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ABSTRACT

Background: Resistance to insecticides in mosquito vectors is now a challenge to vector control in Nigeria.
Surveillance data indicate that efforts need to be doubled to manage resistance. Hence, the current study exam-
ined the comparative residual efficacy of an improved indoor residual spray insecticide, fludora® fusion, used to
manage resistance, on different surfaces.

Methods: Mud, plastered, unplastered, and wood surfaces were sprayed with fludora® fusion insecticide ac-
cording to WHO specification, and cone bioassays were conducted using laboratory (4dnopheles gambiae s.s.)
and field strains (Anopheles gambiae s.1. and Culex quinquefasciatus). Positive controls were sprayed with k-
othrine™ and al-cypernet” insecticides for each surface type, while the negative control was sprayed with water.
According to the WHO criteria, mosquitoes were exposed to each surface for thirty minutes. Thereafter, mortali-
ty was recorded after twenty-four hours. Residual efficacy was monitored monthly for six months.

Results: Bio-efficacy results with Anopheles gambiae s.s. on fludora® fusion, k-othrine® and al-cypernet®
sprayed surfaces revealed a 100% mortality across all surfaces for six months. However, while fludora® fusion
effected 100% mortality on Anopheles gambiae s.1. and Culex species, k-othrine® and al-cypernet® mortality
dropped below the 80% mortality mark at four months, and surface variation did not significantly affect effica-
cy.

Conclusion: This finding presents fludora® fusion as a good candidate for controlling insecticide-resistant mos-
quitoes in Nigeria.

Keywords: Anopheles gambiae s.s., Anopheles gambiae s.1., Culex species, Fludora” Fusion, K-Othrine”, Al-
cypernet, Nigeria
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1.0 INTRODUCTION

Mosquito-borne diseases are of great public health con-
cern in Africa. These agents transmit causative agents,
including malaria, dengue fever, lymphatic filariasis,
chikungunya, etc. The high incidence of the transmitted
diseases in Africa have been grossly attributed to the
availability of conducive breeding sites for the survival of
mosquito larval and adult stages [1-3] which makes the
African region to account for many of these mosquito
associated cases, with 95% of all malaria cases and 96%
of all malaria deaths occurring in the region [4]. Efforts at
combating mosquito vector diseases have been primarily
focused on vector control. Of all the vector control strate-
gies, the utilization of Insecticide-Treated Nets (ITNs)
and Indoor Residual Spraying (IRS) stands out [5]. De-
spite the massive investment in vector control, challeng-
es, including the development of insecticide resistance,
changes in vector behavior, and the impact of environ-
mental factors like climate change and urbanization, have
eroded the gains.

In Nigeria, members of the Anopheline species are wide-
ly distributed [2, 3]. The dominant species are the mem-
bers of the Anopheles gambiae s.I. with an expanded
range that covers the entire country [2]. The country has
distributed over 300 million insecticide-treated nets
(ITNs) to control these mosquitoes and prevent mosquito-
transmitted diseases. Indoor Residual Spray (IRS) is an-
other vector control strategy employed by the country at a
small scale [6]. However, despite the huge investment in
vector control, data on insecticide resistance in malaria
mosquitoes continue to suggest that resistance to pyre-
throids, the primary insecticide used for nets, continues to
be established and widespread [7]. This is of significant
concern to the country.

Moreover, the spread of resistance in Anopheles gambiae
is not only a consequence of vector control practices.
Still, it is also influenced by agricultural pesticide use,
which often overlaps with the classes of insecticides uti-
lized for malaria control [8-11]. This dual pressure from
agricultural and public health insecticides has compound-
ed the resistance problem, necessitating a comprehensive
approach considering all potential selection pressures.
The implication is profound; with all major insecticide
classes showing reduced efficacy, there is an urgent need
to explore and evaluate alternative insecticide formula-
tions.

