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Abstract. Larval source management (LSM) could reduce malaria transmission when executed alongside core vector
control strategies. Involving communities in LSM could increase intervention coverage, reduce operational costs, and
promote sustainability via community buy-in. We assessed the effectiveness of community-led LSM to reduce anophe-
line larval densities in 26 villages along the perimeter of Majete Wildlife Reserve in southern Malawi. The communities
formed LSM committees which coordinated LSM activities in their villages following specialized training. Effectiveness of
larviciding by LSM committees was assessed via pre- and post-spray larval sampling. The effect of community-led LSM
on anopheline larval densities in intervention villages was assessed via comparisons with densities in non-LSM villages
over a period of 14 months. Surveys involving 502 respondents were undertaken in intervention villages to explore com-
munity motivation and participation, and factors influencing these outcomes. Larviciding by LSM committees reduced
anopheline larval densities in post-spray sampling compared with pre-spray sampling (P , 0.0001). No differences were
observed between anopheline larval densities during pre-spray sampling in LSM villages and those in non-LSM villages
(P5 0.282). Knowledge about vector biology and control, and someone’s role in LSMmotivated community participation
in the vector control program. Despite reducing anopheline larval densities in LSM villages, the impact of the community-led
LSM could not be detected in our study setting because of low mosquito densities after scale-up of core malaria control
interventions. Still, the contributions of the intervention in increasing a community’s knowledge of malaria, its risk factors,
and its control methods highlight potential benefits of the approach.

INTRODUCTION

In recent years, there has been renewed interest in larval
source management (LSM) as a complementary tool for
malaria control in Africa.1,2 LSM has contributed to reductions
in adult vector populations3 and malaria burden, especially
where it has been integrated with other vector control tools.4

Currently, LSM remains less widely adopted for malaria con-
trol in many African countries often because of a knowledge
gap in local larval mosquito vector ecology,5,6 concerns about
inefficiency of ground applications of nonresidual larvicides7

and costs of large-scale implementation,8,9 and lack of local
evidence of its impact in malaria control.10

The two most common types of LSM are habitat modifica-
tion and larviciding. Habitat modification involves physical
manipulation of a larval habitat through draining, filling, and
land leveling.11 This could be considered a more sustainable
method as habitats are permanently disrupted to become
unfavorable for mosquito breeding. Larviciding is usually
done by application of an endotoxin-producing bacterial lar-
vicide, Bacillus thuringiensis var. israelensis (Bti), rather than
synthetic insecticides.12–15 Although Bti is target species–
specific due to the presence of membrane receptors in
dipteran insects, poses no harm to the environment, has
reduced probability for development of resistance16–25 and
is cost-effective,16,26 larviciding in areas with numerous
breeding sites is logistically demanding.13,27

Wherever LSM has been implemented, vertical management
approaches have had little community involvement.28–31 There
is growing recognition of the need for partnerships between
experts and communities in vector management27,32–38 to
ensure sustainability6,34 and increased intervention acceptabil-
ity and uptake.39,40 Nevertheless, it remains unclear whether
community-led LSM is feasible and effective in reducing
anopheline larval densities in rural areas. Here we assessed
community motivation and participation in Bti larviciding and
habitat management, and effect on anopheline larval densities.
This will provide evidence on the potential of community-led
LSM in reducing the malaria risk in settings with numerous
aquatic habitats.

METHODS

Study area. The study was conducted in 46 villages along
the perimeter of the Majete Wildlife Reserve in Chikwawa
District (16�19S; 34� 479E), southern Malawi, as part of a
community-led malaria control research program, Majete
Malaria Project (MMP). The MMP was implemented in 65
villages along the perimeter of the wildlife reserve,37,38

divided into three subregions called focal areas A, B, and C
(Figure 1).41 As a cluster randomized control trial to assess
the additive effects of community-based house improve-
ment (HI) and LSM to the interventions of the Malawi
National Malaria Control Program, village clusters under
MMP were randomly allocated to one of four trial arms: 1) a
control arm, 2) HI, 3) LSM, and 4) HI1LSM. The Malawi
National Malaria Control Program interventions and commu-
nity engagement were applied in all arms. To reduce contam-
ination risk between trial arms, each cluster was separated
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from the others by at least 800 m.42 In the current study, we
sought to assess community motivation and participation in
Bti larviciding and habitat management, and the effect on
anopheline larval densities; hence only LSM villages (i.e.,
LSM and LSM1HI) were selected. These villages are, in this
study, collectively referred to as LSM or intervention villages,
and the remaining villages are referred to as non-LSM vil-
lages. Effectively, the study was conducted in 26 LSM and
20 non-LSM villages.
Chikwawa district is predominately rural, with most people

