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Background. In this study, we compared admission incidence risk and the risk of mortality in the Omicron BA.4/BA.5 wave to
previous waves.
Methods. Data from South Africa’s SARS-CoV-2 case linelist, national COVID-19 hospital surveillance system, and Electronic

Vaccine Data System were linked and analyzed. Wave periods were defined when the country passed a weekly incidence of 30 cases/
100 000 population. In-hospital case fatality ratios (CFRs) during the Delta, Omicron BA.1/BA.2, and Omicron BA.4/BA.5 waves
were compared using post-imputation random effect multivariable logistic regression models.

Results. The CFR was 25.9% (N =37538 of 144 778), 10.9% (N = 6123 of 56 384), and 8.2% (N = 1212 of 14 879) in the Delta,
Omicron BA.1/BA.2, and Omicron BA.4/BA.5 waves, respectively. After adjusting for age, sex, race, comorbidities, health sector,
and province, compared with the Omicron BA.4/BA.5 wave, patients had higher risk of mortality in the Omicron BA.1/BA.2 wave
(adjusted odds ratio [aOR], 1.3; 95% confidence interval [CI]: 1.2-1.4) and Delta wave (aOR, 3.0; 95% CI: 2.8-3.2). Being partially
vaccinated (aOR, 0.9; 95% CI: .9-.9), fully vaccinated (aOR, 0.6; 95% CI: .6-.7), and boosted (aOR, 0.4; 95% CI: .4-.5) and having

prior laboratory-confirmed infection (aOR, 0.4; 95% CI: .3-.4) were associated with reduced risks of mortality.

Conclusions.

Opverall, admission incidence risk and in-hospital mortality, which had increased progressively in South Africa’s

first 3 waves, decreased in the fourth Omicron BA.1/BA.2 wave and declined even further in the fifth Omicron BA.4/BA.5 wave.
Mortality risk was lower in those with natural infection and vaccination, declining further as the number of vaccine doses increased.
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Until the emergence of the Omicron variant in November 2021,
each new variant of concern that spread in South Africa led to
more infections, hospitalizations, and deaths. The Omicron
variant of concern (VOC) marked a shift in the coronavirus
disease 2019 (COVID-19) pandemic. The Omicron BA.1 sub-
variant, while more transmissible and associated with immune
escape, was reported to be less virulent as it showed attenuated
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replication in mice [1] and more upper respiratory tract infec-
tions compared with the lower respiratory tract [2]. It emerged
at a time when 73% of South Africans had developed hybrid im-
munity through vaccination and/or prior infection [3]. As a re-
sult of high levels of immunity and a less virulent variant, in the
fourth Omicron BA.1-dominated wave in South Africa, lower
levels of hospitalization, severity, and mortality were observed
compared with previous waves dominated by D614G, Beta, and
Delta variants [4, 5]. Reduced severity with Omicron BA.1 was
also reported in other countries [6-9]. However, in a study in
Hong Kong, similar mortality was reported among individuals
infected with Omicron who did not have preexisting immunity
compared with those infected with earlier variants [10].

After the Omicron BA.1/BA.2 wave, a number of additional
Omicron subvariants (rather than a new variant of concern)
caused resurgences in many parts of the world. In South
Africa, BA.3 never became dominant and circulated at low lev-
els [11]. Omicron BA.4 and BA.5 were detected in South Africa
in February 2022 [12], and both jointly dominated the fifth
wave from April 2022 to June 2022. Shortly after having
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experienced waves related to Omicron BA.1/BA.2, Omicron
BA.4 and/or BA.5 became dominant globally, and cases in-
creased in many countries [13].

Omicron subvariants are more transmissible than previous
VOCs, with greater immune escape, with BA.4/BA.5 showing
reduced neutralization from antibodies induced by BA.1 infec-
tion, more so in the unvaccinated [14, 15]. Early data showed
that Omicron BA.4/BA.5 waves had reduced severity in
South Africa [16] and the United States [17].

