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ABBREVIATIONS

AI  active ingredient

CI  confidence interval

GLM  generalized linear model

GMP  Global Malaria Programme

IRB  Institutional Review Board

IRS  indoor residual spraying

ITN  insecticide-treated net
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GLOSSARY

active 
comparator

The active comparator for the non-inferiority trial should be 
the first-in-class product that demonstrated its public health 
value by means of cluster randomized controlled trials with 
epidemiological endpoints. 

Note: second in class products that have demonstrated non-
inferiority to first in class products may then be used as active 
comparators for non-inferiority testing of other second-in-class 
products.

blood-feeding 
rate

The proportion of blood-fed female mosquitoes relative to the 
total number of female mosquitoes found in an experimental hut.

candidate 
product

A novel product that is thought to have the same entomological 
effect as a product in an established intervention class, but has 
not yet provided the entomological evidence to join the class (in 
order to become a second-in-class product).

control An untreated net or, in the case of indoor residual spraying (IRS), 
spray of untreated water (water control) that is used to monitor 
the quality of the evaluation by ensuring that the mortality 
observed is due to the insecticide active ingredient(s) and not to 
poor execution of the study (e.g., induced mortality from poor 
handling of mosquitoes).

current standard 
of care

The type of insecticide-treated net (ITN) or IRS product 
predominantly used by the national malaria control programme 
in the country where the study will be implemented.

deterrence The reduction in the number of mosquitoes entering an 
experimental hut with an intervention relative to a control hut.

entomological 
effect

Entomological effect refers to a product’s effect on a disease 
vector in terms of killing, deterring and reducing fertility, biting 
rates or susceptibility to infection. Products with different 
biochemical modes of action may have similar entomological 
effects on target insects; for example, IRS formulations with 
pyrethroids and carbamates differ in their biochemical modes of 
action, yet are considered to have a similar impact on the target 
insect in areas of insecticide susceptibility. 

exophily The proportion of female mosquitoes in exit traps compared to 
the sum of the number collected in the hut and exit traps.

feeding inhibition The reduction in the relative proportion of blood-fed mosquitoes 
between a treated hut and a control hut caused by the 
insecticide in an ITN or applied by IRS. 
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first-in-class First-in-class refers to the first product with a novel 
entomological effect (e.g., reducing human–vector contact, 
or decreasing vector survival, biting rates or susceptibility to 
infection or transmission), the public health value of which is 
ascertained by the Vector Control Advisory Group (VCAG) based 
on the demonstration of its entomological and epidemiological 
efficacy against vectors and human infections and/or disease, 
respectively. Once the public health value of a first-in-class 
product has been ascertained, a WHO policy recommendation 
will be issued, establishing a new intervention class. 

Note: In the case of ITNs, all treated nets that differ from 
pyrethroid-only nets are considered as falling under new 
intervention classes. For each of these classes the public health 
value will need to be determined. This requirement is based on 
the complexity of how ITNs provide personal and community-
level protection, whereby entomological outcomes are currently 
not considered to be reliable indicators of epidemiological 
impact, especially in areas of pyrethroid resistance (1, 2).

non-inferiority 
trial

A non-inferiority trial aims to demonstrate that the test product 
is not worse than the comparator by more than a small pre-
specified amount. This amount is known as the non-inferiority 
margin, or delta.

mortality Any mosquito that cannot stand or fly in a coordinated 
manner or that shows no movement measured at 24 hours 
after exposure to insecticide. This post-exposure period may 
be extended to 48 hours or 72 hours depending on the mode 
of action of the active ingredient (AI) in the ITN or IRS under 
evaluation. 

personal 
protection

The reduction in the number of blood-fed mosquitoes caused 
by the insecticide in an ITN or applied by IRS relative to the 
untreated control.

primary endpoint The main outcome to be evaluated by the trial that the study is 
powered upon.

public health 
value

A product has public health value if it has proven protective 
efficacy to reduce or prevent infection and/or disease in humans.

odds ratio The odds ratio (OR) is a measure of whether the odds of an 
outcome are the same for two different groups. In the context of 
the primary endpoints of this analysis, the OR calculates the odds 
of a mosquito dying or blood-feeding for the candidate second-
in-class product versus the first-in-class product. OR=1 indicates 
no difference between the first-in-class and candidate second-
in-class product, OR>1 indicates that the event is more likely in 
the candidate second-in-class product, and OR<1 indicates that 
the event is more likely in the first-in-class product.

residual efficacy Duration for which mortality in mosquitoes that have entered 
an experimental hut sprayed with insecticide remains above a 
defined level.

second-in-class Second-in-class product refers to products that have 
demonstrated the same entomological effect as the first-in-class 
product, but have not undergone epidemiological evaluation. 
In the case of ITNs, second-in-class products also contain AI(s) 
and/or synergist from the same chemical class. 
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secondary 
endpoint

Important outcomes to be measured by the trial but that the 
study may not be specifically powered to assess.

sensitivity The percentage of candidate products inducing a truly similar 
mortality as the first-in-class product and that are correctly 
defined as non-inferior.  High sensitivity means that most 
candidate products that are non-inferior will be admitted to the 
intervention class (and become second-in-class products).

specificity The percentage of candidate products inducing a truly lower 
mortality than the first-in-class product that are correctly defined 
as inferior. High specificity means that the majority of truly 
inferior candidate products are excluded from the intervention 
class.

standard 
comparator

A product that is the current standard of care in the country 
where the study is being conducted and that belongs to another/
older class, i.e., currently pyrethroid-only ITNs for trials of new 
ITNs, and a WHO-prequalified product for IRS.

study An individually powered evaluation of a product. The WHO 
currently requires two successful studies for a product to join 
an intervention class. An individual study can contain data from 
multiple different experimental trial sites if necessary to provide 
sufficient repetitions and statistical power.
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1 SUMMARY

A candidate ITN or IRS product must generate the following entomological evidence from 
at least two experimental hut trials to be included in an existing WHO intervention class:

1. non-inferiority to the first-in-class product with primary endpoint(s),

2. superiority over control or the current standard of care with primary 
endpoint(s).

For ITNs, a decision on whether to include the candidate product in an existing 
intervention class should be made using data from unwashed nets and nets washed 20 
times. The product’s inclusion within the class should be re-examined based on data 
from further experimental hut studies conducted on products that have been field-
aged for two and three years under natural use conditions. 

