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Abstract: Dengue hemorrhagic fever (DHF) is still a public health problem globally, including Semarang,
one of the dengue-endemic areas in Indonesia. Vector control using insecticides is the main choice. The continuous
use of insecticides poses a threat of resistance. The WHO method has been used for insecticide evaluation for
decades. Since 2019 Indonesia has adopted the CDC Bottle Bioassay method for resistance testing and the WHO
method, which is still being used. This study aimed to compare resistance tests using the CDC Bottle Bioassay
method and the WHO Impregnated paper. Aedes aegypti larvae and pupae were collected from 3 villages in
Semarang City. The larvae are then rearing into adult mosquitoes for resistance testing. The WHO method test was
carried out using the insecticide cypermethrin (0.05%) from the pyrethroid group and malathion (0.5%) from the
organophosphate group. The CDC method test was carried out using cypermethrin 1X (10ug/bottle) + synergist
Piperonyl Butoxide (PBO), as well as 1X malathion (50ug/bottle) and synergist SSS-tribulyphosphorotrithioate
(DEF). Molecular tests were carried out by sequencing the VGSC and ACEL genes. The resistance test to
cypermethrin showed that the two methods showed the same results, namely resistance. The mortality rate using the
WHO method in the villages of Patemon, Terboyo Wetan and, Kandri is 62.4% respectively; 30.0%; and 75.3%,
while using the CDC method is 90%; 55.5%, and 84.7% and after the addition of PBO it became 96%; 71% and
93.3%. The status of resistance to malathion using the two methods showed different results. The WHO method's
mortality rate was 91.7%, respectively; 86.7% and 81.7%, while using the CDC method of 98.3%, 96.7%, and
98.3%. The resistance mechanisms detected were metabolic and target site mutations.
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1. Introduction

Dengue is one of the important public health
problems in the world. Recent studies estimate that50
million dengue infections are reported annually, and
75% occur in Asia [1], [2]. Southeast Asia is an area
with quite high dengue cases, with at least 451,000
cases reported in 2015 [3]. Indonesia is known as the
highest dengue country in Southeast Asia. The disease
was first discovered in Indonesia in 1968. Since then,
dengue has expanded in all provinces, with annual case
incidence increased significantly after the past 43
years, i.e.from 0.05/100,000 in 1968 to 51.48/100,000
population in 2019. Semarang City is one of the
dengue-endemic areas in Central Java Province,
Indonesia. The dengue incidence rate was reported
quite high (26.9 / 100,000 population) in this city in
2019 [4]. While vaccines are still under development
and research, vector control is the best way to prevent
and control dengue. Currently, insecticides, either
thermal fogging or larvicides, are still the main vector
control method used in Indonesia, including Semarang.
The insecticide was chosen because of its ability to
control the population of Aedes aegypti quickly. In
contrast, the application of other methods in dengue
vector control is still not as expected.

However, the continuous use of insecticides has
created a serious problem, i.e., the occurrence of
insecticide  resistance against dengue vectors,
particularly Ae. aegypti. Resistance of Ae. aegypti to
insecticides has been widely reported in Southeast
Asia, including Malaysia [5], Thailand [5], Singapore
[6], and Indonesia [7]. There are four ways in the
process of developing insecticide resistance, including
1. Increased metabolic enzyme activity; 2. Target site
mutation; 3. Thickening of the cuticle, and; 4. Changes

in vector behavior. Metabolic resistance and target site
mutation is played a major role in the occurrence of
insecticide  resistance  [8].  Organophosphates,
pyrethroids, and carbamates are 3 classes of
insecticides currently used in dengue vector control in
Indonesia. While the DDT, a member of an
organochlorine class, has been banned for vector
control, including dengue in Indonesia, since 1989 [9].