It remains important to understand the characteristics of se-
vere disease caused by new VOC:s or viral lineages in different
geographic locations in order to guide public health policy and
planning. Our purpose in this study was to investigate trends in
the incidence of laboratory-confirmed COVID-19 hospitaliza-
tions by age group in each COVID-19 wave in South Africa and
compare the risk of mortality in the most recent Omicron
BA.4/BA.5 wave with the Omicron BA.1 and the Delta waves.

METHODS

Data on real-time reverse-transcription polymerase chain reac-
tion and antigen-positive severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) cases were collated daily from
laboratory reports, while data on COVID-19 hospital admis-
sions were collected through DATCOV, an active surveillance
program established specifically for COVID-19. These case
and hospital surveillance systems have been previously de-
scribed [18].

Data for the period from the first case in South Africa on
5 March 2020 to 28 May 2022 were analyzed. Three data sourc-
es were linked for this analysis using South African identifica-
tion numbers, first names, surnames, and dates of birth: the
DATCOV national COVID-19 hospital surveillance; the na-
tional SARS-CoV-2 case linelist and the Notifiable Medical
Conditions Surveillance System (NMC-SS), both established
by the National Institute for Communicable Diseases; and the
Electronic Vaccine Data System (EVDS), established by the
National Department of Health.

Incidence risks were calculated using Statistics South Africa
mid-year population figures for 2021 [19]. A weekly incidence
of 30 cases/100 000 population was the threshold for the start
and end of each wave, thereby defining the distinct periods of
analysis, namely, D614G (first) wave from 7 June 2020 to
22 August 2020, Beta (second) wave from 15 November 2020
to 6 February 2021, Delta (third) wave from 9 May 2021 to
18 September 2021, Omicron BA.1/BA.2 (fourth) wave from
28 November 2021 to 5 February 2022, and Omicron BA.4/BA.5
(fifth) wave from 17 April 2022 to 28 May 2022.

Analysis of mortality was restricted to admissions that had
already accumulated outcomes and all patients still in the hos-
pital or transferred to other hospitals without final outcomes
were excluded because they remained at risk of still developing

severe outcomes including death. The proportion of patients
with reported outcomes in each wave (including the most re-
more than 98%

(Supplementary Table 2). Descriptive statistics were used to de-

cent Omicron BA.4/BA.5 wave) was

scribe the trends in numbers of cases, admissions, mortality,
and case fatality ratios (CFRs) over the equivalent periods of
the D614G, Beta, Delta, Omicron BA.1/BA.2, and Omicron
BA.4/BA.5 waves.

Post-imputation random effect (on admission facility) multi-
variable logistic regression models were used to compare mortal-
ity among the Delta, Omicron BA.1/BA.2, and Omicron BA.4/
BA.5 waves. To account for incomplete or missing data on select-
ed variables, we used multivariate imputation by chained equa-
tion (MICE) and generated 10 complete imputed datasets that
were used for subsequent analyses. Variables analyzed using
MICE included race and comorbidities, where up to one-third
of the data were missing. Complete or near complete variables
included in the imputation process were age, sex, province,
health sector (ie, public or private), in-hospital outcome (ie,
discharged alive or died), and vaccination status (see
Supplementary Table 1 for variable completeness).

