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Supplementary table 1 – Reference values form multiple transmission blocking intervention datasets 
	
	
	Baseline %infected mosquitos
	ICC
	SD of the random intercept
	Dispersion parameter
	Baseline oocyst density 

	DMFA
	
	
	
	
	
	

	
	2014
	17.02
	0.52
	1.871
	-
	-

	
	2016
	14.21
	0.64
	2.429
	-
	-

	
	2019
	15.28
	0.65
	2.449
	-
	-

	
	2020
	14.57
	0.63
	2.382
	-
	-

	SMFA
	
	
	
	
	
	

	
	1
	-
	0.00
	0.003
	5.740
	23.40

	
	2
	-
	0.00
	0.001
	4.920
	26.47

	
	3
	-
	0.30
	0.286
	5.302
	43.60

	
	4
	-
	0.00
	0.003
	5.385
	23.95

	
	5
	-
	0.00
	0.003
	3.792
	16.12

	
	6
	-
	0.50
	0.429
	6.031
	24.67

	
	7
	-
	0.35
	0.392
	3.509
	20.98

	
	8
	-
	0.24
	0.453
	1.276
	6.10

	
	9
	-
	0.67
	0.654
	5.233
	17.36

	
	10
	-
	0.28
	0.389
	2.522
	10.85

	
	11
	-
	0.13
	0.219
	3.810
	9.87






Supplementary methods
Transmission reducing activity
The model
We estimate the transmission reducing activity by assuming that oocyst density follows a negative binomial distribution (1-3). The logarithm of  the mean/expected number of oocysts in the jth mosquito fed on subject i is: 
 
where   is an indicator variable taking the values 0 and 1 for a pre- and a post-intervention measurement respectively of the log oocyst count  for each mosquito  clustered within participant .  and  are regression coefficients to be estimated.  are random intercepts that are used to account for the correlation from mosquitos who were fed blood from the same participant. The ’s are assumed to be normally distributed with variance . 
Larger random effects variances imply a larger degree of within cluster correlation while  implies that the data are independent. Negative binomial regression models, unlike Poisson regression models, do not assume that the variance is equal to the mean. Instead variance is estimated as a function of the mean and a dispersion parameter  such that  where  (4). When , the variance approaches the value of the mean, and the negative binomial model converges to a Poisson regression model. Together,  and  can be used to estimate the intra-cluster correlation (ICC) for a mixed effects negative binomial regression model (5) as

where  is an estimate from an intercept-only model, which could be thought of as the expected log oocyst count for a pre-intervention measurement.
TRA is equivalent to calculating  where  is the risk ratio. Thus, 

The simulation algorithm
1. We generate  participants.
1. For each participant we generate  mosquito dissections pre-intervention (baseline) and  mosquito dissections post-intervention with a variable  to indicate whether the mosquito dissection for mosquito  from participant  is pre-intervention  or post-intervention .
1. We simulate individual-specific random intercepts  from a normal distribution with a mean of 0 and a specified standard deviation , i.e. .
1. Lastly we generate the oocyst counts  for each participant  and mosquito  using a negative binomial distribution such that  where  is the anticipated dispersion parameter and  where  is the anticipated mean of the log oocyst counts at baseline and  is the anticipated regression coefficient which is a function of the anticipated TRA, such that

The statistical test
The general expectation is that , however there may be situations where we want to perform a one-sided test


where  is a defined % threshold that we wish to show our TRA estimate exceed or power our study to detect TRA above this threshold value. To do so, we note that the test is equivalent to testing based on the parameter . i.e. 


We obtain the standard errors for the  from the model, and then compute  (the p-value) of the test above. We repeat this for each simulated dataset and the empirical power is calculated as the percentage of ’s either less than 0.05 or less than 0.025, depending on the preferred level of significance . It is also worth noting that  is preferred in one sided tests.

Transmission blocking activity
The model
When estimating transmission-blocking activity, the oocyst density distribution is not important but rather the percentage mosquitos that has at least one oocyst: the proportion infected mosquitos. We thus estimate the transmission blocking activity by using a logistic regression model to model the probability of oocyst presence (6, 7) through

where   is an indicator variable taking the values 0 and 1 to indicate a pre- or post-intervention measurement respectively, and  is the number of oocysts for an individual mosquito  that fed on a sample of participant  such that   indicates the presence of oocysts and   indicates the absence of oocysts. Regression coefficients  (intercept) and  (effect size of the intervention) are to be estimated. Here too, the  are normally distributed random effects with mean 0 and variance  to be estimated.
In mixed effects logistic regression, unlike in mixed effects linear regression or mixed effects negative binomial regression, the interpretation of the estimated  are conditional on the random intercepts (i.e. a participant-specific interpretation) and they do not have a marginal (population-level) interpretation (8, 9). This means that conversion of the estimated coefficients into the baseline proportion infected mosquitos and the TBA are interpreted as effects for the average participant and not the population average. We use an approximation, outlined below, to transform the estimated coefficients from a participant-specific interpretation to a population-average interpretation (9).
In the model  is the anticipated mean of the log odds pre-intervention  for the average participant . Now  is the individual-specific anticipated difference in log odds post-intervention vs pre-intervention such that  is the odds ratio.  We can then approximate population averaged effects  and  through  where  and  is the random effects variance (10).
The population averaged proportion of infected mosquitos pre-intervention can then be estimated as .  TBA is defined as the population average % reduction in the proportion of infected mosquitos post-intervention () relative to pre-intervention , i.e. 

where  is the risk ratio. In a logistic regression model the odds ratio is directly estimated i.e. through , but the risk ratio is dependent on the odds ratio and the pre-intervention proportion of infected mosquitos, i.e. 


Lastly, the ICC can be estimated from the random effects variance through

The simulation algorithm
1. We generate  participants.
1. For each participant we generate  mosquito dissections pre-intervention (baseline) and  mosquito dissections post-intervention with a variable  to indicate whether the mosquito dissection for mosquito  from participant  is pre-  or post-intervention .
1. We simulate individual-specific random intercepts  from a normal distribution with a mean of 0 and a specified standard deviation , i.e. . This standard deviation of the random effects can be estimated for a given intra-cluster correlation (ICC) through

1. More specifically for step 5 below, it is not as meaningful to specify the individual-specific effects  and  without first anticipating the population-level effects for which we want to generate the simulated data. Instead we specify the population average baseline proportion infected mosquitos, , and the population average TBA and calculate the population-level effects  and . Then through the approximation equations  where  and  is the random effects variance (10), we determine the individual-specific effects  and  to be used in step 5.
1. Lastly we generate a binary outcome for infection status  

for each mosquito  for participant  using a Bernoulli distribution such that  where  and calculated through a logistic regression model  with specified parameters  and  and simulated  as defined in the step above where  and  are parameters from a individual-specific model.

The statistical test
We want to perform a one-sided test


where  is some % threshold that we wish to show our TBA exceeds or power our study to detect TBA above this threshold. To do so, we note that the test is equivalent to testing based on the risk ratio . i.e. 


We obtain the standard errors for the  using the delta method (11, 12), and then compute  (the p-value) of the test above. We repeat this for each simulated dataset and the empirical power is calculated as the percentage of ’s either less than 0.05 or less than 0.025, depending on the preferred level of significance . It is also worth noting again that  is preferred in one sided tests.
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