
Appendix for: 
Estimates of severity and transmissibility of novel South Africa SARS-CoV-2 variant 
501Y.V2 
 
Summary of epidemiology 
 
Figure 1A summarises the epidemiology of COVID-19 in South Africa. After an initial steep 
rise in cases, South African authorities implemented a series of measures in mid to late 
March, including school closure on the 18th March and a national stay-home order as well 
as other stringent measures on 27th March, later referred to as alert level 5. This alert level 
persisted until the end of April, followed by level 4 through the end of May, level 3 through 15 
August, and level 2 through 21 September. South Africa maintained level 1 from September 
through December, until resuming level 3 on 29 December in the attempt to control a clear 
second wave.  
 
Cases and deaths initially peaked in July (mid winter) despite the easing of restrictions, 
suggesting that herd immunity had been achieved. Serological surveys (1) in sentinel 
populations (people living with HIV and pregnant women attending antenatal clinics) in the 
Cape Town Metropolitan area found seroprevalence of roughly 40% during the period 15 
July through 7 August (1). This is consistent with our model projections for the 20-49 year 
old population during this period (Figure 1B; crosshairs indicate serosurvey results). 
 
A resurgence of cases was first identified in the Eastern Cape in September, followed by the 
Western Cape and Kwa-Zulu Natal (2). This second wave has largely been attributed to the 
spread of the new variant 501Y.V2, which has rapidly become fixed as the dominant variant 
circulating in South Africa (Appendix Figure 1A).  
 
South Africa transmission model 
 
We used CovidM, an age-structured mathematical model of SARS-CoV-2 transmission 
which includes global estimates of populations and pathogen parameters (3–5) to consider a 
replacement variant of SARS-CoV-2 under different possible mechanisms. We used 
previously calculated posterior distributions of age-specific susceptibility and clinical fraction 
(4), demographic information for South Africa, previously estimated synthetic contact 
matrices (6), and model transmission in the urban population only, thus assuming that 
transmission  and reporting are predominantly in this group (7). We calibrated the model 
using average ​R​t​ ​estimates from the EpiNow2 framework (8) applied to South African 
reported cases, corresponding to four different intervention eras: pre-intervention, post initial 
intervention, a relaxation period, and finally a variant dominated period (Appendix Figure 1B, 
Appendix Table 1). 
 
For sample values from the susceptibility and clinical fraction posteriors as well as ​R​t 
estimates, we consider each parameter set with a series of steps: 

1. Compute a population ​R​0 ​ given susceptibility and clinical fraction, with the 
next-generation matrix method 

2. Determine the scaling factor to match that ​R​0​ to the pre-intervention ​R​t 
3. Using simulated annealing, fit three reduction factors (one for school contacts, one 

for work and other contacts, and one for symptomatic transmission) that cause the 



pre-intervention ​R​t​ to become the post-intervention ​R​t​, again using next generation 
matrix method 

4. Using simulated annealing to match reported cases in September, fit an 
ascertainment rate and a single relaxation curve that follows a logistic for those 
reduction parameters 

5. Compute the projected attack rate through November 22; this corresponds to when 
sequencing prevalence has begun to saturate. 

6. Use the attack rate and other population parameters to compute Reff and compare to 
the variant under different assumptions to determine the necessary increase in 
transmissibility or evasion of past-exposure immunity, again using next generation 
matrix method 

 
The resulting fitting estimates are captured in Appendix Table 1. 
 

 
Appendix Table 1: Model Intervention Parameter Estimates. 
 

 

Parameter Median (95% CrI) 

School contact reduction 82% (67-88) 

Work, Other reduction 58% (38-70) 

Symptomatic transmission reduction 42% (11-70) 

Intervention Logistic Decay Rate 0.04 (0.01-0.15) 

Intervention Decay Midpoint 26 Aug (14 Aug - 18 Sep) 

Symptomatic Case Ascertainment 3% (1-24) 



Appendix Figure 1: Prevalence of 501Y.V2 and Fitting Periods for Model. 
A: fraction of sequenced cases in South Africa of the 501Y.V2 variant. B: epidemiological 
trends in South Africa for reported cases and deaths and associated model fitting eras 
(shaded regions). 
 