Newer insecticides, such as Fludora® Fusion, which com-

bines two active ingredients (clothianidin and deltame-
thrin), have shown promising results in regions with high
insecticide resistance. A study from Tanzania [12]
demonstrated Fludora® Fusion’s efficacy on various wall
surfaces, achieving high mortality rates in susceptible and
resistant Anopheles mosquitoes [13]. Also, it was report-
ed that dual-active formulations like Fludora® Fusion
could address resistance in high-burden areas. However,
data on its efficacy in Nigeria is limited, despite its
unique conditions, such as diverse wall types and high
insecticide resistance. Therefore, this study seeks to eval-
uate Fludora® Fusion on different wall surfaces in Nigeria
to provide critical data on its effectiveness against local
mosquito populations.

2.0 METHODOLOGY

The study was conducted at the Postgraduate Research
laboratory, Department of Zoology, Osun State Universi-
ty, Osogbo, Osun State, Nigeria, in collaboration with the
public health and epidemiology department, Nigerian
Institute of Medical Research, Yaba, Lagos. The labora-
tory provided controlled and standardized conditions for
conducting the experiments, ensuring the accuracy and
reliability of the results.

2.1 Contact Surfaces

For this experiment, we utilized four sets of simulated
wall surfaces that accurately represented the prevailing
materials used in wall construction in Nigeria, namely
mud, unplastered cement, plastered cement, and wood.
Each type of surface area (6 x 6 inches) was made in a
square shape, carefully constructed, and held together by
wood. During observation, all experimental surfaces were
kept in an enclosed, ventilated, and secure space and pro-
tected from direct sunlight, moisture, and excess dust.

2.2 Mosquito Strains Used for the Experiment

This experiment used two categories of mosquitoes: An.
gambiae s.s. (a WHO reference susceptible laboratory
strain of Anopheles gambiae s.s. often referred to as the
KISUMU strains), A local population of Anopheles gam-
biae s.I and Culex species was collected from Osun State.
Kisumu strain is completely susceptible to all currently
used classes of public health insecticides in line with
WHO recommended concentrations and diagnostic as-
sessments. This Kisumu strain has been maintained in
continuous colony at the Nigerian Institute of Medical
Research since 2012. All mosquitoes were maintained
under controlled insectary rearing procedures (27+£2 °C,
60—70% relative humidity), a standardized larval and
adult mosquito diet, and a handling regime, prior to the
experiment. The resistance status of the mosquito species
was confirmed by exposing the mosquitoes to 0.05% del-
tamethrin and 0.05% alphacypermethrin according to
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WHO standards [14].
2.3 Insecticides Used for the Experiment

Three IRS insecticides were tested. These include Flu-
dora®™ fusion (a wettable powder formulation containing
50% clothianidin and 6.25% deltamethrin manufactured
by Bayer AG), K-Othrine® WG 250 (a water-dispersible
granule formulation containing 250g/kg of Deltametrin
manufactured by Bayer), and Al-cypernet (a suspension
concentrate  formulation containing 10%  Alpha-
cypermetrin, manufactured by Tagros Chemicals). The
three insecticides were sourced from the Nigerian market.

2.4 Chemical Quality Assurance

The insecticide formulation was stored in its original
packaging in dry ambient conditions before use. The
product was sprayed on surfaces as prescribed on each
product label. The chemical application equipment was
thoroughly cleaned to remove any potential contaminants.
Furthermore, the equipment was meticulously calibrated
to ensure precise and accurate insecticide delivery on
each wall surface. Only one spray unit and the same
trained operator were utilized throughout the application
process to ensure consistent and uniform application
across all wall surfaces.

2.5 Application Rates

According to the manufacturer’s specifications, a 100g
sachet of Fludora® Fusion was mixed with 10L of water
in a compressor sprayer, and using an 8002E nozzle, it
was applied according to standards [15], resulting in tar-
get deposits of 200mg clothianidin and 25mg deltame-
thrin per square metre. For K-Othrine® WG 250, on po-
rous surfaces such as mud and concrete block, one sachet
(20g) was diluted in 10L of water and applied using a
compresswn sprayer with an 8002E nozzle to cover
250m?, achieving a target deposit of 20mg/m”. On non-
porous surfaces like wood and painted surfaces, two sa-
chets (2 x 20g) of K-Othrine® WG 250 were dlluted in
10L of water and applied using a compression sprayer
with an 8001E nozzle. To cover the surface, 50ml of Al-
Cypernet 10 SC was diluted and applied using a compres-
sion sprayer with an 8002E nozzle.

