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Appendix 1 (as supplied by the authors): Statistical Framework for the 

Estimation of COVID-19 Associated Case Fatality Rate 

To estimate the adjusted CFR, we used a Gamma distribution for the survival time with the mean 

of 13.59 days and standard deviation of 7.85 days (shape parameter: 𝑎 = 2.99, rate parameter: 

𝑏 = 0.22) (1). Because of uncertainty in time from disease onset to death, we allowed this 

distribution to vary in our estimates of CFR by sampling its mean from a normal distribution 

with mean of 13.59 days and standard deviation of 2 days. The standard deviation of the survival 

intervals distribution was also sampled from a normal distribution with mean of 7.85 days and 

standard deviation of 1 day. The standard deviations for these distributions allow for the 

variability of mean survival interval between 2 and 6 weeks from disease onset to death, reported 

in the recent literature (2,3). 

Employing a maximum likelihood method, we calculated the growth rate (𝑟) of the epidemic 

during the exponential phase of the COVID-19 outbreaks in Canada, the US and New York City. 

In the process of Monte-Carlo simulations (with 1000 independent replications), we used the 

moment generating function to determine the correction factor 𝑀(−𝑟) = (1 + 𝑟/𝑏)−𝑎 for the

adjusted CFR on each calendar day (4), and estimate the CFR by:  

CFR =
cCFR

𝑀(−𝑟)
      (A1)

For each Monte-Carlo replication, we sampled the probability of underreporting 𝑢 from a Beta 

distribution with the shape parameter 𝑎 = 10 and scale parameter 𝑏 = 4: 

𝑢~𝐵𝑒𝑡𝑎(10, 4). 



In this distribution, the 95% confidence interval for 𝑢 was 0.5 – 0.9, while 𝑢 was drawn in the 

range 0 – 1. The true incidence on each calendar day (𝑡) was then estimated by:  

Incidence(𝑡) =
confirmed cases (𝑡)

1 − 𝑢

Using the sampled incidence for a given probability of underreporting, we used the relation (A1) 

to estimate the adjusted CFR.  
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