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ABSTRACT

The effectiveness of insecticide-based dengue control interventions is very much influenced
by the insecticide resistance status of the mosquito at the targeted areas. This study aims to
determine the insecticide resistance status and the enzymatic activity. WHO adult bioassays
conducted on Ae. aegypti and Ae. albopictus from 12 dengue hotspots outbreak areas in Kuala
Lumpur and Selangor towards insecticides currently and historically used for mosquito control
in Malaysia which include two pyrethroids, one organoclorine, one organophosphate and one
carbamate. Biochemical enzyme assays were conducted and the activity of enzymes a-
Esterase, MFO, GST and AChE were examined. Kruskal-Wallis H, Mann-Whitney U and
ANOVA test were used to determine the significant difference of the mortality between
insecticides and localities, the enzymes activity between the field and the lab strains, and the
enzymes activity within all field strains. Ae. aegypti from all sites have developed resistance
towards all tested insecticides based on WHO adult bioassays; permethrin, DDT, malathion
and propoxur. The result of biochemical enzyme assays demonstrated that the activity of
enzymes was altered. a-esterase and MFO were altered in both species from all areas. GST was
altered in both species as well except in Ae. albopictus from sites Bandar Rinching and Taman
Gombak Setia. AChE was found significantly demoted in Ae. aegypti from Sri Nilam Shah
Alam and Ae. albopictus from Flat Sri Labuan Cheras only. The resistance detected might be
the result of activity by either single or several enzymes combined. The development of
resistance is mainly via metabolic mechanism.

Keywords: Insecticide resistance, adult bioassay, biochemical assay, mapping of insecticide
resistance.

ABSTRAK
Keberkesanan kawalan denggi berasaskan racun serangga adalah sangat dipengaruhi oleh

status kerintangan nyamuk di kawasan sasaran. Kajian ini bertujuan mengenalpasti status
kerintangan nyamuk dan aktiviti enzim. Kaedah bioasai WHO nyamuk dewasa dijalankan ke
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atas Ae. aegypti dan Ae. albopictus dari 12 kawasan titik panas wabak denggi di Kuala Lumpur
dan Selangor terhadap racun serangga yang telah dan sedang digunakan untuk kawalan nyamuk
di Malaysia. Racun serangga yang digunakan adalah dua pyrethroids, satu organoklorin, satu
organofosfat dan satu karbamat. Asai enzim biokimia dijalankan dan aktiviti enzim a- Esterase,
MFO, GST dan AChE diperiksa. Ujian Kruskal-Wallis H, Mann-Whitney U dan ANOVA
digunakan untuk mengenalpasti perbezaan yang signifikan bagi racun serangga dan lokaliti
yang berbeza terhadap kematian nyamuk, perbezaan aktiviti enzim di antara nyamuk lapangan
dan nyamuk makmal, serta perbezaan aktiviti enzim di antara semua populasi nyamuk
lapangan. Ae. aegypti lapangan dari semua lokaliti didapati rintang terhadap semua racun
serangga yang diuji; permethrin, DDT, malathion dan propoxur. Keputusan asai enzim
biokimia menunjukkan bahawa aktiviti enzim-enzim telah berubah. Enzim a-esterase dan
MFO telah berubah di dalam kedua-dua spesies nyamuk di semua lokaliti. Perubahan enzim
GST juga telah berlaku ke atas kedua-dua spesies nyamuk di semua lokaliti kecuali bagi Ae,
albopictus Bandar Rinching dan Taman Gombak Setia. Enzim AChE telah dikenalpasti
menurun di dalam nyamuk Ae. aegypti Sri Nilam Shah Alam dan Ae. albopictus Bandar Tun
Razak Cheras. Kerintangan yang dikenalpasti mungkin kesan daripada satu atau kombinasi
beberapa aktiviti enzim. Pembangunan kerintangan bermula melalui mekanisme metabolik.

Kata kunci: Kerintangan insektisid, bioasai dewasa, asai kimia, pemetaan insektisid.
INTRODUCTION

Dengue has become one of the fastest growing mosquito-borne diseases in the world since
1950s (Alexander et al. 2011) and has caused significant public health burden globally (Garg
et al. 2008; Jahan et al. 2016; Murray et al. 2012). In Malaysia, the first known published
account of dengue outbreak was reported in 1902 by Skae. It was not until 1962 that the first
severe dengue, Dengue Haemorrhagic Fever (DHF) was observed in Malaysia in the city of
Georgetown, Penang. From the 1960s, dengue cases began to spread into the urban areas of
Penang and Kuala Lumpur (George & Lam 1997). By the early 1970s, DHF had spread to the
entire country and has since caused a significant health burden to the population. The dengue
situation in Malaysia since then has worsened with an increasing number of reported cases and
death during the last decade (Mia et al. 2013). In 2019, there were 130101 dengue cases with
182death reported by the Ministry of Health Malaysia (2020).

Dengue is caused by four serotypes of dengue viruses namely DEN-1, DEN-2, DEN-3
and DEN-4 belonging to the Flaviviridae family. They are closely related but antigenically
distinct. Dengue viral infection is known to cause either dengue fever (DF), dengue
haemorrhagic fever (DHF) or dengue shock syndrome (DSS). The virus is transmitted to
humans by the bite of infected female Aedes (Ae.) aegypti and Ae. Albopictus (Lee et al. 1997;
Rohani et al. 2014; Rohani et al. 1997). Female mosquitoes remain infectious for their entire
lives and have the potential to transmit virus during each human feeding.