The continuous use of insecticides will cause the
number of susceptible mosquito populations and
resistant mosquito populations will become dominant.
The increase in the frequency of resistant mosquitoes
will cause the efficacy of insecticides to decrease, and
at one point, it is no longer effective. When a type of
insecticide is no longer effective in the mosquito
population, it is necessary to replace the type or class
of insecticide with a still effective type [10]. Therefore,
resistance management becomes a very important issue
of effective vector control. Clear information on
resistance  mechanisms and careful and detailed
monitoring of resistance is the key to successful
resistance management. Understanding the
mechanisms of resistance allows us to determine the
type of insecticide to be used appropriately. Regular
resistance vector surveillance will provide information
on the development of resistance in an area and can be
used as an early warning system.

Currently, many resistance tests in Indonesia are
conducted using the WHO impregnated paper method.
This method has been used for more than 30 years, but
its application has some limitations, including 1) cost;
2) the test must be carried out using mosquitoes of the
same age (homogenous); 3) testing is limited to the
type of insecticide on the available impregnated paper;
4) the mechanism of resistance that occurs is unknown.
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To overcome the limitations of the WHO method, the
US-CDC has developed a resistance test method using
the Bottle Bioassay [11].

The CDC Bottle bioassay has been adopted as a
new insecticide resistance test method in Indonesia
since 2019 [12]. Currently, insecticide resistance
testing can be carried out using the WHO and CDC
protocols based on the resistance monitoring guidelines
issued by the Indonesian Ministry of Health in 2018.
Until recently, the CDC method has only been used to
test Anopheles mosquitoes. The susceptibility test for
A. aegypti mosquitoes using the CDC method has
never been carried out in Indonesia so that the
effectiveness and problems in its application are not
known. This study aims to compare the susceptibility
test of Ae. aegypti to organophosphate and pyrethroid
insecticides using the WHO susceptibility test and
CDC bottle bioassay test. This study hypothesizes that
there is no difference in the resistance status of A.
aegypti to organophosphate and pyrethroid insecticides
using the WHO Impregnated Paper and CDC Bottle
Bioassay methods. The molecular assay will be used to
strengthen the analysis of the test results of these two
methods.

2. Methods

2.1. Mosquitoes Collection

Aedes aegypti larvae and pupae were captured from
three sub-districts in Semarang City, namely Patemon,
Terboyo Wetan, and Kandri. These three villages were
selected based on endemicity criteria and variations in
the population's geographical height and economic
activities. Kandri and Patemon are high areas (>350
MASL), and Terboyo Wetan is coastal areas
(<10MASL). Kandri and Patemon are the fields and
traders, while Terboyo Wetan is the fishing area.
Sample collection and testing were carried out in
September 2019-February 2020.

Larva and pupa of A. aegypti were collected from
containers in residential areas, both indoors and
outdoors the house. Furthermore, the mosquitoes were
kept in the IVRCRD Insectarium in Salatiga until the
adult mosquitoes F1 and F2 were obtained for
resistance testing. ldentification of the A. aegypti
species was carried out using the pictorial identification
key of Rueda [6]. Furthermore, a susceptibility test was
carried out using the WHO protocol and the CDC
protocol to the insecticide malathion from the
organophosphate group and cypermethrin from the
pyrethroid group.

Malathion was chosen because it has been widely
used in Indonesia for quite a long time since the
chemical control of A. aegypti around the 80s.
Cypermethrin was chosen because it is type two
pyrethroid and the cheapest, so it is widely used as an
active ingredient in insecticides in public health.

2.2. WHO Impregnated Paper Methods

The WHO Bioassay method was carried out by
making insect contact with the selected impregnated
paper. In this study, 0.8% malathion and 0.05%
cypermethrin were used. Mosquitoes age 2-5 days were
transferred into the WHO test tube using an aspirator.
The mosquitoes were put in five tubes, four test tubes
with impregnated paper with insecticide, and one
control tube without insecticide. 20 to 25 female
mosquitoes were fed with sugar in each tube, 2-5 days
old. After contact for one hour, the mosquitoes were
transferred to a neutral tube with a cotton swab
moistened with sugar water. The knockdown and
mortality rates were recorded after 60 minutes and 24
hours, respectively. The environmental conditions of
the test room are 28 + 1 ° C, and the relative humidity
is 60-65%.

