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Supplementary Text 

1. Supplementary Methods 

1.1 Data validation and known data issues 

To assess validity of the data linkage procedure and thus verify whether individuals 

identified as having suspected reinfections did in fact have positive test results at least 90 days 

apart, we conducted a manual review of a random sample of suspected second infections 

occurring on or before 20 January 2021 (n=585 of 6026; 9.7%). This review compared fields not 

used for linkages (address, cell-phone numbers, email addresses, facility, and health-care 

providers) between records in the NMC-SS and positive test line lists. Where uncertainty 

remained and contact details were available, patients or next-of-kin were contacted 

telephonically to verify whether the individual had received multiple positive test results. 

Of the 585 randomly selected individuals with possible reinfections in the validation 

sample, 562 (96%) were verified as the same individual based on fields not used to create the 

linkages; the remaining 23 (4%) were either judged not a match or to have insufficient evidence 

(details captured by the clinician or testing laboratory) to determine whether the records 

belonged to the same individual. 

Between 5 and 11 December 2022, server issues at the National Health Laboratory 

Service’s Central Data Warehouse prevented one of the identifiers used in the probabilistic 

linkages from being pulled through into the dataset. Retrospective evaluation of the use of the 

identifier revealed that it had been required for 0.3% of the links made prior to this time. The 

impact of this data discrepancy is therefore thought to be minimal.  

 

1.2 Descriptive analysis 

We compared the age, gender, and province of individuals with suspected reinfections to 

individuals eligible for reinfection (i.e., who had a positive test result at least 90 days prior to 31 

January 2022). 

We did not calculate overall incidence rates by wave because the force of infection is highly 

variable in space and time, and the period incidence rate is also influenced by the temporal 

pattern of when people become eligible for reinfection. Incidence rate estimates would therefore 

be strongly dependent on the time frame of the analysis and not comparable to studies from other 

locations or time periods. 

 

1.3 Construction of uncertainty intervals for hazard coefficients and hazard ratio 

The uncertainty intervals shown in Figure 5 were constructed to take into account both 

measurement error and uncertainty in the assumed observation probabilities. To capture 

uncertainty in the observation probabilities, we uniformly sampled 1,000 values from the 

polygon of plausible values for 𝑝𝑜𝑏𝑠 and 𝑝𝑜𝑏𝑠2 (Figure S8). For each parameter combination, we 

used the model described in the main text (approach 2) to reconstruct the numbers of primary 

and second infections by day, as well as the relevant susceptible populations at risk. We then 

used each reconstructed data set to construct a 95% confidence interval for the associated 

Poisson rate, after Sahai and Kurshid (32), and for the associated incidence rate ratio, after Ulm 

(33). The confidence limits for the hazard coefficients were approximated by dividing the 

confidence limits for the Poisson rates by the reconstructed value of the total incidence for each 

reconstructed data set. 
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The final uncertainty intervals were then constructed from the distribution of confidence 

limits based on the 1,000 reconstructed data sets. The median value presented in Figure 5 is the 

median estimate from across the data sets, and the confidence limits represent the 2.5% and 

97.5% quantiles of the lower and upper confidence limits, respectively. 

 

2. Supplementary Results 

2.1 Distribution of suspected reinfections by province 

Suspected reinfections were identified in all nine provinces (Figure S1). The reinfection rate 

was highest in Western Cape, where 20,952 of 516,857 eligible primary infections (4.05%) had 

suspected reinfections and lowest in Northern Cape (2,464 of 92,718; 2.66%). For comparison, 

the national reinfection rate was 92,718; 3.58% (105,323 of 2,942,248 eligible primary 

infections). Numbers for all provinces are provided in Table S1. 

 

2.2 Breakdown of suspected reinfections by sex and age group 

Among 2,878,217 eligible primary infections with both age and sex recorded, 62,690 of 

1,630,428 females (3.85%) and 42,099 of 1,247,789 males (3.37%) had suspected reinfections. 

Relative to individuals with no identified reinfection, reinfections were concentrated in adults 

between the ages of 20 and 55 years (Figure S2A). The age distribution of second infections was 

consistent across waves (Figure S2B). Numbers for all age group-sex combinations are provided 

in Table S2.  
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Fig. S1. 

Descriptive analysis of suspected reinfections: Percentage of eligible primary infections with 

suspected reinfections, by province. 
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Fig. S2. 

Descriptive analysis of suspected reinfections: A: Age distribution of individuals with suspected 

reinfections (blue) versus eligible individuals with no detected reinfection (yellow), by sex. Solid 

lines indicate females; dashed lines indicate males. B: Age distribution of primary infections 

(left) and second infections (right) by wave (purple = wave 1, pink = wave 2, orange = wave 3, 

turquoise = wave 4). 
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Fig. S3. 

Number of detected primary infections (black), suspected reinfections (blue), and suspected third 

infections (red), by province. Lines represent 7-day moving averages. The y-axes are shown on a 

square root scale. 
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Fig. S4. 

