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Abstract 

Background: In recognition of the threat of insecticide resistance in vectors of malaria, the WHO Global Malaria 
Programme recommends the development of an appropriate and comprehensive response to insecticide resist-
ance. In principle, good resistance management practice requires the application of multiple insecticides of different 
modes of action, for example, in rotations and mixtures. Insecticides recommended by the World Health Organization 
for indoor residual spraying and long-lasting insecticide nets are limited. It is, therefore, judicious to prevent the rapid 
spread of insecticide resistance by evaluating new insecticides formulations with different modes of action and long 
residual effect.

Methods: Fludora® Fusion, a new neonicotinoid IRS formulation (a mixture of 500 g/kg clothianidin and 62.5 g/kg 
deltamethrin applied 200 mg ai/sqm + 25 mg ai/sqm, respectively) was tested. Small scale field evaluation of this 
product was conducted in the district of Dangbo in Benin, to compare its efficacy and residual effect on cement and 
mud walls against those of clothianidin 200 mg ai/sqm (WG 70) alone, and of deltamethrin 25 mg ai/sqm (WG 250) 
alone. WHO wall cone bioassays were conducted monthly with laboratory susceptible Anopheles “Kisumu” and wild 
Anopheles gambiae sensu stricto (s.s.) population from Dangbo. The induced mortality by each treatment per wall 
substrate for 24 h, 48 h, and 72 h post exposure were recorded every month and analysed.

Results: Fludora® Fusion and clothianidin WG 70 showed mortality rates over 80% WHO bio-efficacy threshold on 
cement walls either with susceptible or resistant An. gambiae s.s. over a period of 10 and 9 months, respectively. 
Treatment with  Fludora® Fusion and clothianidin WG 70 on the mud walls showed residual effect for 6 months and 
5 months respectively against both susceptible and resistant mosquitoes. During the whole evaluation period, del-
tamethrin WG 250 showed mortality rates below 80% against resistant Anopheles population. Furthermore, the knock 
down rates observed with the  Fludora® Fusion combination were significantly higher (p < 5%) than those induced by 
Clothiandin WG 70.
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Background
Over the last decades, the scale up of distribution of 
long-lasting insecticidal nets (LLINs) and indoor residual 
spraying (IRS) with insecticides to combat malaria vec-
tors, as well as other interventions directed in improv-
ing malaria diagnosis and treatment, have contributed 
to the reduction of the mortality and morbidity linked 
to malaria across sub-Saharan Africa [1]. Most of the 
National Malaria Control Programmes (NMCP) have 
based their malaria vector control on the use of insecti-
cides. The successes noted are threatened by the increase 
in insecticide resistance in Anopheline malaria vectors 
[2–5]. Malaria vectors from Tiassalé (Ivory Coast) have 
developed resistance to all four of the classes of insecti-
cides recommended by the World Health Organization 
(WHO) [6]. If the current trends of insecticide resistance 
continue unabated, the gains made though vector control 
will be lost. Looking forward to the new generation of 
insecticides on the market, the solution proposed by the 
national and international community is to optimize the 
efficacy of vector control by the management of resist-
ance to the existing insecticides.

In Benin, the NMCP has recommended non-pyre-
throids for IRS implementation with a view to reducing 
pyrethroid resistance which is widespread in the coun-
try [5]. Indeed, the NMCP started IRS implementation 
with bendiocarb (a carbamate) from 2009 in the Atacora 
area. Within 4  years, vectors showed resistance to this 
insecticide [4]. This situation prompted the programme 
to implement a mosaic pattern of IRS with both ben-
diocarb and pirimiphos-methyl (an organophosphate) 
in 2013 and from 2014 to today with pirimiphos-methyl 
only. The monitoring and evaluation of IRS activities has 
shown that both insecticides are very effective. However, 
their residual effects are very short (under 6 months) and 
the cost of pirimiphos methyl is 4 to 8 times the cost of 
pyrethroids, limiting the ability of NMCPs to spray a big 
area and sustain IRS programmes [7]. Research to iden-
tify effective long-lasting insecticides for which the cost 
is acceptable and which have a residual effect of at least 
6 months is necessary.

