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Background: Unimproved housing is a risk factor for malaria. Therefore, netting
incorporated with deltamethrin and piperonyl butoxide, supplied as a roll to
screen opened eaves, windows, and holes in the walls of unimproved houses,
could offer protection by killing and/or reducing the entry of mosquitoes into a
house. This study assessed the community perceptions and the acceptability of
insecticide-treated screens (ITS), previously described as insecticide-treated
eave nets (ITENs) and insecticide-treated window screens (ITWS).

Methodology: A mixed-methods approach was implemented in three villages of
the Chalinze District in Tanzania. This approach comprised in-depth interviews
(IDIs) of the local carpenters who installed the ITS, focus group discussions
(FGDs) with community members in both the ITS and control arms, and the
administration of a structured questionnaire to members in the ITS arm. Data
collection was conducted at 6 and 12 months post-installation. A thematic
framework approach was used to identify and extract relevant themes from
the qualitative data, including but not limited to community perceptions,
acceptability, and adverse events, which were quantified using quantitative
data. Furthermore, a separate structured questionnaire was administered
during ITS installation to collect information on the time required for
installation and the amount of netting used per house (214) in order to assess
the cost implications of rolling out ITS in the community.

Results: The ITS were perceived to reduce the entry of mosquitoes, other insects,
and crawling animals such as snakes and lizards into houses. This intervention
was accepted in the community, whereby the majority (95%) of participants
expressed willingness to purchase the netting if sold at an affordable price of
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1,000-6,000 Tanzanian shillings (USD <2.50) per square meter. The average time
for ITS installation was 1 h per house, using an average of 29.5 running meters of
fabric netting from rolls with a width of 1.5 m. The average material cost of the ITS
was USD 1.25 per kilogram in transport. In this study, the average installation cost
per house was USD 6.6 using standard Tanzanian salary rates, half the annual cost
of insecticide-treated nets (ITNs) for a five-person household.

Conclusion: Insecticide-treated screening for unimproved houses is a
promising, adaptable, and acceptable tool to supplement the existing vector
control tools. The community perceived the use of ITS as a feasible intervention.
This study highlights the importance of intensive community engagement during
the development of a novel intervention to promptly address concerns and

improve its acceptability.

KEYWORDS

malaria, insecticide-treated screening, unimproved housing, eave-nets, windows,
perception, acceptability, Tanzania

Background

Tanzania reported a substantial increase of 1.3 million malaria
cases in 2022 (World Health Organization, 2023a), and malaria
remains a major public health concern in the country. Disease
reduction has either stalled or, in certain regions of the country,
reversed (Mohcdgec, 2020). This was attributed to several factors,
including the increasing insecticide resistance in malaria vectors,
the decreasing access and use of insecticide-treated nets (ITNs) due
to rapid damage and loss, the intensive logistics needed to
implement indoor residual spraying (IRS), and population growth
(Russell et al., 2011; Sangoro et al., 2014; Ranson and Lissenden,
2016; Haji et al., 2020; Obi et al., 2020; Kihwele et al., 2023). It is also
important to acknowledge that most of the malaria burden averted
from the early 2000s to 2015 was attributed to the widespread use of
vector control tools, particularly ITNs (Bhatt et al, 2015).
Therefore, more cost-effective vector control tools that can
supplement the existing ones are needed to increase impact and
meet the national and global malaria burden reduction targets for
2030 (Who, 2016; Mohcdgec, 2020; Kihwele et al., 2023).

Most of the Afro-tropical Anopheles mosquitoes mainly bite
humans indoors and at night (Finda et al., 2019), which makes the
house a logical target for malaria control (Ngadjeu et al., 2020).
Closing the gaps in house structures, including the eaves (gaps
between the wall and the roof) and windows, is an effective method
of reducing human-mosquito contact for malaria prevention (Fox
et al., 2022). However, this is more feasible in houses with modern
designs that minimize mosquito entry (Ogoma et al., 2010) than in

Abbreviations: Al, Active ingredient; COVID, Coronavirus; FGDs, Focus group
discussions; ICF, Informed consent form; IDIs, In-depth interviews; ITNs,
Insecticide-treated nets; ITS, Insecticide-treated screening; ODK, Open Data
Kit; WHO, World Health Organization.
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unimproved houses (i.e., houses built with traditional or natural
materials), which have open eaves and windows for indoor
temperature cooling that mosquitoes can use for entry (Jatta
et al,, 2021). The malaria burden is highest in rural areas and is
higher in unimproved houses (Tusting et al., 2017; Sarfo et al,
2023). It is therefore crucial to target unimproved houses in order to
minimize the entry of mosquitoes. This could be achieved with
insecticide-treated screens (ITS), previously described as
insecticide-treated eave nets (ITENs) and insecticide-treated
window screens (ITWS), for closing the gaps in houses such as
that in eaves, windows, and wall holes (Odufuwa et al., 2022). ITS
allow indoor airflow, act as a barrier against mosquito entry, and
contain an insecticide to kill mosquitoes upon contact, protecting
all household members equally and contributing to community
protection. Intervention with ITS was developed by Vegro ApS
(Copenhagen, Denmark). The ITS is a polyethylene net with a
thickness of 0.152 mm, exceeding that of most standard ITNs. It
incorporates 2 g/kg of the pyrethroid insecticide deltamethrin and 8
g/kg of the synergist piperonyl butoxide (PBO). PBO overcomes
pyrethroid resistance in mosquitoes by inhibiting the enzymes that
degrade pyrethroid insecticides, thereby improving the mosquito-
killing efficacy of the ITS (Pryce et al., 2018; Gleave et al., 2021). The
ITS have an ex-factory cost (Jiangsu, China) of 13 US cents per
square meter or 8.7 US cents per running meter, with a cost of
approximately 18 US cents per square meter, or 12 cents per
running meter, delivered to the facility of the Bagamoyo branch
of the Ifakara Health Institute (IHI) (2021 prices). For comparison,
a PBO ITN procured by The Global Fund costs USD 2.32 for a size
of 180 cm x 160 cm x 150 cm delivered to port (FCA),' which is

