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Background: From 2022 to 2024, a project piloting large-scale larviciding in

Tanzania was implemented in Tanga Region. The project used in-country

manufactured biolarvicides, Bactivec
®
and Griselesf

®
. This study independently

assessed the efficacy of both biolarvicide products to ensure that they

represented a good option for scaling up.

Methodology: The study was conducted at Ifakara Health Institute (IHI) in

Tanzania. Laboratory-based dose–response experiments were performed

using Bactivec
®

and Griselesf
®

against laboratory-reared early third instar

larvae of Anopheles gambiae sensu stricto, Anopheles arabiensis, Anopheles

funestus, Aedes aegypti and Culex quinquefasciatus. Larvae were exposed to

various concentrations of Bactivec
®

and Griselesf
®
. VectoBac

®
served as a

positive control, and distilled water as a negative control. Twelve replicates per

concentration, with 25 larvae per replicate, were tested. Larval mortality was

recorded at 24 and 48 hours after exposure to Bactivec
®

and Griselesf
®
,

respectively. Probit regression analysis was used to determine the lethal

concentration (LC50 and LC90) values.

Results: Bactivec
®
demonstrated similar LC50 values across all species, ranging

from 0.0122 mg/mL (95% CI: 0.0114–0.0130) for An. gambiae s.s. to 0.0155 mg/

mL (95% CI: 0.0147–0.0163) for An. funestus. LC90 varied slightly, with An.

arabiensis being the most susceptible at 0.0217 mg/mL (95% CI: 0.0202–

0.0233), and An. gambiae s.s. the least at 0.0330 mg/mL (95% CI: 0.0298–

0.0363). Griselesf
®
showed greater variation, with LC50 ranging from 0.0130 mg/

mL (95% CI: 0.0124–0.0136) for An. gambiae s.s. and 0.0212 mg/mL (95% CI:

0.0199–0.0226) for An. arabiensis. Similarly, the LC90 for Griselesf
®
also varied,

being the lowest for An. gambiae s.s., 0.0235 mg/mL (95% CI: 0.0219–0.0252)
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and the highest for An. arabiensis, 0.0609 mg/mL (95% CI: 0.0548–0.0669). Ae.

aegypti was not susceptible to Griselesf
®
at the concentrations tested. The LC90

observed in this study were below themaximum application rates recommended

by the manufacturer but exceeded the minimum application rates for

both larvicides.

Conclusion: The Tanzanian-made Bactivec
®

and Griselesf
®

demonstrated

efficacy against multiple species of mosquitoes, when applied according to the

manufacturer’s recommendations except for Ae. aegypti, which was not

susceptible to Griselesf
®
. Field applications should use maximum application

rates. As Tanzania prepares to expand larviciding nationwide, the availability of

these efficacious biolarvicides within the country will enhance both the feasibility

and sustainability of the scale-up effort.
KEYWORDS

Bactivec®, Griselesf®, VectoBac®, Larvicide, efficacy, LC50 and LC90, Anopheles
Background

Since 2017, the world malaria reports (World Health

Organization, 2017a, 2018, 2019, 2020, 2021a, 2022, 2023, 2024)

have indicated that the malaria control progress attained over the

past two decades has leveled off, and in some countries, cases of

malaria and deaths have recently increased (World Health

Organization, 2023). The World Health Organization (WHO) has

recommended continued sufficient coverage of insecticide-treated

nets (ITNs) and/or indoor residual spraying (IRS) as core mosquito

control interventions. In addition, the WHO recommends an

addition of secondary interventions such as larval source

management (LSM) in areas where optimal ITNs and IRS

coverage have been attained, but malaria transmission continues

(World Health Organization, 2016a, 2017b, 2021b).