in the study area raising livestock, including cattle, goats
and pigs, and practicing subsistence farming, cultivating
predominantly maize and millet. The district is generally hot
and dry from September to December, hot and rainy from
January to April, and dry with mild temperatures from June
to August. Most of the terrain in the study area is flat and lies
within two river valleys situated alongside hilly, highland
areas along the north and west of the study area. The avail-
ability of water, especially in the rainy season, and prolonged
high temperatures create favorable humid conditions for
mosquitoes in the area. There is a wide variety of potential
larval habitats for anophelines in the area, including dams,
swamps, ponds, borehole runoffs and drainage channels.43

The malaria vectors Anopheles gambiae s.s., An. arabiensis,
and An. funestus are all present in Chikwawa district.18

Description of community-led activities. In this study,
LSM activities were conducted by local communities. As part
of MMP, all 65 villages in the study area were part of an inten-
sive community engagement program focusing on community
workshops led by trained volunteers called health animators
(HAs).44 One or two HAs (based on village size) were selected
by village heads and members of the community to coordinate
the local malaria control initiatives.37 Before commencement of
their work, the HAs received training from the MMP research
team in collaboration with The Hunger Project—Malawi
(THP), Ministry of Health (Chikwawa District Health Office),
and African Parks—Majete on malaria-related topics on a tai-
lored curriculum.
In LSM villages, the HAs received additional training spe-

cific to LSM. Together with village heads and other commu-
nity leaders, the HAs facilitated the selection of groups of
between 10 to 12 volunteers per LSM village to form “LSM
committees.” These groups were tasked with coordinating all
the LSM activities in their respective communities, including
mapping of all potential mosquito larval habitats in their vil-
lages, facilitating draining and filling of habitats, planning and
conducting weekly Bti-treatment of all potential habitats
holding water in their villages, and reporting to both the MMP
research team (through field supervisor) and their communi-
ties via written reports and village workshops, respectively.

FIGURE 1. Map of Majete Wildlife Reserve and the Majete Perimeter showing the three focal areas.
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The general community assisted each LSM committee with
larval habitat management through draining or filling potential
larval habitats.
In May 2016, before the LSM activities, the LSM commit-

tees received trainings focused on 1) the role of mosquitoes
in malaria transmission; 2) recognizing mosquito larvae; 3) the
biology of mosquitoes; 4) mosquito larval habitats; 5) control
of mosquitoes via disruption of larval habitats; 6) habitat
draining, filling, and larviciding as control tools; 7) activity of
Bti as a larvicide; 8) operation of spraying machines; 9) Bti-
water measurements and spraying; 10) tracking longitudinal
changes on numbers and sizes of habitats containing water
over time; 11) intervention evaluation; 12) activity reporting;
and 13) planning. The training sessions incorporated many
practical aspects where the participants were first introduced
to the parts of a sprayer and its assemblage followed by
preparation of Bti-water mixtures following guidelines by the
larvicide manufacturers. The training sessions also involved
actual spraying of mosquito larval habitats with predeter-
mined amounts of Bti based on the surface area of the water
body. Assessment of the efficacy of the spraying activities
and reporting to the research team and their communities
were the last pieces of the training sessions. To manage the
activities effectively and cover all potential mosquito larval
habitats, the LSM committees, in liaison with community
members and HAs, developed work plans and drew maps of
their villages detailing all the potential habitats (Figure 2).
Habitat-tracking forms were developed to guide the commit-
tees in tracking habitat presence and size, and also to the
spraying activities’ efficacy on larval densities. After comple-
tion by the LSM committees, copies of the habitat-tracking
forms were sent to a THP project officer who later forwarded
them to the MMP field supervisor.