To date, with effective dengue vaccines and effective antiviral treatments still not yet
available, dengue control relies heavily on vector control activities (Lee at al. 2015). For many
years, the usage of insecticide is considered as the primary measure to control mosquito vectors
(Dusfour et al. 2019). Basically, there are four classes of insecticide used in dengue vector
control program namely organochlorine, organophosphates, pyrethroids and carbamates
(WHO 2011). According to Phang and Loh (2016), understanding the seasonal cycles of
disease transmission provides a fundamental basis to guarantee a success of such a vector
control program. Nevertheless, the rapid application of an insecticide has shown to cause
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development of insecticide resistance in mosquito through improper application such as under
dose and overdose, bad coverage, extended spraying intervals and spraying frequency in
operational field (IRAC 2011). Therefore, it is crucial to monitor the development of
insecticide resistance in mosquito that inhabit the hotspot areas to avoid ineffective vector
control measures and wastage.

In Malaysia, monitoring and screening for existence of resistance in mosquitoes against
numerous insecticides have been long comprehensively implemented, however, they have not
been systematically documented or reviewed. This study therefore aims to determine the
resistance status of Ae. aegypti and Ae. albopictus mosquito of dengue hotspot areas in Kuala
Lumpur and Selangor towards permethrin (pyrethroids type 1class), lambda-cyhalothrin
(pyrethroids type 2 class), dichlorodiphenyltrichloroethane (DDT) (organochlorine class),
malathion (organophosphates class) and propoxur (carbamates class). The activity of several
enzymes was also examined in order to determine the resistance mechanism involved, followed
by mapping of the resistance status and enzyme activity. It is hope that information gathered
from this study able to not only improve the efficacy of the current control measure in the fight
to combat dengue but increase cost effectiveness.

MATERIALS AND METHODS

Study Sites

The study was carried out at 12 highest repeated outbreak sites recorded from 2011-2016 by
Vector Borne Disease Research Centre, Ministry of Health Malaysia. All study sites are
situated in 2 states, namely Kuala Lumpur (KL) and Selangor. Table 1 shows the twelve sites
selected, coded according to the name of its location.

Table 1. The areas selected for the study
No. State District Name of the Site Code Coordinate
1 Selangor  Petaling g:cTagsara PIUS P 3.15952, 101.587915
2 Selangor  Petaling f\ﬁ'aﬁ"am’ Shah S 3.066817001, 101.484778
3 Selangor  Petaling ;a'a” Bandar Kinrara 5 159313961, 101.646058
4 Selangor Hulu Langat Taman Teknologi T 2.966325022, 101.827166
5 Selangor Hulu Langat Bandar Rinching R 2.928491961, 101.854371
6  Selangor  Hulu TamanBungaRaya B 3.436147962, 101.545038
Selangor
Selangor  Sepang Bzrr?ga&‘ilpermata D  2.863363987, 101.681992
Selangor Klang Jalan Hulubalang H 3.000909, 101.473635
9 Selangor Kuala Langat Taman Aman Banting A 2.806742974, 101.50199
10 Selangor ~ Kuald Jalan 7 3.238923959, 101.424971
Selangor CakeraPurnama,
11 Eljﬁ]l;ur Gombak Taman Gombak Setia G 3.2201759809, 101.718231
12 Kuala Bandar Tun Flat Sri  Labuan C 3.090491015, 101.720972
Lumpur Razak Cheras
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Mosquito Collection

Ovitrap surveillance were performed from January 2017 to December 2018. Standard ovitraps
containing 200 ml of tap water were used to collect field strains Ae. aegypti and Ae. albopictus.
For each study site, two trips to deploy 40 ovitraps randomly outside 40 houses were conducted.
Mosquito larvae were collected from the traps the following week. The two trips were a week
apart.

Mosquito Colonization

The collected mosquito larvae were further reared in the Insectarium of Institute for Medical
Research, Kuala Lumpur (IMR). In the insectary, the paddles were transferred into labelled
plastic containers. Half-cooked local cow liver was given daily as the larval food until they
pupated. The emerged mosquito adults were identified morphologically (Jeffery 2012; IMR
2000). They were then placed in separated cages according to the species. The number of Ae.
aegypti and Ae. albopictus mosquito from each container were recorded. Both species were
supplied with white mice for blood-feeding to obtain eggs of the 1% and 2" generation. The
larvae were routinely fed on liver powder (BD Difco™, USA) and bovine liver chunk diet.
Adult mosquitoes were provided with 10% sucrose solution. The insectarium was set up to
262 °C temperature and 60£10% relative humidity.

Adult Mosquito Resistant Study

Resistant study for the field strains’ colony were conducted according to WHO adult bioassay
standard procedure. WHO-impregnated papers were obtained from the Vector Control
Research Unit, Universiti Sains Malaysia (USM), Penang. Established diagnostic dosage by
WHO (2016) were applied for this study as follows: permethrin 0.25% and lambda-cyhalothrin
0.03% (pyrethroids), DDT 4% (organochlorine), malathion 0.8% (organophosphates) and
propoxur 0.1% (carbamates). Unfed female mosquitoes aged 3 to 5days from the 1st or 2nd
generation were used for the test. Twenty mosquitoes were introduced into seven WHO holding
tubes (five tests and two control) and held for 1 hour. They were then gently blown into the
exposure tubes containing the insecticide-impregnated papers. The same field strains of Ae.
aegypti and Ae. albopictus were exposed into impregnated paper with olive oil, risella oil and
silicone oil as the control for organophosphates and carbamates, organochlorine and
pyrethroids, respectively. The number of knocked down mosquitoes were recorded every 1, 3
or 5 minutes after exposure. After one-hour of exposure, mosquitoes were transferred back into
holding tubes and provided with cotton wool moistened with a 10% sucrose solution and
mortalities at 24 hours were recorded. Survived mosquitoes were Killed by freezing and stored
at -80 °C in an individual, clearly labelled 1.5ml micro centrifuge tubes for further analysis.

