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Version 0: 

Reviewer comments: 

Reviewer #1 

(Remarks to the Author) 
This work quantifies the various parameters that can contribute to the ultimate efficacy of insecticide treated nets for two
classes of ITN in Tanzania and then provides a dashboard to consider these impacts elsewhere. This is a very useful
addition to the malaria community and makes clear some of the different challenges we face when trying to understand the
performance of different interventions. 

Please see attached comments 

(Remarks on code availability) 
The code is nicely annotated and provides the scripts to enable a reader to recreate the analysis but the data are missing so
it is currently not possible to recreate the analysis. Could the authors please share the data in the "formatted" ways or flag
which of the shared files align with the code (perhaps simply add a data folder to the repository) 

3 Data xlsx files are submitted with the manuscript but it is not clear what trials are shared 

Reviewer #2 

(Remarks to the Author) 

This is a substantial piece of work addressing a topic of high importance in the malaria field. The approach is theoretically
sound, and novel to the field. It’s well-written, and I appreciate this work’s close collaboration with primary data collection.
However, due to methodological weaknesses, I cannot recommend it for publication at this time. I have offered detailed
comments below with my concerns, in the hopes that they will be helpful for the authors as they consider future submissions
of this work. I thank the authors for their time. 

1. Calibration to pyrethroid-only nets 

I understand that all your EHTs used pyrethroid-only nets as controls, and therefore it was only possible to calculate the
impact of next-generation ITNs relative to pyrethroid-only nets in those studies, rather than estimating absolute impact for
both types of net. It also makes sense how you use the relative differences found in the EHTs to supplement your pyrethroid-
only fit in your OpenMalaria calibrations. What troubles me, however, is the absence of a rigorous calibration of pyrethroid-
only papers in the model. I understand that model identifiability is a challenge, but your paper is *about* defining the ITN
impact parameters of 1) reduction in host availability, 2) pre-prandial killing, and 3) post-prandial killing. The choice to fix two
of those three parameters at zero for pyrethroid-only nets, with no justification, is not methodologically robust. The fact that
this approach fails to fit to in-sample pyrethroid-only net data in the Protopopoff study does not increase my confidence. In
addition to my concern on a pure methodological level, setting these parameters to zero ensures that you attribute as much
impact as possible to next-generation nets over pyrethroid-only nets, possibly overestimating their effectiveness. When
assumptions such as this are made in the modeling space, they should generally be designed to make effect size estimates
more conservative. To resolve this issue: have you searched the literature for EHTs in the area that use no nets, or untreated



nets, as a control, and the pyrethroid nets in your study as interventions? These may be older and require some adjustment
for insecticide resistance, but they could assist with benchmarking. 

I would also advise changing the language on line 322– I don’t see how the current paper demonstrates anything about
heterogeneity in pyrethroid-only nets. Rather, I would note the fact that you calibrate to a generic pyrethroid-only net as a
limitation, given the known heterogeneity between net brands. 

2. Cascade of effectiveness 

I like the idea behind this section, and I appreciate the narrative framing, but several things concern me. First: if I understand
correctly, you’re claiming that a “perfect” net would induce 100% mortality in the entire mosquito population. Why make this
choice? Nets were never designed to be so powerful, nor would it be realistic to expect them to be. I would advise that you
either make this section about relative effectiveness declines from some arbitrary maximum, or use your modeling
methodology to estimate a realistic maximum possible impact of a net, and show declining effectiveness from there. 

Second, I was surprised that you only considered the ITN “effectiveness” cascade in a single order: first entomological
efficacy, then functional survival, usage at distribution, etc. down to “actual” effectiveness. Unlike a cascade of medical care,
in which there is a natural linear order to “leaks” in the system, the ITN efficacy cascade is unordered. You could just as
easily have reduced In-bed exposure before you reduced entomological efficacy, and it would likely have had an impact on
the results, because every step of the cascade is working off a smaller margin of potential effectiveness than the one before.
At a minimum, I’d like to see this listed as a limitation– at a maximum, I’d like to see a sensitivity analysis of how the results
change with different ordering. 

Finally, I’m confused about why you focused only on vectorial capacity in the cascade, rather than putting this same thing in
terms of malaria burden. In either case, I’d be interested to know what the actual vectorial capacity reduction and/or burden
reduction was in these clinical trials, and how your results compare to that estimate. I’d recommend putting these actual data
values in the main text/figures, not the supplement. 

3. The Protopopoff Trial: 

I respect you keeping the model fit to this trial in the paper as opposed to dropping it, but I’m confused about the way it’s
being framed. You’re trying to pose it as a successful model fit that we should interpret, when unfortunately that’s not what
I’m seeing. I think you should leave it in, but the framing should change. 

I’ve already discussed the fit to the pyrethroid-only nets above. Given the lack of agreement between data and in-sample
calibration, I would advise toning back your language on lines 183-4 that the model predictions hit every data point but one.
I’m also confused at why you treated the high value as an outlier for calibration– I understand that the data point is unusual,
but do you have any evidence that it’s not accurate? If not, it shouldn’t be thrown out. In general, I would reframe the
Protopopoff story as an important reminder that models do not perform equally well in all settings. Your model works
beautifully against one trial, and not so well against another. If you can’t fix that calibration, I would make an honest
description of why that is, and encourage readers not to make too strong an interpretation of your Protopopoff model fits. This
is an opportunity to be a good teacher about responsible model interpretation. 

In addition to the above, I have a number of shorter points that I would recommend addressing before a future submission: 
- Line 92: you use the term “EHT” before defining it. 
- Intro: It wasn’t until the discussion that I realized all these studies were from Tanzania– you barely mention it earlier in the
paper. It would have been helpful to have more context in the intro about the Tanzanian setting for this work– where were the
trials conducted, what’s the environment etc 
- The introduction had very helpful background information, but it said very little about your actual study until the very end. I’d
advise using the introduction to prepare the reader for what they’re about to see in the results, so they don’t get overwhelmed
with technical details. 
- I’m afraid I found every entry in the textbox extremely confusing– can you rewrite these in your own words, with very clear
definitions of how we should interpret each phrase in the context of this paper in particular? 
- Throughout: I’m confused about the terms “entomological efficacy” and “vectorial capacity reduction”. Are they the same? If
so, please pick one and stick to it. If not, please clearly explain the difference. 
- Fig 1: I’d recommend adding the greek letters to the subplot headers, to guide the readers when they read the methods. I’d
also suggest adding more informative axis lines– such as one at 80%, given that you discuss this as a cutoff in the text. 
- I’m leery to recommend the use of a p-value, but they might be helpful when you’re describing how to interpret the mean
differences + confidence intervals on lines 158-166. 
- Lines 175-6: these lines state that entomological efficacy is a model input, but the methods section males it sound like a
model output– which is it? 
- Figure 2: Why does the Protopopoff model fit have much larger confidence intervals, if it’s calibrated to more data points
than the Mosha trial? 
- Line 351– please give a bit more detail about trial location, timing, etc 
- Line 365: I would make clear in the limitations/discussion that these results are only for An. arabiensis, not only list it in the
methods 



- Line 398: what is kappa, and how does it relate to your other two killing params? Why is it there? 
- Table 1: a diagram/decision tree would be helpful to understand how these parameters interact 
- Line 434: How long is a time step? 
- Table 2: why is the non-intervention counterfactual EIR different between trial arms? 

(Remarks on code availability) 
I did a very brief scan of the GitHub repo, and it looks well-formatted and tidy. I know this takes a lot of work to maintain, and
it's much appreciated. I would recommend adding a folder with all the data shown in figures, and a script allowing users to
replicate the plots precisely. 

Reviewer #3 

(Remarks to the Author) 
This paper brings about an interesting solution for a very relevant problem: How to optimize the deployment of ITNs from an
explicitly epidemiological perspective, considering virtually all relevant practical parameters associated with this important
public-policy intervention. It combines the analysis of experimental hut trials (EHTs), which were validated against
Randomized Clinical Trials (RCTs) and used for parameterization of a previously existing malaria-epidemiological
modelling framework (OpenMalaria). 
The article is generally a good read with a clear and concise message. There are a few tweaks regarding abbreviations that
appear in the text without previous explanation. Even though some of them are obvious for those familiar with the field, it is
important to make the text accessible to scientists outside the domain, as well. E.g., ‘EHT’ appears for the first time in the text
on line 92; LLIN, line 98. I suggest a review of accessibility of abbreviations and further domain-specific terminology
throughout the text (with the recognition that Textbox 1 covers a great deal of this issue already). 
The method of EHT analysis, using a Bayesian framework is truly fascinating. It is a pity that the approach is not explicitly
mentioned in the Results section, which leaves the reader skeptical about the validity of the analysis work. Highlighting
Bayesian metrics in the Results section could be one way to avoid unnecessary confusion. 
That being said, one of my main concerns is the limited number of trials included in the analysis and even smaller number
brought into the model validation. I failed to find the right justification for the small number of trials in the text and, while I
have suspicions on the reasons why, I would like to know that explicitly from the authors: Are there any other opportunities
for an improved sampling of studies? It seems a bit of a stretch to base some of much of a potentially immensely useful set of
recommendations on just two validations, one of which of very questionable fit (Protopopoff et al. 2018, 2023). To me, this is
a major point that needs clear justification, consideration of impact on the results and associated recommendations, and a
proposal of a way forward for a robust policy recommendation. There is one very strong claim on line 263, which – to me –
needs substantial more backing on data. 
A separate point, which does not pertain to the immediate epidemiological effect of ITN deployment, but is of potentially
disastrous impact, is the role of resistance evolution of the vector population to the insecticides in consideration. This needs
to be discussed and the work done in this area considered, as well. The strategies of ITN deployment are not just a short-
term problem, and resistance can be a major driver of failure in the medium term. One particular aspect I would like to see
discussed is the interplay between insecticide resistance and the cascade of effectiveness. 
All in all, this paper proposes a tantalizing approach to improving the comparison and deployment of ITNs: A theoretical
solution to a very practical and real problem. Yet, “extraordinary claims require extraordinary evidence”. In order to
recommend the acceptance of this paper, I need see the limited sample of studies addressed in the text. My
recommendation is to include major revisions of the included studies to validate the very powerful claim this paper makes. 

(Remarks on code availability) 

Version 1: 

Reviewer comments: 

Reviewer #1 

(Remarks to the Author) 
Thanks for the revised draft and updated dashboard to review. 

I think the work is improved for this revision. The inclusion of the additional EHTs is great and also the validation effort
against additional studies increasing the potential applicability of the dashboard. 

One question of interest: When simulating the trials for Tanzania (Mosha), did you match the replacement of ITNs throughout
as was explored in Churcher et al 2024? This could have made a substantial impact and it would be interesting to hear how
you addressed this (I could not see it in the supplement) 

Only minor things: 



line 182 - spelling degredation should be degradation 

Please check supplementary info are referred to in order 

Might be worth flagging the 25m point for the Protopopoff study that is missed in the pyrethroid only ITN arm. 

(Remarks on code availability) 
The github is well organised and flagged appropriately throughout the script and code repository. The processed data is a
useful resource. 

I have not run the full analysis due to time limitations - but it reads well for the spot checks I tried. 