In line with the WHO recommendation, the Government of

Tanzania (GoT) has endorsed countrywide implementation of

mosquito larviciding using biolarvicides to supplement ITNs or

IRS to accelerate progress toward malaria elimination in the

country. As a result, mosquito larviciding has become one of the

priority interventions in the country (Tanzania MoH, 2016;

Tanzania MoH, 2020; Tanzania MoH, 2022).
Bacillus sphaericus; CI,

GTS, Global Technical

esidual Spraying; ITU,

ted Nets; LC, Lethal

, Tanzania Bio-product

ctor Control Products

WHO, World Health
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From 2022 to 2024, a project piloting large-scale larviciding was

implemented in Tanga Region (unpublished data). The larviciding

project in Tanga Region used two biolarvicide products, namely

Bactivec® with the spores of Bacillus thuringiensis var. israelensis

(Bti) and Griselesf® with the spores of Bacillus sphaericus (Bs).

Both products are manufactured within the country by the Tanzania

Biotech Products Limited (TBPL) (www.tanzaniabiotech.co.tz/), a

biotech products plant located at Kibaha in the Coastal Region of

Tanzania. The TBPL was established in 2015 as a 100% subsidiary

of Tanzania’s National Development Corporation, through a

collaboration between the governments of Cuba and Tanzania.

The establishment of this biolarvicide factory in Tanzania was

driven by a strong political will and commitment by the

government to revitalize the country’s malaria control efforts and

to produce sufficient larvicides for the country.

The two tested biolarvicides are produced from bacteria species

that confer larvicidal impact on mosquito larvae (Lacey, 2007; Silva-

Filha et al., 2021). Bacteria-based larvicides produce mosquitocidal

toxins that kill mosquito larvae at very low doses, while remaining

safe to other non-target organisms and the environment (Rydzanicz

and Lonc, 2010; Yaqoob et al., 2016; Belousova et al., 2021; Dang

et al., 2021). Evaluations of Bti and Bs formulations manufactured

elsewhere and in a variety of settings have demonstrated that these

products kill several mosquito vector species and are safe to humans

and other non-target organisms (Afrane et al., 2016; Kahindi et al.,

2018; Uragayala et al., 2018; Valtierra-de-Luis et al., 2020). A study

conducted in 2019 in both laboratory and semi-field settings by the

National Institute for Medical Research (NIMR) in Muheza District

in Tanzania confirmed that Bactivec® and Griselesf® applied at the

label recommended dose were efficacious against multiple species of

mosquitoes up to seven days post-application (Derua et al., 2022).
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The large-scale larviciding operation in Tanga Region was the

first large-scale operation in both urban and rural areas of Africa

that used the TBTL products. The only larger-scale larviciding

intervention in Tanzania mainland was implemented in the cities of

Dar es Salaam (Bang et al., 1975; Fillinger et al., 2008; Chaki et al.,

2009; Geissbühler et al., 2009; Worrall and Fillinger, 2011; Maheu-

Giroux and Castro, 2013, 2014) and Tanga as part of the city’s

Urban Malaria Control Program (UMCP) in the 1990s and used

different larvicides. For the country’s rural settings, a few larviciding

activities were conducted for research purposes (Mboera et al., 2014;

Rahman et al., 2016; Mazigo et al., 2019; Berlin Rubin et al., 2020).

As part of a comprehensive evaluation of this project, and before

expanding larviciding country-wide, we conducted an independent

assessment of the efficacy of both larvicide products, Bactivec® and

Griselesf® to ensure that they represented a good option for

scaling up.

We evaluated the efficacy of two biolarvicides across different

laboratory-reared mosquito species with variable insecticide

resistance profiles under controlled laboratory conditions. This

approach aimed to assess their potential utility in the settings

where both pyrethroid-resistant and non-resistant mosquitoes

exist. The primary malaria vector species in the Tanga Region

and across Tanzania more broadly include An. gambiae s.s., An.

