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PROFILING INSECTICIDE SUSCEPTIBILITY OF AEDES ALBOPICTUS FROM HOT

SPRINGS IN SELANGOR, MALAYSIA

OTHMAN WAN-NORAFIKAH,"?%° NARIMAH ABDUL HAMID HASANL"?> ABU BAKAR NABILA,'
IBRAHIM NAJIBAH,' ABDUL HADI HAZIRAH NURJUANL' MUHAMAD MASLIANA,'
SHARIFAH ALIAH-DIYANAH,' ZAKARIA ALIA-YASMIN,' IBRAHIM YASMIN-ZAFIRAH.,'
AZHAR FARAH-FARHANL' ABDUL HADI AZAHARL* MAZKAMAL FAIQAH-NADHIRAH' anp
MOHD SHAH NURUL-AZIRA!*

ABSTRACT. The present study establishes insecticide susceptibility profiles of Aedes albopictus adult popula-
tions from 4 hot springs in Selangor, Malaysia, against 7 pyrethroids through an adult mosquito susceptibility bio-
assay. All Ae. albopictus populations were subjected to a 1-h exposure to each pyrethroid following the World Health
Organization. The mortalities were recorded at 60 min of exposure to bifenthrin, 30 min for other pyrethroids, and
24 h posttreatment for all pyrethroids. Complete mortalities were observed upon exposures to the pyrethroids under
60 min and at 24 h posttreatment, excluding permethrin 0.25%, alpha-cypermethrin 0.05%, and bifenthrin 0.2%.
These findings indicated that permethrin, deltamethrin, lambda-cyhalothrin, cyfluthrin, and etofenprox possess the
recommended pyrethroid adulticide active ingredients that could be applied in vector control programs at these hot
springs in the future. Nevertheless, the application of pyrethroids should be carefully monitored in rotation with other
insecticide classes, including organophosphates and carbamates to avoid the development of insecticide resistance
among mosquito vectors towards all insecticides. Although there were no reported cases of Aedes-borne pathogens at
these hot springs to date, the current study results could still assist the Malaysian health authorities in determining

approaches to control 4edes populations in these hot springs, if required in the future.
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INTRODUCTION

In recent decades, the spread of mosquito-borne
arboviral diseases, namely, dengue, chikungunya, and
Zika, have increased dramatically on a global scale.
The mosquito-borne arboviral pathogens are transmit-
ted through the bite of infected Aedes aegypti (L.) and
Ae. albopictus (Skuse) mosquitoes (Peinado et al.
2022). High human morbidity and mortality rates due
to these diseases have triggered public health concerns
worldwide.

The control of mosquito-borne arboviral diseases
depends on vector management due to the shortcom-
ings of effective treatment or vaccines for the ill-
nesses. Reducing human-mosquito interactions is also
the essence of an effective control strategy. Nonethe-
less, chemical insecticides remain the primary vector
control tools (Fansiri et al. 2022) despite the numerous
mosquito control approaches, such as source reduction,
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habitat manipulation, and biological larvicide appli-
cations, delineated by the World Health Organiza-
tion (WHO 2012).

Aedes aegypti and Ae. albopictus tend to blood
feed on human hosts over other warm-blooded spe-
cies (Kamgang et al. 2012, Pruszynski et al. 2020).
Aedes aegypti is predominantly related to human
population densities, while 4e. albopictus abundance
coincides with vegetation (Tsai and Teng 2016, Dalpa-
dado et al. 2022). Consequently, mosquito control oper-
ations are conducted in human habitation and public
recreational sites typically surrounded by vegetation
following the increased risk of mosquito-borne patho-
gen transmissions in these areas.

Hot springs are natural geothermal water environ-
ments that can be found worldwide. Humans visit hot
springs to bathe in the hot water for therapeutic and
stress-relieving purposes. Therefore, visitor traffic is
commonly heavy, especially during weekends and
holidays. Furthermore, ornamental plants and dense
vegetation within the hot spring environments offer
harborage for certain mosquito species, including Ae.
albopictus.

