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ABSTRACT

Introduction Data on the burden of SARS-CoV-2
infections by age group and for different severity levels
are lacking. We estimated the South African SARS-CoV-2
disease burden and severity, describing changes in the
shape of the disease burden pyramid with successive
waves.

Methods We estimated SARS-CoV-2 medically and non-
medically attended illness stratified by severity (mild,
severe non-fatal and fatal) during the initial five waves,
spanning 1 March 2020 through 13 August 2022. We
used individual-level national surveillance, healthcare
utilisation and serosurvey data to estimate wave-specific
hospitalisation-fatality (HFR) and infection-fatality ratios.
We estimated wave-specific incidence rates per 100000
population with 95% Cls derived from bootstrapping the
individual-level data.

Results On 13 August 2022, the estimated cumulative
number of SARS-CoV-2 infections in South Africa was
104.6 million, of which 399900 (0.38%) were severe non-
fatal and 258 800-289 000 (0.25 - 0.28%) fatal. 29% of
severe non-fatal illness and 55 - 60% of deaths occurred
outside the hospital. The highest burden of severe and fatal
iliness was during the Delta wave (wave 3), and the HFR
across the initial three waves was similar (range 31-34%).
Although there were more infections during the Omicron
BA.1 wave (wave 4), there was a substantial reduction in
HFR (14%). Successive waves saw a reduction in the rate
of increase in mortality and hospitalisations with increasing
age.

Conclusions The substantial South African national
burden of SARS-CoV-2 for the initial five waves contradicts
the belief of minimal impact in Africa. A high proportion of
severe non-fatal and fatal illness occurred outside of the
hospital, highlighting the importance of studies of health-
seeking and vital registration systems to document the
full burden of iliness. The highest burden of severe illness
and death was in the Delta wave. Following the Omicron
emergence, severe illness reduced, and with successive
waves, proportionately more children were infected and
became ill, suggesting a transition to a more endemic
pattern.
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= As SARS-CoV-2 spread globally, initial assumptions
painted a bleak picture for Africa due to its existing
challenges in healthcare service delivery, multimorbid-
ity, poverty and lack of resources needed to fight the
infection. The number of cases and deaths reported
during the pandemic seemed to contradict these ini-
tial assumptions. South Africa recorded over 4million
laboratory-confirmed cases of COVID-19 during the first
3 years of the pandemic. However, it is estimated that
only a 10th of the cases were diagnosed. With the lack
of testing, inconsistent healthcare-seeking behaviour,
changes in attack, reinfection and symptomatic rates,
the true burden of SARS-CoV-2 across the different
age groups and severity levels was largely unknown.
Although real-time epidemiological data were crucial
for informing intervention strategies throughout the pan-
demic, it is now essential to quantify and describe the
evolution of the epidemiology over successive pandemic
waves as more information was made available.

WHAT THIS STUDY ADDS

= We found a high burden of severe iliness and death in
the first three waves of SARS-CoV-2, peaking in the
third (Delta) wave. The emergence of the Omicron BA.1
variant was associated with very high rates of infection
but substantial reductions in disease severity. Incidence
of severe illness and hospitalisation fatality generally
increased with increasing age. Successive waves saw
a reduction in the rate of the increase in mortality with
increasing age and increases in hospitalisation-fatality
ratios in children below 5 years of age, suggesting a shift
from the epidemic state to a J-shaped distribution in
mortality, typical of seasonal respiratory viruses. Notably,
a high proportion of severe illness (29%) and death (55-
60%) occurred outside the hospital.

INTRODUCTION

As of the end of August 2023, confirmed
numbers of COVID-19 cases and deaths world-
wide exceeded 770million and 6.9million,
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HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE OR
POLICY

= Our study provides insights into the changes in patterns of infection
and disease following the introduction of a novel pathogen into a
susceptible population, which may be useful for future pandemic
planning. The high proportion of undiagnosed and unreported ill-
ness and the high proportion of severe illness and death occurring
outside of the hospital suggest that strengthening access to diag-
nosis and care is needed in our setting.