Age, sex, race, presence of a comorbidity (which included
hypertension, diabetes, chronic cardiac disease, chronic kidney
disease, asthma/chronic pulmonary disease, malignancy, hu-
man immunodeficiency virus, and tuberculosis), type of health
sector (private or public), province, vaccination status, and re-
corded laboratory-confirmed prior infection were included in
the model to assess the relationship between each wave period
and mortality in SARS-CoV-2-positive patients admitted to
the hospital. These variables were selected a priori as they are
known risk factors for COVID-19 mortality cited in the litera-
ture; all possible confounders were included; and the interac-
tion terms that were used revealed no significant change to
the model estimates. Prior infection was determined through
linking to the NMC-SS and regarded as affirmative if an indi-
vidual had a recorded positive SARS-CoV-2 test more than
90 days after a previous positive test. Vaccination status was de-
termined at date of admission through EVDS linkage.
Individuals were considered to be unvaccinated if they had
not received any COVID-19 vaccine doses, partially vaccinated
if they received 1 dose of BNT162b, fully vaccinated if they re-
ceived 2 doses of BNT162b or 1 dose of Ad26.COV2.S with the
most recent dose at least 14 days earlier, and boosted if they re-
ceived at least 1 additional COVID-19 vaccine dose of any
kind in addition to full vaccination. South Africa first rolled
out COVID-19 vaccination among healthcare workers in
February 2021, using Ad26.COV2.S under the Sisonke program.
In May 2021, vaccination using BNT162b or Ad26.COV?2.S was
introduced for individuals aged >60 years, then expanding to
those aged 35-50 years in July 2021, 18-35 years in August
2021, and 12-18 years in October 2021. In December 2021, boos-
ter doses were introduced.
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The statistical analysis was implemented using Stata 15
(StataCorp, College Station, TX). Ethical approval was obtained
from the University of the Witwatersrand Human Research
Ethics Committee (medical) for the collection of
SARS-CoV-2 case data and for the DATCOV hospital surveil-
lance program.

RESULTS

The 7-day moving average of daily SARS-CoV-2 cases had a
peak that was higher in each successive wave in the first 4 waves
but lower in the fifth wave (Figure 1). The numbers of hospital
admissions in each of the 5 waves were 71248 (D614G), 105
623 (Beta), 147516 (Delta), 57510 (Omicron BA.1/BA.2),
and 15 185 (Omicron BA.4/BA.5). Unlike the pattern observed
in the prior waves, the rise in cases during the Omicron BA.1/
BA.2 and Omicron BA.4/BA.5 waves was not accompanied by a
concomitant rise in hospital admissions and in-hospital deaths.

The incidence of COVID-19 admissions per 100 000 popula-
tion was highest in those aged >60 years in each wave (Table 1,
Supplementary Figure 1). In the fourth and fifth waves, inci-
dence was highest in those aged >60 years followed by aged
<1 years. In adults and children aged 5-18 years, admission in-
cidence risk increased from the first to the third wave, then de-
creased in the fourth and fifth waves to the lowest incidence
seen in any previous waves. In children aged <5 years, admis-
sion incidence risk increased from the first wave to the fourth
wave, then decreased in the fifth wave to similar incidence as
the second wave.

The in-hospital CFR was 25.9% (37 538 of 144778), 10.9%
(6123 of 56384), and 8.2% (1212 of 14879) in the Delta,
Omicron BA.1/BA.2, and Omicron BA.4/BA.5 periods, respec-
tively (Table 2). The age-specific CFRs for each wave show that
the CFR was higher in older age groups across all waves and was
lowest in each age group in the Omicron BA.1/BA.2 and
Omicron BA.4/BA.5 waves (Table 2).

Vaccination coverage among 144 778 patients admitted in
the Delta wave was 12774 (8.8%) partially vaccinated, 5501
(3.8%) fully vaccinated, and 2 (<0.01%) boosted, while
126 501 (87.4%) were unvaccinated. Among 56 384 patients ad-
mitted in the Omicron BA.1/BA.2 wave, 2075 (3.7%) were par-
tially vaccinated, 13 494 (23.9%) were fully vaccinated, and 435
(0.8%) were boosted, while 40 380 (71.6%) were unvaccinated.
Among 14 879 patients admitted in the Omicron BA.4/BA.5
wave, 446 (3.0%) were partially vaccinated, 3927 (26.4%)
were fully vaccinated, and 1271 (8.5%) were boosted, while
9235 (62.1%) were unvaccinated.