Evaluation of community-led larviciding. To assess the
effect of community-led Bti-treatment on anopheline larval
densities, the MMP research team conducted independent
larval density sampling surveys in Bti-treated water bodies in
LSM villages, as well as in water bodies in non-LSM villages.
In these surveys, three water bodies per village were selected
using a “spin-the-bottle” method (Supplemental Appendix 1)
every 2 to 3 months (termed a “round”). The timing of each
round was set to enable the research team to carry out other
project activities and did not affect the weekly larviciding
activities by LSM committees. Because of dry spells preva-
lent during the study period, no or fewer than three habitats
were effectively visited in some villages. Because of the scar-
city of water-containing habitats, seven non-LSM villages did
not have any habitats to sample throughout the four surveys.
Five rounds of anopheline larval density surveys over 14
months (April 2017–May 2018) were undertaken in LSM vil-
lages, whereas four rounds over 11 months (July 2017–May
2018) were conducted in the non-LSM villages. In round 1,
the larval density sampling was conducted in LSM villages
only, whereas rounds 2 through 5 were undertaken in LSM
and non-LSM villages.
For each larval density survey, every selected larval habitat

in the LSM villages had a pre-spray survey done at least 4
days after the previous Bti application and either 1, 2, or 3
days before the next Bti application, and a post-spray survey
done 2 or 3 days after the last application of Bti. The two sur-
veys would respectively establish whether any larvae were
present in the habitat before Bti was applied and determine
whether the Bti effectively killed the larvae in the habitat.
Because there was no Bti treatment in non-LSM villages, lar-
val density surveys in selected habitats did not include
post-spray surveys. We assumed that consistent application

FIGURE 2. Community participatory mapping of potential mosquito breeding sites.
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of Bti would suppress anopheline larval densities over time
in LSM villages and hence enable comparisons of pre-spray
larval densities in LSM villages with larval densities in
non-LSM villages.
The number of larval sampling points at each habitat was

dependent on the habitat’s perimeter. One sampling point
was selected for habitats with perimeters # 10 m. Two and
three samples were taken at habitats with perimeters . 10
m but , 30 m and . 30 m, respectively. For each sample, a
circular aluminum tin, open on both ends, 27 cm in diameter
and 45 cm high was used. This “area sampler” has been
shown to be effective for sampling of larvae.45 Within poten-
tial larval habitats, the area samplers were placed in posi-
tions with the following characteristics: 1) water did not
exceed 30 cm; 2) locations arrived at after evenly dividing
habitat perimeter by the number of sampling points, except
for habitats with perimeters # 10 m; and 3) at least 75% of
the area sampler covered with water. All mosquito larvae
and pupae were collected from within the area sampler using
a 300-mL dipper, fish net, and pipette. The collected larvae
were sorted by subfamily, anopheline, or culicine. All anoph-
eline larvae were further sorted into separate instar stages.
The sum of all anopheline larvae collected per area sampler
divided by the number of samples taken for the habitat on
the same day yielded the anopheline larval density for each
habitat.43 Each habitat was geo-referenced during sampling.
For each larval habitat, data were collected on water depth,
permanence, and presence of aquatic vegetation. Water
depth was reported as an average from three measurements
performed at randomly selected positions along the edges
and in the center of the larval habitat. All the data were
recorded on an Open Data Kit (ODK) form uploaded on a
tablet.
Knowledge, attitude, and practice survey of communities

involved in larval control of malaria vectors. A knowledge,
attitude, and practice (KAP) survey was conducted to under-
stand the factors enhancing or hampering community partic-
ipation in the LSM activities with community members from
the 26 LSM villages. This survey was not conducted in the
non-LSM villages. Data were collected through a standard
structured questionnaire developed in English and uploaded
on a Samsung tablet (Supplemental Appendix 2). Two
groups of respondents were enrolled in the study: 1) HAs
and LSM committee members, who had all received training
directly from the project, and 2) members from the general
community. For each LSM village, participants were system-
atically selected from a randomized list of household heads.
Any household member present at the time who was older
than 18 years was asked to participate. If eligible partici-
pants were not available or present in a selected household,
an eligible participant was sought from the nearest neighbor-
ing house. To ensure sufficient representation of the HAs
and LSM committee members in the study, five LSM com-
mittee members and all HAs from each LSM village (N5 149
and N 5 25, respectively) were included in the interviews.
The tablet-based question guides were administered by
trained research assistants in the local language, Chichewa,
and entered in English. The question guides included ques-
tions on demographic features, knowledge on malaria, mode
of transmission, symptoms, possibilities for vector control
and methods, and motivation and participation in LSM activ-
ities. Before data collection commenced, 1 day of training

