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Abstract 

Background  Installing insecticidal netting on open eaves, windows, and holes in walls of unimproved houses is a potential 
malaria control tool. It prevents mosquito house-entry, induces lethal and sub-lethal effects on malaria vectors, and may 
reduce malaria transmission. Therefore, a household epidemiological trial was conducted to assess the efficacy of insecticide-
treated screening (ITS) on malaria infection and indoor vectors in Tanzania.

Methods  In Chalinze district, Tanzania, 421 households were randomized into two arms. In June-July 2021, one group 
of households’ houses was fitted with ITS (incorporated with deltamethrin and piperonyl butoxide) on eaves, windows, 
and wall holes, while the second group did not receive screening. After installation, consenting household members 
(aged ≥ 6 months) were tested for malaria infection using quantitative polymerase chain reaction after the long rainy season 
(June/July 2022, primary outcome) and the short rainy season (January/February 2022, secondary outcome). Secondary 
outcomes included indoor total mosquito per trap/night (June–July 2022), adverse effects after one month of ITS installation 
(August 2021), and chemical bioavailability and retention of ITS samples after one year of field use (June/July 2022). At the end 
of the trial, the control group received ITS.

Results  Malaria prevalence among residents in the ITS arm was 19.9% (50/251) and 28.3% (65/230) in the control arm 
after the long rains, however, this difference was not significant [adjusted odds ratio (OR) 0.67 (95% CI 0.35–1.28), p = 0.227]. 
Similarly, no protection was seen for ITS after the short rains, [OR 1.27 (95% CI 0.68–2.38), p = 0.452]. However, school-age 
children in the ITS arm had lower malaria after the long rains [OR 0.11 (95% CI 0.02–0.73), p = 0.022]. No serious adverse effects 
were reported. The mean number of female Anopheles mosquitoes caught per trap/night was not significantly different 
between arms [1.7 vs 2.4, crude relative risk: 0.71 (95% CI 0.16–3.09), p = 0.650]. ITS showed reduced chemical bioavailability 
and retention post-field use. The trial reported high household refusals (17–30%) in both arms in both surveys.

Conclusion  The trial was inconclusive because households’ refusal resulted in low power. A large cluster randomized 
trial of the intervention, preferably with screens treated with longer-lasting insecticides installed in houses, is needed.

Trial registry: The trial was registered at ClinicalTrials.gov (NCT05125133) on October 2021
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Background
Since 2020, the global malaria burden, particularly in sub-
Saharan Africa (SSA), has increased [1], mainly driven by 
indoor malaria transmission [2]. Indoor malaria trans-
mission, and mosquito densities in particular, are influ-
enced by housing characteristics [3–7]. The main entry 
points for malaria vectors into a house are open eaves 
(gaps between the walls and roof ), unscreened windows, 
and holes in walls [8, 9]. Unimproved houses (houses 
built with traditional or natural materials, e.g., mud), 
very commonly have these features in Tanzania and 
SSA generally [10]. These houses are more commonly 
found in rural areas [11] and in areas of low socioeco-
nomic status [10], which are frequently the areas with 
the greatest potential for malaria transmission [10, 12]. 
Although many people living in unimproved houses are 
provided with insecticide-treated nets (ITNs) [13], ITN 
coverage and use are often not optimal [14]. No demo-
graphic group is completely covered with nets [15], but 
some, such as school-age children, are particularly likely 
to be unprotected [16]. Indoor residual spraying (IRS), 
i.e., spraying the interior walls of houses where mosqui-
toes rest, is another recommended vector control tool 
[17]. Although it does protect all groups equally (unlike 
ITNs) [18], it is being scaled down in SSA largely due to 
its operational cost [1]. Therefore, modifying houses to 
kill mosquitoes and prevent their entry, could fill a gap in 
vector control by providing a cost-effective method that 
provides equitable protection.

There is some evidence that some forms of house 
modification can prevent malaria infection [3–6], and 
the World Health Organization (WHO) recommends 
house screening as a supplementary vector control tool 
[17]. Previous malaria elimination activities in the United 
States of America, Europe, and elsewhere where house 
improvements, including screening with netting with-
out insecticide was an essential activity [6]. In addition, 
it does not need user compliance and has the poten-
tial to protect all occupants. Often, house modification 
involves closing mosquito entry points, especially the 
eaves, with local building materials [19–21]. While this 
can sometimes protect household members, randomized 
trials have not always found an epidemiological effect at 
a larger scale [22]. Furthermore, even if individual house-
holds are protected by closing mosquito entry points, 
without having a direct insecticidal effect means there is 
unlikely to be a population-wide reduction of mosquitoes 
which could otherwise result in a community effect that 
protects other households. Another disadvantage of clos-
ing the eaves of unimproved houses that reduces airflow 
is increased indoor temperatures, which (1) could reduce 
the acceptability of the intervention and (2) may influence 
members to not use ITNs, and/or stay outdoors and be 

exposed to mosquito bites [19]. Using untreated netting 
to screen houses may help with the indoor temperature, 
but, as with closing eaves, it will not induce a mass-killing 
effect on mosquitoes [19, 23]. Another house modifica-
tion method is eave tubes, where the existing eaves are 
blocked with tubes inserted that are covered with an 
electrostatic gauze wire mesh that binds an insecticide. 
This allows the inflow of air whilst attracting mosquitoes 
as human odour plumes are channeled outside through 
the tubes. Mosquitoes cannot enter due to the mesh and 
are killed by the insecticide [5]. However, closing eaves 
and inserting tubes can be time-consuming, and they 
require timely maintenance to maintain protection, all of 
which can increase cost [5].

One such form of housing modification is covering 
eaves, windows, and wall holes with insecticide-treated 
screening (ITS). The screening generally used is a thicker, 
more durable version of the netting used in ITNs [6]. ITS 
has many potential advantages over other housing modi-
fications. It provides a barrier against mosquito entry, it 
is treated with an insecticide so it kills mosquitoes, which 
can lead to community protection, it does not restrict 
airflow as much as blocking eaves, and it does not require 
regular maintenance [24].