On multivariable analysis (Table 3), after adjusting for age,
sex, race, presence of a comorbidity, health sector (private/
’public), and province, compared with the Omicron BA.4/
BA.5 wave, patients had a higher risk of mortality in the
Omicron BA.1 (adjusted odds ratio [aOR], 1.3; 95% confidence
interval [CI]: 1.2-1.4) and Delta (aOR, 3.0; 95% CI: 2.8-3.2)
waves. Being partially vaccinated (aOR, 0.9; 95% CI:.9-.9), fully
vaccinated (aOR, 0.6; 95% CI: .6-.7), and boosted (aOR, 0.4;
95% CI: .4-.5) and having prior laboratory-confirmed infection
(aOR, 0.4; 95% CI: .3-.4) were associated with reduced mortal-
ity (Table 3).
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Figure 1. The 7-day moving average of daily severe acute respiratory syndrome coronavirus 2 cases and admissions.
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Table 1.
2020-28 May 2022 (N = 397 082)

Coronavirus Disease 2019 Admissions Incidence Risk Per 100000 Population by Age Group (in Years) and Wave Period, South Africa, 5 March

Incidence Risk Per 100 000 Population (Number of Admissions)

Age Group, y (Population Size) Wave 1 D614G Wave 2 Beta Wave 3 Delta Wave 4 Omicron BA.1/BA.2 Wave 5 Omicron BA.4/BA.5
<1(1175632) 37.7 (443) 72.9 (857) 151.7 (1783) 172.4 (2027) 80.0 (940)

1-4 (4533 324) 8.3 (375) 15.2 (689) 34.6 (1570) 44.0 (1993) 19.1 (868)

5-18 (15299 104) 8.8 (1346) 11.0 (1683) 31.1 (4751) 26.2 (4003) 8.1 (1242)

19-39 (21624 489) 71.0 (15343) 86.6 (18737) 134.2 (29026) 89.0 (19245) 16.7 (3602)

40-59 (12 005 082) 245.8 (29506) 344.3 (41 339) 455.1 (54 634) 113.7 (13653) 27.9 (33569)

60+ (5505347) 440.2 (24 235) 768.7 (42318) 1012.7 (55 752) 301.3 (16 589) 94.1 (5180)

Total (60142 978) 118.5 (71 248) 175.6 (105623) 245.3 (147 516) 95.6 (57510) 25.2 (15185)

Table 2. Coronavirus Disease 2019 In-Hospital Case Fatality Ratio by Age Group (in Years) and Wave Period, South Africa, 5 March 2020-28 May 2022

(N =390023)
CFR % (Number of Deaths/Total Admissions With Outcomes)
Age Group, y Wave 1 D614G Wave 2 Beta Wave 3 Delta Wave 4 Omicron BA.1/BA.2 Wave 5 Omicron BA.4/BA.5
<1 8.9 (38/429) 5.1 (42/830) 5.9 (104/1754) 2.4 (47/1987) 1.3 (12/917)
1-4 0.8 (3/368) 3.1(21/676) 1.2 (19/1549) 1.3 (25/1968) 0.3 (5/853)
5-18 3.8 (50/1303) 3.8 (62/1637) 2.9 (131/4555) 1.6 (61/3908) 1.2 (15/1215)
19-39 7.0 (1051/15044) 9.8 (1807/18381) 9.0 (2543/28 406) 4.8 (899/18804) 4.3 (151/3530)
40-59 17.2 (4998/29 080) 22.8 (9283/40 740) 22.9 (12282/53724) 11.4 (15625/13371) 7.6 (250/3283)
60+ 37.8 (9028/23 876) 43.6 (18138/41618) 41.0 (22 459/54 790) 21.9 (3566/16310) 15.3 (779/5081)
Total 21.6 (15 168/70 100) 28.3 (29353/103882) 25.9 (37538/144778) 10.9 (6123/56 384) 8.2 (1212/14879)

Abbreviation: CFR, case fatality ratio.

DISCUSSION

The fifth COVID-19 wave in South Africa, due predominantly
to Omicron BA.4 and BA.5 subvariants, had a lower peak num-
ber of cases, risk of hospital admission, and risk of in-hospital
mortality compared with all previous waves. Vaccination and
prior infection were protective against COVID-19 mortality.

