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Table S1: Categorization and infection outcome calibration of the 3 wave serial serologic patterns (BDs 5, 6,
8, Delta wave). The outcome is a SARS-CoV-2 infection occurring between the mid-points of BD 5 and BD 6, and
BD 8. These categories are used to calibrate a serology-based approach to infer infections during a the period of
intense cohort follow up period, when rRT-PCR confirmed infections are available (detailed in Methods Section 3.2-
3.3).

Categorization Categorization Infection
(crude) (refined®) outcome™
Category I i Subcategory - « _
(crude) Criteria Description (refined) Criteria AJ y=14
BDs<1& .
A BDs<1& Ssgoélega“ve across BD 5, 6, A NA -0.447 Non-infection
BDs <1
BDs>1& Seropositive at BD5 followed by
B BDs <BDs & | waning COI from BD 5 to BD 6 B NA -0.264 Non-infection
BDs < BDs and BD 6 to BD 8
Seropositive at BD5 followed by | Ci BD¢/BDs >y -0.028 Non-infection
BDs>1& R
boosting COI from BDS5 to BD6
C BDs > BDs & p
BDs < BDs and waning COI from BD6 to
BD8 Co BD¢/BDs <y -0.026 Non-infection
BDs<1& Seronegative at BDS followed
D BDs>1 & by seroconversion at BD6 then D NA -0.009 Non-infection
BDs < BDg waning COI from BD6 to BD8
Ez BDs/BDs >y 0.004 Reinfection
BDs> 1 & Seropositive at BDS5 followed by
52 .
E | BDe>BDs& | 0oosting COlfrom BDS to BD6 | 1 BDYBDo<y & 14 03 Non-infection
BD: > BD and another boosting COI from BD¢/BDs >y
$ ¥ BD6 to BD§
<
Eo Egzggj ; ;ﬁ & -0.007 Non-infection
F BDs/BDs > 0.017 Reinfection”
BDs<1& Seronegative at BDS followed ! VBDe >y cifection
F BDs21 & by seroconversion at BD6 and
> BDs boosti I from BD6 to BD8 . .
BDs > BDs oosting COT from © Fo BDs/BDs <y -0.008 Non-infection
Seropositive at BD5 followed by | Gi BDs/BDs >y 0.061 Reinfection
BDs>1& .
waning COI from BDS5 to BD6
G BDs <BDs & b . i
BDs > BDs and boosting COI from BD6 to
BD8 Go BDg/BDs <y -0.029 Non-infection
BDs<1& Seronegative at BDS and BD6 Primary infection
H BDs<1& followed by seroconversion at H NA 0.738 Y fection?
BDs> 1 BDS or reinfection

*AJ: the net contribution of the Youden’s J statistics of a particular serologic category, if the category were considered as a marker for infection
(detailed in Section 3.3)
"Outcome of whether a specific serologic category is considered as a marker of infection between May 1, 2021 (mid-point of BD 5 and BD 6),

and BD 8.

#Refined categorization differentiating strong vs weak boosting signal to account for potential measurement noise.

fIn rare occasions (Figure S4 C), this could also be primary infection occurred right before BD 6, with COI yet to reach high level at BD 6 and
COI at BD 8 still significantly higher than that of BD 6 even after waning.
¥This could be primary infection seroconverted between BD 6 and BD 8 or reinfection between BD 6 and BD 8 with prior infection sero-reverted
at BD 5 and BD 6 (Figure S4 C-D).
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Table S2: Categorization of the 4™ wave serial serologic patterns (BDs 8, 9, 10, Omicron wave). The
determination of infections outcomes (last column) for each subcategory of sequential serologic patterns A-H are
based on the calibration detailed in Table S1. This approach captures infections and re-infections that occurred
between the mid-point of BD 8 and BD 9, and BD 10, during the Omicron BA1/2 wave.