arabiensis, and An. funestus (Kabula et al., 2011; Mwalimu et al.,

2024). Numerous insecticide resistance studies have reported

widespread pyrethroid resistance across the country (Kabula

et al., 2011; Kisinza et al., 2017; Matiya et al., 2019; Matowo et al.,

2019, 2021; Tungu et al., 2023). The inclusion of these three malaria

vector species in the study was based on their broad geographic

distribution in the country. In addition, Ae. aegypti and Culex

species, though not malaria vectors, were included due to their wide

distribution and role in causing nuisance bites and transmitting

arboviral diseases. In the context of malaria vector control,

simultaneously targeting of malaria and non-malaria vectors can

help reduce both nuisance biting and the risk of malaria and

arbovirus transmission. Importantly, targeting multiple mosquito

species also enhances community acceptance of vector control

interventions, as community members typically do not

distinguish between malaria and non-malaria mosquitoes (Takken

and Knols, 2009; Dambach et al., 2018; Wilson et al., 2020; Saili

et al., 2024). Malaria vector control interventions that fail to reduce
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populations of non-malaria mosquito species may lead to

community perceptions that the interventions are ineffective or

lack tangible benefits (Montgomery et al., 2010; Dambach et al.,

2018; Magaço et al., 2019).
Materials and methods

Study setting

The study was conducted at the Vector Control Product Testing

Unit (VCPTU) of the Ifakara Health Institute (IHI) in Bagamoyo,

Tanzania, which is accredited with the Good Laboratory Practice

certification SANAS OECD G0033 since June 2021. Laboratory-

based dose–response experiments were conducted using Bactivec®

and Griselesf®. These experiments involved early third instar larvae

from five laboratory-reared mosquito species with varying

insecticide resistance profiles. Characteristics of tested strains are

described further in Table 1.
Mosquito rearing

The mosquito colonies were maintained by feeding larvae with

Tetramin® fish food while adult mosquitoes were provided with a

10% sugar solution ad libitum. For egg laying, adults were

membrane-fed with heparinized cattle blood between 3 and 6

days after emergence. Temperature and relative humidity within

the insectary were maintained at 27 ± 2 °C and 70 ± 25%,

respectively, following MR4 guidelines (MR4, 2016).
Bactivec® (investigational product)

Bactivec® is a water-based suspension (WS) biolarvicide made

up of the spores and toxic crystals of a bacterium, Bacillus

thuringiensis (Bti) var. israelensis (serotype H-14, strain 266/2)

with a biopotency above 1,200 international toxic units (ITU)/

milligram (mg). The Bactivec® supplied for this study was an

aqueous suspension formulation with a concentration of 6 grams

per liter (g/L) (www.tanzaniabiotech.co.tz/). The larvicide is
TABLE 1 Characteristics of the mosquitoes tested.

Mosquito
species

Strain Year of
the colony

Phenotypic Resis-
tance to pyrethroids

24-hour mortality after
1x DC deltamethrin

24-hour mortality after 1x DC
deltamethrin after PBO

An. arabiensis Kingani 2005 Resistant 45% 100%

An. funestus Fumoz 2018 Resistant 50% 100%

An. gambiae s.s. Ifakara 1996 Fully susceptible 100%

Cx.
quinquefasciatus

Bagamoyo 2019 Resistant
8% 88%

Ae. aegypti Bagamoyo 2015 Fully susceptible 100%
The resistance profile of the five mosquito strains was confirmed at the time of testing using WHO tube tests (World Health Organization, 2016c). DC = discriminating concentration, PBO =
piperonyl butoxide.
frontiersin.org

http://www.tanzaniabiotech.co.tz/
https://doi.org/10.3389/fmala.2025.1614476
https://www.frontiersin.org/journals/malaria
https://www.frontiersin.org


Gavana et al. 10.3389/fmala.2025.1614476
indicated to kill third-instar larvae of Ae. aegypti mosquito within

24 to 48 hours, with its efficacy being optimal in clean water (Derua

et al., 2022). The manufacturer’s use label rate for Bactivec® is 2–5

mL in 1 square meter (m²) of a water body. The product tested was

obtained from the manufacturer (TBPL) and is not pre-qualified

by WHO.
Griselesf® (investigational product)