2.3. CDC Bottle Bioassay Methods

The principle of testing the CDC protocol is to
contact the mosquitoes into a bottle coated with the test
insecticide, then observe the mortality rate. The test
step was to coat four bottles of Wheaton 250 ml with
the test insecticide dissolved in ethanol, and 1 control
bottle was coated with ethanol. The insecticides used
were malathion 50 pg / bottle and cypermethrin 10 pg/
bottle.

Furthermore, the selected Ae. aegypti mosquitoes
were inserted into each bottle. A. aegypti adult female
as many as 10-25 mosquitoes. Observations were made
within 120 minutes, with resistance status determined
by looking at the percent mortality at the diagnostic
time of 30 minutes (diagnostic time). If the test results
show that the mosquito status is resistant, proceed with
the test using a synergist. One bottle of Wheaton is
coated using a synergist. According to the CDC test
protocol above, the test mosquitoes were put in a
synergistic bottle for one hour then transferred into the
test bottle. Mortality rates with synergists and without
synergists were compared to see the activity of
metabolic enzymes according to the synergist used. In
this study, the synergists used were Piperonyl Butoxide
(PBO) to bind the monooxygenase enzyme and SSS-
tribulyphosphorotrithioate (DEF) to bind the esterase
enzyme.

2.4. PCR Detection of Species and the KDR and
ACE-1 Mutations

To identify KDR mutation, PCR was conducted
using specific primers targeting domain Il of the
VGSC, vgscF(5’-GGTGGAACTTCACCGACTTC-3”)
and vgscR (5’- GGACGCAATCTGGCTTGTTA-3").
PCR reaction was performed with the initial
denaturation step at 94°C for 10 min, followed by 40
cycles of amplification at 94° C for 1 min, 63° C for 45
s, and 72°C for 1 with a final elongation at 72°C for 7
min. All PCR amplification products were then loaded
onto a 2% agarose gel electrophoresis following SYBR
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safe Invitrogen staining and run for 60 min at 90 V in
TAE buffer to check the quality of PCR products.

PCR was performed using the SimpliAmpTM
Applied Biosystems thermal cycler (Perkin Elmer,
Branchburg, NJ, USA) to detect target site mutations.
The primers used for the ACEL gene PCR were AceF
(5-CGATAACGAATGGGGAACG-3") and AceR (5'-
TCAGAGGCTCACCGAACACA -3). PCR was
conducted under the following condition: an initial step
of denaturation at 94°C for 3 min, followed by 35
cycles of amplification at 94°C for 1 min, 58°C for 1
min, and 72°C for 2 min, with a final elongation step at
72°C for 10 min. PCR products were purified and then
directly sequenced in both directions with the same
primer for PCR amplification at the position of G119S.

The sequencing analysis was then conducted by the
Applied Biosystems 3500 series genetic analyzer.

2.5. Analysis and Interpretation Data

The results of vulnerability testing using the CDC
and WHO methods will be compared and analyzed
descriptively. The two tests were compared on the
susceptibility status to each type of insecticide and the
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comparison of the level of resistance to insecticides
with and without synergists. Resistance status was
determined according to WHO guidelines: 1)
Resistance: mortality <90%; 2) Tolerant: 90-97%
mortality; and 3) Susceptible: mortality >98%. The
results of susceptibility testing using the WHO and
CDC methods were then compared with molecular
tests.

