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Text A1. Effect of limited clone size (LCS) definition on model response and correlation 

with observed mortality 

The model assumes that mortality from COVID-19 only occurs when T-cell clonal expansion 

cannot achieve maximum clone size (MCS). We were unable to a priori select how LCS might 

affect mortality.  We explored instead the relationship of mean LCS with years and the Hazards 

ratio20 for three cutoff levels used for defining LCS: (I) LCS < MCS, (II) LCS < 0.5 MCS, and 

(III) LCS < 0.15 MCS (Figure S1). In cutoff I, any clone that cannot achieve a MCS is included 

in the LCS subpopulation and therefore susceptible to SARS-CoV-2 mortality. In cutoff II, only 

clones that are less than half the MCS are included in the LCS subpopulation and in cutoff III 

only clones that are less than 15% of the MCS are included. 

The percent of the subpopulation in the LCS category (%LCS) increases from ~ 5% at age 20 to 

~ 90% at age 90 (Figure S1a). These percentages change little between the three cutoff levels. 

The maximum difference in % LCS in the definitions occurs at age 50 years. This close tracking 

with age indicates that the LCS cutoff has a minimal effect on the partition of the subpopulations 

in Figure 3a,b. Note that the height of the histogram bars in Figure 3b does not depend on the 

LCS cutoff.   

Figure S1b illustrates that the LCS cutoff has a strong effect on the mean LCS pattern with age. 

But for all cutoffs, the mean LCS declines in a nearly linear manner with age. Thus, the 

assumption of a linear age-dependence of mean LCS with age is unaffected by the LCS cutoff 

choice. 

Figure S1c depicts the effect of the LCS cutoff on the hazard ratio20. Here, because the cutoffs 

do not significantly affect linearity of mean LCS with age, they rescale the mean LCS at which 

the hazards ratio20 of COVID-19 and non-COVID-19 diverge, which for Figure 4c is taken as 

the critical hazards ratio20 = 25.4. Then the mean LCS associated with this critical hazards ratio20 

linearly scales with the LCS cutoff as crit cutottLCS 0.142LCS . 

In sum, the cutoff level changes the critical mean LCS at which the COVID-19 and non-COVID-

19 hazards ratios20 diverge but this critical level is proportional to the cutoff level. Thus, a 

significant divergence of COVID-19 and non-COVID-19 hazards ratios20 is robust to the 

definition of the CS level susceptible to mortality.  
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Figure S1. Model properties with three LCS cutoff levels: LCL < 1.0 MCS (―), 

LCL < 0.5 MCS (―) and LCL < 0.15 MCS (―). (a) % of population in LCS group by 

age for cutoff levels, (b) mean LCS vs age for cutoff levels, (c) hazards ratio20 vs mean 

LCS for cutoff levels. Dashed line (− −) depicts hazards ratio20 (25.4) at which COVID-

19 and non-COVID-19 mortalities diverge.  

 

Text A2. Effects of parameter estimates on model response 

Parameters (MCS, LCS, XO, TLO, g, r, TLB, TL20, and max, Table 1 in the paper) were derived 

from published data (Table S1 shows references). To demonstrate the contribution of these terms 

to the model uncertainty, we use the propagation of error approach assuming uncorrelated terms. 

Based on the equation  O 20 B maxX 20 TL TL g      the uncertainty in the TLO measures is  

 
  O B max

O B max

22 2 2 2
X TL O g2

2 2 2
TL TL

1
X 20

g 



      

   
 (S1) 

To estimate uncertainty of CS, first define the number of T-cell replications in clone expansion 

as   X 20 BN TL g X 20 TL r     where age is X. Then variance in replications is  

   X B
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N TL g X r2
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X 20 N

r
         (S2) 

Next, to estimate uncertainty in CS, define the clone size in terms of the number of replications 

as XNCS 2 , then the variance in the CS for a clone with limited expansion capacity is  
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   X
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and the variance on MCS is calculated from Eq. (S3) by setting X to XO giving 

   XO

XO

2N2 2
MCS Nln 2 2    (S4) 

The uncertainties for these measures are calculated using the parameter estimates and standard 

deviations given in Table S1.  

The uncertainty in the TL of the TLO from Eq. (S1) is 
OTL = 0.1 kb, or 1.5%.  The uncertainty in 

XO depends on TL20. Figure S2a shows that the uncertainty varies slightly with TL20. Using the 

population mean TL20 of 7.3 kb the uncertainty is 
OX ~ 3.4 years.  

The uncertainty in CS and number of replications depend on age X (Figure S2b,c). In the figure, 

the uncertainty is normalized by measures prior to TLO, i.e., Nmax = 20 and MCS = 220. In panels 

b and c, the relative uncertainties decrease after the TLO, here set to XO = 50 years to represent 

individuals with average TL20 of 7.3 kb. Notably, the large uncertainty in the MCS is wholly 

dominated by r through Eq. (S2). While the uncertainty in CS is significant, the properties of 

the model are expressed in terms of the ratio CS/MCS and not the actual value of MCS.  

 

Figure S2. Uncertainty in parameter estimates. (a) Uncertainty in XO with 

TL20. (b) Uncertainty in clone replication number (N) with age normalized by 

Nmax. (c) Uncertainty with age in CS normalized by the MCS. 
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Table S1. Parameter estimates and uncertainties. 

parameter value units Reference 

max  0.1 kb 2 

B  0.0034 kb 3, 4 

g  0.00065 kb/year 2 

r  0.02 kb/replication 4 

max  1.4 kb 4 

BTL  5 kb 2 

20TL  5-9 kb 5 

g 0.03 kb/year 2 

r 0.07 kb/replication 2 
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