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REVIEW

The efficacy of insecticide‑treated 
window screens and eaves against Anopheles 
mosquitoes: a scoping review
Beverly I. Anaele1*  , Karan Varshney1,2, Francis S. O. Ugwu3 and Rosemary Frasso1 

Abstract 

Background:  Female mosquitoes serve as vectors for a host of illnesses, including malaria, spread by the Plasmo-
dium parasite. Despite monumental strides to reduce this disease burden through tools such as bed nets, the rate of 
these gains is slowing. Ongoing disruptions related to the COVID-19 pandemic may also negatively impact gains. The 
following scoping review was conducted to examine novel means of reversing this trend by exploring the efficacy of 
insecticide-treated window screens or eaves to reduce Anopheles mosquito bites, mosquito house entry, and density.

Methods:  Two reviewers independently searched PubMed, Scopus, and ProQuest databases on 10 July, 2020 for 
peer-reviewed studies using insecticide-treated screens or eaves in malaria-endemic countries. These articles were 
published in English between the years 2000–2020. Upon collection, the reports were stratified into categories of bit-
ing incidence and protective efficacy, mosquito entry and density, and mosquito mortality.

Results:  Thirteen out of 2180 articles were included in the final review. Eaves treated with beta-cyfluthrin, trans-
fluthrin or bendiocarb insecticides were found to produce vast drops in blood-feeding, biting or mosquito preva-
lence. Transfluthrin-treated eaves were reported to have greater efficacy at reducing mosquito biting: Rates dropped 
by 100% both indoors and outdoors under eave ribbon treatments of 0.2% transfluthrin (95% CI 0.00–0.00; p < 0.001). 
Additionally, co-treating window screens and eaves with polyacrylate-binding agents and with pirimiphos-methyl has 
been shown to retain insecticidal potency after several washes, with a mosquito mortality rate of 94% after 20 washes 
(95% CI 0.74–0.98; p < 0.001).

Conclusions:  The results from this scoping review suggest that there is value in implementing treated eave tubes 
or window screens. More data are needed to study the longevity of screens and household attitudes toward these 
interventions.

Keywords:  Malaria, Window screen, Eave, Insecticide, Scoping review

© The Author(s) 2021. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
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other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/. The Creative Commons Public Domain Dedication waiver (http://​creat​iveco​
mmons.​org/​publi​cdoma​in/​zero/1.​0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Background
In 2019, the World Health Organization (WHO) reported 
a total of 229 million cases of malaria [1]. Sub-Saharan 
Africa carries the majority of the malaria burden, equat-
ing to 94% of worldwide cases. Several reasons for this 

disproportionality exist, one of which lies in housing 
infrastructure [2]. As evidence of this, a study indicated 
that on average malaria doubled among children with the 
lowest socio-economic status (SES) when measured in 
household wealth, parental education level and job sta-
tus relative to children in the same community with the 
highest SES [3]. The researchers hypothesized that this 
discrepancy in malaria contraction may have derived 
from differences in access to healthcare, knowledge of 
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treatment opportunities, food security, and housing qual-
ity [3].

With improved housing comes a reduced risk of con-
tracting malaria due to lowered exposure to mosquitoes 
[2, 4, 5]. A 2001–2017 cross-sectional analysis using data 
from 33 African countries found that improved hous-
ing lowered the risk of child mortality from malaria by 
12–18% [4]. Openings in walls and other points of entry, 
once closed, can bar vectors from biting indoors dur-
ing their active hours. Tools such as insecticide-treated 
window screens and eaves are designed to do just that, 
along with the added community effect of reducing mos-
quito populations due to the insecticide treatment. How-
ever, these devices are not as widely prioritized in the 
fight against malaria compared to bed net programmes 
or indoor residual spraying [6]. More concrete research 
displaying the benefits of window screens and eaves is 
required [6]. Added research will help to motivate all 
critical stakeholders, such as policymakers, to invest in 
said tools. Addressing housing quality could help to alle-
viate other issues of poverty by identifying household 
needs and concerns.

The following review addresses the call for more 
research by synthesizing and summarizing current scien-
tific knowledge of housing interventions to inform policy. 
More specifically, this scoping review provides a detailed 
account of the literature, assessing whether chemical 
insecticide-treated window screens and eaves are capable 

of reducing malaria incidence, prevalence, and mosquito 
biting densities within malaria-endemic countries.

Methods
Search strategy
On 10 July, 2020, the research team performed a lit-
erature search exploring PubMed, Scopus, and Pro-
Quest databases using the terms found in Table 1. These 
search terms were selected through collaboration with 
a research librarian and incorporated medical subject 
headings and keywords. Both categories pertained to 
malaria-endemic regions, insecticides or pyrethroids, 
window screens, and eaves. To address outcomes, search 
terms on epidemiology, mosquito bites, disease preva-
lence, and incidence were also included.

Inclusion and exclusion criteria
The research team incorporated guidelines from the 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) study selection process [7]. 
The inclusion criteria comprised: (1) data reported from 
malaria-endemic countries in the WHO regions of sub-
Saharan Africa, Southeast Asia, the Eastern Mediter-
ranean, the Western Pacific, and South America; (2) 
studies reported in English; (3) interventions investigat-
ing Anopheles mosquitoes using insecticide-treated net-
ting for window screens and eaves; (4) studies that used 
empirical methods, meaning the collection and analysis 

Table.1  Search strategies and databases performed on July 10, 2020

Database Search Hits

PubMed Sub-Saharan Africa OR “Africa South of the Sahara”[Mesh] OR Southeast Asia OR “Asia, Southeastern”[Mesh] OR Eastern Mediter-
ranean OR “Morocco”[Mesh] OR “Cyprus”[Mesh] OR Western Pacific OR “Ecuador”[Mesh] OR “Peru”[Mesh] OR “Samoa”[Mesh] OR 
“Independent State of Samoa”[Mesh] OR “Palau”[Mesh] OR South America OR “South America”[Mesh] AND Malaria OR “Malaria”[MeSH 
Terms] OR “Plasmodium”[Mesh] AND insecticide OR insects OR Insecticidal OR “Pyrethrins”[Mesh] OR pyrethroid OR “Mosquito 
Control”[Mesh] OR Insecticide-treated AND windows OR window OR screens OR screen OR eaves OR eave AND Mosquito bites OR 
Mosquito bite OR “culicidae”[MeSH Terms] OR mosquito OR “bites and stings”[MeSH Terms] OR bites stings OR bites OR “Malaria/
epidemiology”[Mesh] OR “Malaria/prevention and control”[Mesh]

637

ProQuest (Sub-Saharan Africa OR Africa OR Southeast Asia OR SOUTHEAST ASIA OR Mediterranean OR Mediterranean Area OR Morocco 
OR Cyprus OR Western Pacific OR Ecuador OR Peru OR Samoa OR Palau OR South America OR SOUTH AMERICA) AND (malaria 
OR plasmodium OR plasmodium berghei OR plasmodium chabaudi OR plasmodium cynomolgi OR plasmodium falciparum OR 
plasmodium falciparum (malaria parasite) OR plasmodium gallinaceum OR plasmodium knowlesi OR plasmodium malariae OR 
plasmodium ovale OR plasmodium relictum OR plasmodium vinckei OR plasmodium vivax OR plasmodium yoelii) AND (Insecticide 
OR insecticides OR pyrethrins OR pyrethroid OR mosquito control) AND (window OR windows OR window screens OR screen doors 
OR eaves OR eaves.) AND (bites OR bites & stings OR bites, human)

1018

Scopus TITLE-ABS-KEY sub-saharan AND africa OR TITLE-ABS-KEY africa AND south AND of AND the AND sahara OR TITLE-ABS-KEY southeast 
AND asia OR TITLE-ABS-KEY eastern AND mediterranean OR TITLE-ABS-KEY morocco OR TITLE-ABS-KEY southeastern AND asia OR 
TITLE-ABS-KEY cyprus OR TITLE-ABS-KEY western AND pacific OR TITLE-ABS-KEY ecuador OR TITLE-ABS-KEY peru OR TITLE-ABS-
KEY samoa OR TITLE-ABS-KEY independent AND state AND of AND samoa OR TITLE-ABS-KEY palau OR TITLE-ABS-KEY south AND 
america AND TITLE-ABS-KEY malaria OR TITLE-ABS-KEY plasmodium AND TITLE-ABS-KEY insecticide OR TITLE-ABS-KEY insects OR 
TITLE-ABS-KEY insecticidal OR TITLE-ABS-KEY pyrethrins OR TITLE-ABS-KEY pyrethroid OR TITLE-ABS-KEY mosquito AND control OR 
TITLE-ABS-KEY insecticide-treated AND TITLE-ABS-KEY windows OR TITLE-ABS-KEY window OR TITLE-ABS-KEY screens OR TITLE-ABS-
KEY screen OR TITLE-ABS-KEY eaves OR TITLE-ABS-KEY eave OR TITLE-ABS-KEY net OR TITLE-ABS-KEY nets OR TITLE-ABS-KEY bednet 
OR TITLE-ABS-KEY bednets OR TITLE-ABS-KEY bed AND net OR TITLE-ABS-KEY bed AND nets AND TITLE-ABS-KEY epidemiology OR 
TITLE-ABS-KEY mosquito AND bites OR TITLE-ABS-KEY mosquito AND bite OR TITLE-ABS-KEY culicidae OR TITLE-ABS-KEY mosquito 
OR TITLE-ABS-KEY stings OR TITLE-ABS-KEY bites OR TITLE-ABS-KEY prevalence OR TITLE-ABS-KEY incidence

525
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of data using the scientific method; and (5) studies that 
were published in the years 2000–2020. Articles that 
investigated bed nets or curtains alone were excluded 
from the study.

Data extraction
Data were collected in RefWorks Legacy, and each arti-
cle was independently assessed by two reviewers (BIA 
and KV). Data from each study were qualitatively synthe-
sized into categories of biting incidence and protective 
efficacy, mosquito entry and density, mosquito mortality, 
and household member attitudes toward each interven-
tion. The Critical Appraisal Skills Programme Checklist 
(CASP) for case–control studies was used to evaluate 
the quality of these reports, where groups exposed to the 

insecticide were taken as cases and non-exposed groups 
were categorized as controls [8]. Randomized con-
trolled trials (RCTs) were appraised with the CASP for 
RCT studies [9]. Reviewers discussed and resolved any 
discrepancies.

Results
Out of 2180 results, 282 duplicates were removed and 
1834 studies excluded after assessing their titles and 
abstracts. Thirteen final articles were identified out of 
the remaining 64 studies that met all the inclusion crite-
ria (Fig. 1) [10–22]. These 13 articles assessed interven-
tions based on their overall effect on biting incidence, 
protective efficacy, mosquito entry and density, mosquito 
mortality, and participant attitudes toward the mosquito 
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Records a�er duplicates removed
(n = 282)

Addi�onal records iden�fied 
through other sources

(n =0)
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database searching

(n = 2,180)

Records screened
(n = 1,898)

Full-text ar�cles 
assessed for eligibility

(n = 64)

Records excluded
(n = 1,834)

Full-text ar�cles excluded, 
with reasons

(n = 51)

Related to bed nets, curtains, 
environmental factors, or houses 
without primary focus on treated 
screens/eaves 

No evaluation of malaria 
prevention outcomes or mosquito 
entry behavior

Outside of inclusion criterion 
publish date 

Related to methods for monitoring 
mosquitoes

Studies included in rapid review
(n =13)

Fig. 1  Flowchart of study selection process
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control interventions. All articles were of high quality 
based on their appropriate appraisal checklist (Table 2).

Characteristics of studies
Population demographics of all articles varied widely, 
particularly in the Anopheles species that researchers 
studied (Table 3). Three interventions utilized RCT study 
designs and the remaining 10 used case–control release-
recapture, wild mosquito recruitment, and/or experi-
mental hut studies (Table 3). Studies using experimental 
huts first reconstructed West African-style homes. These 
homes were modified to include multiple eave tubes 
at eave level. Other reports identified as village studies, 
as they incorporated housing units already present in a 
community. To collect mosquitoes, the overnight release-
recapture method or the recruitment of wild mosqui-
toes was used. With the release-recapture method, 
laboratory-reared mosquitoes were released into the 
experimental enclosure and later captured to record their 
position and status. The recruitment of wild mosquitoes, 
conversely, involved the capture of mosquitoes that were 
not raised in a controlled setting.

Most studies (n = 10) reported on treated eave inserts, 
while three studies investigated both window screens and 
eaves. All data were collected in African countries: four 
studies took place in Tanzania, whereas three articles 
were aggregated in Côte d’Ivoire and three in Kenya. All 
other studies produced results from Mozambique, Bénin, 
and Zambia.

All reports (n = 13) indicated that their studies included 
human volunteers. Of the 13 articles, eight involved adult 
participants, one involved children, and four did not 
identify participant ages. Five studies comprised all male 
volunteers and the eight remaining studies did not pro-
vide information on the gender of their volunteers. Insect 
samples ranged from 90 to 11,362 released or collected 
mosquitoes. Twelve studies re-evaluated the interven-
tion at least twice, while one design did not clearly state 
whether treatment replication took place (Table 2).

Biting incidence and protective efficacy
Five of the 13 studies indicated the intervention effects 
on mosquito-biting incidence and protective efficacy 
(Table  4). Three of these reports utilized transfluthrin 
insecticide against mosquito vectors, of which one study 
found that eave ribbons treated with insecticide concen-
trations of 0.2% led to 100% reductions in indoor and out-
door biting with zero average nightly mosquito catches 
(95% CI 0.00–0.00; p < 0.001) [10]. In this report, volun-
teers assigned to houses with eaves covered in 10 times 
less transfluthrin (0.02%) still experienced 77.2% protec-
tion indoors with three average nightly catches (95% CI 

0.32–5.18; p < 0.001) and 56.2% protection outdoors with 
46 average nightly catches (95% CI 23.5–68.6; p < 0.001).

