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Abstract

Introduction: since March 2020, Zambia has been
experiencing a SARS-CoV-2 epidemic. Little data has
been reported on cases and deaths arising from
COVID-19 in Africa. We described the demographic
characteristics of these cases and deaths in Zambia.
Methods: we analyzed data on all persons testing
positive for SARS-CoV-2 from 18" March 2020 to
25" April 2021 in Zambia. COVID-19 cases were
identified through port-of-entry surveillance,
contact-tracing, health-care-worker testing, health-
facility-based and community-based screening and
community-death screening. All diagnoses were
confirmed  using  real-time-polymerase-chain-
reaction and rapid-antigen-test-kits of
nasopharyngeal specimens. We analyzed age, sex,
and date-of-reporting according to whether the
cases or deaths occurred during the first wave (1°
July to 15" September 2020) or the second wave
(15" December 2020 to 10" April 2021). We
computed Mann-Whitney-U-test to compare
medians of  continuous variables and
chi-square tests to compare differences between
proportions using R. Results: a total 1,246 (1.36%)
deaths were recorded among 91,378 confirmed
cases during March 2020-April 2021 in Zambia.
Persons who died were older than those who did not
(median age 50 years versus 32.0 Vyears,
p< 0.001). Although only 4.7% of cases were among
persons aged >60 years, most deaths (31.6%)
occurred in this age group (p<0.001). More deaths
(83.5%) occurred in the community than in health
facilities (p<0.001). Conclusion: during the SARS-
CoV-2 epidemic in Zambia, most deaths occurred in
the community, indicating potential gaps in public
health messaging about COVID-19. Improving
health-seeking behaviors for COVID-19 through
public messaging campaigns and engaging key
community stakeholders in Zambia might reduce
avoidable mortality. As the group most impacted by
COVID-19 mortality, older persons might need
enhanced outreach and linkage to care.
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Introduction

COVID-19 is an infectious viral disease caused by a
novel enveloped RNA beta-coronavirus named
severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) [1]. Most cases are asymptomatic,
few present with mild symptoms, and a minority
progress to acute respiratory illness and hypoxia
requiring hospitalization, and a subset develop
acute respiratory distress syndrome, multi-organ
failure, or have fatal outcomes [2]. From 18" March
2020 to April 25™ 2021, Zambia recorded over
91,000 confirmed cases with over 1000 deaths [3].
Zambia reported its first wave from July to August
2020 and with it an increase in the number of
recorded deaths. After several months of low
confirmed case counts and deaths, a second wave
began in December 2020 and with it an increase in
the number of COVID-19-associated deaths [3].
Socio-demographic differences have been reported
between people infected in the first and second
waves, with the first wave affecting an older
segment of the population than the second [4,5].
Age and sex have been shown to affect both the
severity and mortality associated with COVID-19,
with male sex and the elderly at greater risk of both
severe disease and death [2]. A post-mortem
surveillance project of COVID-19 in Zambia showed
that most SARS-CoV-2 positive deaths occurred in
the community and were associated with older age
and male sex [6]. However, this study was limited
to only one large hospital in Lusaka and the data
analyzed was for only four months duration.
Another study at this hospital showed that
community deaths from all causes also increased in
Lusaka during these two CovID-19
peaks [7]. Description of the socio-demographic
characteristics of people infected and of those who
died from COVID-19 at various stages during the
pandemic will help identify high-risk groups that
should be targeted for public health interventions
towards outbreak control. We describe the
demographic characteristics of all the confirmed
SARS-CoV-2 positive cases and deaths in Zambia
between 18" March 2020 and April 25", 2021.
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Methods

Study design: this is a retrospective analysis of the
Zambia COVID-19 database currently held at the
Zambia National Public Health Institute (ZNPHI).
This database contains the names, sex, age,
location, clinical outcome, and places of death
(health facilities or community) of all reported
SARS-CoV-2 positive cases in Zambia from the date
of outbreak inception in Zambia (18" March 2020).
It is currently held by ZNPHI and is updated on a
daily basis with test results from all health facilities
and laboratories conducting SARS-CoV-2 testing in
Zambia. We chose this database for our
investigation as it is the most complete and up-to-
date database containing details on all SARS-CoV-2
positive cases in Zambia. By using this study design,
we were able to generate evidence about COVID-
19 cases and mortality in Zambia using routine
programmatic data that can guide the COVID-19
public health response in Zambia, and other similar
African countries.

