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ABSTRACT

BACKGROUND

The B.1.1.529 (omicron) variant of severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) was first identified on November 25, 2021, in Gauteng province, South
Africa. Data regarding the seroprevalence of SARS-CoV-2 IgG in Gauteng before
the fourth wave of coronavirus disease 2019 (Covid-19), in which the omicron vari-
ant was dominant, are needed.

METHODS

We conducted a seroepidemiologic survey from October 22 to December 9, 2021, in
Gauteng to determine the seroprevalence of SARS-CoV-2 IgG. Households included
in a previous seroepidemiologic survey (conducted from November 2020 to January
2021) were contacted; to account for changes in the survey population, there was
a 10% increase in the households contacted, with the use of the same sampling
framework. Dried-blood-spot samples were tested for IgG against SARS-CoV-2 spike
protein and nucleocapsid protein with the use of quantitative assays. We also evalu-
ated Covid-19 epidemiologic trends in Gauteng, including cases, hospitalizations,
recorded deaths, and excess deaths from the start of the pandemic through Janu-
ary 12, 2022.

RESULTS

Samples were obtained from 7010 participants, of whom 1319 (18.8%) had received
a Covid-19 vaccine. The seroprevalence of SARS-CoV-2 IgG ranged from 56.2%
(95% confidence interval [CI], 52.6 to 59.7) among children younger than 12 years
of age to 79.7% (95% CI, 77.6 to 81.5) among adults older than 50 years of age.
Vaccinated participants were more likely to be seropositive for SARS-CoV-2 than
unvaccinated participants (93.1% vs. 68.4%). Epidemiologic data showed that the
incidence of SARS-CoV-2 infection increased and subsequently declined more rap-
idly during the fourth wave than it had during the three previous waves. The inci-
dence of infection was decoupled from the incidences of hospitalization, recorded
death, and excess death during the fourth wave, as compared with the proportions
seen during previous waves.

CONCLUSIONS
Widespread underlying SARS-CoV-2 seropositivity was observed in Gauteng before
the omicron-dominant wave of Covid-19. Epidemiologic data showed a decoupling
of hospitalizations and deaths from infections while omicron was circulating.
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HE B.1.1.529 (OMICRON) VARIANT OF SE-

vere acute respiratory syndrome coronavi-

rus 2 (SARS-CoV-2) was first identified on
November 25, 2021, in Gauteng province, South
Africa.! The World Health Organization designated
omicron as a variant of concern because of its
predicted high transmissibility and its potential
to evade immunity from neutralizing antibodies
induced by vaccination or natural infection with
wild-type virus.> The omicron variant contains
mutations that indicate that it could be more in-
fectious, more transmissible, and possibly better
able to evade innate immunity and neutralizing
antibody activity than wild-type virus.>* In addi-
tion to having at least 32 mutations affecting the
spike protein,® the omicron variant harbors 3 mu-
tations involving the membrane protein and 6 in-
volving the nucleocapsid protein, whereas the
antibody-evasive B.1.351 (beta) variant has only
7 spike-protein mutations and 1 nucleocapsid-
protein mutation.’

The omicron variant outcompeted the B.1.617.2
(delta) variant in Gauteng and was responsible
for 98.4% of new cases sequenced in South Africa
in December 2021.% This fourth wave of corona-
virus disease 2019 (Covid-19) arose in the context
of the rollout of Covid-19 vaccines, which began
on May 17, 2021, in South Africa. We previously
conducted a population-wide seroepidemiologic
survey in Gauteng that was completed on January
22, 2021.° We found that 19.1% of the population
was seropositive for SARS-CoV-2, as assessed by
the detection of IgG against the receptor-binding
domain; the seroprevalence ranged from 5% to
43% across provincial subdistricts.” After that
survey was completed, South Africa faced a third
wave of Covid-19, from approximately April 7 to
November 1, that was largely due to the delta
variant, which outcompeted the beta variant.!

We report the results of a follow-up seroepi-
demiologic survey in Gauteng that was completed
on December 9, 2021, and thus provides serop-
revalence data largely from before the fourth wave
of Covid-19. Furthermore, we report data regard-
ing Covid-19 epidemiologic trends in Gauteng,
including cases, hospitalizations, recorded deaths,
and excess deaths from the start of the pandemic
through January 12, 2022.

METHODS

STUDY SETTING
Gauteng is divided into five health districts (Jo-
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hannesburg, Ekurhuleni, Sedibeng, Tshwane,
and West Rand) that comprise 26 subdistricts.!
Gauteng constitutes 1.5% of the landmass in
South Africa but contains 26% of the population
(15.5 of 59.6 million persons).!* The overall popu-
lation density in Gauteng is 737 persons per
square kilometer, with the value ranging from
3400 in Johannesburg, where 36.9% of the popu-
lation lives, to 200 in West Rand, where 6.2% of
the population lives (Table S1 in the Supplemen-
tary Appendix, available with the full text of this
article at NEJM.org).

