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Background: In 2015 and 2016, the Bioko Island Malaria Control Project (BIMCP)
introduced a pilot larvicide program, which recruited local volunteers to assess the
sustainability and effectiveness of community-led larval source management. This study
evaluates the effectiveness of the community-led LSM program to determine if this type of
intervention could be used as a sustainable malaria control method on Bioko Island.
Methods: The pilot program was split into two phases, both taking place between
February and December, with phase I in 2015 and phase II in 2016. During phase I, the
BIMCP team assisted in identifying and treating Anopheles species mosquito breeding
habitats. During phase II, community volunteers, with supervision from designated
community leaders, identiﬁed and treated breeding habitats. Larval source
management took place at thirteen locations around the Island during both phases.
Human landing catches were conducted at seven sentinel sites once every month for the
duration of the study period to determine average nightly biting rates.
Results: During phase I, 1,033 breeding sites were identiﬁed with a 100% treatment
coverage rate. Only 970 breeding sites were identiﬁed in phase II with a 75% treatment
coverage rate, a signiﬁcant decrease from phase I (p<0.001). Between phase I and phase
II, larvicide usage also decreased by 45% (95% CI: 32, 59%, p=0.003). However,
excluding the sentinel site Balboa, vector density showed a nonsigniﬁcant (p=0.272)
relationship between phase I and phase II.
Conclusion: Overall, community-based larval source management can be effective with
strong operational management and oversight. However, repeated training and evaluation
will be necessary to monitor the effectiveness and sustainability of such interventions.
Keywords: larval source management, vector control, community-based program, entomological monitoring,
Bioko island, Anopheles
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Bioko Island, Balboa was the only location situated on the
Eastern coastline. Due to the BIMCP’s established presence
within the communities, these sites were selected. Phase I
occurred between February to December in 2015 and phase II
between the same months in 2016.

BACKGROUND
Over the past decade, malaria control programs have made
signiﬁcant strides in reducing malaria morbidity and mortality
(1) through the use of indoor residual spraying (IRS) and longlasting insecticidal nets (LLINs) (2–4). These control measures
have prevented an estimated 663 million malaria cases between
2000 and 2015 (5, 6). Since 2004, the Bioko Island Malaria
Control Project (BIMCP) has substantially reduced the burden of
malaria on Bioko Island, Equatorial Guinea (7–10). The BIMCP
has relied on IRS campaigns and mass distributions of LLINs,
with IRS coverage rates between 80% and 92% in recent spray
campaigns (10, 11). Despite signiﬁcant success in decreasing the
parasite prevalence in 2-14-year-old children from 45% in 2004
to 11.1% in 2016, at the time of this study, malaria remains a
signiﬁcant health concern with year-round transmission (7, 8).
Through sustained vector control, both An. funestus and S
form An. gambiae s.s. populations were eliminated from the
Island, leaving An. coluzzii and An. melas as the primary vector
species (8, 12). Outdoor host-seeking behaviors within these
mosquito populations have increased from 58.8% in 2009 to 70%
in 2014 (12). Insecticide resistance has also posed a threat to the
efﬁcacy of IRS and LLINs on Bioko Island, where mosquito
mortality rates from deltamethrin dropped from 97% in 2013 to
38% in 2016 (10, 13–15). The increasing threat of insecticide
resistance and changes in biting behavior of malaria mosquito
vectors have led to a renewed interest in larval source
management (LSM) as a supplement to core vector control
strategies (4, 8, 12, 16–19). The primary goal of LSM is to
decrease the number of pupae and larval instars that can
develop into adult mosquitoes through habitat modiﬁcation,
biological control, and applying larvicides like Bacillus
thuringiensis israeliensis (Bti) (4). Deploying Bti as a larvicide
costs roughly one-third of the annual per capita cost for antimalaria drugs and LLINs while also reducing densities of indoor
and outdoor biting mosquitoes and other secondary vectors
(4, 20).
In 2015, the BIMCP introduced a pilot Bti larviciding
initiative that trained local communities to identify breeding
sites and deploy LSM treatments. The objective of this study
was to measure the effectiveness of the community-led LSM
program compared to the BIMCP managed LSM program on
Bioko Island.