1 https://www.theglobalfund.org/media/5861/psm_llinreferenceprices_
table_en.pdf (Nov 2023).
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equal to approximately 17 cents per square meter. The ITS
are supplied in rolls of 1.5 m width with hemmed edges and are
packed in sacks, thereby reducing plastic use. As the ITS are
installed on eaves and windows, areas where household members
rarely contact, higher doses of the insecticide and mixtures of the
active ingredient (AI) can be incorporated, which can be used for
the management of the insecticide resistance of malaria vectors. A
pilot study of a similar intervention, i.e., insecticide-treated eave
curtains in Kenya, induced a remarkable reduction in the density of
indoor mosquitoes (Odhiambo et al., 2016). The eave curtains were
installed in semi-improved houses (i.e., constructed using both
natural and processed materials) in Kenya. Therefore, in this
study, the effect of ITS was evaluated in unimproved houses
(mud houses).

The World Health Organization (WHO) recommends that the
deployment of new vector control tools be accompanied by a well-
designed community sensitization plan and the engagement of
stakeholders at all levels to ensure that primary users fully
understand the intervention, that their voices are heard, and that
their concerns addressed promptly to increase acceptability and
adherence (Sahan et al., 2017; Peto et al., 2018; Organizacao
Mundial da S, 2019; Monroe et al., 2021). Several supplementary
malaria control tools, such as the use of repellents and IRS
implemented in different parts of Sub-Saharan Africa (SSA),
struggle with insufficient community adherence, which also affects
the impact of the intervention (Sangoro et al., 2014; Monroe et al.,
2015; Maia et al., 2018; Opiyo and Paaijmans, 2020) largely due to a
lack of understanding of the initiatives involved in upscaling or
engaging end users early during the design, testing, and the
implementation of these innovations for public health. Therefore,
this study used mixed methods to explore the perceptions of the
community and the acceptability of ITS before its availability in
the market.

Methods
Study design

A mixed-methods approach was used in this study. To assess the
practical aspects of ITS installation, a structured questionnaire was
administered to accurately determine the installation time (in minutes)
and the amount of ITS (in meters) required per house. Given the
limited number of carpenters in each village (less than five), in-depth
interviews (IDIs) were conducted to explore their individual
perceptions, including any adverse effects encountered during the
installation. Focus group discussions (FGDs) were conducted with
community members to gather information on their acceptance,
preference, and willingness to pay and the practices related to net
care and repair. The findings from the FGDs were then quantified
using data collected through a structured questionnaire administered to
participants. All surveys were conducted at 6 and 12 months post-
installation of the ITS. This study was conducted as part of a larger ITS
trial (Odufuwa et al., 2022).
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Study settings

This study was conducted in three villages (Pongwe, Mazizi, and
Kihangaiko) within Msata Council, Chalinze District, in coastal
Tanzania. Msata Council has an estimated population of 24,000
residing in over 5,000 households (average size, 4.1 individuals)
(The United Republic of Tanzania (URT) MoFaP et al., 2022). This
region experiences approximately 28°C-29°C temperature and
1,200-2,100 mm of rainfall annually (Odufuwa et al., 2022),
which contribute to the malaria transmission in this area. Msata
Council, where the study was conducted, is characterized by
subsistence farming as the primary occupation. Furthermore,
residents largely live in unimproved houses with mud walls, open
eaves, and unscreened windows, which increases their vulnerability
to mosquito bites (Odufuwa et al., 2020).

Upon study approval from relevant authorities, a meeting with
the leaders of the community was held to inform them of the study
and the selection of villages for the study based on house design and
perceived malaria prevalence. Following the selection of villages for
the study, the community leaders announced the dates for
sensitization meetings using public information systems and
door-to-door visits, effectively reaching the whole community.
The community sensitization meetings were conducted in all
three villages through verbal presentations in Kiswahili. These
presentations covered information about ITS, the benefits of
using and caring for vector control tools, random selection of
households for participation, and the importance of reporting any
adverse events following ITS installation. At the end of each
presentation, the community had the opportunity to ask
questions, and appropriate responses were provided. A summary
of the study, also written in Kiswahili, was distributed to the village
leader and to all participants upon consent.

Theoretical framework

The health belief model (HBM), a commonly used approach to
guide engagement or lack of health promotion behavior uptake and
adherence (Jones et al., 2015), was used to guide and design the
study tools to understand the community perceptions and the
acceptability of ITS use for malaria control in Chalinze District.