Reviewer #2 

(Remarks to the Author) 
I commend the authors for the remarkable work that went into revising this manuscript. I now believe it to be much stronger,
and can recommend it for publication. 

My only note is to ask for more detail on previous work in the field. On lines 83-90, the authors state that effectiveness
cascades for vector control have been presented, but rarely formally quantified. In addition to a few site-specific, data-driven
examples (refs 30-32), they cite one modeling paper that approaches this same problem (ref 33). However, they do not
discuss how their modeling analysis is different from this previous study. I am aware of at least one other modeling analysis,
from the 2022 World Malaria Report, which approaches a very similar question. I’d like the authors to please extend this
paragraph to briefly discuss these two studies, and any other related modeling work in the field, and state clearly how their
work expands upon or diverges from these prior analyses. 

(Remarks on code availability) 
The code repository continues to look tidy and well-organized. The authors state that they have included a folder with all the
data shown in the figures, and a script allowing users to replicate the plots precisely, but I was not able to find it. Can the
authors please label this directory more clearly, and directly reference it in the code availability section? 

Reviewer #3 

(Remarks to the Author) 
Thank you for addressing, not only my concerns, but all of the reviewers' points. I am now satisfied with the quality of the
work and the evidence backing its claims. My recommendation is for acceptance. 

(Remarks on code availability) 
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REVIEWER COMMENTS 122 
 123 
Reviewer #1 (Remarks to the Author): 124 

 125 

This work quantifies the various parameters that can contribute to the ultimate efficacy of insecticide 126 
treated nets for two classes of ITN in Tanzania and then provides a dashboard to consider these 127 
impacts elsewhere. This is a very useful addition to the malaria community and makes clear some of 128 
the different challenges we face when trying to understand the performance of different 129 
interventions.  130 
 131 
 132 
This is an excellent contribution. The draft is well written, presented and considered and highly 133 
valuable to the malaria community. The work is novel in that it provides a flexible platform to 134 
consider cascading loss of impacts from the delivery of ITNs of two classes that are in regular use 135 
across malaria endemic regions. It is particularly useful to be able to consider the loss in impact due to 136 
the product in contrast to that due to operational challenges such as ITN access, or usage and 137 
exposure risks through human biting or mosquito activity patterns. I support its publication in Nature 138 
Communications and believe it fits the journal well.  139 
 140 
Many thanks for this very positive appreciation of our work.  141 
 142 
I have only some minor suggestions / typo highlights to offer. But please consider the suggestions for 143 
the app which might make it more translatable  144 
Have you tested the process elsewhere where other EHTs used? It might be a worthwhile exercise to 145 
confirm results are not substantially different? Appreciate that you would need to validate locally but 146 
perhaps possible in Benin to at least provide 1 alternative species.  147 
 148 
Many thanks for this remark. We have now expanded the work to include additional EHTs: three from 149 
West Africa conducted in Benin (Nguessan et al. 2016, Sovegnon et al. 2024) and Côte d’Ivoire (Assenga 150 
et al. 2025), and one from Tanzania (Martin et al. 2024) where outcomes can also be measured on both 151 
Anopheles gambiae ss. and Anopheles funestus. We have also expanded the validation to include two 152 
more RCTs, conducted in Benin (Accrombessi et al. 2023, 2024) and Uganda (Staedke et al. 2020). 153 
 154 
 155 
Feedback on the app  156 
At the moment, the first thing we see on the dashboard are the figures, which need some explanation 157 
to interpret. Could you make the default page the “About” tab, and add a “Definitions” tab to this 158 
page adjacent to the About tab. It would be excellent too to have an “Interpreting the outcome” 159 
explainer to support users.  160 
 161 
Thank you for these suggestions. The dashboard now includes a Description tab as initial page, with the 162 
following text: 163 
"This dashboard provides effectiveness cascades for two insecticide-treated nets, namely Interceptor® 164 
G2 and Olyset® Plus. Effectiveness is measured in terms of vectorial capacity reduction. The cascade 165 
enables the user to quantify the loss of effectiveness attributable to five factors, namely 166 
entomological efficacy, usage at distribution, functional survival, insecticidal durability and in-bed 167 
exposure (as defined in Definition tab). The user can use the panel on the left-hand side to adapt the 168 
assumptions and tailor the results to their setting of interest. 169 



           170 
Interpreting the outcome: Using the default assumptions, the effectiveness of Interceptor® G2 nets 171 
was above 90% when only entomological efficacy was considered. It dropped below 60% when all 172 
other dimensions were included. In this example, the main factors responsible for the decline in 173 
effectiveness were in-bed exposure (responsible for a drop of 13 points), insecticidal durability 174 
(responsible for a drop of 12 points) and imperfect usage at distribution (responsible for a drop of 10 175 
points). 176 
 177 
A short summary of the assumptions and definitions is provided in the Assumption tab and all 178 
methodological details are available in the following manuscript.” 179 
 180 
The details for the various parameters are noted within the Assumption tab, I think it could be useful 181 
to tell the user this. Under the Parameters title on the left of the screen, could you add; “For 182 
definitions and assumptions on values please see Assumptions tab” or something similar.  183 
 184 
Thank you for this remark. We have added the following sentence above the left-hand side panel where 185 
parameters can be edited: 186 
"For definitions and assumptions on parameter values please see Assumptions tab” 187 
 188 
 189 
For attrition, it could be really useful to flag this tool: ITN Quantification that would allow countries 190 
(outside of Tanzania) to gain information on their location.  191 
 192 
Thank you for sharing this useful resource. We have now mentioned it in the discussion: 193 
 194 
In practice, for other settings, online tools (e.g. https://allianceformalariaprevention.com/itn-195 
quantification/)) are available to estimate functional survival and ITN needs over time using survey 196 
data and stock-and-flow models (Bertozzi-Villa 2021, Koenker et al. 2023). 197 
 198 
And in the Assumptions tab, in the section on attrition: 199 
In practice, for other settings, online tools (e.g. ITN Quantification ) are available to estimate 200 
functional survival and ITN needs over time using survey data and stock-and-flow models ( Bertozzi-201 
Villa et al. 2021 Koenker et al. 2023 ). 202 
 203 
Could you have a button that automatically allows you to fill the same information for the two ITNs so 204 
that the user can ensure no mistake in typing causes a comparison that is unmatched? I appreciate 205 
there are measurable differences in the EHTs that would be retained, but might be useful for decisions 206 
makers.  207 
 208 
Thank you for this suggestion. This functionality was added (now the user can make the Olyset® Plus 209 
cascade use the same inputs as the ones chosen for Interceptor® G2 and vice versa). 210 
 211 
 212 
Linked to the only query above, could you add other experimental hut trial estimations from West 213 
Africa? To the five described by BIT10348, BIT055, BIT08049, Odufuwa50, and Kibondo 51  214 
We have now included three EHTs from West Africa, conducted in Benin (Nguessan et al. 2016, 215 
Sovegnon et al. 2024) and Côte d’Ivoire (Assenga et al. 2025). 216 
 217 

https://allianceformalariaprevention.com/itn-quantification/)
https://allianceformalariaprevention.com/itn-quantification/)
https://allianceformalariaprevention.com/itn-quantification/
https://www.nature.com/articles/s41467-021-23707-7
https://www.nature.com/articles/s41467-021-23707-7
https://malariajournal.biomedcentral.com/articles/10.1186/s12936-023-04609-z


The Activity Patterns for the two ITNs are identical (which might be what you desire but flagging in 218 
case as these are separate tabs)  219 
 220 
Thank you for this remark. We have now modified the app such that, if the patterns are identical for 221 
Interceptor® G2 and Olyset® Plus, only one graphic is shown. If the two differ (because differing 222 
assumptions have been chosen), two graphics are shown. 223 
 224 
 225 
Minor considerations  226 
Introduction  227 
Perhaps in the introduction, where you say: In 2023, overall access to ITNs was estimated at around 228 
60% in Africa, with only five countries on the continent achieving the target of 80% of the population 229 
sleeping under an ITN 4,18.  230 
Add  231 
In 2023, overall access to ITNs was estimated at around 60% in Africa, with only five of XX countries 232 
with endemic malaria on the continent achieving the target of 80% of the population sleeping under 233 
an ITN 4,18.  234 
As this will give better context.  235 
 236 
Done. 237 
 238 
 239 
Perhaps in the introduction, where you say:  240 
Various indicators exist to monitor insecticide resistance, ITN use, ITN durability and in-bed exposure 241 
(see Textbox 1) but these indicators are measured independently of each other and therefore do not 242 
provide information on the relative contribution of each factor to the overall public health impact of 243 
ITNs.  244 
Add  245 
Various indicators exist to monitor insecticide resistance, ITN use, ITN durability and in-bed exposure 246 
(see Textbox 1) but these indicators are usually measured independently of each other and therefore 247 
do not provide information on the relative contribution of each factor to the overall public health 248 
impact of ITNs.  249 
As there are examples of studies that try to generate all these information, see xxxx.  250 
 251 
Done. 252 
 253 
 254 
Where you state  255 
In particular, EHT data has been used to estimate the entomological efficacy of various vector control 256 
tools and hence parameterize mathematical models of malaria 41–44.  257 
It is probably worth adding two key publications in this space  258 
Nash 2021  259 
Challenger 2023  260 
Done 261 
 262 
 263 
Results  264 
A typo to correct here:  265 



Entomological efficacy was quantified in four indicators: reduction in host availability (reflecting the 266 
deterrent properties of the nets), pre-prandial killing effect (referring to mosquito mortality before 267 
biting), post-prandial killing effect (referring to mosquito mortality after biting) and overall reduction 268 
in vectorial capacity (representing to the potential for a given mosquito population to transmit 269 
malaria by combining the previous three indicators).  270 
 271 
Done 272 
 273 
 274 
Methods  275 
Where you mention “unfed-alive, unfed-dead, fed-alive and fed-dead” perhaps add the UA, UD, FA, 276 
FD acronyms that align with the supplementary data files.  277 
 278 
Done 279 
 280 
 281 
There is a reference to Appendix 4 but I cannot find this document (potentially needs updating – I 282 
think to Supplementary Table 1), similarly I think the ref to Appendix 2 should be Supplementary 283 
Table 2? Think same throughout – presumably the journal instructions can advise.  284 
Thank you for pointing this. We have standardized the references to the Supplementary material 285 
throughout the manuscript. 286 
 287 
 288 
Typo: all notations are indicated inError! Reference source not found. (needs a space)  289 
Done 290 
 291 
 292 
For the units, I think time is 1 day (or 1 night…) perhaps specify this if so in the Tables of parameters 293 
time-1 where unit time is 1 day  294 
Done 295 
 296 
Just need to double check the order of Tables/Figs mentioned is as per article… I think Table 2 is 297 
referenced after Table 3 – very minor point!!  298 
Done 299 
 300 
Discussion  301 
The main findings are well presented and discussed, the only suggestions I have here is:  302 
The only species included in the analysis is arabiensis – could you add a limitation to this effect. I 303 
appreciate that were the methodology applied to other EHTs you could generate the entomological 304 
efficacy reductions to build the framework, but at this stage, in the app particularly, the estimates are 305 
from the 5 EHTs that consider arabiensis only.  306 
 307 
Thank you for this suggestion. Our updated analysis now also includes one trial with results on An. 308 
funestus, as well as three trials with Anopheles gambiae s.l.  in West Africa. We have also added the 309 
following limitation in the Discussion section: 310 
 311 
First, we estimated ITN entomological impact using EHTs from three countries: in Tanzania, results 312 
were obtained for Anopheles arabiensis in five trials, and Anopheles funestus in one trial, in Benin and 313 