Application of Larvicide
A total of ninety-two volunteers were selected to participate in
the pilot larviciding program. BIMPC team members took
regular attendance of participates during both phases of the
pilot program. In phase I of the program, the vector control/
entomology team from BIMCP assisted community volunteers
in properly deploying LSM. The BIMCP team provided training
on proper breeding site identiﬁcation and treatment and worked
alongside volunteers weekly throughout phase I. Additionally,
breeding sites missed by volunteers were treated by the BIMCP
team. In phase II, volunteers were solely responsible for
identifying and treating the breeding sites under the
supervision of community leaders. The BIMCP team members,
during phase II, continued to monitor the proportion of breeding
sites that were correctly identiﬁed and treated, marking sites that
volunteers missed. The larvicide used during both phases was Bti,
which was applied at an application rate of 1 g/m2 (VectoBac®
GS, Valent Biosciences, USA).

Human Landing Catches
To measure the program’s impact on vector density, human
landing catches (HLC) were conducted in seven communities
once every month for the duration of the study period. The seven
communities included were Arena Blanca, Balboa, Basupu,
Biabia, Luba Ciudad, Mongola, and Basacato del Oeste, which
have established HLC sentinel surveillance programs managed
by the BIMCP. During phase I, 56 collectors (eight per
community) gathered data on HLC. In phase II, 84 collectors
(12 per community) were used monthly between February and
December for HLC. On each collection night, pairs of trained
volunteers would place themselves at a household site within
each community. Between 7:00 pm and 6:00 am, one collector
would be situated inside a residence, and one collector would be
outside the same residence, switching positions at midnight.
Collectors exposed their arms and legs and collected any
mosquitoes that landed on them. For each collection, the same
ﬁeld supervisors and locations were used. The risks involved with
the study were conveyed to HLC collectors, and free diagnosis
and treatment was provided to any individual who showed
symptoms. Ethical approval for this study was granted by the
National Malaria Control Programme (NMCP) of the Ministry
of Health and Social Welfare, Equatorial Guinea.

METHODS
Study Site
This study was conducted on Bioko Island, Equatorial Guinea,
located 32 km off the coast of Cameroon, with a population of
approximately 270,000 individuals. Between 2015 and 2016, the
BIMCP conducted a two-phase pilot community-based
larviciding program. This study took place at thirteen locations
across Bioko Island: Arena Blanca, Balboa, Basacato del Oeste,
Basupu, Bayong, Biabia, Baloco, Chechenia, Fortuni, Long Street,
Luba Ciudad, Mongola, and Cacahual (Figure 1). Twelve of the
locations were located along the North to Northwestern coast of
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Statistical Analyses
Statistical comparisons between phase I and phase II were
conducted for all key variables. The number of breeding sites
identiﬁed and treated and the proportion of volunteers who
attended each month were compared using tests for two
proportions. The average quantity of larvicide applied each
month was compared using linear regression. The number of
mosquitoes that landed on each volunteer per night was
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FIGURE 1 | Map of Bioko Island with study locations. A map of Bioko Island, Equatorial Guinea is presented with the geographic relation to the region of West
Central Africa and African continent along with the capital city of Malabo, major roadways, and administrative districts. The areas with larval source management are
presented in blue circles.

breeding sites during phase II to 75% (970/1297). There was
also a statistically signiﬁcant difference between the proportion
of potential breeding sites identiﬁed by the trained volunteers
without the help of the BIMCP team (78% in phase I vs. 75% in
phase II; p =0.038) (Table 1).

calculated as the number of mosquitoes divided by the number of
volunteers on that night and expressed as a human biting rate per
person. Poisson regressions were used to compare human bites
per person between periods, with additional regressions run
excluding Balboa data to identify changes in statistical
signiﬁcance without that site. An alpha value of 0.05 was used
to denote statistical signiﬁcance; all analyses were completed in
STATA (StataCorp, College Station, Texas, USA).

Quantiﬁcation of Larvicide Use and
Volunteer Attendance
The average monthly attendance of volunteers during phase I with
BIMCP supervision was 87% (80/92), with a slight decrease in
attendance to 82% (75/92) of volunteers during phase II. Despite
no signiﬁcant changes in attendance, there was a large difference
in the amount of larvicide applied to potential breeding sites
throughout the year (Figure 2). Under the supervision of BIMCP
during phase I, an average of 580 kg (sd =233 kg) of larvicide was
administered per month across the 13 study locations, ranging
from 185 to 963 kg. Without the supervision of the BIMCP in
phase II, an average of 317 kg (sd =109.2 kg) of larvicide was
applied monthly, with a range from 149 to 470 kg per month. This
translated to an average difference of 263 kg (95% CI: 185, 339 kg)
of larvicide per month, representing a statistically signiﬁcant
(p=0.003) 45% (95% CI: 32, 59%) decrease from phase I. A
summary of all variables and test statistics can be found in Table 1.