Wave Categorization Categorization Infection
(crude) (refined®) outcome”
Category - .. Subcategory . _
(crude) Criteria Description (refined) Criteria y=14
BDs<1& .
A BDy<1& ES;e‘r)or;%atll(\)/e across BD A NA Non-infection
BDip<1 *
BDy>1& Tolowed by waning COT
B BDs < BDs & N S B NA Non-infection
BD1o < BDs from BD 8 to BD 9 and
BD 9to BD 10
Seropositive at BD8 . .
> Non-infect
BDs>1& followed by boosting C BDy/BDs >y on-ection
C BDy>BDs & COI from BD8 to BD9
BDio<BD and waning COI from . .
« 10 ’ BD9 to BDglO Co BDy/BDs <y Non-infection
3}
& Seronegative at BD8
< BDs<1& followed by
S |D BDy>1& seroconversion at BD9 D NA Non-infection
3 BDi1o<BDy then waning COI from
2! BD9 to BD10
=
g E2 BD1o/BDo >y Reinfection
; Seropositive at BD8
5 BDs>1 & followed by boosting
2| E BDy>BDs& | COIfromBDStoBD9 | Ei phwB <y & Non-infection
2 BDio > BDy and another boosting o/BLs =y
= COI from BD9 to BD10
i Eo BDw/BDy <y & Non-infection
= BDy/BDg <y
<
BDs<1 & ?(flrlgr\:veeg;t;;e atBD8 Fi BD1/BDy >y Reinfection®
F BDy21& seroconversion at BD9
> boosti I fi
BD1o > BDy aBIBig z)o]sgglgoco rom Fo BD10/BDo <y Non-infection
Seropositive at BD8 . .
> Reinfect
BDs>1& followed by waning COI G BDw/BDy >y eection
G BDy<BDs & from BD8 to BD9 and
BDio>BD boosting COI from BD9 . .
10 ’ tsgsl;rll% rom Go BD10/BDo <y Non-infection
BDs<1& Seronegative at BD8 and Pri infecti
H BDo<1& BD9 followed by H NA ottt
BDio2>1 seroconversion at BD10

*Outcome of whether a specific serologic category is considered as a marker of infection between mid-point (of BD 8 and BD 9), and BD 10.
#Refined categorization differentiating strong vs weak boosting signal to account for potential measurement noise.

fIn rare occasions, this could also be primary infection occurred right before BD 9, with COI yet to reach high level at BD 9 and COI at BD 10
still significantly higher than that of BD 9 even after waning.

¥This could be primary infection seroconverted between BD 9 and BD 10 or reinfection between BD 9 and BD 10 with prior infection sero-
reverted at BD 8 and BD 9.



Table S3: Model selections on the covariates of the chain-binomial models.

Model| 0 1 2 3 4 5 6 7 8 9 10
-Log(likelihood) | 1146 | 1126| 1095| 1094| 1078 | 1078 | 1055| 1054 | 1044 | 991| 990
Akaike Information Criterion (AIC) | 2300 | 2262 | 2202 | 2202| 2174| 2178 | 2136| 2138| 2021| 2016 | 2016
AAIC 0 -38 -98 -98 | -126| -122| -164| -162| -180| -284| -284
Parameters

Baseline household transmission risk (rural)
Baseline household transmission risk (urban)
Baseline community infection risk (rural)
Baseline community infection risk (urban)
Variant type

Household size

If living with HIV

Age (rural household risk)

Age (urban household risk)

Sex (rural household risk)

Sex (urban household risk)

Age (rural community risk)

Age (urban community risk)

Sex (rural community risk)

Sex (urban community risk)

If reinfection

Prior exposure

Time since last infection

*

*

*

*

*

*

* Indicates covariates included in the model.
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Figure S1: Panel A-H, The serologic trajectory for Roche anti-N COlIs at BD 5, BD 6, and BD 8 for each of the crude
serologic categories A, B, C, D, E, F, G, and H, respectively. The timing of the BDs bounds SARS-CoV-2 infections

during South Africa’s 3™ epidemic wave (Figure 1). The horizontal dashed line indicates the Roche anti-N COI
reactivity threshold for seropositivity.
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Figure S2: Panel A-H, The serologic trajectory for Roche anti-N COlIs at BD 8, BD 9, and BD 10 for each of the
crude serologic categories A, B, C, D, E, F, G, and H, respectively. The timing of the BDs bounds SARS-CoV-2

infections during South Africa’s 4" epidemic wave (Figure 1). The horizontal dashed line indicates the Roche anti-N