was conducted for research assistants to familiarize them-
selves with the questionnaire. After this, a 1-day field pilot
was organized to practice the questionnaires in a real-life
setting and adjust the questions as needed.
Ethical statement. The KAP survey was carried out in

conformity with the principles of human subjects’ protection.
Ethical approval was obtained from the College of Medicine
Research and Ethics Committee (protocol number P.12/17/
2222). Before data collection activities commenced, key
gatekeepers were sensitized and informed on the purpose of
the study. Permission was sought from chiefs for entry into
the communities. The participants were clearly informed on
the purpose of the study and the potential risks and benefits
of participating in it. The participants were further informed
about their rights to participate in the research, including the
right to refuse or withdraw from participation without nega-
tive consequences. Written informed consent was obtained
from all participants during data collection.
Data analysis. Zero-inflated negative binomial (ZINB)

models accounting for both over-dispersion and excess zeros
in the data were fitted to elucidate differences in anopheline
larval densities between non-LSM and LSM villages, and dur-
ing pre- and post-Bti spray surveys in LSM villages. The nega-
tive binomial component was fitted with a log link, and the
zero-inflated component was fitted with a logit link.
For the KAP survey data, the responses to the question-

naire’s open-ended questions were coded after completion of
the survey. x2 tests were used to examine whether the distribu-
tion of individuals among the categories of one variable was
independent of their distribution among the categories of
another. Multivariable binary logistic regression analyses of
participants’ responses and characteristics were used in a
backward stepwise approach to explain variations in respond-
ents’ motivation and participation in the community-led LSM.
The automated step methods reduce the number of indepen-
dent variables in a model to come up with a smaller but effec-
tive set of independent variables. All data were analyzed using
SPSS version 20 (SPSS, Inc., Chicago, IL).

RESULTS

Anopheline larval densities. Between April 2017 and
May 2018, the research team made 561 visits to potential
larval habitats in 39 villages to monitor anopheline larval den-
sities. In total, 251 habitats in LSM villages were visited for
pre-spray surveys with 214 of these revisited for post-spray
surveys. An additional 96 habitats were visited in non-LSM
villages. Seven of the 20 non-LSM villages included in the
study did not have water-filled habitats during the larval
sampling periods.
The densities of anopheline larvae in pre-spray and

post-spray sampling in LSM villages ranged from 0 to 46
(median 5 0) and 0 to 23 (median 5 0), respectively. On the
basis of the ZINB model, fewer anopheline larvae were
observed in post-spray surveys compared with the corre-
sponding pre-spray surveys across the five rounds of sam-
pling (P, 0.0001) (Table 1). Compared with the other rounds
(i.e., 2–5), significantly more anopheline larvae were col-
lected in round 1 (P, 0.0001).
The ZINB model showed no significant differences in

anopheline larval densities between the LSM and non-LSM
villages during the pre-spray surveys in rounds 2 to
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5 (P 5 0.282) (Table 2). The median value of larval densities
per round was zero in both LSM and non-LSM villages
(range: 0–2.25).
Community KAP in malaria control via LSM. Demo-

graphic characteristics. A total of 502 participants participated
in the KAP study conducted in LSM villages only. The majority
of participants, 44.2%, belonged to the 26- to 40-year age
group (Table 3). Most of the participants were female (60.8%),
had primary school education (55.8%), and were engaged in
subsistence farming as their primary occupation (67.5%).
HA1LSM committee members were younger, more educated
and less likely to be unemployed compared with community
participants (Table 3).
Perceived susceptibility of malaria. On the basis of

responses about whom they perceived to be most at risk of
malaria, 59.6% and 55.6% of participants from the general
community and HAs1LSM committee members, respec-
tively, cited children aged under 5 years (Table 4). Pregnant
women were considered the second most susceptible
group, with 22% and 28% of participants from the general
community and HAs1LSM committee members, respec-
tively, mentioning this risk group.
Knowledge of mode of spread of malaria. Mosquito

bites were mentioned by 98% of respondents as the mode

of malaria transmission. Fly bites, soaking in rain, witchcraft,
and no idea were incorrect responses from the remaining 2%
of respondents. The two respondent groups’ responses were
not significantly different, (x2 5 0.626, df 5 1, P 5 0.429) in
this respect.
Of the 98% of respondents who mentioned mosquito bites

as the mode of spread of malaria, 58% correctly mentioned
female anophelines as the vector. Differences in this knowl-
edge were observed between the two respondent groups
(x2 5 99.129; df 5 2; P , 0.001) with more HAs1LSM com-
mittee members (86.8%) than participants from the general
community (43.3%) providing the correct answer.
Knowledge of mosquito larvae. Significantly more HAs1