Mmbando et  al.  indicated that eaves treated with 
transfluthrin afforded 96% indoor and 84% outdoor pro-
tection against Anopheles arabiensis [10]. Drastically 
lower, though, were the treatment results on Anopheles 
funestus, as volunteers experienced only 42% protection 
indoors and 40% outdoor protection [10]. As a form of 
community defence, one study reported that if 80% of 
households installed transfluthrin-eaves, an entire com-
munity would experience a state of herd immunity [8].

Mwanga et  al. [11] found that eave ribbons treated 
with transfluthrin protected participants who slept under 
a net at 83% efficacy indoors and 62% outdoors. Con-
versely, volunteers who did not sleep under a net experi-
enced 57% protection indoors and 48% outdoors against 
An. arabiensis mosquitoes [11]. Volunteers who slept 
under nets and with treated eaves had constant levels of 
protection, whereas those who did not sleep under a net 
experienced increased levels of protection when eave rib-
bons were added to the mix [11].

Mosquito entry and density
Seven studies reported the intervention outcomes on 
mosquito entry and indoor density (Table  4). In Bar-
reaux et  al.’s [12] report, inserts treated with 10% beta-
cyfluthrin and placed in eave tubes using the In2Care 
tool resulted in 0–0.4% of mosquitoes entering houses 
with closed windows. This method is known as the Lethal 
House Lure. The control hut had around 50–80% of mos-
quitoes entering the structure when eaves were untreated 
[12].

Snetselaar et  al. [13] reported that directly apply-
ing bendiocarb to eaves produced an average recapture 
rate of 21% for both Anopheles gambiae s.s. (95% CI 
18–25%) and An. arabiensis (95% CI 14–27%). Similarly, 
another report found that bendiocarb-eaves resulted in 
50–70% lower recapture rates than their controls [14]. 
These treated eaves also performed as well as long-last-
ing insecticidal netting (LLIN) and open eaves together 
[14]. When Snetselaar et al. [13] experimented with del-
tamethrin, they found it allowed 18% more An. gambiae 
s.s. (95% CI 26–51%) and 1% more An. arabiensis (95% 
CI 18–25%) into houses compared to bendiocarb. Micro-
scopically, Gouissi et  al. [15] found that covering eaves 
and windows with Olyset Nets (impregnated with per-
methrin) reduced Plasmodium parasite density in partic-
ipant blood by two times compared to the control.

Mosquito mortality
In addition to outcomes related to mosquito entry 
behaviour, seven of the included studies generated 
reports based on mosquito mortality (Table  4). These 
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Table.2  Critical appraisal checklist

Article 
number

References #1 #2 #3 #4 #5 #6a #6b #7 #8 #9 #10 #11

1 Barreaux et al. 
[19]

Yes Yes Yes Yes Yes Yes Yes At least six replicates of 
treatment

Very Yes Yes Yes

2 Barreaux et al. 
[12]

Yes Yes Yes Yes Yes Yes Yes At least ten replicates of 
treatment

Very Yes Yes Yes

3 Chinula et al. 
[17]

Yes Yes Yes Yes Yes Yes Yes Two replicates of 
treatment

Very Yes Yes Yes

4 Gouissi et al. 
[15]

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

5 Kampango et al. 
[20]

Yes Yes Yes Can’t 
tell

Yes Yes Yes Yes Yes Yes Yes

6 Menger et al. 
[21]

Yes Yes Yes Can’t 
tell

Yes Yes Yes Yes Yes Yes Yes

7 Menger et al. 
[22]

Yes Yes Yes Can’t 
tell

Yes Yes Yes Yes Yes Yes Yes

8 Mmbando et al. 
[18]

Yes Yes Yes Yes Yes Yes Yes At least five replicates 
of treatment

Yes Yes Yes Yes

9 Mmbando et al. 
[10]

Yes Yes Yes Yes Yes Yes Yes At least 20 replicates of 
treatment

Yes Yes Yes Yes

10 Mwanga et al. 
[11]

Yes Yes Yes Yes Yes Yes Yes At least 25 replicates of 
treatment (for protective 
efficacy experiment)

Yes Yes Yes Yes

11 Oumbouke et al. 
[16]

Yes Yes Yes Yes Yes Yes Yes Unknown Yes Yes Yes Yes

12 Snetselaar et al. 
[13]

Yes Yes Yes Yes Yes Yes Yes At least four replicates 
of treatment

Yes Yes Yes Yes

13 Sternberg et al. 
[14]

Yes Yes Yes Yes Yes Yes Yes At least three replicates 
of treatment

Yes Yes Yes Yes

Case–control (articles 1–4; 8–13)

#1. Did the study address a clearly focused issue?

#2. Did the authors use an appropriate method to answer their question?

#3. Were the cases recruited in an acceptable way?

#4. Were the controls selected in an acceptable way?

#5. Was the exposure accurately measured to minimise bias?

#6a. Aside from the experimental intervention, were the groups treated equally?

#6b. Have the authors taken account of the potential confounding factors in the design and/or in their analysis?

#7. How large was the treatment effect?

#8. How precise was the estimate of the treatment effect?

#9. Do you believe the results?

#10. Can the results be applied to the local population?

#11. Do the results of this study fit with other available evidence?

Randomized controlled trial (articles 5–7):

#1. Did the study address a clearly focused research question?

#2. Was the assignment of participants to interventions randomised?

#3. Were all participants who entered the study accounted for at its conclusion?

#4. Were the participants ‘blind’ to the intervention they were given? Were the investigators ‘blind’ to the intervention they were giving to participants? Were the 
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interventions utilized the In2Care insert (n = 2), trans-
fluthrin (n = 2), beta-cyfluthrin (n = 1), bendiocarb 
(n = 1), and pirimiphos-methyl (PM) insecticides (n = 1). 
Barreaux et al. [12] found that the In2Care tool differen-
tially killed 25% more mosquitoes per day compared to 
the control hut in which 2–4% daily deaths occurred.

In another report, 11 insecticides were tested for their 
toxicity, wherein beta-cyfluthrin remained the most 
durable and potent of them all [16]. Beta-cyfluthrin was 
observed to maintain 100% mortality rates up to one 
month of use [16]. This team found that the insecticide 
killed 55% of mosquitoes that came into contact with 
treated eaves (an average of 44% of released mosquitoes) 
by the following morning; then, after 24  h of exposure, 
64% of mosquitoes died, although not at a significant dif-
ference (p > 0.05). Within the untreated control hut, less 
than 5% of mosquitoes died that came into contact with 
untreated eaves [16].

Along with beta-cyfluthrin eaves, two interventions 
focused on mosquito mortality from transfluthrin-
treated eaves. Eaves covered with transfluthrin were 
reported to result in high mortality rates. In one report, 
around 99.5% of all mosquitoes died upon exposure 
to houses protected by treated eaves [10]. Moreover, 
Mwanga et al. [11] found that, after exposing caged mos-
quitoes to treated eave ribbons, all mosquitoes reportedly 
died.

Chinula et  al. [17] investigated the wash resistance of 
window screens and eave baffles (WSEBs) treated with 
pirimiphos-methyl (PM) insecticide and polyacrylate-
binding agents (BA). Exposed mosquitoes died at rates 
equal to that of LLIN and continued to die at 94% after 20 
washes (95% CI 0.74–0.98; p < 0.001) [17]. When BA was 
removed, all mosquitoes died after zero washes; however, 
after 10 washes, less than 10% of all mosquitoes died [17]. 
Likewise, when the PM insecticide was removed, less 
than 5% of mosquitoes died after 0, 5, 10, and 20 washes 
whether or not BA was present [17].

Participant needs and attitudes
Only two articles discussed volunteer attitudes toward 
treated eaves or window screens (Table  4). Mmbando 
et al. [18] reported that participants had overall positive 
outlooks toward prototype windows because of their 
ventilation and attraction. A positive regard for these 
devices was demonstrated over 10  weeks by the dou-
bling of male residents from four to eight in houses newly 
installed with prototype windows. Eventually, new inhab-
itants displayed housing comfort, redecorating 10 out of 
the 20 housing units with new curtains and floors [18]. 
Relative to bed nets, which can generally accommodate 
two people, eave ribbons treated with transfluthrin could 
accommodate four residents [10].

Discussion
The evidence reviewed suggests that eave tubes infused 
with specific insecticides can reduce vector-biting inci-
dence rates, mosquito entry rates and mosquito preva-
lence (Tables  3–4). Based on the studies reviewed here, 
insecticide-treated eaves coated with beta-cyfluthrin 
or transfluthrin can reduce vector biting by noteworthy 
amounts: A 64% drop in An. gambiae s.l. blood-feeding 
when treated with 10% beta-cyfluthrin; and a 100% drop 
in indoor and outdoor biting when treated with 0.2% 
transfluthrin [10, 19]. Transfluthrin appears to be one of 
the more effective insecticides on eave tubes for reduc-
ing mosquito biting, as at a concentration of 0.02% biting 
protection rates were 77.2% indoors and 56.2% outdoors 
[10]. Worth noting, however, is that transfluthrin-eaves 
appear to offer minimal to no protection against An. 
funestus mosquitoes [10]. Public health practitioners 
should therefore base the type of insecticide they treat 
eaves with on the most prevalent species of mosquito in 
a community.

Households fitted with beta-cyfluthrin-treated eaves 
might also be protected against mosquito entry. Of all 
the tests included with this insecticide, the one that fol-
lowed the Lethal House Lure approach was the most suc-
cessful. Using this system where beta-cyfluthrin-coated 
eaves were installed in houses, only 0–0.4% of mosqui-
toes entered these structures [12]. Local governments 

people assessing/analysing outcome/s ‘blinded’?

#5. Were the study groups similar at the start of the randomised controlled trial?

#6. Apart from the experimental intervention, did each study group receive the same level of care (that is, were they treated equally)?

#7. Were the effects of intervention reported comprehensively?

#8. Was the precision of the estimate of the intervention or treatment effect reported?

#9. Do the benefits of the experimental intervention outweigh the harms and costs?

#10. Can the results be applied to your local population/in your context?

#11. Would the experimental intervention provide greater value to the people in your care than any of the existing interventions?

The black shaded areas for these articles indicate the absence of an additional critical appraisal question

Table.2  (continued)



Page 7 of 18Anaele et al. Malar J          (2021) 20:388 	

Ta
bl

e.
3 

C
ha

ra
ct

er
is

tic
s 

of
 in

cl
ud

ed
 in

te
rv

en
tio

ns

Re
fe

re
nc

es
St

ud
y 

ar
ea

Re
se

ar
ch

 d
es

ig
n(

s)
Po

pu
la

tio
n 

de
sc

ri
pt

io
n

Tr
ea

tm
en

t s
am

pl
e 

si
ze

In
se

ct
ic

id
e(

s)
 u

se
d

A
pp

lic
at

io
n 

m
et

ho
d

W
in

do
w

 s
cr

ee
n 

or
 

ea
ve

 u
se

Ba
rr

ea
ux

 e
t a

l. 
[1

9]
M

’b
e,

 C
ôt

e 
d’

Iv
oi

re
Re

le
as

e-
re

ca
pt

ur
e,

 
na

tu
ra

l m
os

qu
ito

 
re

cr
ui

tm
en

t, 
ex

pe
ri-

m
en

ta
l h

ut
 s

tu
di

es
, 

an
d 

ca
se

–c
on

tr
ol

 
st

ud
ie

s

An
op

he
le

s g
am

bi
ae

 
se

ns
u 

la
to

 m
os

qu
ito

es
. 

H
um

an
 p

ar
tic

ip
an

ts
 

id
en

tifi
ed

 a
s ‘

sl
ee

pe
rs

’ 
an

d 
>

 1
8 

ye
ar

 o
ld

Si
x 

re
pl

ic
at

es
 o

f t
he

 
tr

ea
tm

en
t a

nd
 s

le
ep

er
 

co
m

bi
na

tio
n.

