
Supplementary materials 

 

Derivation of the basic reproductive number (R0) with the addition of blood-fed females: 

The basic reproductive number of number (R0) can be calculated as the dominant 

eigenvalue of the next generation matrix, which describes the transmission between different 

compartments.1, 2, 3 In the case of dengue transmission with mosquito release, there are three 

groups of players: hosts (i.e., humans), wild mosquitoes, and released mosquitoes. The 

transmission rate from an infectious mosquito to the hosts is depicted in "vectorial capacity 

(V)":4, 5, 6 

𝑉 =
𝑚𝑎2𝑝𝑁𝑏

−𝑙𝑛(𝑝)
, (𝑆1) 

where m is the mosquito-to-human ratio, a is the biting rate, p is the mosquito daily survival rate, 

N is the length of the extrinsic incubation period, and b is the vector competence of the mosquito. 

For the released mosquitoes, they likely come with a smaller number than wild mosquitoes (mr < 

mw) and have lower vector competence (br < bw). Also, as the mosquitoes are pre-fed at the time 

of releasing, they need to first finish laying eggs before biting a human, which requires them to 

at least survive a few additional days, O. Therefore, the vectorial capacity of the released 

mosquitoes is: 

𝑉 =
𝑚𝑟𝑎

2𝑝𝑁+𝑂𝑏𝑟

−𝑙𝑛(𝑝)
, (𝑆2) 

On the other hand, the transmission rate from an infectious host to a mosquito is c/r, 

where c is the probability of a bite from an infectious host resulting in infecting the mosquitoes, 

and r is the recovery rate of dengue in humans. Given the assumption that the wild and the 

released mosquitoes do not interact with each other directly (e.g., no direct competition), the next 

generation matrix would be constructed as 
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(𝑆3) 

In this matrix, the three rows represent wild mosquitoes, released mosquitoes, and the host, 

respectively. The three columns represent the same as the three columns. The item on row i and 

column j shows the transmission rate from i to j. For example, the compartment on the second 

row and third column is the transmission from released mosquitoes to the human hosts. 

Calculating the dominant eigenvalue of this matrix thus results in 
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as shown in Equation 2 in the main text. 

 

  



Supplementary figures: 

 

Figure S1. One-way sensitivity analysis for the proportional increase of the basic reproductive 

number (R0) after releasing blood-fed female mosquitoes. The equation for calculating the 

proportional R0 is shown in the main text (Equation 3). The parameters are explained in Table 1 

in the main text. 

 



 

Figure S2. Effects of the 11 parameters included in the uncertainty analysis on the total number 

of infections over ten generations. The parameters of interest are labeled at the bottom of each 

panel. Colors represent releases strategies (releasing blood-fed females along with males (green), 

releasing both sexes without feeding (orange), and releasing only males (blue)). The total 



numbers of infections are expressed as proportions to the number of infections when no releases 

were implemented (i.e., the control). Each point represents one of the 1000 simulations in the 

uncertainty analysis. The line and the shapes are trend lines, and 95% CIs estimated by the 

"stat_smooth" function in ggplot27 in R. 

 

 

Figure S3. One-way sensitivity analysis showing the effect of each parameter on the mean 

number of infections directly contributed by the released mosquitoes over ten generations. The 

parameters of interest are labeled at the bottom of each panel. The infection numbers were 

expressed as proportional to the total number of infections in the "no-release" control scheme. 

Colors represent release strategies. Each point represents a simulation with a different value of 

the target parameter. The lines and the shades (95% CI) were trend lines estimated using the 

"stat_smooth" function in ggplot27 in R. Note: in panel (f), the parameter of interest, i.e., the 

proportion of released females successfully fed, only matters when releasing blood-fed females, 

but the other two releasing strategies were estimated to facilitate comparisons. Because male 



mosquitoes do not transmit diseases, the male-only releases (blue lines) do not increase disease 

transmission. 

 

 

 

Figure S4. Effects of the eight parameters included in the global sensitivity analysis on the total 

number of infections over ten generations. The parameters of interest are labeled at the bottom of 

each panel. Colors represent releases strategies. The total numbers of infections are expressed as 

proportions to the number of infections when no releases were implemented (i.e., the control). 

Each point represents one of the 1000 simulations in the uncertainty analysis. The line and the 

shapes are trend lines, and 95% CIs estimated by the "stat_smooth" function in R. 

 



 

Figure S5. The marginal effect of the eight sensitivity parameters on the probability of releasing 

blood-fed females as the optimal releasing strategy. The probability was predicted by the R 

package mmpf8 using the same random forest model that generated the parameter importance. 
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