The Global Plan for Insecticide Resistance Management 
(GPIRM) from the WHO Global Malaria Programme, 
calls for the use of alternate insecticides to pyrethroids in 
order to manage pyrethroid resistance, but this is limited 
by the limited availability of alternative insecticides and 

cross resistance between some of them. The best solution 
to mitigate the spread of vector resistance is to avoid sub-
jecting mosquitoes to the same mode of action over an 
extended period in order to limit the selection pressure 
for resistance genes developed by malaria vectors. This is 
why the Roll Back Malaria/WHO and the Vector Control 
Working Group have recommended the use of different 
insecticides, with different modes of action, in rotation 
or in mosaic for resistance management. However, there 
are not enough insecticides with different mode of action 
which are recommended by the WHO to easily achieve 
this goal. The NMCPs are currently facing the problem 
of choice of the best strategy to control resistant mosqui-
toes. The Benin NMCP has, therefore, decided to look 
for long-lasting effective insecticides with new modes of 
action by evaluating their efficacy in the national epide-
miological context against local resistant vectors. Sus-
tainable and rational deployment of effective malaria 
vector control tools in insecticide resistance management 
programs will therefore save lives and improve health. 
 Fludora® Fusion is a mixture formulation developed by 
Bayer CropScience for IRS which contains the neonicoti-
noid, clothianidin and pyrethroid, detamethrin.

It is expected that the mosquito population resistant to 
deltamethrin will be killed by clothianidin and the pres-
ence of two modes of action should, in theory, slow down 
the development of resistance to the new compound. 
This study was implemented to access the efficacy and 
the residual effect of  Fludora® Fusion in natural condi-
tions against resistant and susceptible Anopheles gambiae 
sensu stricto (s.s.). The result of this study will show the 
potential of  Fludora® Fusion to contribute to the resolu-
tion of the problem faced by the NMCPs for sustainable 
and cost-effective IRS solutions.

Methods
Study site
The study was carried in Dangbo located about 60  km 
from Cotonou. At the last demographic census in 2013, 
Dangbo’s population was estimated at 88,409 inhabit-
ants (with 14,473 households) of which 46.34% were 
under 15 years old [8]. The climate is subequatorial with 
annual rainfall of 1200.83 mm. The average annual tem-
perature is 26.5  °C. The relative humidity throughout 
the year fluctuates between 70 and 94%. The vegetation 
of the locality is generally made of savanna where palm 

Conclusion: Both the  Fludora® Fusion combination and clothianidin alone showed very good and lasting efficacy for 
IRS against resistant Anopheles with some residual benefit provided by the combination. The residual efficacy of the 
 Fludora® Fusion combination evaluated at 10 months shows this product is a good candidate for IRS interventions.
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trees predominate (natural or planted). There are two 
rainy seasons (the major starts from April to July and 
the minor one from September to November) and two 
dry seasons (August to September and December to 
March). In 2012, the prevalence of clinically diagnosed 
and confirmed malaria cases was 9.13%. Dangbo is char-
acterized by two different reliefs: a low-altitude plateau 
and a marshy plain. The marshland is used for vegetable 
farming [8]. Land management in the agricultural area 
creates suitable larval habitats for An. gambiae s.s., the 
main malaria vector [9]. Two types of wall substratum are 
mostly encountered in Dangbo; theses are cement and 
mud “banco”. These two types of substratum were consid-
ered in this study.

Mosquitoes tested
The laboratory susceptible strain “Kisumu” and the wild 
population An. gambiae sensu lato (s.l.) from the study 
area (Dangbo) were used. The larvae of the wild An. gam-
biae s.l. were collected monthly from the field in the dis-
trict of Dangbo and reared to adult stage at “Centre de 
Recherche Entomologique de Cotonou (CREC). The 
mosquitoes aged from 2 to 5 days were used monthly for 
cone bioassay, for WHO tube tests and for the characteri-
zation of the resistance mechanisms exhibited by the wild 
population (KDR and detoxification enzymes).

Insecticide formulations evaluated

• Fludora® Fusion is a product (insecticide) developed 
by Bayer for Indoor Residual Spraying. The formula-
tion type is a Wettable Powder (WP) in water soluble 
bags (WSB) (available in 100 g sachets). The product 
contains a mixture of two active ingredients: 500 g/kg 
clothianidin + 62.5  g/kg deltamethrin. The applica-
tion rate of the product is 200 mg clothianidin/sqm 
and 25 mg deltamethrin/sqm.

• K-Othrine WG 250: containing 250  g/kg deltame-
thrin applied at 25 mg/sqm.

• Clothianidin WG70: containing 700 g/kg clothianidin 
applied at 200 mg/sqm.