Aedes albopictus reportedly prevail in outdoor
vegetation (Dalpadado et al. 2022), leading to expec-
tations of mosquito-borne infections in hot spring
environments. In Malaysia, several hot springs scat-
tered in some states, including Selangor, have become
popular attractions among local and foreign tourists.
The hot springs are located in suburban and rural areas
and primarily surrounded by vegetation. In an unpub-
lished study, Ade. albopictus was the most common
mosquito species collected through ovitrapping per-
formed in all 4 hot springs selected in the current study.
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Table 1. Geographical location of selected hot springs from different localities in Selangor, Malaysia.
Geographical location
District Study locality (coordinates and elevation)
Gombak Selayang hot spring (SEL) 03°15.324'N, 101°38.469'E; 70 m

Hulu Selangor
Hulu Selangor

Hulu Selangor Kerling hot spring (KERL)

Hulu Tamu Batang Kali hot spring (HTBK)
Kuala Kubu Bharu hot spring (KKB)

03°27.868'N, 101°41.808'E; 66 m
03°33.895'N, 101°38.767’E; 69 m
03°36.580'N, 101°36.555'E; 44 m

Mosquito vectors and humans co-occurrences cre-
ate a critical necessity for effective mosquito control
strategies around hot springs to prevent the pathogen
transmissions by mosquitoes, particularly Aedes vec-
tors. Selecting the precise insecticides to be employed
in vector control operations at each hot spring is based
on the susceptibility profiles of targeted mosquito spe-
cies. Nonetheless, no susceptibility investigations
involving mosquitoes from any of the hot springs in
Malaysia have been performed. The current study
aimed to determine the most suitable insecticide(s) to
control the outdoor vector de. albopictus at selected
hot springs in Selangor, Malaysia, according to their
susceptibility profiles against the active ingredients
(Als) of different pyrethroids.

MATERIALS AND METHODS

Study localities: Four hot springs popular among
tourists were selected as the localities in this study:
Selayang (SEL), Hulu Tamu Batang Kali (HTBK),
Kuala Kubu Bharu (KKB), and Kerling (KERL). The
hot springs are open to visitors daily. The study sites
are located in the Gombak and Hulu Selangor dis-
tricts in Selangor, Malaysia. The hot spring points in
the areas are encircled by concrete pools, while their
surroundings are skirted by forest vegetation. Table 1
summarizes the geographical descriptions of the
sampling sites.

The Ae. albopictus reference strain: The present
study utilized the Ae. albopictus laboratory strain
(F80) as a reference strain, which was initially col-
lected from Selangor, Malaysia, and reared in the
insectarium of the Institute for Medical Research
(IMR), Kuala Lumpur, Malaysia, for almost 20 yr.
The Ae. albopictus laboratory strain has never been
exposed to any insecticide since its colonization in
the IMR insectarium.

The Ae. albopictus field population sampling: This
study employed ovitrapping during Ade. albopictus
field sampling (Lee 1992, Ministry of Health Malay-
sia 1997), where 50 ovitraps of 9.1 cm (height) X
6.8 cm (diam) were set in each area. Each ovitrap
contained 10% hay infusion water (Wan-Norafikah
et al. 2019) and an oviposition paddle. The ovitraps
were placed randomly within the hot spring com-
pound, including under the ornamental plants, near
vegetation, and under the concrete benches. The ovi-
traps were deployed for 5 days to allow female adult
mosquitoes to lay eggs before being retrieved and
returned to the laboratory.

Rearing and identification of Ae. albopictus adults:
The contents of the ovitraps retrieved in the present
study were poured into different containers. Liver
powder and small semicooked ox liver pieces were
then provided to the hatched Ae. albopictus larvae in
the containers. All larvae were reared to adulthood,
which were identified to species based on the taxo-
nomic and pictorial identification keys of Jeffery
et al. 2012). Only Ae. albopictus adults (FO) were
conserved in the current study, permitted to mate and
blood feed to obtain the F1 progeny for use in adult
mosquito susceptibility bioassay. The Ae. albopictus
laboratory strain and hot spring populations were
maintained in identical environments within the insec-
tarium at 27 = 2°C and 75 = 10% RH.

