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Estimating Transmission Parameters for
COVID-19 Clusters by Using Symptom
Onset Data, Singapore, January—April

2020

Appendix

Identifying index cases within each cluster

Within each cluster, an index case was either

(i) a primary case determined by epidemiologic investigations by the Ministry of

Health, Singapore,
(ii) an imported case,
(iii) a case with the earlier date of symptom onset (DOOQ) in a cluster with only one

other case,

(iv) a case with the earliest DOO in the cluster, and no subsequent cases with a DOO

within 3 days after it.

The index cases would not have any possible infectors by definition. Clusters with no

cases satisfying the criteria (i) to (iv) would not have a defined index case.

Heuristic to identify potential infectors of cases

We identified potential infectors of each case based on available information of the
cases’ known contacts, published case links (1,2), and a heuristic to sensibly include a pool of

candidates who could have transmitted the infection to the cases.

We defined a potential infector as an infector with a DOO within a period spanning
14 days before and 3 days after the DOO of the case. These thresholds were chosen to ensure
that an infector-infectee pair would generate a plausible serial interval. We described two
scenarios in Appendix Figure 1 to illustrate the implications of the thresholds. The first
scenario would occur when the DOO of the infectee is after that of the infector (Appendix
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Figure 1). As the maximum incubation period of COVID-19 has been suggested to be 14
days (3), we have considered the maximum plausible serial interval to be 14 days. The
second scenario would occur when the DOO of the infectee is before that of the infector
(Appendix Figure 1). As analyses by He et al found only 9% of transmission to occur 3 days
before an infector’s DOO and recommended for contact tracing to include this window (4),

the minimum serial interval we would consider would be —3 days.

We then constructed infector-infectee pairs of cases by assigning an infector to each
case. Within clusters that have only two cases, the index case was assigned as the infector for
the other case in the cluster. Within larger clusters, cases that have only one known contact

were assigned this contact as their infector (Appendix Figure 2).

For cases with multiple contacts, a potential infector was randomly selected from the
pool of contacts using an independence sampler in the Markov Chain Monte Carlo (MCMC)
algorithm. For cases with no known contacts, a potential infector was similarly selected from
other cases within the same cluster. If a case had no potential infectors with a DOO within the
period for plausible serial intervals, the case’s known contacts were nonetheless assigned as

potential infectors.

Estimating the distributions of transmission parameters

Assuming the same incubation period with mean of 5.2 days and standard deviation of
2.8 days (5), we replicated the Bayesian MCMC procedure as detailed in Ganyani et al (6), to
estimate the mean and standard deviation of the generation interval (T} ) distribution. Briefly,
the infectors assigned and parameters of the T, distribution were updated in a two-step
process. The unknown infector-infectee links were updated using an independence sampler.
Uniform priors were assigned to the parameters of the generation interval distribution and
updated using a random-walk Metropolis-Hastings algorithm with a uniform proposal
distribution (7). The posterior distribution was modeled using 3,000,000 iterations of which
the first 500,000 were discarded as burn-in, thinning applied every 200 iterations, resulting in

12,500 iterations of accepted parameter estimates.
With the 12,500 instances of estimates and the spread of cases, we computed the

1
corresponding effective R, estimates using the relationship R, = e™=G"*9) \where r is the
growth rate of the epidemic and y, o are the mean and standard deviation of the generation

interval distribution (8). Using the same parameter estimates and the incubation period
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parameters assumed above, we simulated 1000 transmissions per iteration and computed the
pre-symptomatic proportion as the proportion of transmissions that occurred before the end of
the infector’s incubation period. For each distribution, the median and 95% credible interval

were reported.
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Appendix Table 1. Estimated serial interval (SI) distributions*

Type of infector—infectee pairs

Median (95% credible interval)

Simulated Sl

SD SI

All cases (N = 209)
Cases with only 1 known contact (N = 93)
Cases with multiple or no contacts (N = 116)

3.28 (-5.41, 13.11)
3.74 (-5.10, 13.91)
2.83 (-5.83, 12.83)

4.62 (4.16, 5.25)
4.75 (4.11, 5.86)
4.66 (4.05, 5.78)

*Sl, Serial interval; DOO, Date of symptom onset.

Appendix Table 2. Subgroup analyses*

Median (95% credible interval)

Infectee type Mean T4 SD Ty Ro p
%ses with multiple known contacts (N = 5 75 (5 57 504)  322(1.49,543) 1.10(1.07,1.14)  0.69 (0.56, 0.81)
(C,\laielso'g)c'“Sters with no missing DOOS 4 55 (313 506)  2.90 (1.36,4.42)  0.98 (0.97,0.98)  0.64 (0.53, 0.74)

*Tg, generation time; SD, standard deviation; Ro, basic production number; p: pre-symptomatic proportion; DOO: Date of symptom onset.

Appendix Table 3. Sensitivity analyses of reproduction number R, distribution

Max Growth

Median (95% credible interval)

No. daily rate of
time  incident log
Infectee type points  cases  (cases) Original R, Revised R,
Main analyses
All cases (N = 209) 37 13 0.027 1.09 (1.08,1.11) 1.90 (1.03 to 1.17)*
Cases with only 1 known contact (N = 93) 32 7 0.017 1.11 (1.08, 1.14) 1.07 (1.05, 1.09)
Cases with only multiple or no known contact (N = 116) 35 13 0.021 1.08 (1.06, 1.11) 1.06 (1.04, 1.08)
Subgroup analyses
Cases with multiple known contacts (N = 72) 8 5 0.104 1.10 (1.07, 1.14) 1.39 (1.22, 1.57)
Cases in clusters with no missing DOOs (N = 103) 34 7 -0.003 0.98 (0.97, 0.98) 0.99 (0.99, 0.99)

*Estimates computed using resampled growth rates.
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Appendix Figure 1. Time intervals within a transmission chain.
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Appendix Figure 2. Heuristic for identifying potential infectors of a case.

MeanTy

sDTg

MeanTg

s0Tg

Mean Tg

sDTg

30 40
e

5 10 15

[

2345 8

Al cases (N=208)

Cases with only 1 known contact (N=83)

Cases with only multiple or no known contact (N=118)

L1

M

w |
2w~ = =4
§ - § n-
3 3
1 T =
0 w00 4000 6000 8000 10000 12000 0 000 4000 6000 8000 10000 12000 0 000 4000 6000 8000 10000 12000
Heration Heration Meraton
2 = &
a a 1
] @ =]
T T T T T T T e T T T T T T e | T T T T T
0 2000 4000 600D BOOD 10000 12000 0 2000 4000 600D BOOD 10000 12000 0 2000 4000 6000  BOOD 10000 12000
Merasen Reraen Nerabon
Cases with multiple known contacts (N=72) Cases with no KNown contacts (N=44) Gases with family contacts (N=3§)
2 *q 2 =
AL cE w
3 " 3
0 2000 4000 6000 800D 10000 12000 0 2000 4000 600D 800D 10000 12000 0 2000 4000 6000 BOOD  100DD 12000
erasion Rerason necation
1 = 24
T it W
R .
T T T T T T sy T T T T T
0 2000 4000 600D B0OD 100D 12000 0 2000 4000 600D BOOD 100D 12000 0 2000 4000 6000 BOOD 100D 12000
[reee Heraben Herten

Clusters with no missing DOOS (N=103)

T T T T T T
o 2000 4000 8000 8000 10000 12000

Meratien

iy

(] 2000

6000 8000

4000 10000 12000

netasze

Appendix Figure 3. Convergence plots.
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