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Background: In 2019, the Government of Tanzania endorsed the countrywide
implementation of mosquito larviciding to complement insecticide-treated nets
(ITNs) and indoor residual spraying (IRS) as vector control interventions. Between
2022 and 2024, a large-scale pilot project covering a population of over 1 million
individuals was implemented in the Tanga Region, in the northeast of the
country. The program was implemented entirely by the government system
and made use of community-owned resource persons (CORPs). This manuscript
presents the key results of a qualitative study assessing the perceptions and
awareness of the stakeholders and the acceptability, facilitating factors, barriers,
and sustainability of the intervention. Companion publications report on the
operations, entomological and epidemiological impacts, and costs of
the program.

Methodology: This cross-sectional qualitative study used in-depth interviews
(IDIs) and focus group discussions (FGDs) to assess perceptions, acceptability,
and sustainability regarding larviciding. A total of 44 IDIs were conducted with
government officials who oversaw project implementation. In addition, 13 FGDs
were held with 156 community participants(72 CORPs involved in larviciding
activities and 84 other community members). Data were analyzed using
framework analysis.

Results: The study findings showed that community-based larviciding was
perceived as safe, acceptable, effective, feasible, and sustainable. However, several
key challenges were identified, including the unpleasant smell of the larvicide, the
CORP turnover, logistic problems, and discontinuous implementation.
Conclusion: The pilot larviciding intervention implemented in the Tanga Region
was perceived as safe, effective, feasible, and sustainable, and was widely
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accepted by the community. However, addressing key operational challenges
such as the unpleasant odor of the larvicide, high CORP turnover, logistical
constraints, and discontinuous implementation will be essential to ensuring the
effectiveness and sustainability of future large-scale rollouts.
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larviciding, Bactivec®, Griselesf® perceptions, acceptability, sustainability

Background

Malaria remains a major public health and socioeconomic
challenge despite decades of global efforts to control and
eliminate the disease. It continues to cause an estimated 263
million cases and 597,000 deaths annually worldwide, with
children under 5 years of age and pregnant women comprising
the most vulnerable groups (World Health Organisation, 2024).
Sub-Saharan Africa (SSA) accounts for approximately 95% of the
global malaria cases and deaths (World Health Organisation, 2021a;
World Health Organisation, 2024).

Vector control interventions, particularly the widespread use of
insecticide-treated nets (ITNs) and indoor residual spraying (IRS),
have been instrumental in reducing malaria transmission (World
Health Organisation, 2021a; World Health Organisation, 2024;
Weiss et al., 2025). However, these measures alone are insufficient
to achieve malaria elimination. Among others, factors such as the
behavioral and physiological adaptability of malaria vectors
(Schmidt et al., 2018; Lindsay et al., 2021; Namias et al., 2021;
van den Berg et al.,, 2021), the suboptimal intervention coverage
(Koenker et al., 2014; Koenker and Yukich, 2017; Sherrard-Smith
et al., 2022), and user compliance challenges (Krezanoski and
Haberer, 2019; Rek et al., 2020) have reduced the effectiveness of
these two core strategies (Sougoufara et al., 2017; Sougoufara et al.,
2020). According to the Global Malaria Reports, global progress in
malaria control has stalled since 2015 (World Health Organisation,
2016; World Health Organisation, 2017a; World Health

Abbreviations: Bti, Bacillus thuringiensis israelensis; Bs, Bacillus sphaericus;
CHMT, Council Health Management Team; CORPs, community-owned
resource persons; DMFP, District Malaria Focal Person; DMO, District
Medical Officer; DVCO, District Vector Control Officer; FGDs, focus group
discussions; ICF, informed consent form; IDIs, in-depth interviews; IHI, Ifakara
Health Institution; LSM, larval source management; NIMR, National Institute for
Medical Research; NMCP, National Malaria Control Program; MEO, Mtaa
Executive Officer; PO-RALG, President Office, Regional Administration and
Local Government; RHMT, Council Health Management Team; RMEP, Regional
Malaria Focal Person; TEMT, Towards Elimination of Malaria in Tanzania; VEO,
Village Executive Officer; WEO, Ward Executive Officer; WaHO, Ward Health
Officer; WHO, World Health Organization; Handeni DC, Handeni District
Council; Tanga CC, Tanga City Council; Lushoto DC, Lushoto District Council.
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Organisation, 2018; World Health Organisation, 2019; World
Health Organisation, 2020; World Health Organisation, 2021b;
World Health Organisation, 2022; World Health Organisation,
2023; World Health Organisation, 2024).

To address these challenges, the World Health Organization
(WHO) recommends supplementing ITNs and IRS with
complementary interventions, such as larval source management
(LSM), particularly in areas where transmission persists despite
optimal ITN and IRS coverage (World Health Organization, 2013;
World Health Organisation, 2017b; World Health Organisation,
2021a). LSM may include environmental management, biological
control, and larviciding (World Health Organization, 2013).

Larviciding refers to the application of chemical or biological
agents called larvicides to aquatic habitats in order to eliminate
mosquito larvae (World Health Organization, 2013; Choi et al,
2019). Evidence from multiple studies indicates that larviciding can
effectively reduce mosquito populations and enhance the impact of
ITNs and IRS (Shousha, 1948; Killeen et al., 2002a; Killeen et al.,
2002b; Fillinger and Lindsay, 2006; Majambere et al., 2007; Fillinger
et al, 2009; Majambere et al., 2010; Fillinger and Lindsay, 2011;
Zhou et al., 2016; Obopile et al, 2018; Dambach et al., 2019;
Dambach et al., 2020; Zhou et al., 2020). Historically, larviciding
has contributed to the eradication of malaria vectors in regions such
as Brazil (Killeen et al., 2002a), Egypt (Shousha, 1948), and the
Zambian copper mining areas (Utzinger et al., 2002). In recent
decades, several SSA countries, including Rwanda (Hakizimana
et al., 2022), Kenya (Fillinger and Lindsay, 2006; Fillinger et al.,
2009; Worrall and Fillinger, 2011), The Gambia (Majambere et al.,
2010), Benin (Wafula et al., 2023), Burkina Faso (Dambach et al,,
2018; Dambach et al., 2019; Dambach et al., 2020; Dambach et al.,
2021), and Botswana (Obopile et al., 2018), have implemented
larviciding, mostly on a small scale and primarily for
research purposes.