STUDY SURVEY

This survey included the same households that
were sampled during our previous survey, which
was undertaken from November 4, 2020, to Janu-
ary 22, 2021.° The previous survey was started
9 weeks after the onset of the second wave of
Covid-19 in Gauteng, which was dominated by
the beta variant. Details regarding the previous
survey, including the sampling framework used,
have been published® and are summarized in the
Supplementary Methods section of the Supple-
mentary Appendix.

This survey was conducted from October 22
to December 9, 2021. To account for possible
nonparticipation, out-migration, and death since
the previous survey, there was a 10% increase in
the households that were sampled; the additional
households were sampled in the same clusters
used previously. The survey was powered to evalu-
ate seropositivity for SARS-CoV-2 at the district
and subdistrict levels. Demographic and epide-
miologic data were collected with the use of an
electronic questionnaire.’ Details regarding the
questionnaire are provided in the Supplementary
Appendix.

The Human Research Ethics Committee at
the University of the Witwatersrand granted a
waiver for ethics approval of the survey, which
was performed at the behest of the Gauteng
Department of Health as part of public health
surveillance. Nevertheless, all participants pro-
vided written informed consent; those who were
approached to participate were free to decline
participation. The authors designed the study,
collected and analyzed the data, and vouch for
the completeness and accuracy of the data and
the fidelity of the study to the protocol. The
authors wrote the manuscript; no one who is not
an author contributed to the writing of the
manuscript.
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SEROLOGIC ANALYSIS

Dried-blood-spot samples were obtained from
participants and tested for IgG against SARS-CoV-2
spike protein and nucleocapsid protein with the
use of quantitative assays on the Luminex plat-
form. Anti-nucleocapsid IgG was included to iden-
tify persons who were seropositive from natural
infection rather than vaccination. Details regard-
ing the serologic assays have been published!>"
and are summarized in the Supplementary Ap-
pendix.

COVID-19 DATA SOURCES

Data regarding daily cases, hospitalizations, and
recorded deaths were sourced from the South
African National Institute for Communicable
Diseases daily databases, including the DATCOV
database, through January 12, 2022.1%> Data re-
garding weekly excess deaths attributable to
Covid-19 were defined by and sourced from the
South African Medical Research Council through
January 8, 2022.1° We analyzed these epidemio-
logic data for Gauteng and its five health districts,
both overall and with stratification according to
age group and sex when granular data were
available.

Cases included asymptomatic and symptom-
atic infections with SARS-CoV-2 confirmed by
either a nucleic acid amplification assay or a rapid
antigen test. Hospitalizations included admis-
sions for SARS-CoV-2 infection, as well as admis-
sions for other illnesses in which SARS-CoV-2
infection was incidentally identified on routine
screening at the time of admission. Definitions
of recorded death and excess death attributable
to Covid-19 are provided in the Supplementary
Appendix.

STATISTICAL ANALYSIS

The sample-size justification and the methods
for repeated random sampling of households
that were used in our previous survey have been
published® and are summarized in the Supple-
mentary Appendix, together with the methods
for analyses of associations with seropositivity,
which were performed with the use of general-
ized linear models with log link to estimate risk
ratios. These were unadjusted, univariable analy-
ses for each risk factor. Data regarding daily cases,
hospitalizations, and recorded deaths and week-
ly excess deaths were converted to incidences with
the use of population denominators from Statis-
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tics South Africa mid-2020 projections for South
Africa and its provinces.

RESULTS

PARTICIPANTS

We obtained samples that were adequate for sero-
status evaluation from 7010 of 7498 participants
from 3047 households (Fig. 1); 83% of the sam-
ples had been obtained by November 25, 2021,
when the omicron variant was first identified
(Fig. S1). Demographic and household character-
istics, known underlying medical conditions and
participant-reported human immunodeficiency
virus status, and vaccination status of the survey
participants are shown in Table 1. The degree to

7498 Persons were approached

337 Were excluded

154 (2.1%) Had migrated
out of Gauteng since
the previous survey

49 (0.7%) Had died since

the previous survey

134 (1.8%) Declined to
participate

7161 (95.5%) Were interviewed

151 Were excluded
45 (0.6%) Had samples that
could not be processed
because of inadequate
specimen viability
7 (0.1%) Were identified
as duplicates
2 (<0.1%) Had missing
information
97 (1.4%) Had samples
that could not be associ-
ated with a district

7010 (97.9%) Had samples that were
successfully analyzed

Figure 1. Survey Participants.

