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This appendix includes the infectiousness profile and details of the fitting of the modified Hill 

function, corresponding to the results reported in the main text. 

 

 
Figure A1. Distribution of the infectiousness profile. The distributions are generated using 

parameters extracted from computer code provided in previous studies that utilized maximum 

likelihood and optimization methods 1,2. 

 

Construction of the sensitivity function  

The sensitivity function  is expressed as the product of Hill and Gompertz functions given 

by 
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𝑠𝜏(𝑡) = (
𝑟(𝑡)𝑛

𝑟(𝑡)𝑛 + 𝐶1
) 𝑔(𝑡 − 𝜏) 

𝑔(𝑡) = 𝐶2exp(−exp(−𝑡)) 

 

where 𝑟(𝑡) is the average infectiousness profile over time 𝑡 (Figure A1), 𝑛 is the Hill coefficient, 

𝐶1 is the Hill saturation constant, 𝐶2 is the Gompertz asymptote level, and 𝜏 is a parameter 

denoting the start of infectiousness, assumed to be one day after infection within the incubation 

period. For each infected individual, the incubation period was sampled independently from a 

LogNormal distribution, with parameters 1.434 (shape) and 0.661 (rate), having a mean of 5.2 

days. Next, for each value of 𝜏, the parameters 𝑛, 𝐶1, and 𝐶2 were estimated using a least-

squares optimization procedure with the objective function: 

min
𝑛, 𝐶1, 𝐶2

∑(𝜌(𝑡) − [𝑠𝜏(𝑡)𝑔(𝑡 − 𝜏)])2
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𝑡=1

 

where 𝜌(𝑡) is the percent positivity data of 209 COVID-19 patients for 26 days after the start of 

symptoms, including the day of symptom onset (Figure A2, brown circles). The fitted sensitivity 

function determined the probability of being detected at the time of a nasopharyngeal test. An 

example of this fitting process when 𝜏 = 4.2 (corresponding to an average incubation period of 

5.2 days minus 1 day to the start of infectiousness) is shown in Figure A2 (red curve).  

 

Normalization process for determining temporal sensitivity of saliva testing 

To determine the sensitivity curve for the saliva test, we used recent empirical studies for the 

estimates of saliva testing sensitivity in the range of 70% - 97% 3-5. Since viral load in saliva 

samples have shown to be comparable to NP samples over time 6-8, we assumed that the 

sensitivity curve of saliva testing has a similar shape to the sensitivity curve of NP testing. We 

therefore applied this sensitivity range of saliva test to the normalized sensitivity curves of NP 

testing. The normalized sensitivity curve of NP testing was calculated by  

𝑠𝜏
norm(𝑡) =

𝑠𝜏(𝑡) − min
𝑡

(𝑠𝜏(𝑡))

max
𝑡

(𝑠𝜏(𝑡)) − min
𝑡

(𝑠𝜏(𝑡))
 

Note that min
𝑡

(𝑠𝜏(𝑡)) = 0. Next, each normalized curve was multiplied by a number sampled 

from a uniform distribution with parameters 𝑎 = 0.70 and 𝑏 = 0.97, corresponding to the 

estimated sensitivity range for saliva testing. The mean and the range for these curves are 

shown in Figure A2 (black curve and shaded area) when the incubation period was at the 

average of 5.2 days. 

 

Calculation of the average probability of detection 

The probability of identifying an infected individual was calculated by  

𝑃 = 1 − (1 − 𝑝1)(1 − 𝑝2) ⋯ (1 − 𝑝𝑘) 

where 𝑝𝑖 , 𝑖 = 1, ⋯ , 𝑘 is the probability of being detected by a test administered at time 𝑡𝑖, and 𝑘 

is the total number of tests administered during the infectious period or the pre-symptomatic 

stage. The probability 𝑝𝑖 was calculated by evaluating the sensitivity function at time 𝑡𝑖 for both 

NP and saliva testing. The case detection percentage was then estimated as the average of 
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probabilities 𝑃 for all individuals in each simulation. We generated the mean detection 

distributions by running 500 Monte-Carlo simulations.   

 

 

 
Figure A2. Fitting of the modified Hill function, based on the infectiousness profile, to the 

percent positivity data of the nasopharyngeal RT-PCR test for 209 COVID-19 patients 9 with an 

average incubation period of 5.2 days 10. The red curve shows the fit to data for the percent 

positivity of nasopharyngeal test (brown circles) post-symptom onset, and the shaded area 

represents the sensitivity of a saliva test, with the mean illustrated by the black curve. 
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