 C
al

cu
la

-
tio

n 
w

as
 b

as
ed

 o
n 

th
e 

po
w

er
 p

ac
ka

ge
 in

 R
 

to
 d

et
er

m
in

e 
th

e 
# 

ne
ed

ed
 to

 fi
nd

 a
 5

%
 

st
at

is
tic

al
 s

ig
ni

fic
an

ce
 

at
 a

 7
0–

80
%

 p
ow

er
 

ca
lc

ul
at

io
n

Be
ta

-c
yfl

ut
hr

in
Ea

ve
 tu

be
 p

la
st

ic
 

in
se

rt
s 

w
er

e 
m

ac
hi

ne
-

tr
ea

te
d 

us
in

g 
a 

w
et

ta
-

bl
e 

po
w

de
r f

or
m

ul
a-

tio
n 

of
 th

e 
in

se
ct

ic
id

e

Ea
ve

s

Ba
rr

ea
ux

 e
t a

l. 
[1

2]
M

’b
e,

 C
ôt

e 
d’

Iv
oi

re
Re

le
as

e-
re

ca
pt

ur
e,

 
ex

pe
rim

en
ta

l h
ut

 s
tu

d-
ie

s, 
an

d 
ca

se
–c

on
tr

ol
 

st
ud

ie
s

An
op

he
le

s g
am

bi
ae

 
se

ns
u 

la
to

 m
os

qu
ito

es
 

de
riv

ed
 fr

om
 M

’b
e 

an
d 

Bo
ua

ke
 fo

un
d 

in
 C

ot
e 

d’
Iv

oi
re

, w
hi

ch
 h

av
e 

be
en

 d
es

cr
ib

ed
 a

s 
hi

gh
ly

 re
si

st
an

t t
o 

py
re

-
th

ro
id

s; 
al

so
 in

cl
ud

ed
 

hu
m

an
 v

ol
un

te
er

s 
in

 
ex

pe
rim

en
ta

l h
ut

s

St
ud

ie
s 

pe
rf

or
m

ed
 

ov
er

 2
 n

ig
ht

s 
ha

d 
ar

ou
nd

 9
0–

10
0 

fe
m

al
e 

m
os

qu
ito

es
 w

ith
 1

0 
re

pl
ic

at
es

 o
f e

ac
h 

tr
ea

t-
m

en
t a

nd
 2

0 
re

le
as

es
 

in
 to

ta
l

Be
ta

-c
yfl

ut
hr

in
Ea

ve
 tu

be
 p

la
st

ic
 

in
se

rt
s 

w
er

e 
m

ac
hi

ne
-

tr
ea

te
d 

us
in

g 
a 

w
et

ta
-

bl
e 

po
w

de
r f

or
m

ul
a-

tio
n 

of
 th

e 
in

se
ct

ic
id

e

Ea
ve

s

C
hi

nu
la

 e
t a

l. 
[1

7]
Lu

an
gw

a 
D

is
tr

ic
t, 

Lu
sa

ka
, Z

am
bi

a 
in

 
C

hi
so

be
 V

ill
ag

e

Re
le

as
e-

re
ca

pt
ur

e,
 

ex
pe

rim
en

ta
l h

ut
 s

tu
d-

ie
s, 

an
d 

ca
se

–c
on

tr
ol

 
st

ud
ie

s

An
op

he
le

s g
am

bi
ae

 
co

m
pl

ex
 w

hi
ch

 p
ar

tly
 

co
ns

is
te

d 
of

 A
no

ph
-

el
es

 a
ra

bi
en

sis
. A

ls
o 

ca
pt

ur
ed

 A
no

ph
el

es
 

fu
ne

st
us

 b
ut

 w
er

e 
lo

w
 

in
 n

um
be

r a
t t

he
 e

nd
 

of
 th

e 
st

ud
y.

 H
um

an
 

sl
ee

pe
rs

 w
er

e 
al

l m
al

e 
(8

 m
en

)

28
84

 to
ta

l A
no

ph
el

es
 

ga
m

bi
ae

 c
om

pl
ex

 a
nd

 
33

3 
An

op
he

le
s f

un
es

tu
s 

th
at

 d
ro

pp
ed

 to
 fe

w
er

 
th

an
 1

0 
at

 e
nd

 o
f t

he
 

st
ud

y.
 T

w
o 

re
pl

ic
at

es
 

of
 1

6 
pi

ec
e 

W
SE

Bs
. 

PM
 d

os
ag

e 
w

as
 2

 ×
 

m
or

e 
th

an
 IR

S 
re

co
m

-
m

en
de

d 
co

nc
en

tr
a-

tio
n.

 B
A

 d
os

ag
e 

w
as

 
al

so
 1

4 
×

 h
ig

he
r t

ha
n 

la
m

bd
a-

cy
ha

lo
th

rin
 

re
co

m
m

en
da

tio
n 

be
ca

us
e 

of
 c

al
cu

la
tio

ns
 

fro
m

 m
ic

ro
-e

nc
ap

su
-

la
te

d 
PM

Pi
rim

ip
ho

s-
m

et
hy

l (
PM

)
W

in
do

w
 s

cr
ee

ns
 a

nd
 

ea
ve

s 
w

er
e 

tr
ea

te
d 

w
ith

 m
ic

ro
-e

nc
ap

su
-

la
te

d 
PM

W
in

do
w

 s
cr

ee
ns

 a
nd

 
ea

ve
s 

(W
SE

Bs
)

G
ou

is
si

 e
t a

l. 
[1

5]
A

gu
ég

ué
s, 

Be
ni

n
Ca

se
–c

on
tr

ol
 s

tu
dy

M
os

qu
ito

 s
pe

ci
es

 
un

id
en

tifi
ed

. P
ar

as
ite

 
id

en
tifi

ed
 a

s 
P. 

fa
lc

i-
pa

ru
m

. 3
20

 c
hi

ld
re

n 
as

 tr
ea

tm
en

t a
nd

 3
11

 
ch

ild
re

n 
as

 c
on

tr
ol

 
ag

ed
 6

–5
9 

m
on

th
s

Tr
ea

tm
en

t i
ns

ta
lle

d 
in

 
70

 d
w

el
lin

gs
 w

ith
 3

20
 

to
ta

l c
hi

ld
re

n.
 C

on
tr

ol
 

gr
ou

p 
co

ns
is

te
d 

of
 3

11
 

ch
ild

re
n

Pe
rm

et
hr

in
Re

se
ar

ch
er

s 
di

d 
no

t 
pe

rs
on

al
ly

 a
pp

ly
 

in
se

ct
ic

id
e 

to
 n

et
tin

g.
 

Re
se

ar
ch

er
s 

pu
rc

ha
se

d 
O

ly
se

t N
et

s 
th

at
 w

er
e 

pr
e-

im
pr

eg
na

te
d 

w
ith

 
in

se
ct

ic
id

e

W
in

do
w

 s
cr

ee
ns

 a
nd

 
ea

ve
s
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Ta
bl

e.
3 

(c
on

tin
ue

d)

Re
fe

re
nc

es
St

ud
y 

ar
ea

Re
se

ar
ch

 d
es

ig
n(

s)
Po

pu
la

tio
n 

de
sc

ri
pt

io
n

Tr
ea

tm
en

t s
am

pl
e 

si
ze

In
se

ct
ic

id
e(

s)
 u

se
d

A
pp

lic
at

io
n 

m
et

ho
d

W
in

do
w

 s
cr

ee
n 

or
 

ea
ve

 u
se

Ka
m

pa
ng

o 
et

 a
l. 

[2
0]

Fu
rv

el
a 

vi
lla

ge
, M

oz
am

-
bi

qu
e

RC
T​

An
op

he
le

s f
un

es
tu

s a
nd

 
An

op
he

le
s g

am
bi

ae
 s.

 
l. 

m
os

qu
ito

es
. H

ou
se

s 
w

ith
 a

t l
ea

st
 tw

o 
pe

op
le

 s
le

ep
in

g 
in

 
ea

ch
 h

ou
se

. N
o 

ot
he

r 
in

fo
rm

at
io

n 
on

 h
um

an
 

vo
lu

nt
ee

rs

11
,3

62
 m

os
qu

ito
es

 
co

lle
ct

ed
 in

 to
ta

l: 
96

92
 

An
. f

un
es

tu
s a

nd
 1

67
0 

An
 g

am
bi

ae
 s.

l. 
16

 to
ta

l 
ho

us
es

 w
er

e 
us

ed
 in

 
th

e 
ex

pe
rim

en
t

D
el

ta
m

et
hr

in
 a

nd
 

Fe
nd

oz
in

 (m
ad

e 
of

 
al

ph
ac

yp
er

m
et

hr
in

)

D
el

ta
m

et
hr

in
 w

as
 

in
co

rp
or

at
ed

 in
to

 th
e 

ya
rn

 fi
br

es
 u

se
d 

to
 

co
ve

r e
av

es
. F

en
do

zi
n 

w
as

 p
ur

ch
as

ed
 a

s 
a 

pa
ck

ag
ed

 m
os

qu
ito

 
ne

t p
re

-im
pr

eg
na

te
d 

w
ith

 in
se

ct
ic

id
e

Ea
ve

s

M
en

ge
r e

t a
l. 

[2
1]

Ki
go

ch
e 

vi
lla

ge
, K

en
ya

RC
T​

An
op

he
le

s c
ol

uz
zi

i 
m

os
qu

ito
es

 u
se

d.
 8

 
m

al
e 

vo
lu

nt
ee

rs
 s

le
pt

 
in

 h
ou

se
s, 

on
e 

pe
rs

on
/

ho
us

e.
 T

he
se

 w
er

e 
la

b-
re

ar
ed

 b
ut

 o
rig

in
al

ly
 

co
lle

ct
ed

 in
 S

ua
ko

ko
, 

Li
be

ria

17
91

 m
os

qu
ito

es
 

ca
ug

ht
 in

 th
e 

ho
us

es
. 

17
24

 (9
6.

3%
 w

er
e 

An
op

he
lin

es
 a

nd
 6

7 
(3

.7
%

) w
er

e 
Cu

lic
in

es
. 8

 
tr

ad
iti

on
al

 h
ou

se
s 

w
ith

 
m

ud
-w

al
ls

D
el

ta
-u

nd
ec

al
ac

to
ne

N
et

tin
g 

w
as

 im
pr

eg
-

na
te

d 
w

ith
 th

e 
m

ic
ro

en
ca

ps
ul

at
ed

 
fo

rm
 o

f t
he

 in
se

ct
ic

id
e.

 
Th

e 
m

ic
ro

ca
ps

ul
es

 
w

er
e 

cr
ea

te
d 

us
in

g 
an

 
oi

l-i
n-

w
at

er
 e

m
ul

si
on

 
te

ch
ni

qu
e

Ea
ve

s

M
en

ge
r e

t a
l. 

[2
2]

Ki
go

ch
e 

vi
lla

ge
, K

en
ya

RC
T​

An
op

he
le

s m
os

qu
ito

es
 

w
er

e 
co

lle
ct

ed
 a

s 
w

el
l 

as
 C

ul
ic

in
e 

m
os

qu
i-

to
es

. M
al

e 
vo

lu
nt

ee
rs

 
18

–2
8 

ye
ar

s 
ol

d 
(o

ne
 

pe
rs

on
/h

ou
se

)

– 
In

 e
xp

er
im

en
t 

1,
 in

do
or

s: 
73

05
 

m
os

qu
ito

es
 in

 to
ta

l: 
96

%
 fe

m
al

e 
an

d 
4%

 
m

al
e.

 4
49

6 
(6

2%
) 

w
er

e 
An

op
he

lin
es

, t
he

 
re

st
 (2

80
9;

 3
8%

) w
er

e 
Cu

lic
in

es
. O

ut
do

or
s: 

51
80

 c
au

gh
t; 

97
%

 
fe

m
al

e,
 3

%
 m

al
e.

 3
1%

 
w

er
e 

An
op

he
lin

es
, 6

1%
 

Cu
lc

in
es

p-
M

en
th

an
e-

3,
8-

di
ol

 
(P

M
D

)
In

se
ct

ic
id

e 
w

as
 

pu
rc

ha
se

d 
th

ro
ug

h 
a 

co
m

m
er

ci
al

 re
pe

lle
nt

 
(C

itr
io

di
ol

) a
nd

 s
pr

ay
ed

 
on

 n
et

tin
g 

th
at

 w
as

 
pl

ac
ed

 in
 e

av
es

Ea
ve

s

– 
In

 e
xp

er
im

en
t 2

, 
in

do
or

s: 
41

37
 c

au
gh

t 
(9

6%
 fe

m
al

e,
 4

%
 m

al
e)

. 
32

66
 (7

9%
) w

er
e 

An
op

he
lin

es
, a

nd
 8

71
 

(2
1%

) w
er

e 
Cu

lic
in

es
. 

O
ut

do
or

s: 
74

71
 c

au
gh

t 
(8

8%
 fe

m
al

e,
 1

2%
 

m
al

e)
. 3

5%
 A

no
ph

e-
lin

es
, 6

5%
 C

ul
ic

in
es
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Ta
bl

e.
3 

(c
on

tin
ue

d)

Re
fe

re
nc

es
St

ud
y 

ar
ea

Re
se

ar
ch

 d
es

ig
n(

s)
Po

pu
la

tio
n 

de
sc

ri
pt

io
n

Tr
ea

tm
en

t s
am

pl
e 

si
ze

In
se

ct
ic

id
e(

s)
 u

se
d

A
pp

lic
at

io
n 

m
et

ho
d

W
in

do
w

 s
cr

ee
n 

or
 

ea
ve

 u
se

M
m

ba
nd

o 
et

 a
l. 

[1
8]

Ifa
ka

ra
 H

ea
lth

 In
st

itu
te

, 
Ta

nz
an

ia
Ex

pe
rim

en
ta

l h
ut

s, 
re

le
as

e-
re

ca
pt

ur
e,

 a
nd

 
ca

se
–c

on
tr

ol
 s

tu
di

es

Fe
m

al
e 

An
op

he
le

s 
ar

ab
ie

ns
is 

m
os

qu
ito

es
. 

A
du

lt 
vo

lu
nt

ee
rs

, o
ne

 
pe

r h
ut

Tw
o 

hu
ts

 w
ith

 5
00

 
re

ar
ed

 A
no

ph
el

es
 

ar
ab

ie
ns

is 
de

pl
oy

ed
 

th
ro

ug
ho

ut
 1

22
 n

ig
ht

s 
m

os
qu

ito
es

 re
le

as
ed

 in
 

th
re

e 
ca

se
s 

(c
on

ta
in

in
g 

16
7,

 1
67

, 1
66

 m
os

qu
i-

to
es

 e
ac

h)

Tr
an

sfl
ut

hr
in

Ea
ve

 ri
bb

on
s 

w
er

e 
w

as
he

d 
w

ith
 li

qu
id

 
de

te
rg

en
t (

A
xi

on
) a

nd
 

so
ak

ed
 w

ith
 tr

an
s-

flu
th

rin

Ea
ve

s

M
m

ba
nd

o 
et

 a
l. 

