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The model of trachoma transmission 



The model we use is made up from repeated susceptible and infected compartments, each given an index i. As individuals become infected and recover from infection, they move up a ‘ladder’ of infection through susceptible () and infected () compartments, each connected to the next compartment above. Discretised versions of the following continuous (in time and age) partial differential equations were used to describe the flow from one compartment to another in the computer simulation, 


   (1)

	       (2)







 and  are functions of age a and time t; is the transmission parameter from infected to susceptible states and was estimated from fitting the model by maximum likelihood to the data; is a mixing matrix containing the information on the rate of mixing between individuals of age  and  [1],


,							       (3)









 is the Kronecker Delta[2];  is the number of individuals of age  and  is a parameter that determines the population mixing patterns and it ranges from 0 (representing random mixing among age groups) to 1 (representing assortative mixing, i.e., each age group mixed only with itself); it is set to 0.5 in the model which represents an intermediate level of randomness and assortativity [3];  is the infectivity of infected individuals in compartment ;  is the death-rate form individuals of age a and the death-rates used here corresponded with the 2001 WHO Tanzanian and Gambian life tables; and  is the recovery rate from infection for those in compartment . 

Recovery rate




The per individual rate of recovery, denoted by(measured as the rate per year), from infection i, is assumed to change as an exponential function of i that begins at a rate  (for recovery from first infection) and rises to a maximum rate  (for recovery from a large number of infections),


.							  (4)





The parameters of this exponential function, , , and  were estimated by fitting (by maximum likelihood estimation) the model to the mean duration of infection for different age groups using published data [4] which have been recently re-analyzed [5]. The results of these parameter estimations are shown in Table S1 ( is a rate constant that describes the rate of change of the recovery rate per infection). 

Infectivity




We assume the infectivity of an individual, denoted by, to be proportional to their bacterial load , which we suggest is a function of the number of previous infections experienced by each individual in the population, a trend that is in agreement with the data from trachoma endemic communities in which the bacterial load decreases with age [6-9]. To capture this decreasing load with the number of previous infections, we use an exponential function such that the load declines from its initial value  as described below, 


									       (5)


Parameter  can be estimated from age-stratified data on bacterial load by fitting equation (5) to the hyperendemic data (assumed to be at equilibrium) of West et al. [8]. 
Calculation of the Effective Reproduction Number Re



We follow the approach outlined in the paper by Diekmann et al [10] to calculate the basic reproduction number for the ladder of infection model detailed in this study. This method requires the construction of a Next Generation Matrix (NGM) for our model system (outlined in the 'Model Equations' section of the Appendix) and a calculation of the eigenvalues of this matrix. R0 is then equal to the largest eigenvalue, or spectral radius, of the matrix. We go about constructing the NGM by first considering the age-independent version of the model equations outlined above. By reducing the system to the infected states (i.e. the compartments labeled ), we have a system with n state variables consisting of the n infected states along the ladder of infection. We then populate a Transmission matrix ()—which includes all epidemiological ‘births’—and a Transition matrix ()—which contains all other flows between infected compartments.
In the model equations above, at the beginning of an epidemic (i.e. when the number of 
infected individuals is very close to zero), each transmission term (i.e. epidemiological birth) contains


the transmission rate , and the infectivity at a particular level of the ladder of infection(we
ignore the mixing matrix for the moment). At any given moment in time, the susceptible 


population may not be concentrated entirely in the ith level of the ladder, so we also need to consider the fraction of the population that is situated on the ith level. We denote this fraction , where the ‘0’ superscript refers to the fact that we’re examining the situation at the zero time point i.e. at the beginning of the epidemic. Since each term contributing to the transmission terms for a particular level of the ladder, i, will need to be multiplied by the susceptible fraction available at that level, the transmission matrix  becomes:


 






For the complete age-structured model, we need to include the mixing matrix (hereafter denoted) that governs the relative rate of contact between individuals of age group with those in age group. The system is n dimensional for the non age-structured model and—if there are m age groups, and each of these has to be accounted for at each prior infection level, i—we end up with an n×m dimensional system. Each of the elements in the matrix above is multiplied by the mixing matrix  to create an (n×m)-dimensional transmission matrix:

 

Aside from transitions corresponding to aging, demographic births and deaths (which we do not include in the algebra here for simplicity) the only transitions from the epidemiologically ‘active’ compartments are those which represent recovery from the infected state, and these are denoted by the parameter .  

For the simplified model, not including age stratification, our Transition matrix  is therefore given by the diagonal matrix:


And when we do include age stratification, the full (n×m) -dimensional transition matrix becomes:



Where is the m-dimensional identity matrix.

The NGM , is formulated as:



and the effective reproduction number is calculated as the largest eigenvalue of  .
Model parameters
Table S1 Parameter values used in the model, with 95% confidence intervals where appropriate.
	Parameter
	Parameter definition
	Maximum likelihood estimate ([95%CI] where appropriate)

	Transmission dynamics parameters

	
1/
	Mean duration of first infection
	15.1 [6.5,23.3] months 

	
1/
	Mean duration of infection after multiple prior infections
	2.8 [2.4, 3.2] months

	

	Rate of drop of duration of infection per prior infection
	0.7 [0.1,] infection-1

	

	Infection load per person at first infection
	1.1 x 105[0.9, 1.3 x 105]copies omp1 per swab

	

	Rate of drop of infection load per prior infection
	0.05 [0.03, 0.07] infection-1

	

	Transmission coefficient: the rate of transmission (per year) of infection between individuals
	27.7(hyper), 7.0 (meso), 3.5 (hypo)  year-1

	Treatment-related parameters

	
	Efficacy of single-dose azithromycin treatment
	95%

	
	Population coverage of MDA
	85%


Sensitivity to immunity and infectivity parameters
We tested the model’s sensitivity to two of the key parameters associated with immunity: the exponential decay rates of the recovery rate and infectivity, by setting these parameters to a high and low value. Our outcome measure was the effective reproduction number over time, which we compared with the Re baseline time dependent profile. The model was subjected to 10 simulated MDA rounds, as in the main text, to determine the extent to which the observed phenomena were dependent upon particular parameter values. We found that the phenomenon of raised effective reproduction number was reproduced in each of the high and low parameter combinations, though the extent to which Re was raised changed, and this change happened beginning from a different baseline, pre-treatment, Re value. 
The results show that decreasing the rate of decay of each of the parameters (top lines in Figure S1) raises the overall reproduction number value, but it also reduces the impact upon the baseline value of this parameter with treatment (note that the lines on the top figure are flatter than those on the bottom). This situation corresponds to a very slow development of acquired immunity upon increasing numbers of infections. Increasing the values of the decay constants so that the development of acquired immunity requires essentially one infection (bottom curves in Figure S1), results in an increased impact of treatment upon the reproduction number. The true development rate of acquired immunity is likely to lie in between these two extreme cases.  


[image: ]
Figure S1: Sensitivity plot of the change in the effective reproduction number over time before, during and following 10 simulated MDA rounds. We varied the recovery rate and infectivity decay parameters as indicated in the figure legends (first number is the recovery rate decay, and the second number is the infectivity decay rate; the values used in the main text are: 0.75, 0.47, which correspond with the dotted line in the lower plot).
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