These formulations were tested to see if pyrethroids 
resistance can be managed with the new insecticide, clo-
thianidin which has a different mode of action or whether 
the efficacy of pyrethroids can be reinforced with clothia-
nidin against resistant mosquitoes.

Selection of participant households, informed consent 
and insecticide treatment design
After receiving authorization from National Ethical Com-
mittee for Health Research (CNERS) to implement the 
study, heads of households were consulted for permission 

to spray their dwellings. Only households who gave their 
consent were selected. The selected houses were those of 
adults, leaders of households, consenting for the study. 
They were informed on the rationale and methods of the 
study, the potential side effects of insecticides, the ben-
efits of the study, the confidentiality related to the study, 
the contact addresses of the investigators of the study, 
their right to refuse or discontinue the study. In order to 
avoid the potential risk of the side effects of IRS, or spill-
age of insecticide outside dwellings and contamination of 
the phreatic layer, we excluded local people with allergies, 
those whose walls are cracked and those of wetland and 
marshy areas. Also, to avoid the contamination of control 
houses (unsprayed), they were located at least 2 km away 
from sprayed houses.

In order to obtain a good number of replicates needed 
for statistical analysis at the end of the trial, at least, 51 
structures were selected as indicated below (Fig. 1).

Preparation of insecticide solution and spraying
The preparation of insecticide solutions were made on 
site before departure to houses to be sprayed. Standard 
nozzles recommended by the WHO in the fight against 
malaria vectors were those of 8002 or 8001 type. With 
8002 nozzle (for porous mud walls) a volume of 40  mL 
insecticide solution per minute per  m2 was projected and 
20 mL of the insecticide solution per minute per  m2 was 
also sprayed with 8001 nozzle (for non porous cement 
walls).

Therefore:

Porous wall (mud walls)

1. Deltamethrin WG250—dose rate of 25 mg/m2: Q = 
(10,000  mL × 25  mg)/40  mL = 6250  mg for 10L 
of water were needed In 25  g (25,000  mg) bottle of 
deltamethrin formulation at 25% active ingredient: 
25,000  mg/4 = 6250  mg. 25  g (1 bottle) of deltame-
thrin formulation were diluted in 10 L of water.

2. Clothianidin WG700—dose rate of 200 mg/m2: 70 g 
(1 bottle) of clothianidin formulation were diluted in 
10 L of water.

3. Mixture of clothianidin 200  mg/m2 + deltamethrin 
25  mg/m2: 100  g (1 bottle) of mixture clothianidin 
200 mg/m2 + deltamethrin formulation were diluted 
in 10 L of water.

Non porous wall (cement walls)

1. Deltamethrin 25  mg/m2: Q = (10,000  mL × 25  mg)/
20  mL = 12500  mg for 10  L water were needed. In 
25 g (25,000 mg) bottle of deltamethrin formulation 
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at 25% active ingredient: 25,000  mg/4 = 6250  mg. 
So 50 g (2 bottles) of deltamethrin formulation were 
diluted in 10 L of water.

2. Clothianidin 200 mg/m2: 140 g (2 bottles) of clothia-
nidin formulation were diluted in 10 L of water.

3. Mixture clothianidin 200  mg/m2 + deltamethrin 
25  mg/m2: 200  g (2 bottles) of mixture clothianidin 
200 mg/m2 + deltamethrin formulation were diluted 
in 10 L of water.

The maximum safety instructions and protective meas-
ures were observed during the spraying. The operators 
who treated the walls wore the requisite protective cloth-
ing: cover all or long-sleeved shirt and trousers, hat, rub-
ber boots, gloves and particle-filtering half-mask.

Measurement of pH of the wall substrates
The treated structures were old, however, the pH of 
cement and mud plastered walls were tested a day before 
spraying. This was done by using a scalpel to scrape a 
small quantity (5  g of substrates) from the wall surface 
into a petri dish. The substrates were dissolved in dis-
tilled water, and then the pH meter was submerged into 
the concrete or mud solution for reading.

Status of resistance of the wild Anopheles gambiae s.s. 
population exposed to treated walls
Susceptibility tests using WHO tubes were performed 
by using adult mosquitoes aged 2–5  days. Detection 
of Leu–Phe  kdr  mutation was performed by PCR from 

genomic DNA following the protocol of [10]. Activity of 
detoxification enzymes was also analysed. Before expos-
ing the wild populations to treated walls, the mechanisms 
involved in the resistance were identified to evaluate its 
response in contact with the mixture; clothianidin + del-
tamethrin  (Fludora® Fusion) and clothianidin.