Active ingredients: In the adult mosquito suscepti-
bility bioassay, impregnated papers of 7 pyrethroids:
permethrin 0.25% and 0.75%, deltamethrin 0.05%,
lambda-cyhalothrin 0.05%, cyfluthrin 0.15%, etofen-
prox 0.5%, alpha-cypermethrin 0.05%, and bifenthrin
0.2% were utilized. The impregnated papers were pro-
cured from the WHO Collaborating Centre, Vector
Control Research Unit (VCRU), Universiti Sains
Malaysia (USM), Penang, Malaysia, which were pri-
marily produced by the VCRU at WHO-recommended
diagnostic doses (WHO 1992, 1998, 2016; Table 2).

Adult mosquito susceptibility bioassay: The current
study used the adult mosquito susceptibility bioassay
outlined by the World Health Organization (WHO
2016). Twenty-five sucrose-fed 3-5-day-old adult
female mosquitoes were held in a holding tube for
1 h to confirm their health. The mosquitoes were then
transferred into an exposure tube lined with a pyre-
throid-impregnated paper of a specific diagnostic dose
and left exposed to the pyrethroid AI for 1 h. A sili-
cone oil-impregnated paper produced by VCRU was
also utilized in an exposure tube to serve as control.
The bioassay in this study was performed in quadrupli-
cate. Mosquito mortality rates were recorded every
minute throughout the exposure period. Mosquitoes
incapable of stably flying or resting were considered
dead. Subsequently, the mosquitoes were transferred
into holding paper cups and provided with 10% sucrose-
soaked cotton balls. Cumulative mortality results were
taken at 24 h postexposure.

Data analysis: The mortality results of each Ae.
albopictus population during the 1 h of pyrethroid
Als exposure were statistically analyzed to obtain the
50% lethal time (LTsq) value. The resistance ratio
(RR) was calculated as
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Table 2. Diagnostic doses of pyrethroids used against
Aedes albopictus in this study (WHO 1992, 1998, 2016).

Diagnostic dose for adult mosquito

Pyrethroid susceptibility bioassay
Permethrin 0.25%
Permethrin 0.75%"
Deltamethrin 0.05%*
Lambda-cyhalothrin 0.05%!
Cyfluthrin 0.15%
Etofenprox 0.5%
Alpha-cypermethrin 0.05%'
Bifenthrin 0.2%'

! Concentration of impregnated papers produced by VCRU.

Resistance ratio (RR)

LTso of field population

LTso of laboratory (reference) strain’

The mortality of adult mosquitoes was also noted
every minute throughout the 1 h exposure period and
24 h postrecovery. The mortalities at 30-min expo-
sure for all pyrethroid Als except 60 min for bifen-
thrin 0.2%, after 24-h postexposure were converted
into mortality percentages using the formula

Mortality percentage (%)

Number of dead adult mosquitoes % 100.

~ Total number of adult mosquitoes evaluated

The mortality percentages documented in the cur-
rent study were categorized based on the World
Health Organization guidelines (WHO 2016): A 98—
100% mortality signified susceptibility to the Al; 90—
97% indicated possible resistance, hence requiring
further susceptibility bioassays for confirmation. A
<90% mortality suggested confirmed resistance in
the population. In this study the mosquito mortalities
by all pyrethroid Als were corrected with Abbott’s
formula (1925) if the mosquito mortality in the control
tubes was over 10%. The adult mosquito susceptibility
bioassay was discarded and repeated when the cor-
rected mortality in the control tubes exceeded 10%:

Corrected mortality (%)

% mortality of pyrethroid exposure — % mortality of control «

100.
100 — % mortality of control

The raw mortality data generated in this study
were also assessed for normality with the Shapiro-
Wilk evaluation. The mortality percentages were
employed to reveal any significant differences between

the Ae. albopictus populations via the one-way
ANOVA and post hoc analyses, while the Pearson cor-
relation assessment ascertained any significant associ-
ations between different pyrethroid Als. A >0.4 (r >
0.4, P = 0.05) correlation value (7) denoted significant
cross-resistance, whereas an » of >0.8 showed strong
cross-resistance between 2 pyrethroid Als. The statisti-
cal analyses in this study were performed with IBM
SPSS Statistics version 23.0 with a P = 0.05
significance.