Large-scale implementation has been constrained by
operational challenges in locating numerous breeding sites and
concerns about cost-effectiveness in areas with widely scattered
habitats (Newman et al., 2013; Dambach et al.,, 2016; Antonio-
Nkondjio et al., 2018; Newby et al., 2025; Okumu et al., 2025).
Consequently, the WHO currently recommends larviciding as a
supplementary intervention only, in areas where mosquito breeding
habitats are few, fixed, and findable (World Health Organization,
2013). Nonetheless, recent advancements in geospatial mapping
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and drone technologies (Carrasco-Escobar et al., 2019; Byrne et al.,
2021; Carrasco-Escobar et al., 2022; Vigodny et al., 2023), along
with the emergence of invasive vector species such as Aedes aegypti
(Weetman et al., 2018; Abdulai et al., 2023; Love et al., 2023) and
Anopheles stephensi (Sinka et al., 2020; Hemming-Schroeder and
Ahmed, 2023; Taylor et al, 2024), which are less effectively
controlled by ITNs or IRS, have renewed interest in larviciding as
a complementary tool within the framework of integrated vector
management (IVM) (Beier et al., 2008; Fillinger et al., 2009; Musoke
et al., 2013).

Larvicides, particularly biological larvicides, have a different
mode of action from the conventional insecticides used in ITNs and
IRS, making larviciding a promising approach for addressing
outdoor-biting mosquitoes and contributing to insecticide
resistance management (Charles and Nielsen-LeRoux, 2000;
Bravo et al., 2007; Ben-Dov, 2014; Choi et al., 2019). With
widespread pyrethroid resistance threatening the sustainability of
pyrethroid-based interventions (Kisinza et al., 2017; Matiya et al.,
2019; Matowo et al., 2021; Tungu et al., 2023; Odero et al., 2024),
larviciding offers a means to diversify the vector control arsenal and
enhance its resilience (World Health Organisation, 2004; Beier
et al., 2008; World Health Organisation, 2013; Chanda et al,
2015; Becker et al., 2022). Furthermore, larviciding can target
multiple mosquito species, extending its benefits to the control of
other vector-borne diseases (World Health Organisation, 2004;
Beier et al., 2008; Becker et al., 2022).

In Tanzania, the National Malaria Control Program (NMCP) has
adopted the WHO recommendations to introduce mosquito
larviciding in areas where it is appropriate to complement high ITN
and IRS coverage (Tanzania MoH, 2020; Tanzania MoH, 2023). In
2019, the Government of Tanzania (GoT) formally endorsed the
countrywide community-based mosquito biolarviciding (Tanzania
MoH, 2020). Evidence suggests that community-based larviciding
can be more cost-effective, efficient, and sustainable than when the
interventions are implemented solely by government agencies (Chaki
et al,, 2011; Maheu-Giroux and Castro, 2013; Ingabire et al., 2014;
Diabate et al., 2015; Afrane et al.,, 2016; Ingabire et al., 2017; Amazigo
et al, 2021; Hakizimana et al., 2022; Mapua et al., 2024).

Although larviciding is not new to Tanzania, previous efforts have
been limited in geographic scope and were inconsistently implemented.
Historically, the only large-scale larviciding intervention occurred in
Dar es Salaam and Tanga during the 1990s and 2000s as part of urban
malaria control programs (UMCPs) (Caldas de Castro et al., 2004;
Fillinger et al., 2008; Chaki et al., 2009; Geissbiihler et al., 2009; Maheu-
Giroux and Castro, 2013). Other efforts were generally small-scale and
research-focused (Mboera et al., 2014; Rahman et al., 2016; Gowelo
et al, 2020; Mapua et al, 2024), leaving limited evidence on the
feasibility, sustainability, and impact of large-scale community-
implemented larviciding.

To fill in this evidence gap and guide national scale-up, the
Ministry of Health (MoH), through the NMCP and in collaboration
with the President’s Office-Regional Administration and Local
Government (PO-RALG), launched a large-scale pilot larviciding
project in the Tanga Region, northeastern Tanzania (Diarra et al.,
2025; Gavana et al., 2025; Kailembo et al., 2025). The project
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operations were administered and supervised through the
administrative structures of the local government authorities.
National supervision was provided by the NMCP (Kailembo
et al., 2025). This model was selected to develop an
implementation modality that could be readily replicated if
further upscaling was decided by the government (Diarra et al.,
2025). The initiative was supported by the Towards Elimination of
Malaria in Tanzania (TEMT) project of the Swiss Government and
implemented by the Swiss Tropical and Public Health Institute
(Swiss TPH).

The project was evaluated comprehensively by an independent
research organization (the Ifakara Health Institute, IHI), which
comprehensively assessed the implementation processes and impact.
This study presents the findings from a qualitative study exploring the
perceptions and awareness of stakeholders and the acceptability,
facilitating, and hindering factors, and recommendations for the
sustainability of the intervention. These insights are valuable to the
MoH and the NMCP for refining operational plans, improving
program efficiency, and guiding evidence-based decision-making for
the potential nationwide scale-up of larviciding interventions. In
addition, as more African countries adopt larviciding programs, the
evidence from this study could inform the design of similar initiatives
in comparable contexts.

Companion publications report quantitative findings on the
outcomes (Gavana et al., unpublished), the entomological impact
(Gavana et al,, in press), and the epidemiological impact (Kailembo
etal,, 2025), and the costs of the program (Diarra et al., 2025). Given
the complexity of the evaluation, multiple publications were
necessary to address all components comprehensively.