Bioassays
A laboratory colony An. gambiae Kisumu which is fully 
susceptible to all insecticides and a wild population of 
An. gambiae s.s. resistant to insecticides collected around 
Dangbo were used for the bioassays. The WHO cone bio-
assays [1] were carried out in the first week then every 
month till the eleventh month post treatment. Four cones 
were placed on each wall at different levels (500 cm, 1 m, 
1.5 m and 2 m). Ten unfed (2–5 days) old female Anoph-
eles mosquitoes were exposed for 30  min in each cone. 
The bioassays were conducted each month at the same 
position of each level over 11 months of the study dura-
tion. Mosquito knock-down was recorded at 30  min as 
well as mortality rate after 24, 48 and 72-h post-exposure. 
Mosquitoes exposed to unsprayed substrates were used 
as controls. When the control mortality is between 5 and 
20%, corrected mortality is determined using Abbot’s for-
mula. If mortality in controls exceeds 20%, the whole test 
has been discarded and repeated.

Statistical analysis
The raw data was entered and managed in an excel 
database. The statistical analyses, as the logistic regres-
sions, the calculation of the confidence intervals, the 

Fig. 1 Insecticide treatment design
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significance tests and the graphs are made with the R 
software (http://www.r-proje ct.com/).

Results
Analysis of pH of substrates walls
The pH of smooth cement walls ranged from 9 to 
10 (mean pH = 9.3) which were all over 7; the pH of 
smooth painted cement walls ranged from 9 to 10 
(mean pH = 9.2) which were also over 7 and the pH of 
smooth mud walls ranged from 5 to 8 but the mean pH 
was under 7 (Table 1).

Susceptibility of wild population of Anopheles gambiae 
to insecticides
Results of susceptibility tests showed that wild popula-
tion of An. gambiae s.s. exposed to the treated walls were 
highly resistant to deltamethrin (36% mortality rate). 
However, this population was susceptible to bendiocarb 
and pirimiphos methyl (100%) (Fig. 2). For each insecti-
cide at least 80 specimens of An. gambiae were tested.

Frequency of Leu–Phe kdr mutation
Molecular analysis of the wild Anopheles population 
from Dangbo showed very high frequency of kdr muta-
tion (0.99) (49/50).

Detoxification enzymes
Biochemical assays results showed that the activi-
ties of oxidases and GST were significantly higher in 
the wild Anopheles populations compared to Kisumu 
(p < 0.05) (Fig.  3c, d). No significant esterase activity 
was detected (p > 0.05) (Fig. 3a, b).

Toxic effect and residual effect of treatments 
against laboratory susceptible “Kisumu” Anopheles 
gambiae population
All treatments showed the highest mortality rates on the 
cement walls (painted or non-painted). Mortality ranged 
from 80% to 100% for susceptible mosquitoes with no sig-
nificant difference between the observation times (24 h, 
48 h and 72 h) over a ten-month period with the combi-
nation  Fludora® Fusion and over a nine-month period for 
the individual insecticides deltamethrin WG 250 and clo-
thianidin WG70 of the evaluation (Figs. 4, 5, 6 and Addi-
tional file 1). All treatments showed mortality rates under 
80% WHO bio-efficacy threshold from month 3 to 11 on 
smooth mud walls (Figs. 4, 5 and 6).

Overall, the residual effect of  Fludora® Fusion with sus-
ceptible mosquitoes “Kisumu” was better than that of the 
individual insecticides deltamethrin WG 250 and clothia-
nidin WG70 on smooth cement walls (painted or non-
painted) and all treatments showed similar performance 
on smooth mud walls. The detailed results showing the 

Table 1 pH values of wall substrates used in the study

Wall type Structure ID Respective pH values Mean pH Standard 
deviation

Smooth cement wall SC1–SC15 10; 9; 9; 9; 10; 10; 10; 10; 9; 9; 9; 9; 9; 9 9.3 0.48

Smooth painted cement walls SPC1–SPC15 9; 9; 9; 9; 9; 9; 9; 9; 9; 9; 10; 10; 9; 10; 9; 9 9.2 0.41

Smooth mud walls SM1–SM15 6; 6; 8; 6; 5; 5; 6; 6; 6; 6; 8; 6; 8; 6; 6 6.2 1.12

Fig. 2 Percentage of mortality of adult Anopheles gambiae s.s. populations from Dangbo to pyrethroid, carbamate and organophosphate

http://www.r-project.com/
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killing effect with time of each insecticide formulation 
against Kisumu are provided (Additional file 1).