Study setting: persons with suspected COVID-19 in
Zambia were identified through various
mechanisms, including port-of-entry surveillance,
contact tracing, health care worker testing, health
facility-based screening, mortality surveillance,
community-based screenings, and calls from the
public into a COVID-19 national hotline
administered by the Disaster Management and
Mitigation Unit and ZNPHI. All COVID-19 diagnoses
were confirmed using real-time-reverse-
transcription-polymerase-chain-reaction (RT-PCR)
or rapid-diagnostic-testing kits of nasopharyngeal
specimens [8]. We analyzed data from the outbreak
inception to the end of the second wave in Zambia
(April 25", 2021).

Study population: a COVID-19 case was defined as
a positive SARS-CoV-2 DNA polymerase chain
reaction (PCR) or positive SARS-CoV-2 rapid
diagnostic test (RDT). A COVID-19 death was
defined as a death including people who have had
a positive PCR or RDT test for COVID-19, who died
without fully recovering from COVID-19 or a
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positive PCR or RDT after death. A COVID-19
community death was defined as a death that
occurs outside of a hospital or healthcare facility or
within 24 hours of admission at a health facility with
a history of a positive SARS-CoV-2 test prior to
death or shortly after death. In Zambia, deaths
occurring within the community are required by
law to be registered before access to a burial site.
This registration takes place at a health facility
mortuary before burial. During the COVID-19
pandemic, community deaths were tested for
SARS-CoV-2 before being deposited in the
mortuary. We defined a hospital/facility SARS-CoV-
2 death as a death that occurs after more than 24
hours of admission to a health facility or a hospital
with a positive SARS-CoV-2 test. We identified all
laboratory-confirmed SARS-CoV-2 positive cases
among persons in Zambia. To be eligible, positive
cases had to fall within the study period.

Data extraction: the following variables were
extracted from the database; age, sex, date of
result reporting (by the laboratory), clinical
outcome, and place of death (health facility or
community). There were inconsistencies in the
completeness of these variables within the dataset.

Data analysis: we stratified the continuous variable
age into a categorical variable age group for ease of
interpretation. The case fatality proportion was
defined as the number of deaths among persons
with confirmed cases divided by the number of
persons with confirmed cases. The first and second
waves were identified by visually inspecting the
epidemic curve and noting deflections from the
baseline. We analyzed the data according to
whether SARS-CoV-2 infections or deaths occurred
during the first wave (July 1% to September 15",
2020) or the second wave (December 15", 2020, to
April 25", 2021). Additionally, we analyzed the sex-
age distribution of all positive cases by wave, we
also analyzed the sex-age distribution of deaths by
place of death. We compared case fatality
proportion by age, sex and wave. Data analysis was
done in R version 4.0.4. Categorical variables were
summarized as proportions. Simple descriptive
statistics were performed. Shapiro-Wilks’s test was
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used to test for the normality of the distribution of
the age variable. Mann-Whitney U test was used to
compare the median age of COVID-19 cases and
COVID-19 deaths and to compare the median age
of all cases and deaths during the first and second
waves. The Chi-square test was used to test for the
significance of differences between the proportion
of all SARs-CoV-2 cases and deaths by age group,
clinical outcomes (dead or alive), place of death
(facility or community), and sex between the first
wave and second wave. Additionally, we used the
Chi-square test to test the significance of
differences between proportions of age groups,
wave periods, sex, and place of death by clinical
outcome. A p-value of less than 0.05 was used to
make an inference of a statistically significant
association.

Ethical consideration: ethical approval was
obtained to conduct this study from ERES Converge
[IRB: 00005948, FWA: 00011697], reference
number 2021-JUN-016.

Results

Characteristics of cases: from March 18", 2020, to
April 25", 2021, a total of 91 378 SARS-CoV-2 cases
were recorded in Zambia over two waves
(Figure 1). The median age amongst cases was 32.0
years (interquartile range [IQR] = 20.0)
(Table 1). Most cases (27.4%) were recorded among
persons aged 21-30 (p<0.001) (Figure 2). More
males tested positive for SARS-CoV-2 (52.3%,
p=0.008). More SARS-CoV-2 cases were recorded in
the second wave (85.6%, p<0.001). Cases in the first
wave were older (median age 37.0 years [IQR = 19]
versus 31.0 years [IQR = 20]; p<0.001) (Table 2). The
proportion of females affected in the first wave was
less than that affected in the second wave (39.3%
first wave vs 49.3% second wave, p<0.001).