2 BACKGROUND INFORMATION AND RATIONALE

Evidence is needed on the quality and effectiveness of new vector control products 
that fall within an established intervention class. Investigators of the first products 
in a new class, termed “first-in-class”, must provide epidemiological evidence of its 
public health value to obtain a WHO policy recommendation. The assessment of 
first-in-class products is conducted by the Vector Control Advisory Group (VCAG). 
Subsequent products that demonstrate the same entomological effect as the first-in-
class products are referred to as “second-in-class” products. Candidate second-in-
class products are not required to provide epidemiological data for their assessment. 
Instead, they are assessed by the WHO Prequalification Team (PQT) based on their 
safety, quality and entomological efficacy data (3). The PQT evaluates each product 
in isolation against the thresholds set in the respective WHO testing guidelines (4, 5). 
Due to significant variation in the design of candidate products that should, in theory, 
be covered by the same WHO policy recommendation for a specific intervention class, 
the validity of assuming that the performance of candidate second-in-class products 
will be similar to that of the first-in-class product has been questioned. To generate the 
required assurance of comparative performance without requiring each product to 
generate data on epidemiological impact, the Malaria Policy Advisory Group (MPAC) 
has requested that WHO develop guidance on the assessment of non-inferiority of 
candidate products using a defined set of entomological measures (2). This guidance 
will be piloted and re-assessed once non-inferiority data are available for an 
intervention class; in this case the priority for data generation are pyrethroid+PBO nets.

A non-inferiority trial aims to demonstrate that the test product is no worse than the 
comparator by more than a pre-specified, small amount (6). This amount is known 
as the non-inferiority margin. To implement non-inferiority assessments of candidate 
second in class products, WHO has determined the acceptable size of the non-inferiority 
margin by looking for a compromise between intervention efficacy and the feasibility 
of carrying out the trials. The definition of the non-inferiority margin depends on the 
study outcome and is typically decided by experts in the field. It is anticipated that new 
products will be compared directly to the first-in-class product, which is referred to 
as the “active comparator”. Robust power calculations are an essential component of 
non-inferiority trial design. Sufficiently large sample sizes are needed to ensure that the 
efficacy of a novel product is within the boundaries of acceptability. Sample sizes will 
therefore depend on the size of the non-inferiority margin, the efficacy of the first-in-
class product, the characteristics of the site and the method of comparison.
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If a product claims to be superior to current standard practice (which consists of the 
deployment of an intervention belonging to another/older class), then it is important 
that the candidate product shows superior efficacy to the standard of care based on 
entomological end points. Substantiating claims of superiority over current standard 
practice is necessary, as insecticide resistance might negate the difference between 
classes of products. For example, in areas with highly pyrethroid-resistant mosquito 
populations, a candidate pyrethroid ITN with a synergist may perform no better than 
the current standard of care without the synergist. In this situation, the candidate 
ITN could show non-inferiority to the first-in-class product, but only because there 
is no difference between the first-in-class product and the current standard of 
care in the test setting. The candidate ITN could, however, show inferiority if tested 
against the same first-in-class product in a location where pyrethroid resistance is 
at intermediate levels.1 Non-inferiority experimental hut trials should therefore be 
carried out in sites where the candidate product is likely to demonstrate superiority 
over the current standard of care.

The initial efficacy and insecticide wash resistance of ITNs is evaluated in 
laboratory studies and small-scale field trials, but these data do not indicate how 
the bioefficacy of the insecticide and other AIs in a novel product changes over 
time in the field or whether personal protective efficacy is maintained when nets 
are subjected to normal wear and tear. These parameters are assessed during 
large-scale field trials, formerly referred to as WHOPES Phase III studies (4, 5). 
Experimental hut trials record the efficacy of the product against host-seeking or 
resting mosquitoes under natural household conditions, and the testing of washed 
ITNs (washed 20 times) allows the wash durability of candidate ITNs to be used as 
a surrogate for natural aging. Although many pyrethroid-only ITNs have passed 
the WHO 20-wash criteria in experimental huts, gone on to large-scale field trials 
and passed the three-year pyrethroid durability criteria, the relationship between 
wash resistance and the field durability of the partner AI remains unclear for PBO 
and other partner insecticides in dual-AI nets (2). For candidate ITNs, in addition 
to assessing non-inferiority to the unwashed and washed first-in-class product, it 
will be necessary to continue to monitor the bioavailability of the partner AI and 
synergists in field-aged nets over a period of three years, as had been standard 
practice for pyrethroid-only nets. Based on the evidence of a shorter than three-
year residual life of PBO, it is also recommended that candidate ITNs are assessed 
in experimental hut studies for non-inferiority to the first-in-class product after two 
years of field use.

To provide reassurance on comparative vector control product performance, this 
protocol for assessing the non-inferiority of candidate ITN and IRS products has 
been developed, drawing on the established approach of conducting small-scale 
field trials using experimental huts. Experimental hut studies should be conducted 
according to currently defined WHO guidelines and procedures in areas with wild, 
free-flying local mosquitoes (4, 5). This protocol sets out the requisite procedures for 
a non-inferiority trial in experimental huts and is ultimately intended to complement 
existing WHO testing guidelines for the evaluation of new ITN and IRS products. An 
initial set of non-inferiority studies on pyrethroid-PBO nets, planned for 2019, will 
be used to validate whether the method outlined here serves its intended purpose 
before a decision will be taken as to whether demonstration of non-inferiority of 
second-in-class products becomes a standard WHO requirement.

1 For the current definition of levels of pyrethroid resistance, see: Conditions for deployment of mosquito 
nets treated with a pyrethroid and piperonyl butoxide (7)
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3 STUDY OBJECTIVES AND OUTCOME MEASURES

3.1 Aim

The overarching aim is to decide whether a candidate ITN or IRS product should be 
covered by an existing WHO policy recommendation for a vector control intervention 
class, using entomological data generated through experimental hut trials. This involves:

1. Conducting non-inferiority analysis to show that the entomological efficacy of a 
candidate ITN or IRS product is no worse than that of the first-in-class product 
by more than a specified non-inferiority margin; and

2. Testing whether the candidate product is significantly better than the current 
standard of care or control. 

Candidate products must pass both (1) and (2) to be considered as covered by an 
existing WHO policy recommendation for a specific intervention class. 

3.2 Primary endpoints

3.2.1 ITN trials

Two primary endpoints should be considered relative to the first-in-class product: i) the 
proportion of mosquitoes that are dead (mosquito mortality), and ii) the proportion of 
mosquitoes that are blood-fed. These endpoints were selected as they are thought to have 
the greatest impact on epidemiological outcomes measured by randomized controlled trials. 
Absolute values should be given for both primary endpoints (i.e., not corrected for mortality 
or blood-feeding in the untreated net control). To be defined as non-inferior, a new product 
must show non-inferiority in terms of both mosquito mortality and blood-feeding inhibition.

3.2.2 IRS trials

The primary endpoint should be mosquito mortality relative to the first-in-class product 
(not corrected for the negative control). The study should record the 24-hour mosquito 
mortality for the duration of the trial, unless there is a priori justification for using up to 
72-hour mortality (e.g., the mode of action of the candidate insecticide). To be defined as 
non-inferior, a new product must show non-inferiority in terms of mosquito mortality alone.