Previous studies of ITS have shown an impact on ento-
mological outcomes. This includes an impact on mos-
quito density in a randomized controlled trial in Kenya 
[24] and an impact on mosquito mortality, blood-feeding 
inhibition, and deterrence in a semi-field system setting 
in Tanzania [Odufuwa, in press]. Here, the results of the 
first trial of ITS on malaria epidemiological endpoints are 
presented.

Methods
Design
This was a two-arm parallel household randomized 
controlled trial of insecticide-treated screening (ITS) 
installed in 2021 with the current best practice (absence 
of indoor residual spraying, mass campaign of ITNs in 
2017, and yearly distribution of ITNs through schools) 
compared to the current best practice alone. The trial fol-
lowed a published protocol [25], registered at ClinicalTri-
als.gov (NCT05125133).

Description of participants and study area
The trial was conducted in three selected villages within 
the Chalinze district of Pwani region, Tanzania (Fig.  1), 
based on perceived high malaria infection by village 
leaders. Households from nine hamlets from these vil-
lages were enrolled as they provided the required num-
ber of households needed for the trial. The primary local 
occupation of residents  is farming. This coastal region 
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experiences an average temperature of 28°C and 1000 
mm of annual rainfall. Two distinct rainy seasons occur: 
a short season (October–December) and a longer sea-
son (March to May). These seasonal patterns correspond 
with the two peaks of moderate malaria transmission 
periods, with varied malaria prevalence of 10–30% [14]. 
The primary local malaria vectors are Anopheles arabien-
sis and Anopheles funestus [26], and are highly resistant 
to pyrethroids [27].

A household comprised a house or group of houses 
with one head of the household, and where residents 
shared the same cooking facilities [28]. Households 
were eligible if houses had open eaves and unscreened 
windows, and all four walls were standing. All house-
hold members aged six months and older were eligible 
for enrolment into the study, except pregnant women, 
who are routinely screened during antenatal care as per 
national guidelines [29].

Description of intervention
Households were randomly assigned to either the inter-
vention group or the control group. The households in 

the intervention group were visited to receive ITS from 
June 19th to July 8th, 2021 [30]. The intervention was 
applied to cover eaves, windows, and holes in the walls of 
consenting houses in the intervention group (Fig. 2). The 
procedure for installation is detailed elsewhere [30]. The 
ITS used in the trial was manufactured by Vegro (Den-
mark). They contain 8 grams per kilogram (g/kg) pipero-
nyl butoxide (PBO) synergist and 2  g/kg deltamethrin 
insecticide. The control group received no ITS. None of 
the arms received ITNs from the trial.

Outcomes
This trial assessed the superiority of ITS over malaria 
control best practice in reducing malaria prevalence in 
individuals over six months of age, measured by quantita-
tive polymerase chain reaction (qPCR) [31]. The primary 
outcome was malaria prevalence post-long rainy season 
(June–July 2022, one year post-ITS installation), with 
prevalence post-short rainy season (January–February 
2022, six months post-ITS installation) as a secondary 
outcome. An additional secondary outcome was indoor 
total mosquito measured by Centers for Disease Control 

Fig. 1  Location of study villages in Chalinze district, Tanzania
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Fig. 2  Insecticide-treated screen installed in a house in the study location
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(CDC) light traps [32] set in each house once after the 
long rainy season (July 2022). Additionally, the number 
of adverse effects (AEs) was assessed using structured 
questionnaires one month after ITS installation (August 
2022). Furthermore, the quality of ITS was assessed after 
one year in the field: (1) biologically (by estimating the 
proportion of mosquitoes that were killed 72 h after three 
minutes of cone bioassay exposure in November 2022), 
and (2) chemically (by measuring the chemical retention 
of ITS in March 2023).

Sample size
To detect a 30% malaria prevalence reduction with 90% 
power, it was calculated that a sample size of 225 house-
holds per arm (4.5 members/household [33]) would be 
needed. We used an estimated 20% control prevalence 
[31] and an assumed between-house coefficient of varia-
tion of 0.5. No assumptions around non-response or loss 
to follow-up rates were made. No interim analyses were 
conducted.

Randomization
Households were randomly assigned to the ITS and 
control groups, stratified by hamlet, that is, simple ran-
domization within each hamlet to ensure that both ITS 
and control households were present in each hamlet [25] 
using STATA (Version 16).

Trial procedure
In February 2021, a meeting with village heads was held 
to discuss the trial objectives. This was followed by com-
munity sensitization in each village. Subsequently (April–
May 2021), data collectors and semi-skilled carpenters 
were recruited from each village. Data collectors were 
trained on trial protocol methodology, ethical enrolment, 
Global Positioning System (GPS) device/tablet usage, and 
questionnaire administration. Carpenters were trained 
on the installation of ITS.

In June-July 2021, intending to enrol all households 
within each hamlet, data collectors guided by ham-
let leaders recruited households door-to-door if their 
house(s) had open eaves, unscreened windows, and 
standing walls. An adult household member answered 
a baseline questionnaire. This questionnaire gathered 
information on the location and characteristics of the 
house and the socio-demographic status of household 
members. A unique identification (UID) was assigned to 
the informed consent form (ICF) and the questionnaire 
for consistency, and this UID was printed and laminated 
and affixed to the front door of each participating house-
hold. The baseline data were used to generate a randomi-
zation list, which was used as a guide to install ITS in the 
intervention group.

One month after ITS installation (August 2021), data 
collectors surveyed 20 technicians who installed ITS in 
the study houses and 50 randomly selected households 
that had ITS installed, and had them respond to a ques-
tionnaire on adverse effects adapted from WHO guide-
lines on ITN testing [34] without considering sex or age 
differences.