Biochemical Assay

Biochemical assays were performed in order to detect insecticide resistances in Ae. aegypti and
Ae. albopictus population by examining the enzymatic activities. The survived field-collection
strains of mosquitoes previously exposed and unexposed to insecticide were individually
assayed for nonspecific a-esterases, Mixed Function Oxidase (MFO), Glutathione S-
transferase (GST) and insensitive Acetyl cholinesterase (AChE) enzymatic activities. Lab
strain unexposed to any insecticides aged 3 to 5days old was used as the susceptible reference.

The modified microplate methods described by Lee et al. (1992), Nazni et al. (2000),
Lee and Chang (1995) and Brogdon et al. (1988) was used to perform the biochemical assay
for a-esterases, MFO, GST and AChE, respectively. A standard equation curve developed from
the known serial concentration of a-naphthol for the a-esterases assay and cytochrome C for
the MFO assay were used. The protein concentration for each mosquito was determined by
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Bradford (1976) method with bovine serum albumin (Sigma, United States) used as standard.
For each experiment, at least 30 mosquitoes per species were assayed. In order to avoid enzyme
degradation, the preparation of the mosquito homogenate was performed on ice. All assays
were conducted in quadruplicates using 96-well microplates. The absorbance values were
measured using immunoassay reader (Dynatech, Model MR 5000) at the wavelength indicated
for each enzyme (450 nm for a-esterases, 630 nm for MFO, 405 nm for GST, 414 nm for AChE
and 595 nm for protein). Determination of the a-esterases enzyme activities was expressed in
mole of a-naphthol equivalent/minutes/mg of protein, the MFO enzyme activities was
expressed in mole of Cytochrome-C equivalent/minutes/mg of protein, while the GST enzyme
activities was expressed in mole of 1-chloro-2,4-diniteobenzene conjugated/minutes/mg of
protein. For the AChE enzyme, percentage residual activity was determined by dividing the
mean absorbance value of the well inhibited with propoxur by the mean absorbance value
without propoxur (uninhibited) times 100%.

Data Analysis
Data were analysed as follow:

i.  Mortality percentage = Total number of dead mosquitoes X 100%.
Total number of exposed mosquito

If the control mortality is above 20%, the test should be discarded and if the control is below
5% the test can be ignored, and no correction is necessary. If the tests are greater than 5% but
less than 20% the observed, mortality had to be corrected using Abbots formula (Abbott 1925):

ii.  Abbots formula = (% Observed mortality- % Control mortality) X 100%
(100- % Control mortality) '

Mortality results were interpreted into susceptible, low resistance, moderate resistance and high
resistance. Mortality range between 98 to 100% indicates susceptible. Mortality more than 97%
but less than 98% indicates that low resistance suggested. Further tests are needed to verify. If
at least two additional tests consistently showed mortality below 98%, then resistance is
confirmed. For mortality 90% to 97%, it shows moderate resistance, thus, mortality below 90%
indicates high resistance.

iii.  The mean enzyme activities of the unexposed to insecticide field-collected mosquito
divided by the susceptible lab strain, enzyme increase/decrease fold was determined.
All results were then evaluated by statistical analysis using SPSS version 23.

Ae. aegypti and Ae. albopictus Resistance Status Geodatabase

Administrative borders (state and districts) and data on demographical characteristics were
retrieved from Department of Survey and Mapping Malaysia (JUPEM) with the copyright
license serial number 0930. The resistance and enzymatic level status data were converted into
feature layers in a GIS database and overlaid over raster image using ArcGIS 9.3. All digital
data in the geodatabase was displayed in the WGS 1984 Coordinate system.
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RESULTS

Mapping of Insecticide Mortality Profiles of Aedes Mosquito

The results of WHO assay tests on Ae. aegypti and Ae. albopictus collected were illustrated in
Figure 1. For Ae. aegypti, low mortality rate (range 0% to 70.44%) was observed against
established diagnostic dosage of permethrin, lambda-cyhalothrine, DDT, malathion and
propoxur for all study sites (Table 2). In contrast, Ae. albopictus displayed slightly different
mortality profile (Table 2). Kruskal-Wallis H test confirmed that the mortality of Ae. aegypti
and Ae. albopictus for each study site were found to be significantly different for all the
insecticides tested (%4 = 11.84, p < 0.05) (%@ = 39.38, p < 0.05). Mortality of adult mosquito
from 12 different sites were found to be significantly different for Ae. aegypti (x?a1) = 20.36, p
< 0.05) but not significantly different for Ae. albopictus (%11 = 9.35, p > 0.05).