COI reactivity threshold for seropositivity.
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Figure S3: The optimized serial serologic patterns to categorize SARS-CoV-2 infections by Youden’s J statistics

and the corresponding sensitivity for reinfections. We plot the Youden’s J statistics (blue line) and the sensitivity

to detect Delta reinfection (red line) based on function of the boosting threshold y (in the x axis’s tick labels, we listed

the corresponding refined serologic categories (Table S1) selected as a marker of past SARS-CoV-2 infections).
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Figure S4: For y = 1.4, The optimized serial serologic patterns to categorize SARS-CoV-2 infections by Youden’s J
statistics (blue line) and the corresponding sensitivity for reinfections (red line). Panel A: the distribution of serologic
patterns among all rRT-PCR confirmed infection (PCR+). B: the distribution of serologic patterns among all rRT-
PCR confirmed non-infection (PCR-). C: same as A but among primary infections, D, same as A but among
reinfections infections. E, net-contribution of Youden’s J statistic for each of the serial serologic patterns. F, the
receiver operating characteristic curve (ROC) by incorporating serial serologic patterns one by one in the order of the
net contribution to Youden’s J statistics (panel E); the dashed line is the overall Youden’s J statistics. Across all panels,
reds are serial serologic patterns selected as markers for SARS-CoV-2 infection (with net-positive contribution to

Youden’s J), while blues are serial serologic patterns selected as marks for SARS-CoV-2 non-infection.
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Figure S5: A: The distribution of the rural site’s cohort population by the number of SARS-CoV-2 exposures
experienced after the 3™ epidemic wave (left) or after the 4™ epidemic wave (right). Each infection/vaccine dose is
counted as 1 exposure. Gray bars represent naive individuals; blue bars represent individuals who have been infected
by pre-Omicron variants or received SARS-CoV-2 vaccinations; red bars represent individuals who have been infected

by Omicron. B: Same as A but for the urban site.
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Figure S6: Sensitivity analysis of risk factors associated with SARS-CoV-2 Omicron BA.1/2 and Delta infection.
Odds ratios (adjusted after controlling for other risk factors, see Methods Section 4 for details) were estimated by a
chain binomial model fitted to the infection outcome of n=905 participants. Omicron BA.1/2 infections were inferred
by the serologic approach while Delta infections were either inferred by serologic approach or confirmed by rRT-
PCR. Empty circles are reference classes. Solid dots and lines represent maximum likelihood estimate and 95%

confidence intervals.
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Figure S8: Community mobility trends in South Africa, based on Google’s Community Mobility Reports (/).

(A) Lines of different colors represent the percentage change of Google’s mobility index in different setting (/) in

Mpumalanga Province (rural site). The shaded curve at the bottom represents the daily incidence of SARS-CoV-2

cases in routine surveillance data collected by the Ehlanzeni District, Mpumalanga Province. Colors of the shaded

curve represent different variant types. Here, blood draw (BD) 10 was collected at the end of the first Omicron wave.

Since in South Africa, Omicron BA.4 and BA.5 only started to rise at April, 2022 (2), we assume the Omicron wave

prior to BD 10 were BA.1 and BA.2 subvariants. The hatched area represents the period of intense follow-up of the

PHIRST-C cohort, when nasal swabs were collected and tested on rRT-PCR at twice-a-week frequency. (B) Same as
(A) but for the North West Province (Urban).
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Figure S9: The serologic trajectory for Roche anti-N COls at BD 5, BD 6, and BD 8 for the 11 rRT-PCR confirmed

Delta primary infections (A) and 10 Delta reinfections (B) missed by the serologic approach. The horizontal dashed
lines indicate the Roche anti-N COI reactivity threshold for seropositivity.
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