Toxic effect and residual effect of treatments against wild 
insecticide resistant Anopheles gambiae s.s population
The combination  Fludora® Fusion and clothianidin 
WG 70 on cement walls (both smooth and painted 

walls), showed high mortality rates exceeding the 
WHO threshold efficacy (80%) over a 9-month period 
against the wild population of An. gambiae from Dan-
gbo, despite the high resistance of this population to 
pyrethroids. As was to be expected, the mortality rates 
observed with deltamethrin WG 250 were slightly 
lower (Fig. 7).

Fig. 3 Level of detoxifying enzymes activities in Anopheles gambiae s.l. populations from Dangbo. a α esterase activity observed in wild mosquito 
populations. b β esterase activity observed in wild mosquito populations. c Oxydase activity observed in wild mosquito populations. d GST activity 
observed in wild mosquito population
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The residual efficacy of  Fludora® Fusion and clothia-
nidin WG70 on smooth mud walls was lower com-
pared to the cement walls. When the mortality rates 
observed at 72 h post-exposure were taken into account 
the residual efficacy above the WHO threshold effi-
cacy (80%) lasted for 6 months for the combination of 
 Fludora® Fusion and only 4  months for clothianidin 
WG70 (Figs. 8, 9). The mortality rates were under 80% 
for deltamethrin WG 250 during the whole period of 
the evaluation.

The mortality rates increased with time after expo-
sure, with significant differences observed at 24 and 
72 h—mostly in the smooth mud structures treated with 

 Fludora® Fusion and clothianidin WG 70 during the eval-
uation (Figs.  8, 9). The overall detailed results are sum-
marized (Additional file 2).

Discussion
The present study assessed in natural conditions but 
on a small scale, the efficacy and the residual effect of 
 Fludora® Fusion, a new neonicotinoid IRS formulation 
(mixture of clothianidin 200  mg ai/sqm + deltamethrin 
25 mg ai/sqm) against populations of Anopheles gambiae 
s.s. susceptible and resistant to pyrethroids.  Fludora® 

Fig. 4 Efficacy represented by mortality rates per month, per 
observation time and per wall substrate of mixture clothianidin 
200 mg/m2 + deltamethrin 25 mg/m2 (WP 56.25) against susceptible 
strain “Kisumu” Anopheles gambiae in operational conditions in 
Dangbo. SM smooth mud, SC smooth cement, SPC smooth paint 
cement

Fig. 5 Efficacy represented by mortality rates per month, per 
observation time and per wall substrate of deltamethrin 25 mg/
m2 (WG 250) against susceptible strain “Kisumu” Anopheles gambiae 
in operational conditions in Dangbo. SM smooth mud, SC smooth 
cement, SPC smooth paint cement

Fig. 6 Efficacy represented by mortality rates per month, per 
observation time and per wall substrate of clothianidin 200 mg/
m2 (WG 70) against susceptible strain “Kisumu” Anopheles gambiae 
in operational conditions in Dangbo. SM smooth mud, SC smooth 
cement, SPC smooth paint cement

Fig. 7 Efficacy represented by mortality rates per month, per 
observation time and per wall substrate of deltamethrin 25 mg/
m2 (WG 250) against wild Anopheles gambiae s.s. in operational 
conditions in Dangbo. SM smooth mud, SC smooth cement, SPC 
smooth paint cement
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Fusion showed good efficacy and the best residual effect 
of the other products tested (10  months on smooth 
cement wall and 6 months on smooth mud wall).

The results were interesting since deltamethrin 25 mg 
ai/sqm was ineffective irrespective of the kind of wall 
substrates against resistant Anopheles population from 
Dangbo during the whole study period. This observa-
tion reinforced the hypothesis that insecticide resistance 
constitutes a great threat to the success of malaria vector 
control methods. In Benin, pyrethroid resistance, carba-
mate resistance as well as the decrease of susceptibility to 

organophosphates have been reported in An. gambiae s.s. 
[4, 11–13].