Insecticide application in thls study involved the use of
Fludora® Fusion, K-Othrine® WG 250, and Al-cypernet
on various simulated surfaces. The appllcatlon followed
established guidelines [5] using a calibrated 15-L capaci-
ty Hudson X-Pert® hand-compression sprayer with a suit-
able stainless steel spray nozzle tip for each surface type.
The sprayer tank was initially pressurized at an optimal
mean pressure of 55 psi (pounds per square inch). For the
preparation of the spray solution, the sprayer was half-
filled with water (5 litres). For the wettable powder for-
mulation (WP) and the water dispersible granule (WG)
formulation, the inner bag was placed directly into the
spray tank containing the correct volume of water without
opening the inner bag. At the same time, for the suspen-
sion concentrate (SC), the right amount of concentrate
was poured into the half-filled spray tank. The remaining
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5 litres of water were added to the spray tank and closed
with the spray tank cover. The sprayer tank was shaken
vigorously about 10 times to ensure proper suspension,
and then the sprayer was pressured to 55 psi as the spray
commenced. Spraying commenced with the nozzle held
45cm away from the surface, applying at a tempo of 2.5
seconds per meter of surface sprayed according to the
WHO standard [16, 17]. Periodic agitation of the sprayer
ensured comprehensive coverage of the spray deposit on
the interior walls. The sprayed mixture was evenly ap-
plied to each surface and allowed to air dry. The same
spray unit and trained operator were utilized for each
chemical application to ensure accuracy. To prevent cross
-contamination, separate tanks were used for each insecti-
cide. Controls were sprayed with water.

2.6 Cone Bioassays and Monitoring of Residual Effica-
cy

Three-to-five-day-old nulliparous, non-blood-fed, An.
gambiae (Kisumu and field strain) and Culex species
were used. Standard cone bioassay tests were performed
based on WHO procedures [18]. After attaching the cone
securely to the surfaces, 10 mosquitoes were placed inside
each cone using a mouth aspirator and exposed for
30 min; four replicates of the same surface were used for
the experiment. Surfaces remained undisturbed through-
out the exposure period. The same surfaces were utilized
for each test interval (I month, 2 months, 3 months, 4
months, 5 months, and 6 months) to ensure consistency.
A minimum of three replicates (30 mosquitoes per insec-
ticide per surface) were tested at each time interval. All
contact bioassays occurred during daylight morning
(08:30-11:30) to reduce potential time-related response
bias related to normal mosquito activity thythms. Air tem-
perature and relative humidity readings were recorded
during the 30-minute assay. Immediately following the 30
-minute contact period, all mosquitoes were carefully re-
moved from each cone and placed in a labelled holding
cup topped with a synthetic mesh screen. Post-exposure
“knockdown” (in an incapacitated or moribund state) or
‘live’ was observed at lhour after the removal from the
cone. Then, each cup was provided with a 10% sugar so-
lution soaked in cotton wool and placed atop the cup.
Holding cups were placed under normal insectary condi-
tions (27+2°C temperature and 70+20% relative humidi-
ty). Each cup was observed at lhour for knockdown and
at 24-hour intervals for mortality. During each trial, mos-
quitoes of identical pre-test condition were used as con-
trols and exposed to untreated surfaces in the experi-
mental design and the same sprayed surfaces. The tests
were conducted monthly for 6 months following the rec-
ommended residual time.