This survey (conducted from October 22 to December
9, 2021) included the same households that were sam-
pled during our previous survey (conducted from No-
vember 4, 2020, to January 22, 2021).° To account for
possible nonparticipation, out-migration, and death
since the previous survey, there was a 10% increase in
the households that were sampled; the additional
households were sampled in the same clusters used
previously.
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Table 1. Seroprevalence of IgG against SARS-CoV-2 Spike Protein or Nucleocapsid Protein in Gauteng, South Aftica,

from October 22 to December 9, 2021, and Risk Factors for Seropositivity.*

Association with

Variable Overall Seroprevalence Seropositivityy
no. (%) no. % (95% Cl) risk ratio (95% Cl)
All participants3 7010 (100) 5123 73.1 (72.0-74.1) =
Sex
Male 2941 (42.0) 1998 67.9 (66.2-69.6) Reference
Female 4065 (58.0) 3125 76.9 (75.5-78.1)  1.13 (1.10-1.17)
Not reported 4 (<0.1) — — —
Age group§
<12yr 753 (10.7) 423 56.2 (52.6-59.7) Reference
12to 17yr 622 (8.9) 459 73.8 (70.2-77.1)  1.31 (1.21-1.42)
18 t0 50 yr 4047 (57.7) 2977 73.6 (72.2-74.9)  1.30 (1.23-1.40)
>50 yr 1588 (22.7) 1264 79.7 (77.6-81.5)  1.42 (1.32-1.52)
Vaccination status§
Unvaccinated 5691 (81.2) 3895 68.4 (67.2-69.6) Reference
Vaccinated 1319 (18.8) 1228 93.1 (91.6-94.3) 136 (1.33-1.39)
Vaccination status according to age group§
Unvaccinated
<12yr 753 (10.7) 423 55.8 (52.2-59.4)  0.81 (0.76-0.86)
12t 17yr 603 (8.6) 443 73.5 (69.8-76.8)  1.06 (1.00-1.11)
18t0 50 yr 3356 (47.9) 2334 69.5 (68.0-71.1) Reference
>50 yr 979 (14.0) 695 71.0 (68.1-73.7)  1.02 (0.97-1.07)
Vaccinated
<12yr 0 0 = =
12t0 17 yr 19 (0.3) 16 84.2 (60.8-94.8)  1.21 (1.00-1.47)
18 to 50 yr 691 (9.9) 643 93.1 (90.9-94.7)  1.33 (1.30-1.38)
>50 yr 609 (8.7) 569 93.4 (91.2-95.1)  1.34 (1.30-1.39)
Previous Covid-19 testing
Never tested 5956 (85.0) 4271 71.7 (70.6-72.8) Reference
Tested positive 195 (2.8) 172 88.2 (82.9-92.0)  1.23 (1.17-1.30)
Tested negative 859 (12.3) 680 79.3 (76.3-81.8) 1.10 (1.06-1.15)
Household members per room¢ 1(0.5-1.5) — — 1.01 (1.00-1.02)
Occupation
Unemployed 4102 (58.5) 3014 73.5 (72.1-74.8) Reference
Production 381 (5.4) 279 73.2 (68.6-77.4)  1.00 (0.94-1.06)
Education, public transportation, 661 (9.4) 509 77.0 (73.6-80.1) 1.05 (1.00-1.10)
or retail
Health care 73 (1.0) 63 86.3 (76.4-92.5)  1.17 (1.07-1.29)
Office work or other 353 (5.0) 277 78.5 (73.9-82.4) 1.06 (1.01-1.13)
Student 1440 (20.5) 981 68.1 (65.7-70.5)  0.93 (0.89-0.96)
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Table 1. (Continued)
Association with
Variable Overall Seroprevalence Seropositivity
no. (%) no. % (95% Cl) risk ratio (95% Cl)
Smoking status|
None 4168 (59.5) 3234 77.6 (76.3-78.3) Reference
Daily 1125 (16.1) 748 66.5 (63.7-69.2)  0.86 (0.82-0.90)
Once or twice a week 244 (3.5) 181 742 (68.3-79.3)  0.96 (0.89-1.03)
Occasionally 203 (2.9) 157 77.3 (71.1-82.6)  1.00 (0.92-1.08)
Coexisting conditions
None 4731 (67.5) 3507 74.1 (72.9-75.4) Reference
=1 2279 (32.5) 1616 70.9 (69.0-72.7)  0.96 (0.93-0.99)
HIV status
Negative 6460 (92.2) 4727 73.2 (72.1-74.2) Reference
Positive 550 (7.8) 396 72.0 (68.1-75.6)  0.98 (0.93-1.04)
Dwelling type¥
Formal standalone house 4700 (67.0) 3488 74.2 (72.9-75.4) Reference
Informal settlement 1147 (16.4) 761 66.3 (63.6-69.0)  0.89 (0.86-0.93)
Block of flats or high-rise building 423 (6.0) 329 77.8 (73.6-81.5) 1.05 (0.99-1.11)
Subsidized low-income housing 666 (9.5) 494 74.3 (70.8-77.4) 1.00 (0.95-1.05)
Other 74 (L.1) 51 68.9 (57.5-78.4)  0.93 (0.80-1.08)
District
Johannesburg 2468 (35.2) 1880 76.2 (74.5-77.8) Reference
Ekurhuleni 1861 (26.5) 1382 743 (72.2-76.2)  0.97 (0.94-1.01)
Sedibeng 564 (8.0) 397 70.4 (66.5-74.0)  0.92 (0.87-0.98)
Tshwane 1464 (20.9) 975 66.7 (54.2-69.0)  0.87 (0.84-0.91)
West Rand 653 (9.3) 489 749 (71.4-78.1)  0.98 (0.94-1.03)