Characteristics of deaths: a total of 1,246 (1.36%)
deaths were reported among the 91,378 confirmed
cases during March 2020-April 2021 in Zambia. The
data set contained information on 823 (66.1%) of
these deaths. Compared to cases, deaths were
older (median age 32.0 years [IQR=20.0] among
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cases versus median age 50 [IQR=35.8] amongst
deaths; p<0.001) (Table 1). Although only 4.7% of
cases were among persons aged >60 years, most
deaths (31.6%) occurred in this age group (p<0.001)
(Figure 3). There were more recorded deaths
among males (57.0%, p= 0.008). More deaths
occurred in the second wave (52.5% vs 35.8%,
p<0.001). More deaths occurred in the community
than in health facilities (83.5%, p<0.001). From the
data analyzed, from March 18", 2020, to April 25",
2021, the overall case fatality proportion due to
COVID-19 was 0.9% in Zambia. The first wave had a
higher case fatality (2.4% versus 0.6%, p<0.001).
Case fatality was higher among males than females
(1.0% versus 0.9%, p< 0.001).

Discussion

Over two-thirds of all COVID-19 deaths occurred in
the community. This could be because of barriers
to accessing health services by most of the
population with severe disease. This observation is
not unique to this study, according to the Zambia
sample vital registration with verbal autopsy
report, 40.4% of all recorded deaths occurred in the
community, with only 53.1% occurring in health
facilities [9]. Community deaths from all causes
spiked in Lusaka during COVID-19 waves in 2020,
suggesting a likely increased number of deaths
related to COVID-19 than official statistics
capture [6,7]. Therefore, routine surveillance of
these community deaths should form part of
nationwide COVID-19 surveillance.  Further
research is required to identify barriers to access to
health care in Zambia. In addition, public health
messaging strategies are needed to improve
health-seeking behavior for COVID-19 in Zambia.
The median age of reported SARS-COV-2 infections
over the entire outbreak in Zambia was lower than
what has been observed worldwide and within the
region [1,4,5,10]. This could be due to the younger
demographic age structure in Zambia [9]. There
was a decline in the median age of cases from the
first wave to the second. A similar decline in age
between the first and second waves has been
reported in both the United States and
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Europe [4,5]. Changes in testing strategies across
age groups could affect the distribution of positive
results, or this change could reflect a demographic
transition in the segment of the population
affected. Further investigations are required to
understand this observation as young people
make up a large proportion of the Zambian
population [9], and may be at higher risk of
exposure to SARS-COV-2 because of behavioral and
occupational factors.

A larger proportion of cases were male, proportions
of reported COVID-19 cases have been shown to
vary by sex [11]. Globally, the proportion of male-
to-female cases is almost equal (49.0% men), while
in South Africa, men made up 42.0% of nationally
reported cases, in the rest of Africa however, males
make up a larger proportion (60.0%) of nationally
reported COVID-19 cases [12]. This may be due to
biological differences between sexes or socio-
environmental factors and norms, for instance,
men might be more likely to work during the
pandemic, and thus have increased exposure to the
virus [13-15]. Biological differences that may
account for reduced susceptibility to infection in
women include estradiol induced reduced
expression of angio-converting-enzyme-2
(ACE-2) [16]. In addition, women have been
documented to be more likely to perceive COVID-
19 as a very serious health problem, to agree with
restraining public policy measures and to comply
with hygiene measures such as handwashing than
men [17,18]. In our study the proportion of women
affected in the second wave was higher than in the
first wave. This may indicate the increasing
susceptibility of women in this pandemic which
could be due to cultural and societal roles [15].
Previously, research has shown that women were
more likely to be infected with the Ebola virus,
which spread across West Africa from 2014 to
2016, as females usually serve as care providers in
families and communities caring for their ill
relatives in their homes and subsequently getting
infected [19]. Further investigations are required to
understand the gendered impacts of this pandemic.
Male sex has been shown to carry a worse
prognosis of COVID-19 [2,15] this was consistent
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with our finding of a higher case fatality among
men. This could be due to biological and behavioral
differences between sex such as more robust
immune response in women or a higher incidence
of cigarette smoking among men. Further
investigations are required to understand the
difference in case fatality by sex in Zambia.