Methods
Study design

In order to elicit the stakeholders’ perceptions, awareness, and
acceptability, identify factors that facilitate implementation and
barriers, and obtain suggestions for ensuring the sustainability of
the intervention, a purely qualitative approach was selected. A cross-
sectional qualitative study was conducted using two methods: in-
depth interviews (IDIs) and focus group discussions (FGDs).
Participants were randomly selected to ensure representation across
all three intervention councils, covering different roles and settings.
The study was conducted in 2023, the second year of project
implementation, when communities had already been exposed to
the intervention for 1 year. The present work is part of a
comprehensive evaluation of the program, with evaluations of the
entomological and epidemiological impacts, along with a detailed
costing analysis, being reported elsewhere.

Study setting

The study was conducted in the three intervention councils in
the Tanga Region, representing three different malaria
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epidemiological risk strata, as defined in the National Malaria
Strategic Plan (Tanzania MoH, 2020): high risk (Handeni DC),
moderate risk (Tanga CC), and low risk (Lushoto DC) (Diarra et al.,
2025). Tanzania is epidemiologically stratified into four malaria risk
levels: high, moderate, low, and very low (Tanzania MoH, 2020;
Thawer et al., 2020; Runge et al., 2022). At the same time, the
selection included two rural (Handeni DC and Lushoto DC) and
one urban setting (Tanga CC) (United Republic of Tanzania: NBS,
2022a). These councils were selected pragmatically by the NMCP
and partners to represent three different malaria risk strata in the
country. The populations of Handeni DC, Tanga CC, and Lushoto
DC were 394,052, 403,361, and 359,821, respectively (United
Republic of Tanzania: NBS, 2022a; United Republic of Tanzania:
NBS, 2022b). Hence, the total population in the intervention area
was 1,157,234. The intervention covered 91 villages in Handeni DC,
89 villages in Lushoto DC, and 181 streets in Tanga CC (Diarra
et al., 2025; Kailembo et al., 2025).

The larviciding intervention

The pilot larviciding intervention was conducted between June
2022 and April 2024. It involved the application of two biolarvicide
products: Bactivec®, containing spores of Bacillus thuringiensis var.
israelensis (Bti) (Derua et al., 2022), and Griselesf® , containing
spores of Bacillus sphaericus (Bs) (Lacey, 2007; Lai et al., 2023). The
two biolarvicide products are manufactured in-country by Tanzania
Biotech Products Limited (TBPL) (https://www.tanzaniabiotech.
co.tz/). The TBPL is a wholly owned subsidiary of the
government-owned National Development Corporation (NDC),
created through a bilateral partnership between the Governments
of Cuba and Tanzania. The factory was established in 2015.

The two bacteria-based larvicides produce toxins that are lethal
to mosquito larvae when ingested (Bravo et al., 2007; Roh et al,,
2007). The efficacy of both products lasts for up to 7 days, requiring
weekly application. The two products specifically target mosquito
larvae and are considered a safe and eco-friendly method for
mosquito control (Roh et al., 2007). Studies conducted in both
laboratory and semi-field systems have indicated that the two
biolarvicide products are efficacious against multiple species of
mosquitoes and are safe to humans and the environment (Derua
et al., 2022; Gavana et al., 2025).

Larviciding operations

The larviciding operations in the Tanga Region involved the
following three key aspects: 1) the identification of breeding
habitats; 2) the weekly application of larvicides; and 3) an
extensive monitoring system. The present study mainly looked
into the second aspect, the actual larviciding operations. The
operations were carried out through a community-based
approach using community-owned resource persons (CORPs).
Every village in the intervention councils had at least two CORPs
in rural settings and at least two CORPs per ward in the urban
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setting. The CORPs were selected by the village leaders and were
permanent residents in those areas. Using community members to
identify and eliminate sources of mosquitoes can be cheaper, more
effective, and more sustainable than when implemented by
government agents (Diabate et al., 2015; Elsinga et al,, 2017; van
den Berg et al., 2018; Gowelo et al., 2020; Phiri et al., 2021; Forsyth
et al.,, 2022). This approach strengthens grassroots participation,
reinforcing the core principle of decentralization and the simple
truth that local actors are best positioned to understand and
respond to their own health needs.

The project was entirely administered and supervised through the
existing administrative structure of the local government authorities.
At the village level, Village Executive Officers (VEOs) had direct
supervisory responsibility over the CORPs. The VEOs were, in turn,
overseen by Ward Executive Officers (WEOs) or Ward Health
Officers (WaHOs). At the level of councils, members of the
Council Health Management Teams (CHMTs), particularly the
District Medical Officers (DMOs), the District Malaria Focal
Persons (DMFPs), and the District Vector Control Officers
(DVCOs), were responsible for the oversight of the larviciding
activities. Oversight of the councils was provided by members of
the Regional Health Management Teams (RHMTSs). Overall
coordination and supervision of the project were the responsibility
of a national technical team, which comprised officials from the
NMCP, the PO-RALG, the TEMT Project, and the National Institute
for Medical Research (NIMR).

Data collection

IDIs were conducted with representatives of the authorities
responsible for overseeing the implementation of the project at all
levels, from the national level to the village level. On the other hand,
FGDs were conducted with CORPs and other community
members. The IDIs aimed to capture individual perceptions,
while FGDs captured group opinions toward the intervention.
The study questions were designed to explore mainly the
participants’ engagement and roles in the larviciding intervention
and their perceptions of how the intervention was being
implemented, including the facilitators and barriers to
implementation. The study also investigated the acceptability of
the intervention by the recipient communities, opinions on the
achievements of the project, and thoughts on the sustainability of
the intervention. Both the IDIs and FGDs were conducted at either
participants’ offices or homes, and interviews were conducted in
Swahili, the national language in Tanzania. The FGDs were
coordinated by a social scientist, assisted by a research assistant
trained in administering tools for social science research. With
respondent consent, the interviews were audio-recorded, each
lasting approximately an hour. Data saturation determined the
end of the data collection process (Saunders et al., 2018; Rahmani
et al., 2022).