respectively.' South Africa is an upper middle-income
country in Sub-Saharan Africa with a total population
of more than 60million individuals, 28% of whom are
aged below 15 years.” > HIV is an important comorbidity
for respiratory illness in South Africa, with a prevalence
of 12.6% in 2022.° More than 4million laboratory-
confirmed cases of COVID-19 were identified in South
Africa from the first confirmed case in early March 2020
until 25 March 2023," cumulatively comprising almost
half (42.7%) of the total confirmed COVID-19 cases in
Africa.” SARS-CoV-2 testing capacity in Africa is limited,
and in South Africa, less than 10% of all SARS-CoV-2
cases during the first three waves are estimated to have
been diagnosed.®” South Africa’s vaccination roll-out was
initiated among healthcare workers in February 2021
and extended to the elderly and adolescents in May and
October 2021, respectively.” Vaccination coverage within
South Africa reached 27% by 12 January 2022.”

From 5 March 2020 through 31 August 2022, South
Africa experienced five waves of SARS-CoV-2, each
dominated by a different variant (D614G, Beta, Delta,
Omicron BA.1/2 and Omicron BA.4/5, respectively).10
As the virus becomes endemic with successive waves of
infection, a rise in population SARS-CoV-2 immunity
induced by natural infection and vaccination can lead
to changes in the epidemiology of disease."'™" These
changes may include reductions in disease severity, as
well as changes in the overall burden and age distribu-
tions of infections, illnesses and deaths.!? ! Furthermore,
different emerging SARS-CoV-2 variants may be asso-
ciated with immune evasion and variation in virulence,
infectiousness and/or transmissibility, which can affect
rates of infection and reinfection as well as variants’
intrinsic severity of illness.'*"°

South Africa’s government-funded'’ public health-
care sector is the primary provider of healthcare for
the majority of the population,' yet resources are
limited." Although public clinics, hospitals or other
institutions are the primary point of healthcare access
for 72% of the population, healthcare-seeking behaviour
varies.'” Considering the lack of testing as well as vari-
able healthcare-seeking behaviour and changes in the
symptomatic proportion, attack rates and reinfection
frequency across the five SARS-CoV-2 waves, the shape of
the disease burden pyramid is largely unknown.

Data on the burden of SARS-CoV-2 in successive waves
across different levels of severity are limited globally. This

is particularly important in Africa, where resources are
limited and official statistics mistakenly suggest that the
burden of cases and mortality was substantially lower
than in other regions.” We aimed to estimate the burden
of SARS-CoV-2 infection and severe disease in South
Africa from March 2020 through August 2022, and to
describe the variation in levels of severity in infected indi-
viduals (ie, the disease burden pyramid) across the first
five pandemic waves. At the start of the pandemic, it was
critical to have realistic epidemiological data to model
the impact of interventions. Early models were used to
support South African policy makers, updating stake-
holders and the South African public throughout the
course of the pandemic.20 In this study, we, however, use
more data sources than were available in real time.

MATERIALS AND METHODS

Conceptual outline of burden strata with data sources

Strata definitions

The SARS-CoV-2 burden comprises both asymptomatic
infection (no clinical manifestation of disease) and
symptomatic illness. We estimated the burden in three
mutually exclusive severity strata: non-severe infection
(asymptomatic infection and mild or moderate illness),
severe non-fatal illness and fatal illness.”’ Severe non-fatal
and fatal illness was further stratified into medically and
non-medically attended illnesses (figure 1). Individuals
with severe illness who were admitted to the hospital or
individuals who died in hospital were considered medi-
cally attended. Individuals with severe illness who were
not hospitalised and those who died out of hospital were
considered non-medically attended.”’

Data sources

1. Individual-level SARS-CoV-2 public and private hospi-
tal admissions and subsequent in-hospital deaths from the
DATCOV national surveillance programme for SARS-CoV-2
hospitalisations.® DATCOV includes data on COVID-19
hospitalisations from all private and public healthcare
facilities in South Africa. Hospitalised patients com-
prised individuals with a positive SARS-CoV-2 test, ir-
respective of whether hospitalisation was attributable
to SARS-CoV-2 or not. Reporting of all laboratory-
confirmed cases was legally mandated. DATCOV vari-
ables included demographic details such as age and
sex, admission information such as the date and rea-
son for admission, and patient outcome such as death
or discharge.