Côte d’Ivoire, the results were obtained for Anopheles gambiae s.l. in three trials. Therefore, caution 314 
should be exercised when extrapolating to other countries or vector species. 315 
 316 
 317 
Congratulations on a great contribution. 318 
 319 
Many thanks again for your positive and constructive feedback. 320 
 321 
Reviewer #1 (Remarks on code availability): 322 
 323 
The code is nicely annotated and provides the scripts to enable a reader to recreate the analysis but 324 
the data are missing so it is currently not possible to recreate the analysis. Could the authors please 325 
share the data in the "formatted" ways or flag which of the shared files align with the code (perhaps 326 
simply add a data folder to the repository) 327 
 328 
We have now added a “processed_data” folder as part of the repository to enable users to replicate the 329 
full analysis. 330 
 331 
 332 
3 Data xlsx files are submitted with the manuscript but it is not clear what trials are shared 333 
 334 
We have now included the data as part of the GitHub repository, and not as supplementary material 335 
anymore, for increased readability. 336 
 337 
  338 



Reviewer #2 (Remarks to the Author): 339 
 340 
This is a substantial piece of work addressing a topic of high importance in the malaria field. The 341 
approach is theoretically sound, and novel to the field. It’s well-written, and I appreciate this work’s 342 
close collaboration with primary data collection. However, due to methodological weaknesses, I 343 
cannot recommend it for publication at this time. I have offered detailed comments below with my 344 
concerns, in the hopes that they will be helpful for the authors as they consider future submissions of 345 
this work. I thank the authors for their time. 346 
 347 
Thank you for highlighting the novelty and importance of our work and for providing constructive 348 
suggestions for improvement. We have substantially revised the manuscript to address these remarks. 349 
In particular, we have now estimated the entomological efficacy of pyrethroid-only ITNs directly from 350 
EHT data, we have expanded the number of datasets used for fitting (four additional EHTs) and 351 
validation (two additional RCTs) and we have provided a sensitivity analysis on the cascade approach. 352 
These revisions are presented in details in the answers below. 353 
 354 
2. Calibration to pyrethroid-only nets  355 
 356 
I understand that all your EHTs used pyrethroid-only nets as controls, and therefore it was only 357 
possible to calculate the impact of next-generation ITNs relative to pyrethroid-only nets in those 358 
studies, rather than estimating absolute impact for both types of net. It also makes sense how you use 359 
the relative differences found in the EHTs to supplement your pyrethroid-only fit in your OpenMalaria 360 
calibrations. What troubles me, however, is the absence of a rigorous calibration of pyrethroid-only 361 
papers in the model. I understand that model identifiability is a challenge, but your paper is *about* 362 
defining the ITN impact parameters of 1) reduction in host availability, 2) pre-prandial killing, and 3) 363 
post-prandial killing. The choice to fix two of those three parameters at zero for pyrethroid-only nets, 364 
with no justification, is not methodologically robust. The fact that this approach fails to fit to in-365 
sample pyrethroid-only net data in the Protopopoff study does not increase my confidence. In 366 
addition to my concern on a pure methodological level, setting these parameters to zero ensures that 367 
you attribute as much impact as possible to next-generation nets over pyrethroid-only nets, possibly 368 
overestimating their effectiveness. When assumptions such as this are made in the modeling space, 369 
they should generally be designed to make effect size estimates more conservative. To resolve this 370 
issue: have you searched the literature for EHTs in the area that use no nets, or untreated nets, as a 371 
control, and the pyrethroid nets in your study as interventions? These may be older and require some 372 
adjustment for insecticide resistance, but they could assist with benchmarking.  373 
 374 
Many thanks for this remark. In all the EHTs considered, there is an “untreated net” arm. We have 375 
therefore re-fitted our model by taking the untreated net as control. This way, the pyrethroid-only nets 376 
are now calibrated with the same approach and the same EHTs as the other nets.  377 
All results have been updated to reflect these changes. In particular, the updated Figure 1 is now as 378 
follows:  379 



 380 

Figure 1: Estimates of entomological efficacy for unwashed and washed/aged nets (Bayesian posterior mean and 95% credible 381 
intervals), compared to untreated nets as control. The horizontal lines represent the average across all EHT per net type for 382 
unwashed nets (solid line) and washed/aged nets (dashed lines). The various experimental huts considered are 1: Assenga et al. 383 
(Tanzania)47, 2: Kibondo et al. (Tanzania)48, 3: BIT080 (Tanzania), 4: BIT055 (Tanzania), 5: Odufuwa et al. (Tanzania)49, 6: Martin 384 
et al. (An. gambiae, Tanzania) 50, 7: Martin et al., (An. funestus, Tanzania) 50,  8: Assenga et al. (Côte d’Ivoire) 47, 9: Nguessan et 385 
al. (Benin)51 10: Sovegnon et al. (trial 1, Benin)52, 11: Sovegnon et al. (trial 2, Benin)52   386 

 387 
 388 
 389 
I would also advise changing the language on line 322– I don’t see how the current paper 390 
demonstrates anything about heterogeneity in pyrethroid-only nets. Rather, I would note the fact 391 
that you calibrate to a generic pyrethroid-only net as a limitation, given the known heterogeneity 392 
between net brands. 393 
 394 
 395 
Thank you for pointing this. Because the efficacy of pyrethroid-only ITNs is now estimated from EHT 396 

data, we can comment on the variability of the obtained estimates, which is indeed large. 397 

We have therefore revised the text in the discussion as follows: 398 



Substantial variation was observed across experimental hut trials, especially among the estimates for 399 

pyrethroid-only ITNs. Some of the variability for pyrethroid-only ITNs may come from differences 400 

between products (e.g. nets treated with permethrin, deltamethrin or alpha-cypermethrin that vary in 401 

terms of their irritancy to mosquitoes), or differences in resistance levels across study sites. In 402 

entomological trials the choice of active comparator is a critical determinant of relative ITN 403 

performance56. It is often assumed that all pyrethroids behave in the same way, but there is abundant 404 

evidence that their mode of action varies from quite high irritancy to very low irritancy57.  Additionally, 405 

EHT data often present large intrinsic variability in mosquito numbers and mortality9,42 that could 406 

contribute to these variations. Our statistical model to infer entomological efficacy estimates from EHT 407 

data is general and could be readily applied to other EHT datasets beyond the eight studies presented 408 

here, to better understand the drivers of entomological efficacy and the variability between trials9,41,42.  409 

 410 
We have also removed the sentences in the limitation that were referring to the way pyrethroid-only 411 
ITNs are estimated, as this has now been modified.  412 
 413 
2. Cascade of effectiveness 414 
 415 
I like the idea behind this section, and I appreciate the narrative framing, but several things concern 416 
me. First: if I understand correctly, you’re claiming that a “perfect” net would induce 100% mortality 417 
in the entire mosquito population. Why make this choice? Nets were never designed to be so 418 
powerful, nor would it be realistic to expect them to be. I would advise that you either make this 419 
section about relative effectiveness declines from some arbitrary maximum, or use your modeling 420 
methodology to estimate a realistic maximum possible impact of a net, and show declining 421 
effectiveness from there. 422 
 423 
Thank you for raising this issue. In our cascade, the effectiveness is measured in terms of vectorial 424 
capacity reduction. The vectorial capacity, defined as the total number of infectious mosquito bites 425 
originating from each mosquito biting an infected human, quantifies the malaria transmission potential 426 
of a given vector population. If vectorial capacity could be reduced by 100%, there would not be any 427 
competent vectors. This is an ideal theoretical benchmark, which is unlikely to be achieved with any 428 
single intervention. We have therefore re-labelled this maximum as “perfect vector control 429 
(theoretical)” in our cascade. This also appears in the Methods section as follows: 430 
 431 
A theoretical ideal vector control tool that would entirely remove the mosquito population corresponds 432 
to a 100% reduction in vectorial capacity, while a completely ineffective intervention corresponds to a 0% 433 
reduction. 434 
 435 
Our estimate of entomological efficacy (first step in the cascade) reflects, in a way, the realistic 436 
maximum possible impact that a given ITN could have based on its entomological properties and under 437 
perfect operational conditions. 438 
 439 
 440 
Second, I was surprised that you only considered the ITN “effectiveness” cascade in a single order: 441 
first entomological efficacy, then functional survival, usage at distribution, etc. down to “actual” 442 
effectiveness. Unlike a cascade of medical care, in which there is a natural linear order to “leaks” in 443 
the system, the ITN efficacy cascade is unordered. You could just as easily have reduced In-bed 444 



exposure before you reduced entomological efficacy, and it would likely have had an impact on the 445 
results, because every step of the cascade is working off a smaller margin of potential effectiveness 446 
than the one before. At a minimum, I’d like to see this listed as a limitation– at a maximum, I’d like to 447 
see a sensitivity analysis of how the results change with different ordering. 448 
 449 
Thank you for this remark. You are totally right that there is no natural linear order between the 450 
different factors, which all influence the model in non-linear ways. We have therefore conducted a 451 
sensitivity analysis on the cascade, testing all possible ordering of the four operational factors (usage at 452 
distribution, functional survival, insecticidal durability and in-bed exposure). The relative magnitude of 453 
the four factors remained unchanged, with only slight changes in the loss in percentage points. The 454 
results of this sensitivity analysis are now included in the Supplementary Tables 2.1 and 2.2: 455 
 456 

 
Point difference  

(min-max) 

Rank 

(min-max) 

Interceptor G2 

Insecticidal durability 3-5 3-4 

In-bed exposure 12-15 1-2 

Usage at distribution 12-15 1-2 

Functional survival 4-5 3-4 

Olyset Plus 

Insecticidal durability 2-3 4-4 

In-bed exposure 14-17 1-2 

Usage at distribution 11-13 3-3 

Functional survival 15-20 1-2 

   

Table 2.1. Sensitivity analysis on the ordering of the cascade, taking the average across the EHT conducted in Tanzania. Only the 457 
posterior maximum for EHT was used. Reading note: Across all permutations of the cascade items, the point difference 458 
associated with “Insecticide durability” was between 3 and 5 points for Interceptor G2. This factor was ranked as 3rd or 4th most 459 
important among the 4 factors considered. 460 



 Interceptor G2 Olyset Plus 

 Point difference  

(min-max) 

Rank 

(min-max) 

Point difference  

(min-max) 

Rank 

(min-max) 

Assenga et al. 

Insecticidal durability 0-1 4-4 -1--1 4-4 

In-bed exposure 13-16 1-2 14-18 1-2 

Usage at distribution 13-16 1-2 11-14 3-3 

Functional survival 4-5 3-3 16-21 1-2 

Kibondo et al. 

Insecticidal durability 0-1 4-4   

In-bed exposure 13-16 1-2   

Usage at distribution 13-16 1-2   

Functional survival 4-5 3-3   

Odufuwa et al. 