RESULTS

The susceptibility of Ae. albopictus adult mosqui-
toes of the reference strain and those of the hot spring
study localities against several pyrethroid adulticide
Als were evaluated through a 1 h exposure in adult
bioassays. Based on the normality test conducted, all
raw mortality data produced in this study were nor-
mally distributed (P > 0.05).

The 50% lethal time (LTsg) values of the Ae. albo-
pictus adult populations in the current study exposed
to 0.25% and 0.75% permethrin ranged from 45.69
min to 85.48 min and 19.78 min to 23.86 min,
respectively (Table 3). The resistance ratios for all
field populations subjected to both permethrin con-
centrations were also below 1.00. Meanwhile, all Ae.
albopictus adult populations exposed to deltamethrin
0.05%, lambda-cyhalothrin 0.05%, cyfluthrin 0.15%,
and etofenprox 0.5% generated LTs, values within
approximately similar ranges (16.90 min to 33.46
min). The resistance ratios of the mosquitoes exposed
to the pyrethroid Als were under 1.50.

Exposing the Ae. albopictus adult populations to
alpha-cypermethrin 0.05% resulted in a higher LTS5,
range (23.48 min to 38.78 min) with resistance ratios
of 1.02 or below. Conversely, the LTso values (70.83
min to 237.83 min) for bifenthrin 0.2% were obtained
only from samples collected in SEL, HTBK, and
KERL hot springs, as only a few mosquitoes died dur-
ing the exposure. The mortality value of Ae. albopic-
tus of the reference strain and Kuala Kubu Bharu
(KKB) hot spring exposed to the same pyrethroid Al
did not reach the minimum of 5.00% (P = 0.05), thus,
rendering their LTs, values indeterminable.

Within the 1-h exposure period, the cyfluthrin
0.15% exposure exhibited the fastest effects in caus-
ing 50.00% mortalities among the Ae. albopictus
adult populations. In contrast, permethrin 0.25% and
bifenthrin 0.2% recorded the slowest effects in exter-
minating 50.00% of each Ae. albopictus adult popu-
lation within the same exposure period.

In this study, mortality percentages were calcu-
lated at 30 min of exposure to all pyrethroids, exclud-
ing bifenthrin 0.2%, which was determined at 60 min
(Table 4). The Ae. albopictus adult populations sub-
jected to permethrin 0.25% recorded not more than
10.00% mortality after 30 min. Nonetheless, the mor-
tality increased between 76.00% and 96.00% upon
exposure to permethrin 0.75%.
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Table 3. Susceptibility to pyrethroids of adult Aedes albopictus of the reference strain and 4 from hot springs in
Selangor, Malaysia."
Permethrin Permethrin Deltamethrin
Pyrethroids 0.25% 0.75% 0.05%
Types of LTso (min) Resistance LTso (min) Resistance LTso (min) Resistance
area Study areas 95% C.L. Ratio (RR) 95% C.L. Ratio (RR) 95% C.L. Ratio (RR)
Reference Laboratory 85.48 — 26.20 — 26.06 —
(76.80-101.39) (25.54-26.81) (25.58-26.52)
Hot springs Selayang hot spring 45.69 0.53 21.55 0.82 21.72 0.83
(SEL) (45.04-46.38) (21.24-21.86) (21.38-22.05)
Hulu Tamu Batang Kali 53.38 0.62 23.86 0.91 24.44 0.94
hot spring (HTBK) (52.13-54.82) (15.44-34.67) (23.90-25.00)
Kuala Kubu Bharu hot 49.49 0.58 19.78 0.75 20.46 0.79
spring (KKB) (48.67-50.37) (19.37-20.17) (19.76-21.11)
Kerling hot spring 56.00 0.66 20.72 0.79 18.15 0.70
(KERL) (54.62-57.67) (20.33-21.10) (17.40-18.82)

"' RR = resistance ratio; C.L. = confidence limit (95%); N.D. = not determined due to no mortality; LTs, with no lower and upper C.L. =

insufficient data.