Griselesf® is also a water-based suspension with a concentration

of 5 grams per liter (g/L) made up of the spores and toxic crystals of

Bacillus sphaericus (serotype H5a5b, strain 2362) with a biopotency

of 268 ITU/mg against third instar larvae of Culex pipiens pipiens or

Cx. quinquefasciatus larvae. It kills third instar larvae of Cx. pipiens

pipiens or Cx. quinquefasciatus mosquito within 24 to 48 hours and

with optimal efficacy in polluted water (Derua et al., 2022). The

manufacturer’s use label rate for Bactivec® is 5–10 mL in 1 square

meter (1m²) of a water body. The product tested was obtained from

the manufacturer (TBPL) and is not pre-qualified by WHO.
VectoBac® (positive control)

VectoBac® is a water-dispersible granule (WDG) formulation

produced by Valent BioSciences and made up of the endotoxin

protein crystals of Bacillus thuringiensis subsp. israelensis (strain

AM65-52) for the control of mosquito larvae. It has a biopotency of

3,000 ITU/mg against Ae. aegypti larvae (Djènontin et al., 2014;

Sakka et al., 2023). The concentration of the VectoBac® supplied for

this study was 5g/L. The manufacturer’s use label rate for

VectoBac® is 100 mg in 50 L of water. The product has a WHO

pre-qualification (World Health Organization, 2016b).
Storage and handling of larvicides

All larvicides used in the studies were received at the VCPTU in

Bagamoyo and stored for one month in a temperature-controlled

chemical storage facility before use. The storage temperature was

maintained at 25 ± 2 °C, in line with the manufacturer’s

recommendation to store the product between 4 and 30 °C

(www.tanzaniabiotech.co.tz/). The facility is equipped with an

extractor fan to ensure proper ventilation, and access is restricted

to authorized personnel.
Preparation of stock solution, serial
dilutions/working solutions

Eight serial dilutions of Bactivec® or Griselesf® were prepared

and tested in four replicates per day over three consecutive days.

Distilled water was used both in the preparation of the 1% stock

solution and in subsequent serial dilutions. The prepared dilutions

were used within 48 hours after preparation.
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Bactivec® stock solution of 1mg/mL was prepared by mixing

83.5 mL of the larvicide with 416.5 mL of distilled water. This stock

solution then underwent eight series of dilutions leading to

solutions with concentrations of 0.5, 0.25, 0.125, 0.0625, 0.03125,

0.015625, 0.0078125, and 0.00390625 mg/mL.

Griselesf® stock solution of 1mg/mL was prepared by mixing

100 mL of the larvicide with 400 mL of distilled water. This stock

solution then underwent a series of eight dilutions leading to

solutions with concentrations of 0.5, 0.25, 0.125, 0.0625, 0.03125,

0.015625, 0.0078125, and 0.00390625 mg/mL.

For VectoBac®, the positive control, we used the manufacturer’s

recommended use label concentration of 100 mg in 50 L of water.

Targeting 500 mL of working solution, 1 mg of VectoBac® was

mixed with 500 mL of distilled water. This resulted in a solution

with a concentration of 0.002 mg/mL, which was used as a testing

solution, without further dilution.
Dose–response experiments

On each experimental day, 200 mL cylindrical cups, measuring 6

cm in diameter and 8 cm in height were prepared in a quantity

sufficient for four replicates of each of the eight larvicide

concentrations and their controls per species. Eight concentrations

of each larvicide were tested in four replicates per day, repeated over

three consecutive days as per the WHO guidelines (World Health

Organization, 2005). This resulted in twelve replicates per

concentration per species.

A separate series of assays was conducted for each mosquito

species, with each cup containing 25 larvae per species to prevent

overcrowding (World Health Organization, 2005). Each cup was

filled with 100 mL of distilled water, maintaining a water depth of

approximately 5 cm to prevent excess larvae mortality. Using a

clean dropper, 25 early third instar mosquito larvae of the target

species were transferred into each cup and left to acclimatize for at

least 2 hours. The early third instar larvae were selected by targeting

larvae that were four days post-hatching (Armstrong and Bransby-

Williams, 1961; Benedict et al., 2007; MR4, 2016). After

acclimatization, any dead or immobile larvae were removed and

replaced with healthy ones. Then the appropriate volumes of

larvicide dilution (0.4, 0.9, 1.7, 3.1, 6.3, 12.5, 25, and 50 mL) for

each concentration (0.00390625, 0.0078125, 0.015625, 0.03125,

0.0625, 0.125, 0.25, and 0.5 mg/mL, respectively) were introduced

into each test cup, starting with the lowest concentration. The

investigational larvicides and controls were conducted in parallel.

