access and having received at
least one COVID-19 dose. Similarly, in a low-resource setting
in Pakistan, 80% — 85% of COVID-19 patients were reported
to have mild disease and were home treated.? Likewise, data
from the Vizient clinical database in 2020 (United States)
showed that more than two-thirds of COVID-19 patients
were managed in an outpatient setting.” Partly this can be
explained by the fact that most COVID-19 patients
experienced mild to moderate symptoms as observed in this
study because of a robust immune response, low viral load
infection, vaccination or prior exposure.* Consistent to our
findings, a retrospective cross-sectional analysis of an open-
access database on African COVID-19 cases also identified
that older age and presence of chronic disease were associated
with worse COVID-19 outcomes.” Notably, in older age one
is more likely have a weaker immune system thus becoming
more susceptible to the infections like acute respiratory
syndrome and, subsequently, death.

More importantly, the COVID-19-related mortality rate of
11.6% identified in this study was higher than what has been
reported in other parts of sub-Saharan Africa (2.4%).* As
reported by Bradshaw (2022),% it is possible that many African
settings have underestimated COVID-19-related mortality
because of poor surveillance and health reporting systems.
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Nonetheless, it is also important to highlight that our study
could have over-estimated the COVID-19-related deaths since
sampling was done from hospitals; cases presenting at hospitals
were likely severe; hence the denominator for COVID-19-
related mortality for calculating mortality rate was
inappropriate. Interestingly, the local Ministry of Health
through their weekly situation report on COVID-19 (02
December 2023) has reported a COVID-19 case fatality rate of
2.1% which is comparable to global estimates. However, similar
findings have also shown that sex, age and presence of a
comorbid condition are important predictors of COVID-19
mortality.®¥ Likewise, elderly populations may be
disproportionately affected by COVID-19 owing to fragility
because of ageing and physiological changes, weaker immunity
compared with younger people and the increasing frequency
of non-communicable comorbidities associated with age.

Study limitations include the retrospective design which is
prone to recall bias though data from participants were cross-
referenced with hospital records to improve their quality.
Hospital records were also prone to missingness making
follow-up of participants difficult. Assessment of VE in older
participants was limited as indicated by uncertain estimates,
characterised by wider CI because of a smaller sample size
within that category. In addition, the study lacked data on
time of infection and overall availability of treatment among
participants that could have improved understanding of
COVID-19 disease outcomes.

Conclusion

We have shown a VE in this setting of 32%. Our findings
have also highlighted the association between age,
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chronic comorbidities and COVID-19 severity such that
understanding these complexities is essential for personalised
healthcare approaches to improve health outcomes. More so,
we have identified that just about half of the participants
were vaccinated, emphasising the importance of encouraging
more people to be vaccinated and completing the vaccination
series.

Recommendations

Given the observed effectiveness variation in different
demographics, the Ministry of Health (MOH) should consider
tailoring vaccination campaigns to focus on high-risk groups
like the elderly and individuals with chronic conditions. In
addition, the MOH incorporates targeted messaging on the
importance of completing the vaccination series to
mitigate breakthrough infections as well as finding ways to
mitigate misinformation. In addition, we also recommend
comprehensive strategies to manage chronic conditions like
hypertension and diabetes, which were found to reduce VE.
This may involve specialised vaccination protocols, ongoing
monitoring and tailored healthcare approaches for
individuals with such conditions. On the other hand,
investing in ongoing surveillance and research efforts to
monitor breakthrough infections among partially vaccinated
individuals. These data are crucial for understanding the
dynamics of VE over time and against emerging variants.

Acknowledgements

The authors extend their heartfelt gratitude to the leadership of
the Infectious Diseases Institute, Makerere University, and the
Africa Forum for Research and Education in Health for their
invaluable support in coordination and technical guidance. The
National Institute of Health Research (Ministry of Health and
Childcare) and the University of Zimbabwe are acknowledged
for their crucial contributions and facilitation of in-country
research management efforts. Special appreciation is given to
our study participants, whose participation was instrumental
in the success of this study. Additionally, we thank Africa
CDC for their overarching oversight that benefitted our
research and situated in the continental COVID-19 response.