Table 2. Mortality percentage of Ae. aegypti and Ae. albopictus from 12 study sites
against insecticides

Mortality (%0)

. . Lambda- :

Strain g.eerr(r)Ethrm cyhalothrin  DDT 4% gﬂ;ﬁthmn g.rl%zoxur
0.03%

Ae. aegypti®
P 29.17 32.95 1.33 7.04 3.95
S 70.44 48.41 31.79 28.42 12.60
K 7.61 7.00 2.00 6.32 8.11
T 7.69 17.44 1.43 15.22 16.85
R 17.65 35.63 10.47 5.97 23.71
B 15.29 13.21 3.09 60.07 9.51
D 8.99 62.96 3.09 3.00 4.55
H 5.88 22.35 3.03 6.19 27.91
A 8.89 13.28 23.61 3.38 3.38
Z 8.42 10.00 2.67 1.03 0.00
G 1.89 9.39 21.15 4.35 7.45
C 65.43 86.30 7.72 27.85 20.00
Ae.
albopictus®
P 93.97 92.93 87.37 6.54 20.87
S 95.87 98.95 96.91 3.43 10.80
K 50.00 97.00 71.43 15.89 67.39
T 91.00 81.00 96.00 0.00 6.00
R 66.67 98.95 71.70 16.00 71.11
B 81.93 73.24 60.34 1.25 5.00
D 94.58 100.00 96.39 59.85 78.01
H 88.66 93.62 77.03 12.50 17.20
A 93.90 95.45 61.18 32.10 61.45
Z 88.54 76.84 26.79 0.00 1.00
G 74.83 80.98 63.89 4.88 0.00
C 85.22 80.58 47.46 2.00 12.50
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Kruskal-Wallis H test: a) The mortality of Ae. aegypti against temephos 0.012mg/L and 1mg/L were found not to
be significantly different between all the study sites (x%a1 = 11.00, p > 0.05) and (x%a1) = 11.00, p > 0.05)
respectively. b) The mortality of Ae. albopictus against temephos 0.012mg/L and 1mg/L were found not to be
significantly different between all the study sites (y%11)= 11.00, p > 0.05) and (x?a1)= 0.00, p > 0.05) respectively.

Mapping of Insecticides Resistant Status of Aedes Mosquito

Figures 2 and 3 show the geographical spread of the insecticide resistance status of Ae. aegypti
and Ae. albopictus against selected insecticides for all study sites. Map of insecticide resistant
status of Ae. aegypti (Figure 2) indicated high resistance towards permethrin, lambda-
cyhalothrin, DDT, malathion and propoxur for all 12 dengue hotspots outbreak areas study
sites. Map of insecticide resistant status of Ae. albopictus (Figure 3) displayed high resistance
for R, B, H, Z, G and C strains; and moderate resistance for P, S, K, T, D and A strains towards
permethrin. Ae. albopictus displayed high resistance for T, B, Z, G and C strains; moderate
resistance for P, K, H and A strains; and susceptible for S, R and D strains towards lambda-
cyhalothrin. High resistance towards DDT was displayed by Ae. albopictus from 9 out of 12
strains (P, K, R, B, H, A, Z, G and C) whereas moderate resistance was displayed by 3 out of
12 strains (S, T and D). Ae. albopictus from all 12 sites displayed high resistance towards
malathion and propoxur.
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a) Aedes aegypti b) Aedes albopictus

Insecticide

- Permethrin
: Lambda-cyhalothrin
1 vor

E Malathion
D Propoxur

0 42585 17 %5 %
Miles

Figure 1. Mortality rates of adult female a) Ae. aegypti and b) Ae. albopictus against selected insecticides
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Biochemical Assays Profiles of Aedes Mosquito

Figure 4 represent the o-Esterase, mixed function oxidase, glutathione S-transferase and
acetylcholinesterase enzymatic activities of field population Ae. aegpyti and Ae. albopictus.
The enzymatic activities of 12 field strains were compared to susceptible laboratory strain using
Mann-Whitney U-test (Table 3). All field strains of Ae. aegpyti and Ae. albopictus exhibited
significant elevation of a-esterase activity (P < 0.05). Significant increase in MFO activities
were also detected in both Aedes species from all the field population except for Ae. albopictus
from H strain (p > 0.05).

Table 3. Mann-Whitney U test for enzymes activities of Ae. aegyptiand Ae. Albopictus
strain from 12 study sites