Insecticidal durability -2-0 4-4   

In-bed exposure 12-15 1-2   

Usage at distribution 12-15 1-2   

Functional survival 4-5 3-3   

BIT055 

Insecticidal durability   0-1 4-4 

In-bed exposure   14-18 1-2 

Usage at distribution   11-14 3-3 

Functional survival   16-21 1-2 

BIT059 

Insecticidal durability   1-1 4-4 

In-bed exposure   14-18 1-2 

Usage at distribution   11-14 3-3 

Functional survival   16-20 1-2 

Martin et al. (An. funestus) 

Insecticidal durability 8-11 2-3 6-9 4-4 

In-bed exposure 10-15 1-3 12-15 1-2 

Usage at distribution 10-15 1-3 10-12 3-3 

Functional survival 4-5 4-4 13-18 1-2 

Martin et al. (An. gambiae) 

Insecticidal durability 8-13 1-3 4-6 4-4 

In-bed exposure 9-14 1-3 13-16 1-2 

Usage at distribution 9-14 1-3 9-13 3-3 

Functional survival 3-5 4-4 15-19 1-2 
Table 2.2. Sensitivity analysis on the ordering of the cascade, for each EHT conducted in Tanzania. Only the posterior maximum 461 
for EHT was used. Reading note: Across all permutations of the cascade items, the point difference associated with “Insecticide 462 
durability” was between 0 and 1 points for Interceptor G2 in the data from Assenga et al. 2025 (Tanzania). This factor was 463 
always ranked 4th most important among the 4 factors considered. 464 



 465 

This is commented in the results section: 466 
These results are robust to changes in the ordering of the cascade: the relative importance of the four 467 

factors remained broadly similar, with changes in the loss in percentage points in the same order of 468 

magnitude as the Bayesian credible intervals from Error! Reference source not found. and the ordering 469 

of the factors remaining generally the same (See Supplementary tables 2.1 and 2.2). 470 

And the methods section: 471 
Because there is no natural order between the different factors which all influence the model in non-472 
linear ways, we conducted a sensitivity analysis by testing all possible ordering of the four factors 473 
(usage at distribution, functional survival, insecticidal durability and in-bed exposure). Under each 474 
permutation, the decrease in percentage points associated with each factor was computed, alongside 475 
the rank from 1 to 4 among the four factors.  476 
 477 
 478 
Finally, I’m confused about why you focused only on vectorial capacity in the cascade, rather than 479 
putting this same thing in terms of malaria burden. In either case, I’d be interested to know what the 480 
actual vectorial capacity reduction and/or burden reduction was in these clinical trials, and how your 481 
results compare to that estimate. I’d recommend putting these actual data values in the main 482 
text/figures, not the supplement. 483 
 484 
Thank you for this suggestion. All considered trials reported prevalence as an outcome (primary 485 
outcome in 3 out of 4 trials), therefore this is the indicator we used to assess the impact of the 486 
interventions on malaria. We computed the effect sizes (reduction in malaria prevalence in the 487 
intervention arm compared to the control arm) both in the RCT data and in our model estimates and 488 
compared them in a scatter plot. We also computed the relative change compared to baseline (change 489 
in malaria prevalence after intervention compared to the pre-intervention level). This graphic is now 490 
included in the main text of the article.  491 



 492 

Figure 2. Comparison of observed values in RCTs (y-axis) and modelled estimates (x-axis), considering validation points only. The 493 
black dashed line indicates the Y=X line, i.e. perfect agreement. A. Observed and modelled prevalence, with associated 494 
uncertainty intervals. On the x-axis, error lines represent model uncertainty associated with EHT fitting, transmission intensity 495 
calibration and model stochasticity (see Methods section for methodological details). On the y-axis, error lines represent 2 496 
empirical standard deviations from the point estimate. B. Observed and modelled effect sizes (relying on the median model 497 



prediction across EHT trials, transmission intensity calibration and model stochasticity). Effect size is defined as 100 ∗
𝑃𝑅0−𝑃𝑅𝑖

𝑃𝑅0
, 498 

where 𝑃𝑅0 is the prevalence in the control arm and 𝑃𝑅𝑖  is the prevalence in the intervention arm. C. Observed and modelled 499 
relative change compared to baseline (relying on the median model prediction across EHT trials, transmission intensity 500 
calibration and model stochasticity). Relative change compared to baseline is defined as 100 ∗

𝑃𝑅𝑡=0−𝑃𝑅𝑡

𝑃𝑅𝑡=0
, where 𝑃𝑅𝑡=0 is the 501 

prevalence at baseline (pre-intervention) and 𝑃𝑅𝑡 is the prevalence post-intervention. 502 

And it is associated with the following text:  503 
“Nonetheless, there was a general agreement between observations and model estimates (see Figure 504 

2): in the linear regression between observed and modelled values, the adjusted R2 was 0.94 for 505 

prevalence, 0.64 for effect sizes and 0.56 for relative comparison to pre-intervention levels. The 506 

regression coefficients for each indicator were 0.98, 1.18 and 0.80, respectively.” 507 

 508 
Both observed and modelled effect sizes display substantial variability within and across trials. This can 509 
be driven by a multiplicity of factors, including pre-intervention transmission levels, intervention 510 
coverages, non-linearities in malaria transmission and setting-specific differences in environmental and 511 
socio-economic factors. Therefore, these metrics are not suitable to explore more generally the drivers 512 
of ITN impact, as we wish to do with our effectiveness cascade.  513 
Vectorial capacity reduction, however, is a theoretical quantity related to the basic reproduction 514 
number R0, but which focuses on the aspect related to the vector side of the parasite’s transmission 515 
cycle. This way, it relies only on parameters related to vectorial transmission and vector control 516 
interventions (e.g. killing, repellency, durability of vector control products, vector control coverage) and 517 
it enables comparisons independently of other contextual factors not directly related to vector control 518 
(underlying EIR, case management coverage, etc.). 519 
For the same reasons that RCTs don’t report measures of R0, it is not possible to measure vectorial 520 
capacity directly in the field, and therefore compare our estimates with those from the RCTs. This 521 
outcome is an extrapolation from our model, that we think is a useful tool for decision-makers. 522 
 523 
We have added a limitation in the discussion to highlight the fact that vectorial capacity is only a 524 
theoretical metric and not directly transposable into burden estimates: 525 
 526 
Third, our effectiveness cascades are quantified using the theoretical concept of vectorial capacity 527 
reduction. Although this metric does not directly reflect the burden of malaria, it has the advantage of 528 
being independent of the contextual factors that are not directly related to vector control. These 529 
factors include the acquired immunity in humans, case management and drug-based intervention 530 
coverage, and climate variations. As the drivers of malaria transmission are non-linear, the same 531 
reduction in vectorial capacity can lead to different numbers of cases averted, depending on setting-532 
specific factors (as can be seen from the variability in modelled effect sizes). Therefore, our cascades 533 
should not be interpreted as predictions of the public health impact of ITN products, but rather as a 534 
tool for identifying the relative importance of the factors responsible for the loss of impact in a given 535 
context. 536 
 537 
3. The Protopopoff Trial: 538 
 539 
I respect you keeping the model fit to this trial in the paper as opposed to dropping it, but I’m 540 
confused about the way it’s being framed. You’re trying to pose it as a successful model fit that we 541 
should interpret, when unfortunately that’s not what I’m seeing. I think you should leave it in, but the 542 
framing should change.  543 



 544 
Thank you for this comment. In the revised manuscript, we have kept the Protopopoff example, but we 545 
have also expanded the validation analysis to include the two remaining published RCTs, conducted in 546 
Benin and Uganda, therefore increasing the examples on which the model is tested. 547 
 548 
I’ve already discussed the fit to the pyrethroid-only nets above. Given the lack of agreement between 549 
data and in-sample calibration, I would advise toning back your language on lines 183-4 that the 550 
model predictions hit every data point but one. I’m also confused at why you treated the high value as 551 
an outlier for calibration– I understand that the data point is unusual, but do you have any evidence 552 
that it’s not accurate? If not, it shouldn’t be thrown out.  553 
 554 
Thank you for this remark. Following your above suggestion, the model has been updated to infer the 555 
impact of pyrethroid-only ITNs from EHT data as well. With this change, all post-intervention prevalence 556 
points are treated equally as validation points (and no point is excluded as an outlier anymore). 557 
Additionally, there was some improvement in the results for pyrethroid-only ITNs in the Protopopoff 558 
trial, and now only three observations post-intervention are missed in November 2016, June 2017 and 559 
November 2017. The observation in June 2017 is also missed in the Olyset Plus arm (as before). It is 560 
important to note, though, that these three prevalence measurements are high, and above the pre-561 
intervention prevalence levels.   562 
 563 
 564 
Therefore, Figure 2 is now as follows: 565 
 566 



 567 
 568 
 569 
 570 
 571 
We have also revised the text in the results section to better reflect the limitations of our validation. 572 
 573 
Over all trials, the uncertainty intervals for the model predictions and observations overlapped at all 574 

time points for Interceptor® G2, and all time points but two for Olyset® Plus. In the trial by Staedke et 575 

al.55, the second observation was slightly missed. In the trial by Protopopoff et al.  53,54, the observation 576 

at 28 months in the intervention arm was largely missed; however, the observed prevalence at that date 577 

was abnormally high in both the control and intervention arm, the estimates being higher than all other 578 

observations including the pre-intervention estimate. For pyrethroid-only ITNs, although the models did 579 

reproduce general trends, seven out of 17 observed prevalence points were not captured by the model 580 

estimates. In Mosha et al. 11,12, two observations were slightly missed. In Protopopoff et al. 53,54, three 581 



observations with high prevalence toward the end of the trial were missed. In Accrombessi et al. 13,14, 582 

the impact of pyrethroid-only ITNs was underestimated at the beginning and at the end of the post-583 

intervention period.  584 

 585 
Over all trials, the uncertainty intervals for the model predictions and observations overlapped at all 586 

time points for Interceptor G2, and all time points but two for Olyset Plus. In the trial by Staedke et 587 

al.56, the second observation was slightly missed. In the trial by Protopopoff et al.  54,55, the observation 588 

at 28 months in the intervention arm was largely missed; however, the observed prevalence at that date 589 

was abnormally high in both the control and intervention arm, the estimates being higher than all other 590 

observations including the pre-intervention estimate. For pyrethroid-only ITNs, although the models did 591 

reproduce general trends, seven out of 17 observed prevalence points were not captured by the model 592 

estimates. In Mosha et al. 12,13, two observations were slightly missed. In Protopopoff et al. 54,55, three 593 

observations with high prevalence toward the end of the trial were missed. In Accrombessi et al. 14,15, 594 

the impact of pyrethroid-only ITNs was underestimated at the beginning and at the end of the post-595 

intervention period.  596 

 597 
In general, I would reframe the Protopopoff story as an important reminder that models do not 598 
perform equally well in all settings. Your model works beautifully against one trial, and not so well 599 
against another. If you can’t fix that calibration, I would make an honest description of why that is, 600 
and encourage readers not to make too strong an interpretation of your Protopopoff model fits. This 601 
is an opportunity to be a good teacher about responsible model interpretation.  602 
 603 
Thank you for this feedback. We have revised the wording of our discussion sections to better nuance 604 
our claims as follows: 605 
 606 
At the population level, we validated our dynamical model’s ability to reproduce the reduction in 607 

malaria prevalence observed in four RCTs conducted in Tanzania, Uganda, and Benin. These trials 608 

consistently showed greater effectiveness of next-generation ITNs compared to pyrethroid-only nets, 609 

though the duration of protection varied substantially across net types and settings. Despite some 610 

discrepancies, our model reproduced the overall magnitude of the impact of next-generation ITNs on 611 

prevalence and captured much of the associated uncertainty. When considering the effect sizes 612 

between next-generation and pyrethroid-only ITNs and the relative comparison between pre- and 613 

post-intervention levels, substantial variability was observed in both the observed and modelled 614 

values within and across trials. Although the model did not capture perfectly the observed 615 

heterogeneity for these two indicators, there was agreement in the general trends. Overall, this 616 

evidence from RCTs is in line with the results observed the effectiveness pilots conducted in Burkina Faso, 617 