Covid-19 denotes coronavirus disease 2019, HIV human immunodeficiency virus, and SARS-CoV-2 severe acute respi-
ratory syndrome coronavirus 2.

Analyses of associations with seropositivity for SARS-CoV-2 were performed with the use of generalized linear models
with log link to estimate risk ratios. These were unadjusted, univariable analyses for each risk factor. Confidence inter-
vals were not adjusted for multiplicity and should not be used for inference.

Two participants had serologic test results that could not be linked to the main questionnaire and were excluded from

the analyses.

Age group and vaccination status were not included in the regression model; instead, an interaction term between

age group and vaccination status was introduced to account for the differences in seroprevalence according to vac-

cination status across age groups. Vaccination status was
participants (77.3%) who reported being vaccinated.

obtained from vaccination certificates for 1026 of the 1327

The median and interquartile range are shown, rather than the number and percentage. The risk ratio shows the

increase in the risk of seropositivity with one additional household member per room (i.e., for every additional house-

hold member, there is a 1.01 increase in risk).

| Smoking status was assessed only in the 5740 participants who were 18 years of age or older.
** Dwelling types were defined in accordance with the national census classification.

which the survey population was representative
of the general population of Gauteng and of South
Africa is described in Table S2. Vaccination in
Gauteng according to district, age, and vaccine
is summarized in Table S3. As of November 25,
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2021, of the total population of 12,191,569 per-
sons 12 years of age or older (who were eligible
for vaccination), 4,386,646 (36.0%) had received
at least one dose of BNT162b2 or Ad26.COV2.S,
and 2,452,017 (20.1%) had received two doses.
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Of the 2,416,045 persons older than 50 years of
age, 1,074,303 (44.5%) had received two doses of
BNT162b2.

SEROPREVALENCE

Among unvaccinated participants, the overall
prevalence of anti-spike or anti-nucleocapsid IgG
seropositivity was 68.4% (95% confidence inter-
val [CI], 67.2 to 69.6), whereas the prevalence of
anti-nucleocapsid IgG seropositivity was 39.7%
(95% CI, 38.4 to 41.0), a finding that indicates a
lack of sensitivity of anti-nucleocapsid IgG for
the detection of previous infection. We thus fo-
cused on the overall prevalence of anti-spike or
anti-nucleocapsid IgG seropositivity.

Among all participants, the overall seropreva-
lence was 73.1% (95% CI, 72.0 to 74.1) (Table 1).
The seroprevalence was heterogeneous across
provincial districts, ranging from 66.7% (95% CI,
54.2 to 69.0) in Tshwane, where the omicron
variant was first identified, to 76.2% (95% CI,
74.5 to 77.8) in Johannesburg (Fig. S2). In addi-
tion, the seroprevalence was heterogeneous across
subdistricts, ranging from 72.7% to 85.8% within
Johannesburg and from 58.9% to 77.4% within
Tshwane (Table S4).

Female participants were more likely to be
seropositive than male participants (76.9% vs.
67.9%; risk ratio, 1.13; 95% CI, 1.10 to 1.17). The
seroprevalence varied according to age group; it
was lowest among children younger than 12 years
of age (56.2%) and highest among adults older
than 50 years of age (79.7%). Children 12 to 17
years of age were more likely to be seropositive
than children younger than 12 years of age
(73.8% vs. 56.2%; risk ratio, 1.31; 95% CI, 1.21
to 1.42). Participants who had received a Covid-19
vaccine were more likely to be seropositive than
unvaccinated participants (93.1% vs. 68.4%; risk
ratio, 1.36; 95% CI, 1.33 to 1.39). Among vacci-
nated participants, the seroprevalence was con-
sistently high across age groups; among adults
18 to 50 years of age, those who were vaccinated
had a higher seroprevalence than those who were
unvaccinated.