To detect malaria infection, cross-sectional door-to-
door surveys were conducted on all consented household 
members aged six months or older who were not preg-
nant, in June-July 2022 (primary outcome) and Janu-
ary–February 2022 (secondary outcome). During each 
household visit, blood was taken for both rapid testing 
for point-of-care and further analysis using qPCR for 
the malaria prevalence outcome. Firstly, malaria parasite 
detection was performed using an SD Bioline Malaria 
Ag Pf/Pan rapid diagnostic test (RDT) [31], and capil-
lary blood was collected into 2.0 ml tubes containing eth-
ylenediaminetetraacetic acid (EDTA). Following blood 
collection, participants with positive RDT results were 
treated with artemether 20mg + lumefantrine 120  mg 
tablets (Ajanta Pharma Limited, India). The blood sam-
ples were placed in a cooling box with ice packs during 
the door-to-door survey. Secondly, 100 microlitre (µl) of 
whole blood cells from the EDTA tubes were preserved 
in 300 µl of 1X DNA/RNA Shield (Zymo Research, USA) 
on the same day of blood collection. These samples were 
stored in a cold chain for not more than three days before 
being transported to the Bagamoyo laboratory for deoxy-
ribonucleic acid (DNA) extraction and qPCR analysis for 
the detection of Plasmodium falciparum infection [31]. 
Deoxyribonucleic Acid (DNA) extraction was conducted 
by using Quick-DNA™ Miniprep kits (Zymo Research) 
as per manufacturer guidelines with slight modifications 
(Supplementary 1), eluted in 50 µl of elution buffer, and 
used immediately for qPCR or stored at ≤ −20  °C. The 
P. falciparum in the extracted DNA was detected using 
the PlasQ qPCR assay as described elsewhere [35]. In this 
assay, two main targets were utilized to detect parasites: 
Pan – Plasmodium 18S rDNA sequence (Pspp18S) and 
Plasmodium falciparum sequence (PfvarATS) with an 
internal control gene (HsRNaseP). The qPCR amplifica-
tion was performed on a CFX96 Touch™ Real-Time PCR 
Detection system (Bio-Rad) in a single reaction mix of 
2 µl of sample DNA and 8 µl of reaction mix containing 
1X Luna Universal Probe qPCR Master Mix (New Eng-
land Biolabs, USA) with the cyclic conditions as follows: 
95 °C for 1 minute (min); 45 cycles of 15 s (secs) at 95 °C 
and 45 cycles at 57 °C for 45 secs for polymerase activa-
tion, denaturation, annealing and elongation, respec-
tively. All samples were run in duplicate with the negative 
and positive control (NF54). The parasite density was 
determined using the WHO International standard for 
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P. falciparum detection. The standard curves were gener-
ated by diluting the standard from 100,000 parasites/µl to 
0.0001 parasites/µl and run in triplicate as performed in 
other studies [31, 35, 36].

Indoor mosquito density was assessed in June–July 
2022 using CDC light traps placed overnight once in 
each house, near the sleeping space, placed at the foot-
end where the sleeper’s legs would be, and approximately 
1.5  m above the ground indoors. A block allocation 
scheme (allocating an equal number of households per 
arm for nightly survey) was utilized to ensure equal sam-
pling across groups nightly.

Captured mosquitoes were identified as Anopheles or 
Culex quinquefasciatus, or Aedes morphologically [37], 
with Anopheles species further analysed into sibling spe-
cies by conventional multiplex PCR. The PCR for Anoph-
eles funestus was based on the methodology described 
by Koekemoer et  al. [38], and that of the An. gambiae 
sensu lato was based on Scott et al. [39]. Briefly, DNA was 
extracted from individual mosquito legs by placing two 
mosquito legs in a microcentrifuge tube containing 20 µl 
of TE (Tris–EDTA) buffer. The tubes were incubated at 
95 °C for 10 min. The resulting DNA was stored at −20 
°C until PCR analysis. The PCR for the identification of 
sibling species was carried out in a total reaction volume 
of 25 μl using 3 μl of DNA template, 12.5 μl of One Taq 
Quick-load 2X master mix with standard buffer (which 
contains PCR buffer, dNTP, MgCl2, Taq DNA polymer-
ase, and loading dye), 1 μl of universal primer, and 1 μl of 
specific primers for the detection of Anopheles vanedeen, 
An. funestus, Anopheles rivulorum, Anopheles parensis 
and Anopheles leesoni (An. funestus group) or An. gam-
biae s.s, An. arabiensis, Anopheles merus and Anopheles 
quadrannulatus (An. gambiae group). The cycling condi-
tions were: 94 °C for 2 min followed by 40 cycles of 94 °C 
for 30 secs, 50 °C for 30 secs, and 72 °C for 40 secs, and 
a final extension step of 72 °C for 10 min for An. funestus 
group, and 94 °C for 5 min followed by 30 cycles of 94 °C 
for 30 secs, 50 °C for 30 secs, and 72 °C for 30 secs, and 
a final extension step of 72 °C for 3 min for An. gambiae 
group. The PCR products for all species were analysed 
after electrophoresis in a 2.5% agarose gel stained with 
Safe View Classic. DNA bands were visualized under 
ultraviolet light using a Kodak Logic 100 imaging system.

At the time of the cross-sectional survey in June–July 
2022, 20 houses in the ITS arm were randomly selected 
for chemical  bioavailability and retention assessment of 
the treated screens. For each of these houses, a minimum 
of three samples measuring 25 centimetres (cm) × 25 cm 
were cut from the ITS installed on the eaves and win-
dows, both facing the east or westward direction (to 
capture the impact of sunrise and sunset). The removed 
samples were replaced with new ITS. Before testing, the 

samples were stored in aluminium foil and in a refriger-
ator at 4 °C to prevent active ingredient (AI) loss while 
preparing for testing. The entomological bioavailabil-
ity of these samples was determined in November 2022 
using cone bioassays following standard procedures [40] 
against laboratory strains of malaria (An. arabiensis and 
An. funestus), dengue (Aedes aegypti) vectors, and those 
known for nuisance biting (Culex quinquefasciatus), all 
with varying levels of susceptibility to pyrethroids and 
restored by PBO in [Supplementary Table 1]. Mosquitoes 
were exposed to ITS samples for three minutes within 
the cones placed on a board, then aspirated into paper 
cups and provided with sugar solution. Exposed mosqui-
toes were then kept in a temperature-controlled room to 
assess delayed mortality at 72 h. Samples from six houses 
were randomly selected and shipped to Biolytrics Viet-
nam Co., Ltd, Hanoi, Vietnam, for chemical analysis in 
March 2023 using the High-Performance Liquid Chro-
matography (HPLC) method following WHO guidelines 
for ITN testing [34]. Despite a four-month difference in 
the testing of chemical  bioavailability and retention, we 
assume no or minimal loss of the AI during chemical 
retention analysis. This assumption is based on the stor-
age conditions prior to HPLC (samples wrapped in alu-
minium foil and kept below 4°C) [34].