Data saturation was assessed iteratively during data collection
and analysis. After each set of interviews and FGDs, the research
team reviewed the emerging themes to determine whether new
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information was still arising. Data collection was concluded once no
new themes or insights emerged, indicating that thematic saturation
had been reached.

Data collection tools

For the FGDs and IDIs, data collection tool guides were
developed specifically for this study. The guides were informed by
a review of the existing literature on community-based larviciding
interventions (Dambach et al., 2016; Dambach et al., 2021), malaria
control programs, and implementation research frameworks, such as
the Consolidated Framework for Implementation Research (CFIR)
(Damschroder et al., 2022; Reardon et al., 2025). Initial drafts were
reviewed by subject matter experts from the NMCP, the Swiss TPH
TEMT project, and the IHI to ensure content relevance and
contextual appropriateness. The tools were pre-tested in a non-
study district (Rufiji District) with similar demographic
characteristics. Minor revisions were made to improve the clarity,
flow, and cultural sensitivity. Both the FGD and IDI guides included
open-ended questions and probing prompts covering themes such as
stakeholder awareness, perceptions, acceptability, facilitators and
barriers to implementation, and recommendations for sustainability.

In-depth interviews

We conducted a total of 31 IDIs: 10 with village/street-level
leaders (three from Lushoto DC, three from Tanga CC, and four
from Handeni DC), nine with ward-level leaders (three from each of
the three councils), nine with council-level leaders (three from each
council), one with a regional-level officer, and two with national-
level officials.

The villages and wards from which the IDI participants were
obtained were randomly selected from a list of all villages and
wards. For the IDIs that involved village leaders, the initial plan was
to conduct three interviews per council. However, in Handeni DC,
one additional IDI was conducted with a village leader from
Msomera, which had been newly established to accommodate
pastoralists relocated from the Arusha Region.

At the village level, the IDIs were conducted with VEOs. At the
ward level, the WEOs or WaHOs were targeted. At the district level,
the IDIs targeted DMOs, DMFPs, and DVCOs. At the regional level,
one IDI was conducted with the only Regional Malaria Focal Person
(RMFP). At the national level, two officials were targeted: one from
NMCP and another from PO-RALG. At all these administrative
levels, the participants for the IDIs were purposively selected due to
their small numbers and specialized roles.

Focus group discussions

We initially aimed for a total of 12 FGDs: two FGDs with
CORPs and two FGDs with community members in each council.
In the end, 13 FGDs were conducted due to the addition of one
more FGD from the Msomera village in Handeni DC, which was
selected to explore the experience of the pastoralist community
in the implementation of larviciding. Each FGD included
8-12 participants.
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For the six FGDs with CORPs, we randomly selected two wards
per council, covering all three intervention councils. On average, a
ward consisted of six villages, and the FGDs were held with CORPs
from villages within the same ward. Across the six FGDs with
CORPs, a total of 72 CORPs participated.

For the FGDs targeting other (non-CORPs) community
members, a total of seven FGDs were conducted: three in
Handeni DC, two in Lushoto DC, and two in Tanga CC. The
FGDs were held in randomly selected villages, except for Msomera
Village, which was again purposively selected. Village leaders were
involved in the selection of participants to foster a sense of
ownership over project activities. Across the seven FGDs, a total
of 84 community members participated.

Inclusion and exclusion criteria

For the FGDs involving CORPs, an individual was considered
for recruitment if she/he: 1) was appointed by the village leadership
and trained in larviciding activities; 2) had been carrying out the
larviciding activities for at least one past month; and 3) was 18 years
and above. The CORP was not considered for recruitment in the
FGDs if: 1) she/he was just assisting to carry out the activities in the
absence of a trained person, or 2) she/he had been absent from
operations for one whole month of the two activity months (in each
round of larvicide application).

For the FGDs involving community members to elicit their views
on the acceptability of the intervention, only individuals above 18 years
of age and living in their village for at least 6 months were considered.
An individual was not considered for participation in the FGD if she/
he: 1) holds any leadership position at any level or 2) had previously
participated in the implementation of the project as a CORP.

The IDIs targeted local leaders within the three councils and
representatives of the authorities, who were responsible for
overseeing the implementation of the project at the council’s
regional and national levels. For the council level, an individual was
considered for inclusion if she/he: 1) had been a leader at any level
within the three intervention councils and responsible for overseeing
the project implementation, and 2) had been actively involved in the
project activities for the past 6 months. An individual was not to be
included if she/he: 1) was assuming responsibilities in the absence of
the officially assigned persons and 2) had been away or not involved
in the larviciding operations for the past 6 months. At the regional
level, the Regional Medical Officer (RMO) and the RMFP were
targeted. At the national level, the NMCP manager, the LSM
coordinator, the vector control coordinator, and one official from
the PO-RALG were targeted. At the two levels, an individual was
included in the study if she/he had assumed her/his position for a
period covering at least two rounds of larvicide application.

Research team and reflexivity

The data collection for this study was carried out by the first
author (FK) and the second author (TG). FK conducted all
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interviews, utilizing her training in sociology and public health and
extensive experience to establish rapport with the participants. This
ensured confidentiality, trust, and openness in sharing the
respondents’ perspectives and experiences of the intervention. TG
supported participant recruitment, note-taking, obtaining informed
consent, and preliminary data analysis. Both researchers received
training prior to fleldwork in conducting interviews with
communities, maintaining confidentiality, and managing
research data.

Data management and analysis

Analysis of the data was based on a framework analysis
approach. The framework analysis arranges codes and
summarizes data in a matrix output, which makes it easier to
arrange, identify, describe, and interpret the key patterns within and
across cases and themes (Gale et al., 2013; Klingberg et al., 2024).
The audio files from the IDIs and FGDs were transcribed verbatim
immediately after collection. The transcriptions were read carefully
to make sense of the collected data. Subsequently, the transcripts
were imported into the NVivo software (version 12pro) for coding.
An initial coding framework was developed inductively by two
independent research assistants based on recurring concepts in the
transcripts. The research team then discussed and refined these
codes, resolving discrepancies through consensus. Where necessary,
codes were merged, split, or redefined to accurately reflect the
responses of the participants.