LSM committee members mentioned their ability to recog-
nize mosquito larvae (95.9%) than participants from the gen-
eral community (31%) (x2 5 194.117; df 5 1; P , 0.001).
Further, significantly more HAs1LSM committee members
(90.2%) than members from the general community (0%)
mentioned being able to distinguish culicine from anopheline
larvae: x2 5431.838, df5 1, P, 0.001.
Knowledge of mosquito larval habitats. When asked

where mosquito breeding takes place in their communities,
many potential larval habitat types were cited (Table 5). Inter-
estingly, human-made habitats such as borehole runoffs,

TABLE 1
Summary results of the ZINB model and the effects of the different variables on anopheline larval densities in LSM villages

Variable Coef. SE

95% CI

Z P valueLower Upper

Round
1
2 24.17348 0.748637 25.64078 22.70618 25.57 <0.0001
3 24.77879 0.835139 26.41564 23.14195 25.72 <0.0001
4 25.52657 0.928054 27.34552 23.70762 25.96 <0.0001
5 24.68364 0.753156 26.1598 23.20748 26.22 <0.0001

Survey type
Pre
Post 22.11744 0.597716 23.28894 20.94594 23.54 <0.0001
Constant 4.747347 1.110279 2.57124 6.923454 4.28 <0.0001

Variables explaining zero inflation
Constant 225.8355 228307.2 2447500 447448.1 0 1
ln a 2.807609 0.183539 2.44788 3.167338 15.3 <0.0001
a 16.57025 3.04128 11.5638 23.74419
Coef.5 coefficient; LSM5 larval source management; SE5 standard error; ZINB5 zero-inflated negative binomial.
P values in bold are significant at alpha5 0.05.

TABLE 2
Summary results of the ZINB model and the effects of the different variables on anopheline larval densities in LSM and non-LSM villages

Variable Coef. SE

95% CI

Z P valueLower Upper

Round
2
3 20.67728 0.989127 22.61594 1.26137 20.68 0.494
4 21.48787 1.282507 24.00154 1.025799 21.16 0.246
5 0.45203 0.686627 20.89373 1.797794 0.66 0.51

Intervention arm
LSM
Non-LSM 20.66428 0.617747 21.87505 0.546478 21.08 0.282
Constant 22.35765 0.996688 24.31112 20.40417 22.37 0.018

Variables explaining zero inflation
Constant 227.1811 419524.7 2822281 822226.1 0 1
ln a 21.88327 5.984252 213.6122 9.845654 20.31 0.753
a 0.152093 0.910162 1.23E-06 18876.14
Coef.5 coefficient; LSM5 larval source management; SE5 standard error; ZINB5 zero-inflated negative binomial.
Here only pre-spray data from LSM villages were used and these were compared to results from non-LSM villages. P values in bold are significant at alpha5 0.05.
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dams, brick pits, wells, and pit latrines were the most men-
tioned larval habitats. Ordered in terms of frequency of
responses, borehole runoffs and dams were most often
mentioned. Wells and pit latrines were the second and third
most mentioned habitat types, even though the latter are
generally not considered anopheline breeding sites.
Knowledge of mosquito control methods. Concerning

knowledge or experience with mosquito control methods,
participants’ responses from the general community differed
from those of HAs1LSM committee members (x2 5 41.043;
df 5 4; P , 0.001). For example, 4.9% of the participants
from the general community listed incorrect methods such
as cleaning the house and clearing bushes. No HA1LSM
committee member listed an incorrect method.
Vector control. Ninety-six percent of all respondents felt

that mosquitoes could be controlled. Of those participants
who believed otherwise, 5% and 0.6% were participants

from the general community and HAs1LSM committee
members, respectively. These differences were significant
(x2 5 6.984; df 5 1; P 5 0.008). Among the reason why
some participants did not believe that mosquitoes can be
controlled were 1) it is difficult to locate all mosquito larval
habitats, 2) there are insufficient preventive measures avail-
able, 3) preventive measures are inefficient, and 4) the level
of community involvement in vector control initiatives is
never adequate.
Perception of habitat creation and importance. When