Clothianidin is a novel neonicotinoid insecticide act-
ing as an agonist at the nicotinic acetylcholine recep-
tor (nAChR). Good efficacy of neonicotinoids against 
resistance Anopheles population has been demonstrated 
[14]. Few field studies have shown the efficacy of clo-
thianidin in public health particularly for malaria vec-
tors control. The results showed 10 months efficacy and 
residual effect of the insecticide combination  Fludora® 
Fusion on smooth cement walls—with some indications 
of improved efficacy compared to either of the individ-
ual components. The residual effect observed was higher 
(9 months) to that of insecticides that have been recom-
mended by the WHO for indoor residual spraying [1]. 
On smooth mud walls, the residual effect of the  Fludora® 
Fusion combination was significantly lower, but still bet-
ter than either of the individual components against an 
insecticide resistant strain. This reduction in bio-efficacy 
observed might be due to the porosity of the mud wall 
substrates. According to [15, 16], long-term efficacy was 
an issue of porosity of materials rather than the pH of 
materials. Also, many experimental huts studies con-
ducted in Benin and at community level (indoor residual 
spray in Oueme and Atacora) have shown that the resid-
ual activity was very low with substrate of greater poros-
ity [17, 18].

Overall, the  Fludora® Fusion combination showed 
some advantages over the individual components. Higher 
knock-down rates were observed with  Fludora® Fusion 
than clothianidin alone—which was to be expected 
since the presence of deltamethrin in the mixture con-
tributed to the increase in knock-down effect. Pyre-
throids are known to be insecticides with very good 
knock down properties. Also, the residual effect of the 
 Fludora® Fusion combination was slightly higher than 
that of clothianidin alone on both mud and cement sub-
strates. This property will be of a great importance in 
several African rural areas where the majority of dwell-
ings are made with mud. Existing recommended insec-
ticides show short (almost 4  months) residual effect on 
mud walls [19]. In addition, the presence of deltamethrin 
in the mixture would certainly ameliorate the slow kill-
ing effect observed with clothianidin alone. The absence 
of cross resistance with recommended insecticide fam-
ily (pyrethroids, organophosphates, organochlorines and 
carbamates) makes  Fludora® Fusion potential candidate 
for vector control, especially in areas where malaria vec-
tors are highly resistant to insecticides. Other studies 
(WHOPES phase III) are needed to access the impact 
of IRS with  Fludora® Fusion on malaria transmission 
indicators.

Fig. 8 Efficacy represented by mortality rates per month, per 
observation time and per wall substrate of mixture clothianidin 
200 mg/m2 + deltamethrin 25 mg/m2 (WP 56.25) against wild 
Anopheles gambiae s.s. in operational conditions in Dangbo. SM 
smooth mud, SC smooth cement, SPC smooth paint cement

Fig. 9 Efficacy represented by mortality rates per month, per 
observation time and per wall substrate of different formulations of 
clothianidin 200 mg/m2 (WG 70) against wild Anopheles gambiae s.s. 
in operational conditions in Dangbo. SM smooth mud, SC smooth 
cement, SPC smooth paint cement
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Conclusion
Fludora® Fusion and clothianidin showed very good 
performances against An. gambiae s.s. populations, 
which are highly resistant to pyrethroids. However, the 
 Fludora® Fusion combination seems to last on cement 
and mud substrates longer than clothianidin alone. It will 
be interesting to perform a normal operational indoor 
residual spraying i.e. WHOPES phase III in areas where 
Anopheles are resistant to carbamates or organophos-
phates to compare their efficacies and residual effects and 
to assess the impact of these promising compounds on 
malaria transmission indicators.

Additional files

Additional file 1: Table S1. Detailed data of the efficacy represented by 
the mortality rates and the Knock down rates 30 min after exposition per 
time and per wall substrate of mixture clothianidin 200 mg/m² + deltame-
thrin 25 mg/m², clothianidin 200 mg/m² and deltamethrin 25 mg/m² 
against laboratory susceptible strain “kisumu” in operational conditions in 
Dangbo.

Additional file 2: Table S2. Efficacy represented by mortality rates and 
Knock down 30 min after exposition per time and per wall substrate of 
mixture clothianidin 200 mg/m² + deltamethrin 25 mg/m², clothianidin 
200 mg/m² and deltamethrin 25 mg/m² against wild An. gambiae s.s. in 
operational conditions in Dangbo.

Authors’ contributions
FRA, GGP and MCA designed the study. FRA, GGP, CZK, AJYHF, EMO, and AS 
carried out the experiment. FRA, MS and BA analysed the data. FRA drafted 
the manuscript. FRA, UCN, OKA and MCA critically revised the manuscript. All 
authors read and approved the final manuscript.