ITS installation procedure

Using the baseline information collected in May 2021,
households were randomly allocated into two groups: the
treatment group (ITS installation at baseline) and the control
group (ITS installation at end line). The installation team was
provided a list containing the following information: 1) the
identification number of the household; 2) the geographic
coordinates; 3) the hamlet name; and 4) the names (first, middle,
and last) of the heads of the households of those randomly selected
for ITS installation. The team consisted of three people: two
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carpenters and a field data collector, for ease and reliable data
collection and for transport of the ITS and other equipment from
one household to another (Figure 1A). After locating the assigned
household using a global positioning system (GPS) device, written
informed consent was obtained from the head of household or the
available adult resident (>18 years old) before installation of the ITS
(Figure 1B). A signed copy of the informed consent form was left in
each household for reference and for contact with the project staft
whenever necessary; a second one was taken for storage at THI
offices. The data collection forms (Supplementary File 1) were
administered using the Open Data Kit (ODK) software installed
on android tablet devices to record the duration of ITS installation
per house. Two houses within participating villages were used for
training and for development of the procedures used to install the
ITS in all houses, which were applicable to all house types. The
installation procedure commenced with the recording of the
installation start time, followed by the carpenters rolling the ITS

FIGURE 1

Installation of the insecticide-treated screens (ITS) in houses. (A) A roll of ITS. (B) Obtaining consent. (C) Rolling of the ITS around the house.
(D) Stapling the ITS on the eaves. (E) Pulling the ITS indoor for eave screening. (F) Installing the ITS on the windows.
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netting around the house until full coverage (Figure 1C). The data
collector measured the width and the length of the rolled netting to
record the total amount of installed netting. This was followed by
attaching the ITS netting to the wooden beams of the roofs [houses
with weak wooden beams were supported with additional plywood
pieces measuring 2 cm x 2 cm (width x thickness), but of varying
lengths based on the dimensions of each house] using a heavy-duty
staple gun (Figure 1D). The second carpenter pulled the ITS netting
inside the house for attachment against the wall or wood
(Figure 1E). As the installation on the eaves was ongoing, the
data collector measured the dimensions of the windows and then
cut the ITS nets accordingly, with the addition of 30 cm x 10 cm
(length x width) to account for the folding and flapping at the
bottom (Figure 1F). Holes on the walls were also covered with
appropriately measured ITS netting. After covering the eaves, the
windows, and the holes on the walls with ITS, the end time was
recorded. At the end of each installation day, the supervisors
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inspected the installation status of each house, and the houses in
which the ITS were not properly installed were revisited on the
same day or the next day to ensure proper installation of the ITS.

Procedures for IDI and
FGD implementation

Qualitative studies using IDIs and FGDs were implemented.
Among those who installed the ITS, a total of 14 carpenters were
invited for the IDIs. For the FGDs, 30 households (15 per arm)
from the list of households enrolled in the main study were
randomly selected from each of the three villages (Odufuwa et al.,
2022) using simple randomization of the baseline data for a
respective village. Thereafter, purposive selection was employed to
ensure equal number of participants from each gender per FGD,
and households that refused the installation of ITS were
represented. Thus, 12 participants (six men and six women for
the FGD) from either the control or the treatment group were
presented to the village leaders for invitation. Those who refused
ITS installation were prioritized in order to capture detailed
information on the reasons for ITS refusal. Two FGDs were
implemented per village (a total of six FGDs per time period). A
maximum of 12 participants for each FGD was included, which was
facilitated by an experienced research scientist who ensured that
everyone had the opportunity to contribute. Interviews were
conducted at the premises of the public schools of the village to
ensure neutrality. Participation in the interviews was voluntary.
Participants were asked for their opinion on the ITS, any adverse
events that had occurred since the installation, and whether they
would be willing to pay for ITS, and at what cost.

The criteria for the selection of participants for both IDIs and
FGDs were:

 Living in the study area for more than a year;

*  Must be 18 years and older;

¢ Had ITS installed at the time of the interview (treatment) or
not (control); and

» Carpenters who participated in the installation of the ITS.

Data collection procedures

In January 2022 (6 months post-installation), IDIs were
conducted with 14 carpenters from the three villages (out of 20,
as six had moved away from the study area for other work at the
time of the interview). Efforts made to locate them by phone failed;
hence, they were considered as lost to follow-up. However, this did
not influence the sample size as the data reached saturation. In
addition, six mixed-group FGDs and one survey using a structured
questionnaire per time point (in January 2022, 6 months post-
installation, and in July 2022, 12 months post-installation) were
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conducted. The carpenters and the users of ITS were asked about
any adverse events during the FGDs and IDIs conducted in January
2022. All interviews were conducted in person, in Kiswahili, the
national language that is most commonly used in the setting.
During the ITS installation assessment, a structured questionnaire
was administered to 214 consenting households. This survey,
conducted during installation, recorded the installation time and
the number of ITS distributed per house. The data collectors
received training to begin timing immediately after consent was
obtained and to measure the length and the width of the nets being
installed, rather than the house structure, for consistency in the
data collection.