The Ae. albopictus populations subjected to delta-
methrin 0.05%, lambda-cyhalothrin 0.05%, cyfluthrin
0.15%, and etofenprox 0.5% for 30 min documented
36.00% to 99.00% mortality. In contrast, the mortality
percentages of all Ae. albopictus adult populations
exposed to alpha-cypermethrin 0.05% were below
32.00% except for HTBK, at 85.00%, within a similar
time frame. Nevertheless, the mortality percentage of
the Ae. albopictus adult populations exposed to bifen-
thrin 0.2% were much lower, 2.00% to 27.00%.

The Ae. albopictus adult populations exposed to
cyfluthrin 0.15% demonstrated the highest mortali-
ties after 30 min of exposure, while the lowest were
demonstrated among Ae. albopictus adult popula-
tions exposed to permethrin 0.25%. On the other
hand, under 30.00% mortality of the populations
evaluated was documented by bifenthrin 0.2% at 1-h
exposure.

The Ae. albopictus reference strain adults demon-
strated full susceptibility to almost all pyrethroid Als
after 24 h of recovery period, excluding the mosqui-
toes subjected to permethrin 0.25% exposure (51.00%)
and bifenthrin 0.2% (67.00%; Table 5). The Ae. albo-
pictus adults from SEL, HTBK, and KKB exhibited
possible resistance against permethrin 0.25%, while
the Ae. albopictus adults from KERL were resistant to
permethrin 0.25%. All Ae. albopictus field populations
revealed full susceptibility to permethrin 0.75%, delta-
methrin 0.05%, lambda-cyhalothrin 0.05%, cyfluthrin
0.15%, and etofenprox 0.5%.

After the 24-h recovery period, only the 4e. albo-
pictus adults from SEL demonstrated possible resis-
tance against alpha-cypermethrin 0.05%, while the
rest indicated susceptibility. On the other hand, only
Ae. albopictus adults from SEL were fully suscepti-
ble to bifenthrin 0.2%, while Ae. albopictus adults
from the other hot springs exhibited resistance
against bifenthrin 0.2% 24 h postexposure (86.00%
t0 97.00%).

Based on the one-way ANOVA performed in the
present study, significant differences (P = 0.05) in
mortality percentages at 30-min or 60-min and 24-h
postexposure were documented in only a few pyre-
throid exposures. Significant LTs, correlations were
revealed between permethrin 0.75% and deltamethrin
0.05% (r = 0.909, P = 0.032), deltamethrin 0.05%
and cyfluthrin 0.15% (r = 0.885, P = 0.046), and
lambda-cyhalothrin 0.05% and cyfluthrin 0.15% (r =
0.965, P = 0.008), indicating intraclass cross-resis-
tance between the pyrethroids involved.

DISCUSSION

According to WHO (2016), the mortality percent-
age of adult mosquitoes should be determined at 24-h
postexposure to an insecticide Al. In the current study,
Ae. albopictus populations subjected to adulticide
pyrethroid Als except for permethrin 0.25%, alpha-
cypermethrin 0.05%, and bifenthrin 0.2% resulted in
100.00% mortalities at the end of 1-h exposure and 24-
h posttreatment. Consequently, the shortest or longest
time required by the populations to be affected by the
pyrethroid could not be determined in this study. As a
result, besides mortality percentages at 24-h postexpo-
sure, the current work recorded mortality percentages at
30-min exposure for all Als except for bifenthrin 0.2%,
where the Ae. albopictus adult populations did not dem-
onstrate complete mortalities after 1 h.

As for permethrin 0.25% exposure, the mortality
percentages were noted at 30-min exposure time so
that these data were comparable with mortality
percentages for permethrin 0.75% exposure. The mortal-
ity percentage of Ae. albopictus adult population from
HTBK subjected to alpha-cypermethrin 0.05% was also
logged at 30-min exposure, as the population exhibited
complete mortality before the end of the exposure time.