2.7 Data Preparation and Statistical Analysis

All analyses were conducted in R (version 4.4.3). Mortali-
ty outcomes were summarized as means with correspond-
ing standard errors (SE) for each insecticide, mosquito
species, and month. Two-way analyses of variance
(ANOVA) were performed separately for each species
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24-h Mortality by Insecticide and Surface Type Across Months
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Figure 1. Six-month percentage residual mortality of Anopheles gambiae s.s. (KUSUMU strains), Anopheles gambiae s.l. (field strains) and Culex species (field

strains) exposed to standard concentrations of Fludora®™ fusion, K-Orthrine®, and Al-cypernet® sprayed on Mud, unplastered, plastered, and wood surfaces
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Figure 2. Mean values of six-month percentage mortalities (irrespective of surfaces) of Anopheles gambiae s.s. (KUSUMU strains), Anopheles gambiae s.1. (field

strains) and Culex species (field strains) exposed to standard concentrations of Fludora® fusion,

and month to evaluate the effects of insecticide type and
wall substrate. Where significant main or interaction ef-
fects were identified, post hoc pairwise comparisons
were carried out using Tukey’s Honestly Significant Dif-
ference (HSD) test. Statistical significance was defined at
p <0.05.

In addition to assessing mean mortality, deterioration
rates were estimated to capture the decline in insecticidal
efficacy over time. Specifically, deterioration was calcu-
lated as the reduction in percentage mean mortality rela-
tive to baseline values (month zero) across subsequent
observation periods. This provided a quantitative meas-
ure of how rapidly efficacy diminished under different
conditions. Descriptive statistics were presented graph-
ically to illustrate temporal patterns and deterioration

K-Orthrine®, and Al-cypernet®

trends. At the same time, inferential results (ANOVA
and post hoc tests) were reported in tabular format to
show statistical evidence of treatment effects.

3.0 RESULTS

3.1 Susceptibility status of Anopheles gambiae s.l. and
Culex species

The susceptibility results of the Anopheles gambiae s.1.
Revealed a 73% mortality rate to deltamethrin and 81%
mortality to alphacypermethrin. As for the Culex species,
a 60% mortality rate was observed when exposed to del-
tamethrin, and 58% mortality to alphacypermethrin.
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Figure 4. Mean values of six-month percentage efficacy loss (irrespective of surfaces) of Anopheles gambiae s.s. (KUSUMU strains), Anopheles gambiae s.1.

(field strains) and Culex species (field strains) exposed to standard concentrations of Fludora® fusion, K-Orthrine®, and Al-cypernet®

3.2 Residual bio-efficacy of Fludora® fusion, K-
Orthrine® and Al-cypernet® sprayed on Mud, plas-
tered, unplastered and Wood surfaces against KISU-
MU laboratory strain, field Anopheles gambiae s.l.
and field collected Culex species.

The result of the residual efﬁcacy of Fludora® fusion, K-
Orthrine®™, and Al- cypernet sprayed on Mud, plastered
unplastered and wood is presented in Figures 1 and 2.
Throughout the entire six-month period, all the surfaces
killed 100% of the KISUMU laboratory strains (Figures
1 and 2), indicating high residual efficacy on the species.
However, variances started to occur with the field strains
Anopheles gambiae s.1. and Culex species. Residual effi-
cacy decreased across all insecticides and surfaces in
both species within the six months (Figures 1 and 2),
with few differences in mortality data (Figure 1). For
Fludora® fusion, residual efficacy did not drop below the
80% cut-off point across all surfaces and mosquito spe-
cies at any point. For K-Orthrine®, residual efficacy only

dropped below 80% at the 4th month on an unplastered
surface with Anopheles gambiae s.1., and dropped at the
sixth month with Culex species (Figure 1). Al-cypernet®
residual efficacy dropped below the 80% cut-off on plas-
tered, unplastered, and wood only at the 6th month, ex-
cept on mud surface, where the efficacy had already
dropped at the 4th month with Anopheles gambiae s.l.
Efficacy of Al-cypernet® on Culex species revealed a
higher decline below the 80% cut-off across all surfaces
starting from the 4th month.