asked about the preferred environment for mosquito breed-
ing, 88.7% of participants from the general community, and
79.9% of the HAs1LSM committee members considered
standing dirty water to be the preferred environment for
mosquito breeding. The responses invited further questions
prompting whether the standing water served any purposes
in the communities. Table 6 summarizes the responses on
habitat creation and importance to human activities. Regard-
ing importance, 37.5% and 43% of participants from the
general community and HAs1LSM committee members,
respectively, considered the habitats important. Of those par-
ticipants in the former group who attached importance to the
habitats, 67.1%, 28.9%, and 4.1% related the habitats to
domestic, agricultural, and brick-making purposes, respec-
tively. As for the HAs1LSM committee members, slightly
more than half (51%) of those who felt that the habitats were
important related the importance to domestic purposes. Fur-
ther, 46.1% and 2.9% of the HAs1LSM committee members
associated the habitats with agricultural purposes and brick
making, respectively. Overall perception about habitat impor-
tance did not differ significantly between the two respondent
groups (x2 5 1.495; df5 1; P5 0.222).
Factors influencing motivation and participation in

LSM. Multivariate binary logistic regression analysis associ-
ated correct knowledge of Bti as a mosquito control tool in
participants from the general community with reported moti-
vation in LSM activities (Wald 5 0.253; df 5 1; P , 0.001).
For HAs1LSM committee members, motivation was associ-
ated with the ability to recognize mosquito larvae (Wald 5
9.841; df5 1; P5 0.002).
Concerning participation in the LSM activities, binary logis-

tic regression using the same set of variables as in the above

TABLE 3
Summary of socio-demographic characteristics of the study

participants from LSM villages

Characteristics
Participants from the
general community

HAs1LSM
committee members

Total participants 328 174
Gender (x2 5 3.483; df 5 3; P 5 0.062)

Male 119 (36.3) 78 (44.8)
Female 209 (63.7) 96 (55.2)

Age (x2 5 18.261; df 5 3; P , 0.001)
18–25 94 (28.7) 47 (27.0)
26–40 126 (38.4) 96 (55.2)
41–64 81 (24.7) 27 (15.5)
651 27 (8.2) 4 (2.3)

Education (Fisher’s exact 5 13.062; P 5 0.002)
None 99 (30.2) 28 (16.1)
Primary 171 (52.1) 109 (62.6)
Secondary 57 (17.4) 37 (21.3)
Tertiary 1 (0.3) 0 (0.0)

Occupation (Fisher’s exact 5 9.958; P 5 0.039)
None 19 (5.8) 3 (1.7)
Manual labor 51 (15.5) 23 (13.2)
Farmer 214 (65.2) 125 (71.8)
Business 33 (10.1) 22 (12.6)
Formal employment 11 (3.4) 1 (0.6)
HA5 health animator; LSM5 larval source management.
The x2 tests indicate comparisons between the participants from the general community

and HAs1LSM committee members.

TABLE 4
People perceived to be the most at risk of malaria by study participants from LSM villages

Characteristic

Frequency of responses (%)

Statistic
Participants from the
general community

HAs1LSM
committee members

Total number of responses 403 257
Children , 5 240 (59.6) 143 (55.6) x2 5 5.107; df 5 1; P 5 0.024
Youth , 15 1 (0.2) 1 (0.4) x2 5 0.209; df 5 1; P 5 0.648
Women 8 (2.0) 1 (0.4) x2 5 2.244; df 5 1; P 5 0.134
Pregnant women 73 (18.1) 72 (28.0) x2 5 20.240; df 5 1; P < 0.001
Adults 1 (0.2) 1 (0.4) x2 5 0.209; df 5 1; P 5 0.648
Elderly 11 (2.7) 6 (2.3) x2 5 0.003; df 5 1; P 5 0.956
Farmers 2 (0.5) 3 (1.2) x2 5 1.432; df 5 1; P 5 0.231
Those not using preventive measures 15 (3.7) 4 (1.6) x2 5 1.615; df 5 1; P 5 0.204
Those with a weak immune system or AIDS 2 (0.5) 2 (0.8) x2 5 0.419; df 5 1; P 5 0.517
Those living close to mosquito aquatic habitats 2 (0.5) 0 (0.0) x2 5 1.065; df 5 1; P 5 0.302
Nonresidents 0 (0.0) 13 (5.1) x2 5 25.157; df 5 1; P < 0.001
Anyone 45 (11.2) 10 (3.9) x2 5 7.407; df 5 1; P 5 0.006
No idea 3 (0.7) 1 (0.4) x2 5 0.166; df 5 1; P 5 0.648