Strain N a-Esterase MFO GST AChE

Ae. aegypti

P 30 49.00** 3.00** 0.00** 0.50**

S 30 18.50** 0.00** 0.00** 139.50**

K 30 20.00** 48.00** 1.00** 187.00**

T 30 0.00** 3.00** 59.00** 156.50**

R 30 0.00** 172.00** 18.00** 345.00

B 30 3.50** 104.00** 0.00** 355.50

D 30 0.00** 15.00** 8.50** 79.50**

H 30 0.00** 0.00** 4.00** 120.00**

A 30 0.00** 83.50** 5.00** 313.00*

z 30 0.00** 0.00** 17.00** 398.00

G 30 0.00** 0.00** 233.00** 231.00**

C 30 1.00** 204.50** 7.00** 425.00

Ae. albopictus

P 30 0.00** 22.00** 23.00** 110.50**

S 30 1.00** 17.50** 34.00** 0.00**

K 30 0.00** 18.00** 19.00** 112.00**

T 30 28.00** 30.50** 12.00** 65.50**

R 30 0.00** 205.50** 401.00 111.50**

B 30 0.00** 0.00** 0.00** 30.50**

D 30 0.00** 166.50** 26.00** 0.00**

H 30 0.00** 328.00** 0.00** 6.00**

A 30 0.00** 47.50** 0.00** 0.00**

z 30 0.00** 3.00** 0.00** 0.00**

G 30 0.00** 6.50** 205.50** 94.50**

C 30 38.000** 0.00** 29.00** 310.00*

p < 0.001 *p <0.05

Most of the field strain demonstrated significant increase of GST enzymatic activities
compared to susceptible laboratory strain except in Ae. albopictus from R strain (p > 0.05). For
AchE with propoxur inhibition, field strain Ae. aegpyti from P, K, T, D, H, A, and G exhibited
significant elevation (p < 0.05). In contrast, AChE with propoxur inhibition for Ae. aegpyti
from S was significantly demoted (p < 0.05). AChE with propoxur inhibition was found
elevated significantly (p < 0.05) in Ae. albopictus strains fromP, S, K, T, R, B, D, H, Z, G and
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C. On the contrary, for Ae. albopictus C strain, AChE with propoxur inhibition was found
demoted significantly (p < 0.05).

The mean enzymatic activities within all field strain were compared using ANOVA test
(Table 4). The analysis of a-esterase enzyme activity showed that Ae. aegypti of D strain
demonstrated the highest activity (131.70 nmole a-napthol/min/mg protein) which was
significantly higher than other field strains except A strain and was 5.6 folds higher compared
to the laboratory strain. As for Ae. albopictus, the B strain was found to be the strain with the
highest NSE enzyme activity (167.90 nmole a-napthol/min/mg protein) and significantly
differentthan S, K, R, T, A, G and C strains. It was 5.7 folds higher compared to the laboratory
strain.

The analysis of MFO enzyme activity showed that, among all the field strains of Ae.
aegypti mosquito tested, H strain exhibited the highest MFO activity of 2.00 nmole cyto-
c/min/mg protein which was significantly higher than other field strains. It was 4.7folds higher
than the laboratory strain. Ae. albopictus of the A strain showed the highest MFO activity of
1.34 nmolecyto-c/min/mg protein. It was significantly different compared to other field strains
except P and B strains and was 3.1 folds higher than the laboratory strain.

The analysis of GST enzyme activity showed that P strain of Ae. aegypti exhibited the
highest GST activity of 12.71 mmole CDNB/min/mg protein and significantly different
compared to other field strains. It was 2.4 folds higher compared to the laboratory strain. As
for Ae. albopictus, the H strain was found to be the strain with the highest GST enzyme activity
of 13.79 mmole CDNB/min/mg protein and significantly higher than other strains with 4.0
folds higher compared to the laboratory strain.

Comparing the findings within all the field strains, Ae. aegypti from P strain showed
the highest AChE inhibition of 66.80% and it was significantly different. It was 1.7 folds higher
than the laboratory strain. Ae. albopictus of the Z strain was the strain that showed the highest
AChE inhibition of 72.10% and was 3.1 folds higher than the laboratory strain.
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Table 4. MeanzSD of o-Esterase, MFO, GST and AChE enzyme value of Ae. aegypti and Ae. albopictus.

a-Esterase increase/ - increase/ increase/ - increase/

(MeanzSD) ]Eisl%rease (MeanzSD) ?(;el%rease GST (MeanSD) ?Oelzrease (MeanzSD) decrease fold
Ae. aegypti
Lab strain 23.70+6.58 - 0.43+0.13 - 5.20+1.08 - 39.9346.14 -
P 40.7749.79° 1.7 1.08+0.30° 25 12.7141.72 2.4 66.80+9.31% 1.7
S 59.60+17.45% 25 0.98+0.19%f 2.3 9.08+1.63% 1.7 29.03+7.93% 0.7
K 69.80+26.95" 2.9 0.68+0.13? 1.6 10.59+4. 105" 2.0 52.87+14.019% 1.3
T 93.33+21.03%%9 3.9 1.532+0.429 3.6 7.75+1.50% 1.5 49.77+8.82fn 1.2
R 78.37+21.84% 3.3 0.60+0.142 1.4 8.52+0.99™ 1.6 43.33+5.87" 1.1
B 74.07+27.80™ 3.1 0.72+0.19%* 1.7 10.14+42.32¢% 2.0 43.03+9.54 1.1
D 131.70+47.53¢ 5.6 0.74+0.11™ 1.7 7.99+0.98% 1.5 52.97+7.989 1.3
H 100.17+46.49% 4.2 2.00+0.76" 4.7 9.70+2.10°9 1.9 57.27+15.04" 1.4
A 113.63+42.209"ik 4.8 0.96+0.42° 2.2 10.54+3.50°%" 2.0 44.20+8.06" 1.1
z 101.87+20.87% 4.3 1.47+0.329 3.4 10.17+2.85% 2.0 42.17+11.23 1.1
G 99.97+35.594%" 4.2 0.69+0.15%® 1.6 6.60+1.66° 1.3 46.63+9.529 1.2
C 93.17+29.07%f 3.9 0.58+0.14? 1.3 9.14+42.150f 1.8 39.43+6.94° 0.9
Ae. albopictus
Lab strain 29.67+5.57 - 0.44+0.14 - 3.43+0.73 - 22.97+4.01 -
P 164.23+51.37%" 5.5 1.27+0.519¢ 3.0 9.89+3.47" 2.9 33.40+7.54° 1.5
S 91.97+29.68> 3.1 0.91+0.20° 2.0 10.53+3.69™ 31 54.00+12.81° 2.4
K 93.17+30.04"* 3.1 0.86+0.15" 2.0 5.69+0.79% 1.7 31.70+9.42° 1.3
T 53.90+15.262 1.8 0.96+0.30° 2.2 6.84+1.57% 2.0 37.57+8.94° 1.6
R 73.20+17.97® 25 0.63+0.18% 1.4 3.29+0.63? 0.9 33.40+6.55° 15
B 167.90+73.79" 5.7 1.31+0.30¢ 3.1 11.80+2.60%" 3.4 38.33+8.19° 1.7
D 146.00+38.81™M 4.9 0.75+0.28% 1.7 6.46+1.82¢ 1.9 48.33+8.55° 2.1
H 167.70+33.41" 5.7 0.56+0.20% 1.3 13.79+1.83' 4.0 49.80+16.30° 2.2
A 130.43+53.98 4.4 1.34+0.65¢ 3.1 12.32+1.47" 3.6 50.00+8.99° 2.2
z 163.97+37.97%" 5.5 0.94+0.19¢ 2.1 10.00+2.18" 2.9 72.10+12.48¢ 3.1
G 125.13+62.08%f 4.2 0.94+0.15¢ 2.1 4.80+1.32%0 1.4 34.43+8.95° 15
C 87.77+33.36% 3.0 1.00+0.16° 2.3 5.44+1.48" 1.6 20.90+5.072 0.9