Mozambique, and Rwanda, that also observed a superior effectiveness of chlorfenapyr and PBO nets 618 

relative to pyrethroid ones for at least two years after distribution16. Less clear results were observed in 619 

Nigeria where diverging trends in prevalence and incidence could be attributed to data quality issues, 620 

confounding interventions and external factors, and where ITNs usage was low16.  Therefore, our 621 

updated parameterization of the OpenMalaria model, which has been tested against RCT data and 622 

demonstrates promising alignment especially for prevalence outcomes, can now be used to predict 623 

potential ITN impact in places where there have not been RCTs. It can also be used for subnational 624 

tailoring of interventions and/or country-wide predictions of the impact of malaria interventions35,58. 625 



And added this paragraph in the limitations section of the discussion: 626 
 627 
Second, despite an overall good agreement between observations and model predictions, there were 628 

divergences in some instances, notably in Protopopoff et al.54,55, where very high post-intervention 629 

prevalence was reported towards the end of the trial, or in Accrombessi et al.14,15, where the model 630 

underestimated the impact of pyrethroid-only ITNs at the beginning and at the end of the trial. 631 

Previous modelling attempts to reproduce these two trials with another malaria model faced similar 632 

issues and outcomes 38,42. In Protopopoff et al.54,55, some observations reported prevalence above 68% 633 

among children under 15 years old, reaching as high as 81% in one arm: it is likely that the occurrence 634 

of such high prevalence is due to external factors not included in the model. Mathematical models are 635 

simplified representations of reality, which is far more complex than can be perfectly predicted. It is 636 

therefore important to remember that, while such models can be useful at predicting general patterns 637 

and trends, they are not necessarily effective for forecasting precise future outcomes.  638 

 639 
 640 
In addition to the above, I have a number of shorter points that I would recommend addressing 641 
before a future submission: 642 
- Line 92: you use the term “EHT” before defining it. 643 
 644 
Corrected 645 
 646 
- Intro: It wasn’t until the discussion that I realized all these studies were from Tanzania– you barely 647 
mention it earlier in the paper. It would have been helpful to have more context in the intro about the 648 
Tanzanian setting for this work– where were the trials conducted, what’s the environment etc 649 
 650 
Thank you for this remark. We have now included three additional EHTs conducted in Benin and Côte 651 
d’Ivoire, as well as the two remaining published RCTs on new-generation ITNs, conducted in Uganda 652 
(Staedke et al. 2020) and Benin (Accrombessi et al. 2023, 2024). The work is therefore not restricted to 653 
Tanzania anymore. 654 
 655 
- The introduction had very helpful background information, but it said very little about your actual 656 
study until the very end. I’d advise using the introduction to prepare the reader for what they’re 657 
about to see in the results, so they don’t get overwhelmed with technical details. 658 
 659 
Thank you for this remark. We have reformulated the final paragraph of the introduction to give a more 660 

precise description of the analyses conducted: 661 

In this work, we quantify the epidemiological impact of two nexy-generation ITNs, namely Olyset® Plus 662 

(PBO-pyrethroid) and Interceptor® G2 (chlorfenapyr-pyrethroid). First, the entomological efficacy of the 663 

ITNs is estimated using a Bayesian statistical model fitted to data from eight EHT conducted in 664 

Tanzania, Côte d’Ivoire and Benin. Secondly, these entomological efficacy estimates are incorporated 665 

into an established mathematical model of malaria transmission (the OpenMalaria simulation 666 

platform 45) and the model’s capacity to predict population-level prevalence is validated against the 667 

outcomes of four RCTs conducted in Tanzania, Benin and Uganda. Finally, we use the mathematical 668 

model to quantify the impact of both net types along the different steps of the effectiveness cascade and 669 

identify the relative contributions of the main factors responsible for the loss of effectiveness.  670 



 671 

 672 
- I’m afraid I found every entry in the textbox extremely confusing– can you rewrite these in your own 673 
words, with very clear definitions of how we should interpret each phrase in the context of this paper 674 
in particular? 675 
 676 
Thank you for this remark. We have reformulated the definitions and added two entries on “ITN 677 
effectiveness” and “Vectorial capacity” to increase clarity. The revised textbox is as follows:  678 

Entomological Efficacy: capacity of a given vector control product to reduce mosquito transmission 679 
potential, through the alteration of mosquito biting, mortality and/or fecundity, under ideal operational 680 
conditions. It can be quantified as the relative reduction in vectorial capacity through deploying the 681 
vector control product under ideal operational conditions. 682 

ITN effectiveness: capacity of a given ITN product to reduce mosquito transmission potential under user 683 
conditions. It differs from entomological efficacy in that insecticidal durability, functional survival, ITN 684 
use and in-bed exposure are also accounted for. It can be quantified as the relative reduction in vectorial 685 
capacity through deploying the ITN under realistic operational conditions. 686 

Vectorial capacity: Total number of potentially infectious bites originating from all the mosquitoes biting 687 
a single perfectly infectious (i.e. all mosquito bites result in infection) human on a single day. It 688 
represents the potential for a given mosquito population to transmit malaria. 689 

ITN use: Proportion of the population sleeping under a net the previous night. It is the result of both 690 
“access” to a net (proportion of the population with access to an ITN for every two persons that slept in 691 
the household the previous night) and “use given ownership” (proportion of the population with ITNs 692 
that slept under a net the previous night). 693 

Insecticidal durability: “Retention of insecticidal efficacy of the ITN” 46. 694 

Functional survival: “An estimate of the physical lifespan of an ITN product in the field […] It is measured 695 
as an ITN that is present in use and in serviceable condition” 46. It is the result of the ITN's physical 696 
integrity declining due to damage and attrition, that results in nets being discarded when the user no 697 
longer regards them as useful. 698 

In-bed exposure: The proportion of vector bites occurring indoors during sleeping hours out of all 699 
potential bites in day (indoors and outdoors), for an unprotected individual. It represents “the maximum 700 
possible personal protection any intervention targeting sleeping spaces could provide”46. 701 

 702 
- Throughout: I’m confused about the terms “entomological efficacy” and “vectorial capacity 703 
reduction”. Are they the same? If so, please pick one and stick to it. If not, please clearly explain the 704 
difference. 705 
 706 
Thank you for raising this point. In our analysis, “entomological efficacy” refers to the capacity of the ITN 707 
to reduce mosquito transmission potential under ideal operational conditions. It is to be contrasted with 708 
“ITN effectiveness”, which also includes in operational factors such as insecticidal durability, functional 709 



survival, ITN use and in-bed exposure. Vectorial capacity reduction is the metric used to quantify both 710 
effects in our mathematical model. 711 
 712 
For better consistency across sections, we have renamed the panel in Figure 1 to “entomological 713 
efficacy”. 714 
 715 
Additionally, as mentioned above, the updated textbox now defines precisely these three terms as 716 
follows: 717 

Entomological Efficacy: capacity of a given vector control product to reduce mosquito transmission 718 
potential, through the alteration of mosquito biting, mortality and/or fecundity, under ideal operational 719 
conditions. It can be quantified as the relative reduction in vectorial capacity through deploying the 720 
vector control product under ideal operational conditions. 721 

ITN effectiveness: capacity of a given ITN product to reduce mosquito transmission potential under user 722 
conditions. It differs from entomological efficacy in that insecticidal durability, functional survival, ITN 723 
use and in-bed exposure are also accounted for. It can be quantified as the relative reduction in vectorial 724 
capacity through deploying the ITN under realistic operational conditions. 725 

Vectorial capacity: Total number of potentially infectious bites originating from all the mosquitoes biting 726 
a single perfectly infectious (i.e. all mosquito bites result in infection) human on a single day. It 727 
represents the potential for a given mosquito population to transmit malaria 728 
 729 
- Fig 1: I’d recommend adding the greek letters to the subplot headers, to guide the readers when they 730 
read the methods. I’d also suggest adding more informative axis lines– such as one at 80%, given that 731 
you discuss this as a cutoff in the text. 732 
 733 
We have now added the Greek letters to the subplot headers and the y-axis now includes more labels 734 
(20%, 40%, 60% and 80%).  735 
 736 
- I’m leery to recommend the use of a p-value, but they might be helpful when you’re describing how 737 
to interpret the mean differences + confidence intervals on lines 158-166. 738 
 739 
Thank you for this comment. Because our statistical model relies on the Bayesian framework, instead of 740 
providing p-values, we computed the difference in vectorial capacity reduction between the 2 products 741 
over 1000 parameter sets from our posterior distribution. We assessed whether the value 0 was 742 
between the 2.5% and 97.5% quantiles of that distribution to assess difference in impact. The table 743 
containing these intervals is included in Supplementary material and reads as follows: 744 
 745 

  Difference in vectorial capacity reduction  
(95% credible interval) 

 EHT Interceptor G2 - 
Pyrethroid 

Olyset Plus - 
Pyrethroid 

Interceptor G2 – 
Olyset Plus 

1 Assenga et al. 3 (Tanzania) -0.8% – 2.5 % -1.5% – 1.7 % -1.15% – 2.71 % 
2 Kibondo et al. 4 1.6% – 7.8 %   
3 BIT080 3.3% – 8.5 %   
4 BIT055  0.7% – 3.0 %  
5 Odufuwa et al. 6  8.1% – 15.3 %  



6 Martin et al.7 (An. gambiae) 13.1% – 59.4 % 12.2% – 58.9 % -4.3% – 5.0 % 
7 Martin et al.7 (An. funestus) 5.6% – 55.4 % -2.9% – 50.7 % -0.7% – 17.0 % 
8 Assenga et al. 3 (Côte d’Ivoire) 7.6% – 12.6 % 2.5% – 7.7 % 4.0% – 6.1 % 
9 Nguessan et al. 8 10.6% – 16.6 %   

Supplementary Table 3.2. Difference between vectorial capacity estimates for 1000 parameter sets from the posterior 746 
distribution (2.5 and 97.5 quantiles of the distribution), to assess the difference in entomological efficacy between ITNs 747 
evaluated within the same EHT. Only unwashed/new ITNs are considered. Negative values are highlighted in red: these indicate 748 
that the interval contains the value 0 and therefore that we cannot conclude to a difference in entomological efficacy between 749 
the two ITNs given statistical uncertainty. 750 