HA5 health animator; LSM5 larval source management.
The x2 tests indicate comparisons between participants from the general community and HAs1LSM committee members. P values in bold are significant at alpha5 0.05.
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associated participation by participants from the general
community with knowledge of mosquito aquatic habitats
(Wald 5 5.057; df 5 1; P 5 0.025) and knowledge of Bti as a
mosquito control tool (Wald 5 20.286; df 5 1; P , 0.001).
For the HAs1LSM committee members, participation in LSM
activities was driven by their ability to recognize mosquito lar-
vae (Wald5 11.55; df5 1; P5 0.001).

DISCUSSION

Larviciding with Bti by trained community members (i.e.,
LSM committees) was effective in reducing larval densities
within water bodies as evidenced by lower densities during
post-spray surveys than pre-spray surveys. When compared
with non-LSM villages, the community-led LSM did not,
however, contribute significantly to reductions in anopheline
larval densities in intervention villages, although larval densi-
ties in LSM villages decreased over time. The LSM commit-
tee members and HAs exhibited overall higher motivation
and participation in the LSM activities. The ability to

recognize mosquito larvae in water bodies, the knowledge
about mosquito aquatic habitats and about Bti as a mos-
quito control tool positively influenced both motivation and
participation in community-led LSM.
Contrary to our hypothesis, no differences in anopheline

larval densities were observed between non-LSM villages
and LSM villages during pre-spray surveys. The comparison
of pre-spray survey densities in LSM villages with the densi-
ties in non-LSM villages was based on the assumption that
consistent and repeated weekly applications of Bti would
induce longitudinal reductions in the anopheline larval densi-
ties and that the effects would be reflected even during sub-
sequent pre-spray surveys. Given that larval densities in
both LSM and non-LSM villages were low during the study
period, this absence of differences in larval densities is likely
due to 1) the high coverage after mass distribution of
long-lasting insecticidal nets in 2016 in the study villages,
which may have suppressed vector populations overall,46,47

and 2) the unusually low precipitation experienced during
the study period, which reduced the number of habitats

TABLE 5
Knowledge of anopheline breeding habitats by study participants from LSM villages

Characteristic

Frequency of responses (%)

StatisticParticipants from the general community HAs1LSM committee members

Total responses 767 466
Pit latrine 79 (10.3) 45 (9.7) x2 5 0.193; df 5 1; P 5 0.660
Rice paddies 4 (0.5) 0 (0.0) x2 5 2.139; df 5 1; P 5 0.144
Wells 83 (10.8) 63 (13.5) x2 5 6.551; df 5 1; P 5 0.010
Drainage channels 30 (3.9) 12 (2.6) x2 5 0.751; df 5 1; P 5 0.386
Borehole run-offs 133 (17.3) 47 (10.1) x2 5 9.059; df 5 1; P 5 0.003
Dams 97 (12.6) 72 (15.5) x2 5 7.096; df 5 1; P 5 0.008
Stream beds 59 (7.7) 42 (9.0) x2 5 2.676; df 5 1; P 5 0.102
Freshwater marshes 67 (8.7) 35 (7.5) x2 5 0.007; df 5 1; P 5 0.934
Tyre tracks 4 (0.5) 2 (0.4) x2 5 0.005; df 5 1; P 5 0.945
Brick pits 89 (11.6) 40 (8.6) x2 5 1.023; df 5 1; P 5 0.312
Construction ditches 22 (2.9) 25 (5.4) x2 5 7.862; df 5 1; P 5 0.005
Hoof prints 2 (0.3) 16 (3.4) x2 5 24.41; df 5 1; P < 0.001
Ponds 14 (1.8) 10 (2.1) x2 5 0.546; df 5 1; P 5 0.460
Rain pools 48 (6.3) 27 (5.8) x2 5 0.070; df 5 1; P 5 0.792
Run-off from natural source 9 (1.2) 2 (0.4) x2 5 1.349; df 5 1; P 5 0.246
Water storage containers 10 (1.3) 25 (5.4) x2 5 22.457; df 5 1; P < 0.001
Tree holes 1 (0.1) 0 (0.0) x2 5 0.532; df 5 1; P 5 0.466
Bathroom run-offs 13 (1.7) 3 (0.6) x2 5 1.848; df 5 1; P 5 0.174
Any place with water 1 (0.1) 0 (0.0) x2 5 0.532; df 5 1; P 5 0.466
No idea 2 (0.3) 0 (0.0) x2 5 1.065; df 5 1; P 5 0.302
HA5 health animator; LSM5 larval sourcemanagement.
The x2 tests indicate comparisons between participants from the general community and HAs1LSM committee members. P values in bold are significant at alpha5 0.05.