Competing interests

The authors reported that they received funding from
Africa Centres for Disease Control and The Mastercard
Foundation which may be affected by the research reported
in the enclosed publication. The authors have disclosed
those interests fully and have implemented an approved
plan for managing any potential conflicts arising from their
involvement. The terms of these funding arrangements
have been reviewed and approved by the affiliated
university in accordance with its policy on objectivity in
research.

The authors, N.D. and T.S., serves as an editorial board
members of this journal. N.D. and T.S. has no other competing
interests to declare.

Page 7 of 8 . Original Research

http://publichealthinafrica.org . Open Access

Authors’ contributions

N.M., CH., MJM-M.,, CM., T. Matanhire, I.P., M.D. —
Protocol development, methodology, data collection, report
and article preparation.

S.N. and T. Matanhire — Data analysis and results report
writing.

CN.C, CG., KEMH., - Methodology, data collection,
report and article preparation.

S.S., LM, T. Muwonge, RR.A,, N.D., T.S,, T.R. and M.P.F. -
reviewed the final article.

Funding information

This study was made possible through the Africa Centres for
Disease Control and The Mastercard Foundation funding.

Data availability

Data will be available from the corresponding author, C.H.,
on reasonable request to ensure that the data-sharing
guidelines for the NIHR, UZ and Africa CDC are followed.

Disclaimer

The views and opinions expressed in this article are those of
the authors and are the product of professional research. It
does not necessarily reflect the official policy or position of
any affiliated institution, funder, agency or that of the
publisher. The authors are responsible for this article’s results,
findings and content.

References

1. Kashte S, Gulbake A, El-Amin Il SF, Gupta A. COVID-19 vaccines: Rapid
development, implications, challenges and future prospects. Hum Cell.
2021;34:711-733. https://doi.org/10.1007/s13577-021-00512-4

2. Saag M. Wonder of wonders, miracle of miracles: The unprecedented speed of
COVID-19 science. Physiol Rev. 2022;102(3):1569-1577. https://doi.org/10.1152/
physrev.00010.2022

3. Chi WY, Li YD, Huang HC, et al. COVID-19 vaccine update: Vaccine effectiveness,
SARS-CoV-2 variants, boosters, adverse effects, and immune correlates of
protection. J Biomed Sci. 2022;29:82. https://doi.org/10.1186/s12929-022-
00853-8

4. Wilder-Smith A. What is the vaccine effect on reducing transmission in the context
of the SARS-CoV-2 delta variant? Lancet Infect Dis. 2022;22(2):152—-153. https://
doi.org/10.1016/51473-3099(21)00690-3

5. Randolph HE, Barreiro LB. Herd Immunity: Understanding COVID-19. Immunity.
2020;52(5):737-741. https://doi.org/10.1016/5S1473-3099(21)00690-3

6. Kwok KO, Lai F, Wei WI, Wong SYS, Tang JWT. Herd immunity — Estimating the
level required to halt the COVID-19 epidemics in affected countries. J Infect.
2020;80:e32-e33. https://doi.org/10.1016/j.jinf.2020.03.027

7. Frederiksen LSF, Zhang Y, Foged C, Thakur A. The long road toward COVID-19
herd immunity: Vaccine platform technologies and mass immunization strategies.
Front Immunol. 2020;11:1817. https://doi.org/10.3389/fimmu.2020.01817

8. Hess S, Lancsar E, Mariel P, et al. The path towards herd immunity: Predicting
COVID-19 vaccination uptake through results from a stated choice study across
six continents. Soc Sci Med. 2022;298:114800. https://doi.org/10.1016/j.
socscimed.2022.114800

9. She J, Hou D, Chen C, Bi J, Song Y. Challenges of vaccination and herd immunity
in COVID-19 and management strategies. Clin Respir J. 2022;16(11):708-716.
https://doi.org/10.1111/crj.13543

10. Rabaan AA, Al-Ahmed SH, Albayat H, et al. Variants of SARS-CoV-2: Influences on
the vaccines’ effectiveness and possible strategies to overcome their consequences.
Medicina (B Aires). 2023;59:507. https://doi.org/10.3390/medicina59030507



http://publichealthinafrica.org
https://doi.org/10.1007/s13577-021-00512-4
https://doi.org/10.1152/physrev.00010.2022
https://doi.org/10.1152/physrev.00010.2022
https://doi.org/10.1186/s12929-022-00853-8
https://doi.org/10.1186/s12929-022-00853-8
https://doi.org/10.1016/S1473-3099(21)00690-3
https://doi.org/10.1016/S1473-3099(21)00690-3
https://doi.org/10.1016/S1473-3099(21)00690-3
https://doi.org/10.1016/j.jinf.2020.03.027
https://doi.org/10.3389/fimmu.2020.01817
https://doi.org/10.1016/j.socscimed.2022.114800
https://doi.org/10.1016/j.socscimed.2022.114800
https://doi.org/10.1111/crj.13543
https://doi.org/10.3390/medicina59030507

11

12.

