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Supplementary A
1. Mathematical model 
We constructed an age-structured deterministic compartmental mathematical model to quantify the impact of the prolonged polymerase chain reaction (PCR) positivity duration and delayed detection of antibodies on key epidemiological metrics for the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection (Figure S1). 

The model stratifies the population into compartments according to age group (0-9, 10-19, 20-29,…, ≥80 years), infection status (uninfected, infected), infection stage (mild, severe, critical), disease stage (severe, critical), and three other tracking compartments (prolonged PCR positivity, pre-antibody positivity, antibody positivity). The dynamics are described by age-specific sets of nonlinear ordinary differential equations, where each age group corresponds to a 10 years age band (0-9,10-19,…70-79) apart from the last age group incorporating those aged 80 years.
The following set of equations was used to describe the transmission dynamics for the first age group:
Population aged 0-9 years:

                                

                                                


                  

                    

                   

                    

             

 
The following set of equations was used to describe the transmission dynamics for all other age groups:
Population aged 10+ years:

                                

                                                

                  

                    

                   

                    

             


[bookmark: _Hlk47023647]The following equations were used to track the individuals who are PCR positive after the period of infectiousness (prolonged PCR positivity), individuals who cleared their infection but have not yet developed detectable antibodies (pre-antibody positivity), and individuals with detectable antibodies (antibody positivity):
Population aged 0-9 years:



    


Population aged 10+ years:






The definitions of population variables and symbols used in the equations are listed in Table S1.

 


Whereby is the rate of infectious contacts and  defines the susceptibility to infection across age groups.



The mixing among the different age groups is dictated by the mixing matrix . This matrix provides the probability that an individual in the  age group will mix with an individual in the  age group. The mixing matrix is given by 






Here,  is the identity matrix.  measures the degree of assortativeness in the mixing. At the extreme , the mixing is fully proportional. Meanwhile, at the other extreme, , the mixing is fully assortative, that is individuals mix only with members in their own age group.
2. Parameter values
The model parameters were selected based on current empirical data for SARS-CoV-2 natural history and epidemiology, and as informed by a recent mathematical modeling application for Qatar [1, 2]. The parameter values are listed in Table S2.
3. 
The basic reproduction number  


Informed by Heffernan et al. [3], the basic reproduction number () is given as the weighted average of  in each age group: 



whereby  is the proportion of the population in each age group. 


Tables
Table S1. Definitions of population variables and symbols used in the model.
	Symbol
	Definition

	

	Susceptible population

	

	Latently infected population

	

	Population with mild infection

	

	Population with severe infection

	

	Population with critical infection

	

	Population with severe disease

	

	Population with critical disease

	

	Recovered population

	
 
	Population who test PCR positive after end of infectiousness (prolonged PCR positivity) 

	
 
	Population who cleared their infection but have not yet developed detectable antibodies (pre-antibody positivity) 

	
 
	Population who have detectable antibodies (antibody positivity)

	
 
	Total population size

	

	Number of age groups

	

	Transition rate from one age group to the next age group

	

	Age-stratified susceptibility profile to the infection in each age group

	

	Duration of latent infection

	

	Duration of mild infection

	

	Duration of severe infection infectiousness before isolation and/or hospitalization 

	

	Duration of severe disease following onset of severe disease 

	

	Duration of critical infection infectiousness before isolation and/or hospitalization 

	

	Duration of critical disease following onset of critical disease 

	
 
	Duration of PCR positivity after end of infectiousness (prolonged PCR positivity)

	

	Duration between end of infectiousness and development of detectable antibodies (pre-antibody positivity) 

	

	Natural death rate

	

	Disease mortality rate 

	

	Proportion of infections that will progress to be mild infections 

	

	Proportion of infections that will progress to be severe infections

	

	Proportion of infections that will progress to be critical infections



Table S2. Model assumptions in terms of parameter values.
	Parameter
	Symbol
	Value
	Justification

	Duration of latent infection

	
 
	3.69 days
	Based on existing estimate [4] and based on a median incubation period of 5.1 days [5] adjusted by observed viral load among infected persons [6] and reported transmission before onset of symptoms [7]

	Duration of infectiousness
	

;;

    
	3.48 days
	Based on existing estimate[4] and based on observed time to recovery among persons with mild infection [4, 8] and observed viral load in infected persons [6, 7, 9]

	Duration of severe disease following onset of severe disease 
	
    
	28 days
	Observed duration from onset of severe disease to recovery [8]

	Duration of hospitalization for critical infection
	

	42 days
	Observed duration from onset of critical disease to recovery [8]

	Life expectancy in Qatar
	

	80.7 years
	Estimate for Qatar based on United Nations World Population Prospects database [10]

	Susceptibility profile to the infection in each age group
	

	
	Model-estimated based on fitting the SARS-CoV-2 epidemic in Qatar [1]