Participants who had previously tested posi-
tive for SARS-CoV-2 infection were more likely to
be seropositive than participants who had never
been tested (88.2% vs. 71.7%; risk ratio, 1.23;
95% CI, 1.17 to 1.30). Participants living in an
informal settlement had a lower seroprevalence
than participants living in a standalone house

N ENGL J MED

(66.3% vs. 74.2%; risk ratio, 0.89; 95% CI, 0.86
to 0.93). Daily smoking was associated with a
lower seroprevalence than was not smoking (66.5%
vs. 77.6%; risk ratio, 0.86; 95% CI, 0.82 to 0.90).

COVID-19 TRENDS

Daily cases, weekly hospitalizations, daily recorded
deaths, and weekly excess deaths attributable to
Covid-19 in Gauteng are shown in Figure 2. Daily
cases, hospitalizations, and recorded deaths are
also shown with stratification according to age
group (Fig. 3) and according to sex (Fig. S3).

During the fourth wave of Covid-19, in which
the omicron variant was dominant, the daily
case incidence increased more rapidly and also
appeared to be decreasing more quickly than it
had during the three previous waves (Fig. 2). The
time from the onset to the peak of the wave was
1 month in the fourth wave, as compared with 2
months in the third wave. As of January 12,
2022, the case incidence had not yet fully re-
turned to the level before the onset of the fourth
wave, but the wave was nearing its end, on the
basis of the trajectory shown in Figure 2. At that
time, there were almost no recorded or excess
deaths attributable to Covid-19 per 100,000 popu-
lation.

The number of documented Covid-19 cases in
the fourth wave (226,932) was higher than that
in the second wave (182,564) and lower than
that in the third wave (511,638), whereas the
incidences of hospitalization, recorded death,
and excess death attributable to Covid-19 in the
fourth wave were consistently lower than the
incidences in earlier waves (Table 2). In addition,
the peak incidences of hospitalization, recorded
death, and excess death in the fourth wave were
lower than the peak incidences in previous waves.
The fourth wave contributed 11.2%, 3.9%, and
3.3% of overall hospitalizations, recorded deaths,
and excess deaths due to Covid-19, respectively,
whereas the third wave, in which the delta vari-
ant was dominant, contributed 43.6%, 49.3%,
and 52.7%. Similar trends were observed across
all districts (Fig. S4). Although there is a lag in
the reporting of weekly excess deaths, the inci-
dence in the fourth wave as of January 8, 2022
(12 per 100,000 population), was lower than the
incidence in the third wave (197 per 100,000 popu-
lation). As of January 12, 2022, incidences were on
an ongoing downward trajectory, with a 7-day
moving average of 7.28 cases, 0.96 hospitaliza-
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Figure 2. Cases, Hospitalizations, Recorded Deaths, and Excess Deaths Attributable to Covid-19 in Gauteng, South Africa, from the Start
of the Pandemic through January 12, 2022.

Shown are incidences of daily cases, weekly hospitalizations, daily recorded deaths, and weekly excess deaths attributable to coronavirus
disease 2019 (Covid-19). The inset shows the incidence of daily recorded deaths on an enlarged y axis. The horizontal dashed line indi-
cates an incidence of zero. The data were sourced from the National Institute for Communicable Diseases daily databases through Janu-
ary 12, 2022, except for the data regarding weekly excess deaths attributable to Covid-19, which were defined by and sourced from the
South African Medical Research Council through January 8, 2022.° The B.1.1.529 (omicron) variant was first identified on November 25,
2021. Cases included asymptomatic and symptomatic infections with severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
confirmed by either a nucleic acid amplification assay or a rapid antigen test. Changes in the frequency of testing limit direct compari-
sons of case numbers; in particular, the lower frequency of testing during the first wave, which was due to constraints in laboratory ca-
pacity and prioritization of testing for hospitalized persons, prevents the direct comparison of cases from the first wave with those from
subsequent waves. Hospitalizations included admissions for SARS-CoV-2 infection, as well as admissions for other illnesses in which
SARS-CoV-2 infection was incidentally identified on routine screening at the time of admission. The DATCOV system was developed dur-
ing the first wave, with gradual onboarding of facilities; thus, hospitalizations from the first wave may be underestimated. Definitions of
recorded death and excess death attributable to Covid-19 are provided in the Supplementary Appendix.

tions, and 0.11 recorded deaths per 100,000 ber 25, 2021) of 0.46 cases, 0.15 hospitalizations,
population — a decrease by a factor of 9.3, 3.3, and 0.04 recorded deaths per 100,000 population.
and 2.4 from the peak incidence of 67.56 cases, During the fourth wave, decreased incidences
3.18 hospitalizations, and 0.26 recorded deaths of hospitalization and recorded death were evident
per 100,000 population, respectively. The inci- across all age groups older than 17 years and
dences were nearing prewave levels (as of Octo- among both men and women. The incidences of
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POPULATION IMMUNITY WITH OMICRON IN SOUTH AFRICA

Figure 3 (facing page). Covid-19 Cases, Hospitaliza-
tions, and Recorded Deaths in Gauteng, South Africa,
According to Age Group.