2. South African Medical Research Council (SAMRC) estimates
of excess deaths by sex and 5-year age bands.”* The SAM-
RC, in partnership with the University of Cape Town,
adapted the existing annual Rapid Mortality Surveil-
lance process to produce a near real-time (weekly)
system for following and observing COVID-19 excess
deaths. Weekly updates to the deaths recorded on the
National Population Register, together with the classi-
fication of deaths due to natural or unnatural causes,
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Figure 1 A summary illustration of the burden pyramid and related disease severity strata by medical attendance, with data
inputs and relationships between strata. For details on calculations, refer to the Severe disease and death overall section.
DATCOQV, national surveillance programme for SARS-CoV-2 hospitalisationss; HUS, healthcare utilisation survey24; SAMRC
excess deaths, South African Medical Research Council estimates of excess deaths?; PHIRST-C, Prospective Household
study of SARS-CoV-2, Influenza and Respiratory Syncytial virus community burden, Transmission dynamics and viral
interaction in South Africa—Coronavirus disease 2019.2°

were obtained and adjusted for both under and late
registration of deaths. Excess SARS-CoV-2-associated
deaths are estimated by comparing observed to expect-
ed deaths derived from a negative binomial regression
model of deaths in pre-COVID-19 years, described in
detail elsewhere.”” While we attempted to account for
the proportion of deaths attributable to SARS-CoV-2,
robust data on this are lacking, and it is possible that
this varied over the pandemic.

. Healthcare utilisation surveys (HUSs) conducted in three
communities in three provinces.** From November 2020
through April 2021, fieldworkers enrolled 23 003 indi-
viduals from 5804 randomly selected households. All

individuals reporting severe respiratory illness (SRI)
since the start of the SARS-CoV-2 pandemic were
asked about healthcare-seeking behaviour, including
the proportion of these seeking care at healthcare fa-
cilities.

. Age-stratified infection attack rates by SARS-CoV-2 wave ob-

tained from the Prospective Household study of SARS-CoV-2,
Influenza and Respiratory Syncytial virus community bur-
den, Transmission dynamics and viral interaction in South
Africa—Coronavirus disease 2019 (PHIRST-C) cohort.” This
cohort comprised 1200 participants randomly selected
from two communities in two provinces, including 643
participants from a rural site in Agincourt (Mpuma-
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langa Province, South Africa) and 557 participants
from an urban site in Jouberton (North-West Prov-
ince, South Africa). 10 consecutive serum specimens
were obtained from each participant between July
2020 and April 2022 and tested for anti-SARS-CoV-2
antibodies.®” '* ® The estimated age-stratified infec-
tion attack rates from the urban site were employed in
calculations, because these were thought to be more
representative of South Africa as a whole, since the
majority of South Africans live in urban areas.”® The
infection attack rate was defined as the number of new
infections divided by the population at risk over a de-
fined period.””

5. Midyear population estimates, unstratified and stratified
in 5-year age bands and sex strata, provided by the gov-
ernment agency, Statistics South Africa.”*

Definitions

Wave

The total number of SARS-CoV-2 hospitalisations and
in-hospital deaths was calculated by epidemiological
year (year) and epidemiological week (epiweek). The
peaks (maximum SARS-CoV-2 hospitalisations and
in-hospital deaths), as well as the nadirs (minimum
hospitalisations and in-hospital deaths between these
peaks), were then determined. For both hospitalisa-
tions and in-hospital deaths, the first wave was defined
to extend from the start of the epiweek associated with
the start of the pandemic in South Africa to the end
of the epiweek of the nadir after this peak. The subse-
quent waves were defined to extend from the start of
the epiweek following the nadir prior to the peak till
the end of the epiweek of the nadir following the peak
(online supplemental figure 1, online supplemental
table 1). However, to achieve agreement between the
in-hospital and SAMRC excess deaths wave definitions,
an epiweek was included at the end of wave 2 and the
start of wave 3. Wave 5 was truncated at epiweek 32
of 2022. The SARS-CoV-2 hospitalisations and in-hos-
pital deaths wave definitions were employed for the
respective hospitalisation and in-hospital fatalities
stratum estimates.