Convergence diagnostics and density of the posterior distribution for MCMC fits (approach 1). A 

and B: MCMC chains for each parameter. C: Gelman-Rubin values (a.k.a. potential scale 

reduction factors) for each parameter; values less than 1.1 indicate sufficient mixing of chains to 

suggest convergence. D, G, I: posterior density for each parameter and the log likelihood. E, F, 

H: 2-D density plots showing correlations between parameters and the log likelihood. 
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Fig. S5. 

Observed and expected temporal trends in reinfection numbers, for the second and third most 

populous provinces. Blue lines (points) represent the 7-day moving average (daily values) of 

suspected reinfections. Grey lines (bands) represent mean predictions (95% projection intervals) 

from the null model. A and B: KwaZulu-Natal. C and D: Western Cape. 
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Fig. S6. 

Observed and expected temporal trends in reinfection numbers. Blue lines (points) represent the 

7-day moving average (daily values) of suspected reinfections. Grey lines (bands) represent 

mean predictions (95% projection intervals) from the null model. A and B: Eastern Cape. C and 

D: Free State, E and F: Limpopo. 
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Fig. S7. 

Observed and expected temporal trends in reinfection numbers. Blue lines (points) represent the 

7-day moving average (daily values) of suspected reinfections. Grey lines (bands) represent 

mean predictions (95% projection intervals) from the null model. A and B: Mpumalanga. C and 

D: North West, E and F: Northern Cape. 
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Fig. S8. 

Sensitivity analysis of hazard ratio estimates to assumed observation probabilities for primary 

and second infections. Estimates are shown for the full range of probabilities for which the 

overall mean relative hazard is between 0 and 1. The white polygon encloses the most plausible 

estimates (i.e. consistent with relative reinfection risk observed in the SIREN study (3) and 

observation probabilities for primary infection consistent with estimates based on seroprevalence 

data (4)). For all parameter combinations in the plausible range, 𝑝𝑜𝑏𝑠2 > 𝑝𝑜𝑏𝑠, suggesting that 

having had a previous test is a good marker for who will test again. Top: Mean relative empirical 

hazard for reinfections versus primary infections in each wave, as a function of assumed 

observation probabilities for primary infections (𝑝𝑜𝑏𝑠) and reinfections (𝑝𝑜𝑏𝑠2). A: wave 1, B: 

wave 2, C: wave 3. Bottom: Percent change in the mean relative empirical hazard for 

reinfections versus primary infections in waves 2 (D) and 3 (E) relative to wave 1, as a function 

of assumed observation probabilities for primary infections (𝑝𝑜𝑏𝑠) and reinfections (𝑝𝑜𝑏𝑠2). 
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Fig. S9. 

Sensitivity analysis of empirical hazard ratio estimates to assumed observation probability for 

second infections among individuals whose first infection was undetected (𝑝𝑜𝑏𝑠𝑢). In the main 

analysis we assume that this observation probability is equivalent to other individuals who have 

not yet had a detected infection (𝑝𝑜𝑏𝑠𝑢 = 𝑝𝑜𝑏𝑠, or a scaling factor of 1). Here, we compare this to 

the case when this probability is equal to 0 (𝑝𝑜𝑏𝑠𝑢 = 0, or a scaling factor of 0). We consider 

these to be bounding cases. The figure shown here is for 𝑝𝑜𝑏𝑠 = 0.1 and 𝑝𝑜𝑏𝑠2 = 0.5. 
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Table S1. 

Distribution of suspected reinfections by province, South Africa, March 2020 to January 2022. 

 

Province No reinfection One reinfection Two reinfections Total 

EASTERN CAPE 284,397 8,285 127 292,809 

FREE STATE 159,055 5,505 87 164,647 

GAUTENG 891,193 36,149 597 927,939 

KWAZULU-NATAL 501,040 16,409 256 517,705 

LIMPOPO 119,323 3,968 87 123,378 

MPUMALANGA 147,573 5,394 92 153,059 

NORTH WEST 148,183 4,845 106 153,134 

NORTHERN CAPE 90,254 2,438 26 92,718 

WESTERN CAPE 495,905 20,552 400 516,857 

UNKNOWN 2 0 0 2 

Total 2,836,925 103,545 1,778 2,942,248 
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Table S2. 

Breakdown of suspected reinfections by sex and age group (years), South Africa, March 2020 to 

January 2022. 

 

Sex Age group No reinfection One reinfection Two reinfections Total 

F (0,20] 203,687 4,361 50 208,098 

F (20,40] 623,098 33,299 656 657,053 

F (40,60] 528,525 20,505 353 549,383 

F (60,80] 182,785 3,004 33 185,822 

F (80,Inf] 29,643 426 3 30,072 

M (0,20] 170,647 3,353 27 174,027 

M (20,40] 454,922 20,364 397 475,683 

M (40,60] 422,514 14,841 220 437,575 

M (60,80] 142,421 2,673 31 145,125 

M (80,Inf] 15,186 188 5 15,379 

 Total 2,773,428 103,014 1,775 2,878,217 
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