3.3 Secondary endpoints

The following endpoints should be reported in all instances (see glossary for definitions):

a. percentage of blood-fed mosquitoes alive (95% confidence interval [CI] estimates)

b. induced exophily (95% CI)

c. deterrence (95% CI)

d. personal protection (95% CI)

e. for IRS products, residual efficacy in months, measured by cone bioassay (or 
similar suitable test for new chemistries for IRS once these tests have been 
endorsed by WHO)
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Further endpoints should be included based on the manufacturer’s claim regarding the 
product and WHO’s definition of the intervention class, for example, reproductive effects. 
Assessment of mortality after different periods (e.g., after 24, 48 or 72 hours) is encouraged, 
depending on the insecticide under investigation. All raw data should be provided to 
WHO using a standard format, recording the number of mosquitoes caught, number alive 
(differentiating between numbers fed and unfed), number dead (differentiating between 
numbers fed and unfed) and the sleeper in each arm per timepoint.2 

IRS studies should report residual efficacy. This should be measured for free-flying 
mosquitoes from the change in mortality observed over time in the experimental 
hut trial and for the duration of the label claim of residual efficacy of the candidate 
product. If it is appropriate to measure mortality in a standard cone bioassay, then the 
time in weeks / months until mortality falls below 80% should also be reported.

4 EVIDENCE REQUIREMENT

4.1 Active comparator

The active comparator for the non-inferiority trial should be the first-in-class product 
that demonstrated its public health value by means of cluster randomized controlled 
trials with epidemiological endpoints. This is irrespective of the number of other 
products in the class, i.e., the candidate product should, ideally, be compared to the 
first-in-class product not to another second-in-class product to facilitate comparison 
of products to a single standard with proven public health value. However, given the 
difficulty of obtaining first-in-class products for evaluation in non-inferiority studies, it 
is considered acceptable for investigators to use another second-in-class product as 
the active comparator for comparative testing provided that this product has proven 
to be non-inferior to the first-in-class product and has been prequalified. If sufficient 
epidemiological evidence is available for two or more products in the same class, then 
the study investigator can choose between active comparators that have the requisite 
epidemiological data, although there will be a need to justify this choice and prioritize 
products with similar AIs, design or biochemistry, if available. 

4.2 Non-inferiority margin

The non-inferiority margin has been defined as an odds ratio of 0.7 between the 
active comparator and the candidate (second-in-class) interventions. This value is the 
maximum odds ratio that is considered acceptable for two products to be in the same 
intervention class.  

The odds ratio was selected for assessing non-inferiority, as the primary endpoints are 
dichotomous variables (i.e., a mosquito is either dead or alive, fed or unfed); under 
such circumstances, the odds ratio can be easily estimated using logistic regression. 
The value of 0.7 was adopted as a compromise between the risk of accepting 
an inferior product and the feasibility of conducting the trials. Ninety-five percent 
CI estimates can be easily generated from the outputs of an appropriate logistic 
regression model, showing the uncertainty in the difference between the interventions 
while considering variation in the results of the experimental hut trials. The exact value 
of the non-inferiority margin will depend on the endpoint under investigation.

2 Data access is restricted to WHO staff only prior to publication of primary trial data without explicit 
permission of the primary investigator.
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When the primary endpoint is mosquito mortality, the odds ratio represents the odds 
that a mosquito will die in an experimental hut with the candidate second-in-class 
product compared to a hut with the active comparator product. Since higher mortality 
indicates a better product, the non-inferiority margin is set at 0.7; a candidate second-
in-class intervention will be determined to be non-inferior in terms of mosquito 
mortality if the lower 95% CI estimate is greater than 0.7. 

When the primary endpoint is the proportion of mosquitoes that are blood-fed, 
superior products should have lower values. In this case, the odds ratio is set at 1.43 
(i.e., 1/0.7 = 1.43); a candidate second-in-class product will show evidence of non-
inferiority in terms of blood-feeding if the upper 95% CI estimate is lower than 1.43. 

Setting a constant odds ratio means that the absolute maximum difference between 
the active comparator and the second-in-class products that is acceptable in terms of 
the proportion of mosquitoes dying or blood-feeding will vary according to the overall 
efficacy of the active comparator product. The relationship between the odds ratio 
and the absolute acceptable difference between products is given in Fig. 1. Setting a 
constant odds ratio has the advantage that candidate products tested in experimental 
huts that result in lower levels of mortality due to differences in hut design and vector 
species will not be overly penalized. An odds ratio of 0.7 equates to a difference in 
percentage mortality of no more than 9%.

FIG. 1
A graphical illustration of the non-inferiority margin (NIM). Panel (A) shows the mosquito 
mortality NIM according to the estimated percentage mortality of the active comparator product.
Inferior products will have a lower mortality so the NIM is set at 0.7 (i.e., products whose lower CI estimates are greater than 
0.7 will be defined as non-inferior). The panel indicates the parameter space on the percentage scale where a product 
would be determined as having evidence of an odds ratio greater than 0.7 (blue region) or less than 0.7 (red region). 
The black dashed line shows where the observed efficacy of the first-in-class product matches that of the candidate 
product. (B) Blood-feeding NIM. Inferior products will have a higher percentage of blood-fed mosquitoes so the NIM is 
set at 1.43 (i.e., 1/0.7) on the odds ratio scale. The green region shows the parameter space where the upper CI estimate 
is less than 1.43, and thus the product would be determined to be non-inferior; the red region shows the space where it 
is greater than 1.43. (C) The absolute percentage difference of the NIM. This is calculated as the difference between the 
blue (mortality) and green (blood-feeding) solid lines in (A) and (B) and the black dashed line (NIM). 
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4.3 Standard comparator 

If the candidate second-in-class product or the first-in-class product claims to be 
superior to the current standard of care (which belongs to another/older class), then a 
standard comparator needs to be included in the trial. The candidate product therefore 
needs to show that it is significantly better (superior) than the standard comparator. 
This is to ensure that the trial is able to distinguish an additionally effective vector 
control product from one that may no longer be fully effective. The type of standard 
comparator will depend on the standard of care in the geographical region where the 
experimental hut trial is being conducted. At present, the standard comparator for trials 
of new ITNs will be a pyrethroid-only ITN, given that this continues to be the most widely 
used vector control intervention for malaria. For IRS, it will be a WHO-prequalified 
product (though not a pyrethroid insecticide) used in the region where the experimental 
hut trial is being run. If a product does not claim to be better than the current standard 
of care, it still must provide evidence that it is better than the control arm of the trial.3 

If the candidate product or novel intervention class does not claim to be better than the 
current standard of care, it still needs to present evidence that it is non-inferior to the 
standard of care (which will be the active comparator) and superior to the control arm. 
This is to prevent candidate second-in-class products from being evaluated in sites 
where first-in-class products are no longer fully effective. 

4.4 Control arm

All studies are required to include a negative control arm (i.e., an untreated net for 
ITN or spray of water for IRS) to i) verify that the experimental hut trial is of sufficient 
quality, and ii) to estimate natural mortality, blood-feeding and deterrence, which are 
required as secondary endpoints. Details of the study arms for ITN and IRS products 
are found in Section 5. Trials in which the overall 24-hour mortality in the control arm 
(over the length of the study) is >10% need to be investigated and the trial repeated.

