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Appendix 
Parameter fitting 
Table A1. Parameter values obtained from the fitting procedure (nls function in R). Sigmoidal 
function is the Eq. 6 in main text with a multiplier νmax that controls the maximum infectivity rate. 
The parameter n in the sigmoidal function (marked with *) is near-singular with higher n values, 
and cannot be reliably estimated from the data. The estimates for n were obtained with a brute-force 
fitting procedure from nls2 package in R.  

Fitted function Parameter Value (confidence interval) 

Sigmoidal to log-transformed data n 216.6 * 

 α/β 0.68 (0.64–0.71) 

 νmax 0.038 (0.037–0.040) 

Root/power (aXp) to log-transformed 

data 

a 0.0081 (0.0073–0.0091) 

 p 0.70 (0.63–0.76) 

Linear (aX) to log-transformed data a 0.0048 (0.0047–0.0049) 

Sigmoidal to original data n 51.6 * 

 α/β 0.016 (0.014–0.018) 

 νmax 0.027 (0.026–0.027) 

Root/power (aXp) to original data a 0.011 (0.010–0.012) 

 p 0.065 (0.059–0.072) 

Linear (aX) to original data a 1.8e–9 (1.6e–9–2.1e–9) 

 

 	



SI	model	with	only	environmental	transmission	
We constructed a simple model system (Eq. A1) to investigate the relationship between pathogen 

infectivity and host death rate. This model considers the following set of differential equations: 

 𝑑𝑆
𝑑𝑡 = −𝛾𝑆𝑓(𝑃) 

(A1.1) 

 

 

 𝑑𝐼
𝑑𝑡 = 𝛾𝑆𝑓 𝑃 − 𝜇𝐼 

(A1.2) 

 

 

 𝑑𝐷
𝑑𝑡 = 𝜇𝐼 

(A1.3) 

 

 

 

𝑃 = 𝜃, 𝑡!" < 𝑡 < 𝑡!"#
𝑃 = 0, 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒  

(A1.4) 

 

 

 

 

This model includes susceptible hosts S, infected hosts I, dead hosts D, and environmentally 

transmitted pathogens P. Susceptible hosts become infected with rate f(P), depending on the 

infectivity response (Eq. A2). Infected hosts die with a constant rate µ. The pathogen density P is 

set to value θ representing a single dose at time tin. Subsequently, pathogens are removed from the 

system at time tout. This system can be simulated with a fixed initial density of susceptible hosts to 

observe the effect of different infectivity responses on host death rates. The most notable 

differences in the shape of dose-response curves occur on low doses (Fig. A1). This simple system 

also allows for an analytical solution. For a concise presentation, we can simplify this model by 

assuming that all infections occur first in a small time-frame tdose = tout – tin without mortality, and 

deaths occur subsequently without any further infections. In effect, the same simplification can be 

obtained by assuming that µ << 1/tdose and µ << γ f(P). This permits a simple solution for the amount 

of infected hosts: 

 𝐼 𝑡 = 𝑆! 1− 𝑒!!" ! !!"#$  (A2) 

After the infections, the amount of dead hosts can be solved as: 

 𝑅 𝑡 = 𝑆! 1− 𝑒!!" ! !!"#$ 1− 𝑒!!"  (A3) 

 



We utilised three different infectivity responses; linear, saturating, and sigmoidal: 

 𝑓 𝑃 = 𝑃 (A4.1) 
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𝑃

1+ 𝑘𝑃 (A4.2) 
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(A4.3) 

	

Figure A1. Simulated death rates based on a SI model with only environmental transmission using a 

short pulse of pathogens. Parameter values used for simulation were µ = 0.01, tin = 0.0, tout = 1.0, k = 

0.1, γ = 1.0, γlin = 0.01, γsat = 0.1, α = 20, β = 4, n = 4.  