13.

14.

15.

16.

17.

18.

19.

Konishi T. Mutations in SARS-CoV-2 are on the increase against the acquired
immunity. PLoS One. 2022;17:€0271305. https://doi.org/10.1371/journal.pone.
0271305

Falahi S, Kenarkoohi A. Host factors and vaccine efficacy: Implications for
COVID-19 vaccines. J Med Virol. 2022;94:1330-1335. https://doi.org/10.1002/
jmv.27485

Altman JD, Miner DS, Lee AA, et al. Factors affecting vaccine attitudes influenced
by the COVID-19 pandemic. Vaccines (Basel). 2023;11(3):516. https://doi.
org/10.3390/vaccines11030516

Bepouka B, Mayasi N, Mandina M, et al. Risk factors for mortality in COVID-19
patients in sub-Saharan Africa: A systematic review and meta-analysis. PLoS One.
2022;17(10):e0276008. https://doi.org/10.1371/journal.pone.0276008

Waterfield KC, Shah GH, Etheredge GD, Ikhile O. Consequences of COVID-19 crisis
for persons with HIV: The impact of social determinants of health. BMC Public
Health. 2021;21:299. https://doi.org/10.1186/s12889-021-10296-9

Murewanhema G, Musuka G, Denhere K, Chingombe |, Mapingure MP,
Dzinamarira T. The landscape of COVID-19 vaccination in Zimbabwe: A narrative
review and analysis of the strengths, weaknesses, opportunities and threats of
the programme. Vaccines (Basel). 2022;10(2):262. https://doi.org/10.3390/
vaccines10020262

Al-Momani H, Aldajah K, Alda’ajah E, ALjafar Y, Abushawer Z. Effectiveness of Pfizer/
BioNTech and Sinopharm COVID-19 vaccines in reducing hospital admissions in
prince Hamza hospital, Jordan. Front Public Health. 2022;10:1008521. https://doi.
org/10.3389/fpubh.2022.1008521

Kahn R, Janusz CB, Castro MC, et al. The effectiveness of COVID-19 vaccines in
Latin America, 2021: A multicenter regional case—control study. Lancet Region
Health Am. 2023;20:100474. https://doi.org/10.1016/j.1ana.2023.100474

Premikha M, Chiew CJ, Wei WE, et al. Comparative effectiveness of mRNA and
inactivated whole-virus vaccines against coronavirus disease 2019 infection and
severe disease in Singapore. Clin Infect Dis. 2022;75(8):1442-1445. https://doi.
org/10.1093/cid/ciac288

Page 8 of 8 . Original Research
20.

21.
22.
23.
24.
25.
26.

27.

28.

29.

Marfella R, D’Onofrio N, Sardu C, et al. Does poor glycaemic control affect the
immunogenicity of the COVID-19 vaccination in patients with type 2 diabetes: The
CAVEAT study. Diabetes Obes Metab. 2022;24:160-165. https://doi.org/10.1111/
dom.14547

The Sinopharm COVID-19 vaccine: What you need to know [homepage on the
Internet]. 2023. Available from: https://www.who.int/news-room/feature-
stories/detail/the-sinopharm-covid-19-vaccine-what-you-need-to-know

Alishan S, Ali F, Igbal Z, et al. Home management of COVID-19 patients: A
successful model in non-severe COVID-19 patients in the developing world.
Cureus [Internet]. 2022;14:e21605. https://doi.org/10.7759/cureus.21605

Nguyen NT, Chinn J, Kirby K, Hohmann SF, Amin A. Outcomes of COVID-19 adults
managed in an outpatient versus hospital setting. PLoS One. 2022;17:e0263813.
https://doi.org/10.1371/journal.pone.0263813