Data management and analysis

Qualitative data were analyzed following a thematic framework
approach (Gale et al., 2013). All interviews were recorded using a tape
recorder and later transcribed. Two research scientists spent time
reading and familiarizing themselves with the transcripts before
importing these to NVivo 12 Pro software for coding. All relevant
themes and sub-themes were extracted, and the data were deductively
analyzed. Patterns were used to develop categories, and selected
quotations were translated for reporting (Given, 2012; Gale et al., 2013).

Using STATA 16 statistical software (College Station, TX,
USA), we estimated the arithmetic mean and 95% confidence
intervals for the hours spent on installation and the amount of
ITS fabric (in meters) installed per house. Since the distribution was
not normal, negative binomial regression models were employed to
analyze both the hours spent for installation and the total amount of
ITS fabric used per house. These models explored the potential
influence of covariates: the wall type (mud vs. bricks), the number of
holes in the walls (indicating the house condition), the number of
windows (as a proxy for house size), villages (representing different
housing settings), and technician performance. All covariates were
adjusted for factor-fixed effects in all analyses. The likelihood-ratio
test was used to examine the influence of each covariate on
the models.

Results
Household baseline information

Between June and July 2021, a total of 248 households were
visited for ITS installation. Of these, 31 (13%) households withdrew
consent, 6 (2%) households were found to be damaged, and 2 (1%)
households only had eaves without windows and therefore did not
meet the eligibility criteria for installation. Analysis was performed
on 214 houses, although two houses were used for training and were
not considered for the analysis of installation time. The majority of
the houses installed with ITS had the following structures: walls
built with mud (86%, 185/214), mud floors (66%, 141/214), and
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iron sheet roofs (97%, 208/214). ITNs were present in most houses
(79%, 168/214), largely delivered through the school net program or
from antenatal clinics, with a few purchased from the market.

Perception of ITS

Post-installation of the ITS, the participants (55%, 105 out of
190) reported a perceived reduction in malaria infection within
their households and a decrease in indoor mosquito density. They
(87.9%) also observed a reduction in other insects indoors, such as
cockroaches and flies. Another observation was a reduction of
indoor crawling animals, including rodents, lizards, and snakes.
The netting provided them a sense of general protection. However,
almost all of the participants requested additional chemicals on the
nets during the 12-month interviews as they (59%) perceived that
the chemical efficacy had decreased over time. The community
members also requested for a new design of the nets to cover doors
as it was difficult to keep them shut in houses with children.

“Since screens have been installed in my house, no one suffered
from malaria. We have tested twice, but the results were negative.
But before having screens, we frequently had malaria cases.
There are changes before and after the intervention. I am
grateful for that.” (Participant from the Mazizi treatment
group, 12 months post-installation)

“Nets have the best quality, but the efficiency of the chemicals
starts decreasing 3 months after installation, and mosquitoes are
not dying as it was when nets were installed. So to maintain
efficiency, you should add chemicals after a certain period.”
(Participant from the Kihangaiko treatment group, 6 months
post-installation)

Acceptance of ITS

The ITS were well accepted in the community, particularly
among the households in the control arm, in which no household
refused the installation of ITS when it was their turn at the end of
the study (12 months). As such, most of the participants showed
interest in buying and self-installing the ITS, if sold at an affordable
cost in the price range of 1,000-6,000 Tanzanian shillings (USD
<2.50) per square meter. Low income was mentioned as a barrier to
buying ITS. Similarly, quantitative findings indicated that the
majority (>95%) of households reported that they would continue
using ITS, recommend them to friends and family, and were willing
to either purchase ITS or buy the materials for self-installation. On
average, users were willing to pay 2,774 Tanzanian shillings for a 1-
m x 1-m section of ITS fabric.
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“You installed the intervention for free. We will buy the nets, but
we must know the cost.” (Participant from the Pongwe treatment
group, 6 months post-installation)

Cost in time and amount of ITS fabric
spent on installation

The team of carpenters, semi-skilled workers, and supervisors
used an average of 1 h per house to install the ITS, and each team
could, on average, install ITS in eight houses per day. However, the
time required for installation varied depending on factors including
the wall structure of the house, the number of holes on the walls, the
number of windows, and the location of the house (Table 1). On
average, each installation required approximately 29.5 m of ITS
netting with a width of 1.5 m. The amount of netting used per house
was associated with the number of holes on the walls and the total
number of windows (Table 1).

“Installing nets in mud houses is complicated, hence spending
many hours like 3 h, but 1 h and a half is enough for brick
houses.” (Carpenter from Mazizi, 6 months post-installation)

Opinions on fabric integrity and ITS
use pattern

Carpenters believed that the installed ITS netting could last for
many years as it was made of a stronger material than that readily
available in the market. There is also the belief among the household
participants that the ITS should be long-lasting based on its perceived
good and strong quality. However, some of the participants reported
holes in the ITS caused by rodents and the pins being detached due to
strong winds. In future implementations, pins or nails should be used
as a reinforcement during installation in order to enhance the
strength and prevent detachment.

“Although the materials of these screens are more durable, the
challenge is that rats are gnawing through the nets, creating holes
that allow mosquitoes to enter the house.” (Participant from the
Mazizi treatment group, 6 months post-installation)

Opinions on ITS preference

Most of the participants across the study area, regardless of
gender, prefer the color of the ITS to be dark gray. They noted that
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TABLE 1 Factors associated with the hours spent on installation and the insecticide-treated screen (ITS) fabric installed per house.