More cases were reported in the second wave than
in the first. This was consistent with findings from
40 other African countries that experienced or
were starting to experience a second wave of cases.
Among these countries, 24 (60.0%) reported a
mean increase of 403% (range 10.0% - 4602.0%) in
the mean number of new cases per day being
reported from wave start to peak when comparing
the first and the second waves [20]. This increase in
numbers in the second wave could have been due
to an increase in testing capacity at national
level [21] and/or due to the relaxing of public health
measures such as distancing and intermittent
lockdowns driven by economic necessity and
pandemic fatigue [20]. Additionally, mutations in
the virus may lead to increased infectivity and may
account for the increase in cases between
waves [22]. Phylogenomic analysis of the first cases
detected in Zambia with SARS-CoV-2 in March 2020
showed that it belonged to the lineage B.1.1,
sharing the most common recent ancestor with
viruses detected in South Africa [23]. Of 23
specimens collected during the second wave in
Zambia (16™-23 December 2020), 22 (96.0%) of
the specimens were the Beta (B.1.351) variant [24].
Due to mutations on the spike protein that increase
transmissibility (N501Y) and hinder antibody
binding (E484K), the Beta variant is of public health
concern as it blunts naturally developed immunity
and reduces vaccine efficacy [24,25]. Thus, routine
phylogenomic surveillance and analysis of SARS-
COV-2 specimens should form part of the outbreak
response in Zambia and guide subsequent public
health action such as choice of vaccine.

Worldwide, the average case fatality proportion for
COVID-19 ranges from 2.0%-3.0%, in Africa it is
2.4% [20,26]. The lower overall case fatality
reported in this study could be due to the lower
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median age of cases in Zambia as age is a well-
established risk factor for severe disease and
mortality [2,27]. This could be due to age-related
immune changes or the higher likelihood of the
presence of comorbid conditions in the elderly. The
lower case fatality seen in the second wave could
be due to the lower median age of cases in the
second wave and the higher proportion of women
affected in the second wave compared to women
affected in the first wave, as mortality was
significantly associated with older age and male sex
in this study. Additionally, the logistical and clinical
care experience gained from the first wave could
have resulted in better preparation and patient
care in the second wave, resulting in lower case
fatality in the second wave. The number of COVID-
19 cases and deaths reported in this study most
likely reflects a fraction of the true toll of COVID-19
in  Zambia. A population-based SARS-CoV-2
prevalence study done in Zambia showed that the
number of laboratory-confirmed cases reported in
official statistics underestimated SARS-CoV-2
prevalence by a factor of 92 [28] which may have
been because of the high number of asymptomatic
individuals reported in that study. Another study
that looked at the prevalence of SARS-CoV-2 among
deceased individuals at a tertiary hospital morgue
in Lusaka, Zambia found a SARS-CoV-2 prevalence
of 15.9% [6]. In that study, among facility deaths,
only 31.6% had been tested ante mortem whilst
among community deaths, none had been tested
for COVID-19 ante mortem. There is a need to
increase testing capacity by expanding the scope of
routine  COVID-19 surveillance to include
asymptomatic individuals and community deaths to
ascertain the true extent and spread of COVID-19 in
Zambia to inform public health interventions to
stop its spread.

Limitations: this study had several limitations. We
only analyzed the positive cases and did not analyze
the negative cases due to the nature of the dataset.
Future analyses will include all tests conducted in
Zambia, regardless of the result. Not all reported
deaths were captured by this dataset; however,
due to its level of completeness and large size, we
were still able to identify trends that are
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corroborated by data from other countries,
suggesting our findings might not be biased by
missing data. Because this was an observational
study, we cannot attribute causation between
factors associated with mortality in this analysis.