The reduced severity in the Omicron BA.1/BA.2 wave was
thought to be related to multiple factors including a less viru-
lent variant and widespread immunity due to vaccination and
natural infection in South Africa [3-5]. A combination of nat-
ural infection and vaccination, referred to as hybrid immunity,
has been shown to protect better against Omicron BA.1 symp-
tomatic COVID-19 than infection-only immunity [20].

While some South African studies have suggested that
Omicron BA .4 and BA.5 had disease severity that was similar
to that of Omicron BA.1 and BA.2 [16, 21], our data indicate
a lower risk of mortality in the Omicron BA.4/BA.5 wave com-
pared with the Omicron BA.1/BA.2 wave. In our study, we an-
alyzed data from a national dataset rather than a single province
compared with Davies et al [21] and included all admissions
by wave period rather than only a sample of those sequenced
or with S-gene target failure, and our data were fully linked
to the national vaccination database rather than relying on

self-reported vaccine status compared with Wolter et al [16].
Immunological observations from South Africa point to con-
siderable immune escape of Omicron BA.4 and BA.5 from
Omicron BA.1 elicited immunity, but much less so in those
with vaccination [15]. In other settings such as the United
States, a higher risk of breakthrough infection with Omicron
BA.4 or BA.5 was observed among previously vaccinated or in-
fected individuals, indicating greater immune escape, but these
breakthrough infections were associated with low severity [17].
Cell-mediated immunity likely contributed to the lower levels
of hospitalization and mortality in the Omicron BA.4/BA.5
wave [22].

A South African study with prospective ascertainment of re-
peat infections demonstrated that prior infection, whether
symptomatic or not, provided durable protection against rein-
fection beyond 1 year and resulted in a complex immune land-
scape [23]. In contrast, Hong Kong’s Omicron BA.2.2 outbreak
and high mortality among older individuals could be explained
by low immunity (the incidence of COVID-19 was very low in
Hong Kong as a result of pandemic control efforts, and protec-
tion for most individuals was likely elicited by vaccination rath-
er than by infection) [24]. The fifth wave in Hong Kong showed

mortality that was similar to mortality in previous waves in
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Table 3. Factors Associated With Mortality Among Severe Acute Respiratory Syndrome Coronavirus 2-Positive Hospitalized Patients in the Delta (9 May—
18 September 2021), Omicron BA.1/BA.2 (28 November 2021-5 February 2022), and Omicron BA.4/BA.5 Waves (17 April-28 May 2022), South Africa

Characteristic Unimputed Case Fatality Ratio, % (n/N) Unadjusted OR (95% Cl) Adjusted OR (95% Cl) P Value
Wave period

Omicron BA.4/BA.5 8.2 (1212/14879) Reference Reference

Delta 25.9 (37538/144778) 3.9 (3.7-4.1) 3.0 (2.8-3.2) <.001

Omicron BA.1/BA.2 10.9 (6123/56 384) 1.3(1.2-1.4) 1.3(1.2-1.4) <.001
Prior infection