The larvae were kept in contact with Bactivec® for 24 hours and

with Griselesf® for 48 hours during the experiments.
Data recording

For Bactivec® (Bti) which is a fast-acting larvicide, larval

mortality was recorded 24 hours post-exposure. For Griselesf®

(Bs) which is a slower-acting larvicide, larval mortality was

recorded after 48 hours. Moribund larvae were counted and
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added to dead larvae for calculating the percentage mortality. We

considered larvae dead if they did not move when probed with a

needle in the siphon or the cervical region, and moribund when

they were incapable of rising to the surface or not showing the

characteristic of diving reaction when the water was disturbed. The

mortality data were recorded on paper forms before being double-

entered into an Excel spreadsheet. An experiment was considered

valid if larval mortality in the control group was less than 5% and

pupation was below 10%.
Data analyses

The analysis was conducted with the Stata statistical software

(StataCorp, 2021), version 18.0. First, data was checked for

inconsistency in day of tests, replicates, and species, and where

found, paper forms were consulted. Then, descriptive analysis was

conducted, whereby the percentage larval mortality for each

larvicide concentration was calculated using pooled data from the

twelve replicates. To determine the relationship between larval

mortality and larvicide concentrations, a probit regression model

was fitted to the data using the log-transformed concentrations.

Doses required to kill 50% (LC50) and 90% (LC90) of exposed larvae

with their 95% confidence intervals were calculated from the model

estimates. The log-transformed concentrations were then

exponentiated to obtain the corresponding LC50 and LC90 values

in their original units. Dose–response curves were generated to

illustrate the observed mortality rates alongside the predicted

sigmoid curves.
Results

Larval mortality (%) at various
concentrations of the investigational
larvicides

The results indicated that an increase in the concentration of

both Bactivec® (Figure 1A) and Griselesf® (Figure 1B) led to a

higher proportion of mosquito larvae mortality across all tested

species, except for Aedes aegypti, which exhibited low mortality

(<10%) at all tested Griselesf® concentrations (Figure 1B).
LC50 and LC90 of Bactivec® and Griselesf®

Bactivec®

The lethal concentration of Bactivec® to kill 50% (LC50) and

90% (LC90) after 24 hours of exposure was modeled using a probit

distribution. Dose–response curves are presented in Figure 2 for

each mosquito species elicited by different concentrations, and the

LC50 and LC90 values with 95% CI are presented in Table 2. The

LC50 for Bactivec® was similar across all the five species tested

(Table 2), but the LC90 varied, ranging from 0.0217 for An.

arabiensis (Figure 2A) to 0.0330 for An. gambiae ss (Figure 2B)
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and 0.0314 for An. funestus (Figure 2C). Cx. quinquefasciatus

(Figure 2D) and Aedes aegypti (Figure 2E) had similar dose–

response curves and similar LC50 and LC90.

Griselesf®

The lethal concentration of Griselesf® to kill 50% (LC50) and

90% (LC90) after 48 hours of exposure was modeled using a probit

distribution. Dose response curves are presented in Figures 3A–E

for each mosquito species elicited by different concentrations, and

the LC50 and LC90 values with 95% CI are presented in Table 2. The

data for Griselesf® showed greater variability in LC50 and LC90

among different mosquito species compared to Bactivec®. The LC50

was highest for An. arabiensis, 0.0212 (Figure 3A) and An. gambiae

s.s., 0.0210 (Figure 3B) but lower for An. funestus, 0.0130

(Figure 3C). Similarly, the LC90 for Griselesf® varied among

species, ranging from 0.0235 for An. funestus (Figure 3C) to

almost three times higher at 0.0609 for An. arabiensis

(Figure 3A). For Cx. quinquefasciatus the LC90 was 0.0374

(Figure 3D). Griselesf® was not efficacious against Ae. aegypti, as

shown in Figure 3E, Table 2.
Larval mortalities in the controls when
Bactivec® was tested