	  Age 0-9 years
	
	0.52
	

	  Age 10-19 years
	
	0.53
	

	  Age 20-29 years
	
	0.57
	

	  Age 30-39 years
	
	0.58
	

	  Age 40-49 years
	
	0.62
	

	  Age 50-59 years
	
	0.70
	

	  Age 60-69 years
	
	0.52
	

	  Age 70-79 years
	
	0.50
	

	  Age 80+ years
	
	0.47
	

	Proportion of infections that will progress to be infections that require hospitalization in acute care beds
	

	
	The distribution and age dependence of asymptomatic/mild, severe, or critical infections was based on the modeled SARS-CoV-2 epidemic in France [11] 

	  Age 0-19 years
	

	

	Model-estimated relative risk of severe infection based on the SARS-CoV-2 epidemic in France [11]

	  Age 20-29 years
	

	

	Model-estimated relative risk of severe infection based on the SARS-CoV-2 epidemic in France [11]

	  Age 30-39 years
	

	0.011
	Model fitting [1]

	  Age 40-49 years
	

	

	Model-estimated relative risk of severe infection based on the SARS-CoV-2 epidemic in France [11]

	  Age 50-59 years
	

	

	Model-estimated relative risk of severe infection based on the SARS-CoV-2 epidemic in France [11]

	  Age 60-69 years
	

	

	Model-estimated relative risk of severe infection based on the SARS-CoV-2 epidemic in France [11]

	  Age 70-79 years
	

	

	Model-estimated relative risk of severe infection based on the SARS-CoV-2 epidemic in France [11]

	  Age 80+ years
	

	

	Model-estimated relative risk of severe infection based on the SARS-CoV-2 epidemic in France [11]

	Proportion of infections that will progress to be infections that require hospitalization in intensive care unit beds
	

	
	The distribution and age dependence of asymptomatic/mild, severe, or critical infections was based on the modeled SARS-CoV-2 epidemic in France [11]

	  Age 0-19 years
	

	
 
	Model-estimated relative risk of critical infection based on the SARS-CoV-2 epidemic in France [11]

	  Age 20-29 years
	

	

	Model-estimated relative risk of critical infection based on the SARS-CoV-2 epidemic in France [11]

	  Age 30-39 years
	
 
	0.002 
	Model fitting [1]

	  Age 40-49 years
	

	

	Model-estimated relative risk of critical infection based on the SARS-CoV-2 epidemic in France [11]

	  Age 50-59 years
	

	

	Model-estimated relative risk of critical infection based on the SARS-CoV-2 epidemic in France [11]

	  Age 60-69 years
	

	

	Model-estimated relative risk of critical infection based on the SARS-CoV-2 epidemic in France [11]

	  Age 70-79 years
	

	

	Model-estimated relative risk of critical infection based on the SARS-CoV-2 epidemic in France [11]

	  Age 80+ years
	

	

	Model-estimated relative risk of critical infection based on the SARS-CoV-2 epidemic in France [11]




Additional Figures
Figure S1: Schematic diagram presenting the basic structure of the mathematical model for SARS-CoV-2 transmission dynamics with the prolonged PCR positivity and delayed antibody detection. 
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[bookmark: _Hlk49007957]Figure S2. Effect of the prolonged PCR positivity on the observed SARS-CoV-2 positivity rate. Ratio of the proportion of tests that are PCR positive (“positivity rate”) in presence of the prolonged PCR positivity over the proportion of tests that are PCR positive assuming no prolonged PCR positivity. The prolonged PCR positivity is assumed to last on average for 2, 3, 4, and 6 weeks. In this epidemic simulation, R0 has a value of 3.0, that is the natural course of the epidemic in absence of any social or physical distancing interventions.
[image: ]
Figure S3. Effect of the prolonged PCR positivity on the observed distribution of those who are latently infected, infectious, and post-infectious. Proportion of new diagnoses who are in latent infection, stage of infectiousness, or stage of prolonged PCR positivity. The prolonged PCR positivity is assumed to last on average for three weeks after end of infectiousness [12, 13]. In this epidemic simulation, R0 has a value of 3.0, that is the natural course of the epidemic in absence of any social or physical distancing interventions.
[image: A close up of a map
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[bookmark: _Hlk48210774]Figure S4. Effect of the prolonged PCR positivity on estimation of the basic reproduction number R0 using the actually-observed trend in diagnosed cases. The estimated R0 as derived from the epidemic curve of diagnosed cases in presence and in absence of the prolonged PCR positivity. The prolonged PCR positivity is assumed to last on average for 2, 3, 4, and 6 weeks.  Two scenarios are presented, one for an R0 of 1.6 (an epidemic in presence of social and physical distancing interventions) and an R0 of 3.0 (natural course of the epidemic in absence of any social or physical distancing interventions).
[image: ]
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