Author details
1 Centre de Recherche Entomologique de Cotonou (CREC), 06BP2604 Coto-
nou, Bénin. 2 Laboratoire Evolution, Biodiversité des Arthropodes et Assainisse-
ment, FAST-UAC , Abomey-Calavi, Bénin. 3 Ecole Doctorale Sciences de la Vie 
et de la Terre, FAST-UAC , Abomey-Calavi, Bénin. 4 Noguchi Memorial Institute 
for Medical Research University, Accra, Ghana. 5 National Arbovirus and Vectors 
Research Centre (NAVRC), Enugu, Nigeria. 

Acknowledgements
The research leading to these results was financially supported by Bayer 
CropScience. We acknowledge Bayer CropScience AG for its support. We are 
also grateful to Razaki Osse, Olivier Oussou, Rock Aïkpon, Virgile Gnanguenon, 
Arthur Sovi, Renaud Govoetchan, Roseline Atolou, Kèfilath Badirou, Rodrigue 
Anagonou, Ramziyath Agbanrin-Youssouf for their participation to the study’s 
activities.

Competing interests
The authors declare that they have no competing interests.

Availability of data and materials
All data generated or analysed during this study are included in this published 
article [and its additional files].

Consent for publication
Not applicable.

Ethics approval and consent to participate
The project received approval from National Ethical Committee for Health 
Research (CNERS): (Avis éthique favorable N° 10 du 28 mai 2015, Letter N° 050/
MS/DC/SGM/DFR/CNRES/SA DU 15 juin 2015). The activities were carried out 
in the households who gave their consents.

Funding
The research leading to these results was financially supported by Bayer 
CropScience AG. The funding partner do not participate in the design of the 
study and collection, analysis, and interpretation of data and in writing the 
manuscript.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Received: 21 February 2018   Accepted: 15 December 2018

References
 1. WHO. Guidelines for testing mosquito adulticides for indoor residual 

spraying and treatment of mosquito nets. Geneva: World Health Organi-
zation. 2006; WHO/CDS/NTD/WHOPES/GCDPP/2006.3.

 2. Mulamba C, Irving H, Riveron JM, Mukwaya LG, Birungi J, Wondji CS. Con-
trasting Plasmodium infection rates and insecticide susceptibility profiles 
between the sympatric sibling species Anopheles parensis and Anopheles 
funestus s.s.: a potential challenge for malaria vector control in Uganda. 
Parasit Vectors. 2014;7:71.

 3. Toé KH, Jones CM, N’Fale S, Ismail HM, Dabiré RK, Ranson R. Increased 
pyrethroid resistance in malaria vectors and decreased bed net effective-
ness, Burkina Faso. Emerg Infect Dis. 2014;20:1691–6.

 4. Aïkpon R, Agossa F, Ossè R, Oussou O, Aïzoun N, Oké-Agbo F, et al. 
Bendiocarb resistance in Anopheles gambiae s.l. populations from Atacora 
department in Benin, West Africa: a threat for malaria vector control. 
Parasit Vectors. 2013;6:192.

 5. Gnanguenon V, Agossa FR, Badirou K, Govoetchan R, Anagonou R, Oke-
Agbo F, et al. Malaria vectors resistance to insecticides in Benin: current 
trends and mechanisms involved. Parasit Vectors. 2015;8:223.

 6. Edi CVA, Koudou BG, Jones CM, Weetman D, Ranson H. Multiple-insecti-
cide resistance in Anopheles gambiae Mosquitoes, Southern Côte d’Ivoir. 
Emerg Infect Dis. 2012;18:1508–11.

 7. Akogbéto MC, Aïkpon RY, Azondékon R, Padonou GG, Ossè RA, Agossa 
FR, et al. Six years of experience in entomological surveillance of indoor 
residual spraying against malaria transmission in Benin: lessons learned, 
challenges and outlooks. Malar J. 2015;14:242.

 8. Ministère de la Santé Annuaire des statistiques sanitaires 2006. Cotonou: 
Direction de la Programmation et de la Prospective; 2007.

 9. Akogbéto M, Padonou G, Bankolé H, Kindé Gazard D, Gbédjissi G. Dra-
matic decline of malaria transmission after implementation of large-scale 
Indoor Residual Spraying using bendiocarb in Bénin, West Africa, an area 
of high Anopheles gambiae resistance to pyrethroids. Am J Trop Med 
Hyg. 2011;85(4):586–93.