Funding: this project has been supported by the
President's Emergency Plan for AIDS Relief
[PEPFAR] through the Centers for Disease Control
and Prevention [CDC] under the terms of a
cooperative agreement with the Zambia Ministry of
Health [CoAg ID number: GH002234; CoAg name:
Ministry of Health; CoAg principal investigator:
Lloyd B Mulenga; CoAg funding period: 9/30/2020-
9/29/2025] and the Zambia Ministry of Health.

Conclusion

During the SARS-CoV-2 epidemic in Zambia, most
deaths occurred within the community, among the
elderly and among males. This indicates potential
gaps in public health messaging about COVID-19. As
the group most impacted by COVID-19 mortality,
older persons might need enhanced outreach and
linkage to care and by improving health seeking
behavior. More people were infected in the second
wave of COVID-19 in Zambia, and these were
younger than those infected in the first wave. This
highlights the need for continuously monitoring the
demographic distribution of cases to guide public
health intervention efforts. This can be achieved by
targeted public health interventions to reduce
behavioral and occupational risk factors among
young adults.

What is known about this topic
e Worldwide males and the elderly are more
at risk of SARS-COV-2 infection and of more
severe clinical forms and outcomes of
COVID-19 once infected;
e There is wave to wave variation of the
demographic subset of the population
affected by SARS-COV-2.
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What this study adds
e This study adds to the limited information
on the demographic characteristics of cases
and deaths in Zambia and Africa as a whole;
e This study establishes that most deaths due
to/associated with COVID-19 in Zambia do
not occur within health facilities but within
communities;
e Even though fewer cases were recorded in
the 60 and over age group most deaths
occurred in this age group.
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Table 1: comparison of demographic characteristics of SARS-CoV-2 positive people by outcome in
Zambia March 2020 - January 2021

Outcome
Alive n = 90555 Dead n =823 |P value
Age Median (IQR) 32.0(20.0) 50.0 (35.8) |<0.001
Age group, n (%) <10 2775 (3.1) 41 (5.0) <0.001
11-20 10852 (12.0) 32 (3.9)
21-30 20394 (22.5) 72 (8.7)
31-40 17816 (19.7) 116 (14.1)
41-50 11930 (13.2) 110 (13.4)
51-60 5893 (6.5) 77 (9.4)
>60 4273 (4.7) 260 (31.6)
(Missing) 16622 (18.4) 115 (14.0)
Wave, n (%) First wave 11967 (13.2) 295 (35.8)  [<0.001
Second wave 71186 (78.6) 432 (52.5)
(Missing) 7402 (8.2) 96 (11.7)
Sex, n (%) Male 45162 (49.9) 469 (57.0) 0.008
Female 41266 (45.6) 354 (43.0)
(Missing) 4127 (4.6) 0 (0.0)
Place of death, n (%) Community 0 (0.0) 687 (83.5) 1.000
Health facility 0 (0.0) 136 (16.5)

Table 2: comparison of demographic characteristics and outcomes of SARS-CoV-2 positive cases
between the first and second waves of COVID-19 in Zambia; March 2020 - April 2021

Wave
Firstn = Second n =71618 | P -value
12262
Proportion of total cases % 13.4 78.4
Age Median 37.0(19.0) 31.0(20.0) <0.001
(IQR)
Age group, n <10 320 (3.4) 2207 (3.7) <0.001
(%)
11-20 503 (5.4) 9585 (16.3)
21-30 2109 (22.6) 16627 (28.2)
31-40 2609 (28.0) 13758 (23.3)
41-50 2052 (22.0) 8880 (15.1)
51-60 957 (10.3) 4480 (7.6)
>60 779 (8.4) 3400 (5.8)
Outcome, n (%) | Alive 11967 (97.6) 71186 (99.4) <0.001
Dead 295 (2.4) 432 (0.6)
Place of death, | Community 218 (73.9) 415 (96.1) <0.001
n (%) Health 77 (26.1) 17 (3.9)
Facility
Sex, n (%) Male 7392 (60.7) 34382 (50.7) <0.001
Female 4794 (39.3) 33454 (49.3)
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Figure 1: epidemic curve of seven day rolling average of incident COVID-19 positive
cases in Zambia; March 2020-April 2021
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Figure 2: sex and age distribution of COVID-19 cases in Zambia; March 2020-April 2021
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Figure 3: sex and age distribution of COVID-19 deaths in Zambia; March 2020-January
2021
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