 
Appendix Table 2: R​t​ values by era. 
Start and end dates denote fitting intervals; pre-intervention values apply to all time prior to 
the window, post-intervention between pre- and relaxation window, and relaxation window 
until the emergent variant. We selected the start of the window for the emergent variant 
corresponding to when we judge reported cases are practically all of the new variant, so that 
the growth estimate does not represent a mixture of different variants.  
 
Estimating the case fatality ratio (CFR) through time 
 
We followed the methods of Nishiura et al. (2009) (9)​ ​to adjust the confirmed case time 
series in South Africa for right-censoring, i.e. the delay between case confirmation and death 
(9,10). On the time-scale of days, we convolve the case time-series with the cumulative 
probability distribution representing the time between hospitalisation-to-death reported in 
Linton et al. (2020) (11) to estimate the new number cases each day with “known outcomes”, 
i.e. estimating the number of cases that would have seen the resolution of their case as 
either recovery or death. We use the cumulative distribution function of the reported 
Log-normal distribution adjusted for right-truncation, with a mean of 13 days (95% 
confidence interval: 8.7—20.9) and a standard deviation of 12.7 days (95% CI: 6.4—26.0) 
for the convolution with the case time-series. 
 
We compute the uncertainty around the time-varying delay-adjusted CFR (dCFR) estimate 
by assuming the reported uncertainty range for both the reported mean and standard 
deviation are normally distributed. We then bootstrap over both distributions, computing the 
convolution for each sampled pair of parameters. We run this bootstrap for 100,000 
iterations and compute the 95% quantiles over all iterations for the final 95% range 
(Appendix Figure 1, panel A). To test the robustness of the assumption within the 
bootstrapping calculation — that the reported parameters were normally distributed — we 
performed the same calculation assuming a uniform distribution, with minimum and 
maximum values taken directly from the minimum and maximum of the reported ranges and 
found that the resulting uncertainty range of the time-varying dCFR was indistinguishable, 
suggesting the parameter space is well-covered using either approach along with high 
numbers of iterations.  
 

Era Start, end (2020) Median static ​R​t​ (50% credible interval) 

pre-intervention Mar 6 to 21 3.22 (2.85, 3.61) 

post-intervention Mar 29 to Apr 28 1.40 (1.30, 1.50) 

relaxation Aug 31 to Oct 15 -- (time varying) 

emergent variant Nov 22 to Dec 09 1.34 (1.31, 1.38) 



The confirmed case time-series is subject to possible under-ascertainment of infections. 
However, we are interested in any relative change in the dCFR over-time. Specifically, we 
are interested in whether the CFR has increased recently, given that the new strain has 
been circulating in South Africa for long enough for changes in severity to be detected — 
once the delay between confirmation-to-death is adjusted for. 
 
Appendix Figure 2 shows the estimates of the time-varying CFR using different methods 
along with raw data on cases and deaths; the naïve (crude ratio by day, nCFR) and lagged 
(deaths offset by a fixed interval, lCFR) methods are shown to highlight how widely they 
diverge from the preferred dCFR.  Based on the nationally aggregated data, we did not find 
any increasing dCFR (Appendix Figure 2B), but when we considered provinces separately 
(Appendix Figure 3) we found evidence that the delay-adjusted CFR has increased in most 
provinces since arrival of the new variant, and particularly in the the Western Cape province 
which has the most reliable data based on excess death time-series ​(12)​.  
 

 
Appendix Figure 2: Summary of the change in severity due to the new strain in South 
Africa. ​A: New confirmed COVID-19 cases and deaths in South Africa; rolling window is 7 
day average. B: Using those confirmed outcomes, the time-series of the case fatality ratio, 
using different analytical approaches. 
 
 

https://www.zotero.org/google-docs/?broken=jqmX9H


Note, however, that there have been large changes in the estimated dCFR over time 
(Appendix Figure 3). A decline in dCFR following the peak in cases would be expected if the 
delays from cases to deaths were longer than is being assumed here. If this is the case and 
we are not properly accounting for these delays, then the increase in CFR might be greater 
than is estimated here.  

 
Appendix Figure 3: Summary of the change in severity due to the new strain in South 
Africa. ​dCFR for each of the provinces and for all of South Africa (bottom row) for 
between-province comparison. We use the Western Cape province in the main text as the 
high correlation between the excess death time-series and the time-series of deaths 
attributed to COVID-19 indicates levels of reporting are highest and most consistent in this 
region. 
 
Code Availability 
 
Simulation and analysis code is available from https://github.com/cmmid/SA2UK. 
 