No 21.4 (44297/207 029) Reference Reference

Yes 6.4 (576/9012) 0.3 (.3-.3) 0.4 (.3-.4) <.001
Vaccination

No 21.4 (37672/176116) Reference Reference

Partial 28.6 (4381/15295) 1.6 (1.5-1.6) 0.9 (.9-.9) <.001

Full 11.8 (2712/22922) 0.6 (.5-.6) 0.6 (.6-.7) <.001

Boosted 6.3 (108/1708) 0.3 (.2-.4) 0.4 (.4-.5) <.001
Age group, y

<20 2.3 (450/19968) Reference Reference

20-39 7.2 (3562/49514) 3.2 (2.9-3.5) 2.9(2.6-3.2) <.001

40-59 20.0 (14 057/70378) 10.8(9.8-11.9) 7.8(7.1-8.6) <.001

60+ 35.2 (26 804/76 181) 23.6 (21.5-26.0) 18.2 (16.5-20.1) <.001
Sex

Female 19.1 (22617/118577) Reference Reference

Male 22.8 (22 236/97 340) 1.3(1.3-1.3) 1.3(1.3-1.3) <.001
Race

White 24.9 (4494/18772) Reference Reference

Mixed 25.2 (2089/8285) 0.8 (.8-.9) 1.1(1.1-1.2) .0004

Black 21.3(19882/93367) 6 (.6-.6) 1.1(1.1-1.2) <.001

Indian 21.7 (1331/6141) 0(.9-1.0) 1.2 (1.1-1.3) <.001

Other 21.3 (97/455) 7 (5-.8) 0.9 (.7-1.2) .6150
Comorbid condition®

No 15.3(11795/77123) Reference Reference

Yes 26.0 (13560/52 169) 2.3(2.3-2.4) 1.5(1.4-1.5) <.001
Health sector

Private 17.4 (18312/105456) Reference Reference

Public 24.0 (26561/110585) 1.6 (1.4-1.9) 1.5(1.4-1.5) <.001
Province

Western Cape 20.2 (8220/40757) Reference Reference

Eastern Cape 24.8 (3642/14702) 1.3(1.0-1.7) 1.3(1.1-1.6) .0038

Free State 20.6 (2688/13 064) 1(.8-1.5) 1.0 (.8-1.3) .6768

Gauteng 20.9 (15663/75037) 0(.8-1.2) 1.2 (1.0-1.5) .0211

KwaZulu-Natal 18.4 (6025/32 789) 9(.7-1.1) 1.1 (.9-1.4) 1741

Limpopo 25.0 (2466/9851) 8(1.3-2.4) 1.5(1.2-1.9) .0002

Mpumalanga 21.7 (2219/10 206) 6(1.2-2.2) 1.4(1.1-1.8) .0084

North West 18.3 (2771/15115) 8(.6-1.2) 0.8 (.6-1.1) 1133

Northern Cape 26.1 (1179/4520) 8(1.2-2.7) 1.5(1.1-2.0) .0143

Univariate and multivariable analysis implemented on the imputed dataset (N=216041). Random effects multivariate logistic regression model controlling for clustering by facility.

Abbreviations: Cl, confidence interval; OR, odds ratio.

@Comorbid conditions included hypertension, diabetes, chronic cardiac disease, chronic kidney disease, asthma/chronic pulmonary disease, malignancy, human immunodeficiency virus, and

active and past tuberculosis.

unvaccinated individuals and double risk of mortality among
those unvaccinated compared with vaccinated [10]. In
Australia, with low levels of cases in previous waves, mortality
in the Omicron wave was the highest to date compared with the
reduced mortality seen in South Africa, Israel, and a number of
European countries [25].

The reduced mortality in the Omicron BA.4/BA.5 wave was
more specifically presumed to be related to the high prevalence

of humoral and cell-mediated immunity in South Africa.
Studies of humoral immunity reported SARS-CoV-2 antibody
seroprevalence estimates of 71% [26] and 73% [3] before the
Omicron BA.1/BA.2 wave, while estimates after the Omicron
BA.1/BA.2 wave but just before the Omicron BA.4/BA.5
wave were 97% [27] and 91% [28]. The latter serosurvey indi-
cated that 61% of individuals had serological evidence of
SARS-CoV-2 infection during the Omicron BA.1/BA.2 wave
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in South Africa [28]. In addition, 49% of adult South Africans had
received at least 1 vaccine dose by April 2022, although the uptake
of COVID-19 booster doses was low, with less than 5% of people
having received a booster [29]. The South African vaccination
program is described in the Methods section. The prevalence of
cell-mediated immunity following natural infection or vaccina-
tion is likely to follow a similar trend in South Africa.

Some have expressed uncertainty about ascribing lower se-
verity in the Omicron waves to an intrinsically less virulent var-
iant [30]. The propensity of Omicron BA.1 to infect the upper
airways rather than the lower airways suggests a mechanism for
less severe disease [2], and mice studies have suggested less
pathogenic disease [31]. However, an animal study suggested
that Omicron BA.4/BA.5 in the absence of prior protection
may be more pathogenic than Omicron BA.2 [32].