Shown are 7-day moving averages of the incidences of
daily cases, hospitalizations, and recorded deaths
among participants 4 years of age or younger (Panel A),
5 to 17 years of age (Panel B), 18 to 44 years of age
(Panel C), 45 to 59 years of age (Panel D), and 60 years
of age or older (Panel E). The horizontal dashed line in-
dicates an incidence of zero. Because the incidences
differ across age groups, different y-axis scales are used
for each age group to provide clarity and aid in the vi-
sual interpretation of the trends in each group.

hospitalization and recorded death among chil-
dren 17 years of age or younger, which have
consistently been markedly lower than the inci-
dences in older age groups, were similar to the
incidences during earlier waves, except for a
lower mortality among children 5 to 17 years of
age during the fourth wave than during the third
(delta-dominant) wave (Fig. 3 and Tables S5, S6,
and S7).

DISCUSSION

In Gauteng, the resurgence of Covid-19 that was
dominated by the omicron variant evolved at a
time when Covid-19 vaccine coverage was 36.0%
among persons 12 years of age or older, with
only 20.1% having received at least two doses of
a Covid-19 vaccine as part of the national vaccine
rollout program. Nevertheless, the results of our
survey showed widespread underlying SARS-
CoV-2 seropositivity across the province (73.1%),
including a prevalence at the subdistrict level of
up to 85.8%, before the onset of the omicron-
dominant wave. This high seroprevalence was
primarily induced by previous SARS-CoV-2 infec-
tion, as evidenced by the 68.4% seroprevalence
among participants who had not received a Co-
vid-19 vaccine. The methods used for selecting
the random sample of households in the survey,
with a distribution proportionate to subdistrict
population sizes, ensured that the sample was
representative of the general population of
Gauteng.

In this context, we observed a dramatic de-
coupling of hospitalizations and deaths from
infections during the fourth wave of Covid-19, as
compared with the proportions seen during the
three previous waves. The biologic basis for this
decoupling could be the extensive cell-mediated

N ENGL J MED

immunity in the population that was induced by
previous natural infection and vaccination. At
least one vaccine dose had been administered to
61.2% of adults older than 50 years of age
(1,479,288 of 2,416,045), who had accounted for
81.0% of all deaths (22,269 of 27,500) due to
Covid-19 in Gauteng through the end of the
third wave.”” Although we did not evaluate cell-
mediated immunity, other studies have shown that
natural infection induces a diverse polyepitopic
cell-mediated immune response that targets the
spike protein, nucleocapsid protein, and mem-
brane protein.’® Consequently, cell-mediated im-
munity is likely to be more durable than neutral-
izing antibody—mediated immunity in the context
of small mutations,” particularly those mainly
affecting the spike protein, such as those in the
omicron variant. Furthermore, natural infection
induces robust memory T-cell responses, includ-
ing long-lived cytotoxic (CD8+) T cells, which have
a halflife of 125 to 255 days.”

We think that the evolution of cell-mediated
immunity from previous natural infection and
vaccination has resulted in the decoupling of the
high case incidence seen with the omicron vari-
ant from the incidence of severe disease (hospi-
talizations and deaths). This decoupling has
occurred despite evidence that the omicron vari-
ant evades neutralizing antibody activity induced
by spike-protein—based vaccines and by previous
infection with other variants that did not harbor
the same full set of putatively antibody-evasive
mutations. Our hypothesis is supported by two
recent preprint publications, which indicated that
most of the T-cell response induced by vaccina-
tion or natural infection cross-recognizes the
omicron variant, thereby probably contributing to
protection against severe disease.”’*> An alterna-
tive or additional mechanism by which protection
against severe disease may be conferred, despite
the reduced neutralizing antibody activity against
the omicron variant, is through Fc-mediated ef-
fector functions of non-neutralizing antibodies
that induce antibody-mediated cellular phagocy-
tosis, complement deposition, and natural killer—
cell activation.’®? In addition, the omicron vari-
ant may be less potent in causing serious illness.