Data management and analysis
Malaria infection prevalence data were collected using 
a questionnaire (Supplementary file 2). These data were 
entered into electronic tablets with force control (i.e., in-
built data entry restrictions) to minimize entry errors.

Data were analysed using STATA (Version 16). 
Descriptive analysis of the socio-demographic character-
istics of the households was presented by arms. An addi-
tional characteristic of the household presented by arms 
was the wealth quintile index, estimated using Principal 
Component Analysis [41], in which households’ asset, 
livestock, light and cooking energy, means of sanitation, 
house density (≤ 5 members vs. > 5 members), house 
building  materials and education level of the head of 
household were combined to make one variable. Descrip-
tive analysis was also utilized for the perceived effect of 
contact with ITS, mosquito mortality in the cone bioas-
say, and chemical retention (HPLC) data collected.

Malaria prevalence data were analysed using a per-pro-
tocol approach, in that individuals who travelled within 
the past two weeks or used malaria medication within 
two weeks before the surveys were excluded from the 
analysis.

Malaria infection prevalence among individuals 
aged ≥ 6  months, assessed by qPCR, was compared 
between households with and without ITS using mixed-
effects logistic regression, with a random effect for 
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household. Additionally, an adjusted model was used 
which included age groups (< 5, 5–14, and ≥ 15), partici-
pant sex, ITN access (household with one ITN for every 
two members that slept in the household in the previous 
night of the survey), wall type (mud & stick vs. cement), 
and roof type (traditional vs. iron sheet) as covariates.

To determine the impact of ITS in different house 
types, ITN use, and age groups, stratified analyses were 
performed. Malaria infection prevalence in households 
with ITS was compared to those without ITS within spe-
cific strata: mud walls, brick walls, traditional roofs, iron 
sheet roofs, individuals with ITNs the previous night of 
the survey, individuals without ITN the previous night of 
the survey, young children, school-age children and 
adults. In each stratified analysis, age group, sex, and the 
respective household stratification variable (wall type, 
roof type, ITN use, or age group) were included as fixed 
effects. Household was included as a random effect to 
account for clustering. Importantly, the stratification var-
iable itself was not included as a covariate within its own 
stratified analysis.

For the number of indoor mosquitoes, only an unad-
justed negative binomial regression model on the daily 
number of mosquitoes caught per trap/night was per-
formed due to the low number of mosquitoes caught 
throughout the evaluation.

Results
Household recruitment
Of the 450 eligible households recruited in all nine 
hamlets combined, nine were excluded due to not hav-
ing both open eaves and window(s) before randomiza-
tion. Simple randomization stratified by hamlet was 
carried out on 441 households in May 2021, with 221 
households assigned to receive ITS and the remaining 
220 households assigned to the control arm. Installa-
tion of ITS was completed in 208 recruited households, 
while 195 households remained as controls (Fig. 3).

During the first survey conducted after the short 
rainy season to assess malaria prevalence (secondary 

outcome), of the 195 and 208 households in the con-
trol and ITS arms, 49 (25.1%) and 36 (17.3%) withdrew 
consent, while 20 (10.3%) and 28 (13.5%) were not 
available during the visit in the control and ITS arm, 
respectively. Therefore, only 126 (72%) and 144 (80%) 
households consented to malaria testing in the control 
and ITS arms, respectively (Fig. 3), with a similar pro-
portion of refusals between arms.

For the assessment of malaria prevalence during the 
survey conducted after the long rainy season (primary 
outcome), 59 (30.3%) and 53 (25.5%) withdrew con-
sent, and 28 (14.4%) and 32 (15.4%) households were 
unavailable  in the control and ITS arms, respectively. 
Consequently, only 108 (64.7%) households in the con-
trol arm and 123 (69.9%) households in the ITS arm 
consented to malaria testing (Fig.  3), and substantially 
lower than the estimated sample size. As observed in 
the short rains, the proportions of refusals were similar 
between arms.

Demographic‑socioeconomic characteristics of study 
households
The demographic-socioeconomic characteristics of 
households were similar in both the ITS and control 
arms during ITS installation, after six months, and after 
12 months (Table 1). The primary wall materials of the 
majority of houses in the study were built with tradi-
tional materials, including sticks, iron sheets, and mud 
(Table 1).

Malaria infection prevalence
A total of 230 eligible participants in the control and 251 
in the ITS arm were included in the analysis. Malaria 
infection prevalence after ITS installation and after the 
long rainy season (primary outcome) was 19.9% (50/251) 
among members in the ITS arm, and 28.3% (65/230) in 
the control arm. However, the difference was not signifi-
cant, both in the unadjusted [Odd ratio (OR) 0.64 (95% 

(See figure on next page.)
Fig. 3  Trial flow diagram. Enrolment: Informed consent was obtained from household heads or adult family members (≥ 18 years) in all hamlets 
with houses having open eaves, unscreened windows, and walls in good condition by a door-to-door approach. Exclusion: was done by physical 
inspection of all recruited houses, and ineligible household codes were removed from the randomization list. Randomization: households 
within each hamlet were equally randomized to ITS and control arms. During installation, in the control arm, two households notified technicians 
of their withdrawal, one household had a damaged house and 34 households were used to replace installation refusals in the ITS arm. In the ITS 
arm, 27 households refused, 7 had damaged houses and members of 15 households were unavailable for consent throughout the installation 
period. Study population (post-installation): The control group comprised the remaining households after excluding refusals, damaged houses, 
and replacements, and 15 ITS arm (n = 180). The ITS arm included the 172 originally assigned households, 34 control households installed 
with ITS, and 2 replacement households (originally excluded for lacking open eaves and unscreened windows during installation). Malaria 
surveys of households for malaria infection testing at the short and long rains, showing households visited, refusals, consented, loss to follow-up 
due to participants’ relocation and long travel, participants’ refusals, use of malaria medication and travel history. Indoor mosquito surveys 
of houses using CDC light traps once, showing houses visited, refusals, consented, loss to follow-up due to relocation of members, or not present 
throughout the survey period. Installation of ITS in the control households
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Enrolment
(May 2021) 