Sette A, Crotty S. Adaptive immunity to SARS-CoV-2 and COVID-19. Cell.
2021;184:861-880. https://doi.org/10.1016/j.cell.2021.01.007

Mohammed M, Muhammad S, Mohammed FZ, Mustapha S, Sha’aban A, Sani NY,
et al. Risk factors associated with mortality among patients with novel coronavirus
disease (COVID-19) in Africa. J Racial Ethn Health Disparities. 2021;8:1267-1272.
https://doi.org/10.1007/s40615-020-00888-3

Dalal PK, Agarwal M. Postmenopausal syndrome. Indian J Psychiatry.
2015;57(Suppl. 2):5222-5232. https://doi.org/10.4103/0019-5545.161483

Bradshaw D, Dorrington R, Moultrie T, Groenewald P, Moultrie H. Underestimated
COVID-19 mortalityin WHO Africanregion. Lancet Glob Health. 2022;10(11):e1559.
https://doi.org/10.1016/S2214-109X(22)00425-9

Mohan AA, Olson LB, Naqvi IA, et al. Age and comorbidities predict COVID-19
outcome, regardless of innate immune response severity: A single institutional
cohort study. Crit Care Explor. 2022;4(12):e0799. https://doi.org/10.1097/
CCE.0000000000000799

Shi C, Wang L, Ye J, et al. Predictors of mortality in patients with coronavirus
disease 2019: A systematic review and meta-analysis. BMC Infect Dis. 2021;21:663.
https://doi.org/10.1186/512879-021-06369-0

http://publichealthinafrica.org . Open Access



http://publichealthinafrica.org
https://doi.org/10.1371/journal.pone.0271305
https://doi.org/10.1371/journal.pone.0271305
https://doi.org/10.1002/jmv.27485
https://doi.org/10.1002/jmv.27485
https://doi.org/10.3390/vaccines11030516
https://doi.org/10.3390/vaccines11030516
https://doi.org/10.1371/journal.pone.0276008
https://doi.org/10.1186/s12889-021-10296-9
https://doi.org/10.3390/vaccines10020262
https://doi.org/10.3390/vaccines10020262
https://doi.org/10.3389/fpubh.2022.1008521
https://doi.org/10.3389/fpubh.2022.1008521
https://doi.org/10.1016/j.lana.2023.100474
https://doi.org/10.1093/cid/ciac288
https://doi.org/10.1093/cid/ciac288
https://doi.org/10.1111/dom.14547
https://doi.org/10.1111/dom.14547
https://www.who.int/news-room/feature-stories/detail/the-sinopharm-covid-19-vaccine-what-you-need-to-know
https://www.who.int/news-room/feature-stories/detail/the-sinopharm-covid-19-vaccine-what-you-need-to-know
https://doi.org/10.7759/cureus.21605
https://doi.org/10.1371/journal.pone.0263813
https://doi.org/10.1016/j.cell.2021.01.007
https://doi.org/10.1007/s40615-020-00888-3
https://doi.org/10.4103/0019-5545.161483
https://doi.org/10.1016/S2214-109X(22)00425-9
https://doi.org/10.1097/CCE.0000000000000799
https://doi.org/10.1097/CCE.0000000000000799
https://doi.org/10.1186/s12879-021-06369-0

	Real-world COVID-19 vaccine effectiveness in Zimbabwe: A test-negative case-control study
	Introduction
	Research methods and design
	Study design
	Study setting
	Study population and sampling strategy
	Data-collection methods
	Source of information and matching

	Data analysis
	Ethical considerations

	Results
	Participant characteristics
	Vaccine effectiveness
	Coronavirus disease 2019 severity

	Coronavirus disease 2019 management (home-based care or hospitalised) and outcome (recovered or died)

	Discussion
	Conclusion
	Recommendations
	Acknowledgements
	Competing interests
	Authors’ contributions
	Funding information
	Data availability
	Disclaimer

	References
	Tables
	TABLE 1: Participant demographic characteristics.
	TABLE 2: Conditional logistic regression for the effect of vaccination on coronavirus disease 2019 status.
	TABLE 3: Coronavirus disease 2019 management and outcome among cases.
	TABLE 4: Ordinal logistic regression for factors associated with COVID 19 severity (n = 500).

	Figure
	FIGURE 1: Disease severity among cases by vaccination status.