4.5  Site selection

The non-inferiority of candidate second-in-class products should be determined in a 
location where the active comparator has been shown to be superior to the standard 
comparator through either experimental hut trials or randomized controlled trials. 
Experimental hut trials may be conducted in locations where this has not been shown, 
but superiority of the active comparator is required for the trial to be valid. There 
should be enough huts of the same design to allow all arms of the experiment to be run 
simultaneously. For IRS trials there is no necessity to run all repetitions at the same time 
and place (see Section 5.4.1), though each set of repetitions must contain all trial arms 
to be valid. Each site also requires sufficient recent entomological data for accurate 
power calculations. The resistance status of mosquitoes at the experimental hut site 
must be well-characterized (see Section 5.1). This should include determination of the 
resistance frequency and resistance mechanisms, especially metabolic mechanisms. 
(If the candidate is a pyrethroid-PBO net then P450s should be assessed, along with 
other mechanisms (8).) In addition, in areas where mosquitoes may feed outdoors on 
cattle and enter huts to rest a sample of mosquitoes from human-baited huts at each 
site should be identified by species, with assessment of the blood meals to determine 
the proportion that fed on humans. This assessment can be used to determine the 
species present and the human blood index, preferably within a few weeks of the trial, 
as mosquito diversity may change over time.

3 Although a first-in-class product will have historically been shown to be superior to the control, the 
difference between products may be different at the test site due to the actions of insecticide resistance.
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4.6 Number of independent replicate trials 

Results from two independently powered experimental hut studies should be reported 
in the first instance. These studies should be conducted in sites representative of where 
the product will be deployed. For example, ITNs should be evaluated at sites in East and 
West Africa. If the results of the two initial studies are inconsistent in terms of whether 
the impact on the primary endpoint(s) demonstrates non-inferiority, a third replicate 
trial will be requested. Studies in which the candidate product fails to show benefit over 
the negative control / standard comparator (depending on the claim of the product) 
will need to be repeated at additional sites. Products that fail are considered to be 
either inferior or inconclusive after multiple well-powered studies. These products will 
be required to undergo further product development to enhance their performance or 
provide epidemiological evidence for assessment of their public health value. 

5 METHODS

5.1 Local vector profile 

Mosquito species composition and their susceptibility to the insecticides under 
evaluation should be determined twice during the hut trial, preferably at the beginning 
and at the end of the study. All attempts should be made to ensure that mosquitoes for 
testing are collected from numerous aquatic habitats (larvae) or houses (adults). 

5.1.1 Insecticide susceptibility – discriminating concentration bioassay

Mosquito species composition and their susceptibility to the insecticides under evaluation 
should be determined twice during the hut trial, preferably at the beginning and at the 
end of the study. A discriminating concentration bioassay should be used to assess the 
frequency of resistance to all insecticides under investigation. For insecticides that show 
<80% induced mortality in a discriminating dose bioassay, the intensity of resistance 
should be quantified using procedures outline in existing WHO guidance (8). Target site 
resistance genotyping is not currently acceptable for resistance profiling alone although it 
is useful supporting evidence and to build up the evidence base for their use in the future. 

5.1.2 Insecticide susceptibility – intensity bioassay

For insecticides that show <80% induced mortality in a discriminating dose bioassay, 
the intensity of resistance should be quantified using procedures outline in existing 
WHO guidance (8). 

5.1.3 Resistance mechanisms

For those products that include a synergist, synergist-insecticide bioassays (via WHO 
test tubes or bottle bioassays) should be conducted on local main malaria vectors, as 
per WHO test procedures, to test for involvement of metabolic mechanisms (8). Micro-
arrays to ascertain expression levels of metabolic genes may also be conducted. 

5.2 Experimental hut procedure for ITNs

Hut construction should match one of the experimental hut types recommended by 
WHO (e.g., West African, East African, Ifakara, Indian or Asian design). To prevent 
any contamination from previous IRS trials, huts should be refurbished, such as by 
plastering the walls and refurbishing all exit traps (4, 5). 
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Treatments should initially be allocated randomly to the experimental huts. To avoid 
any potential bias due to hut position, the treatments should be rotated through the 
experimental huts after every round of the trial, using a randomized Latin square 
design (LSD). Exact design will depend on the number of study arms. Illustration of the 
method is provided in existing WHO guidance (4,5). 

Sleepers should be randomly assigned, rotating between the huts each night of 
the study according to a pre-prepared roster, and entering and leaving the huts at 
pre-defined times each night. This schedule is designed to compensate for sleepers’ 
individual attractiveness to mosquitoes. All participants should be protected in line with 
local IRB guidance. 

Nets should be labelled using a three-digit code. An independent code keeper should 
keep the codes to ensure investigator blinding. Ideally, investigators will receive nets 
from the manufacturer that have already been coded. 

Each morning of the study, live and dead mosquitoes should be collected using 
standard procedures and recorded in a standard format. Mosquitoes should be sorted, 
scored by location as dead or alive and as fed or unfed, and identified to species. Live 
mosquitoes should be placed in small cups, held at 27°±2°C and provided with access 
to a 10% glucose solution in order to assess delayed mortality after 24 hours (up to 72 
hours depending on the insecticide under investigation). It is preferable for fed and 
unfed mosquitoes to be monitored for mortality separately to provide useful measures 
of pre- and post-prandial mortality.  

5.3 ITN evaluation

5.3.1 Data requirements to support initial recommendation

Ideally, non-inferiority analysis should test new and aged products (i.e., after two and 
three years of use under field conditions) in experimental huts at the same time. Since 
waiting to acquire naturally aged new products for the non-inferiority analysis will 
delay a product from entering the market, ITNs washed 20 times as a surrogate for 
natural aging can be used to obtain a recommendation. The directions in the following 
sections should be used to collect the required evidence base for approval. The 
product’s inclusion within the policy claim will then be re-examined once field durability 
evidence is available (4) (see Section 5.3.6).

5.3.2 Study arms

Washed and unwashed candidate second-in-class products should be evaluated 
against washed and unwashed active comparator products in the same experimental 
hut trial study. The following study arms are required at minimum:

1. untreated net unwashed (negative control)

2. standard ITN unwashed (standard comparator)

3. standard ITN washed 20 times (standard comparator)

4. first- or second-in-class ITN unwashed (active comparator)

5. first- or second-in-class ITN washed 20 times (active comparator) 

6. candidate ITN unwashed (candidate product)

7. candidate ITN washed 20 times (candidate product)
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Additional candidate products (both unwashed and washed) can be added to the 
study design to evaluate more than one second-in-class product at the same time. For 
example, two candidate products would require a 9-arm trial. Investigators may wish 
to include more active comparator products, as precision is improved when multiple 
active comparators are used. Untreated nets should be included as a negative control 
for calculating blood-feeding inhibition. 