3. Results and Discussion

3.1. DBD Situation in Semarang City and Research
Locations

Semarang City is one of the dengue-endemic areas
in Central Java Province, Indonesia. The incidence rate
of dengue fever in Semarang City fluctuates. The
highest recorded incidence rate was in 2010 at 368 /
100,000 population. Furthermore, it continued to
decline until 2018 by 6 / 100,000 population, then
increased again in 2019 by 26 / 100,000 population

(Fig. 1).
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Fig. 1 Incidence rate and case fatality rate DHF in Semarang (1994-2019)

Based on the 2017 entomological survey, stegomyia
indices in Semarang City show the numbers: House
Index (HI) ranges from 6-44%, Container Index (CI)
ranges from 4-26%, and Breteau Index (BI) ranges
from 8-54% [13]. Based on Indonesia's Environmental
Health Quality Standards for Vectors, the lowest free
larvae index is 95%. This free larva index is the
opposite of the house index, so the maximum house
index allowed is 5% [14].

In the three study locations, namely Patemon,
Terboyo Wetan, and Kandri, the DHF conditions
showed variations. The incidence rate of the research
location shows that in Patemon IR 2016-2019 was
38.5; 59.6; 0, and 18.43 (Table 1). Terboyo Wetan and
Kandri Villages are not endemic areas with an
incidence rate of 0, except in Kandri in 2019 IR of

0.8/100,000 population. Kandri and Patemon are in
high areas with an altitude of> 250 MASL, and the
lowest is a coastal area with an altitude of <10 MASL

(Fig. 1).

Table 1 Incidence rate of resistance test larva sampling locations in
Semarang city (2016-2019)

Year

2016 2017 2018 2019

No. Sub-District

1 Patemon 38,5 59,65 0 18,43
Terboyo Wetan 0 0 0 0
3 Kandri 0 0 0 0,80




245

Fig. 2 Map of the location for catching larvae and pupae of
resistance study in Semarang city in 2019

Table 2 Comparison of the resistance test of the CDC Bottle Bioassay method and the WHO Impregnated Paper

% death (Malathion)

% death (Cypermethrin)

Location WHO- CDC Bottle WHO-standard CDC
standard (after 30m) (after 24h) Bottle +PBO
(after 24h)
Patemon 91,7** 98,3+ 62,4% 90+ 96%*
Terboyo Wetan 86,7* 96,7+ 30" 55,0* 71*
Kandri 81,7* 98,3*** 75,3* 84,7 93,3**
*Resistant
**Tolerant

***Susceptible

3.2. WHO and CDC Method Insecticide Test
Results

3.2.1. Aedes Aegypti Susceptibility Test to Insecticides
in the Cypermethrin and Malathion Class

The susceptibility test using the WHO method
against the insecticide cypermethrin in table 2 shows
the percentage of deaths in 3 locations all have values
below 90%. Based on WHO criteria, mortality below
90% means that mosquitoes are resistant to
cypermethrin. Test using the CDC method is based on
30-minute observations of mosquitoes in all test
locations that are resistant. After the addition of the
PBO synergist, there was an increase in the percentage
of deaths. The status increased to be tolerant in
Patemon and, Kandri, while in Terboyo Wetan, it
remained resistant.

The susceptibility test using WHO against
malathion in Patemon, Terboyo Wetan, and Kandri
showed a mortality rate of 91.7%, 86.7%, and 81.7%.
Using the CDC method, the mortality rate was 98.3%,
96.7%, and 93.3%. Because the numbers on the test
with the CDC method indicate susceptible status, the
test is not continued using the synergist DEF.

3.2.2. Resistance Mechanism Based on the CDC Bottle
Bioassay Test Using a Synergist

A synergist is a chemical that functions to bind
enzymes that play a role in detoxifying insecticides.
The addition of a synergist in the resistance test using
the CDC Bottle will provide information about
enzymes that play a role in insecticide resistance. If

resistant mosquitoes are exposed to a synergist, there is
an increase in the percentage of deaths or change to
become susceptible; enzyme activity certainly plays a
role in the incidence of resistance. Enzymes that play a
role in detoxifying pyrethroid insecticides are Esterase,
and the binding synergist is PBO. The enzyme that
plays a role in detoxifying organophosphate
insecticides is monooxygenase, and the binding
synergist is DEF.