3.3 Rate of loss of insecticide efficacy across months
on each surface)

Figures 3 and 4 present the rate of loss of efficacy re-
sults. With the KISUMU strains, efficacy was constant
across the six months (Figures 3 and 4). As for Anophe-
les gambiae s.I. and Culex species, Fludora® fusion sus-
tained its efficacy much more than others durmg the six
months. K-Orthrine® and then Al-cypernet® followed
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this. C0n51der1ng the Anopheles gambiae s.l. results,
Fludora® fusion lost its bio-efficacy more on plastered
surfaces and wood than mud and unplastered surfaces
(Figure 1). On the other hand, the efficacy of Culex spe-
cies remained constant throughout the period. A slightly
higher K-Orthrine® efficacy loss was recorded on unplas-
tered surfaces with Anopheles gambiae s.1., followed by
wood, mud, and then plastered surfaces, respectlvely
With Culex species, K-Orthrine® efficacy loss was simi-
lar across all surfaces. However, Al-cypernet® efficacy
loss was higher on wood and plastered surfaces, followed
by unplastered and mud surfaces (Figure 1).

3.4 Analysis of variance between insecticide and wall
type

The results of the analysis of variance are presented in
Tables 2 and 3. Because of the uniqueness of the data, an
analysis of variance could not be conducted on the results
of the KISUMU strains, as there were no differences in
the values across surfaces. In both tables and across the
months and mosquito species, significant values were
only found for the insecticide, while wall types did not
significantly contribute to the results.

4.0 DISCUSSION

The comparatlve bio-efficacy of Fludora® Fusion, K-
Othrine®, and Al-Cypernet on different wall surfaces
against Anopheles and Culex mosquitoes provides valua-
ble insights into the effectiveness of these insecticides
and their performances across four wall surfaces. The
trend of bio-efficacy observed in this study ranks the in-
secticides as follows: Fludora® Fusion > K-Othrine® >
Al-Cypernet across all wall surfaces. The high resistance
to pyrethroids established in the field populations of
Anopheles gambiae s.l. and Culicines aligns with the
NMEPs entomology surveillance reports in Southwest
Nigeria [19].

The residual efficacy of Fludora® Fusion, K-Othrine®,
and Al-Cypernet on different surfaces throughout the
entire six months, consistently killing 100% of the mos-
quitoes, indicates that the three insecticides have poten-
tial use in areas where the mosquitoes are susceptible to
pyrethroids. A previous study with K-Othrine® showed a
similar result with 100% susceptibility in susceptible la-
boratory strains of mosquitoes for over 6 months, with

Table 1. Analysis of variance between insecticide and wall types for Anopheles gambiae s.1. for the six months

month term df sumsq meansq F-statistic p.value
March Insecticide 3 78022.92 26007.64 567.44 0.000*
March Wall type 3 172.92 57.63889 1.26 0.305
March Insecticide*Wall type 9 318.75 35.41667 0.77 0.642
April Insecticide 3 70675.00 23558.33 342.67 0.000*
April Wall type 3 75.00 25 0.36 0.780
April Insecticide*Wall type 9 241.67 26.85185 0.39 0.931
May Insecticide 3 77483.33 25827.78 317.88 0.000*
May Wall type 3 116.67 38.88889 0.48 0.699
May Insecticide*Wall type 9 666.67 74.07407 0.91 0.527
June Insecticide 3 70683.33 23561.11 595.23 0.000*
June Wall type 3 66.67 2222222 0.56 0.644
June Insecticide*Wall type 9 450.00 50 1.26 0.294
July Insecticide 3 75250.00 25083.33 445.93 0.000*
July Wall type 3 150.00 50 0.89 0.457
July Insecticide*Wall type 9 266.67 29.62963 0.53 0.844
August Insecticide 3 66189.58 22063.19 294.18 0.000*
August Wall type 3 106.25 35.41667 0.47 0.704
August Insecticide*Wall type 9 502.08 55.78704 0.74 0.667
Note: p-values asterisks connote significant difference in mean mortality value for each month
Table 2. Analysis of variance between insecticides and wall types for Culex species for the six months
month term df sumsq meansq F-statistic p.value
March Insecticide 3 70341.67 23447.22 296.18 0.000*
March Wall type 3 425.00 141.6667 1.79 0.169
March Insecticide*Wall type 9 891.67 99.07407 1.25 0.300
April Insecticide 3 73706.25 24568.75 620.68 0.000*
April Wall type 3 72.92 24.30556 0.61 0.611
April Insecticide*Wall type 9 152.08 16.89815 0.43 0911
May Insecticide 3 66550.00 22183.33 186.81 0.000*
May Wall type 3 16.67 5.555556 0.05 0.986
May Insecticide*Wall type 9 1000.00 1111111 0.94 0.509
June Insecticide 3 71016.67 23672.22 391.82 0.000*
June Wall type 3 66.67 22.22222 0.37 0.777
June Insecticide*Wall type 9 450.00 50 0.83 0.596
July Insecticide 3 70416.67 23472.22 288.89 0.000*
July Wall type 3 133.33 44.44444 0.55 0.654
July Insecticide*Wall type 9 1316.67 146.2963 1.80 0.107
August Insecticide 3 65722.92 21907.64 187.78 0.000*
August Wall type 3 222.92 74.30556 0.64 0.597
August Insecticide*Wall type 9 668.75 74.30556 0.64 0.757