Variable Fabric spent per house (m) Hours spent on installation per house (min)
Arithmetic = Unadjusted = Adjusted LR Arithmetic Unadjusted Adjusted LR
mean IRR (95% CI) IRR overall mean IRR (95% CI) IRR overall
(95% CI) (95% Cl) p- (95% Cl) (95% Cl) P-

value value

Overall 346 (32.6-36.6) | - - - 63.4 (57.1-69.7)

Wall type 0.5800 0.0063

Mud 337 (31.6-35.8) | 1.00 1.00 582 (52.1-64.3) 1.00 1.00

Bricks 40.2 (341-46.3) | 1.19 (0.99-1.43)  1.04 (0.90-1.21) 96.5 (74.5-118.5) 1.66 (1.23-2.24) 146 (1.11-1.92)

No. of holes on <0.00001 0.0012

the walls

0 294 (26.1-32.6 | 1.00 1.00 53.4 (44.1-62.8) 1.00 1.00

>1 37.7 (35.2-40.2) = 128 (1.13-146) | 1.35 (1.21-1.50) 69.5 (61.3-77.7) 130 (1.05-1.62)  1.41 (1.15-1.73)

No. of windows <0.00001 <0.00001

1 21.1 (17.8-24.5) | 1.00 1.00 345 (26.7-42.2) 1.00 1.00

2 307 (28.0-33.4) | 145 (1.25-1.69) | 1.39 (1.21-1.60) 52.7 (45.1-60.4) 153 (1.16-2.01) | 1.42 (1.10-1.83)

3 387 (32.9-44.6) = 183 (1.51-223) | 177 (1.48-2.11) 69.3 (49.6-89.1) 2,01 (1.40-2.88)  1.71 (1.22-2.41)

4 449 (42.0-47.8) | 2.12 (1.83-2.46)  2.12 (1.83-2.45) 89.4 (77.2-101.6) 2,59 (1.98-3.40)  2.16 (1.66-2.82)

Village 0.9136 <0.00001

Pongwe 35.8 (32.9-38.8) | 1.00 1.00 51.4 (42.3-60.4) 1.00 1.00

Mazizi 322(29.2-35.3) | 0.90 (0.78-1.04) | 0.99 (0.44-2.20) 59.2 (51.0-67.4) 115 (0.92-1.44)  0.78 (0.16-3.70)

Kihangaiko 40.6 (35.9-454) | 1.13 (0.93-1.38)  0.97 (0.82-1.14) 1109 (942-127.7)  2.16 (1.55-3.00) 223 (1.65-3.02)

Technicians 0.2420 0.5162

Analysis was made on 16 technicians.
IRR, incidence rate ratio; LR, likelihood ratio

dust was not visible on the ITS netting shortly after installation.
However, they noted that dust accumulation was noticeable after
some time (>3 months), as dust is common in the area. Very few
proposed having a variety of colors, such as white or blue, to provide
options for customers to go with the color painted on their brick-
walled houses. The majority of people were bothered by the dirty
screens, as they do not know how to clean them. They
recommended that producers and scientists consider this barrier
for improvement and provide instructions for maintenance. The
results from the questionnaire indicated that 99% of respondents
expressed their approval of ITS, with 65.8% showing a preference
for a gray netting color, while 34.2% did not like it. In addition,
87.7% recommended blue as an alternative color, with the other
suggested colors including white, brown, pink, and green.

“My house is painted in blue color, but the screens have gray color.
When installed, it will affect the beauty, and I don’t have options to
choose another color. Please have different colors.” (Participant
from the Mazizi control arm, 12 months post-installation)

Frontiers in Malaria 07

“Most of the time, we the people don’t have choices of colors on
health protection measures, so I can use any color, even white no
problem.” (Participant from the Kihangaiko treatment arm, 6
months post-installation)

Adverse events

Of the 12 carpenters, two stated they experienced sneezing
hours after work due to the close and extended contact with the
chemicals on the ITS. The sneezing stopped within a couple of
hours, without medical support. On the other hand, none of the
community members faced any health outcomes following ITS
installation in their houses. The carpenters showed interest in
continuing to work with the project in the future.

“I sneezed for a couple of hours, but it didn’t last for a day
because of the smell, after a certain period, I got used to it.”
(Carpenter from Mazizi)
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TABLE 2 Material costs.

10.3389/fmala.2025.1540184

Running M2/ Need per household  Cost per usD/
meter/household Width household @ Buffer in square meter square mater household
Tanzania:
Chalinze 29.5 15 4425 10% 48.68 0.18 8.76
Care for ITS leaders) to reinforce the messages shared by the sensitization team,

A few participants reported facing challenges in cleaning the
ITS when they became dirty after several months of use (>3
months), as instructions on how to care for the ITS were not
discussed during sensitization. A few repaired the ITS netting at
their own expense, including the purchase of repair equipment, e.g.,
nails or paying for local carpenters for the service, while others
waited for the project team to repair them. The participants, mostly
from the control arm who received screens at the end of the project,
indicated readiness to self-repair.