In the tests that involved Bactivec®, the larval mortality in the

positive control, using Vectobac® at 0.002mg/mL, 24 hours after

exposure, was 100% for all the species except An. funestus for which

the mortality was 99%. In the negative control group, where larvae

were exposed to distilled water, overall mortality was 0.4% with

slight variations among the different species, as indicated in Table 3.

The results for the controls confirm that the study was conducted at

an acceptable quality.
Larval mortalities in the controls when
Griselesf® was tested

In the experiment involving Griselesf®, the positive control,

using Vectobac® at 0.002mg/mL recorded 100%mortality across all

the species 48 hours after exposure. In the negative control group,

overall mortality was 0.5%, also with slight variations among the

different species (Table 4). The results for the controls confirm that

the study was conducted at an acceptable quality.
Discussion

This laboratory study demonstrated that Bactivec® and

Griselesf® were efficacious against multiple mosquito species at

lower doses than the manufacturer’s recommended maximum label

rate. The manufacturer ’s label recommends a larvicide

concentration of 6 g/L for Bactivec® and 5 g/L for Griselesf®.

Assuming the larvicide spreads evenly over a 1 m² water body, these

application rates correspond to concentrations of 0.0125 mg/mL to
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FIGURE 1

Descriptive results showing percentage of larval mortality across different mosquito species at various larvicide concentrations. (A) Mortality 24 hours
after exposure to Bactivec®. (B) Mortality 48 hours after exposure to Griselesf®.
FIGURE 2

Dose–response curves showing percentage mortality of larvae from different mosquito species across various concentrations of Bactivec®,
indicating the points at which LC50 and LC90 were attained. Larval mortality was assessed 24 hours after exposure to the larvicide. Each
concentration was tested in 12 replicates of 25 larvae. Blue dots represent the distribution of percentage mortality across replicates, and red dots
indicate the estimated LC50 and LC90. (A) An. arabiensis, (B) An. gambiae s.s., (C) An. funestus, (D) Cx. quinquefasciatus, (E) Ae. aegypti, mg/mL,
milligram per milliliter.
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0.035 mg/mL for Bactivec® and 0.025 mg/mL to 0.05 mg/mL for

Griselesf®. The LC90 observed in this study were below the

maximum application rates recommended by the manufacturer

but exceeded the minimum application rates for both larvicides.

The results of the current study are consistent with those of the 2019

study [22], in which the LC50 among different mosquito species

ranged from 0.018 mg/mL to 0.026 mg/mL for Bti and 0.017 mg/mL

to 0.029 mg/mL for Bs, while the LC 95 ranged from 0.052 mg/mL to
Frontiers in Malaria 07
0.106 mg/mL for Bti and 0.040 mg/mL to 0.086 mg/mL for Bs.

However, the product used as positive control (VectoBac®),

achieved 100% mortality in all mosquito species and 99% in An.

funestus at the lower concentration of 0.002 mg/mL, indicating that

the larvicide product was more potent than Bactivec®.

The demonstrated efficacy of these domestically manufactured

larvicides against multiple species of malaria vectors highlights the

potential of the local production facility to address the challenge of
TABLE 2 LC50 and LC90 (with 95% CI) for the five tested mosquito species.

Mosquito species Larvicide No. tested LC50 in mg/mL (95% CI) LC90 in mg/mL (95% CI)

An. arabiensis

Bactivec® 2,400 0.0123 (0.0118–0.0129) 0.0217 (0.0202–0.0233)

Griselesf® 2,400 0.0212 (0.0199–0.0226) 0.0609 (0.0548–0.0669)

An. gambiae s.s.