[1
0]

Ifa
ka

ra
 H

ea
lth

 In
st

itu
te

, 
Ta

nz
an

ia
 (s

em
i-fi

el
d)

 
an

d 
Lu

pi
ro

 v
ill

ag
e,

 
Ta

nz
an

ia
 (fi

el
d)

Ex
pe

rim
en

ta
l h

ut
s, 

re
le

as
e-

re
ca

pt
ur

e,
 a

nd
 

ca
se

–c
on

tr
ol

 s
tu

di
es

Fe
m

al
e 

An
. a

ra
bi

en
sis

 
m

os
qu

ito
es

. T
w

o 
ad

ul
t 

m
al

e 
vo

lu
nt

ee
rs

75
 n

ig
ht

s 
an

d 
50

0 
ne

w
ly

-r
ea

re
d 

An
op

h-
el

es
 a

ra
bi

en
sis

 m
os

qu
i-

to
es

 e
ve

ry
 n

ig
ht

Tr
an

sfl
ut

hr
in

Ea
ve

 ri
bb

on
s 

w
er

e 
w

as
he

d 
w

ith
 li

qu
id

 
de

te
rg

en
t (

A
xi

on
) a

nd
 

so
ak

ed
 w

ith
 tr

an
s-

flu
th

rin

Ea
ve

s

M
w

an
ga

 e
t a

l. 
[1

1]
Ifa

ka
ra

 H
ea

lth
 In

st
itu

te
, 

Ta
nz

an
ia

Ex
pe

rim
en

ta
l h

ut
s, 

re
le

as
e-

re
ca

pt
ur

e,
 a

nd
 

ca
se

–c
on

tr
ol

 s
tu

di
es

La
bo

ra
to

ry
-r

ea
re

d 
fe

m
al

e 
An

. a
ra

bi
en

sis
 

m
os

qu
ito

es
. A

du
lt 

m
al

e 
hu

m
an

 v
ol

un
-

te
er

s, 
on

e 
pe

r h
ut

5 
hu

ts
 w

ith
 1

00
0 

An
op

he
le

s a
ra

bi
en

sis
 

m
os

qu
ito

es
 re

le
as

ed
 

ev
er

y 
ni

gh
t

Tr
an

sfl
ut

hr
in

Ea
ve

 ri
bb

on
s 

w
er

e 
w

as
he

d 
w

ith
 li

qu
id

 
de

te
rg

en
t (

A
xi

on
) a

nd
 

so
ak

ed
 w

ith
 tr

an
s-

flu
th

rin

Ea
ve

s

O
um

bo
uk

e 
et

 a
l. 

[1
6]

M
’b

e,
 C

ôt
e 

d’
Iv

oi
re

Ex
pe

rim
en

ta
l h

ut
s, 

re
le

as
e-

re
ca

pt
ur

e,
 a

nd
 

ca
se

–c
on

tr
ol

 s
tu

di
es

An
op

he
le

s g
am

bi
ae

 
s.l

. m
os

qu
ito

es
, p

re
-

do
m

in
an

tly
 A

no
ph

el
es

 
co

lu
zz

i c
ol

le
ct

ed
 fr

om
 

M
’b

e 
w

ith
 h

ig
h 

le
ve

ls
 

of
 p

yr
et

hr
oi

d 
an

d 
ca

rb
am

at
e 

re
si

st
an

ce
 

le
ve

ls
 a

nd
 la

b-
re

ar
ed

. 
Tw

o 
vo

lu
nt

ee
r h

ut
 

sl
ee

pe
rs

 w
er

e 
ad

ul
ts

 
w

ho
 w

er
e 

no
t g

iv
en

 
pr

op
hy

la
xi

s

10
0 

m
os

qu
ito

es
 w

er
e 

re
le

as
ed

 in
to

 e
ac

h 
ho

us
e

Py
rim

ip
ho

s 
m

et
hy

l, 
az

am
et

hi
ph

os
, 

be
au

ve
ria

 b
as

sia
na

, 
be

nd
io

ca
rb

, b
ife

n-
th

rin
, o

rt
ho

bo
ric

 a
ci

d,
 

be
ta

-c
yfl

ut
hr

in
 W

P, 
de

l-
ta

m
et

hr
in

, p
yr

et
hr

in
, 

bu
to

xi
de

, p
er

m
et

hr
in

, 
an

d 
ca

rb
ar

yl

Po
w

de
re

d 
in

se
ct

ic
id

es
 

w
er

e 
ap

pl
ie

d 
to

 e
av

e 
tu

be
 in

se
rt

s 
pl

ac
ed

 
in

to
 P

VC
 tu

be
s

Ea
ve

s

Sn
et

se
la

ar
 e

t a
l. 

[1
3]

M
bi

ta
 P

oi
nt

, K
en

ya
Ex

pe
rim

en
ta

l h
ou

se
s, 

re
le

as
e-

re
ca

pt
ur

e,
 a

nd
 

ca
se

–c
on

tr
ol

 s
tu

di
es

A.
 g

am
bi

ae
 s.

s. 
an

d 
An

op
he

le
s a

ra
bi

en
sis

 
m

os
qu

ito
es

 c
ol

on
iz

ed
 

fro
m

 th
e 

M
bi

ta
 a

re
a.

 
A

du
lt 

vo
lu

nt
ee

rs
, o

ne
 

pe
r h

ut

Tw
o 

ho
us

es
. 2

00
 

ho
st

-s
ee

ki
ng

 fe
m

al
e 

m
os

qu
ito

es
 re

le
as

ed
 

ou
ts

id
e 

th
e 

ho
us

es
 

ea
ch

 n
ig

ht
 p

er
 h

ou
se

Be
nd

io
ca

rb
 a

nd
 d

el
-

ta
m

et
hr

in
Ea

ve
 tu

be
 in

se
rt

s 
w

er
e 

tr
ea

te
d 

w
ith

 a
n 

el
ec

tr
os

ta
tic

 n
et

tin
g 

an
d.

 fl
uo

re
sc

en
t o

r 
in

se
ct

ic
id

e 
po

w
de

r

Ea
ve

s
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Ta
bl

e.
3 

(c
on

tin
ue

d)

Re
fe

re
nc

es
St

ud
y 

ar
ea

Re
se

ar
ch

 d
es

ig
n(

s)
Po

pu
la

tio
n 

de
sc

ri
pt

io
n

Tr
ea

tm
en

t s
am

pl
e 

si
ze

In
se

ct
ic

id
e(

s)
 u

se
d

A
pp

lic
at

io
n 

m
et

ho
d

W
in

do
w

 s
cr

ee
n 

or
 

ea
ve

 u
se

St
er

nb
er

g 
et

 a
l. 

[1
4]

Ifa
ka

ra
 H

ea
lth

 In
st

itu
te

, 
Ta

nz
an

ia
Ex

pe
rim

en
ta

l h
ut

s, 
re

le
as

e-
re

ca
pt

ur
e,

 a
nd

 
ca

se
–c

on
tr

ol
 s

tu
di

es

An
op

he
le

s a
ra

bi
en

sis
 

m
os

qu
ito

es
 fr

om
 a

 
Sa

ga
m

ag
an

ga
 c

ol
on

y 
(n

ea
rb

y 
vi

lla
ge

) a
nd

 
ra

is
ed

 in
 If

ak
ar

a 
H

ea
lth

 
In

st
itu

te
; a

du
lt 

fe
m

al
e 

m
os

qu
ito

es
. S

ix
 h

um
an

 
vo

lu
nt

ee
rs

Si
x 

hu
ts

 a
nd

 2
00

 
m

os
qu

ito
es

 re
le

as
ed

 
ou

ts
id

e 
hu

ts

Pe
rm

aN
et

 (t
re

at
ed

 w
ith

 
de

lta
m

et
hr

in
) a

nd
, 

be
nd

io
ca

rb
 (b

ot
h 

w
et

 
an

d 
dr

y)

N
et

tin
g 

w
as

 tr
ea

te
d 

w
ith

 in
se

ct
ic

id
e 

an
d 

pl
ac

ed
 in

to
 e

av
es

Sc
re

en
in

g 
an

d 
ea

ve
s
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Ta
bl

e.
4 

O
ut

co
m

es
 o

f i
nc

lu
de

d 
in

te
rv

en
tio

ns

Re
fe

re
nc

e
In

te
rv

en
tio

n
O

ut
co

m
es

M
et

ho
ds

 o
f m

ea
su

re
m

en
t

Fi
nd

in
gs

St
ud

y 
lim

ita
tio

ns

Ba
rr

ea
ux

 
et

 a
l. 

[1
9]

– 
Tw

o 
hu

ts
 w

ith
 in

se
ct

ic
id

e-
tr

ea
te

d 
in

se
rt

s 
(In

2C
ar

e 
tu

be
s)

 
pl

ac
ed

 in
si

de
 o

f e
av

es
 o

r a
n 

un
tr

ea
te

d 
in

se
rt

 p
la

ce
d 

in
to

 th
e 

ea
ve

s
– 

A
ll 

pa
rt

ic
ip

an
ts

 s
le

pt
 u

nd
er

 a
 

LL
IN

 n
et

 a
nd

 w
in

do
w

s 
w

er
e 

op
en

– 
A

ll 
m

os
qu

ito
es

 th
at

 e
nt

er
ed

 
w

er
e 

co
lle

ct
ed

 th
e 

ne
xt

 d
ay

. 
Ro

ta
te

d 
tr

ea
te

d 
an

d 
un

tr
ea

te
d 

in
se

rt
s 

be
tw

ee
n 

bo
th

 h
ut

s 
fo

r 2
4 

ni
gh

ts

N
um

be
r o

f m
os

qu
ito

es
 th

at
 e

nt
er

 
th

e 
ho

us
eh

ol
d 

an
d 

m
or

ta
lit

y 
di

f-
fe

re
nc

es
 b

et
w

ee
n 

hu
ts

Li
ne

ar
 m

ix
ed

 m
od

el
 to

 a
ss

es
s 

th
e 

nu
m

be
r o

f c
ap

tu
re

d 
m

os
qu

ito
es

 
w

ith
 th

e 
in

se
rt

 c
on

si
de

re
d 

as
 a

n 
in

de
pe

nd
en

t v
ar

ia
bl

e

– 
In

se
rt

s 
tr

ea
te

d 
w

ith
 in

se
ct

ic
id

e 
re

su
lte

d 
in

 4
6%

 fe
w

er
 A

no
ph

el
es

 g
am

-
bi

ae
 m

os
qu

ito
es

 e
nt

er
in

g 
th

e 
hu

t v
s 

th
os

e 
th

at
 w

er
e 

un
tr

ea
te

d
– 

Tr
ea

te
d 

in
se

rt
s 

al
so

 le
d 

to
 a

 6
4%

 
re

du
ct

io
n 

in
 b

lo
od

-fe
ed

in
g 

by
 m

os
qu

i-
to

es
 th

at
 d

id
 m

ak
e 

it 
th

ro
ug

h
– 

M
os

qu
ito

es
 th

at
 e

nt
er

ed
 h

ou
se

ho
ld

s 
pr

ot
ec

te
d 

by
 tr

ea
te

d 
ea

ve
s 

di
ed

 m
or

e 
th

an
 th

e 
ot

he
r h

ut
, b

ut
 th

is
 ra

te
 w

as
 

no
t s

ta
tis

tic
al

ly
 s

ig
ni

fic
an

t
– 

A
 s

ta
tis

tic
al

 d
iff

er
en

ce
 w

as
 fo

un
d 

be
tw

ee
n 

ni
gh

ts
 o

f c
ap

tu
re

– 
U

se
d 

ex
pe

rim
en

ta
l h

ou
se

s. 
Re

le
as

ed
 m

os
qu

ito
es

 w
er

e 
re

ar
ed

 
an

d 
no

t w
ild

 m
os

qu
ito

es
 w

hi
ch

 
m

ay
 in

tr
od

uc
e 

so
m

e 
co

nf
ou

nd
in

g 
in

 b
eh

av
io

r
– 

In
se

ct
ic

id
e 

tr
ea

te
d 

ea
ve

s 
m

ay
 

w
ith

er
 in

 p
ot

en
cy

 o
ve

r t
im

e 
du

e 
to

 c
ol

le
ct

io
n 

of
 d

us
t o

r n
at

ur
e 

of
 

ch
em

ic
al

– 
M

os
qu

ito
es

 u
se

d 
w

er
e 

on
ly

 
4–

5 
da

ys
 o

ld
, f

em
al

e,
 n

on
-b

lo
od

 
fe

d 
an

d 
w

er
e 

re
ar

ed
 fr

om
 la

rv
ae

 
co

lle
ct

ed
 in

 th
e 

fie
ld

. M
ay

 h
av

e 
di

f-
fe

re
d 

fro
m

 o
th

er
 m

os
qu

ito
es

Ba
rr

ea
ux

 
et

 a
l. 

[1
2]

Tw
o 

hu
ts

, o
ne

 w
ith

 in
se

ct
ic

id
e 

tr
ea

te
d 

ea
ve

s 
(u

si
ng

 th
e 

In
2C

ar
e 

to
ol

 th
at

 th
e 

W
H

O
 re

ce
nt

ly
 

fin
is

he
d 

te
st

in
g 

in
 2

01
9)

 a
nd

 
cl

os
ed

 w
in

do
w

s 
an

d 
th

e 
ot

he
r 

w
ith

 n
on

tr
ea

te
d,

 o
pe

n 
w

in
do

w
s. 