We saw a high incidence of Covid-19 cases
due to the omicron variant despite the high se-
roprevalence of humoral immune responses, a
finding consistent with the antibody-evasive na-
ture of the omicron variant. Reports have indi-
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Table 2. Cumulative Reported Cases, Hospitalizations, Recorded Deaths, and Excess Deaths Attributable to Covid-19 in
Gauteng, South Africa, According to Covid-19 Wave.*
Wave 1, Wave 2, Wave 3, Wave 4,
Outcome Wild-Type Beta Delta Omicron Total
Casesy
Period of wave March 7- Nov. 14, 2020- March 31— Oct. 26,2021~ March 7, 2020—
Nov. 13,2020 March 30,2021  Oct. 25, 2021 Jan. 12, 2022 Jan. 12,2022
No. 232,130 182,564 511,638 226,932 1,153,264
No. per 100,000 population 1498 1178 3301 1464 7440
Percent of total 20.1 15.8 44.4 19.7 100
Hospitalizations:;
Period of wave March 7- Nov. 7, 2020- April 7— Nov. 1,2021- March 7, 2020-
Nov. 6, 2020 April 6, 2021 Oct. 31, 2021 Jan. 12, 2022 Jan. 12,2022
No. 33,315 30,685 61,642 15,789 141,431
No. per 100,000 population 215 198 398 102 912
Percent of total 23.6 21.7 43.6 11.2 100
Recorded deaths
Period of wave March 31— Dec. 15, 2020— May 3— Nov. 20, 2021- March 31, 2020—
Dec. 14, 2020 May 2, 2021 Nov. 19,2021  Jan. 12, 2022 Jan. 12, 2022
No. 6443 7084 14,256 1116 28,899
No. per 100,000 population 42 46 92 7 186
Percent of total 22.3 24.5 49.3 3.9 100
Excess deathsf
Period of wave May 9- Dec. 20, 2020— March 27— Nov. 26,2021-  May 9, 2020-
Dec. 19,2020 March 26,2021 Nov. 25, 2021 Jan. 8, 2022 Jan. 8, 2022
No. 13,476 11,970 30,546 1,927 57,919
No. per 100,000 population 87 77 197 12 374
Percent of total 23.3 20.7 52.7 3.3 100

* Data are shown for the first wave of Covid-19, dominated by wild-type virus; the second wave, dominated by the
B.1.351 (beta) variant; the third wave, dominated by the B.1.617.2 (delta) variant; and the fourth wave, dominated by

the B.1.1.529 (omicron) variant. The data were sourced from the National Institute for Communicable Diseases daily
databases through January 12, 2022, except for the data regarding weekly excess deaths attributable to Covid-19, which
were defined by and sourced from the South African Medical Research Council through January 8, 2022.** As compared
with the reporting of cases, there was a lag in the reporting of hospitalizations, recorded deaths, and excess deaths;
thus, each of these outcomes has a different period for each wave. As of January 12, 2022, the case incidence had

not yet fully returned to the level before the onset of the fourth wave; numbers, incidences, and proportions of cases,
hospitalizations, and deaths were anticipated to continue to increase somewhat. However, the subsequent increases
were limited, with the incidence of excess death attributable to Covid-19 having declined to 0 per 100,000 population by
January 15, 2022.

T Cases included asymptomatic and symptomatic SARS-CoV-2 infections confirmed by either a nucleic acid amplifica-
tion assay or a rapid antigen test. Changes in the frequency of testing limit direct comparisons of case numbers; in
particular, the lower frequency of testing during the first wave, which was due to constraints in laboratory capacity and
prioritization of testing for hospitalized persons, prevents the direct comparison of cases from the first wave with those
from subsequent waves.

I Hospitalizations included admissions for SARS-CoV-2 infection, as well as admissions for other illnesses in which
SARS-CoV-2 infection was incidentally identified on routine screening at the time of admission. The DATCOV system
was developed during the first wave, with gradual onboarding of facilities; thus, hospitalizations from the first wave
may be underestimated.

§ Definitions of recorded death and excess death attributable to Covid-19 are provided in the Supplementary Appendix.

cated that the omicron variant is more capable doses of BNT162b2 or AZD1222 (also known as
of evading neutralizing antibody activity than ChAdOx1 nCoV-19) was shown to be substantially
even the beta variant.”**?® Neutralizing antibody lower than vaccine-induced neutralizing antibody
activity against the omicron variant after two activity against wild-type virus.”?® Nevertheless,
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the majority of persons with hybrid immunity
from natural infection and BNT162b2 or AZD1222
vaccination have measurable neutralizing anti-
body activity against the omicron variant, albeit
a lower level than that against the wild-type vi-
rus.?* In this context, a high incidence of break-
through cases and reinfections with the omicron
variant was to be expected in South Africa, where
the majority of persons had immunity from natu-
ral infection, which induces a lower magnitude
of anti-spike neutralizing and binding antibody
responses than vaccination.”® Furthermore, as
part of its vaccine rollout at the time of the evo-
lution of the fourth wave, South Africa was
providing only a single dose of Ad26.COV2.S,
which induces lower titers of neutralizing and
blocking antibodies than two doses of BNT162b2%;
the third (booster) dose of BNT162b2 had not
been introduced in South Africa at that time.
This clinical evidence of the antibody-evasive
nature of the omicron variant is corroborated by
early studies that showed limited vaccine effec-
tiveness against omicron at 25 weeks after two
doses of AZD1222 or BNT162b2.?° However, vac-
cine effectiveness was substantially increased at
2 weeks after a booster dose of BNT162b2,% which
results in much higher neutralizing antibody titers
than two doses of the vaccine®® and thus may
partly mitigate the relative antibody-evasiveness
of the omicron variant. In addition, in South Af
rica, vaccine effectiveness against hospitalization
was 70% with the omicron variant, as compared
with 93% with the delta variant.3! These data,
together with the very limited neutralizing anti-
body activity against the omicron variant after
two doses of AZD1222 or BNT162b2, further
corroborate the evidence that protection against
severe Covid-19 due to the omicron variant is
probably mediated by much lower neutralizing
antibody titers than those required to protect
against SARS-CoV-2 infection or mild Covid-19%
or is provided by cell-mediated immunity or the
Fc-effector functions of non-neutralizing antibod-
ies (or a combination of these mechanisms).'*??
The antibody-evasive nature of the omicron
variant is analogous to the antibody-evasiveness
of the beta variant in recipients of AZD1222, the
AstraZeneca chimpanzee adenovirus—based vac-
cine. AZD1222 was shown to have no effective-
ness against mild-to-moderate Covid-19 due to
the beta variant.?? However, vaccine effectiveness
against hospitalization or death due to the beta