Bactivec® 2,400 0.0122 (0.0114–0.0130) 0.0330 (0.0298–0.0363)

Griselesf® 2,400 0.0210 (0.0199–0.0221) 0.0444 (0.0407–0.0481)

An. funestus

Bactivec® 2,400 0.0155 (0.0147–0.0163) 0.0314 (0.0288–0.0340)

Griselesf® 2,400 0.0130 (0.0124–0.0136) 0.0235 (0.0219–0.0252)

Cx. quinquefasciatus

Bactivec® 2,400 0.0134 (0.0128–0.0141) 0.0243 (0.0226–0.0261)

Griselesf® 2,400 0.0133 (0.0125–0.0141) 0.0374 (0.0337–0.0411)

Ae. aegypti

Bactivec® 2,400 0.0123 (0.0116–0.0130) 0.0277 (0.0252–0.0302)

Griselesf® 2,400 - - - - - -
Ae. aegypti was not susceptible to Griselesf®. Dashes indicate that mortality was too low to establish LC50 and LC90 values. CI, Confidence Interval; LC, Lethal Concentration; mg/mL, milligram
per milliliter.
FIGURE 3

Dose–response curves showing the percentage mortality of larvae from different mosquito species across various larvicide concentrations of
Griselesf®, indicating the points at which LC50 and LC90 were attained. Larval mortality was assessed 48 hours after exposure to the larvicide. Each
concentration was tested in 12 replicates of 25 larvae. Blue dots represent the distribution of percentage mortality across replicates, and red dots
indicate the estimated LC50 and LC90. (A) An. arabiensis, (B) An. gambiae s.s., (C) An. funestus, (D) Cx. quinquefasciatus, (E) Ae. Aegypti, mg/mL,
milligram per milliliter.
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limited access to effective larvicidal products, a key constraint to the

scaling up of larviciding programs in Africa (Newby et al., 2025). The

results provide evidence and confidence that as Tanzania moves

toward nationwide implementation of larviciding, the availability of

efficacious larvicides within the country will enhance the feasibility and

sustainability of scale-up efforts.

Importantly, the results demonstrated that the two larvicide

products were fully efficacious against pyrethroid-resistant strains of

mosquitoes, which are becoming more difficult to control using ITNs

and IRS (Rubert et al., 2016; Alout et al., 2017; Tokponnon et al., 2019;

Lindsay et al., 2021; Suh et al., 2023). The use of biolarvicides is

considered a valuable intervention in mitigating mosquito of resistance

to insecticides (Kabula et al., 2011; Kisinza et al., 2017; Matiya et al.,

2019; Matowo et al., 2019; Bisanzio et al., 2022; Messenger et al., 2023;
Frontiers in Malaria 08
Tungu et al., 2023). Mosquito resistance to pyrethroids has been

reported to be widespread in Tanzania, posing a significant threat to

pyrethroid-based vector control interventions (Kisinza et al., 2017;

Matiya et al., 2019; Bisanzio et al., 2022; Tungu et al., 2023; Odero et al.,

2024). Whether the use of biolarvicides in Tanzania would significantly

contribute to mitigation insecticide resistance remains an important

question for further investigation.

Similar to the 2019 study (Derua et al., 2022), the current study

showed that Ae. aegypti mosquitoes were not susceptible to Griselesf®

at the tested concentrations. This is an important finding in view of the

control of this vector against the spread of dengue virus. This

observation corroborates recommendations from previous studies

suggesting that Bs should not be considered for use when targeting

Ae. aegypti with larviciding (Rojas-Pinzón and Dussán, 2017; Santana-
TABLE 3 Mortality levels in the controls across different species assessed 24 hours after exposure when testing Bactivec®.

Control Mosquito species Total larvae exposed Total dead at 24 hours % mortality 24-hour

Negative control
(distilled water)

Ae. aegypti 600 5 0.8

An. arabiensis 600 0 0.0

An. gambiae s.s. 600 0 0.0

An. funestus 600 7 1.2

Cx. quinquefasciatus 600 0 0.0

Overall 3,000 12 0.4

Positive control
(VectoBac®,
0.002mg/mL)

Ae. aegypti 600 600 100

An. arabiensis 600 600 100

An. gambiae s.s. 600 600 100

An. funestus 600 594 99.0

Cx. quinquefasciatus 600 600 100

Overall 3,000 2,994 99.8
mg/mL, milligram per milliliter.
TABLE 4 Mortality levels in the controls across different species assessed 48 hours after exposure when testing Griselesf®.