Exclusion
(Households with houses without 
both open eaves and windows – May 2021)

Randomisation
(May 2021)

During installation
(June-July
2021)

Study Population
Installation completed
(July 2021)

Adverse 
event survey
(August 2021)

Malaria 
prevalence 
survey 
after 
short rain
(January-Feb
2022)

Malaria 
Prevalence 
survey 
after 
long rain
(June-July
2022)

Indoor
Mosquito 
Survey at 
Long rain
(June-July
2022)

Installation of ITS
(August 2022)

450 Households
(2,041 members)

9 Households
(39 members)

Control
220 Households
(1,016 members)

ITS
221 Households
(986 members)

Refusal: 2
Damaged: 1
Replaced ITS: 34

Refusal: 27
Damaged: 7
Not present: 15

Control
195 Households
(876 members)

ITS
208 Households
(921 members)

Not present
3 Households
(16 members)

Households visited: 175
Household Refusals: 49
Household Consented: 126
Households lost to follow-up: 20
Member refusals within consented HH: 161
Members used anti-malaria 2 weeks prior: 21
Members travelled 2 weeks prior: 17
Missed data: 5
Total members analysed: 282

Analysis
47 Households
(195 members)

Households visited: 180
Household Refusals: 36
Household Consented: 144
Households lost to follow-up: 28
Member refusals within consented HH: 184
Members used anti-malaria 2 weeks prior: 40
Members travelled 2 weeks prior: 26
Missed data: 8
Total members analysed: 301

Households visited: 167
Household Refusals: 59 
Household Consented: 108
Households lost to follow-up: 28 
Member refusals within consented HH: 84
Members used anti-malaria 2 weeks prior: 10
Members travelled 2 weeks prior: 1
Missed data: 11
Total members analysed: 230

Households visited: 176
Household Refusals: 53 
Household Consented: 123
Households lost to follow-up: 32 
Member refusals within consented HH: 122
Members used anti-malaria 2 weeks prior: 18
Members travelled 2 weeks prior: 3
Missed data: 10
Total members analysed: 251

Households visited: 212
Household Refusals: 31
Household Consented: 181
Households lost to follow-up: 13
Total houses analysed: 188

Households visited: 200
Household Refusals: 18
Household Consented: 182
Households lost to follow-up: 8 
Total houses analysed: 183

Consented Households: 214

Fig. 3  (See legend on previous page.)
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Table 1  Demographic and socio-economic characteristics of study households

* access is defined as having at least one ITN for two household members that slept in the households the previous night of the survey

HH indicates household

Baseline 6 months after installation 12 months after 
installation

Factor Control arm ITS arm Control arm ITS arm Control arm ITS arm

Number of HH 195 208 126 144 108 123

HH Members 876 921 282 301 230 251

Age group of the head of household

 18–24 10 (5.1%) 10 (4.8%) 6 (4.8%) 4 (2.8%) 3 (2.8%) 3 (2.4%)

 25–49 105 (53.9%) 96 (46.2%) 58 (46.0%) 65 (45.1%) 53 (49.1%) 53 (43.1%)

 50-above 80 (41.0%) 102 (49.0%) 62 (49.2%) 75 (52.1%) 52 (48.2%) 67 (54.5%)

Sex of head of HH

 Male 148 (75.9%) 148 (71.2%) 91 (72.2%) 103 (71.5%) 78 (72.2%) 88 (71.5%)

 Female 47 (24.1%) 60 (28.9%) 35 (27.8%) 41 (28.5%) 30 (27.8%) 35 (28.5%)

Education of the head of HH

 No formal education/pre-primary 42 (21.5%) 41 (19.7%) 32 (25.4%) 28 (19.4%) 24 (22.2%) 24 (19.5%)

 Primary 140 (71.8%) 151 (72.6%) 87 (69.1%) 105 (72.9%) 79 (73.2%) 88 (71.5%)

 Secondary/tertiary 13 (6.7%) 16 (7.7%) 7 (5.6%) 11 (7.6%) 5 (4.6%) 11 (8.9%)

HH size

 1–2 members 42 (21.5%) 49 (23.6%) 26 (20.6%) 33 (22.9%) 23 (21.3%) 23 (18.7%)

 3–5 members 98 (50.3%) 104 (50.0%) 66 (52.4%) 74 (51.4%) 56 (51.9%) 64 (52.0%)

 6 and above 55 (28.2%) 55 (26.4%) 34 (27.0%) 37 (25.7%) 29 (26.9%) 36 (29.3%)

HH access* to nets

 No 106 (54.4%) 110 (52.9%) 69 (54.8%) 76 (52.8%) 54 (50.0%) 61 (49.6%)

 Yes 89 (45.6%) 98 (47.1%) 57 (45.2%) 68 (47.2%) 54 (50.0%) 62 (50.4%)

Primary material of house’s roof

 Grass/banana leaves/Thatch Dung/mud/soil 18 (9.2%) 6 (2.9%) 8 (6.4%) 3 (2.1%) 7 (6.5%) 3 (2.4%)

 Iron sheets 177 (90.8%) 202 (97.1%) 118 (93.7%) 141 (97.9%) 101 (93.5%) 120 (97.6%)

Primary material of house’s wall

 Sticks/Iron sheet/Mud 168 (86.2%) 179 (86.1%) 104 (82.5%) 121 (84.0%) 92 (85.2%) 103 (83.7%)

 Burnt/cement bricks 27 (13.9%) 29 (13.9%) 22 (17.5%) 23 (16.0%) 16 (14.8%) 20 (16.3%)

Primary material of house’s floor

 Earth/sand/mud 139 (71.3%) 136 (65.4%) 90 (71.4%) 93 (64.6%) 78 (72.2%) 80 (65.0%)

 Cement 56 (28.7%) 72 (34.6%) 36 (28.6%) 51 (35.4%) 30 (27.8%) 43 (35.0%)