In this study, the test mosquitoes were resistant to
cypermethrin and susceptible to malathion (Table 2).
Based on the results of these tests, tests were carried
out with the addition of PBO synergists in the
resistance test to the insecticide cypermethrin. Because
the tested mosquitoes were still susceptible to
malathion, the test was not carried out using the DEF
synergist. The test results are shown in Fig. 2.
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Fig. 2 Test results using synergist of PBO and insecticide
cypermethrin against Aedes aegypti mosquitoes in Semarang City

Fig. 2 shows the occurrence of Aedes aegypti
resistance mechanisms that occurred in three research
locations. In the Patemon village, the cypermethrin and
PBO test charts coincide, which means that the
resistance that occurs is the mutation of the target site.
In Kandri, the main resistance was a target-site
mutation. Metabolic resistance was detected but was
weak. In Terboyo Wetan, two mechanisms occur,
namely mutation of the target-site and metabolic.

3.3. The Results of Resistance Testing Using the
VGSC and ACE1 Gene Molecular Methods Were to
Determine the Presence of Mutations in the Target
Gene for Organophosphate Insecticides in Aedes
Aegypti

The target site for Pyrethroid insecticides is the
Voltage-gated Sodium Channel (VGSC) in insect nerve
cells. Mutations in the VGSC gene will impact
insecticide sensitivity, and cause mosquitoes to become
resistant. The mutations associated with resistance to
pyrethroids and organochlorines were most commonly
reported in codons S989P and V1016G. In contrast to
pyrethroids,  Organophosphate and  Carbamate
insecticides have a target site on acetylcholinesterase,
especially on the ACE1 gene in the nerve synapse of
mosquitoes. Mutations in the ACE1 gene will reduce
sensitivity to Organophosphate and Carbamate
insecticides. The mutation associated with resistance is
codon G119S. Molecular tests by looking at mutations
in the target site genes can be used to confirm the target

site resistance mechanism.Molecular tests on 19
individual Aedes aegypti sequences from 3 research
locations, showed mutations in codon S989P occurred
in 11 samples (58%).

Table 3 Mutation of the VGSC gene

Location Alel  Number %
VGSC
Alel S989P: S 8 42,1
SP 0 0
P 11 57,9
Alel V1016G \Y/ 1 53
VG 3 15,8
G 15 78,9
ACE 1
Alel G119S G 16 100
GS 0 0
S 0 0

Table 3 shows that mutations have occurred in the
VGSC domain Il gene, particularly in the S989P
V1016G allele. In the S989P allele, mutations were
found in 57.9% and wild type in 42.1%. In allele 1016,
mutation was found in 78.9%, heterozygous was found
in 15.8% and wild type was found in only 5.3%.

4. Discussion

4.1. The Use of Program and Household Insecticides
and Their Problems in Controlling Dengue Vectors
in Indonesia

Insecticides are a mainstay in the eradication of
mosquitoes both by health programs and by the
community. The chemical control program for DHF
vector disease in Indonesia is carried out with the target
of adult mosquitoes and larvae [15]. Insecticides used
in Indonesia are from the organophosphate, carbamate
and pyrethroid groups. In Indonesia, the insecticide
malathion from the organophosphate group has been
used since the beginning of chemical control. The
insecticide DDT from the organochlorine class that has
been used in malaria control has been banned in
Indonesia since 1989. In Semarang City, chemical
control of DHF vectors has been using malathion for
decades. Since 1999 pyrethroid synthetic based
insecticides have been used interchangeably with
organophosphate active ingredients (Sayono, 2016).
The pyrethroid synthetics used in the city of Semarang
include permethrin, deltamethrin, A-cyhalothrin, -
cypermethrin and d.d.Transifenotrin. Organophosphate
compounds including malathion and temephos [16].
Exposure to insecticides at the study site originated
from relatively low fogging activities by the Health
Office. In Patemon Village, the last fogging was
carried out in 2016 for four times, while in Terboyo
Wetan, and Kandri in the last four years there has been
no fogging. Household insecticide exposure is quite
high. all mosquito coils and sprays use pyrethroid
compounds. The use of this household insecticide is in
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accordance with previous research reports. The use of
household insecticides in Semarang City was reported
in 2016 at 56.5% and in 2017 it was 64% [17], [18].
Household insecticides have pyrethroid synthetic active
ingredients.