 10. Martinez-Torres, Chandre F, Williamson MS, Darriet F, Bergé JB, Devonshire 
AL, et al. Molecular characterization of pyrethroid knockdown resistance 
(kdr) in the major malaria vector Anopheles gambiae s.s. Insect Mol Biol. 
1998;7:179–84.

 11. Gnanguenon V, Azondekon R, Oke-Agbo F, Sovi A, Ossè R, Padonou G, 
et al. Evidence of man-vector contact in torn long-lasting insecticide-
treated nets. BMC Public Health. 2013;13:751.

 12. Padonou GG, Sezonlin M, Ossé R, Aizoun N, Oké-Agbo F, Oussou O, et al. 
Impact of three years of large scale Indoor Residual Spraying (IRS) and 
Insecticide Treated Nets (ITNs) interventions on insecticide resistance in 
Anopheles gambiae s.l. in Benin. Parasit Vectors. 2012;5:72.

 13. Agossa FR, Aïkpon R, Azondékon R, Govoetchan R, Padonou GG, Oussou 
O, et al. Efficacy of various insecticides recommended for indoor residual 
spraying. Pirimiphos methyl, potential alternative to bendiocarb for 
pyrethroid resistance management in Benin, West Africa. Trans R Soc Trop 
Med Hyg. 2014;108:84–91.

https://doi.org/10.1186/s12936-018-2633-6
https://doi.org/10.1186/s12936-018-2633-6


Page 10 of 10Agossa et al. Malar J          (2018) 17:484 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your research ?  Choose BMC and benefit from: 

 14. Corbel V, Duchon S, Zaim M, Hougard JM. Dinotefuran: a potential 
neonicotinoid insecticide against resistant mosquitoes. J Med Entomol. 
2004;41:712–7.

 15. Mosqueira B, Duchon S, Chandre F, Hougard J-M, Carnevale P, Mas-Coma 
S. Efficacy of an insecticide paint against insecticide-susceptible and 
resistant mosquitoes Part 1: laboratory evaluation. Malar J. 2010;9:340.

 16. Mosqueira B, Chabi J, Chandre F, Akogbeto M, Hougard J-M, Carnevale P, 
et al. Efficacy of an insecticide paint against malaria vectors and nuisance 
in West Africa. Part 2: field evaluation. Malar J. 2010;9:341.

 17. Akogbeto M, Padonou GG, Bankole HS, Gazard DK, Gbedjissi GL. Dramatic 
decrease in malaria transmission after large-scale indoor residual spray-
ing with bendiocarb in Benin, an area of high resistance of Anopheles 
gambiae to pyrethroids. Am J Trop Med Hyg. 2011;85:586–93.

 18. Djènontin A, Aïmihouè O, Sèzonlin M, Damien GB, Ossè R, Soukou B, et al. 
The residual life of bendiocarb on different substrates under laboratory 
and field conditions in Benin, Western Africa. BMC Res Notes. 2013;6:458.

 19. Aïkpon R, Sèzonlin M, Tokponon F, Okè M, Oussou O, Oké-Agbo F, et al. 
Good performances but short lasting efficacy of Actellic 50 EC Indoor 
Residual Spraying (IRS) on malaria transmission in Benin, West Africa. 
Parasit Vectors. 2014;7:256.


	Small-scale field evaluation of the efficacy and residual effect of Fludora® Fusion (mixture of clothianidin and deltamethrin) against susceptible and resistant Anopheles gambiae populations from Benin, West Africa
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Study site
	Mosquitoes tested
	Insecticide formulations evaluated
	Selection of participant households, informed consent and insecticide treatment design
	Preparation of insecticide solution and spraying
	Porous wall (mud walls)
	Non porous wall (cement walls)

	Measurement of pH of the wall substrates
	Status of resistance of the wild Anopheles gambiae s.s. population exposed to treated walls
	Bioassays
	Statistical analysis

	Results
	Analysis of pH of substrates walls
	Susceptibility of wild population of Anopheles gambiae to insecticides
	Frequency of Leu–Phe kdr mutation
	Detoxification enzymes
	Toxic effect and residual effect of treatments against laboratory susceptible “Kisumu” Anopheles gambiae population
	Toxic effect and residual effect of treatments against wild insecticide resistant Anopheles gambiae s.s population

	Discussion
	Conclusion
	Authors’ contributions
	References