Values followed by different letters within a column for each are significantly different (one-way ANOVA followed by Tukey test, P < 0.05).
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Figure 4. Activity profiles of a-esterase, mixed function oxidase, glutathione S-
transferase and acethyl chlorinesterase with propoxur inhibition in Ae. aegypti
(a, ¢, e, g) and Ae. albopictus (b, d, f, h). Asterisks indicate significant
differences compared to susceptible laboratory strain (p < 0.05, Mann-Whitney
tests)

ISSN 1394-5130 78



Serangga 2020, 25(3): 65-92 Wan Najdah et al.

Map of Enzymatic Activity of Aedes Mosquito

Figures 5 and 6 displayed distribution of a-esterases, MFO, GST and AChE fold activity for
12 study sites. The map illustrated that a-esterase in D strain of Ae. aegypti and P, B, H, and Z
strains of Ae. albopictus expressed enzyme activity ranging from 5 to 6 folds. P strain of Ae.
aegypti and T strain of Ae. albopictus expressed lowest a-Esterase enzyme activity (1 to 2
folds) compared to other field strains. For MFO enzyme activity, H strain of Ae. aegypti
expressed the highest (4 to less than 5 folds) compared to other strains. MFO enzyme activity
3- < 4 folds expressed in T and Z strains of Ae. aegypti and from B and A strains of Ae.
albopictus.

For GST, 7 out of 12 of the Ae. aegypti strains expressed enzyme activity ranging from
1 to less than 2 folds except P, K, A, B and Z strains which expressed enzyme activity ranging
from 2 to less than 3 folds. H strain of Ae. albopictus expressed GST enzyme activity ranging
from 4 to less than 5 folds. S, B, and A strains expressed GST enzyme activity ranging from 3
to less than 4 folds. Meanwhile, R strain showed decline in the enzyme activity compared to
the susceptible laboratory strain.

For AChE, 10 out of 12 Ae. aegypti field strains expressed inhibition activity ranging
from 1 to less than 2 folds. The rest of the strains (S and C) expressed inhibition activity less
than 1fold. In Ae. albopictus, the highest reading was obtained from Z strain (3 to less than 4
folds), followed by S, D, H and A strains with a reading of 2 to less than 3 folds, P, K, T, R, B
and G strains revealed a reading of 1 to less than 2 folds. C strain indicated less than 1fold
inhibition activity.
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DISCUSSION

Basically, mosquitoes are slowly becoming resistant to most insecticides used to control them.
WHO describes resistance as the ability of mosquitoes to survive exposure to a standard dose
of insecticide; caused by either physiological or behavioral change (WHO 2016). Being
resistant allow mosquitoes to survive even large doses of chemicals that would be lethal to
them normally. Left unchecked, insecticide resistance could lead to a substantial increase in
incidence of mosquito borne diseases and mortality caused by mosquito borne diseases. As
insecticide resistance continues to develop and spread, there is a real danger that these valuable
tools will be lost. Moyes et al. (2017) reviewed on the available evidence for the geographical
distribution of insecticide resistance on Ae. aegypti and Ae. albopictus and reported that
resistance has occurred towards the 4 commonly used insecticide classes — pyrethroids,
organochlorines, carbamates and organophosphates. It is widespread in both dengue vectors
across the regions of the Africa, Americas and Asia. InMalaysia, evidence
of resistance towards permethrin, lambda-cyhalothrin, DDT, malathion, temephos,
bendiocarb, propoxur and cyfluthrin has been recorded in both species all over the country
(Chen et al. 2013; Elia-Amira et al. 2018; Farah Ayuni et al. 2012; Hadura et al. 2015; Leong
et al. 2019; Loke et al. 2012; Noor Aslinda et al. 2019; Rohani et al. 2001). Leong et al. (2019)
reported that Ae. aegypti field strains of Gombak, Hulu Langat, Kuala Langat, Hulu Selangor,
Kuala Selangor, Petaling and Sepang districts were resistant to five pyrethroid insecticides
(cyfuthrin, deltamethrin, etofenprox, lambda-cyhalothrin and permethrin). A study conducted
by Ishak et al. (2015) determined that Ae. aegypti and Ae. albopictus strains from Kuala
Lumpur, Johor, Kelantan and Pulau Pinang showed resistance towards DDT and bendiocarb.
DDT resistance has also been observed in Ae. aegypti strain of Kuala Lumpur from the study
conducted by Hidayati et al. (2011), Nazni et al. (2009) and Rohani et al. (2001), and Selangor’s
strain by Loke et al. (2012). In Sabah, a few populations of Ae. albopictus was reported to be
resistant towards DDT, malathion and temephos (Elia-Amira et al. 2018).