 751 
It is commented in the Results section as follows: 752 
And comm 753 
In all studies but two (Assenga et al.48, Tanzania data and Martin et al.51 for An. funestus mosquitoes), 754 

the difference in vectorial capacity reduction between next-generation ITNs and pyrethroid-only ITNs 755 

was positive in more than 95% of the simulations, indicating the superiority of next-generation ITNs in 756 

terms of entomological efficacy (see Supplementary table 3.2). In the studies which included both 757 

types of next-generation net within the same trial in Tanzania (Assenga et al.48 and Martin et al.51), 758 

the difference in vectorial capacity reduction estimates between Interceptor® G2 and Olyset® Plus had 759 

a 95% credible interval containing the value 0. This indicates that, considering the statistical 760 

uncertainty, we could not conclude that there was a difference in impact between these two products. 761 

In the EHT conducted in Côte d’Ivoire48, however, the interval did not contain 0 and a higher 762 

entomological efficacy was measured for Interceptor G2.    763 

 764 
The approach is also explained in the Methods section: 765 
 766 
In order to formally assess the difference in entomological efficacy between products tested within the 767 

same EHT, we computed the difference between vectorial capacity estimates for 1000 parameter sets 768 

from the posterior distribution. We computed the 2.5 and 97.5 quantiles of the resulting distribution 769 

and assessed if this interval contained the value 0 or not (displayed in Supplementary table 3.2). 770 

 771 
 772 

- Lines 175-6: these lines state that entomological efficacy is a model input, but the methods section 773 

males it sound like a model output– which is it? 774 

Thank you for this remark. The entomological efficacy estimates are an output of section 1 (statistical 775 
model) and they are used as an input in the following section (mathematical model). We modified the 776 
phrasing to reduce the confusion: 777 
 778 
The aforementioned estimates (outputs displayed in Figure 1), alongside setting-specific information 779 
related to epidemiological conditions and ITN effectiveness, were then included in the OpenMalaria 780 
mathematical model of malaria transmission. 781 
 782 
- Figure 2: Why does the Protopopoff model fit have much larger confidence intervals, if it’s calibrated 783 
to more data points than the Mosha trial? 784 
 785 



These large uncertainty intervals were driven by the calibration uncertainty while reproducing pre-786 
intervention prevalence. After the various methodological changes implemented (addition of EHTs, 787 
calibration of pyrethroid-only ITNs to EHT data), the model for the Protopopoff trial does not have much 788 
larger uncertainty intervals anymore (see Figure 2). 789 
 790 
- Line 351– please give a bit more detail about trial location, timing, etc 791 
We have now included a table summarizing the main characteristics of the various EHT used: 792 
 793 

 Experimental 
hut trial 

Location Year Mosquito 
species  

Pyrethroid-
only ITNs 

New-
generation 
ITNs 

Durability 

1 Assenga et 
al. 50 

Tanzania 
(Ifakara, 
Morogoro) 

Sept-
Oct 
2023 

Anopheles 
arabiensis 

MAGNet 
(alpha-
cypermethrin) 

Interceptor 
G2, Olyset 
Plus 

Unwashed 
and 20x 
washed 

2 Kibondo et 
al. 51 

Tanzania 
(Ifakara, 
Morogoro) 

Feb-
Mar 
2021 

Anopheles 
arabiensis 

Interceptor 
(alpha-
cypermethrin) 

Interceptor 
G2 

Unwashed 
and 20x 
washed 

3 BIT08053 Tanzania 
(Ifakara, 
Morogoro) 

Apr-
May 
2023 

Anopheles 
arabiensis 

MiraNet 
(alpha-
cypermethrin) 

Interceptor 
G2  

Unwashed 
and 20x 
washed 

4 BIT055 Tanzania 
(Ifakara, 
Morogoro) 

Nov-
Dec 
2020 

Anopheles 
arabiensis 

Olyset 
(permethrin) 

Olyset Plus Unwashed 
and 20x 
washed 

5 Odufuwa et 
al. 52 

Tanzania 
(Bagamoyo, 
Pwani) 

Sept-
Oct 
2020 

Anopheles 
arabiensis 

PermaNet 2.0 
(deltamethrin) 

Olyset Plus Unwashed 
and 20x 
washed 

6 Martin et 
al.54 

Tanzania 
(Magu, 
Mwanza) 

May 
2020- 
Dec 
2022 

Anopheles 
gambiae 
s.l. 

Interceptor 
(alpha-
cypermethrin) 

Interceptor 
G2 
Olyset Plus  

New and 
field-aged 
ITNs after 
36 months 

7 Martin et 
al.54 

Tanzania 
(Magu, 
Mwanza) 

May 
2020- 
Dec 
2022 

Anopheles 
funestus 

Interceptor 
(alpha-
cypermethrin) 

Interceptor 
G2 
Olyset Plus  

New and 
field-aged 
ITNs after 
36 months 

8 Assenga et 
al. 50 

Côte 
d’Ivoire 

May-
July 
2023 

Anopheles 
gambiae 
s.l. 

MAGNet 
(alpha-
cypermethrin) 

Interceptor 
G2, Olyset 
Plus 

Unwashed 
and 20x 
washed 

9 Nguessan et 
al. 55 

Benin 
(Cové, Zou) 

Apr-
July 
2015 

Anopheles 
gambiae 
s.l. 

Interceptor 
(alpha-
cypermethrin) 

Interceptor 
G2 

Unwashed 
and 20x 
washed 

10 Sovegnon et 
al. 56 

Benin (Za-
Kpota, Zou) 

Jul-
Aug 
2021 
and 
Oct-
Nov 
2021 

Anopheles 
gambiae 
s.l. 

Interceptor 
(alpha-
cypermethrin) 

Interceptor 
G2 

New and 
field-aged 
ITNs after 
24 months 



 794 
 795 
- Line 365: I would make clear in the limitations/discussion that these results are only for An. 796 
arabiensis, not only list it in the methods 797 
 798 
Thank you for this remark. Our updated analysis now also includes one trials with results on An. 799 
funestus, as well as three trials with Anopheles gambiae s.l.  in West Africa. We have also added the 800 
following limitation in the Discussion section: 801 
 802 
First, we estimated ITN entomological impact using EHTs from three countries: in Tanzania, results 803 
were obtained for Anopheles arabiensis in five trials, and Anopheles funestus in one trial, in Benin and 804 
Côte d’Ivoire, the results were obtained for Anopheles gambiae s.l. in three trials. Therefore, caution 805 
should be exercised when extrapolating to other countries or vector species. 806 
 807 
- Line 398: what is kappa, and how does it relate to your other two killing params? Why is it there? 808 
 809 
Many thanks for this remark. kappa represents the increase in killing associated with the intervention 810 
and it is directly fitted during the inference procedure. It is implicitly included in the formula for the pre-811 
prandial killing effect phi, which is the parameter reported in the main results and used for subsequent 812 
modelling. We have updated the text in the methods to improve clarity: 813 
 814 
A related indicator is the pre-prandial killing effect  𝜙𝑖, namely the reduction in the probability 𝑝𝑆𝑖

 of 815 

surviving before biting (where 𝑝𝑆𝑖
= 1 − 𝑝𝑈𝐷𝑖

). The pre-prandial killing effect can be obtained via the 816 

following formula (which can be sampled while fitting the Bayesian model): 817 

 𝜙𝑖 = 1 −
𝑝𝑆𝑖

𝑝𝑆0

 818 

This can be rewritten as  819 

 𝑝𝑆𝑖
= 𝑝𝑆0

(1 − 𝜙𝑖) 820 

When  𝜙𝑖 = 0, the intervention has no effect on the probability that mosquitoes survive, and when  𝜙𝑖 =821 

1, all mosquitoes die and none can feed the protected host. Because 𝒑𝑺𝒊
 is a function of 𝜶𝒊 and 𝝁𝒊, 822 

which themselves depend on 𝝅𝒊 and 𝜿𝒊 , the pre-prandial killing effect  𝝓𝒊 is itself a function of both 𝝅𝒊 823 

and 𝜿𝒊. It is required for subsequent mathematical modelling with OpenMalaria and will be used in the 824 

model to represent the potential of the intervention to kill mosquitoes before feeding.  825 

 826 
 827 
- Table 1: a diagram/decision tree would be helpful to understand how these parameters interact 828 
 829 
Thank you for this suggestion. The following figure was added within the Methods section: 830 



 831 

Figure 3. Schematic representation of the model used for statistical estimation of entomological effects. UA: unfed alive, UD: 832 
unfed dead, F: fed, FD: fed dead, FA: fed alive. The left panel (blue) represents the possible outcomes for a vector in presence of 833 
an unprotected individual in the control arm (untreated net). The right panel (red) represents the possible outcomes for a vector 834 
in presence of an individual protected by an ITN. 835 

 836 
- Line 434: How long is a time step? 837 
 838 
The time step used is one day (or one night). This is now included in the unit column in the table with 839 
the parameter descriptions. Additionally, because in this model all parameters do not vary with time, we 840 
have now removed the time subscript t from most equations to improve readability. 841 
 842 
- Table 2: why is the non-intervention counterfactual EIR different between trial arms? 843 
 844 
This is because we calibrate the EIR to best reproduce the pre-intervention prevalence in each trial arm. 845 
Because pre-intervention prevalence is not equal in all arms (and most instances, pre-intervention ITN 846 
coverage also differs between arms), the best fitting EIR also differs between arms. 847 
We added a sentence in the methods section to make this point clearer: 848 
 849 
Resulting EIR estimates may vary across trial arms due to differing baseline prevalence and 850 
intervention coverages. 851 
 852 
 853 
Reviewer #2 (Remarks on code availability): 854 
 855 
I did a very brief scan of the GitHub repo, and it looks well-formatted and tidy. I know this takes a lot 856 
of work to maintain, and it's much appreciated. I would recommend adding a folder with all the data 857 
shown in figures, and a script allowing users to replicate the plots precisely. 858 
 859 
We have now included the data as part of the GitHub repository, and not as supplementary material 860 
anymore, for increased readability. 861 
 862 
 863 