M
on

ito
re

d 
m

os
qu

ito
es

 fo
r 2

 o
r 

4 
da

ys

N
um

be
r o

f m
os

qu
ito

es
 th

at
 

en
te

re
d 

th
e 

hu
t a

nd
 th

e 
m

or
ta

lit
y 

be
tw

ee
n 

th
e 

hu
ts

Li
ne

ar
 m

ix
ed

 m
od

el
s

– 
0–

0.
4%

 o
f m

os
qu

ito
es

 e
nt

er
ed

 
th

ro
ug

h 
th

e 
in

se
ct

ic
id

e-
tr

ea
te

d 
ea

ve
s 

w
ith

 c
lo

se
d 

w
in

do
w

s
– 

A
ro

un
d 

50
–8

0%
 o

f m
os

qu
ito

es
 

en
te

re
d 

th
e 

co
nt

ro
l h

ut
 (u

nt
re

at
ed

 
ea

ve
s 

an
d 

op
en

 w
in

do
w

s)
– 

Tr
ea

tm
en

t h
ut

 h
ad

 2
5%

 m
or

e 
de

at
hs

 
pe

r d
ay

 c
om

pa
re

d 
to

 th
e 

co
nt

ro
l h

ut
 

w
ith

 2
–4

%
 d

ea
th

s 
pe

r d
ay

– 
U

se
d 

ex
pe

rim
en

ta
l h

ou
se

s
– 

Re
le

as
ed

 m
os

qu
ito

es
 w

er
e 

re
ar

ed
 

an
d 

no
t w

ild
 m

os
qu

ito
es

 w
hi

ch
 

m
ay

 in
tr

od
uc

e 
so

m
e 

co
nf

ou
nd

in
gs

 
in

 b
eh

av
io

r a
nd

 w
ith

er
 in

 p
ot

en
cy

 
du

e 
to

 c
ol

le
ct

io
n 

of
 d

us
t

C
hi

nu
la

 
et

 a
l. 

[1
7]

– 
W

H
O

 w
ire

 b
al

ls
 w

ith
 in

se
ct

ic
id

al
 

effi
ca

cy
 w

er
e 

pl
ac

ed
 o

n 
ne

tt
in

g 
ea

ch
 h

av
in

g 
po

ly
ac

ry
la

te
-b

in
di

ng
 

ag
en

ts
 (B

A
) o

r n
ot

 h
av

in
g 

BA
– 

In
 o

ne
 e

xp
er

im
en

t, 
W

SE
B 

ne
t-

tin
g 

re
ce

iv
ed

 0
, 1

, o
r 2

 g
/s

q 
m

 o
f 

m
ic

ro
-e

nc
ap

su
la

te
d 

PM
– 

In
 o

th
er

 e
xp

er
im

en
ts

, a
ll 

ne
tt

in
g 

re
ce

iv
ed

 1
 o

r 2
 g

/s
q 

PM
 w

ith
 B

A
 

or
 w

ith
ou

t B
A

– 
N

et
tin

g 
w

as
 w

ra
pp

ed
 a

ro
un

d 
w

ire
 b

al
ls

 a
nd

 m
os

qu
ito

es
 w

er
e 

ex
po

se
d 

to
 th

em
 fo

r 3
 m

in
. T

es
te

d 
af

te
r 0

, 5
, 1

0,
 1

5,
 2

0 
w

as
he

s 
to

 s
ee

 
m

os
qu

ito
 m

or
ta

lit
y

In
se

ct
ic

id
al

 c
ap

ab
ili

tie
s 

m
ea

su
re

d 
th

ro
ug

h 
m

or
ta

lit
y 

of
 m

os
qu

ito
es

G
en

er
al

 li
ne

ar
 m

ix
ed

 m
od

el
in

g 
tr

ea
tin

g 
ex

pe
rim

en
ta

l h
ut

s 
as

 
ra

nd
om

 e
ffe

ct
s 

an
d 

m
or

ta
lit

y 
as

 a
 

de
pe

nd
en

t v
ar

ia
bl

e

– 
W

SE
Bs

 w
ith

 P
M

 a
nd

 B
A

 p
ro

du
ce

d 
re

su
lts

 s
im

ila
r t

o 
LL

IN
s–

ki
lle

d 
m

os
-

qu
ito

es
 a

t o
r g

re
at

er
 th

an
 9

4%
 a

ft
er

 
20

 to
ta

l w
as

he
s. 

Th
is

 w
as

 th
e 

sa
m

e 
re

su
lt 

w
he

n 
th

e 
PM

 a
nd

 IR
S 

w
er

e 
us

ed
 

to
ge

th
er

. T
hi

s 
tr

ea
tm

en
t m

ec
ha

ni
sm

 
co

ul
d 

ca
us

e 
W

SE
Bs

 to
 la

st
 fo

r y
ea

rs
. 

W
ith

ou
t t

he
 B

A
 tr

ea
tm

en
t, 

al
l m

os
-

qu
ito

es
 d

ie
d 

at
 0

 w
as

he
s 

bu
t a

ft
er

 1
0 

w
as

he
s, 

on
ly

 1
0%

 o
f m

os
qu

ito
es

 d
ie

d
– 

W
SE

Bs
 w

ith
ou

t P
M

 h
ad

 fe
w

er
 th

an
 5

%
 

dy
in

g 
co

ns
is

te
nt

ly
 th

ro
ug

ho
ut

 0
, 5

, 1
0,

 
15

, a
nd

 2
0 

w
as

he
s 

w
ith

 o
r w

ith
ou

t B
A

– 
Pe

rf
or

m
ed

 in
 e

xp
er

im
en

ta
l h

ut
s. 

Pr
ot

ot
yp

e 
de

si
gn

 m
ay

 n
ot

 b
e 

pr
ac

tic
al

 fo
r a

ll 
ho

us
eh

ol
d 

de
si

gn
s 

an
d 

sh
ou

ld
 b

e 
aff

or
da

bl
e

– 
Th

is
 p

ro
to

ty
pe

 c
ou

ld
 n

ot
 b

e 
us

ed
 

in
 re

al
 h

ou
se

s 
an

d 
on

ly
 in

ve
st

ig
at

ed
 

po
ly

es
te

r n
et

tin
g

– 
D

id
 n

ot
 te

st
 re

si
st

an
ce

 to
 e

nv
iro

n-
m

en
ta

l e
xp

os
ur

e 
su

ch
 a

s 
w

in
d,

 ra
in

, 
or

 s
un

lig
ht

– 
D

oe
s 

no
t p

ro
vi

de
 e

no
ug

h 
in

fo
r-

m
at

io
n 

as
 to

 h
ow

 to
 p

ro
vi

de
 m

aj
or

 
sc

al
in

g 
up

 o
f t

hi
s 

in
te

rv
en

tio
n

– 
U

na
bl

e 
to

 e
ffe

ct
iv

el
y 

te
st

 d
ur

ab
il-

ity

G
ou

is
si

 
et

 a
l. 

[1
5]

In
st

al
le

d 
PS

P 
O

ly
se

t n
et

s 
at

 w
in

-
do

w
s 

an
d 

at
 e

av
es

M
ea

su
re

d 
pl

as
m

od
ic

 in
de

x,
 

ga
m

et
oc

yt
e 

in
de

x,
 p

ar
as

ite
 

de
ns

ity
, f

ev
er

, h
em

og
lo

bi
n,

 a
nd

 
an

em
ia

St
at

is
tic

a 
6 

an
d 

pe
rf

or
m

ed
 C

hi
-

sq
ua

re
 te

st
s

– 
M

or
e 

pr
ev

al
en

t c
as

es
 o

f a
ne

m
ia

 in
 th

e 
co

nt
ro

l z
on

es
 c

om
pa

re
d 

to
 th

e 
tr

ea
t-

m
en

t z
on

es
 (n

ot
 s

ig
ni

fic
an

t)
. G

am
et

o-
cy

te
 in

de
x 

di
d 

no
t c

ha
ng

e
– 

Pa
ra

si
te

 d
en

si
ty

 w
as

 2
 ×

 lo
w

er
 in

 
ar

ea
s 

w
ith

in
 th

e 
tr

ea
tm

en
t z

on
e

Ri
sk

 o
f f

ev
er

 w
as

 s
im

ila
r b

et
w

ee
n 

th
e 

tw
o 

gr
ou

ps

– 
O

nl
y 

pe
rf

or
m

ed
 o

n 
ch

ild
re

n.
 N

o 
de

lin
ea

tio
n 

be
tw

ee
n 

ou
tc

om
es

 fo
r 

sp
ec

ifi
ca

lly
 e

av
es

 v
s 

w
in

do
w

s.
– 

Tr
ea

tm
en

ts
 w

er
e 

al
so

 a
pp

lie
d 

to
 

do
or

s
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Ta
bl
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(c
on

tin
ue

d)

Re
fe

re
nc

e
In

te
rv

en
tio

n
O

ut
co

m
es

M
et

ho
ds

 o
f m

ea
su

re
m

en
t

Fi
nd

in
gs

St
ud

y 
lim

ita
tio

ns

Ka
m

pa
ng

o 
et

 a
l. 

[2
0]

– 
Re

se
ar

ch
er

s 
co

ve
re

d 
ga

bl
e 

en
ds

 w
ith

 e
ith

er
 a

 fo
ur

-y
ea

r-
ol

d 
be

d 
ne

t, 
un

tr
ea

te
d 

sh
ad

e 
cl

ot
h,

 a
 

de
lta

m
et

hr
in

-t
re

at
ed

 s
ha

de
 c

lo
th

, 
or

 n
ot

hi
ng

 a
t a

ll
– 

Co
ve

re
d 

th
e 

ga
bl

e 
en

ds
 w

ith
 

th
e 

sa
m

e 
m

at
er

ia
l d

ur
in

g 
th

e 
se

c-
on

d 
w

ee
k 

an
d 

co
ve

re
d 

th
e 

ea
ve

s 
w

ith
 th

e 
sa

m
e 

m
at

er
ia

l d
ur

in
g 

th
e 

th
ird

 w
ee

k

Ra
te

s 
of

 m
os

qu
ito

 e
nt

ry
 a

nd
 th

e 
effi

ca
cy

 o
f t

he
 th

re
e 

di
ffe

re
nt

 
m

at
er

ia
ls

Ra
te

s 
of

 m
os

qu
ito

 e
nt

ry
 w

er
e 

m
ea

su
re

d 
us

in
g 

lig
ht

-t
ra

p 
co

l-
le

ct
io

n.
 T

he
 m

at
er

ia
l’s

 a
bi

lit
y 

to
 

pr
ot

ec
t i

nh
ab

ita
nt

s 
w

as
 m

ea
su

re
d 

us
in

g 
in

ci
de

nc
e 

ra
te

 ra
tio

 
ca

lc
ul

at
io

ns
 th

ro
ug

h 
G

en
er

al
iz

ed
 

Es
tim

at
in

g 
Eq

ua
tio

ns

– 
An

op
he

le
s f

un
es

tu
s m

os
qu

ito
es

 d
id

 
no

t d
iff

er
en

tia
lly

 e
nt

er
 h

ou
se

ho
ld

s 
th

at
 

w
er

e 
pr

ot
ec

te
d 

us
in

g 
de

lta
m

et
hr

in
-

tr
ea

te
d 

sh
ad

e 
cl

ot
hs

 c
om

pa
re

d 
to

 
th

os
e 

th
at

 w
er

e 
un

tr
ea

te
d 

co
m

pl
et

el
y 

(n
o 

sh
ad

e 
cl

ot
h)

– 
An

op
he

le
s g

am
bi

ae
 m

os
qu

ito
es

 d
id

 
di

ffe
re

nt
ia

lly
 e

nt
er

 u
nt

re
at

ed
 h

ou
se

s 
co

m
pa

re
d 

to
 d

el
ta

m
et

hr
in

-t
re

at
ed

 
ho

us
es

. T
he

 la
tt

er
 h

ad
 s

ta
tis

tic
al

ly
 lo

w
er

 
ra

te
s 

of
 m

os
qu

ito
 e

nt
ry

 b
y 

76
%

– 
H

ou
se

ho
ld

s 
pr

ot
ec

te
d 

w
ith

 b
ed

ne
t-

tin
g 

en
co

un
te

re
d 

84
%

 A
no

ph
el

es
 

ga
m

bi
ae

 s.
l. 

en
tr

y 
an

d 
61

.3
%

 A
no

ph
el

es
 

fu
ne

st
us

 e
nt

ry
– 

H
ou

se
ho

ld
s 

pr
ot

ec
te

d 
w

ith
 u

nt
re

at
ed

 
sh

ad
e 

cl
ot

h 
ex

pe
rie

nc
ed

 7
0%

 fe
w

er
 

An
op

he
le

s f
un

es
tu

s e
nt

ry
 a

nd
 6

9%
 fe

w
er

 
An

op
he

le
s g

am
bi

ae
 e

nt
ry

– 
Sm

al
l s

am
pl

e 
si

ze
 d

ue
 to

 b
ei

ng
 a

 
pi

lo
t s

tu
dy

– 
A

ss
um

es
 th

at
 h

ou
se

s 
do

 n
ot

 h
av

e 
an

y 
ot

he
r o

pe
ni

ng
s. 