Country population at wave peak
Weekly population estimates were obtained by linear
interpolation of midyear population estimates.

Estimation approach

All analyses and calculations were carried out in
RStudio 2023.06.0+421 for Windows 10 Enterprise
version 22H2" (except bootstrapping; RStudio
version 2025.05.1+513 for Windows 10 Enterprise
version 1909), running R Statistical software V.4.2.3.*!
The burden estimation approach is outlined hereafter.
For a detailed description of the burden estimation
approach, refer to online supplemental file 2. Calcu-
lations for each stratum were implemented on an age-
stratified and per-wave basis unless otherwise noted.

Furthermore, national burden estimates were subse-
quently obtained from age-stratified figures (refer to
online supplemental files 1 and 2 for details). The
burden pyramid and related disease severity strata
with data inputs and relationships between strata are
depicted in figure 1.

Severe non-fatal and fatal iliness

Medically attended severe non-fatal illness (incidence of
hospitalisation)

Using the SARS-CoV-2 hospitalisation wave definitions
within DATCOYV, the medically attended severe non-fatal
illness is defined as the difference between all hospital
admissions and total in-hospital deaths multiplied by the
proportion of hospital admissions explicitly attributed
to SARS-CoV-2 of all hospital admissions with admission
reasons known. The incidence rate per 100000 (S,) is
obtained by dividing by the respective national popula-
tion estimate at the peak of the SARS-CoV-2 hospitalisa-
tion wave followed by multiplying by 100 000.

Medically attended fatal illness (incidence of in-hospital death)
The medically attended fatal illness incidence rate per
100000 (F,,) was determined as follows: the adjusted
number of total hospitalisations was calculated by
dividing the adjusted number of SARS-CoV-2 hospital-
isations by the proportion of hospitalisations that did
not result in death, that is, I—HFR, subtracting out the
adjusted SARS-CoV-2 hospitalisations and dividing by the
respective national population estimate at the peak of the
SARS-CoV-2 in-hospital deaths wave, finally multiplying
by 100 000.

Non-medically attended severe non-fatal illness

The incidence of non-medically attended severe non-
fatal illness (S,) is defined as the difference between the
incidence of hospitalisation (S, divided by the average
proportion of severe illness seeking care from the HUS
and the incidence of hospitalisation (S,,). The HUS data
were only available for three provinces for the first two
waves. However, due to the lack of HUS data for the
subsequent waves, we assumed the average proportion
of severe illness seeking care from the HUS remains
unchanged irrespective of age strata or wave.

Non-medically attended fatal illness (incidence of out-of-hospital
deaths)

We assumed that 85% of excess deaths were attributable
to SARS-CoV-2 based on published data.”” The incidence
of out-of-hospital deaths per 100000 (F,) was then calcu-
lated as the SARS-CoV-2 attributable excess deaths less
the adjusted SARS-CoV-2 in-hospital deaths, divided by
the respective national population estimates at the peak
of the SARS-CoV-2 death waves times 100000. For the
age-specific estimates, age groups for which in-hospital
deaths exceeded the attributable excess deaths, the out-
of-hospital deaths estimate was set to zero, that is, the
SARS-CoV-2 attributable excess deaths were assumed
equal to the in-hospital deaths.

4
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Non-severe, non-fatal illness (ie, moderate, mild and
asymptomatic illness)

The non-severe, non-fatal infection incidence (I) was
obtained by multiplying the wave and age-specific attack
rates from PHIRST-C (refer to Data sources section (4))
by 100000 and subtracting out the medically and non-
medically attended severe non-fatal and fatal illness, since
disease severity strata are assumed mutually exclusive.