864 



Reviewer #3 (Remarks to the Author): 865 
 866 
This paper brings about an interesting solution for a very relevant problem: How to optimize the 867 
deployment of ITNs from an explicitly epidemiological perspective, considering virtually all relevant 868 
practical parameters associated with this important public-policy intervention. It combines the 869 
analysis of experimental hut trials (EHTs), which were validated against Randomized Clinical Trials 870 
(RCTs) and used for parameterization of a previously existing malaria-epidemiological modelling 871 
framework (OpenMalaria).  872 
 873 
The article is generally a good read with a clear and concise message. There are a few tweaks 874 
regarding abbreviations that appear in the text without previous explanation. Even though some of 875 
them are obvious for those familiar with the field, it is important to make the text accessible to 876 
scientists outside the domain, as well. E.g., ‘EHT’ appears for the first time in the text on line 92; LLIN, 877 
line 98. I suggest a review of accessibility of abbreviations and further domain-specific terminology 878 
throughout the text (with the recognition that Textbox 1 covers a great deal of this issue already). 879 
 880 
Thank you for this remark. EHT is now defined in line 48 and ITN in line 1. We have also revised the 881 
wording of the Textbox, following the suggestion of Reviewer 2. 882 
 883 
 884 
The method of EHT analysis, using a Bayesian framework is truly fascinating. It is a pity that the 885 
approach is not explicitly mentioned in the Results section, which leaves the reader skeptical about 886 
the validity of the analysis work. Highlighting Bayesian metrics in the Results section could be one way 887 
to avoid unnecessary confusion. 888 
 889 
Thank you for this remark. We added a mention of the Bayesian framework in the caption of Figure 1 890 
and have reformulated the first paragraph of the results section to better highlight the Bayesian model 891 
as follows: 892 
 893 
With a Bayesian model adapted from Denz et al.40 (see Methods section) we estimated four indicators: 894 
reduction in host availability (reflecting the deterrent properties of the nets), pre-prandial killing effect 895 
(referring to mosquito mortality before biting), post-prandial killing effect (referring to mosquito 896 
mortality after biting) and overall entomological efficacy (measured as the reduction in vectorial capacity 897 
and is a combination of the previous three indicators). The indicators were estimated for Interceptor® 898 
G2, Olyset® Plus and five pyrethroid-only ITNs (Interceptor, MiraNet, MAGNet, Olyset, PermaNet 2.0) 899 
using data from eight EHTs conducted in Tanzania48–51, Côte d’Ivoire48 and Benin52,53 (cf. Figure 1, with 900 
all numerical outputs in Supplementary Table 1).  901 
 902 
We also made clearer mention of Bayesian uncertainty quantification when commenting the estimates: 903 
 904 
In all studies but two (Assenga et al.48, Tanzania data and Martin et al.51 for An. funestus mosquitoes), 905 
the difference in vectorial capacity reduction between next-generation ITNs and pyrethroid-only ITNs 906 
was positive in more than 95% of the simulations, indicating the superiority of next-generation ITNs in 907 
terms of entomological efficacy (see Supplementary table 3.2). In the studies which included both 908 
types of next-generation net within the same trial in Tanzania (Assenga et al.48 and Martin et al.51), 909 
the difference in vectorial capacity reduction estimates between Interceptor® G2 and Olyset® Plus had 910 
a 95% credible interval containing the value 0. This indicates that, considering the statistical 911 
uncertainty, we could not conclude that there was a difference in impact between these two products. 912 



In the EHT conducted in Côte d’Ivoire48, however, the interval did not contain 0 and a higher 913 
entomological efficacy was measured for Interceptor G2.   914 
 915 
Additionally, as per the suggestion of Reviewer 2, the methods section now includes a diagram 916 
describing the statistical model used, to improve clarity. 917 
 918 
 919 
That being said, one of my main concerns is the limited number of trials included in the analysis and 920 
even smaller number brought into the model validation. I failed to find the right justification for the 921 
small number of trials in the text and, while I have suspicions on the reasons why, I would like to 922 
know that explicitly from the authors: Are there any other opportunities for an improved sampling of 923 
studies? It seems a bit of a stretch to base some of much of a potentially immensely useful set of 924 
recommendations on just two validations, one of which of very questionable fit (Protopopoff et al. 925 
2018, 2023). To me, this is a major point that needs clear justification, consideration of impact on the 926 
results and associated recommendations, and a proposal of a way forward for a robust policy 927 
recommendation. There is one very strong claim on line 263, which – to me – needs substantial more 928 
backing on data. 929 
 930 
Thank you for raising this important point. We have now expanded the number of trials included in the 931 
manuscript. 932 
 933 
For the estimation of entomological efficacy with the Bayesian model, we added four EHTs: 934 

- Martin et al. 2024: conducted in Tanzania, alongside the Mosha et al. RCT, and comparing 935 
pyrethroid-only ITNs with Interceptor G2 and OlysetPlus 936 

- Nguessan et al. 2016: conducted in Benin and comparing pyrethroid-only ITNs with Interceptor 937 
G2 938 

- Sovegnon et al. 2024: conducted in Benin and comparing pyrethroid-only ITNs with Interceptor 939 
G2 940 

- Assenga et al. 2025: we now also include the trial data from Côte d’Ivoire, which compares 941 
pyrethroid-only ITNs with Interceptor G2 and OlysetPlus.  942 

 943 
For validation of the prevalence estimates at the population level, we added 2 RCTs: 944 

- Staedke et al. 2020: conducted in Uganda, and comparing pyrethroid-only ITNs with PBO-945 
pyrethroid ITNs)  946 

- Accrombessi et al. 2023: conducted in Benin,  and comparing pyrethroid-only ITNs with 947 
chlorfenapyr-pyrethroid ITNs. 948 
 949 

To our knowledge, our analysis now includes all 4 RCTs comparing pyrethroid-only ITNs with Interceptor 950 
G2 and/or PBO-pyrethroid ITNs available in the scientific literature (and meeting the inclusion criteria of 951 
Sherrard-Smith et al. 2022) 952 
 953 
We also edited the text in the discussion to nuance our claims: 954 
 955 
At the population level, we validated our dynamical model’s ability to reproduce the reduction in 956 

malaria prevalence observed in four RCTs conducted in Tanzania, Uganda, and Benin. These trials 957 

consistently showed greater effectiveness of next-generation ITNs compared to pyrethroid-only nets, 958 

though the duration of protection varied substantially across net types and settings. Despite some 959 



discrepancies, our model reproduced the overall magnitude of the impact of next-generation ITNs on 960 

prevalence and captured much of the associated uncertainty. When considering the effect sizes 961 

between new-generation and pyrethroid-only ITNs and the relative comparison between pre- and 962 

post-intervention levels, substantial variability was observed in both the observed and modelled 963 

values within and across trials. Although the model did not capture perfectly the observed 964 

heterogeneity for these two indicators, there was agreement in the general trends. Overall, this 965 

evidence from RCTs is in line with the results observed the effectiveness pilots conducted in Burkina Faso, 966 

Mozambique, and Rwanda, that also observed a superior effectiveness of chlorfenapyr and PBO nets 967 

relative to pyrethroid ones for at least two years after distribution16. Less clear results were observed in 968 

Nigeria where diverging trends in prevalence and incidence could be attributed to data quality issues, 969 

confounding interventions and external factors, and where ITNs usage was low16.  .  Therefore, our 970 

updated parameterization of the OpenMalaria model, which has been tested against RCT data and 971 

demonstrates promising alignment especially for prevalence outcomes, can now be used to predict 972 

potential ITN impact in places where there have not been RCTs. It can also be used for subnational 973 

tailoring of interventions and/or country-wide predictions of the impact of malaria interventions35,58. 974 

 975 

We also added this paragraph in the limitations section of the discussion: 976 

Second, despite an overall good agreement between observations and model predictions, there were 977 

divergences in some instances, notably in Protopopoff et al.54,55, where very high post-intervention 978 

prevalence was reported towards the end of the trial, or in Accrombessi et al.14,15, where the model 979 

underestimated the impact of pyrethroid-only ITNs at the beginning and at the end of the trial. 980 

Previous modelling attempts to reproduce these two trials with another malaria model faced similar 981 

issues and outcomes 38,42. In Protopopoff et al.54,55, some observations reported prevalence above 68% 982 

among children under 15 years old, reaching as high as 81% in one arm: it is likely that the occurrence 983 

of such high prevalence is due to external factors not included in the model. Mathematical models are 984 

simplified representations of reality, which is far more complex than can be perfectly predicted. It is 985 

therefore important to remember that, while such models can be useful at predicting general patterns 986 

and trends, they are not necessarily effective for forecasting precise future outcomes.  987 

 988 
 989 
A separate point, which does not pertain to the immediate epidemiological effect of ITN deployment, 990 
but is of potentially disastrous impact, is the role of resistance evolution of the vector population to 991 
the insecticides in consideration. This needs to be discussed and the work done in this area 992 
considered, as well. The strategies of ITN deployment are not just a short-term problem, and 993 
resistance can be a major driver of failure in the medium term. One particular aspect I would like to 994 
see discussed is the interplay between insecticide resistance and the cascade of effectiveness. 995 
 996 
Many thanks for this remark. We have added the following paragraph in the Limitations section of the 997 
Discussion: 998 
 999 
Finally, our model and associated tool do not incorporate considerations related to the management 1000 

of insecticide resistance spread. Insecticide resistance is constantly evolving, even as a consequence of 1001 

successful ITN interventions65, and it can threaten the public health impact of ITNs. In our cascade, 1002 

resistance is implicitly included in the “entomological efficacy”: this step reflects the properties of the 1003 



ITNs in terms of killing and feeding inhibition under the resistance levels at the time and location 1004 

where the EHTs were conducted. Building on other modelling approaches that include a relationship 1005 

with bioassay mortality43 or a dynamical representation of resistance spread67 could help to 1006 

extrapolate predictions more accurately to new geographies or the future. While this is beyond the 1007 

scope of the current analysis, our model could be applied to more EHT data as they get generated, to 1008 

follow how entomological efficacy estimates change in reaction to resistance spread.  1009 

All in all, this paper proposes a tantalizing approach to improving the comparison and deployment of 1010 
ITNs: A theoretical solution to a very practical and real problem. Yet, “extraordinary claims require 1011 
extraordinary evidence”. In order to recommend the acceptance of this paper, I need see the limited 1012 
sample of studies addressed in the text. My recommendation is to include major revisions of the 1013 
included studies to validate the very powerful claim this paper makes. 1014 
 1015 
Thank you for your constructive feedback and for recognizing the value of our analysis. We hope that 1016 
the revised manuscript, which now includes many more studies for both calibration and validation, 1017 
provides solid support for our conclusions. 1018 
 1019 



October 20th, 2025 

  

Dear Editor, 

We thank the Editor and the reviewers for their thorough read of our work and their 

appreciation of our revised manuscript. We have edited the article to address all 

remaining comments and provided a detailed answer to each of them below. All edits 

in the text are depicted in bold in the responses below. 

We thank you very much for your time and consideration. 

Sincerely, 

Clara Champagne, on behalf of all authors 

 

 

REVIEWERS' COMMENTS 

 

Reviewer #1 (Remarks to the Author): 

 

Thanks for the revised draft and updated dashboard to review.  

 

I think the work is improved for this revision. The inclusion of the additional 

EHTs is great and also the validation effort against additional studies 

increasing the potential applicability of the dashboard.  

 

Many thanks for this positive appreciation of our work.  

 

One question of interest: When simulating the trials for Tanzania (Mosha), did 

you match the replacement of ITNs throughout as was explored in Churcher et 

al 2024? This could have made a substantial impact and it would be interesting 

to hear how you addressed this (I could not see it in the supplement) 

 

In the trial, Mosha et al. reported participants’ use of both study nets and any LLINs. 

In the simulations conducted, we assumed that all individuals initially possessed 

study nets, which were then lost over time according to a decay function derived 

from the observed data. The use of “any LLINs” remained relatively stable 

throughout the trial period so reduction in user and community level malaria were 

due to the decline of the study nets (further explored in Lukole at al 2025).  



By contrast, Churcher et al. assumed that individuals maintained a constant overall 

ITN usage but switched between standard LLINs and next-generation nets.  