The 12 hotspot areas in this study were chosen in order to determine their insecticide
resistance status and the mechanism involved and the possibly to have an insight in relation to
the effectiveness of control method applied in these areas. By knowing the resistance status of
the area, suitable and more effective control measures can be applied to help bring down
number of cases in the areas. Results obtained from this study demonstrated that all Ae. aegypti
population in all study sites has developed insecticide resistance towards all insecticides tested.
Ae. albopictus population however showed development of resistance to all insecticides in most
study sites with some areas remain susceptible to lambda-cyhalothrin.

One of the main reasons for the development of insecticide resistance is mutation where
it caused mosquitoes to overproduce certain enzymes, which then absorb the insecticide before
it can get to their nervous system and kill them. So, the insecticide is no longer harmful to the
mosquitoes once they basically adapted to that point (Brogdon et al. 1997). Mutation happen
when mosquitoes are exposed for too long to the same insecticide causing simultaneous
increase in the number of copies of one or two corresponding genes resulting in overproduction
of the enzymes (Faucon et al. 2015; Fouet et al. 2018).

Pyrethroids is a major class of insecticides in the pest control industry and is widely
used in dengue and malaria control programmes (Yap et al. 2000) in many countries including
Malaysia. Example of insecticides under this class is permethrin and lambda-cyhalothrin. In
Malaysia permethrin has been used since 1999 (Rosilawati et al. 2017). DDT, an insecticide
under the organochlorines class meanwhile has never been used for dengue control in Malaysia,
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but has been utilized since the late 1950s until the 1980s for malaria eradication (Sandosham
& Thomas 1983) until its usage was eventually stopped in 1998 (Yap et al. 2000) due to their
toxicity (WHO 2012). Malathion which is classified under organophosphates’ class on the
other hand is one of the common insecticides use in Malaysia to control the vector of mosquito
borne diseases especially during the outbreak session since 1970s (Lam & Tham 1988). Last
but not least, propoxur, an insecticide under carbamates class has never been used as an active
ingredient in vector control programmes or public health activities in Malaysia (Leong et al.
2019) but it was used as a common household pest control product in the early 1970s. Like
DDT, its utilization was also terminated in the 1990s (Low et al. 2013b) due to their toxicity
as well (ATSDR 2003). Clearly, these insecticides used for one purpose or another have been
applied for a very long period of time and thus, it is not surprising to find that mosquito
population in hotspot areas in this study is highly resistant towards these insecticides most
likely due to the intensive exposure during fogging operations for many dengue or other
mosquito borne diseases outbreaks.

It is interesting though to note that resistance to lambda-cyhalothrin was detected in all
Ae. aegypti and some Ae. albopictus populations although this compound was no longer used
in the vector control programme. Similar finding regarding lambda-cyhalothrin has been
discovered, resistance has been discovered in both Aedes species from Selangor (Leong et al.
2019) and Pulau Pinang (Hadura et al. 2015) as well. Development of resistance to lambda-
cyhalothrin may be due to cross-resistance among the pyrethroids. Cross-resistance is defined
as development of resistance by a population to one insecticide, exhibits resistance to one or
more insecticide(s) that it has never encountered (Corbel & N’Guessan 2013). Such resistance
development has been reported to occur in Colombia (Chaverra-Rodriguez et al. 2012), Mexico
(Flores et al. 2013) and Malaysia (Leong et al. 2019; Rasli et al. 2018) where resistance is
detected in permethrin resistant populations of Ae. aegypti. Since lambda-cyhalothrin and
permethrin are insecticides of the same class, the cross-resistance could be described as “within
class cross-resistance”.

Similarly, although DDT was also no longer used these days, the study showed that
resistance towards DDT was detected in Ae. aegypti and Ae. albopictus population and this
could be due to cross-resistance to the pyrethroids as well. DDT was once used for indoor
residual spray to combat malaria and it has been reported to cause a legacy of cross-resistance
to pyrethroids (Brengues et al. 2003). Hemingway et al. (1989) who reviewed numerous reports
indicated that DDT has conferred cross resistance to pyrethroids. Cross-resistance between
DDT and pyrethroids (permethrin, cypermethrin and cyfluthrin) was also detected in the
German cockroach, Blattella germanica (L.) (Limoee et al. 2006). Since this resistance
involved insecticides of a different classes, such cross-resistance could be described as
“between classes cross-resistance”.