4.2. Aedes aegypti Resistance Test Method to
Insecticides Used in Indonesia

Aedes aegypti mosquito resistance test to
insecticides using the WHO standard method has been
used in Indonesia for decades. This WHO method
provides information about the status and level of
resistance of mosquitoes in a population. Some of the
weaknesses of this method are that it cannot provide
information on the resistance mechanism that occurs
and the type of insecticide tested is limited to the
availability of impregnated paper [11]. Another
problem faced by district-level health institutions is
that they do not have the facilities and the ability to
rearing the mosquitoes that are to be tested. Based on
this, the CDC has developed a test method that can
cover the various shortcomings of the WHO method.

Since 2019, Indonesia has included the CDC Bottle
bioassay method for testing disease vector mosquito
resistance in Indonesia [19]. The CDC Bottle Bioassay
method in Indonesia is mostly used for testing
Anopheles mosquito resistance in supporting the
malaria elimination program. Testing of A. aegypti
mosquito resistance as a DHF vector has never been
carried out in a DHF control program. This study is the
first report on vulnerability testing using the CDC
Bottle Bioassay method by comparing with the WHO
Impregnated paper method in Indonesia. One of the
advantages of this CDC method is the use of a
synergist. This synergist can provide an indication of
the resistance mechanism without having to go through
further tests, namely molecular tests or ELISA.
Information about this resistance mechanism is very
important in determining the selection of insecticides to
be used, especially in populations that have been
resistant to all insecticide classes. This information is
also important for resistance surveillance.

Reports of A. aegypti resistance using the WHO
method in the city of Semarang have been reported in
several studies. Reports of Sayono, Putranto, Widiarti
and Widiastuti show that A. aegypti in Semarang City
is resistant to insecticides in the pyrethroid and
organophosphate groups [7], [20], [21]. Aedes aegypti
resistance to insecticides using the WHO method has
also been reported to occur in other areas in Southeast
Asia such as Malaysia, Thailand and Singapore [5], [6],
[22].

4.3. The Results of Aedes Aegypti Resistance Test to
Program Insecticides Using the WHO Method, the
CDC Method and the Molecular Method in the City
of Semarang

The results of this study indicate that using the
WHO and CDC methods, Aedes aegypti in Semarang
City is already resistant to cypermethrin. Tests using
the WHO method showed A. aegypti in 3 study
locations was resistant to cypermethrin, while using the
CDC method in Terboyo Wetan and, Kandri it was
resistant while in Patemon the status was tolerant. After
the addition of the PBO synergy, there was an increase
in the percentage of deaths but still unable to change
the status to be vulnerable. The graph of the percentage
of deaths (Fig. 2) shows that in the village of Kandri
the resistance that occurred was due to the mutation of
the target site, while in the poorest villages there was
multiple mechanism resistance, but the role of the
monooxygenase enzyme was weak. It is seen that the
increase in mortality does not change the status to be
susceptible at 30 minutes. This result is consistent with
the molecular test for the VGSC gene. The VGSC
domain Il gene sequences showed that mutations were
quite high in codon S989P (57.9%) and V1016G
(78.9%).