Re
si

st
an

ce
 

st
at

us
 o

f A
n.

 g
am

bi
ae

 m
os

qu
ito

es
 

w
as

 n
ot

 k
no

w
n

M
en

ge
r 

et
 a

l. 
[2

1]
– 

Re
se

ar
ch

er
s 

us
ed

 a
n 

at
tr

ac
ta

nt
 

m
ad

e 
of

 a
m

m
on

ia
, l

ac
tic

 a
ci

d,
 

te
tr

ad
ec

an
oi

c 
ac

id
, a

nd
 o

th
er

 
co

m
po

un
ds

 fo
un

d 
in

 h
um

an
 s

ki
n 

(p
ul

l).
– 

Th
ey

 a
ls

o 
us

ed
 a

 re
pe

lle
nt

 c
al

le
d 

de
lta

-u
nd

ec
al

ac
to

ne
 a

nd
 a

dd
ed

 it
 

to
 c

ot
to

n 
ne

tt
in

g 
pl

ac
ed

 o
n 

ea
ve

s 
(p

us
h)

.
– 

Tr
ea

te
d 

an
d 

un
tr

ea
te

d 
fa

br
ic

s 
w

er
e 

us
ed

 e
ig

ht
 ti

m
es

 w
ith

 fo
ur

 
re

pl
ic

at
es

/d
ay

 in
di

vi
du

al
ly

 o
ve

r 
2 

da
ys

.
– 

Fo
ur

 in
te

rv
en

tio
ns

 u
se

d 
in

cl
ud

ed
 a

 c
on

tr
ol

, a
 tr

ea
te

d 
pu

sh
 

fa
br

ic
 in

 e
av

es
, a

n 
un

tr
ea

te
d 

pu
ll 

fa
br

ic
 in

 e
av

es
, a

nd
 a

 tr
ea

te
d 

pu
sh

–p
ul

l i
nt

er
ve

nt
io

n 
in

 e
av

es

Ra
te

s 
of

 m
os

qu
ito

 e
nt

ry
 a

nd
 

m
os

qu
ito

 la
nd

in
g 

on
 fa

br
ic

SP
SS

 a
nd

 a
 S

ha
pi

ro
–W

ilk
 te

st
 fo

r 
no

rm
al

ity
. C

D
C

 tr
ap

 c
at

ch
es

 a
nd

 
t-

te
st

s 
w

er
e 

us
ed

 fo
r d

et
er

m
in

in
g 

ho
us

e 
en

tr
y 

an
d 

si
gn

ifi
ca

nt
 d

ro
ps

 
in

 m
os

qu
ito

 e
nt

ry
. G

LM
 w

ith
 D

un
-

ne
t’s

 p
os

t-
ho

c 
te

st
 w

as
 u

se
d 

to
 

fin
d 

th
e 

m
ea

n 
tr

ap
 c

at
ch

es
 o

f t
he

 
fo

ur
 in

te
rv

en
tio

ns

W
ith

 th
e 

re
pe

lle
nt

, m
os

qu
ito

 e
nt

ry
 

dr
op

pe
d 

by
 o

ve
r 5

0%
 a

nd
 C

D
C

 tr
ap

s 
ca

ug
ht

 s
ev

er
al

 m
os

qu
ito

es
. M

od
el

in
g 

su
gg

es
ts

 th
at

 a
dd

in
g 

th
e 

pu
sh

–p
ul

l 
sy

st
em

 to
 c

ur
re

nt
 m

al
ar

ia
 in

te
rv

en
tio

ns
 

w
ou

ld
 h

el
p 

to
 re

du
ce

 m
os

qu
ito

 b
iti

ng
 

ra
te

 b
y 

20
 ×

 e
ve

n 
in

 c
as

es
 o

f i
ns

ec
ti-

ci
da

l r
es

is
ta

nc
e

– 
O

nl
y 

pe
rf

or
m

ed
 o

n 
m

al
e 

vo
lu

nt
ee

rs
 w

ith
 s

m
al

l s
am

pl
e 

si
ze

. 
M

os
qu

ito
es

 w
er

e 
la

b-
re

ar
ed

. T
he

 
m

at
he

m
at

ic
al

 m
od

el
 m

ay
 h

av
e 

fa
ile

d 
to

 a
cc

ou
nt

 fo
r r

eg
io

na
l v

ar
ia

-
tio

n.
 M

at
he

m
at

ic
al

 m
od

el
 d

id
no

t i
nc

lu
de

 c
on

tr
ol

 g
ro

up
s

– 
Eff

ec
ts

 o
f w

as
hi

ng
 m

at
er

ia
ls

 w
er

e 
no

t t
ho

ro
ug

hl
y 

co
ns

id
er

ed
 in

 th
e 

st
ud

y
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(c
on

tin
ue

d)

Re
fe

re
nc

e
In

te
rv

en
tio

n
O

ut
co

m
es

M
et

ho
ds

 o
f m

ea
su

re
m

en
t

Fi
nd

in
gs

St
ud

y 
lim

ita
tio

ns

M
en

ge
r 

et
 a

l. 
[2

2]
N

ot
e,

 o
nl

y 
ex

pe
rim

en
t I

I i
n 

th
is

 
st

ud
y 

us
ed

 re
pe

lle
nt

s. 
Ex

pe
rim

en
t 

II:
 fo

ur
 in

te
rv

en
tio

ns
 u

se
d 

as
 p

us
h 

fa
ct

or
s 

w
er

e:
 (a

) e
av

es
 s

cr
ee

ne
d 

w
ith

 c
ot

to
n 

fa
br

ic
 im

pr
eg

na
te

d 
w

ith
 d

U
D

L 
re

pe
lle

nt
; (

b)
 c

on
tr

ol
; 

(c
) e

av
es

 tr
ea

te
d 

w
ith

 s
pr

ay
ed

 
PM

D
; (

d)
 e

av
es

 s
cr

ee
ne

d 
w

ith
 

un
tr

ea
te

d 
fa

br
ic

. C
D

C
 li

gh
t t

ra
ps

 
w

er
e 

us
ed

 a
s 

th
e 

pu
ll 

fa
ct

or
 

(a
tt

ra
ct

an
t)

M
os

qu
ito

 e
nt

ry
SP

SS
 to

 fi
nd

 d
iff

er
en

ce
s 

in
 

m
os

qu
ito

 h
ou

se
 e

nt
ry

. S
ch

eff
e’

s 
po

st
-h

oc
 te

st
s 

fo
r c

or
re

ct
io

n

– 
A

ll 
in

te
rv

en
tio

ns
 w

ith
 e

av
e 

sc
re

en
 

tr
ea

tm
en

ts
 re

du
ce

d 
An

op
he

le
s f

un
es

tu
s 

ho
us

e 
en

tr
y 

by
 a

 s
ig

ni
fic

an
t a

m
ou

nt
– 

Ea
ve

 s
cr

ee
ni

ng
 th

at
 in

cl
ud

ed
 P

M
D

 
le

d 
to

 a
 8

1%
 d

ro
p 

in
 h

ou
se

 e
nt

ry
. M

M
-X

 
tr

ap
s 

co
m

bi
ne

d 
w

ith
 e

av
es

 tr
ea

te
d 

w
ith

 
dU

D
L 

le
d 

to
 a

 h
ou

se
 e

nt
ry

 d
ro

p 
of

 3
5%

; 
co

m
bi

ne
d 

w
ith

 P
M

D
-t

re
at

ed
 e

av
es

 le
d 

to
 a

 8
0%

 d
ro

p
– 

PM
D

 tr
ea

te
d 

ea
ve

s 
ha

d 
th

e 
hi

gh
es

t 
dr

op
 in

 m
os

qu
ito

 e
nt

ry
– 

Fo
r A

no
ph

el
es

 a
ra

bi
en

sis
 m

os
qu

ito
es

, 
PM

D
-t

re
at

ed
 e

av
es

 d
ro

pp
ed

 m
os

qu
ito

 
ho

us
e 

en
tr

y 
by

 8
9%

. W
he

n 
co

m
bi

ne
d 

w
ith

 a
n 

M
M

-X
 tr

ap
, h

ou
se

 e
nt

ry
 

dr
op

pe
d 

by
 8

0%
, w

hi
ch

 w
as

 th
e 

on
ly

 
si

gn
ifi

ca
nt

 d
ro

p 
co

m
pa

re
d 

to
 th

e 
ot

he
r 

in
te

rv
en

tio
ns

– 
A

lth
ou

gh
 P

M
D

-e
av

es
 d

ro
pp

ed
 C

ul
ex

 
ho

us
e 

en
tr

y 
by

 8
4%

, t
hi

s 
w

as
 n

ot
 

si
gn

ifi
ca

nt

– 
Sm

al
l s

am
pl

e 
si

ze
. S

im
ul

ta
ne

ou
s 

co
m

pa
ris

on
 n

ot
 p

os
si

bl
e 

in
 th

e 
st

ud
y

– 
M

in
im

al
 a

na
ly

si
s 

of
 th

e 
eff

ec
ts

 o
f 

re
si

st
an

ce
, a

nd
 n

et
 w

as
hi

ng

M
m

ba
nd

o 
et

 a
l. 

[1
8]

– 
Tr

an
sfl

ut
hr

in
 e

av
e 

rib
bo

ns
 a

nd
 

od
ou

r-
ba

ite
d 

tr
ap

s 
w

er
e 

te
st

ed
 

se
pa

ra
te

ly
 a

nd
 to

ge
th

er
 to

 s
tu

dy
 

th
ei

r p
ro

te
ct

iv
e 

effi
ca

cy
– 

Pa
rt

ic
ip

an
ts

 re
st

ed
 o

ut
do

or
s 

fro
m

 6
:3

0 
pm

 to
 1

0:
00

 p
m

 d
ur

in
g 

bi
tin

g 
ac

tiv
ity

 p
er

io
ds

 a
nd

 s
le

pt
 

un
de

r a
 b

ed
ne

t f
ro

m
 1

0:
00

 p
m

 to
 

6:
30

 a
m

 w
hi

le
 li

gh
t t

ra
ps

 c
ap

tu
re

d 
m

os
qu

ito
es

Pr
ot

ec
tiv

e 
effi

ca
cy

 a
ga

in
st

 b
iti

ng
 

ei
th

er
 o

ut
do

or
s 

or
 in

do
or

s
Pe

rc
en

ta
ge

 o
f b

iti
ng

 th
at

 to
ok

 
pl

ac
e 

an
d 

ch
an

ge
s 

in
 b

iti
ng

 p
at

-
te

rn
s 

de
pe

nd
in

g 
on

 th
e 

di
st

an
ce

 
of

 th
es

e 
in

te
rv

en
tio

ns

– 
Th

e 
tr

ea
te

d 
ea

ve
 ri

bb
on

 a
nd

 li
gh

t-
tr

ap
s 

to
ge

th
er

 p
ro

te
ct

ed
 b

et
te

r f
ro

m
 

in
do

or
-b

iti
ng

 (8
3.

4%
 p

ro
te

ct
io

n)
 a

nd
 

ou
td

oo
r-

bi
tin

g 
(7

9%
) c

om
pa

re
d 

to
 

so
le

ly
 u

si
ng

 th
e 

tr
ap

s 
to

 p
ro

te
ct

 a
ga

in
st

 
in

do
or

-b
iti

ng
 (3

5.
0%

) a
nd

 o
ut

do
or

 
bi

tin
g 

(3
1%

).
– 

Tr
ap

s 
se

t 1
5 

m
 a

w
ay

 fr
om

 h
ut

s 
w

er
e 

be
tt

er
 a

t p
ro

te
ct

in
g 

in
di

vi
du

al
s 

in
 c

om
-

bi
na

tio
n 

w
ith

 th
e 

tr
ea

te
d 

ea
ve

 ri
bb

on
s 

ag
ai

ns
t i

nd
oo

r-
bi

tin
g

– 
Tr

ap
s 

th
at

 w
er

e 
se

t 3
0 

m
 a

w
ay

 h
ad

 
be

tt
er

 e
ffi

ca
cy

 fo
r o

ut
do

or
-b

iti
ng

. 
Pa

rt
ic

ip
an

ts
 w

er
e 

fo
un

d 
to

 h
av

e 
ov

er
al

l 
po

si
tiv

e 
ou

tlo
ok

s 
to

w
ar

d 
pr

ot
ot

yp
e 

w
in

do
w

s, 
pa

rt
ic

ul
ar

ly
 th

e 
co

nc
er

tin
a 

w
in

do
w

s, 
be

ca
us

e 
of

 th
ei

r v
en

til
at

io
n 

an
d 

at
tr

ac
tio

n

– 
U

si
ng

 b
ot

h 
th

e 
tr

ea
te

d 
ea

ve
s 

an
d 

th
e 

lig
ht

-t
ra

ps
 is

 c
om

pl
ex

– 
St

ud
y 

sa
m

pl
es

 a
re

 li
m

ite
d 

to
 o

ne
 

ty
pe

 o
f m

os
qu

ito
 a

nd
 a

re
 b

as
ed

 
on

 la
b-

re
ar

ed
 m

os
qu

ito
es

. W
ild

 
m

os
qu

ito
es

 m
ay

 b
eh

av
e 

di
ffe

re
nt

ly
. 

Fi
el

d 
da

ta
 la

ck
in

g 
ot

he
r f

ac
to

rs
, 

su
ch

 a
s 

ai
rfl

ow
, i

n 
th

e 
pu

sh
–p

ul
l 

sy
st

em
.

– 
Th

is
 s

tu
dy

 c
ou

ld
 n

ot
 b

e 
ap

pl
ie

d 
to

 y
ou

ng
er

 p
op

ul
at

io
ns

 s
in

ce
 it

 
on

ly
 in

cl
ud

ed
 a

du
lt 

vo
lu

nt
ee

rs
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Re
fe

re
nc

e
In

te
rv

en
tio

n
O

ut
co

m
es

M
et

ho
ds

 o
f m

ea
su

re
m

en
t

Fi
nd

in
gs

St
ud

y 
lim

ita
tio

ns

M
m

ba
nd

o 
et

 a
l. 

[1
0]

– 
Ea

ve
 ri

bb
on

s 
w

er
e 

tr
ea

te
d 

w
ith

 
0.

02
%

, 0
.2

%
, 1

.5
%

, o
r 5

%
 tr

an
s-

flu
th

rin
 e

m
ul

si
on

 re
pe

lle
nt

 a
nd

 
te

st
ed

 in
 tw

o 
hu

ts
 a

ga
in

st
 5

00
 

m
os

qu
ito

es
 re

le
as

ed
 e

ve
ry

 n
ig

ht
.