N ENGL J MED

or P.1 (gamma) variant was 80% in a report from
Canada.*® Although AZD1222 induced nominal
neutralizing antibody activity against the beta
variant, only 11 of the 87 spike-protein epitopes
targeted by T-cell immune responses induced by
AZD1222 were affected by mutations in the beta
variant.*> The dissociation between the lack of
AZD1222-induced neutralizing antibody activity
and the protection against severe disease involv-
ing the lower respiratory tract was also observed
in a challenge study with AZD1222 against the
beta variant in a Syrian golden hamster model.>*

Evidence of the high transmissibility of the
omicron variant is corroborated by the rapid rise
in reported Covid-19 cases in Gauteng during
the fourth wave. Indeed, the increase in the case
incidence during the fourth wave occurred faster
than that during any previous wave, a finding
that indicates that the omicron variant is more
transmissible than even the delta variant, which
had an estimated reproductive number (R) of 5
to 6.%

Our study has some limitations. First, we
used publicly available data regarding Covid-19
morbidity and mortality that were collated in
surveillance systems and could have changed over
time, which could affect comparisons across the
four waves. The DATCOV database does not dis-
tinguish between patients hospitalized for SARS-
CoV-2 infection and patients hospitalized for
other illnesses who incidentally had a positive
test for SARS-CoV-2 on routine screening. Never-
theless, data from these systems are unlikely to
have changed since the third wave. Second, chang-
es in the frequency of testing over time limit head-
to-head comparisons of case numbers across
waves, although the criteria for testing have
been similar since the start of the second wave.
Finally, the fourth wave had not fully subsided at
the time of this analysis. The numbers, incidenc-
es, and proportions of total cumulative cases,
hospitalizations, and deaths attributable to this
wave — in particular, the data for hospitaliza-
tions and deaths, because there is a lag in the
reporting of these data — were anticipated to
continue to increase somewhat. However, the
subsequent increases were limited, with the in-
cidence of excess death attributable to Covid-19
having declined to 0 per 100,000 population by
January 15, 2022.

Our hypothesis that cell-mediated immunity
primarily due to natural infection, with or with-
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out Covid-19 vaccination, has resulted in the
decoupling of cases from severe disease remains
to be investigated. In particular, the extent to
which the polyepitopic T-cell response induced
by vaccination against the spike protein — as
well as the even more diverse polyepitopic T-cell
response stimulated by natural infection, with
or without vaccination — remains cross-reactive
against the omicron variant warrants further
investigation.”** Another possible contributing
factor to the decoupling of cases from severe
disease with the omicron variant, as compared
with the proportions seen with previous variants,
is that the omicron variant may be more adept at
infecting the upper airways and less adept at in-
fecting the lower airways, which could result in
reduced virulence.?® The difference in the preva-
lence of immunity across waves limits our abil-
ity to draw any conclusions regarding the relative
roles of reduced virulence and higher prevalence
of underlying cell-mediated immunity in con-
tributing to the decoupling of cases from severe
disease observed with the omicron variant in our
study.

We think that the decoupling of the incidence
of Covid-19 cases from the incidences of hospi-
talization and death during the omicron-domi-
nant wave in South Africa heralds a turning point
in the Covid-19 pandemic, if the primary goal is
protection against severe disease and death rather
than prevention of infection. The 70% vaccine ef-
fectiveness against severe disease with BNT162b2

in South Africa®! might well be due to the hybrid
cell-mediated immunity induced by vaccination
and natural infection. Whether the same protec-
tion against severe Covid-19 due to the omicron
variant will be seen in countries in which im-
munity is mainly from vaccination remains to be
determined.
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