Once coding was complete, the data were organized into a
matrix following the thematic framework analysis method, allowing
the team to compare and contrast the responses within and across
participant groups. Themes were derived by grouping related codes
and interpreting patterns across the dataset. Emerging themes were
discussed among the research team to ensure the credibility and
confirmability of the findings. Representative participant quotations
were selected to illustrate key themes, enhancing transparency and
supporting the interpretation of the results. To ensure rigor, the
analysis process involved triangulation (cross-checking across IDI
and FGD findings), double coding, and regular team discussions to
address potential biases. This systematic approach ensured that the
findings were grounded in the data while remaining transparent
and reproducible.

Results

The results are organized under seven main themes: perceptions
of malaria, awareness of the larviciding intervention, perceptions of
the larviciding intervention, acceptability, factors facilitating
implementation, operational barriers, and perceptions of
sustainability. These themes are elaborated below, and a summary
linking the key findings to the study objectives is provided in
Supplementary Table S1.
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Perceptions of malaria

All respondents from the urban, peri-urban, and rural settings
perceived malaria as a dangerous and severe disease affecting mostly
children. Similarly, the majority of the respondents said that
mosquitoes transmit the disease; however, very few mentioned
specifically Anopheles mosquitoes as the vector of malaria
transmission. Chikungunya and yellow fever were mentioned as
other diseases transmitted by mosquitoes.

“Malaria is a very dangerous disease, especially to young
children, because their immunity against the disease is still
weak.” (FGD, Community member, Tanga CC)

Awareness of the larviciding intervention

The majority of the participants reported that they were aware
of the implementation of larviciding in their settings. However,
there were variations in the information they had, depending on the
extent of their involvement in the implementation of the project
and the dissemination of the information regarding the project.
Village meetings were the main method of sensitization across the
study area. Some respondents said they knew about the intervention
after seeing the CORPs apply larvicides to mosquito-breeding sites
surrounding their residential areas.

“We were informed about the project by our street leaders at the
meetings. They told us that CORPs will pass in our
surroundings, spraying larvicide in the mosquito breeding
habitats. We accepted and took it positively.” (FGD,
Community member, Lushoto DC)[SIC]

“The village health volunteers have been visiting our premises,
insisting that we should remove all water containers, which
could be potential for mosquito breeding. They sprayed
larvicide in standing water they find to prevent mosquito
breeding”. (FGD, Community member, Tanga CC) [SIC]

“Larvicide is food sprayed in breeding habitats to kill mosquito
larvae. Spraying in sewages, ponds, toilets and peddles can
control mosquitoes’ life cycle.” (FGD, CORP, Tanga CC) [SIC]

“This strategy aims to control mosquitoes’ life cycle, preventing
vectors to transmit a dangerous disease called malaria, which affects
community members. Moreover, the national target is to have zero
malaria by 2030.” (IDI, District-level stakeholder, Handeni DC)
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Perceptions of the larviciding intervention

This section aimed to explore the perceptions of stakeholders and
community members of the larviciding intervention, with particular
attention to their views on the safety of the larvicide and the
approaches employed to foster community trust and confidence in
its application. Almost all of the stakeholders said that the larviciding
intervention was safe, and no adverse events were reported at village
or ward offices across the study area. The only concern raised was the
strong, unpleasant odor of the larvicide, which bothered some CORPs
and community members. During the project rollout, people were
initially worried about their safety when the CORPs started spraying,
particularly when they sprayed into the water sources used for
drinking and other domestic purposes. However, the situation
improved as time passed due to the education provided by the
CORPs and the village leaders, along with the fact that no adverse
events were observed. At times, CORPs had to test the biolarvicides
or drink the water from the wells that had been sprayed with
biolarvicide in front of community members in order to prove to

them that the biolarvicides are safe for human beings and animals.

“I can confirm that the larvicides are safe, although, by their
unpleasant smell, one may think it is poisonous. However, that
is not the case; the larvicides are safe for human beings,
livestock, and all other organisms living in water except
mosquito larvae.” (IDI, Village leader, Lushoto DC)

“I tasted the larvicide in front of community members to show
that it is safe. If it were harmful, I would not be here today.”
(FGD, CORP, Handeni DC)

“&#xFOBG;it is something you can put in all water sources, even
the water for human and livestock uses.” (FGD, Community
member, Handeni DC)

“We used biological larvicides, meaning Bti and Bs. These are not
insecticides, but bacteria that are selectively affecting only mosquito
larvae, not fish or frogs. There is no harm to human beings or any
other organisms in the ecosystem, including those available in the
breeding sites.” (IDI, National-level supervisor) [SIC]

Acceptability of the intervention

This part explored the views of stakeholders and community
members on the acceptability of the larviciding interventions,
focusing on their experiences with its implementation, the observed
benefits, and the challenges that influenced community support and
participation. The respondents mentioned that community members
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accepted and supported the intervention by helping CORPs to
identify hidden breeding habitats or by notifying the supervisors
whenever spraying activities were not conducted in their area.

“Community members have accepted the intervention because it
has reduced the perceived mosquito abundance in their settings.
In 2019, there was a high abundance of mosquitoes, but since the
implementation of this project started, there has been an
improvement in the situation.” (IDI, Village leader, Lushoto DC)

“Community members have accepted the intervention, and
education has led to cooperation, which has added value to
attained achievement.” (FGD, CORP, Handeni DC) [SIC]

A number of participants acknowledged the role of baseline
interventions, such as ITNs, in preventing mosquito bites and
contributing to reducing malaria cases.