TABLE 6
Perception on larval habitat importance and creation by study participants from LSM villages

Characteristic

Numbers (and percentage) of responses

StatisticParticipants from the general community HAs1LSM committee members

Habitat importance x2 5 1.495; df 5 1; P 5 0.222
Total responses 146 104
Domestic purposes 98 (67.1) 53 (51.0) x2 5 0.018; df 5 1; P 5 0.892
Agricultural purposes 42 (28.8) 48 (46.1) x2 5 16.053; df 5 1; P < 0.001
Brick-making purposes 6 (4.1) 3 (2.9) x2 5 0.007; df 5 1; P 5 0.933

Habitat creation x2 5 5.476; df 5 1; P 5 0.019
Total responses 155 113
Domestic purposes 73 (47.1) 28 (24.8) x2 5 2.688; df 5 1; P 5 0.101
Agricultural purposes 23 (14.8) 35 (31.0) x2 5 19.100; df 5 1; P < 0.001
Brick-making purposes 59 (38.1) 50 (44.2) x2 5 7.726; df 5 1; P 5 0.005
HA5 health animator; LSM5 larval sourcemanagement.
The x2 tests indicate comparisons between participants from the general community and HAs1LSM committee members. P values in bold are significant at alpha5 0.05.
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containing water and also larval populations, also in the
non-LSM villages. Indeed, low adult mosquito densities over
the same period in the study area were reported.48 A third
possibility may be the result of a “spillover effect” of the
cluster randomized trial design: relatively short distances
between LSM and non-LSM villages42 may have allowed
mosquitoes to fly between the villages resulting in contami-
nation of the LSM villages. However, although anopheline
mosquitoes can fly further than the 800-m buffers estab-
lished for this study with the aid of wind,49 most mosquitoes
likely remain close to their larval habitats and houses, where
suitable hosts reside.50

Our results from the KAP survey indicate that the majority
of participants from the LSM villages had sufficient knowl-
edge about people most at risk of malaria, its spread, vector
larval habitats, and control efforts. It was also clear that,
according to these results, the community realized that vec-
tor control is possible. Despite this knowledge, there was
less participation by members of the community in the habi-
tat draining and filling activities than by HAs1LSM committee
members. One of the reasons for not removing water bodies
may have been the important functions these habitats
served, as also revealed by our KAP survey. In this study, the
five most mentioned habitat types were human-made, and
most of them served domestic and agricultural purposes.
Similar conflicting interests were observed in Kenya,51,52

where communities were not willing to remove sites they
deemed important for their livelihoods. Apart from the need
for deliberate efforts by the government to make Bti more
accessible by communities, other alternative larval control
interventions that reduce larval densities without removing
the water sources need to be explored as well.53

Motivation and participation in the community-led LSM
were associated with ability to recognize mosquito larvae,
which probably increased understanding about the risk of
malaria and the need to manage the breeding sites. The
LSM curriculum developed by the MMP for LSM committees
emphasized understanding of the malaria topic and also
gaining leadership skills for proper execution and manage-
ment of the intervention. It was clear that the tailored train-
ings given to the LSM committee members instilled both
knowledge of malaria risk and also a sense of ownership of
the intervention. This, to a greater extent, set the committee
members apart from the other members of the community. It
could thus be suggested that for successful implementation
of community-led disease control initiatives, investment
should be directed toward training selected groups of peo-
ple to become “local experts,” with greater understanding of
their problems because this would promote local leadership
and ownership of the initiative.

CONCLUSIONS

Participation in LSM is dependent on community knowl-
edge about vector biology and control and about roles
assigned to individuals in the intervention. Although effective
in increasing a community’s knowledge about malaria and
its risk factors and control methods, community-led LSM did
not significantly contribute to reductions in anopheline larval
densities in the setting of our study where core malaria con-
trol interventions had been scaled up.
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