HH socioeconomic status

 Lowest 48 (24.6%) 38 (18.3%) 24 (19.1%) 24 (16.7%) 24 (22.2%) 19 (15.5%)

 Low 43 (22.1%) 40 (19.2%) 31 (24.6%) 29 (20.1%) 22 (20.4%) 23 (18.7%)

 Middle 35 (18.0%) 44 (21.2%) 26 (20.6%) 30 (20.8%) 23 (21.3%) 26 (21.1%)

 High 34 (17.4%) 51 (24.5%) 17 (13.5%) 35 (24.3%) 18 (16.7%) 33 (26.8%)

 Highest 35 (18.0%) 35 (16.8%) 28 (22.2%) 26 (18.1%) 21 (19.4%) 22 (17.9%)

Hamlets

 Miembe Saba 20 (10.3%) 30 (14.4%) 13 (10.3%) 19 (13.2%) 13 (12.0%) 18 (14.6%)

 Mswelezi 10 (5.1%) 12 (5.8%) 7 (5.6%) 9 (6.3%) 7 (6.5%) 5 (4.1%)

 Mikuyuni 10 (5.1%) 10 (4.8%) 8 (6.4%) 8 (5.6%) 5 (4.6%) 6 (4.9%)

 Tobora 13 (6.7%) 17 (8.2%) 8 (6.4%) 10 (6.9%) 9 (8,3%) 9 (7.3%)

 Kibonkho 58 (29.7%) 66 (31.7%) 36 (28.6%) 38 (26.4%) 28 (25.9%) 33 (26.8%)

 Mbuyu 23 (11.8%) 18 (8.7%) 11 (8.7%) 15 (10.4%) 9 (8.3%) 11 (8.9%)

 Mkwazu 19 (9.7%) 19 (9.1%) 17 (13.5%) 15 (10.4%) 15 (13.9%) 14 (11.4%)

 Mitindi 10 (5.1%) 6 (2.9%) 7 (5.6%) 5 (3.5%) 7 (6.5%) 4 (3.3%)

 Kihangaiko 32 (16.4%) 30 (14.4%) 19 (15.1%) 25 (17.4%) 15 (13.9%) 23 (18.7%)
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CI 0.33–1.25), p = 0.191] and adjusted [OR 0.67 (95% CI 
0.35–1.28), p = 0.227] analyses (Table 2).

A total of 282 eligible participants in the control and 
301 in the ITS arm were included in the analysis of the 
secondary outcome after the short rain survey. In this 
survey, there was also no significant difference between 
the members in the control arm versus those in the ITS 
arm, both in the unadjusted [18.9% vs 18.7%, OR 1.04 
(95% CI 0.58–1.85), p = 0.191] and adjusted [OR 1.27 
(95% CI 0.68–2.38), p = 0.452] analyses (Table 2).

In the stratified analysis, the protection of ITS was seen 
over the control arm only among the school-age children 
[15.5% vs. 38.3%, aOR 0.11 (0.02–0.73), p = 0.022], while 
there was no significant difference in malaria infection 
prevalence between the control and ITS arms restricted 
within households with houses categorized into: tradi-
tional walls, modern walls, modern roof, use and non-
use of ITN the night before the survey, in either the 
surveys conducted after the long and short rainy seasons 
(p > 0.05) (Table 3).

Reported adverse effects
Of the 50 households (222 participants) selected for 
recording AES, only 47 households (with 195 members 
available and 11 members not available) were reached. 
One household had moved away, and two households 
were unavailable during the visit. AEs were captured for 
all 20 ITS installation technicians. No serious adverse 
effect was recorded in the study that warranted treat-
ment. All effects recorded were those known to occur 
with the use of ITNs, and the most common of all the 
adverse effects recorded was sneezing (65% for techni-
cians and 16% for household members) (Table 4).

Indoor number of mosquitoes
A total number of 741 female mosquitoes were caught in 
the control houses and 728 in the ITS-installed houses. 
Only 85 of these mosquitoes were identified as Anopheles, 
and the majority of these (84/85, 99%) were confirmed 

molecularly to be An. funestus (Supplementary file 3). 
The mean number of female Anopheles mosquitoes 
caught per trap night of the survey was 2.4 in the control 
arm and 1.7 in the ITS arm, although this difference was 
not significantly different [Crude Relative Risk: 0.71 (95% 
CI 0.16–3.09)]. Between control and ITS households, the 
capture rates for female Cx. quinquefasciatus mosquitoes 
were similar [31.0 vs 31.3, Crude Relative Risk: 1.01 (95% 
CI 0.45–2.28)] as were capture rates of female Ae. aegypti 
mosquitoes [0.2 vs 0.1, Crude Relative Risk: 0.40 (95% CI 
0.07–2.21)] (Table 5).

Cone bioassays and chemical analysis 
of insecticide‑treated screening
Chemical bioavailability and retention assessment of net 
samples one year after ITS installation revealed a 67% 
and 88% loss of deltamethrin and PBO synergist con-
tent, respectively, and low 72-h mosquito mortality (33%) 
(Table  6). The mosquito mortality varied within species 
(Supplementary Table 2).

Discussion
This is the first trial to determine the impact of insec-
ticide-treated screening (ITS) against malaria using 
epidemiological endpoints. Although overall malaria 
prevalence (primary endpoint) was lower in houses with 
ITS, the difference was not statistically significant. How-
ever, a stratified analysis of the secondary outcome indi-
cated a protective effect for school-age children.