“Screens are dirty, but I am scared to clean. I have the fear that
water can wash away insecticides.” (Participant from the
Kihangaiko treatment arm, 6 months post-installation)

Challenges

The ITS installation period collided with the coronavirus
disease (COVID-19) pandemic. Therefore, some people refused
the installation as they feared that free installation of the ITS would
infect them with the virus. Moreover, some community members
believed that the insecticide in the ITS might cause male
sterilization. Thus, the qualitative research team visited
households to address these fears and concerns and provided
adequate information on ITS. In addition, they engaged
influential individuals (e.g., community health workers and village

TABLE 3 Financial costs.

resulting in improved community knowledge and acceptance of the
intervention, particularly in the control group. Thus, at the end of
the trial, when no health problems were observed among the
neighbors with ITS, these members requested for ITS installation
in their homes.

“I think the problem is the low level of education and
misinformation. They think nets have chemicals which
transmit COVID-19.” (Mazizi treatment arm, 6 months post-
installation)

Discussion

House screening has been suggested for malaria control (World
Health Organization, 2023b) and has been proven to be an effective
supplementary vector control intervention for the reduction of
malaria burden and other diseases transmitted by mosquitoes in
SSA (Ogoma et al., 2010; Lindsay et al., 2021; Abong'o et al., 2024;
Saili et al., 2024). Moreover, combining treated screens with the use
of ITNs has been linked to a reduction of human and mosquito
contact indoors (Saili et al., 2024). While it is currently not scaled
up, it is important to assess the acceptance and perception of the
community as part of a randomized control trial of ITS in eastern
Tanzania (Odufuwa et al., 2022).

Although ITS use was well accepted in the community, refusals
during installation at the beginning of the study were observed. This
was largely due to rumors associated with the outbreak of COVID-

Organizational cost in USD Cost

(2024 rates) Houses per day per household
Carpenter salary 2 132 8 3.29

Semi-skilled worker 1 5.9 8 0.74

Workers” per diem 0.76

Security, local coordinator 0.26

Staff transport 32 0.40

Program management 0.84

Total organizational cost 6.30
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TABLE 4 Wages in Tanzania.

Materials Cost per household

Staple gun, nails, timber, etc. 2.56
ITS 8.76
Truck for material transport (USD 120/day) 0.03
Total material cost 11.35
Total installation cost (in USD/household) 17.62

19 and the fear that ITS could cause male sterilization, which has
also been recorded to affect the uptake of other health interventions
(Schots et al., 2022; Chang et al., 2023; Woods et al., 2023). In our
setting, the use of local remedies for the prevention of COVID-19
was widely echoed and supported by the community, which
indirectly led to mistrust in these ITS, being manufactured
outside of the country. These refusals were also influenced by the
request for human blood for malaria testing using quantitative
polymerase chain reaction (QPCR) (Schindler et al., 2019), as the
primary outcome that determines the efficacy of ITS (the main
study) (Odufuwa et al., 2022). The procedure required blood to be
transferred to the laboratory for testing. This led some participants
to believe that their blood might be misused for human
immunodeficiency virus (HIV) and COVID-19 testing. They also
feared testing positive for COVID-19 and being forced to accept
vaccines, the safety and efficacy of which they were concerned about
(Msuya et al., 2023). Another factor that influenced the refusals was
the free installation of ITS. They indicated that “nothing can be
offered for free in this world.” They were therefore concerned that
their blood might be combined and sold to compensate for the cost
of the ITS. All of these concerns were addressed during the first
FGDs, which improved community awareness of the study
objectives and the relationship between the project staff and the
community members. Thereby, some members who refused the
intervention at the beginning requested study inclusion after
observing that the anticipated negative events were not
experienced by their neighbors. Generally, people tended to
question the need, the expected efficacy, and the possible side
effects and may have also perceived hidden intentions behind the
free intervention, particularly if it is a new intervention for public
health, such as the ITS. It is therefore essential to fully engage
potential end users before and during the development of an

TABLE 5 Implementation costs of the ITS, ITN, Eave tubes and IRS.

10.3389/fmala.2025.1540184

intervention in order to promptly address concerns and to
improve the acceptability of a novel intervention; otherwise, the
goals may not be fully attained (Sangoro et al., 2014).

Community members showed interest and readiness to buy the
ITS netting if available in the market, provided the price per meter was
affordable [1,000-6,000 Tanzanian shillings (USD <2.50)]. However,
this price exceeded the average price of the new I'TNs made for the
control of pyrethroid-resistant mosquitoes (Shepard et al., 2020).

It is quite encouraging that people are willing to pay for a product
that costs 10 times more than a conventional ITN (USD 1-4). This
could be attributed to the perceived benefits of ITS in the reduction of
malaria, providing protection from mosquitoes and other pests, as
well as the perceived long-lasting protection from ITS. However,
willingness did not equate to an actual purchase as some of the
respondents mentioned the influence of income on their willingness
to purchase. Unfortunately, the majority of the villagers were within
the low socioeconomic status; hence, self-purchasing the ITS may be
too costly. It was also observed that three of the houses that withdrew
from the study purchased similar products to be installed on their
windows, indicating that wealthy households will purchase ITS if
available, as seen elsewhere (Tusting et al,, 2015; Tusting et al., 2017).