Insecticide resistance in Aedes mosquito is generally based on two main mechanisms;
metabolic mechanism which occurs when enhanced levels or modified activities of enzymes
such as esterases, oxidases, or glutathione S-transferases (GST) is produced, hence prevent the
insecticide from reaching its site of action. While target-site mechanism occurs when the
insecticide is no longer able to bind to its target-sites that became modified by the presence of
an enzyme such as AChE thus causing the insecticide to be less effective or even ineffective.
This target-site mechanism usually occurs in the voltage gated sodium channel, AChE and
GABA receptors (Brogdon et al. 1997; Hemingway & Ranson 2000; WHO 1998).
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Both mechanisms can be determined by performing biochemical enzyme assay. Based
on maps of resistance status and maps of enzyme activity developed, it can be concluded that
the resistance shown by Ae. aegypti and Ae. albopictus populations, is most likely associated
with the high production of the a-esterase primarily, followed by MFO, and GST. This study
strongly suggested that elevation of a-esterase among Ae. aegypti and Ae. albopictus
population must have contributed to permethrin, lambda-cyhalothrin, malathion and propoxur
resistance and therefore confirmed the type of mechanism involved as the metabolic
mechanism. Resistance in Ae. aegypti and/or Ae. albopictus was previously validated by
Rohaniet al. (2001), Low et al. (2013a), Frances et al. (2016) and Rosilawati et al. (2017)
towards pyrethroids; Budi et al. (2017) towards carbamates; and Budi et al. (2017), Chen et al.
(2008) and Lima et al. (2003) towards organophosphates. Study by Low et al. (2013b) in
addition showed alteration of the a-esterases activity was associated with malathion resistance
in Culex quiquefasciatus.

There were few studies that reported Ae. aegypti and Ae. albopictus pyrethroid
resistance were associated with MFOs activity (Brogdon et al. 1997; Farouk et al. 2019;
Pethuan et al. 2007; Wan Norafikah et al. 2010; Wan Norafikah et al. 2011). Study by Leong
et al. (2019) reported that the MFO activity contributed to the DDT (organochlorine) resistance
as well. Similarly, Brazillian Ae. aegypti population resistance towards organophosphate was
associated to enhanced MFO activity (Diogo et al. 2016). Although this study concurred with
those studies, the enhancement of MFO activity was not as high as a-esterases activity
indicating that enhancement of MFO activity may not act as the only enzyme that caused
resistance. Many studies have indicated that resistance development in individual mosquito
species involved multiple enzymes. Resistance caused by multiple enzymes in populations of
Ae. aegypti has been reported in Madeira Island Portugal (a- esterases, -esterases and MFO)
(Seixas et al. 2017) and Martinique Island (MFO, AChE and GST) (Marcombe et al. 2012) and
in populations of Culex quinquefasciatus in Chennai India (a- esterases, p-esterases, GST and
MFO) (Anju-Viswan et al. 2016).

Correlation between elevated GST levels and DDT resistance in Ae. aegypti population
was reported from Brazil and in Anopheles gambiae populations from West Africa (Aizoun et
al. 2014). In this current study, the GST activity for Ae. aegypti and Ae. albopictus population
from all sites demonstrated enhancement of GST activity but it was also not as high as a-
esterases activity, again indicating that resistance shown could not be directly due to GST
activity alone.

As for the target-sites mechanism, only AChE is amenable to develop resistance via
this mechanism (Hemingway et al. 1986) since AChE is an important enzyme required for
hydrolysis of acetylcholine at the cholinergic nerve synapses that caused modification
(mutation) of target-site resulted in inhibition of organophosphate and carbamate insecticides.
In this, inhibition activity of AChE was only detected in a very small number of study sites
indicating that AChE activity may not play a big role in all resistance observed. This finding
was very similar to other studies that reported activity of AChE is associated with propoxur
inhibition in Ae. aegypti and Ae. albopictus which only involve small number of localities (1
out of 7 localities) in Thailand (Pethuan et al. 2007) and in Ae. aegypti (2 out of 5 localities) in
Central Africa Republic (Ngoagouni et al. 2016). Study by Pinto et al. (2019) even reported
that alteration of AChE activity in Ae. aegypti did not have association to DDT’s resistance
strain from Peru.
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The fact that mosquito population from majority of the study sites developed resistance
to all insecticide tested, it is very possible that the insecticide currently used for control
measures is no longer effective in Killing the vectors in these areas. For that reason, there is a
dire need to change or modify the currently used insecticide for improved efficacy and cost-
effective control measure.

CONCLUSION

Based on the evaluation criteria of WHO (2016), it can be concluded that most of the Aedes
strains from dengue hotspots outbreak areas in Kuala Lumpur and Selangor tested has
developed resistance towards permethrin, lambda-cyhalothrin, DDT, malathion and propoxur.
Insecticide resistance detected shown to be localized in nature and thus, detailed investigation
is required to confirm the insecticide resistant level for each dengue hotspot outbreak areas.
This study also demonstrated the presence of cross-resistance within and between the
insecticide classes. The resistance shown in this study is most likely developed mainly via
metabolic mechanism although target-site mechanism might be involved. To the best of our
knowledge this is the first report of geodatabase distribution of insecticide resistant and
biochemical enzyme activity in Malaysia. It is hope that this information will assist in the
betterment of an insecticide resistance surveillance programme and resistance management
strategies aimed at combating the spread of dengue effectively in Malaysia. The data can also
serve as important reference for further monitoring and planning of counter measures to ensure
the continued effectiveness of chemical insecticides used in dengue vector control.
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