Admission incidence in the fifth wave was the lowest seen to
date in individuals aged >5 years. However, in children aged
<5 years, where vaccination is not yet provided in South
Africa, admission incidence in the BA.4/BA.5 wave was similar
to the Beta wave and higher than in the D614G wave. The
U-shaped distribution of COVID-19 admissions (with higher
admissions in children aged <5 years compared with older
children and young adults) is similar to what is observed for
other severe respiratory illnesses including influenza [33].
This pattern is likely due to the immunity gap with young chil-
dren having lower infection rates than adults and not being el-
Modelers suggested that
characteristics of the shift toward endemicity include a transi-

igible for vaccination. have
tion in the age structure once the disease reaches seasonal en-
demism [34].

A strength of this analysis is its high-quality national data-
base and linked data on COVID-19 vaccination and prior in-
fection for the comparisons of Omicron BA.4/BA.5 severity
with previous variants. This study has several limitations.
Reported cases are dependent on case ascertainment that is in-
fluenced by uptake of testing. Testing strategies for determining
cases have changed over time, and testing rates have been low-
est during the Omicron BA.4/BA.5 wave compared with any
previous waves. However, testing of hospitalized patients who
present with suggestive symptoms has changed little and the
criteria for hospital admission with COVID-19 has not
changed much over time, except that lower admissions in the
2 Omicron waves resulted in more hospital bed capacity than
in previous waves, so more patients could have been admitted
with milder disease due to available bed capacity.

A further limitation is that the DATCOV database has less
than 50% completeness of the reason for admission field, which
makes it difficult to discern between those admitted for
COVID-19 and those admitted to the hospital coincidentally
with SARS-CoV-2 infection. However, this did not vary
significantly between wave periods and among patients who
did have admission reason completed; COVID-19 symptoms

were the reason for admission in 75%, 78%, 76%, 70%, and
72% of admissions in the D614G, Beta, Delta, Omicron BA.1,
and Omicron BA.4/BA.5 waves. The DATCOV dataset uses
wave period as a proxy for variants and does not contain
individual-level data on infecting lineage; however, each wave
has correlated well with a particular VOC. While DATCOV
is able to link with EVDS and contains full vaccination history
of all COVID-19 admissions, the analysis did not take into ac-
count time since last vaccine dose to factor in the effect of wan-
ing immunity. Also, the South African vaccination program
eligibility changed over time during this period, starting with
healthcare workers and individuals aged >60 years, then ex-
panding to other age groups and later introducing booster dos-
es (detailed in the Methods section). However, there was no
significant interaction between wave period and COVID-19
vaccination status, although it is possible that we did not
have sufficient power to detect any interaction. In a small num-
ber of cases, when national identification numbers were not
available in either dataset being linked, linkage required “fuzzy”
matching using first name, surname, and date of birth.
Therefore, this may be incomplete when correctly ascertaining
prior infection and vaccination status, though this would have
minimal impact as most matching is on identification numbers.
Finally, the data on prior SARS-CoV-2 infections are likely to be
incomplete as infection and reinfection are substantially under-
ascertained due to the high proportion of asymptomatic infec-
tions and challenges in testing. We relied on the testing data
available, and it was therefore impossible to determine the extent
to which ascertainment of reinfection varied over time.

CONCLUSIONS

There were fewer SARS-CoV-2 cases, lower risk of hospitaliza-
tion, and a substantially reduced risk of in-hospital mortality in
the Omicron BA.4/BA.5 wave compared with all previous
waves, including the Omicron BA.1/BA.2 wave. This trend is
different in young children who are not yet included in South
Africa’s vaccination strategy. The overall trend toward lower
severity, reduced hospitalizations, and fewer deaths is likely
due to the combination of lower viral virulence and increasing
immunity, especially hybrid immunity from increasing vacci-
nation coverage against a backdrop of widespread natural
infection.
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