ITNs require a full treatment randomization using an LSD (see WHO testing guidelines 
for further explanation (4)). Treatments will initially be allocated randomly to the 
experimental huts. To avoid any potential bias due to hut position, the treatments 
should be rotated through all experimental huts using a randomized LSD for both ITN 
types. For example, the trial outlined above with seven arms would require a 7x7 LSD 
and take a minimum of 56 nights to perform (49 nights of data collection with one 
day between each experimental block for cleaning). Sleepers will rotate to a different 
hut on a nightly basis. Treatments will be rotated between huts once each sleeper has 
slept for one night under each net. A window of at least 24 hours is required between 
treatment rotation so that the huts can be thoroughly cleaned and aired. This will 
minimize any carry-over effects between treatments. 

5.3.3 Net washing

Net washing should follow WHO guidelines (4). The washing interval is important and 
should be determined according to established procedures using an appropriate 
mosquito strain (e.g., for PBO ITNs, using a resistant strain with a monooxygenase-
based resistance mechanism) to work out the regeneration time for the initial efficacy 
of all AIs and synergists on the net to be restored. The washing process may take 
several months and should be coordinated such that all nets receive 20 washes at the 
same time.

5.3.4 Net condition

On the day the field study commences, all nets should be deliberately holed following 
standard guidelines (4). Six holes should be made in each net, two holes in each of the 
long side panels, and one hole at each end (head- and foot-side panels). Each hole 
should measure 4cm x 4cm.

5.3.5 Cone bioassay

Cone bioassays should be performed during the study according to standard WHO 
procedures (4) using ITNs from two different production batches. For each of the 
sampled nets (i.e., all trial arms sampled unwashed, washed and naturally aged in the 
field), five 25 cm x 25 cm pieces will need to be cut from positions 1 to 5 as per WHO 
guidelines (adjacent to chemical assay samples) (4). A standard WHO cone should be 
placed on each netting sample and held in place using a plastic manifold. Laboratory-
bred standard susceptible and resistant Anopheles strains should be used. In addition, 
the local vector populations should be used in bioassay tests. Five mosquitoes (sugar-
fed, 2–5 days old) will be introduced into each cone and exposed for 3 minutes. After 
exposure of 50 mosquitoes per arm (5 mosquitoes x 2 replicates x 5 net positions), the 
mosquitoes should be removed gently from the cones and kept separately in paper 
cups, provided with cotton wool moistened with a 10% sugar solution. Knockdown should 
be recorded after 60 minutes and mortality after 24 hours (up to 72 hours depending on 
the insecticide under investigation) and recorded on the appropriate sheet. Mosquitoes 
exposed to untreated nets should be used as controls. Acceptable control mortality 
is <10% over the holding period, which is usually 24 hours. This may increase to 20% for 
holding periods up to 72 hours to allow for natural mortality (senescence). 
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5.3.6 Assessing field durability

Once sufficient test and active comparator ITNs from large-scale field trials have 
been collected after two and/or three years of field use, another set of two non-
inferiority trials should be conducted in separate geographical locations – ideally the 
same locations as used for the initial non-inferiority studies on the same products. 
These additional trials will ensure that the second-in-class product that have received 
the initial recommendation (Section 5.3.1) continues to be non-inferior to the active 
comparator product over time. The sampling of nets from large-scale field trials should 
be conducted in a systematic manner following WHO guidelines to ensure an unbiased 
sample of ITNs (4). After bioavailability and durability have been assessed using these 
existing guidelines, the non-inferiority study should be conducted using a sub-sample 
of these nets.

The experimental hut trial design for these additional non-inferiority studies can have 
fewer arms than the original, with the following arms at minimum:

1. Untreated net unwashed (negative control)

2. Standard pyrethroid-only LLIN field aged – or new pyrethroid-only LLIN 
washed 20x and holed (standard comparator)

3. First- or second-in-class ITN two or three years field aged (active comparator) 

4. Candidate second-in-class ITN two or three years field aged (test)

Although fewer arms are required, each study will still require sufficient power. 
Therefore, it may be beneficial to add additional arms to increase the numbers of field 
aged nets evaluated or match the design outlined in Section 5.3.2 (substituting naturally 
aged nets for washed ones). Results should be analysed together with the data from 
the original set of non-inferiority experimental hut trials. Investigators may wish to 
consider repeating the analysis using ITNs that have been field-aged for less than three 
years based on the product claim and the AI involved. For pyrethroid-PBO nets, non-
inferiority trials on two-year-old nets are considered essential, given documented drop 
off in performance after two years of use in an epidemiological trial.

5.4 IRS evaluation

5.4.1 Study arms

The study design will depend on whether or not there is a WHO-prequalified product 
that belongs to the same insecticide class. Note the difference between an insecticide 
class and an intervention class: An intervention class (which has been established 
based on epidemiological evidence of impact of a first-in-class product) may include 
IRS products of different insecticide classes. If there is a prequalified reference product 
belonging to the same insecticide class, the following study arms are required at 
minimum:

1. water (negative control)

2. WHO-prequalified IRS of the same insecticide class as the candidate IRS (active 
comparator) 

3. candidate second-in class IRS (test)
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If there is no prequalified reference product from the same insecticide class, the 
following study arms are required at minimum:

1. water (negative control)

2. standard IRS (standard comparator, standard-of-care IRS used in the study 
region or IRS with similar residual activity to the test IRS)

3. first-in-class product (WHO-prequalified IRS) of a different insecticide class 
as the candidate IRS, but with a similar expected duration of residual efficacy 
(active comparator) and for which data demonstrating epidemiological impact 
are available

4. candidate IRS (test)

In this scenario, additional arms may need to be included to incorporate insecticide 
classes currently used or planned to be used for IRS in the country. The material used 
for the walls (e.g., mud, concrete, etc.) will affect the performance of the product and 
therefore the selection of this material should be justified based on the product claims. 

Because IRS treatment cannot be rotated between huts, the use of four huts per 
treatment arm is recommended to overcome the spatial heterogeneity between huts. 
Data quality is improved by increasing the number of huts per arm, and this should 
be considered in the power analysis at the start of the study. To this end, the number 
of replicates per arm should be maximized within the limits of practicality. Study 
arms should be planned to an optimum number for each study site (dependent on 
hut availability) so as to enable the spraying of a sufficient number of huts with each 
intervention. If the number of huts in an experimental hut trial site is a limiting factor, 
then the number of negative control huts can be reduced to one. Similarly, a single 
study can be carried out over multiple sites or concurrently at the same site as long as 
each of the arms are present at all times. For example, two repetitions can be carried 
out at site (A) and two at site (B) so long as the study is adequately powered.

5.4.2 Study duration

The duration of the study should be determined by the claim of the product’s durability. 
WHO recommends a minimum residual efficacy of IRS formulations of three months (2).