On average, nearly 30 running meters of ITS were used per
house, which is equal to a consumption of 30 m x 1.5 m = 45 m* of
ITS netting. The carpenter team spent more than 1 h for installation
in mud houses, consuming more time and resources to complete. In
this study, the average installation cost per house was USD 26.9
when using the study site (the ITHI) rates for the implementation
teams, which included transport to the site, per diem, security, and
other overheads, as well as equipment and wood. This was eight
times the cost (combined net material and installation time) spent
in a similar study in Kenya, in which eave nets were attached but no
extra timber was added (Odhiambo et al., 2016).

Planning for a programmatic implementation of ITS, and using the
same consumption rates, the budget would be as follows (see Table 2:
material costs; Table 3: financial costs; Table 4: wages in Tanzania; and
Table 5: implementation costs of the ITS, ITN, Eave tubes and IRS):

Fabric use and cost included a 10% margin to allow for wastage.

The operational costs were based on current wages in Tanzania
for the types of workers involved, e.g., the salary of a carpenter was
calculated on an annual salary of 8.8 million Tanzanian shillings.
The per diem, security, and oversight rates were based on project
costing. The productivity rate of eight installations per day breaks
down to an operational cost per household of USD 6.30.

1- 2- 3- 4-
Year durability = Year durability = Year durability = Year durability
People per
Implementation = household Cost/ Cost/ Cost/ Cost/ Cost/ Cost/ Cost/ Cost/
Intervention | cost /unit (HH) HH person HH person HH person HH | person
ITS 17.62 5 17.62 3.52 8.81 1.76 5.87 117 440 0.88
Dual-Al ITN 4 5 12.00 2.40 6.00 1.20 4.00 0.80
Eave tubes 239 5 239.00 47.80 | 11959 23.90 79.67 15.93 59.75 11.95
IRS 27 5 27.00 5.40 13.50 2.70
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The rates for locally sourced materials, including the timber for
frames, the nails, the staple guns, and the personal protective
equipment (PPE), were taken from the project budget and came
to just over USD 2.50 at current exchange rates. The ITS material,
including trucking to the site of installation, came to approximately
USD 8.80, giving a total material cost of USD 11.35 and a total
installation cost per household of USD 17.60.

Even with using the IHI rates, the cost of ITS installation was
still four times lower than that of a similar tool designed to kill
mosquitoes upon installation in the eaves: the eave tubes (Tusting
et al,, 2015). The cost may be further significantly reduced if scaled
up, as seen for ITNs.

The cost, expressed in USD per year per household, was very
much dependent on how many years the intervention will last
(Odhiambo et al., 2016). The cost per household year of protection
with a 2-year dual-AI ITN, assuming three nets per household, was
USD 6. IRS costs an average of USD 5.3 per person, hence USD 27
per household (Sternberg et al., 2021). Therefore, if cost-
effectiveness is considered in terms of cost per household year of
protection, ITS would match that of ITN if it lasts 4 years and that
of IRS if it lasts 3 years. Durability of 3-4 years is technically
feasible. In addition, cost-effectiveness is greater for households
with more members. The condition and the type of houses in the
study area had a significant impact on the time the carpenters spent
installing the netting. The majority of the houses were mud houses
(86%), and many of the houses were also not in good condition as
the installation period was shortly after the end of the long rainy
season, when much of the mud on the walls was damaged. The
Kenyan site used heavy-duty staple machines throughout the
installation, which was indicated as the major reason for the
significant reduction in the installation time (Odhiambo et al,
2016). However, in our setting, the carpenters used staple
machines, as well as hammers and nails, due to the delay in
restocking the machines upon damage; therefore, it was necessary
to account for 10% damage before procuring staple machines. Some
of the houses in our setting had hardwood roof beams, which
required the use of a hammer and nails. Another factor that
significantly increased the amount of ITS netting used per house
was the need to cover additional gaps in walls, with 26% of the
houses having 2.0 m* (0-20.5) gaps. Larger holes were found mainly
in houses with a veranda and those sharing the same house roof
with a veranda (Supplementary File 2). The installation time could
have been reduced if several widths of the ITS fabric were supplied,
e.g., 1.5-m and 2-m widths, in order to more easily cover wide eaves
or large holes and openings. Other holes were found at the top of
the doors and windows. Although these holes contributed to the
amount of fabric used per house, it also suggests that ITS is an
adaptable tool for this setting given that it could be used to cover not
only eaves and windows but also all other forms of gaps in the
household structure that mosquitoes could use for entry. In a
nutshell, the cost of installing ITS could have been further
reduced by promoting widespread adoption. If ITS were
considered an essential component of every household, increased
demand would likely lead to individual purchases and self-
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installation by residents. As the intervention gains popularity
within the community, local carpenters would gain more
experience, leading to increased efficiency and, potentially, a
reduced installation time.

The members considered the nets as effective based on the
reduction of the indoor entry of mosquitoes, insects, and reptiles
such as snakes and lizards, which was partly associated with the
physical barrier provided by the netting (Brake et al.,, 2022). The
physical barrier also provided an additional benefit by reducing dust
entry, which was also reported in the study conducted in Kenya
(Abongo et al., 2024). However, dust capture made the netting
dirty, which detracted from the beautification of the house that
people enjoyed when the netting was new. Educating residents on
efficient ways of cleaning the netting such that the netting integrity
and the insecticide effect are not reduced, for instance using a soft
brush, would likely ensure that this drawback will not discourage
its usage.