“We understand that the results we are seeing are not due to
larviciding alone, because we have other interventions in place,
such as the use of insecticide-treated nets, which remain our
primary vector control tool.” (IDI, National-level supervisor)

“Let me just say that this larviciding intervention does not
operate on its own; it goes hand in hand with other
interventions, including the use of bed nets. Therefore, even if
we say that the malaria levels have decreased, it is difficult to
measure and attribute this solely to larviciding, because these
interventions have been implemented together.” (IDI, District-
level supervisor, Lushoto DC)

Nevertheless, participants highlighted the unpleasant smell of the
larvicide as a significant challenge, noting that the odor lingered on
their clothing for an extended period. Initially, this unpleasant smell
caused some community members to be suspicious of the biolarvicide,
particularly when it was applied to sources of drinking water for
humans, livestock, or fishponds. As a result, participants requested the
manufacturers to explore ways to minimize the smell of the larvicide.

“Larvicide has strong and unpleasant smell, which sticks on our
clothes for long time after washing.” (FGD, CORP, Tanga CC)
[SIC]

Perceived facilitating factors

This part of the study explored the factors perceived by
stakeholders and community members as facilitating the successful
implementation of the larviciding intervention in the Tanga Region.
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Training

All participants from the three councils stated that the training
conducted before implementation was a foundation for the good
performance of the CORPs during implementation. Moreover, they
reported that the training enabled supervisors to ensure that CORPs
adhered to the instructions.

“Through training, they became aware of how the larvicide
works and how you can spray it. Also, they have learned to
determine breeding habitats and apply larvicides as per required
dosage.” (ID], District-level supervisor, Lushoto DC)[SIC]

Supportive supervision

Supervision from the national to the council level was
repeatedly cited as a key factor that enhanced the performance of
both CORPs and supervisors. However, CORPs pointed out that
inconsistencies in the instructions negatively impacted the proper
implementation of the procedures. They recommended that
supervisors should align their understanding of the guidelines on
issues such as the identification of breeding habitats and spraying
before disseminating the information to CORPs.

“We are grateful for the supervision from the national and
district level. There is cooperation, and they are making changes
where we are doing wrong, and there is follow-up, which
improves our performance.” (IDI, District-level supervisor,
Lushoto DC) [SIC]

Incentives

Respondents across all three councils cited the monthly
financial incentive of 100,000 TZS (42 USD at a conversion rate
of 2,400 TZS per USD) as a key motivator for improved
performance and maintenance of consistency. However, some
pointed out that the intensity of the work differed between urban
and rural areas. Those in rural areas often had to walk long
distances to locate breeding habitats and to cover much larger
areas compared with their counterparts in town. They suggested
that payment rates should reflect these differences rather than
applying a flat rate.

“Incentives are one of the biggest motivations that push them to
work hard. They can buy vouchers and other things.” (ID],
Supervisor, Tanga CC)

Availability of working equipment

All of the participants expressed appreciation for the availability
of working equipment, including the biolarvicides. They said that,
most of the time, they got the required equipment/larvicides
whenever a stock-out was reported to the supervisors (ie., the
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Malaria Focal Persons). However, a few participants, particularly
those who joined the project later, reported not having
received boots.

“TEMT provided pumps and all requested equipment on time.
The costs incurred during this project will serve as a basis for
projections when planning implementation for scaling up.
However, the government may not be able to provide the
same level of support as seen in this project.” (IDI, National-
level supervisor)

Government policy

Respondents from the national level provided comprehensive
insights into how policies and national strategies contributed to the
success of the project. They highlighted that larviciding has been
incorporated into Tanzania’s Malaria Strategic Plan for 2021-2025
(Tanzania MoH, 2020), which facilitates resource generation from
various stakeholders.

“For a project to be implemented in the country, it must align
with existing policies, strategies, and standards. Larviciding is
specifically included in the Malaria Strategic Plan 2021-2025,
which underscores its importance in the national approach to
malaria control.” (IDI, National-level supervisor)

Operational barriers

This section examined the factors perceived as barriers to the
implementation of the larviciding project.

Low turnout of community members at the
sensitization meetings

The leaders, including the VEOs, MEOs, and WEOs, reported a
low turnout of community members to sensitization meetings.
Sensitization meetings comprised the primary method of
communication with community members in the villages and
streets across the study area. This problem was more pronounced
in urban settings (Tanga CC), where the majority of individuals
reported being at work when sensitization meetings were
conducted. A lack of community engagement and advertisements
for the meetings was sometimes cited as a reason for the
low turnout.

“We did not incorporate community engagement and social
behavior change components. That is why we had a low turn up
to sensitization meetings. These elements are crucial for project
implementation, as it is essential for people to be informed at
every stage to ensure their participation and support. Moving
forward, it is important to include these components, utilizing
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local radio, local artists, and public announcements, which
would be vital for effective communication and engagement.”
(IDI, National-level supervisor) [SIC]

CORP turnover

Supervisors across the study area reported a high turnover
among CORPs due to various factors, including the incentives
perceived as being too low, lack of contracts or formal
agreements, getting other jobs, and relocating to other areas due
to family reasons, among others. They mentioned that, because of
the high turnover, supervisors were required to regularly identify
and train new CORPs in order to fill vacant positions, negatively
affecting operations.

“CORPs dropouts were a challenge that requires attention. I
think in the future there is a need to have agreement forms
signed by District Executive Directors to enforce their
commitment to the work.” (IDI, National-level supervisor)
[SIC]

Insufficient number of CORPs

Repeatedly, the stakeholders in rural areas, and, less
frequently, in urban settings, reported having too few CORPs
compared with the high number of breeding sites, which forced
CORPs to spend many hours on project activities, limiting the
time spent on other income-generating activities. There are
great disparities in the sizes of the villages and streets, while the
number of CORPs remained constant per village/street due to
budget constraints.

“The current project implementation design calls for two
CORPs per village; however, it has become evident that the
number of CORPs should be adjusted based on the size and
geographical characteristics of the area. Moving forward, the
allocation of CORPs will be determined by these factors to
ensure effective coverage.” (IDI, National-level supervisor)

Breeding site sizes and distances

Similarly, the implementers in peri-urban and rural areas
reported that the breeding habitats were far apart, resulting in
long walking distances. Some of the habitats were also located in
hard-to-reach areas, leading to inadequate spraying or no spraying
at all.