Control Mosquito species Total exposed Total dead at 48 hours % mortality 48-hour

Negative control
(distilled water)

Ae. aegypti 600 5 0.8

An. arabiensis 600 1 0.0

An. gambiae s.s. 600 0 0.0

An. funestus 600 8 1.3

Cx. quinquefasciatus 600 2 0.3

Overall 3,000 16 0.5

Positive control
(VectoBac®,
0.002mg/mL)

Ae. aegypti 600 600 100

An. arabiensis 600 600 100

An. gambiae s.s. 600 600 100

An. funestus 600 600 100

Cx. quinquefasciatus 600 600 100

Overall 3,000 3,000 100
mg/mL, milligram per milliliter.
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Martinez et al., 2019; Derua et al., 2022). The reasons for the inefficacy

of Bs against Ae.aegypti have been reported by other studies (Rojas-

Pinzón and Dussán, 2017; Santana-Martinez et al., 2019). Bs crystal

proteins do not bind effectively to the gut receptors of Ae aegypti larvae

(and other species in this genus), thereby limiting the larvicidal activity

of Bs against this vector (Wirth et al., 2000; Wirth et al., 2001;

Nascimento et al., 2020).

Finally, it should be noted that this study was conducted in a

controlled laboratory environment, where the real-world factors

such as water turbidity, depth, and other environmental conditions,

which may influence larvicide effectiveness, were not assessed.

Given that larvicide potency is likely to be reduced under field

conditions it is recommended in line with findings from a previous

study (Derua et al., 2022) that field applications are substantially

higher than laboratory-derived LC90 values. Based on these data,

maximum field applications should be used.
Conclusion

This study confirmed the efficacy of the Tanzanian-manufactured

larvicides, Bactivec® and Griselesf®, against major malaria and dengue

vector species, demonstrating their potential as effective larvicidal tools

for mosquito control, except for Griselesf®, which did not appear to be

efficacious against Ae. aegypti. The demonstrated effectiveness of these

locally produced larvicides at maximum application rates supports

their potential role in supporting Tanzania’s efforts to scale up

larviciding interventions for improved malaria control in the country.
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Houansou, T., et al. (2019). Implications of insecticide resistance for malaria vector
control with long-lasting insecticidal nets: evidence from health facility data from
Benin. Malar J. 18, 37. doi: 10.1186/s12936-019-2656-7

Tungu, P., Kabula, B., Nkya, T., Machafuko, P., Sambu, E., Batengana, B., et al.
(2023). Trends of insecticide resistance monitoring in mainland Tanzania, 2004-2020.
Malar J. 22, 100. doi: 10.1186/s12936-023-04508-3

Uragayala, S., Kamaraju, R., Tiwari, S., Ghosh, S. K., and Valecha, N. (2018). Field
testing & evaluation of the efficacy & duration of effectiveness of a biolarvicide, Bactivec
(®) SC (Bacillus thuringiensis var. Israelensis SH-14) in Bengaluru, India. Indian J.
Med. Res. 147, 299–307. doi: 10.4103/ijmr.IJMR_1631_16

Valtierra-de-Luis, D., Villanueva, M., Berry, C., and Caballero, P. (2020). Potential
for bacillus thuringiensis and other bacterial toxins as biological control agents to
combat dipteran pests of medical and agronomic importance. Toxins (Basel). 12.
doi: 10.3390/toxins12120773

Wilson, A. L., Courtenay, O., Kelly-Hope, L. A., Scott, T. W., Takken, W., Torr, S. J.,
et al. (2020). The importance of vector control for the control and elimination of vector-
borne diseases. PLoS Negl. Trop. Dis. 14, e0007831. doi: 10.1371/journal.pntd.0007831
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