5.4.3 Insecticide application procedure

IRS should be applied to the walls and doors of the hut in accordance with the 
manufacturer’s usage instructions. The ceiling should be left unsprayed. Spraying 
should be conducted using a hand compression sprayer of WHO-recommended 
specification fitted with a control flow valve or an automated sprayer when available 
(as is being piloted by the Innovative Vector Control Consortium to improve the 
homogeneity of insecticide application). 

5.4.4 Cone bioassays

In order to monitor bioefficacy and the duration of residual bioefficacy, WHO cone 
bioassays using a reference local mosquito strain and a reference susceptible strain from a 
laboratory colony should be carried out 5–7 days after spraying and every month thereafter 
for the duration of the study. For insecticides with a label claim of efficacy against resistant 
mosquitoes, a resistant strain should also be used for bioassays. Five cones will be placed in 
each hut (with positions on walls chosen at random), and 10 laboratory-reared 2- to 5-day-
old sugar-fed (and starved for few hours) female mosquitoes will be exposed for 30 minutes 
in each cone. Mortality will be measured at different times after exposure guided by the 
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IRS AI (at minimum 24, 48 and 72 hours after exposure). Mosquitoes exposed to unsprayed 
walls in different unsprayed huts will be used as controls. Up to 20% cumulative mortality is 
acceptable up to 72 hours of post exposure holding. 

5.4.5 Verification of target dose

Spray quality of hut trials is an essential prerequisite for any non-inferiority study, 
and spraying should only be performed by well-trained personnel. Spray application 
must be within ±50% of the label-recommended target dose for the IRS product, as 
demonstrated as biologically efficacious during Phase I testing of IRS products. IRS 
must be sprayed using calibrated compression sprayers with control flow valves, with 
the correct concentration of insecticide used in the tank calculated before spraying. 
Four 10 cm x 10 cm papers (Whatman® No.1) should be attached (using pins to hold 
them slightly away from the walls to prevent run-off) at three different wall heights 
(top, middle and lower part of the wall plus one randomly assigned). These papers 
should be collected a few hours after spray, well dried and stored wrapped in 
aluminium foil at +40C and analysed by suitable chemical quantification assay, e.g., 
GC-MS. Gravimetric verification of spray dose is also required following i) calculation 
of sprayed hut surface area, ii) weighing of spray tanks before and after spraying, and 
iii) estimation of grams of solution applied per metre of surface in the huts. 

6 DATA ANALYSIS AND MANAGEMENT

6.1 Statistical analyses

To relate the outcome variables to the intervention and covariates, generalized 
linear regression models (GLMs) should be used. The choice of model will depend on 
the endpoint(s) under investigation. For binary endpoints, such as the proportion of 
mosquitoes dying or feeding, a logistic model is appropriate. For outcomes that are 
counts, such as the number of mosquitoes, a Poisson or negative binomial model may 
be more appropriate. The models should include huts, sleepers, time since spraying for 
IRS, and number of washes for ITNs as fixed or random effects. The intervention itself 
should be included as a fixed effect. The estimated effect of the intervention and 95% 
CIs should be reported in all instances. 

6.2 Primary endpoint

Raw data on the number of mosquitoes collected and the total number dead/fed, per 
hut, per day should be used to estimate overall mosquito mortality/blood-feeding. 

To generate a single estimate of efficacy for the primary analysis, both washed and 
unwashed nets of a single product should be analysed together to give an estimate of 
overall product performance over its lifetime in the field.4 Similarly for IRS, the time after 
spraying is not included, because the comparative performance of the IRS over the defined 
time period of the trial (according to the label claim) is required. 5 More detailed analyses, 

4 For ITNs, if the number of mosquitoes caught in the unwashed and washed arms of the study are broadly 
comparable, then an overall estimate of efficacy can be estimated by removing the number of washes 
covariate from the regression model.

5 For IRS, if the number of timepoints is >15, then an overall estimate of the efficacy of the product over 
the whole time-period can be generated by including timepoint as a random effect in a mixed-effect 
regression. This will allow the single estimate of efficacy to be unbiased by the number of mosquitoes 
caught during the different period (i.e., seasons).
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e.g., examining ITN efficacy at 0 and 20 washes and IRS over months after spraying, should 
be presented as secondary endpoints. The number of ITN washes (0, 20 for standard ITN 
trials) and time (days, months) since spraying should be included as random or fixed effects 
within the model to generate an overall estimate of the difference in efficacy over time 
that is independent of the number of mosquitoes collected in the different arms. This model 
makes the assumption that the average impact of the intervention over its lifetime can be 
used as a single endpoint, thus simplifying power calculations.

The fully randomized LSD of the ITN trials enables hut number, sleeper number 
and week of study to be included as fixed or random effects.6 Since IRS cannot be 
randomized between different huts, it would be preferable to spray four huts per 
treatment arm, and hut number should be included as a random effect in the analysis. 
All covariates should be categorical and the active comparator should be used as the 
reference intervention (intercept). 

A candidate product must show non-inferiority to the active comparator product 
and superiority over control (or current standard of care) with primary endpoint(s) to 
become part of the intervention class covered by a WHO policy recommendation. The 
tests for these two requirements are outlined in turn.

6.2.1 Non-inferiority test 

The candidate product is deemed non-inferior if:

1. The lower 95% CI estimate of the odds ratio describing the difference in 
mosquito mortality between the candidate and active comparator product is 
greater than 0.7.  
 
and

2. The upper 95% CI estimate of the odds ratio describing the difference in 
mosquito blood-feeding between the candidate and active comparator 
product is greater than 1.43. 

The choice of whether a product must achieve either or both of the primary endpoints 
to become part of an intervention class covered by a WHO policy recommendation 
will be made by WHO and will reflect the current understanding of the primary 
entomological efficacy of the first-in-class product.

6.2.2 Significantly better than negative control / standard comparator test

The candidate product is classified as superior to the negative control or standard 
comparator in terms of mosquito mortality if a significantly higher proportion of 
mosquitoes have died at the 5% significance level (i.e., p-value < 0.05).7 The mortality 
endpoint is used for evaluations of both ITNs and IRS.

The candidate product is classified as superior to the negative control or standard 
comparator in terms of mosquito blood-feeding if it has a significantly lower proportion 
of mosquitoes that have blood-fed at the 5% significance level (i.e., p-value < 0.05). 
The blood-feeding endpoint is used for evaluations of ITNs not IRS.

6 An extension of the methods originally presented in Johnson et al. (9)

7 Can be estimated from the logistic regression by comparing models that do and do not differentiate 
between the candidate and control / standard comparator using a likelihood ratio test
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The choice of whether the candidate product should be compared to a control or 
the current standard of care will depend on the claim of the product and the new 
intervention class. As noted in Section 6.2.1, the choice of whether a product must 
achieve either or both of the primary endpoints to be considered as covered by an 
existing policy recommendation for an intervention class will be made by WHO.