References 
 
1. Hsiao M, Davies M-A, Kalk E, Hardie D, Naidoo M, Centner C, et al. SARS-CoV-2 

seroprevalence in the Cape Town metropolitan sub-districts after the peak of infections. 
18(0800):9. 

 
2. Tegally H, Wilkinson E, Giovanetti M, Iranzadeh A, Fonseca V, Giandhari J, et al. 

Emergence and rapid spread of a new severe acute respiratory syndrome-related 
coronavirus 2 (SARS-CoV-2) lineage with multiple spike mutations in South Africa. 
medRxiv. 2020 Dec 22;2020.12.21.20248640. 

 
3. Davies NG, Kucharski AJ, Eggo RM, Gimma A, Edmunds WJ, Jombart T, et al. Effects 

of non-pharmaceutical interventions on COVID-19 cases, deaths, and demand for 
hospital services in the UK: a modelling study. Lancet Public Health [Internet]. 2020 Jun 
2 [cited 2020 Jun 15]; Available from: 
http://www.sciencedirect.com/science/article/pii/S246826672030133X 

 
4. Davies NG, Klepac P, Liu Y, Prem K, Jit M, Eggo RM. Age-dependent effects in the 

transmission and control of COVID-19 epidemics. Nat Med. 2020 Jun 16;1–7. 
 
5. Davies NG, Barnard RC, Jarvis CI, Kucharski AJ, Pearson CAB, Russell TW, et al. 

Estimated transmissibility and severity of novel SARS-CoV-2 Variant of Concern 
202012/01 in England. 2020 Dec 23 [cited 2020 Dec 24]; Available from: 
https://cmmid.github.io/topics/covid19/uk-novel-variant.html 

 
6. Prem K, Cook AR, Jit M. Projecting social contact matrices in 152 countries using 

contact surveys and demographic data [Internet]. 2020 [cited 2020 Dec 24]. Available 
from: ​https://journals.plos.org/ploscompbiol/article?id=10.1371/journal.pcbi.1005697 

 
7. Urban population (% of total population) | Data [Internet]. [cited 2020 Dec 24]. Available 

from: ​https://data.worldbank.org/indicator/SP.URB.TOTL.IN.ZS 
 
8. Abbott S, Hickson J, Badr HS, Funk S, Ellis P, Munday JD, et al. epiforecasts/EpiNow2: 

Prerelease [Internet]. Zenodo; 2020 [cited 2020 Dec 28]. Available from: 
https://zenodo.org/record/4343617 

 
9. Nishiura H, Klinkenberg D, Roberts M, Heesterbeek JAP. Early Epidemiological 

Assessment of the Virulence of Emerging Infectious Diseases: A Case Study of an 
Influenza Pandemic. PLOS ONE. 2009 Aug 31;4(8):e6852. 

 
10. Russell TW, Hellewell J, Jarvis CI, van Zandvoort K, Abbott S, Ratnayake R, et al. 

Estimating the infection and case fatality ratio for coronavirus disease (COVID-19) using 
age-adjusted data from the outbreak on the Diamond Princess cruise ship, February 
2020. Eurosurveillance [Internet]. 2020 Mar 26 [cited 2020 Jun 14];25(12). Available 
from: 
https://www.eurosurveillance.org/content/10.2807/1560-7917.ES.2020.25.12.2000256 

 
11. Linton NM, Kobayashi T, Yang Y, Hayashi K, Akhmetzhanov AR, Jung S, et al. 

Incubation Period and Other Epidemiological Characteristics of 2019 Novel Coronavirus 
Infections with Right Truncation: A Statistical Analysis of Publicly Available Case Data. J 
Clin Med. 2020 Feb;9(2):538. 

 
12. South African Medical Research Council. Report on Weekly Deaths in South Africa 

[Internet]. 2021 [cited 2021 Jan 8]. Available from: 
https://www.samrc.ac.za/reports/report-weekly-deaths-south-africa 

http://www.sciencedirect.com/science/article/pii/S246826672030133X
https://cmmid.github.io/topics/covid19/uk-novel-variant.html
https://journals.plos.org/ploscompbiol/article?id=10.1371/journal.pcbi.1005697
https://data.worldbank.org/indicator/SP.URB.TOTL.IN.ZS
https://zenodo.org/record/4343617
https://www.eurosurveillance.org/content/10.2807/1560-7917.ES.2020.25.12.2000256