The current study employed 0.25% and 0.75%
permethrin. Initially, the higher concentration of
permethrin impregnated papers was utilized as it
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Table 3. Extended
Lambda-
cyhalothrin Cyfluthrin Etofenprox Alpha-cypermethrin Bifenthrin
0.05% 0.15% 0.5% 0.05% 0.2%
LTso (min) Resistance  LTso (min)  Resistance  LTso (min)  Resistance  LTso (min)  Resistance LTsq (min) Resistance
95% C.L.  Ratio(RR) 95%C.L. Ratio(RR) 95%C.L. Ratio(RR) 95%C.L. Ratio (RR) 95% C.L. Ratio (RR)
29.94 — 23.08 — 25.53 — 37.89 — N.D. N.D.
(29.54-30.33) (22.69-23.48) (25.04-26.01) (36.72-39.09)
26.29 0.88 19.10 0.83 29.76 1.17 38.78 1.02 70.83 —
(25.86-26.70) (18.78-19.41) (29.37-30.15) (38.27-39.28) (66.76-77.55)
32.16 1.07 25.70 1.11 27.28 1.07 23.48 0.62 176.55 —
(31.69-32.63) (25.25-26.14) (26.82-27.73) (23.06-23.90) (111.00-1,020.84)
26.56 0.89 18.65 0.81 22.43 0.88 35.57 0.94 N.D. N.D
(26.16-26.94) (18.26-19.02) (21.96-22.89) (35.16-35.99)
26.59 0.89 16.90 0.73 33.46 1.31 34.67 0.92 237.83 —
(26.16-27.00) (16.52-17.26) (32.82-34.11) (34.16-35.17)

was the only concentration available from VCRU.
The permethrin 0.25% impregnated papers were
later available following the WHO (2016) recom-
mended diagnostic dose for Aedes mosquitoes. Nev-
ertheless, WHO established a 0.4% diagnostic dose
for permethrin in 2022, which was revealed after
the completion of this study.

The results in the current study indicated that per-
methrin, deltamethrin, lambda-cyhalothrin, cyfluthrin,
and etofenprox are suitable pyrethroid adulticide Als
and could be employed in vector control activities at
the selected hot springs if required. The Ministry of
Health Malaysia has also utilized some of the pyre-
throids during vector control space treatments (Ong
2016). Nevertheless, the details on the application are
currently unavailable for public access.

Although exposure to alpha-cypermethrin 0.05%
resulted in various levels of susceptibility at 30 min
of exposure, the mortality percentages recorded by the
Ae. albopictus adult populations increased to over
97.00% at the end of 24-h posttreatment. The applica-
tion of alpha-cypermethrin-based products could still
be considered at selected hot springs if required. Never-
theless, alpha-cypermethrin-based substances necessi-
tate a longer time to reach a high mortality compared
to other pyrethroid Als. Furthermore, the use of alpha-
cypermethrin-based products in SEL and KERL should
be closely monitored as the de. albopictus adult popu-
lations were no longer fully susceptible to the pyre-
throid Al

Employing the pyrethroids at the hot springs
selected in this study should be conducted in rotation
with other classes of insecticides, such as organo-
phosphates, that are also utilized in the Malaysian
vector control program to prevent or delay insecti-
cide resistance among mosquito vectors. Alpha-
cypermethrin has also been employed in indoor
residual spraying (IRS) to combat malaria and vis-
ceral leishmaniasis in countries including India

(Saurabh et al. 2020, Mishra et al. 2021), but infor-
mation on its application in Malaysian vector control
strategies is inadequate.

The Ae. albopictus adult populations exposed to
bifenthrin 0.2% documented very low mortality per-
centages by the end of 1 h. Although the figures rose
at 24-h posttreatment, the numbers were still less
than the results obtained for alpha-cypermethrin
0.05%. If required in the future, bifenthrin could be
utilized as an adulticide at the study sites. Nonetheless,
careful considerations are necessary as the mosquitoes
in this study demonstrated resistance to bifenthrin
although only at diagnostic dosage.