RESULTS
Identiﬁcation and Treatment of Potential
Breeding Sites
During phase I of the program, with the assistance of the BIMCP
team, a total of 1,033 potential breeding sites were identiﬁed and
treated with larvicide. Of these sites, 78% (805/1033) were
identiﬁed and treated by the trained volunteers, with an
additional 228 sites identiﬁed and treated by the BIMCP team.
During phase II of the program, with only the supervision of
community leaders, volunteers identiﬁed and treated 75% (970/
1297) of potential breeding sites, with an additional 327 sites
observed by the BIMCP team that were not identiﬁed or treated
by the volunteers. Compared to phase I, where the treatment of
potential breeding sites was 100% (1033/1033), there was a
signiﬁcant decrease (p <0.001) in the treatment of potential
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Quantiﬁcation of Vector Density
During the ﬁrst phase with supervised identiﬁcation and
treatment of potential breeding sites, the average human biting
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TABLE 1 | Summary of LSM program metrics.
Variable/Outcome

Phase

Identiﬁcation
(Prop. Identiﬁed)
Treatment
(Prop. Treated)
Attendance
(Prop. Attended)
Larvicide Use
(Kg per Month)

Phase
Phase
Phase
Phase
Phase
Phase
Phase
Phase

I
II
I
II
I
II
I
II

Average

Std. Dev.

78%
75%
100%
75%
87%
82%
580.4
317.5

1.30%
1.20%
0.00%
1.25%
3.50%
4.10%
233.8
109.2

P value

0.04
<0.001
0.16
0.003

Test. Stat.
ref, test for diff in proportions
3.10%
ref, test for diff in proportions
25.2%
ref, test for diff in proportions
5.4%
ref, tested diff in means
-263

95% Conf. Int.

(2.97%, 3.31%)
(25.0%, 25.4%)
(3.3%, 7.6%)
(-101, -425)

analysis, a nonsigniﬁcant association (p=0.272) between
average bites per night during phase I and phase II was observed.
A correlation was seen between average bites per night and
the amount of Bti applied (Figure 4). As the amount of Bti
increased, average bites per night decreased across all sentinel
sites. Balboa was again an exception to this observation with an
observed increase in bites per night with a seemly indifferent
amount of Bti applied between phase I and phase II. Figure 4
also demonstrates how, at the majority of sites, a larger amount
of Bti applied was seen during phase I with the supervision of the
BIMCP team, even though a nonsigniﬁcant increase in average
bites per night was not experienced with the exclusion of Balboa.

rate for each of the volunteers was 3.0 per night, with a standard
deviation of 3.5, a minimum of zero, and a maximum of 13.5.
During the second phase without BIMCP supervision, the
average human biting rate was 4.6 per night, with a standard
deviation of 6.2, a minimum of zero, and a maximum of 25.3.
Across most sentinel sites, the trends in bites per night were
relatively even, except at Balboa and Basacato Oeste (Figure 3).
At Balboa, the number of average bites per night was signiﬁcantly
higher (IRR= 2.35, p<0.001) during phase II than in phase I.
Because of this discrepancy and the geographic differences
associated with Balboa being located on the Southeastern coast,
Poisson regression models were run with and without Balboa.
Across all sentinel sites, a signiﬁcant (p<0.001) 55% increase in
human biting rates occurred during phase II when compared to
phase I (IRR= 1.55; 95% CI IRR: 1.31, 1.83). This relationship
remained signiﬁcant and unchanged (IRR= 1.54; 95% CI IRR:
1.30, 1.82) after adjusting for the effect of the month, a variable
which also had an association with the observed human biting
rate (p<0.001). However, after removing Balboa from the

DISCUSSION
This study demonstrates the feasibility of community-led LSM as
a supplemental vector control strategy on Bioko Island. After one

FIGURE 2 | Quantiﬁcation of the amount of larvicide used with and without supervision. The amount of larvicide use (kgs) is depicted above by study month
capturing differences in community participation and volume of larvicide used between phases. The gray bars represent data collected during phase I in 2015 when
direct supervision from the BIMCP was present; the green bars represent data collected during phase II when BIMCP observed but did not aid in the administration
of larvicide.
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FIGURE 3 | HLC results with and without BIMCP supervision. The average human biting rate per night is presented by study week. Weeks 1-12 represent phase I
where supervision and support by the BIMCP team was available to community volunteers. Phase II is represented by weeks 13-24 where community volunteer led
LSM efforts with no assistance from the BIMCP team. Poisson regressions were used to determine the relationship between average bites per night during phase I
and phase II at each sentinel site and across all seven sites. As Balboa was a clear outlier in the relationship between phase I and phase II, an additional regression
was run to determine signiﬁcance excluding this site.