BMJ Public Health

Estimation of uncertainty

CIs surrounding the incidence estimates were obtained
from bootstrapping the individual-level data. That is, the
wave-specific admission and in-hospital death data from
DATCOV were each randomly sampled with replacement
1000 times, stratified by wave. The average proportion of
severe illness seeking care from the HUS was determined
using a random binomial distribution with a probability
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Figure 2 Age-specific incidence of severe and fatal illness by age for the first five SARS-CoV-2 waves in South Africa by
medical attendance from 01 March 2020 through 13 August 2022.
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of success equal to the proportion of people seeking care
in the HUS and the number of trials equal to the sample
size. For each run, the number of successes obtained by
the random binomial distribution was divided by the
sample size to obtain the proportions of people seeking
care. It was assumed that the health-seeking behaviour
was consistent across age groups due to a lack of HUS
data to proceed otherwise. Similarly, the age-specific
attack rates were obtained from the random binomial
distribution with a probability of success defined as the
true attack rate from PHIRST-C and the number of trials
equal to the sample size. For each run, the number of
successes was once again divided by the sample size. The
resulting simulated attack rate was then compared with
a threshold criterion to prevent the calculated infection
incidence from being negative. That is, should the gener-
ated random attack rate times 100 000 not be greater than
the maximum of the sum of the 95% CI upper bounds of
the total incidence of severe non-fatal illness and total
incidence of fatal illness, we continue to draw random
attack rates until the threshold is exceeded. 95% ClIs were
estimated as the 2.5% and 97.5% quantiles of the respec-
tive bootstrapped/simulated estimates. No ClIs were
generated for the incidence of out-of-hospital deaths and
total incidence of death because we are unable to quan-
tify the uncertainty associated with the proportion of total
deaths due to SARS-CoV-2. ClIs for the incidence of non-
severe non-fatal and non-fatal illness, infection-fatality
ratio (IFR) and severe respiratory infection-fatality ratio
(SRIFR) are solely derived from the uncertainty around
the infection attack rates and incidence of severe non-
fatal non-medically and medically attended illness. We

have, however, conducted an additional sensitivity anal-
ysis on varying proportions of excess deaths attributable
to SARS-CoV-2 to provide a plausibility range (refer to
online supplemental table S3 and online supplemental
files 3-7). Detailed computational outputs from the anal-
yses are provided in online supplemental materials.

Patient and public involvement

The study involved a synthesis of retrospective data, and
thus it was not possible to involve patients or the public
in the design, conduct, reporting or dissemination plans
of this research.

RESULTS

Overall

Opverall, across the first five waves of SARS-CoV-2 in South
Africa, from 1 March 2020 through 13 August 2022, we
estimate that there were 104.6 million SARS-CoV-2 infec-
tion episodes, of which 399 900 (0.38%) were severe non-
fatal illness episodes and 258 800-289 000 (0.25-0.28%)
deaths out of a population of approximately 300 million
individuals under observation over the period (online
supplemental figure 1). 29% of severe non-fatal illness
and 55-60% of deaths occurred outside of the hospital.

Severe disease and death overall

Incidence of both medically- and non-medically attended
severe non-fatal and fatal illness increased from wave 1
to 3, with the highest incidence occurring during the
Delta wave (wave 3) (figure 2, table 1). The incidence of
death, both medically- and non-medically attended, also

Table 1 Wave-specific incidence of severe non-fatal and fatal SARS-CoV-2 infections in South Africa by medical attendance
per 100 000 population at risk from 01 March 2020 through 13 August 2022

Medically attended

Non-medically attended Total

Incidence/100 000
Wave Incidence/100 000 population population Incidence/100 000 population
number/ (95% CI) (95% Cl) (95% CI)
dominant Severe non- Severe non- Severe non- Non-severe non-fatal
variant fatal Fatal fatal Fatal* fatal Fatal* and non-fatalt
1/ 91.3 47.3 36.7 128.0 25215.1
D614G (90.7 to 91.9) (45.6t049.2) (24.5t052.2) 20.9 (116.1 to 143.6) 68.2 (18 421.8 to 27 884.6)
2/ 129.1 61.3 51.9 181.0 23 829.5
Beta (128.6 t0 129.7) (59.9t062.8) (34.4t073.8) 81.7 (164.0 to 202.8) 143.0 (20 516.9 to 29 106.6)
3/ 156.6 69.2 62.9 219.5 33991.5
Delta (155.9to 157.2) (67.61t070.8) (41.8t0 89.6) 87.1 (199.2 to 246.3) 156.2 (28 477.3 to 37 441.5)
4/
Omicron 72.7 12.2 29.2 101.9 56 612.3
BA.1/2 (72.2t0 73.2) (11.8t012.7) (19.4to41.6) 27.3 (92.3t0 114.3) 39.5 (53 114.7 to 62 679.4)
5/
Omicron 26.7 4.2 10.7 37.4 33324.7
BA.4/5 (26.3 to 27.0) (8.9to 4.5) (7.1t0 15.3) 20.2 (34.0 to 42.0) 24.4 (31 033.6 to 40 980.1)