6.3 Secondary endpoint

All endpoints outlined in Section 3.3 should be estimated. Unlike the primary endpoint, the 
GLMs should estimate the difference between washed and unwashed data for ITNs or, in 
the case of IRS, the changes in endpoint since time of spraying. Appropriate distributions 
should be used to analyse mosquito count data (e.g., a Poisson or negative binomial 
distribution) and compared to ensure the most appropriate distribution is selected.

6.4 Reporting requirements

Data generated by the study should be reported following the checklist provided in 
Annex 1. All raw data generated from a trial should be provided to WHO to allow for 
secondary analysis, if required.

6.5 Protocol amendments and deviations 

This protocol may be subject to modification depending on results from initial non-
inferiority studies on pyrethroid-PBO nets. An Evidence Review Group (ERG) will be 
reconvened to assess the results from such evaluation and to advise WHO on the 
overall value of the assessment method and potential methodological changes for 
further improvement. Any deviations from this protocol that may occur during studies 
on pyrethroid-PBO nets will need to be documented and justified by the investigators.

6.6 Archiving records

The original raw data, final report and any amendments should be archived according 
to the local research organization requirements and forwarded to WHO to inform 
product evaluation and potential revision of testing guidelines.

7 POWER CALCULATIONS

7.1 Sample size considerations

Non-inferiority analysis requires estimates of the odds ratio to be precise enough so that, if 
a product is truly non-inferior and should be classified as such, the 95% CI estimates do not 
span the non-inferiority margin. Conducting study precision / power calculations (herein 
referred to as power calculations) is therefore essential for demonstrating that the study has 
a sufficiently large sample size with which to show non-inferiority within a defined non-
inferiority margin. These power calculations should be presented alongside study results. 
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The requisite sample size will depend on the type of intervention under investigation, 
the entomological efficacy and the variability inherent in randomized controlled trials. 
The variability includes the number of mosquitoes collected per hut per day, as well 
as differences between huts, between sleepers and between weeks. These factors will 
vary from hut site to hut site and over time, so it is important that data from recent hut 
trials or pilot studies be used to parameterize power calculations.

The study should be powered on the number of mosquitoes of the dominant vector species 
entering the experimental huts at the study site (based on a pilot study or a recent study 
at the same site), and powered to detect non-inferiority of the mortality primary endpoint. 
Of the two primary endpoints highlighted in Section 3.2, mosquito mortality and blood-
feeding, the former should be used to power the study, as values are typically lower. 

7.2 Study power

The study power measures the percentage of candidate products that have the same 
mortality as the active comparator product that are defined as non-inferior. This is a 
measure of type II error (denoted as , the false-negative rate) and is calculated as 
sensitivity = 1- .

Study power can be estimated by simulating candidate and active comparator 
products that have the same underlying efficacy and then determining the percentage 
of runs that correctly classify the candidate as non-inferior.

The study should be powered to have a sensitivity of 80% (i.e., =0.2).

7.3 Procedure 

Sample size calculations can be estimated through simulation, using an extension of 
the methods originally proposed by Johnson et al. 2015 (9). Investigators should adhere 
to the following procedure:

i. Estimate mosquito mortality observed for the active comparator using a pilot 
study, historical experimental hut trial data or a discriminating dose bioassay 
on local mosquitoes.

ii. Predict the average number of mosquitoes collected per hut and the variability 
per day from recent historical data or pilot studies. If this is not available, 
conservative (overly low) values can be used.

iii. Estimate the uncertainty in mosquito mortality between huts, sleepers and over 
time. 8 Alternatively, select a conservative estimate (high variability) from the 
literature (i.e., values of 0.5 for between hut, volunteer and week variability). 

iv. Define the ideal number of huts to use, days per week the experiment is to 
be run and the number of week rotations for the experimental hut trial. These 
values should represent the minimum stipulated above (and in WHO guidance 
on experimental hut studies (4, 5)) but may need to be greater to ensure 
sufficient power for the non-inferiority analysis.

8 Estimated by fitting the logistic mixed-effects model outlined in Section 6.2. The variability of each 
random effect is given as a standard output of these models. More accurate estimates for a site can be 
derived by grouping different hut trials together in the same analysis.
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v. Use data i–iv together with the defined non-inferiority margin to simulate 
theoretical experimental hut trial results for control, standard comparator, first-
in-class product, and candidate product arms (assuming that the percentage 
mortality follows a binomial distribution). To estimate study power, the true 
mortality of the test product (i.e., the underlying actual probability that a 
mosquito will die) should be the same as that of the first-in-class product. 

vi. Fit the logistic regression model outlined in Section 6.2 to simulated data and 
determine whether non-inferiority has been shown.

vii. Repeat steps v–vi 1000 times and calculate the percentage of times non-
inferiority is demonstrated. Record this as study power.

viii. Repeat steps v–vii, adjusting the number of huts used, number of timepoints 
(days per week for ITNs, frequency of measurement for IRS), number of 
rotations (ITNs only), and number of study arms (within the number available at 
the study site) until the desired power of >80% has been reached.

Steps i–vii in the above protocol can be automated in statistical packages, and sample 
code will be provided in the R statistical software (http://www.r-project.org). The analysis 
should be repeated once the study has started if the number of mosquitoes collected per 
night is lower than expected in order to enable updating of the sampling schemes.

8 ETHICAL CONSIDERATIONS

8.1 Ethical clearance

Institutional ethical approval for the study must be sought from the local Ethical Review 
Board. Written informed consent will need to be obtained from each volunteer sleeper 
prior to their participation in the study. The consent form will need to be explained to 
each volunteer in her/his local language by an interpreter. An information sheet should 
also be given to IRS operators or ITN handlers. 

8.2 Protection of participants

PPE should be provided to IRS applicators or ITN handlers. A stand-by nurse will need 
to be made available to the sleepers throughout the study to assess any cases of fever. 
Any sleepers testing positive for malaria will need to be withdrawn from the study and 
fully treated. Sleepers will also need to be provided with malaria chemoprophylaxis to 
minimize risk of infection during the trial.