Prior to this trial, other studies have shown the ento-
mological efficacy of ITS, and so their impact against 
malaria may be expected. A Kenyan trial demonstrated 
over 70% reduced indoor mosquito density in houses 
with combined ITS deployed as eave nets, and cur-
tains plus ITNs versus ITNs alone [24]. Semi-field test-
ing comparing one-year naturally aged ITS to one-year 
aged Olyset® Plus ITNs in Tanzania demonstrated simi-
lar mosquito mortality (51% vs 56%), but significantly 
higher personal protection (blood-feeding inhibition: 

Table 2  The efficacy of insecticide-treated screening on malaria infection prevalence in Chalinze district, Tanzania

Covariates adjusted for fixed effect: age groups (< 5, 5–14, and 15–above), sex, ITN use the previous night of the survey, house wall (mud & stick vs cement), and house 
roof (traditional vs iron sheet)

Household as a random effect

Outcome Intervention Unadjusted Adjusted for covariates

Prevalence
% (n/N)

Odds Ratio p-value Odds Ratio p-value

Long rainy season Control 28.3 (65/230) 1.00 1.00

ITS 19.9 (50/251) 0.64 (0.33–1.25) 0.191 0.67 (0.35–1.28) 0.227

Short rainy season Control 19.2 (54/282) 1.00 1.00

ITS 18.9 (57/301) 1.04 (0.59–1.83) 0.899 1.27 (0.69–2.35) 0.442
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84% vs 54%, and reduced hut entry: 2 vs 13) [Odufuwa, in 
press]. There are several potential reasons why this cur-
rent trial did not show a statistically significant reduction 
in malaria  prevalence. Firstly, the trial took place dur-
ing the coronavirus disease 2019 pandemic. Tanzania’s 
response to the pandemic was characterized by limited 
lockdowns and an emphasis on local intervention [42]. 
Many participants feared that the trial was related to the 
pandemic and were reluctant to participate in tests that 
required blood samples [30]. This resulted in a high rate 
of household refusals that reduced the sample size and 
limited study power, but could also have resulted in selec-
tion bias. Secondly, during the surveys after the short 
rainy season, participants were tested with RDT, and 
those who were positive were treated. This may have led 
to prevalence being lower in the long rainy season than 
it would have been, and so further reduced study power. 
Thirdly, chemical bioavailability and retention assess-
ment at the end of the trial showed poor performance of 
ITS in mosquito bioassays and low concentrations of the 
insecticide. The degradation may be attributable to evap-
orative loss of insecticide since ITS were neither washed 

nor handled much [43]. The combination of these factors 
may have contributed to the lack of evidence of a protec-
tive effect of ITS against malaria, despite previous ento-
mological studies giving reasons to expect one.

This trial was randomized at the household level [19]. 
This design captures the direct protection of household 
members by preventing mosquito entry into and expo-
sure within their houses. If ITS were deployed at a suffi-
cient scale, we would also expect further protection from 
a community effect. This effect results from mosquito 
population-wide impact (wide-scale reduction in mos-
quito population size and longevity), which protects not 
only those households with ITS but also those without. 
The ideal study design to capture both direct and com-
munity protection would be a cluster randomized trial, 
in which larger units, such as villages, are randomized to 
ITS or control arms, as used for a trial of screened ceil-
ings [44].

The trial showed that malaria infection prevalence was 
the same in both the ITS and control arms (19% each) 
after the short rainy season (6 months post-ITS deploy-
ment). As we would expect a difference in the prevalence 
between the control and ITS arms. This may reflect a 
delayed impact of ITS [45], as asymptomatic infections 
were likely present in both groups.

It was hypothesized that ITS might exhibit greater 
protective efficacy in certain age groups, house struc-
tures, or ITN use. Gaps in access to malaria control 
tools, most especially ITNs among school-age children 
have been reported [46]. Low household population 
access to ITNs influences decisions on who uses the 
limited ITNs available within the household, in which 
school-age children are often not prioritized and thus a 
reservoir for the continuous malaria transmission [16, 
47, 48]. In response, continuous distribution campaigns 
including the school nets programme in Tanzania have 
been distributing ITNs to increase access among this 
group [14, 49]. ITS might have likely protected this 
group given that at the time of the survey, access to 
ITN was low (50%), and the group likely had low access 

Table 4  Adverse effects reported by the trial technicians and 
participants

Type of Adverse Effects 20 Technicians 47 Households
(195 members)

N (%) N (%)

Skin itching 5 (25) 4 (2.1)

Facial burning 5 (25) 0 (0)

Sneezing 13 (65) 31 (15.9)

Nasal discharge 4 (20) 16 (8.2)

Headache 2 (10) 11 (5.6)

Nausea 0 (0) 3 (1.5)

Eye irritation 4 (20) 0 (0)

Experience bad smell 7 (35) 5 (2.6)

Other symptoms 0 (0) 0 (0)

Report to a physician 0 (0) 11 (5.6)

Table 5  Efficacy of insecticide-treated screening on indoor female mosquito density

Species Intervention Number of trapping nights Total female 
mosquitoes

Female Mosquito/
night (95% CI)

Crude IRR (95% CI) P-value

All species combined Control 22 741 33.6 (17.7–49.6) 1.00

ITS 728 33.1 (19.1–47.1) 0.98 (0.43–2.24) 0.969

Anopheles funestus Control 52 2.4 (0–5.7) 1.00

ITS 37 1.7 (0–3.8) 0.71 (0.16–3.09) 0.650

Culex quinquefasciatus Control 683 31.0 (16.6–45.5) 1.00

ITS 689 31.3 (18.1–44.5) 1.01 (0.45–2.28) 0.983

Aedes aegypti Control 6 0.2 (0–0.5) 1.00

ITS 2 0.1 (0–0.2) 0.40 (0.07–2.21) 0.293
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to ITNs, thereby bridging the gaps in protection exist-
ing in the use of ITNs. House structures have been 
previously associated with increased malaria transmis-
sion; for example, cracks in mud walls and holes in tra-
ditional roofs facilitate mosquito entry [8]. However, 
there was no evidence to indicate this; analyses within 
the investigated groups of wall type, roof type, and 
prior ITN usage showed no difference between control 
and ITS arms.