– 
Vo

lu
nt

ee
rs

 s
ta

ye
d 

ou
ts

id
e 

ea
ch

 
hu

t t
o 

co
lle

ct
 m

os
qu

ito
es

 fr
om

 
6 

to
 1

0:
00

 p
m

 a
nd

 s
le

pt
 in

do
or

s 
un

de
r b

ed
 n

et
s 

fro
m

 1
0 

to
 6

:3
0 

am

In
do

or
-b

iti
ng

, o
ut

do
or

-b
iti

ng
, a

nd
 

m
os

qu
ito

 s
ur

vi
va

l
Pr

ok
op

ac
k 

as
pi

ra
to

rs
 to

 m
ea

su
re

 
in

do
or

-b
iti

ng
. D

ou
bl

e-
ne

t t
ra

ps
 to

 
m

ea
su

re
 o

ut
do

or
-b

iti
ng

. S
ur

vi
va

l 
w

as
 m

ea
su

re
d 

by
 c

ou
nt

in
g 

th
e 

nu
m

be
r o

f l
iv

in
g 

m
os

qu
ito

es
 

(n
 =

 2
00

) i
n 

a 
su

sp
en

de
d 

ca
ge

 
ne

xt
 to

 h
ut

s 
24

 h
 a

ft
er

 e
xp

os
ur

e

– 
Vo

lu
nt

ee
rs

 p
ro

te
ct

ed
 b

y 
ea

ve
s 

w
ith

 
0.

2%
 tr

an
sfl

ut
hr

in
 e

xp
er

ie
nc

ed
 9

9%
 

lo
w

er
 in

do
or

-b
iti

ng
 a

nd
 o

ut
do

or
 b

iti
ng

– 
Vo

lu
nt

ee
rs

 p
ro

te
ct

ed
 b

y 
ea

ve
s 

w
ith

 
0.

02
%

 tr
an

sfl
ut

hr
in

 e
xp

er
ie

nc
ed

 7
9%

 
fe

w
er

 b
ite

s 
in

do
or

s 
an

d 
60

%
 fe

w
er

 
bi

te
s 

ou
td

oo
rs

– 
H

ou
se

ho
ld

s 
w

ith
 n

o 
tr

ea
tm

en
t 

re
su

lte
d 

in
 2

7%
 fe

w
er

 in
do

or
-b

iti
ng

 a
nd

 
18

%
 g

re
at

er
 o

ut
do

or
-b

iti
ng

 a
t a

 n
on

-
si

gn
ifi

ca
nt

 ra
te

– 
99

.5
%

 o
f m

os
qu

ito
es

 d
ie

d 
w

he
n 

ex
po

se
d 

to
 tr

ea
te

d 
hu

ts
– 

Fi
el

d 
ex

pe
rim

en
ts

 s
ho

w
ed

 th
at

 
tr

ea
te

d 
ea

ve
s 

pr
ot

ec
t a

t 9
6%

 in
do

or
s 

an
d 

84
%

 o
ut

do
or

s 
w

he
n 

te
st

ed
 a

ga
in

st
 

An
op

he
le

s a
ra

bi
en

sis
. T

he
se

 tr
ea

te
d 

ea
ve

s 
al

so
 p

ro
te

ct
 a

t 4
2%

 in
do

or
s 

an
d 

40
%

 o
ut

do
or

s 
w

he
n 

te
st

ed
 a

ga
in

st
 

An
op

he
le

s f
un

es
tu

s
– 

M
os

qu
ito

es
 re

le
as

ed
 n

ig
ht

ly
 w

er
e 

la
bo

ra
to

ry
-r

ea
re

d 
an

d 
m

ay
 n

ot
 b

eh
av

e 
co

m
pl

et
el

y 
as

 w
ild

 m
os

qu
ito

es
 d

o
– 

O
nl

y 
tw

o 
vo

lu
nt

ee
rs

 w
er

e 
us

ed
 

th
ro

ug
ho

ut
 th

e 
st

ud
y

– 
Co

ld
er

 te
m

pe
ra

tu
re

s 
(b

el
ow

 ro
om

 
te

m
pe

ra
tu

re
) i

nh
ib

it 
tr

an
sfl

ut
hr

in
 fr

om
 

va
po

riz
in

g,
 w

hi
ch

 is
 e

ss
en

tia
l f

or
 it

s 
re

pe
lle

nc
y 

ac
tiv

iti
es

– 
Ea

ve
 ri

bb
on

s 
tr

ea
te

d 
w

ith
 tr

an
s-

flu
th

rin
 c

os
t $

7 
fo

r c
on

st
ru

ct
io

n 
an

d 
in

st
al

la
tio

n

– 
M

os
qu

ito
es

 re
le

as
ed

 n
ig

ht
ly

 
w

er
e 

la
bo

ra
to

ry
-r

ea
re

d 
an

d 
m

ay
 

no
t b

eh
av

e 
co

m
pl

et
el

y 
as

 w
ild

 
m

os
qu

ito
es

 d
o

– 
O

nl
y 

tw
o 

vo
lu

nt
ee

rs
 w

er
e 

us
ed

 
th

ro
ug

ho
ut

 th
e 

st
ud

y
– 

Co
ld

er
 te

m
pe

ra
tu

re
s 

(b
el

ow
 

ro
om

 te
m

pe
ra

tu
re

) i
nh

ib
it 

tr
an

s-
flu

th
rin

 fr
om

 v
ap

or
iz

in
g,

 w
hi

ch
 is

 
es

se
nt

ia
l f

or
 it

s 
re

pe
lle

nc
y 

ac
tiv

iti
es

. 
Th

e 
ex

ac
t a

m
ou

nt
 o

f t
ra

ns
flu

th
rin

 
ad

so
rb

ed
 w

as
 n

ot
 k

no
w

n
– 

In
 th

e 
se

m
i-fi

el
d 

ex
pe

rim
en

t, 
w

er
e 

on
ly

 A
n.

 a
ra

bi
en

sis
; e

sp
e-

ci
al

ly
 p

er
tin

en
t b

ec
au

se
 th

e 
fie

ld
 

ex
pe

rim
en

t h
ad

 d
iff

er
en

t r
at

es
 fo

r 
di

ffe
re

nt
 m

os
qu

ito
es

– 
D

id
 n

ot
 ta

ke
 e

ffe
ct

s 
of

 w
as

hi
ng

 
in

to
 c

on
si

de
ra

tio
n

– 
D

id
 n

ot
 c

om
pa

re
 w

ith
 o

th
er

 
ty

pe
s 

of
 tr

ea
tm

en
t f

or
 n

et
s



Page 15 of 18Anaele et al. Malar J          (2021) 20:388 	

Ta
bl

e.
4 

(c
on

tin
ue

d)

Re
fe

re
nc

e
In

te
rv

en
tio

n
O

ut
co

m
es

M
et

ho
ds

 o
f m

ea
su

re
m

en
t

Fi
nd

in
gs

St
ud

y 
lim

ita
tio

ns

M
w

an
ga

 
et

 a
l. 

[1
1]

– 
Vo

lu
nt

ee
rs

 s
ta

ye
d 

cl
os

e 
to

 5
 

hu
ts

 p
ro

te
ct

ed
 w

ith
 e

av
e 

rib
bo

ns
 

tr
ea

te
d 

w
ith

 0
.2

5 
g/

m
2 

tr
an

s-
flu

th
rin

 a
t 0

, 2
0,

 4
0,

 6
0,

 8
0,

 a
nd

 
10

0%
 c

ov
er

ag
e

– 
A

ll 
vo

lu
nt

ee
rs

 c
ol

le
ct

ed
 b

iti
ng

 
m

os
qu

ito
es

 b
et

w
ee

n 
6 

an
d 

10
 p

m
 a

nd
 s

le
pt

 u
nd

er
 b

ed
 n

et
s 

(n
on

tr
ea

te
d)

 fr
om

 1
0 

pm
 to

 6
 a

m
– 

M
os

qu
ito

es
 w

er
e 

ca
ge

d 
in

si
de

 
hu

ts
 fo

r 2
4 

h.
 H

ut
s 

w
er

e 
pr

ot
ec

te
d 

w
ith

 e
ith

er
 e

av
e 

rib
bo

ns
, U

V-
LE

D
 

m
os

qu
ito

 tr
ap

s, 
or

 b
ot

h,
 w

ith
 th

e 
ce

nt
ra

l h
ut

 h
av

in
g 

no
 in

se
ct

ic
id

e-
tr

ea
te

d 
ne

t t
o 

m
ea

su
re

 e
ffe

ct
s 

on
 h

ou
se

ho
ld

s 
th

at
 d

o 
no

t h
av

e 
a 

ne
t

Pr
ot

ec
tio

n 
effi

ca
cy

 o
f t

ra
ns

flu
th

rin
 

ea
ve

 ri
bb

on
s 

bo
th

 in
do

or
s 

an
d 

ou
td

oo
rs

. M
os

qu
ito

 m
or

ta
lit

y 
ag

ai
ns

t e
av

e 
rib

bo
ns

. P
ro

te
ct

iv
e 

effi
ca

cy
 o

f c
om

bi
ni

ng
 U

V-
LE

D
 

tr
ap

s 
w

ith
 tr

an
sfl

ut
hr

in
 e

av
e 

rib
bo

ns

Co
lle

ct
in

g 
m

os
qu

ito
es

 a
nd

 c
ou

nt
-

in
g 

re
m

ai
ni

ng
 li

vi
ng

 o
ne

s. 
A

ls
o 

an
al

yz
ed

 d
at

a 
us

in
g 

G
en

er
al

iz
ed

 
Li

ne
ar

 M
ix

ed
 M

od
el

s

– 
Ea

ve
 ri

bb
on

s 
tr

ea
te

d 
w

ith
 tr

an
s-

flu
th

rin
 u

lti
m

at
el

y 
pr

ot
ec

te
d 

vo
lu

nt
ee

rs
 

at
 a

n 
effi

ca
cy

 ra
te

 o
f 8

3%
 in

do
or

s 
an

d 
62

%
 o

ut
do

or
s 

fo
r v

ol
un

te
er

s 
w

ho
 s

le
pt

 
un

de
r a

 n
et

– 
Vo

lu
nt

ee
rs

 w
ho

 d
id

 n
ot

 u
se

 n
et

s 
w

er
e 

pr
ot

ec
te

d 
by

 5
7%

 in
do

or
s 

an
d 

48
%

 
ou

td
oo

rs
– 

Vo
lu

nt
ee

rs
 w

ho
 u

se
d 

ne
ts

 h
ad

 
co

ns
ta

nt
 p

ro
te

ct
io

n 
w

he
n 

ea
ve

 ri
bb

on
s 

w
er

e 
ad

de
d 

an
d 

vo
lu

nt
ee

rs
 w

ho
 d

id
 

no
t u

se
 n

et
s 

ha
d 

in
cr

ea
se

d 
pr

ot
ec

tio
n 

w
he

n 
ea

ve
 ri

bb
on

s 
w

er
e 

ad
de

d
– 

W
he

n 
80

%
 o

f h
ou

se
ho

ld
s 

w
er

e 
us

in
g 

tr
ea

te
d 

ea
ve

s, 
th

e 
pr

ot
ec

tio
n 

to
 n

on
-

us
er

s 
w

as
 a

t i
ts

 p
ea

k
– 

A
ll 

ca
ge

d 
m

os
qu

ito
es

 p
la

ce
d 

in
si

de
 

hu
ts

 w
ith

 tr
ea

te
d 

ea
ve

 ri
bb

on
s 

di
ed

– 
U

V-
LE

D
 tr

ap
s 

ad
de

d 
w

ith
 e

av
e 

rib
bo

ns
 d

id
 n

ot
 im

pr
ov

e 
ov

er
al

l p
ro

te
c-

tio
n 

am
on

g 
th

os
e 

w
ho

 u
se

d 
be

d 
ne

ts

– 
To

ok
 p

la
ce

 in
 s

em
i-fi

el
d 

se
tt

in
gs

 
an

d 
us

ed
 la

b-
re

ar
ed

 m
os

qu
ito

es
; 

m
ay

, t
he

re
fo

re
, n

ot
 b

e 
re

pr
es

en
ta

-
tiv

e 
of

 a
ct

ua
l c

on
di

tio
ns

– 
Vo

lu
nt

ee
rs

 w
ho

 s
le

pt
 u

nd
er

 a
 n

et
 

sl
ep

t u
nd

er
 u

nt
re

at
ed

 n
et

s, 
w

hi
ch

 
is

 u
nr

ea
lis

tic
 s

in
ce

 m
os

t d
is

tr
ib

ut
ed

 
ne

ts
 a

re
 tr

ea
te

d 
w

ith
 s

om
e 

fo
rm

 o
f 

in
se

ct
ic

id
e

O
um

bo
uk

e 
et

 a
l. 