Perceived adverse effects of treatments: a questionnaire will need to be administered 
to each of the sleepers to assess whether s/he has experienced adverse effects of the 
treatments. The questionnaire will seek to detect whether any unpleasant effects, such 
as bad smell, skin rash or respiratory problems, were experienced while sleeping under 
the net. The questionnaire will need to be administered once per week for the duration 
of the trial. 

http://www.r-project.org
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9 FUTURE CONSIDERATIONS

Techniques other than experimental huts may be equally suitable for non-inferiority 
assessment of second-in-class vector control interventions and may offer certain 
advantages. Experimental hut trials with free-flying mosquitoes are currently the 
gold-standard method for evaluating products used indoors. However, infrastructure 
requirements mean that these tests can presently only be carried out in a small number 
of sites. Consequently, products can only be evaluated against a small number of 
mosquito populations. Experimental hut trials’ reliance on having a sufficient number 
of local free-flying mosquitoes means that measurement error remains high and 
dependent on local mosquito control. Resource permitting, it is encouraged that other 
potential alternative test methods to the use of experimental huts (e.g., the I-ACT 
ambient chamber test or the tunnel test) be used for non-inferiority studies alongside 
experimental huts in order to investigate whether these other methods present suitable 
alternatives for generating non-inferiority data.
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ANNEX 1. DATA CHECKLIST

SECTION / TOPIC
ITEM 

NUMBER
CHECKLIST ITEM

REPORTED 
ON PAGE 
NUMBER

Title and abstract 

 1a Structured summary of trial design, methods, results, and 
conclusions  

 1b Test items, test system, study site, resistance profile  
Introduction 

Background and 
objectives

2a Specific objectives or hypotheses  
2b Outcomes measured (primary and secondary)  

Methods

Trial design
3a Description of trial design, blinding and randomization, 

number of huts

3b Important changes to methods after trial commencement 
(such as deviations), with reasons

Test system

4a Study arms (detail washing or spraying procedure)
4b Settings and locations where the data were collected

4c Characteristics of local vector population (species, resistance 
ratio or WHO tube test results)

4d Human blood index of mosquitoes caught in huts

4e

Characteristics of mosquitoes used in cone bioassays 
(minimum 1 susceptible, 1 resistant strain plus any wild 
mosquitoes used). Report mortality at WHO discriminating 
doses (conducted during study), resistance ratio and 
resistance phenotype.

Interventions 5

The interventions for each group with sufficient details to 
allow for replication, including storage conditions, transfer and 
procedures, i.e., washing, holing, hanging, storage for ITNs, 
and chemical analysis of AIs (including synergists) before and 
after washing of nets and after completion of the trial, spraying 
procedures and insecticide quantification for IRS

Outcomes

6a
Completely defined pre-specified primary and secondary 
outcome measures, including how and when they were 
assessed

6b

Primary outcome: non-inferiority of candidate second-
in-class (test product) compared to active comparator 
using % mosquito mortality measured by odds ratio (24-
hour mortality unless there is justification for 48 or 72-hour 
holding period)

6c

Secondary outcomes: 1) total mosquitoes and geometric 
mean (95% CI) mosquito number per night, 2) total mosquitoes 
dead, 3) total mosquitoes dead and fed, 4) % (95% CI) control 
corrected mortality at 24 hours, 5) total mosquitoes fed, 6) 
% (95% CI) feeding success, 8) total mosquitoes exiting, 9) % 
(95% CI) exit, 10) induced exophily, 11) deterrence. All outcomes 
should be summarized for the study as a whole and reported 
per arm for each week of the trial. 

6d Duration of efficacy (washes for ITNs, months of efficacy for 
IRS)

6e Any changes to trial outcomes after the trial commenced, 
with reasons
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SECTION / TOPIC
ITEM 

NUMBER
CHECKLIST ITEM

REPORTED 
ON PAGE 
NUMBER

Sample size 7
How sample size was determined including mosquito 
densities, mortality of active comparator used and margin of 
non-inferiority

 

Randomization 

Sequence 
generation

8a Method used to generate the random allocation sequence  
8b Type of randomization  

Allocation 
concealment 
mechanism

9a

Mechanism used to implement the random allocation 
sequence (such as lottery / opaque envelopes), describing 
any steps taken to conceal the sequence until interventions 
were assigned

9b Include the rotation scheme in an appendix

Implementation 10
Who generated the random allocation sequence, who 
enrolled participants, and who assigned participants to 
interventions

Blinding

11a
If done, who was blinded after assignment to interventions 
(for example, participants, those conducting the trial, those 
analysing the data) and how

11b
If relevant, description of blinding of interventions (e.g., 
size, shape of nets or sachets for IRS, codes used to conceal 
allocation)

Statistical methods
12a

Statistical methods used to compare groups for primary and 
secondary outcomes using non-inferiority, accounting for 
sources of variation and bias including huts, days, sleepers 

12b Methods for secondary analyses
Results

Primary 
outcome(s) 13a

For ITNs, non-inferiority of candidate second-in-class (test 
product) compared to active comparator using proportional 
mosquito mortality and blood-feeding inhibition measured 
by odds ratio (24-hour mortality unless there is justification 
for 48 or 72-hour holding period) 

For IRS, non-inferiority of candidate second-in-class (test 
product) compared to active comparator using proportional 
mosquito mortality measured by odds ratio (24-hour 
mortality unless there is justification for 48 or 72-hour 
holding period)

Secondary 
outcomes

13b Total mosquitoes, geometric mean (95% CI) mosquito density 
per arm

13c Total mosquitoes dead, % (95% CI) control corrected 
mortality at 24 hours (48 or 72 hours if justified)

13d Total mosquitoes dead and fed, % (95% CI) control corrected 
mortality at 24 hours (48 or 72 hours if justified)

13e Total mosquitoes fed, % (95% CI) feeding success, odds ratio 
/ non-inferiority (secondary outcome)  

13f Total mosquitoes exiting, % (95% CI) exit, induced exophily 
13g Deterrence

13h
Duration of mortality for IRS or efficacy of washed versus 
unwashed nets (added as a fixed effect in secondary 
analysis)

13i A table showing primary and secondary outcomes with % 
(95% CI and odds ratios)
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SECTION / TOPIC
ITEM 

NUMBER
CHECKLIST ITEM

REPORTED 
ON PAGE 
NUMBER

Numbers analysed
13j For each group, number of mosquitoes (denominator) 

included in each analysis  

13k Number of replicates (huts, sleepers, interventions, nights of 
collection, duration of study)  

Outcomes and 
estimation

13l
For each primary and secondary outcome, results for each 
group, and the estimated effect size and its precision (such 
as 95% CI)

13m For binary outcomes, presentation of both absolute and 
relative effect sizes is recommended

Ancillary analyses 14

Results of any other analyses performed, including 
laboratory tests such as cone bioassay and tunnel tests. All 
tests must report the absolute number of mosquitoes tested 
(for example, the discriminating dose bioassay must report 
the number of mosquitoes tested and the number died for 
each replicate).

Harms 15 All important harms or unintended effects in each group 
(adverse events)

Discussion 

Limitations 16 Trial limitations, addressing sources of potential bias, 
imprecision and, if relevant, multiplicity of analyses

Generalizability 17 Generalizability of the trial findings

Interpretation 18
Interpretation consistent with results, considering other 
relevant evidence, e.g., cone bioassays, resistance ratio of 
wild mosquito populations

Other information 
Registration 19 Registration number of PQT study

Protocol 20 Where the full trial protocol can be accessed, i.e., PQT 
number

Funding 21 Sources of funding and other support (such as supply of 
drugs), role of funders







For further information please contact:

Global Malaria Programme  
World Health Organization  
20, avenue Appia
CH-1211 Geneva 27  
Switzerland
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