Several reports in other countries have demon-
strated the effectiveness of bifenthrin as a residual
insecticide in barrier spray treatments on foliage and
vegetation, thus providing an option for mosquito
control (Fulcher et al. 2015, VanDusen et al. 2016).
In Malaysia, employing bifenthrin as an adulticidal,
larvicidal, and wall residual agent was significantly
effective against laboratory-reared Ae. aegypti, Ae.
albopictus, and Culex quinquefasciatus Say (Lee
et al. 1997, Sulaiman et al. 2008). Nevertheless,
information on the application of bifenthrin in vector
control programs held by the Ministry of Health
Malaysia and other local health authorities remains
unspecified.

The significant intraclass cross-resistance between
permethrin and deltamethrin, deltamethrin and cyflu-
thrin, and lambda-cyhalothrin and cyfluthrin suggested
that similar metabolic enzymes or target-site mutation
were involved in the resistance mechanisms against
the pyrethroid Als among Ae. albopictus adult popula-
tions assessed in this study.

The Ae. albopictus laboratory strain from IMR
was the best option as a reference strain in the pre-
sent study, considering that IMR is a research arm of
the Ministry of Health Malaysia. Furthermore, access
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Percent mortality of Aedes albopictus adults of the reference strain and 4 from hot springs in Selangor, Malaysia, caused by pyrethroids at 24-h posttreatment.’

Table 5.

Percent mortality after 24 h

Lambda-
Cyhalothrin

Pyrethroid

Alpha-
Cypermethrin

Bifenthrin

Etofenprox

Deltamethrin Cyfluthrin

Permethrin

Permethrin

Type of

0.2%
R67.00 = 7.55

0.05% 0.15% 0.5% 0.05%
$99.00 = 1.00

0.05%

0.75%
$100.00 = 0.00 5100.00 = 0.00 5100.00 + 0.00 $100.00 + 0.00 5100.00 = 0.00

M96.00 + 2.31* 5100.00 = 0.00 5100.00 = 0.00 5100.00 =+ 0.00 5100.00 = 0.00 5100.00 = 0.00 M97.00 = 1.91 5100.00 *+ 0.00°

0.25%
R51.00 = 1.91

Study area

population

Reference

Laboratory

Selayang hot spring

Hot springs

(SEL)
Hulu Tamu Batang Kali

M90.00 + 1.15* 5100.00 = 0.00 5100.00 = 0.00 5100.00 =+ 0.00 5100.00 = 0.00 5100.00 = 0.00 5100.00 + 0.00 R90.00 + 3.46°

M91.00 + 1.91* 5100.00 = 0.00 5100.00 = 0.00 5100.00 =+ 0.00 5100.00 = 0.00 5100.00 = 0.00 5100.00 + 0.00 R86.00 + 2.58°

hot spring (HTBK)

Kuala Kubu Bharu hot

spring (KKB)
Kerling hot spring

599.00 = 0.49 R97.00 =+ 3.00°

Rg3.00 = 5.74* 5100.00 = 0.00 5100.00 = 0.00 5100.00 = 0.00 5100.00 = 0.00 5100.00 =+ 0.00

(KERL)

9.951

F=

F=1324

df

0.000
19

F=

0.000
19

F=

0.000

F=

0.000
19

F=

0.000
19

F =

34.649

F=

One-way

df =19

df = df = df =19 df df 19
P P

df=19

P

ANOVA

0.000

0.306

P=

0.000
possible resistance, R = confirmed resistance, as determined by WHO (2016). Per-

P=

0.000

P=

0.000

0.000

P=

0.000

P=

0.000

! Percent mortality after 24 h (%) = mean of mortality for adult mosquitoes + standard error. S = susceptible, M
cent mortality with different letter implied significant difference between one another (P = 0.05) (post hoc Tukey’s HSD test): *

significantly different

significantly different with reference strain; °

significantly different with HTBK strain; ¢ = significantly different with KKB strain.

with SEL strain; ©

to susceptible Ae. albopictus strains from any well-
established laboratories were not available.

Although the Ae. albopictus laboratory strain required
longer than 60-min exposure time to 24-h postexposure
to be affected by the insecticide Als, the de. albopictus
laboratory strain employed in the present study was
completely susceptible to numerous other commonly
available Als (Elia-Amira et al. 2019, Lau et al. 2021,
Wan-Norafikah et al. unpublished data). Nevertheless,
continuous monitoring of its susceptibility against insec-
ticide Als and precautionary actions have been per-
formed by IMR to maintain or enhance the sensitivity
of the strain against the insecticide Als and prevent fur-
ther insecticide resistance development in the future.