*Cls are not provided for out-of-hospital deaths or total incidence of deaths because we are unable to quantify the uncertainty associated
with the proportion of excess deaths attributable to SARS-CoV-2 infection (assumed to be 0.85).
TNon-severe non-fatal and non-fatal = (infection attack rate x 100 000) — total incidence of severe non-fatal — total incidence of fatal.
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increased across the first three waves, peaking during
the Delta (third) wave, with 69.2 (95% CI 67.6 to 70.8)
in-hospital and 87.1 out-of-hospital deaths per 100000
population, respectively. Thereafter, severe illness and
death incidences decreased progressively in waves 4 and
5. The HFR was approximately 32% in the first three
waves, decreasing slightly from wave 1 to 3 (from 34.1%
(95% CI 33.2% to 35.1%) to 30.6% (95% CI 30.1% to
31.1%)), but then dropped substantially in wave 4 and
5 (to 14.4% (95% CI 14.0% to 14.9%)). In contrast,
the out-of-hospital SRIFR showed no consistent trend,
ranging from 36.9% (95% CI 28.4% to 46.1%) to 65.3%
(95% CI 56.9% to 73.7%) across all five waves (table 2).

Infections and non-severe non-fatal iliness overall

Similar to severe illness and death, the number of SARS-
CoV-2 infections increased over the first three waves from
15.1 million in wave 1 to 20.6 million in wave 3 (table 2).
Following the emergence of the Omicron variant in wave
4, the number ofinfections peaked in wave 4 at 34.2 million
and decreased thereafter in wave 5 to 20.2 million. In the
first three waves, the IFR ranged between 0.27% (95% CI
0.24% to 0.37%) and 0.59% (95% CI 0.49% to 0.69%)
and was highest in the second (Beta) wave. In the fourth
and fifth waves, the IFR dropped substantially to about
0.07%.

Severe disease and death by age group

The incidence of medically and non-medically attended
severe non-fatal and fatal illness for those aged 65 years
and older increased noticeably from wave 1 to wave 2,
and a further sharp increase for individuals 75 years and
older in wave 3 (figure 2). The incidence of medically
attended severe non-fatal and fatal illness in those aged
80 years and over was 802.5 (95% CI 768.6 to 835.3) and
894.1 (95% CI815.7 to 978.2) per 100,000, respectively, in
wave 3. Following the emergence of the Omicron variant
in wave 4, the incidence of severe non-fatal illness and
deaths decreased markedly among individuals aged 15
years and older. Among individuals aged under 15 years,
the incidence of severe illness was slightly increased in the
fourth wave, but decreased again in the fifth wave. Deaths
among individuals aged less than 15 years remained low
in all five waves. Generally, as infection waves progress,
the age-specific incidence of medically attended severe
non-fatal illness approaches a J-shape curve (higher at
the youngest and oldest ages, but higher at the oldest
ages).

Changes in HFR and IFR with age

Generally, the HFR increased with increasing age,
showing a small increase in young children in some
waves (figure 3, online supplemental figure 2). In wave
1, individuals aged 10-14 years had the lowest HFR of 6%
(95% CI 2.3% to 10.%6) and those 80 years and older
had the greatest at 57% (95% CI 51.9% to 61.4%). In
individuals aged 30 years and older, there was a marked
drop in HFR in the fourth and fifth waves compared with

the first three waves. Individuals aged 80 years and older
had the highest HFR across waves and only experienced a
53% reduction in HFR ratio from wave 1 to 5. In contrast,
the HFR for individuals aged 30 years and older had a
noticeably lower rate across age groups in waves 4 and 5
than in waves 1 to 3. Consider, for example, in wave 1, the
difference in HFR between individuals aged 30-34 years
and 80years and above is about 42%, while in wave 5 this
difference is around 18%. Like the HFR, the older age
groups (65 years and above) experienced the highest IFR
across all waves. For all waves, the IFR was extremely low
in individuals aged <40 years.