FIGURE 4 | Bti Consumption by sentinel site for both phase I and phase II. The correlation between average bites per night and the amount of Bti applied for the
seven sentinel sites individually and together is visualized above. Gray dots correspond to phase I data where volunteers had supervision from the BIMPC team.
Green dots correspond to phase II where volunteers alone were responsible for identifying and treating breeding sites.
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season of supervision, community volunteers were able to
identify and treat 78% of breeding habitats, which is
commendable. Although there was a decrease in attendance, a
lower amount of larvicide applied, and a corresponding increase
in the observed biting rate, we believe there is a role for
community-based larval source management on Bioko Island.
In addition, community awareness of malaria and mosquito
breeding sites likely increased through direct participation, and
the intervention was effective at identifying a large number
of sites.
In a study by Ingabire et al., community acceptance and
participation in LSM programs was related to their knowledge of
malaria and Bti safety (21). Although our study did not collect
volunteer knowledge of malaria or LSM, further education and
training about malaria transmission and the use of Bti may result
in higher acceptance and participation in a community-based
LSM program. Additionally, adequate training has been linked to
a community’s ability to successfully manage malaria vector
populations through LSM. However, community volunteers
were less effective in monitoring and managing breeding
habitats (22), which was also observed in our study. In general,
rural areas implementing LSM strategies will face more
challenges given the volume of breeding habitats, with LSM
most effective when most habitats can be tracked and treated (4).
LSM has shown to be an effective measure in controlling the
malaria vector mosquitoes in sub-Saharan Africa (4), many of
which have implemented community-based LSM with varying
degrees of success in decreasing vector prevalence (17, 18, 21, 23,
24). Based on this pilot study, community-based LSM showed no
signiﬁcant difference from the control efforts provided by
BIMCP when Balboa was excluded. Further research is needed
to identify why the discrepancy occurred at Balboa to understand
what factors inﬂuence the increase in the average bite per night
rate during phase II. In this study, we were unable to compare
community-led LSM efforts to a no-intervention control due to
ethical concerns, resulting in a limitation of our ability to
quantify the overall impact of LSM on biting rate and
mosquito density. However, based on the nonsigniﬁcant
relationship between average bites per night during phase I
and phase II, community-led LSM can result in similar
prevention efforts compared to BIMCP-led LSM efforts.

supervision is not enough time to become as reliable at locating
sites as trained professionals, we are hopeful that such efforts will
empower communities to continue towards a sustainable larval
source management program. Therefore, future Bioko Island
community-based LSM programs will require period training
and continued supervision while still allowing communities to
engage and take ownership of local vector control initiatives.

DATA AVAILABILITY STATEMENT
The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

AUTHOR CONTRIBUTIONS
GG, GF, and MV contributed conceptualization, study design,
and wrote original draft. GG, GF, JM, VN, NB, PE, JS, MR, and
WP contributed to study implementation, data management,
and oversight. RW, TW, GM, and MV conducted statistical
analysis, data visualization, and editing. All authors contributed
to writing and of ﬁnal submission.

FUNDING
Funding for this study was provided by the Bioko Island Malaria
Control Project (BIMCP), now the Bioko Island Malaria
Elimination Project, a private-public partnership between oil
companies (Marathon Oil, Noble Energy, AMPCO, SONAGAS)
and the Government of Equatorial Guinea.

ACKNOWLEDGMENTS
This work was supported by the National Malaria Control
Program and the Ministry of Health and Social Welfare of
Equatorial Guinea, and Medical Care Development International
(MCDI) through the Bioko Island Malaria Control Project
(BIMEP). In particular, we thank the BIMCP staff and
community members for their efforts in implementing larval
source management activities on Bioko Island. Finally, we would
like to thank Marathon Oil, Noble Energy, AMPCO (Atlantic
Methanol Production Company), and the Ministry of Mines and
Energy of Equatorial Guinea for their continued efforts and
support for malaria control on Bioko Island.
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