Despite fewer Anopheles mosquitoes being caught 
per trap per night in ITS households, this was not sig-
nificantly different from those households without 
ITS. Whilst the lower catch in ITS households could be 
attributed to their impact against the more predominant 
indoor feeding and resting mosquitoes, such as An. funes-
tus [50], the screening may have been less efficacious 
against those mosquitoes with more exophilic behav-
iours, such as An. arabiensis. Furthermore, the current 
ITS may not have comprised the optimal and balanced 

concentrations of pyrethroid and PBO to induce suffi-
cient lethal effects against pyrethroid-resistant An. funes-
tus as demonstrated in a semi-field study [Odufuwa, in 
press]. This finding could also be attributable to insuf-
ficient statistical power, to detect a difference of 10% 
between ITS and control households at 80% power, 500 
households per arm would have been needed to be sam-
pled. To compound this, the study period coincided with 
weather anomalies in Tanzania that year, characterized 
by higher temperatures and reduced rainfall [51], fac-
tors that negatively impact the emergence and survival of 
Anopheles mosquitoes [52], and which may have contrib-
uted to a lower overall mosquito abundance during the 
survey. Conversely, almost no difference in the average 
daily densities of Cx. quinquefasciatus was observed in 
houses with ITS compared to those without. This obser-
vation, as previously described [Odufuwa, in press], may 
be due to the specific ITS incorporation technique of the 
pyrethroid and PBO, resulting in limited impact against 

Table 6  The chemical bioavailability (72-h mosquito mortality) and retention of insecticide-treated screening one year after ITS 
installation in the community

Note: Proportion of mortality is for combined pyrethroid-resistant strains (An. arabiensis (Kingani), An. funestus (FUMOZ), Cx. quinquefasciatus (Bagamoyo)) and 
susceptible strain Ae. aegypti (Bagamoyo)

Total mosquitoes tested per strain was 380 for east eave ITS, 380 for west eave ITS, 280 for east window ITS, 320 for west window ITS, and 380 for untreated nets

Not all houses had windows in the east or west

For chemical analysis, deltamethrin and PBO content were 2.5 g/kg and 10.2 g/kg, respectively, at baseline (Estimates were calculated using estimates from individual 
pieces of net to account for variation within net)

Cone bioassay Chemical retention

ITS No of 
pieces 
tested

No. of 
mosquitoes

No. of 72 
h dead 
mosquitoes

% M72hr
(95% CI)

Content Number AI content 
(g/kg)
Arithmetic 
Mean (SD)

% AI content 
retained after 
trial

East eave 20 1520 457 30.1
(26.9–33.2)

Deltamethrin 6 0.9 (0.2) 35.7
(31.0–40.4)

PBO 1.4 (0.7) 13.9
(8.1–19.7)

West eave 20 1520 479 31.5
(28.3–34.7)

Deltamethrin 6 1.1 (0.2) 42.2
(34.2–50.2)

PBO 2.1 (1.2) 20.2
(10.3–30.0)

East window 14 1120 373 33.3
(29.6–37.0)

Deltamethrin 2 0.4 (0.3) 16.4
(4.0–28.8)

PBO 0.3 (0.4) 3.1
(0–7.3)

West window 16 1280 427 33.4
(29.8–36.9)

Deltamethrin 4 0.7 (0.7) 26.6
(0–70.1)

PBO 1.4 (2.0) 13.5
(0—42.0)

Untreated (negative control) 4 1520 11 0.7 (0–10) – – – –

Overall without untreated net 70 5440 1736 31.9
(30.2–33.6)

Deltamethrin 18 0.8 (0.4) 32.6
(25.4–39.8)

PBO 1.4 (1.1) 13.5
(8.2–18.9)
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culicines. Additionally, unlike anophelines, Culex mos-
quitoes could have gained entrance through the door 
as found in the Kenyan trial [24] and in entomological 
studies in Tanzania [53]. Screening doorways could be 
impractical and increase occupant exposure to the insec-
ticide. Anopheles mosquitoes enter mainly through the 
eaves [54], and applying the intervention at scale would 
likely have the best impact on mosquito density as the 
modelling based on data from the SFS showed [Odufuwa, 
in press].

The adverse effects reported by both technicians and 
participants are consistent with known reactions to 
pyrethroid exposure [55]. Notably, the majority of all 
reported adverse effects resolved within 72 h of exposure 
since very few (6%) of the household members reported 
to the physician, made available to all participants at no 
cost. The high prevalence of sneezing observed among 13 
technicians (65%) was attributed to the underutilization 
of face masks provided due to perceived discomfort and 
possible association with COVID-19. Future studies may 
consider mandating the use of face masks.

Despite the limitations of this trial, including an insufficient 
sample size and potential design flaws of household instead 
of cluster, the effect size of the efficacy of insecticide-treated 
screening (ITS) after the long rains on malaria infection 
prevalence is noteworthy. ITS remains a promising method 
for modifying house structure to reduce indoor mosquito 
exposure due to its adaptability to various housing types and 
minimal impact on indoor airflow, as shown in the semi-field 
study where airflow was measured [Odufuwa, in press]. As 
ITNs are a cornerstone of vector control with demonstrated 
efficacy in reducing malaria infection [56], and considering 
the observed > 5% difference in malaria prevalence between 
households with ITS regardless of net use, further investi-
gation is warranted to assess the potential of ITS as both a 
standalone intervention and as a supplementary component. 
Future studies should focus on ITS incorporated with insec-
ticides with enhanced efficacy against pyrethroid-resistant 
malaria mosquitoes and other relevant vectors and nuisance 
biters for insecticide resistance management. Moreover, 
these insecticides should exhibit prolonged residual activity 
beyond four years to ensure cost-effectiveness compared to 
other vector control tools such as ITNs, IRS, and eave tubes 
[30]. Although the physical integrity of ITS was inspected 
within one year, it was not informative given that > 95% of the 
nets were still intact. Therefore, future studies should investi-
gate ITS physical durability over three years of field use [30]. 
Given the emerging limitations of conventional vector con-
trol tools in providing adequate protection, optimizing the 
use of ITS as an additional layer of defense against mosquito 
entry warrants further investigation.

Conclusion
In Chalinze district, prevalence of malaria infection and 
indoor mosquito abundance were not significantly different 
between households fitted with insecticide-treated screening 
(ITS) and those without screening. This could be due to the 
study design, intervention insecticidal properties and residu-
ality, and the high number of withdrawals of participants 
from the study. Despite differences not being significantly 
different, during the long rainy season lower prevalence of 
parasite infection was detected at the household level, and 
this was significant among school-age children. The indoor 
abundance of anophelines was also reduced, indicating that 
further studies would be of interest. Therefore, a cluster-ran-
domized trial design is recommended, coupled with robust 
community engagement and sensitization efforts to ensure 
participant retention throughout the study.
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