[1
6]

El
ev

en
 p

ow
de

r f
or

m
ul

at
io

ns
 fr

om
 

si
x 

in
se

ct
ic

id
e 

gr
ou

ps
 (p

yr
et

hr
oi

d,
 

ca
rb

am
at

e,
 o

rg
an

op
ho

sp
ha

te
, 

ne
on

ic
ot

in
oi

d,
 e

nt
om

op
at

ho
-

ge
ni

c 
fu

ng
us

, a
nd

 b
or

ic
 a

ci
d)

 
w

er
e 

te
st

ed
 a

ga
in

st
 p

yr
et

hr
oi

d 
re

si
st

an
t A

no
ph

el
es

 g
am

bi
ae

 s.
l. 

m
os

qu
ito

es
 fo

r f
ou

r w
ee

ks

Th
e 

in
se

ct
ic

id
e 

of
 a

ll 
11

 fo
rm

ul
a-

tio
ns

 th
at

 h
ad

 th
e 

be
st

 re
si

du
al

 
effi

ca
cy

, m
or

ta
lit

y 
da

ta
 o

ve
r i

ts
 

va
rio

us
 tr

an
si

en
t e

xp
os

ur
es

 to
 

m
os

qu
ito

es
, a

nd
 m

os
qu

ito
 m

or
-

ta
lit

y 
fro

m
 th

at
 in

se
ct

ic
id

e

M
ea

su
re

d 
co

nt
ac

t w
ith

 e
av

es
 

us
in

g 
flu

or
es

ce
nt

 p
ow

de
r

– 
A

ft
er

 fo
ur

 w
ee

ks
, m

os
qu

ito
 m

or
ta

lit
y 

dr
op

pe
d 

by
 2

5%
 fo

r t
he

 m
aj

or
ity

 o
f a

ll 
11

 in
se

ct
ic

id
es

 e
ve

n 
th

ou
gh

 th
ey

 k
ill

ed
 

m
os

qu
ito

es
 a

t 4
5–

10
0%

 d
ur

in
g 

th
e 

in
iti

al
 2

 w
ee

ks
– 

Be
ta

-c
yfl

ut
hr

in
 re

m
ai

ne
d 

po
te

nt
 

(1
00

%
 m

or
ta

lit
y)

 fo
r o

ne
 m

on
th

– 
O

nl
y 

<
 5

%
 o

f m
os

qu
ito

es
 th

at
 c

am
e 

in
to

 c
on

ta
ct

 w
ith

 u
nt

re
at

ed
 e

av
es

 
di

ed
. A

bo
ut

 5
5%

 o
f m

os
qu

ito
es

 th
at

 
ca

m
e 

in
to

 c
on

ta
ct

 w
ith

 b
et

a-
cy

flu
th

rin
 

tr
ea

te
d 

ea
ve

s 
di

ed
 th

e 
ne

xt
 m

or
n-

in
g 

an
d 

64
%

 w
er

e 
de

ad
 a

ft
er

 2
4 

h 
of

 
ex

po
su

re
– 

A
n 

av
er

ag
e 

of
 4

4%
 o

f m
os

qu
ito

es
 

ca
m

e 
in

to
 c

on
ta

ct
 w

ith
 th

e 
tr

ea
te

d 
ea

ve
s 

an
d 

75
%

 o
f m

os
qu

ito
es

 p
as

se
d 

th
ro

ug
h 

op
en

, u
nt

re
at

ed
 e

av
e 

tu
be

s 
to

 
en

te
r h

ou
se

ho
ld

s

– 
Li

m
ite

d 
in

 th
e 

nu
m

be
r o

f i
ns

ec
-

tic
id

es
 th

is
 s

tu
dy

 te
st

ed
 a

nd
 to

ok
 

pl
ac

e 
in

 e
xp

er
im

en
ta

l h
ut

s 
th

at
 

m
ay

 n
ot

 re
pr

es
en

t r
ea

l c
on

di
tio

ns
– 

M
os

qu
ito

es
 w

er
e 

la
b-

re
ar

ed
– 

O
nl

y 
tw

o 
vo

lu
nt

ee
rs

 w
er

e 
us

ed
 

in
 th

e 
ex

pe
rim

en
ta

l h
ut

s, 
w

hi
ch

 is
 a

 
co

ns
id

er
ab

ly
 s

m
al

l s
am

pl
e 

si
ze

.
– 

O
nl

y 
An

op
he

le
s g

am
bi

ae
 m

os
-

qu
ito

es
 u

se
d;

 m
ay

 h
av

e 
di

ffe
re

nt
 

re
su

lts
 w

ith
 d

iff
er

en
t m

os
qu

ito
 

ty
pe

s
– 

D
id

 n
ot

 e
va

lu
at

e 
lo

ng
-t

er
m

 p
ro

p-
er

tie
s 

of
 a

ll 
in

se
ct

ic
id

es
, a

nd
 w

as
 

no
t a

bl
e 

to
 e

nt
ire

ly
 id

en
tif

y 
w

ha
t 

m
ad

e 
be

ta
-c

yfl
ut

hr
in

 th
e 

m
os

t 
su

cc
es

sf
ul
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tin
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d)

Re
fe

re
nc

e
In

te
rv

en
tio

n
O

ut
co

m
es

M
et

ho
ds

 o
f m

ea
su

re
m

en
t

Fi
nd

in
gs

St
ud

y 
lim

ita
tio

ns

Sn
et

se
la

ar
 

et
 a

l. 
[1

3]
– 

In
 tw

o 
ho

us
es

, e
av

e 
tu

be
s 

tr
ea

te
d 

w
ith

 b
en

di
oc

ar
b 

or
 d

el
-

ta
m

et
hr

in
 w

er
e 

im
pl

an
te

d 
to

 te
st

 
ag

ai
ns

t A
no

ph
el

es
 g

am
bi

ae
 a

nd
 

An
op

he
le

s a
ra

bi
en

sis
 m

os
qu

ito
es

 
th

ro
ug

h 
3 

m
in

 b
io

as
sa

ys
– 

Sa
m

e 
ex

pe
rim

en
t t

oo
k 

pl
ac

e 
w

ith
 u

nt
re

at
ed

 e
av

e 
tu

be
s 

(o
pe

n)

Th
e 

nu
m

be
r o

f m
os

qu
ito

es
 th

at
 

en
te

r e
ac

h 
ho

us
eh

ol
d 

(re
ca

pt
ur

e)
Co

lle
ct

ed
 u

si
ng

 re
co

rd
 s

he
et

s 
an

d 
ca

lc
ul

at
ed

 b
y 

co
un

tin
g 

th
e 

nu
m

be
r o

f m
os

qu
ito

es
 re

tr
ie

ve
d.

 
N

or
m

al
ity

 w
as

 m
ea

su
re

d 
us

in
g 

th
e 

Sh
ap

iro
–W

ilk
 te

st
 a

nd
 L

ev
-

en
e’

s 
te

st
 w

ith
 M

an
n–

W
hi

tn
ey

 U
 

Te
st

 a
nd

 B
on

fe
rr

on
i c

or
re

ct
io

n

– 
H

ou
se

ho
ld

s 
pr

ot
ec

te
d 

w
ith

 b
en

di
-

oc
ar

b-
tr

ea
te

d 
ea

ve
s 

ha
d 

a 
re

ca
pt

ur
e 

pe
rc

en
ta

ge
 o

f 2
1%

 o
n 

av
er

ag
e 

fo
r b

ot
h 

An
op

he
le

s g
am

bi
ae

 s.
s. 

an
d 

An
op

he
le

s 
ar

ab
ie

ns
is 

m
os

qu
ito

es
– 

Th
os

e 
tr

ea
te

d 
w

ith
 d

el
ta

m
et

hr
in

 h
ad

 
a 

re
ca

pt
ur

e 
pe

rc
en

ta
ge

 o
f 3

9%
 o

n 
av

er
-

ag
e 

fo
r A

no
ph

el
es

 g
am

bi
ae

 m
os

qu
ito

es
 

an
d 

22
%

 fo
r A

no
ph

el
es

 a
ra

bi
en

sis
 

m
os

qu
ito

es
– 

U
nt

re
at

ed
 e

av
es

 h
ad

 7
1%

 a
nd

 5
4%

 
re

ca
pt

ur
e 

ra
te

s 
fo

r h
ou

se
ho

ld
s 

on
ly

 
pr

ot
ec

te
d 

w
ith

 fl
uo

re
sc

en
t d

ye
 p

ow
de

r 
fo

r A
no

ph
el

es
 g

am
bi

ae
 m

os
qu

ito
es

 a
nd

 
46

%
 a

nd
 2

5%
 fo

r A
no

ph
el

es
 a

ra
bi

en
sis

 
m

os
qu

ito
es

W
as

 c
on

du
ct

ed
 in

 s
em

i-fi
el

d 
co

nd
i-

tio
ns

 w
ith

 la
b-

re
ar

ed
 m

os
qu

ito
es

. 
A

ss
es

se
d 

eff
ec

ts
 o

ve
r s

ev
er

al
 w

ee
ks

, 
bu

t l
on

ge
r t

er
m

 e
ffe

ct
s 

no
t e

va
lu

-
at

ed
 in

 th
e 

st
ud

y

St
er

nb
er

g 
et

 a
l. 

[1
4]

– 
Ea

ve
 tu

be
s 

of
 v

ar
io

us
 h

ei
gh

ts
, 

di
am

et
er

s, 
an

gl
es

 w
er

e 
tr

ea
te

d 
w

ith
 d

iff
er

en
t i

ng
re

di
en

ts
 (b

en
-

di
oc

ar
b,

 L
LI

N
 fa

br
ic

, a
nd

 fu
ng

us
) 

ap
pl

ie
d 

on
 n

et
tin

g
– 

Th
es

e 
w

er
e 

te
st

ed
 o

n 
co

m
pa

rt
-

m
en

ts
 m

ad
e 

up
 o

f a
 h

ut
 a

nd
 o

ne
 

sl
ee

pe
r, 

ag
ai

ns
t o

pe
n 

ea
ve

s, 
an

d 
ag

ai
n 

in
 a

 la
rg

er
 c

om
pa

rt
m

en
t 

th
at

 c
on

si
st

ed
 o

f a
 m

os
qu

ito
 p

op
-

ul
at

io
n,

 v
eg

et
at

io
n,

 2
+

 h
ou

se
s, 

an
d 

ca
tt

le
 s

he
ds

 m
ea

nt
 to

 re
pr

e-
se

nt
 a

 v
ill

ag
e.

 T
he

re
, t

he
y 

br
ou

gh
t 

in
 L

LI
N

s 
an

d 
th

en
 b

ro
ug

ht
 in

 e
av

e 
tu

be
s

M
or

ta
lit

y 
ra

te
s 

be
tw

ee
n 

ap
pl

ie
d 

ac
tiv

e 
in

gr
ed

ie
nt

s. 
Re

ca
pt

ur
e 

ra
te

s 
fro

m
 tr

ea
te

d 
ne

tt
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in malaria-endemic areas could consider implement-
ing similar designs in their communities. Alternatively, 
applying bendiocarb to eaves resulted in a 79% drop in 
mosquito entry rates and could be used as a substitute for 
beta-cyfluthrin [13]. Alone, bendiocarb-eaves performed 
as well as LLIN coupled with untreated eaves, suggesting 
that together this intervention and LLIN may bolster pre-
ventative efforts [14].

Insecticide-treated eaves may also increase mosquito 
mortality. Transfluthrin was found to kill around 99.5% 
of mosquitoes in one report [10], while beta-cyfluthrin 
treatments killed 100% of mosquitoes for at least one 
month in another [16]. As impressive as most of these 
figures are, few studies investigated the long-term use of 
their interventions. This is concerning because durabil-
ity is an important factor in cost–benefit analyses, raising 
logistical questions about replacing tools that have lost 
their effectiveness. The compounds in an insecticide are 
of varying levels of photosensitivity, meaning that expo-
sure to sunlight initiates chemical breakdown [23]. For 
window screens coated with insecticide, the risk of sun-
light exposure is high, eventually reducing insecticidal 
strength over time. Eaves, on the other hand, are situated 
in an enclosed space and experience less sunlight expo-
sure. Thus, the insecticidal strength of treated eaves may 
last longer than on window screens.

Available evidence suggests that both window screens 
and eaves should be co-treated with BA to retain insec-
ticidal potency after washes [16]. The data comes specifi-
cally from research done with PM insecticide and may 
not translate as accurately to other insecticides. Only two 
of the 13 included articles discussed participant attitudes 
toward any of these interventions, and both of these 
articles were from the same research team [10, 18]. The 
international community needs more data on community 
preferences for these tools in order that they are main-
tained when installed.

Study strengths and limitations
The strengths of this review include its specificity and 
current analysis of treated eaves and window screens 
against Anopheles mosquitoes. Moreover, it provides 
comparisons between insecticides, detailing their effec-
tiveness and, in many cases, against what species of 
mosquito. This information is critical for public health 
researchers or programmers aiming to install said 
devices in affected communities, as it will help them to 
tailor their interventions. In addition, the research team 
conducted this review during a time when malaria pro-
gression expressed stagnation, thereby enhancing this 
review’s timeliness by providing supplementary solutions 
[24]. The results of this study are consistent with other 
published reports that indicated reductions in mosquito 

density and biting due to eave closures or tube installa-
tions [25, 26].

Although specificity could be regarded as a strength, 
it may also be a limitation. Studies or correspond-
ing results that tested netting without insecticide 
treatments, tested insecticidal resistance, or tested 
entomopathogenic fungi alone did not appear in this 
review. Similarly, many articles may have been over-
looked due to the assessment of three databases. Only 
two reviewers, moreover, screened each paper for eligi-
bility, which opens up this analysis to potential biases. 
The majority of studies were of a semi-field or ento-
mological nature, and may not have similar results in 
real-life settings. Finally, none of the included articles 
explicitly discussed blinding of the investigators during 
their experiments [10–22].

Conclusions
The implementation of insecticide-treated win-
dow screens and eaves could serve as useful tools to 
reduce mosquito biting incidence, mosquito entry, and 
increase mosquito mortality (Table 4). This rapid scop-
ing review ties into the essential public health service 
of developing policy, as the review is a call to action 
for stakeholders, such as WHO, to encourage window 
screen and eave installations, as well as local public 
health agencies to support these efforts [27]. Specific 
insecticides that public health practitioners can con-
sider include transfluthrin, beta-cyfluthrin, bendiocarb, 
and deltamethrin, although the method and commu-
nity one works with should reflect that of the associated 
study design. Future research should more deeply study 
the sole impact of treated window screen installations, 
interventions for An. funestus and An. arabiensis, and 
household attitudes toward these devices.
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