“Some breeding habitats are located far away, which leads to
delays in spraying. Bicycles could serve as a better option to
reduce the time spent walking to these sites, enabling more
timely interventions.” (FGD, CORP, Handeni DC).
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Lack of means of transport

The lack of transportation options for CORPs was mentioned as
one of the factors that negatively impacted their performance and
the effectiveness of their work. CORPs from Tanga CC and Handeni
DC expressed a need for bicycles to facilitate their activities.
However, those in Lushoto DC indicated that bicycles would not
be suitable in their case due to the hilly terrain. Instead, they
proposed receiving financial support for transportation costs, as
needed for project activities.

“Some breeding habitats are located far away, which leads to
delays in spraying. Bicycles could serve as a better option to
reduce the time spent walking to these sites, enabling more
timely interventions.” (FGD, CORP, Handeni DC)

“CORPs should have means of transport because of the long
distances; some places are far away from the village. If they have
motorcycles, it will be easy to reach places like Sendekuli,
Nyangwelele, and Oromoti villages.” (FGD, Community
member, Handeni DC) [SIC]

“&#xFOBC;providing bicycles will facilitate movement from
point A to point B, enhancing the ability of CORPs to carry
out their responsibilities efficiently across larger distances.”
(IDI, National-level supervisor) [SIC]

The rebound of mosquitoes during the months
of no spraying

Although the implementers and supervisors across the study
area expressed satisfaction with the reduction in mosquito
abundance, they noted a rebound of the mosquito populations
during the months when spraying was not conducted. Community
members also reported observing an increase in mosquito presence
during periods without spraying compared with periods when
CORPs were spraying in their neighborhood.

“By design, there were alternating rounds of two months with
and without spraying. The data showed there was a rebound in
population of mosquitoes during the months with no spraying
across the study area. The advice is that spraying should be
conducted throughout the year.” (IDI, National-level
supervisor)[SIC]

Lack of an environmental management
component

The respondents mentioned that budget constraints limited the
larviciding intervention, excluding the broader environmental
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management activities that were planned initially, such as filling
ponds and permanently eliminating breeding sites. The respondents
recommended that incorporating environmental management
into larviciding activities would reduce the number of breeding
habitats that required larvicide application, thereby improving
operational effectiveness.

“Not implementing environmental sanitation and management
components may have hindered achieving a greater impact in
the Tanga Region. While we believe that 80% success rate has
been attained, the absence of these components may have
contributed to the shortfall of 20%.” (IDI, National-level
supervisor) [SIC]

Sustainability of the intervention

This section explored the views of the participants on the
sustainability of the larviciding intervention, focusing on the
availability of resources, the ongoing community engagement, the
institutional support, and the prospects for the long-term
continuation of the intervention beyond the project period.

national-level supervisors recommended that councils
incorporate larviciding resources into their Comprehensive
Council Health Plans (CCHPs), the routine budgeting tool used
by all councils in the country. Some supervisors also suggested
making larvicides available commercially in smaller packages in
shops in order to encourage individual purchases by community
members. Moreover, the council’s generated revenues, along with a
strengthened multi-sectoral collaboration, were mentioned as
strategies for sustaining the larviciding intervention.

“If there will be larvicide packages in small volumes, we can
sensitize and encourage community members to buy them and
apply in their surroundings. If they apply the larvicides
themselves, it will reduce the costs of paying CORPs because
people will have their small bottles of half or one liter.” (ID],
District-level supervisor, Lushoto DC) [SIC]

Discussion

The study findings showed that community-based larviciding was
perceived as safe, acceptable, effective, feasible, and sustainable.
However, several key challenges were identified, including the
unpleasant smell of the larvicide, CORP turnover, logistical
problems, and discontinuous implementation. There is ample
evidence from many settings and for many health interventions that
eliciting the views of the population on issues such as acceptability and
ways to improve the implementation process contributes significantly
to improving programs (Ingabire et al., 2014; Ingabire et al.,, 2017;
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Antonio-Nkondjio et al., 2018; Dambach et al., 2018; Gowelo et al,
2020; Dambach et al., 2021; Kihwele et al., 2025).

Regarding the stakeholders’ perceptions of malaria, the findings
revealed that respondents viewed malaria as a severe and dangerous
disease, primarily affecting children. The majority of the
respondents also demonstrated an awareness of the specific
mosquito vector (genus) responsible for transmitting the disease.
However, this awareness may have stemmed from the training
provided at the beginning of the project. These results align with
findings from other studies, which also reported high levels of
awareness of malaria as an important problem among community
members (Ingabire et al., 2014; Ingabire et al., 2017; Dambach et al.,
2018; Matindo et al., 2021). The community perceptions of a disease
as an important problem is one of the key drivers of its readiness to
actively engage in preventive interventions (Allen et al.,, 2009;
Nickel and von dem Knesebeck, 2020a; Nickel and von dem
Knesebeck, 2020b).

Importantly, the findings indicate that the community members
were aware of the larviciding intervention implemented in their
area, expressing a positive opinion and acceptance of the
intervention as being safe for humans and other living organisms.
They also perceived it as being effective in reducing the mosquito
populations. This study adds to the existing evidence derived from
other studies in Africa that larviciding interventions are generally
well-accepted as safe and effective in controlling mosquito-borne
diseases (Mboera et al., 2014; Dambach et al., 2018; Gowelo et al.,
2020; Stewart et al.,, 2020; Dambach et al,, 2021; Ngadjeu et al.,
2022). Together, these findings indicate that the implementation of
larviciding in Africa is unlikely to face community acceptance
challenges. However, significant concerns regarding the
unpleasant smell of the larvicide were frequently voiced, which, if
not addressed, could prevent complete community involvement.

