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Statistical Analysis 

1. Bayesian Analysis 

We are interested in estimating both the asymptomatic proportion, p, and the time of 

infection for each of the confirmed cases, i.e. the Xi. The prior distribution on Xi was 

uniform over [ai, bi]. We estimated model parameters using Hamiltonian Monte Carlo 

(HMC) with the No-U-Turn-Sampler (NUTS) provided by Stan accessed via the rstan 

interface. Point estimates and the corresponding 95% credibility intervals obtained 

from the posterior samples. All statistical analyses were conducted in R version 3.6.1 

(R Foundation for Statistical Computing, Vienna, Austria). 

 

2 Missing Data and Sensitivity Analysis 

As for the 35 asymptomatic cases of the 73 cumulative asymptomatic cases reported on 

February 15, 2020, the date of reporting is not available. Considering the number of 

people that tested positive for each date, we randomly allocated the 35 asymptomatic 

cases from February 5 to February 13, in order to obtain the number of symptomatic 

and asymptomatic cases for each date before estimating the parameters. Moreover, we 

repeat this experiment 200 times, allowing us to take percentile points for the 

calculation of uncertainty bounds. 

For sensitivity analyses, we examined the effect of varying the mean of the 

incubation period on p, using values for the mean incubation period in the range: 4.4 to 

8.4 days. 

 

3 Convergence Diagnostics and Quality Control 

Posterior distributions of the model parameters were estimated based on sampling from 

the three Markov chains. For each chain, we drew 100,000 samples from the posterior 

distribution after a burn–in of 20,000 iterations. Convergence of MCMC chains were 
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evaluated using the potential scale reduction statistic [1]. Estimates and 95% credibility 

intervals for these estimates are based on the posterior probability distribution of each 

parameter and based on the samples drawn from the posterior distributions. 
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Figure S1. Heat maps of the density distribution of infection timing by 

individuals, Symptomatic cases (N= 306) 
Vertical axis represents each individual from 1 to N. Cases disembarked after testing positive for 
the disease. Day 1 corresponds to January 20, 2020, when the first symptomatic case embarked. The 
vertical line corresponds to February 5, 2020 when the quarantine period started. 
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Figure S2. Heat maps of the density distribution of infection timing by 

individuals, Asymptomatic cases (N= 320) 
Vertical axis represents each individual from 1 to N. Cases disembarked after testing positive for 
the disease. Day 1 corresponds to January 20, 2020, when the first symptomatic case embarked. 
The vertical line corresponds to February 5, 2020 when the quarantine period started. 
 

  



6 
 

REFERENCES 

1. Gamerman, D. & Lopes, H. F. Markov Chain Monte Carlo: Stochastic Simulation 

for Bayesian Interference. 2nd edn (Chapman & Hall/CRC, 2006).  

 


	Supplement S1:
	Estimating the asymptomatic proportion of coronavirus disease 2019 (COVID-19) cases on board the Diamond Princess cruise ship, Yokohama, Japan, 2020
	Statistical Analysis
	1. Bayesian Analysis
	2 Missing Data and Sensitivity Analysis
	3 Convergence Diagnostics and Quality Control

	Figure S1. Heat maps of the density distribution of infection timing by individuals, Symptomatic cases (N= 306)
	Figure S2. Heat maps of the density distribution of infection timing by individuals, Asymptomatic cases (N= 320)
	REFERENCES