DISCUSSION

We estimate the burden of SARS-CoV-2 infection and
disease severity in South Africa over the first five waves
of infection to understand changes in disease burden
with successive waves. We found a high burden of severe
illness and death in the first three waves of SARS-CoV-2,
peaking in the third (Delta) wave. The emergence of the
Omicron BA.1 variant was associated with very high rates
of infection but substantial reductions in disease severity.
Incidence of severe illness and hospitalisation fatality
generally increased with increasing age. Successive waves
saw a reduction in the rate of the increase in mortality
with increasing age and increases in HFRs in children
below 5 years of age, suggesting a shift from the epidemic
state to a J-shaped distribution in mortality, typical of
seasonal respiratory viruses. Notably, a high proportion
of severe illness (29%) and death (55-60%) occurred
outside the hospital.

The third (Delta) wave of infection had the highest
incidence of severe non-fatal and fatal illness. Wave 4
(Omicron BA.1/2 variant) was characterised by marked
reductions in severe disease; however, the incidence of
asymptomatic, mild or moderate disease was highest in
this wave. Increasing severe disease in the Beta'® and
Delta® waves has been described from South Africa and
other countries, possibly related to increased virulence
and relaxation of restrictions in later waves. The high
attack rates and lower severity following Omicron emer-
gence can be explained in part by the increased transmis-
sibility and immune-evasive properties of Omicron.'* **
Together, these led to very high infection attack rates.
The high proportion of breakthrough infections in the
Omicron wave likely contributed to reduced overall
severity, together with changes in virus tropism, increasing
the proportion of infections in the upper airway.

Successive waves of infection were associated with shifts
in the age distribution of severe disease. In all five waves,
severe disease was concentrated in the elderly, as has been
described previously, driven in part by increasing comor-
bidities in this age group.'®*** Following the emergence
of the Omicron variant, the reductions in severe disease
were mostly seen in older adults, leading to a flattening
of the steepness of increasing severity with increasing
age and proportionately more severe disease in young
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Age-specific hospitalisation-fatality ratio for first five SARS-CoV-2 waves in South Africa
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Figure 3 Age-specific fatality ratios (in %) for the first five SARS-CoV-2 waves in South Africa from 01 March 2020 through 13
August 2022. (A) Hospitalisation-fatality (%) and (B) infection-fatality (%).

children. This shift towards an age pattern, more typical
of seasonal respiratory viruses where severe disease is
concentrated in the elderly and young children, could
represent the transition from a pandemic to endemic
epidemiology."’ Notably, despite the overall reduction
in disease severity, more children and adolescents were
hospitalised during the Omicron wave (BA.1/2 variant)
than in the previous infection waves. This pattern of
proportionately more disease in children following
Omicron emergence in South Africa has been described
previously, however, not in the context of estimation
of the burden pyramid in all age groups.®* * Possible
reasons for the shift in age distribution include changes
in population immunity, pathogen virulence or changes
in health-seeking behaviour or testing practices. Persons
aged 60 years and older were prioritised for vaccination
in South Africa as from May 2021 and extended to indi-
viduals aged 12-17 years in October 2021.° This may also
have contributed to the sharp decline in HFR among the
elderly from wave 1 to wave 5 since vaccination coverage
within South Africa reached 27% by 12 January 2022.”
Ahigh proportion of severe disease and deaths occurred
outside of hospitals,'” * * highlighting the importance
of studies of healthcare-seeking and access and strength-
ening of vital registration systems to document the full
burden of illness.”” The high number of severe cases at
the peaks of the waves caused pressure on the healthcare
system, potentially reducing access and exacerbating

underlying health inequities.***' An important limitation
of our study is that we only had healthcare utilisation
data from three communities in three provinces for the
first two waves of the pandemic.”**' Our assumption that
healthcare seeking remained constant may not be valid
and could be the reason why we do not see clear trends in
the SRIFR over successive waves, as we do for HFR.