With regard to the perceptions regarding the impact of the
intervention, stakeholders at various levels reported a noticeable
decrease in mosquito abundance and nuisance, along with a
reduction in the malaria cases in their area, aligning with findings
from other studies in Burkina Faso (Dambach et al, 2018), and
Cameroon (Ngadjeu et al., 2022). However, the stakeholders in the
current study also recognized that the reduction in mosquito
abundance and malaria cases was partly influenced by other ongoing
malaria control interventions in the same settings, such as ITNs and
case management. Achieving the last mile in malaria elimination
requires multiple effective interventions (Shiff, 2002; Beier et al., 2008;
Benelli and Beier, 2017; Tia et al., 2024), recognition by stakeholders of
the importance of combining interventions will be critical for the
sustainability of disease control efforts.

Regarding the factors that appeared as facilitators or barriers to
the implementation, the study showed that training, supportive
supervision, financial incentives, availability of working equipment,
and government policy were the key facilitating factors. Similar
perceived facilitating factors were also reported in Burkina Faso
(Dambach et al.,, 2016). These factors should be considered when
scaling up larviciding projects in Tanzania and other parts of SSA.

The sustainability of health interventions plays a crucial role in
achieving long-term improvements in public health. Previous
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studies have highlighted the prerequisites for sustainable health
interventions in Africa (Iwelunmor et al., 2016; Moucheraud et al.,
2017). The facilitators identified in this study, along with the
sustainability plans outlined by stakeholders, contribute to a
broader understanding of what is necessary for the successful and
sustainable expansion of larviciding interventions.

Nevertheless, challenges such as an insufficient number of
CORPs, the large size of some villages with a high number of
breeding habitats, CORP turnover, lack of transportation, and the
rebound of mosquitoes in months without larviciding were reported
to have negatively impacted the intervention, despite the overall
significant success reported across the study area. Therefore, the
recommendation for continuous larviciding rather than a
discontinuous implementation should be taken seriously.
Addressing the challenges highlighted in this study, in addition to
those reported by other studies in the region, will be invaluable for
the successful implementation of larviciding in Africa (Mapua et al.,
2021; Matindo et al., 2021; Ngadjeu et al., 2022).

Participants emphasized that sustaining the larviciding
intervention would require adequate resources, community
engagement, and institutional support beyond the project period.
National-level supervisors suggested integrating larviciding into the
CCHP program and making larvicides available in smaller
commercial packages. For the latter, there is currently no
documented experience with this approach in Africa, despite
studies exploring community willingness to purchase larvicides
(Mboera et al., 2014; Dambach et al., 2021; Matindo et al., 2021).
The practicality and potential challenges of commercialization
require careful consideration. Simply offering commercialized
larvicide packages may not ensure proper use, as community
members would need guidance on the correct dosages, timing,
and safe handling. In addition, the economic feasibility of
purchasing larvicides, the willingness of the community to buy,
and consistent supply mechanisms need to be assessed.

The strength of this study lies in its robust qualitative methodology,
which combined in-depth interviews of a large number of
implementers at all levels of the government system with
community-based FGDs to comprehensively explore community
perceptions and the acceptability of the intervention. The purposive
selection of districts, ensuring geographical representativeness across
urban, peri-urban, and rural settings, allowed the understanding of
contextual differences. The use of thematic analysis, conducted with the
NVivo software and supported by double coding and considering data
saturation, further reinforced the internal validity of the findings.

However, the interpretation of these study results also needs to
consider some limitations. The selection of the participants for the FGDs
through community leaders may have introduced convenience
sampling and social exclusion biases, potentially limiting the diversity
of the obtained perspectives. We acknowledge that our study may be
subject to selection bias, particularly due to the lack of data from
marginalized populations such as the elderly, ethnic minorities, and
postpartum women. This gap may limit the generalizability of our
findings and underscores the need for truly inclusive sampling strategies.

In addition, given the inherent nature of FGDs, the responses
may have been influenced by group dynamics, including peer
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pressure or social desirability bias (Kitzinger, 1995; Powell and
Single, 1996; Korstjens and Moser, 2017). These factors could have
affected the expression of individual perspectives, potentially
limiting the depth and breadth of the data collected.
Consequently, the findings should be interpreted within the
context of these methodological considerations, highlighting the
importance of complementing FGDs with other data collection
approaches to capture a broader range of views.

While the participants reported a perceived reduction in larval
densities and adult mosquito populations following larviciding, such
perceptions alone are insufficient to establish impact. Fortunately,
these perceptions are supported by our entomological evaluation,
which showed a significant reduction in adult mosquito populations
in Tanga and Lushoto, but not in Handeni Council (Gavana et al., in
press). Measuring an impact on malaria incidence is inherently more
difficult, and in this study, the epidemiological investigation did not
demonstrate a substantial health impact (Kailembo et al., 2025). It is
important to note that the scope of this manuscript was not to
evaluate the intervention’s impact but rather to understand the
perceptions of the implementers and the communities regarding
malaria and the larviciding intervention, with the goal of informing
potential scale-up plans.

Furthermore, this study was conducted in three councils within
the Tanga Region, covering rural, peri-urban, and urban settings.
While this provides valuable insights into stakeholder and
community perceptions of the larviciding intervention, the
findings may not fully capture the diversity of contexts across
Tanzania. Consequently, the results should be interpreted with
caution, and generalization to the entire country may not be
appropriate. Future studies including multiple regions with varied
ecological, socioeconomic, and cultural contexts are recommended
to provide a more comprehensive understanding of the
acceptability and sustainability of larviciding in Tanzania.

Conclusions

The larviciding intervention in the Tanga Region was perceived as
safe and effective and was generally well accepted by the community.
The key factors facilitating its success included training, incentives,
equipment availability, and supportive supervision. On the other hand,
challenges such as CORP turnover, transport limitations, discontinuous
larviciding, and too large areas for CORPs to cover affected its reach and
effectiveness. Successful and effective implementation of larviciding in
SSA will have to take into account these challenges, in addition to those
reported by other studies in the region.
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