At 3 months after I'TS installation, the FGD data collected at 6
months indicated a higher number of indoor mosquitoes observed
to have gained entry through the door. Eaves were the main entry
point of mosquitoes (Spitzen et al., 2016); therefore, their closure
with the ITS, including the windows and wall holes, meant that
entry through the door may have increased, as observed in another
study in Tanzania where eaves were screened (Abong'o et al., 2022).
Keeping doors closed is essential for the control of malaria vectors
(Saili et al., 2024); however, many of the houses in our setting did
not have well-fitted doors, and the few with well-fitted doors often
had these doors left open during the day, particularly in houses with
children, which was shown to reduce the impact of full house
screening in a trial conducted in Gambia (Kirby et al., 2009).
Curtains for doors have also been explored in an earlier study of
ITS in Kenya (Odhiambo et al,, 2016); however, misuse was
observed as people would tilt the curtains to one side of the door,
providing a space for mosquito entry. Promotional behavioral
change campaigns toward correct closure of the insecticidal
curtain could be conducted to address the problem. Furthermore,
an intervention for a door should be self- and well-fitted without
holes around the frame.

The observed increase in indoor mosquitoes after several
months was partly due to the loss of the insecticide incorporated
(Odufuwa, personal communication). As the insecticide wears out,
the impact of the chemistries on the mosquitoes that have gained
access into the house through the door may have been reduced. The
loss of the insecticide in the nets could be attributed to evaporation
(Kayedi et al., 2008) as the nets were neither washed nor cleaned.
The ITS should be manufactured using a technology that allows a
slow release of the incorporated insecticide for a long-lasting
insecticidal effect over several years. The nets used in the Kenyan
study contained deltamethrin only, and deltamethrin has a very low
release rate of less than 1% per wash, measured as the wash-off rate.
This net was also evaluated in a durability study and was shown to
still be highly insecticidal after 3 years (Marius Allossogbe et al.,
2017). The PBO net in the present study had higher release rates of
deltamethrin (2.2%) and PBO (3.3%), which might explain the
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bigger loss due to evaporation as only the released insecticide is
available for evaporation.

Carpenters perceived the fabric of the ITS net to be long-lasting
based on their comparison to the other nettings they have previously
worked with. The participants had similar expectations. The nets
used in this study were made of polyethylene, similar to that used for
a commercial bed net product (Tsara Boost), but with a thicker
filament to better resist fixing with staples and nails. As the current
core vector control tool, ITNs are typically lost within a few months
of distribution due to being gifted away or within 2 years due to
damage (Koenker et al.,, 2014). These are avoidable in the case of ITS
due to the installation; therefore, the intended areas of protection will
remain protected throughout the year. The participants noted holes
on the ITS, which could be attributable to strong winds, rodents, and
cats. As these factors are unavoidable, the edges of the netting
attached to the surface should be made stronger.

The majority of the people did not provide any form of care, such
as repairing net holes and removing the dust off the net. This is largely
because they were not informed of any care or maintenance practices.
However, many still wanted to wash the nets, most especially the
netting installed on the window. Washing of the netting will require
uninstalling the nets, which could cause tearing of the fabric if not
carefully removed. Although removal of the netting for washing was
not observed, ITS users should be able to care for the netting without
causing damage. A possible solution is the use of a soft brush to
remove dust when necessary, while the netting remains installed.
Another solution is by installing them as two overlapping screens, i.e.,
only fixed at the top and on one side and removable from the frame
or the wall.

Carpenters and some inhabitants complained about sneezing.
This is known as a side effect of cyano-pyrethroids (Hotynska-Iwan
and Szewczyk-Golec, 2020). The perceived effect only lasted for a
few hours. This was perceived among carpenters as they refused to
use the face masks provided due to inconvenience. In any case, none
of the carpenters withdrew from the work due to any perceived side
effects. Future studies should mandate the use of proper
construction safety gear, including masks for carpenters,
regardless of perceived discomfort.

This year-long study was too brief to evaluate the long-term
effects and durability of the intervention. As household members do
not interact with the ITS on a daily basis, it will take time for the ITS
to degrade. Implementation of the intervention over multiple years
would provide a more accurate assessment of its physical durability.
In addition, expanding the study to other geographical regions and
cultural settings is recommended to better understand how different
communities respond to ITS use.

The findings of our study are likely generalizable to settings with
similar socioeconomic characteristics and perceived levels of
mosquito burden and malaria risk. However, in communities
where eaves are not typically used for indoor cooling, the
acceptance of ITS might be limited, as its primary application
would be to cover windows, wall holes, and other entry points of
mosquitoes. It is important to note that the ITS are particularly
relevant for unimproved housing, which is common in rural areas.
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Conclusion

The ITS were well accepted in the community based on their
perceived contribution to the control of mosquitoes and malaria
infection in the study area. However, innovations to control
mosquito entry through the door are needed to ensure full house
screening. Concurrently, in promoting behavioral change, efforts
should prioritize the importance of keeping doors closed,
particularly in households with children. This study underscores
the significance of having continuous and tailored community
sensitization for the acceptance and care of new vector control
tools. It also revealed peoples’ willingness to pay for the installation
and repair of ITS. Therefore, ITS scale-up could be donor-funded or
community-driven given that the purchase of untreated screens was
observed during the trial. Trials with longer duration are needed to
evaluate the cost-effectiveness per household year of ITS.
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