Note: p-values asterisks connote significant difference in mean mortality value for each month
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sustained residual efficacy of up to one year [20]. How-
ever, in Nigeria, insecticide resistance is becoming a big
challenge. Pyrethroid resistance is now widespread and
increasing in intensity [21]. The lesser residual efficacy
of K-Othrine® and Al-Cypernet as compared with Flu-
dora®™ Fusion in this study may partly be because of the
resistant nature of the mosquitoes. Fludora® Fusion con-
tains a mixture of deltamethrin insecticide and clothi-
anidin, while K-Othrine® and Al-Cypernet have deltame-
thrin and alphacypermethrin insecticides, respectively.
Clothianidin disrupts synaptic transmission in the insect
nervous system, while deltamethrin prolongs sodium
channel activation in nerve membranes, leading to paral-
ysis and ultimately death [22]. Though the mosquitoes in
this study were not exposed to clothianidine, the results
from studies from every part of Nigeria have shown that
the mosquito populations are mainly susceptible to clo-
thianidin [7], giving Fludora® Fusion a clothianidin ad-
vantage. This partly explains the sustained superiority of
Fludora® Fusion in this study.

The nature of the walls did not significantly influence the
efficacy of insecticides in this study. Previous findings
by Mosqueira et al. [23] and Dengela et al. [24] demon-
strated that porous surfaces (mud) exhibit a shorter resid-
ual effect with pyrethroids against various mosquito spe-
cies, while non-porous surfaces like wood and cement
exhibit longer residual effects. The study also observed
that mud surfaces, being porous, quickly absorbed del-
tamethrin, leading to reduced durability compared to
wood and cement surfaces. Similarly, in a study conduct-
ed by Rohani et al. [25] on the indoor and outdoor resid-
ual spraying of K-Othrine® (Polyzone) for simian malaria
control in Sabah, Malaysia, it was found that the efficacy
of K-Othrine® largely depends on the surface type, con-
centration of insecticides used, formulation of the insecti-
cides, humidity, temperature, and evaluation method em-
ployed. Agossa et al. [26] have also expressed similar
views regarding the bio-efficacy of insecticides, high-
lighting that the nature of the treated surface and the for-
mulation type are key determinants of insecticide residu-
al effectiveness. Though some surfaces appear to have
slightly elevated mortality compared to others, these dif-
ferences were not statistically significant. Significant
contribution of insecticide alone to the residual efficacy
of Fludora® Fusion, K-Othrine®™, and Al-Cypernet across
all months reaffirms the non-significant effect of surface,
indicating their application across different settings for
the control of mosquito vectors in Nigeria.

This evaluation showed a superior efficacy of Fludora®
Fusion against pyrethroid-resistant mosquitoes in Nige-
ria, which can cover the entire rainy period, and as a re-
sult, stands out as a leading candidate for IRS interven-
tions in the country.
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