These differences, alongside differences in model structure and entomological model 

calibration could explain the differences observed between our work and the one by 

Churcher et al. 

We made our assumption more explicit in the methods section: 

Functional survival is included by reducing the effective ITN usage over time. It is 

assumed that all individuals initially possessed study nets, which were then 

lost over time according to a decay function derived from the observed data. 

The decay distribution was assumed to be a Weibull function with half-life and 

shape parameter fitted to RCT data on ITN usage as explained in the Supplementary 

material (section 10), assuming half-life cannot exceed 3 years. 

 

 

Only minor things:  

 

line 182 - spelling degredation should be degradation 

done 

 

Please check supplementary info are referred to in order  

The supplementary information is now numbered in order of appearance in the main 

text. 

 

Might be worth flagging the 25m point for the Protopopoff study that is missed 

in the pyrethroid only ITN arm.  

 

We edited the text of the results as follows: 

For pyrethroid-only ITNs, although the models did reproduce general trends, seven 

out of 17 observed prevalence points were not captured by the model estimates. In 

Mosha et al. 11,12, two observations were slightly missed. In Protopopoff et al. 53,54, 

three observations with high prevalence toward the end of the trial were missed, in 

particular the observations at 21 and 28 months. In Accrombessi et al. 13,14, the 

impact of pyrethroid-only ITNs was underestimated at the beginning and at the end 

of the post-intervention period. 

 

Reviewer #1 (Remarks on code availability): 

 

The github is well organised and flagged appropriately throughout the script 

and code repository. The processed data is a useful resource. 



 

I have not run the full analysis due to time limitations - but it reads well for the 

spot checks I tried. 

 

 

Reviewer #2 (Remarks to the Author): 

 

I commend the authors for the remarkable work that went into revising this 

manuscript. I now believe it to be much stronger, and can recommend it for 

publication. 

Many thanks for this positive appreciation of our work.  

 

My only note is to ask for more detail on previous work in the field. On lines 

83-90, the authors state that effectiveness cascades for vector control have 

been presented, but rarely formally quantified. In addition to a few site-

specific, data-driven examples (refs 30-32), they cite one modeling paper that 

approaches this same problem (ref 33). However, they do not discuss how 

their modeling analysis is different from this previous study. I am aware of at 

least one other modeling analysis, from the 2022 World Malaria Report, which 

approaches a very similar question. I’d like the authors to please extend this 

paragraph to briefly discuss these two studies, and any other related modeling 

work in the field, and state clearly how their work expands upon or diverges 

from these prior analyses. 

Thank you for this remark and for pointing to us other modeling work that we had not 

mentioned. We have expanded the paragraph in the introduction as follows: 

For vector control, and ITNs in particular, while conceptual cascades have been 

presented in the literature 23,29, they have rarely been formally quantified 30–32 due to 

the difficulty of disentangling factors that are intrinsically intertwined in real-life 

settings. Mathematical models of malaria transmission offer the possibility to 

disentangle each factor and quantify their relative contribution to the overall ITN 

effectiveness. Two previous modelling studies (Briet et al.33 and Bertozzi-Villa et 

al.17, including the related analysis presented in the 2022 World Malaria report 

(https://www.who.int/teams/global-malaria-programme/reports/world-malaria-

report-2022)) explored this topic. Both studies highlighted the critical 

importance of operational factors, such as access, use and durability. 

However, except for one net PBO-pyrethroid net included in Briet et al.33, both 

studies mostly focused on pyrethroid-only ITNs and neither study directly 

incorporated human and vector activity rhythms in their quantifications. 

Additionally, both studies identified a substantial variability across countries 

and settings. There is therefore a need for additional tools that can explicitly 

quantify the relative contributions of the factors affecting the effectiveness of 

next-generation ITNs in various contexts. This would enable decision-makers 



to assess which products are likely to perform best in their specific settings. 

 

 

 

Reviewer #2 (Remarks on code availability): 

 

The code repository continues to look tidy and well-organized. The authors 

state that they have included a folder with all the data shown in the figures, 

and a script allowing users to replicate the plots precisely, but I was not able to 

find it. Can the authors please label this directory more clearly, and directly 

reference it in the code availability section? 

 

The EHT input data is available here: 

https://github.com/SwissTPH/ITNcascades/tree/main/EHT_fit/processed_data. 

Figures 1 and 4 can be reproduced based on this and the code available in 

https://github.com/SwissTPH/ITNcascades/tree/main/EHT_fit  

 

The results of the dynamical model simulations are provided here: 

https://github.com/SwissTPH/ITNcascades/tree/main/RCT_validation/csv_inputs 

Figures 2 and 3 can be reproduced using these inputs and the code in 

https://github.com/SwissTPH/ITNcascades/blob/main/RCT_validation/5_validation_s

ummary_figures.R 

 

In the data availability statement, we have edited the link to point directly to the folder 

where data is contained. 

In the GitHub repository, we have added a section in the readme entitled 

“reproducing the manuscript’s figures”. 

Figures 1 and 4 can be reproduced based on the data and this code. 

Figures 2 and 3 can be reproduced using the dynamical model simulations and 

this code.  

 

 

 
 
Reviewer #3 (Remarks to the Author): 
 

https://github.com/SwissTPH/ITNcascades/tree/main/EHT_fit/processed_data
https://github.com/SwissTPH/ITNcascades/tree/main/RCT_validation/csv_inputs
https://github.com/SwissTPH/ITNcascades/blob/main/RCT_validation/5_validation_summary_figures.R
https://github.com/SwissTPH/ITNcascades/blob/main/RCT_validation/5_validation_summary_figures.R
https://github.com/SwissTPH/ITNcascades/tree/main/EHT_fit/processed_data
https://github.com/SwissTPH/ITNcascades/tree/main/EHT_fit/processed_data
https://github.com/SwissTPH/ITNcascades/tree/main/RCT_validation/csv_inputs
https://github.com/SwissTPH/ITNcascades/blob/main/RCT_validation/5_validation_summary_figures.R


Thank you for addressing, not only my concerns, but all of the reviewers' 
points. I am now satisfied with the quality of the work and the evidence 
backing its claims. My recommendation is for acceptance. 
 
Many thanks for this positive appreciation of our work.  
 

 

 



Reviewer comments:  NCOMMS-25-01112 

This is an excellent contribution. The draft is well written, presented and considered and 

highly valuable to the malaria community. The work is novel in that it provides a flexible 

platform to consider cascading loss of impacts from the delivery of ITNs of two classes that 

are in regular use across malaria endemic regions. It is particularly useful to be able to 

consider the loss in impact due to the product in contrast to that due to operational 

challenges such as ITN access, or usage and exposure risks through human biting or 

mosquito activity patterns. I support its publication in Nature Communications and believe it 

fits the journal well.  

 

I have only some minor suggestions / typo highlights to offer. But please consider the 

suggestions for the app which might make it more translatable 

 

Have you tested the process elsewhere where other EHTs used? It might be a worthwhile 

exercise to confirm results are not substantially different? Appreciate that you would need to 

validate locally but perhaps possible in Benin to at least provide 1 alternative species. 

 

Feedback on the app 

At the moment, the first thing we see on the dashboard are the figures, which need some 

explanation to interpret. Could you make the default page the “About” tab, and add a 

“Definitions” tab to this page adjacent to the About tab. It would be excellent too to have an 

“Interpreting the outcome” explainer to support users.  

The details for the various parameters are noted within the Assumption tab, I think it could be 

useful to tell the user this. Under the Parameters title on the left of the screen, could you 

add; “For definitions and assumptions on values please see Assumptions tab” or something 

similar.   

For attrition, it could be really useful to flag this tool: ITN Quantification that would allow 

countries (outside of Tanzania) to gain information on their location.  

Could you have a button that automatically allows you to fill the same information for the two 

ITNs so that the user can ensure no mistake in typing causes a comparison that is 

unmatched? I appreciate there are measurable differences in the EHTs that would be 

retained, but might be useful for decisions makers. 

Linked to the only query above, could you add other experimental hut trial estimations from 

West Africa? To the five described by BIT10348, BIT055, BIT08049, Odufuwa50, and Kibondo 51   

The Activity Patterns for the two ITNs are identical (which might be what you desire but 

flagging in case as these are separate tabs) 

 

Minor considerations 

Introduction 

Perhaps in the introduction, where you say:  

https://allianceformalariaprevention.com/itn-quantification/index.html#info


In 2023, overall access to ITNs was estimated at around 60% in Africa, with only five 

countries on the continent achieving the target of 80% of the population sleeping under an 

ITN 4,18. 

Add 

In 2023, overall access to ITNs was estimated at around 60% in Africa, with only five of XX 

countries with endemic malaria on the continent achieving the target of 80% of the 

population sleeping under an ITN 4,18. 

As this will give better context. 

 

Perhaps in the introduction, where you say: 

Various indicators exist to monitor insecticide resistance, ITN use, ITN durability and in-bed 

exposure (see Textbox 1) but these indicators are measured independently of each other 

and therefore do not provide information on the relative contribution of each factor to the 

overall public health impact of ITNs. 

Add 

Various indicators exist to monitor insecticide resistance, ITN use, ITN durability and in-bed 

exposure (see Textbox 1) but these indicators are usually measured independently of each 

other and therefore do not provide information on the relative contribution of each factor to 

the overall public health impact of ITNs. 

As there are examples of studies that try to generate all these information, see xxxx. 

 

Where you state 

In particular, EHT data has been used to estimate the entomological efficacy of various 

vector control tools and hence parameterize mathematical models of malaria 41–44. 

It is probably worth adding two key publications in this space 

Nash 2021 

Challenger 2023 

 

Results 

A typo to correct here:  

Entomological efficacy was quantified in four indicators: reduction in host availability 

(reflecting the deterrent properties of the nets), pre-prandial killing effect (referring to 

mosquito mortality before biting), post-prandial killing effect (referring to mosquito mortality 

after biting) and overall reduction in vectorial capacity (representing to the potential for a 

given mosquito population to transmit malaria by combining the previous three indicators). 

 

Methods 



Where you mention “unfed-alive, unfed-dead, fed-alive and fed-dead” perhaps add the UA, 

UD, FA, FD acronyms that align with the supplementary data files.  

There is a reference to Appendix 4 but I cannot find this document (potentially needs 

updating – I think to Supplementary Table 1), similarly I think the ref to Appendix 2 should be 

Supplementary Table 2? Think same throughout – presumably the journal instructions can 

advise. 

Typo: all notations are indicated inError! Reference source not found. (needs a space) 

For the units, I think time is 1 day (or 1 night…) perhaps specify this if so in the Tables of 

parameters time-1 where unit time is 1 day 

Just need to double check the order of Tables/Figs mentioned is as per article… I think Table 

2 is referenced after Table 3 – very minor point!! 

 

Discussion 

The main findings are well presented and discussed, the only suggestions I have here is: 

The only species included in the analysis is arabiensis – could you add a limitation to this 

effect. I appreciate that were the methodology applied to other EHTs you could generate the 

entomological efficacy reductions to build the framework, but at this stage, in the app 

particularly, the estimates are from the 5 EHTs that consider arabiensis only. 

 

Congratulations on a great contribution.  
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