Generally, the hot springs chosen in this study are
equipped with similar essential facilities, such as
concrete benches around the hot spring spots, resting
gazebos, and washrooms. In terms of location, the
KERL site is the only study area located marginally
remote from any human dwelling. The other hot
springs are situated in proximity to human housing
areas, which are more prone to insecticide exposures
during vector control operations. Nevertheless, no
significant differences in susceptibility levels between
the Ae. albopictus adult population from KERL and
Ae. albopictus adult populations from other hot springs
and laboratory strains against the same pyrethroid Als
were observed regardless of its unique location.

Close monitoring of the abundance and suscepti-
bility levels of the mosquito vectors from the hot
springs against insecticides is necessary because of
the dense vegetation around the localities. The lush
foliage, especially at KERL, could provide conducive
breeding and resting habitats for numerous mosquito
species, including Ae. albopictus. Consequently, possi-
bilities of mosquito-borne infections spreading are
increased in the areas assessed in this study.

The susceptibility status of Ae. albopictus adult
populations in urban and rural neighborhoods and
agricultural plantations against similar adulticide
pyrethroid Als has been reported by researchers
globally. For instance, adult Ae. albopictus mosqui-
toes from the USA, Laos, and Papua New Guinea
were susceptible to deltamethrin 0.05%, while its
counterpart in Fanar, Lebanon, recorded susceptibil-
ity to permethrin 0.25% and lambda-cyhalothrin
0.03% (Marcombe et al. 2014, Tangena et al. 2018,
Demok et al. 2019, Haddad et al. 2022). In another
report, the Ae. albopictus adult populations from
Andaman and Nicobar Islands in India demonstrated
susceptibility to deltamethrin 0.05%, but resistance
to permethrin 0.75%, lambda-cyhalothrin 0.05%, and
cyfluthrin 0.15% (Sivan et al. 2015).

Two Ae. albopictus adult populations from Ban-
gui, Africa, and several adult populations of the same
species from Yaounde and Douala in Cameroon were
reportedly resistant to deltamethrin 0.03%, 0.05%,
alpha-cypermethrin 0.05%, and permethrin 0.75%
(Ngoagouni et al. 2016, Kamgang et al. 2017, You-
gang et al. 2022). Similarly, resistance against
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permethrin 0.75% was also recorded among 2 Italian
Ae. albopictus populations (Pichler et al. 2018).

A study revealed that adulticide pyrethroid Als
required between 1 to 24 h to demonstrate their full
effects on 14 Ae. albopictus adult populations col-
lected from different districts in Sabah, Malaysia.
Although the populations recorded under 90.00%
mortalities at 60-min exposure to permethrin 0.75%
and to etofenprox 0.50%, it improved to 100.00%
mortality at 24-h posttreatment (Elia-Amira et al.
2019). Meanwhile, a majority of the 13 Ae. albopic-
tus adult populations obtained from different districts
in Sarawak were resistant to etofenprox 0.50%, delta-
methrin 0.05%, lambda-cyhalothrin 0.05%, and per-
methrin 0.25% (Lau et al. 2021). Conversely, the
populations were fully susceptible to cyfluthrin 0.15%
(Lau et al. 2021). In another local study, 11 Ae. albo-
pictus adult populations collected from dengue hot-
spots in Kuala Lumpur and Selangor documented
resistance to deltamethrin 0.03% and permethrin
0.25% (Rasli et al. 2021).

Although no mosquito-borne disease case has
been reported from the hot springs selected in this
study, the susceptibility levels of Ae. albopictus pop-
ulations should still be considered and utilized to
delineate forthcoming plans for tackling Aedes-borne
diseases. This is the first study to record the suscepti-
bility status of mosquito vectors captured in the hot
springs. Consequently, more studies involving mos-
quito vectors from commonly visited hot springs are
needed.
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