Our study had other limitations. Out-of-hospital deaths
were ascertained from modelling of excess COVID-
19-associated deaths, using all-cause vital registration
data; thus, not all excess deaths may have been due to
COVID-19. Out-of-hospital deaths were ascertained from
modelling of excess COVID-19-associated deaths, using
all cause vital registration data, thus not all excess deaths
may have been due to COVID-19. It is noted that the
correlation between DATCOV and the excess deaths for
waves 1-3 was high but decreased markedly for waves 4
and 5. No further information apart from this change
in correlation was available and thus we assumed the
attributable proportion was fixed for all waves. If the
proportion differed from our estimate or varied over
time, this could have led to bias in estimates. We are able
to quantify uncertainty for most of the estimates in this
paper; however, only a plausibility range is available for
the proportion of excess deaths attributable to SARS-
CoV-2. As a result, an important limitation of the study is
the inability to fully quantify uncertainty in estimates of
total and out-of-hospital deaths. The sensitivity analysis

Bolton L, et al. BMJ Public Health 2025;3:¢002174. doi:10.1136/bmjph-2024-002174

9



BMJ Public Health 3

presented in the Supplement demonstrates that the
magnitude of the uncertainty ranges between 1 and 9 per
100000 population, with the lowest uncertainty observed
for wave 5 and the greatest, wave 3. Data for the different
strata of severity were derived from different sources. For
health-seeking and infection attack rates, national data
were not available, and we had to extrapolate nation-
ally under the assumption that the available data were
representative. If these measures varied by geographical
region, this would have led to biased estimates. Health-
seeking data were only available for the first two waves,
and we assumed similar health seeking for later waves.
If health-seeking changed in later waves, this could have
led to over- or underestimation of out-of-hospital burden.
Although the infection attack rates accounted for rein-
fections, the estimated hospitalisations and deaths within
our study occur as they do, whether they result from rein-
fections or not. Within our estimation of the medically
attended severe non-fatal and fatal illness, it must be
noted that the proportion of in-hospital deaths attributed
to SARS-CoV-2 may not necessarily have been the same
as the proportion of SARS-CoV-2 hospitalisations. Finally,
we used the midyear population estimates from 2020
through 2022 provided by Statistics South Africa as our
population denominators throughout this study. These
estimates are obtained from the Spectrum Policy Model-
ling system.** However, the Thembisa model is also avail-
able to obtain population estimates.” The total population
estimated by the latter model (~59 million)?® is different
from the recently published Census 2022 (~62 million)*’
due to an underestimation of those 55 years and older.
In conclusion, we have demonstrated a high burden
of infection and severe disease associated with SARS-
CoV-2 over five successive waves in South Africa. With the
onset of SARS-CoV-2, it was assumed that Africa would
carry a large burden of infection and mortality due to
weak health systems, lack of access to therapeutics and
vaccines, poverty, malnutrition and high prevalence
of underlying illness such as HIV and tuberculosis,** **
as well as high levels of persons left undiagnosed and
untreated or not effectively treated. While reports of
confirmed cases suggest that Africa was relatively spared,
our analysis, combining multiple data sources, suggests
that this was not the case for South Africa. The estimated
cumulative SARS-CoV-2 fatalities in South Africa across
the first five waves (258 800-289 900) exceed the number
of confirmed SARS-CoV-2 deaths of high-income coun-
tries such as Germany (150 237) and the UK (205 780).
Even more stark, our estimated cumulative SARS-CoV-2
infections over this period (104.6 million) far exceed that
reported for these high-income countries, namely 31.6
and 23.4million, respectively." Furthermore, despite
differences in methodology, our estimated IFR for wave
1 (0.27%) was comparable to that of Leticia, Colombia
(0.28%)."” The discrepancy between low numbers of
confirmed cases and the actual number of infections was
similarly observed across six districts in Zambia. During
the first wave, a SARS-CoV-2 prevalence study reported

454 708 infections compared with a mere 4917 laboratory-
confirmed cases.”® In future, it will be important to esti-
mate the ongoing age-specific burden of COVID-19
compared with other respiratory viral illnesses in order
to decide on priorities for prevention interventions such
as vaccination.
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