The susceptibility test to malathion showed different
resistance states. Tests using WHO standards showed
A. aegypti in the Patemon village was tolerant (91.7%),
while in the Terboyo Wetan (86.7%) and kandri
(81.7%) villages were resistant. The CDC Test Method
shows different results. Mosquitoes in Terboyo Wetan
village are tolerant of malation (96.7%), while those in
Patemon and Kandri villages are vulnerable (98.3%).
The test against Malation was discontinued using the
DEF synergist because mosquitoes were susceptible.
The results of vulnerability testing in 3 regions showed
the same pattern. The 3 research locations had various
conditions. Kandri and Patemon are high areas with an
altitude of 360 MASL, while Terboyo Wetan is a
coastal area with an altitude of <IOMASL. From the
history of endemicity, Patemon is an endemic village,
while Kandri and terboyo Wetan are non-endemic
areas.

The status of resistance in Semarang City is in
accordance with the presence of insecticide exposure
that has occurred. The use of household insecticides is
quite massive in Indonesia. The use of household
insecticides was reported in Pangandaran at 82%, in the
City of Salatiga at 72% and in Semarang at 93%. The
active ingredients of household insecticides used were
synthetic pyrethroids [23], [24], [25].

Several studies comparing the WHO and CDC
methods in other countries using different species of
mosquitoes have shown mixed results. Owusu (2015)
reported on the susceptibility test of the A. aegypti
mosquito ROCK strain using WHO and CDC. The
susceptibility test to malathion, permethrin and DDT
showed the same results, namely resistance. The
susceptibility test to Lambda Cyhalotrin showed
different results, where using the WHO method A.
aegypti was susceptible, while using the CDC method
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the status was resistant [26].This difference in results is
probably due to previous studies using colony A.
aegypti mosquitoes from the laboratory, whereas this
study used mosquitoes caught in the field.

Vatandoost [26] in Iran reported a similarity in the
resistance status of An.stephensii mosquitoes to DDT,
bendiocarb and deltamethrin using the WHO and CDC
methods, but there were differences in LT50 results
between the two methods. The susceptibility of
Anopheles Gambiae mosquitoes using the WHO and
CDC methods was 98.33% and 97.95%, respectively
[26]. A susceptibility study by Fonseca-Gonzalez [27]
using An.nuneztovary mosquito against phenytotrion
showed that using the WHO method was still
susceptible, but using the CDC method the mortality
rate was only 20%.

4.4. The Potential Use of the CDC Method to
Increase the Effectiveness of Testing the Resistance
of Aedes Aegypti to Insecticides in Indonesia

This study is the first report on the use of the CDC
method in testing the resistance of DHF vectors to
insecticide programs in Indonesia. With the adoption of
the CDC method by the Indonesian government, this
difference in susceptibility testing status has the
potential to cause problems in resistance surveillance
and the selection of insecticides used. This CDC
method has good potential for use in vulnerability
testing and resistance surveillance. In addition to
information on resistance mechanisms based on the use
of synergists, this method has advantages over the
WHO method, namely: 1) the test time is only 120
minutes; 2) can use insecticides that are available in the
market, rather than the WHO method which is limited
by the available impregnated paper; 3) No requirement
for test mosquito homogeneity, so that it can be done in
the field; 4) The number of flexible test mosquitoes can
be carried out for several days depending on the
number of mosquitoes caught and the results are
calculated cumulatively [19]. With these various
advantages, this method can be carried out by health
workers in remote areas without having to have a
sophisticated insectarium.

This study has a weakness, namely it does not use
standard Diagnostic dose (DD) and Diagnostic time
(DT) using local strain mosquitoes in Indonesia. In this
study, using DD and DT listed in the guidebook issued
by WHO. In the guideline for resistance testing using
the CDC Bottle Bioassay method, it is recommended to
determine the DD and DT standards for each regional
[19].This study is part of the research on the effect of
population genetics and the intensity of insecticide
exposure on Aedes aegypti resistance in Semarang
City, which has received Ethical approval. from the
Ethic Health Research Commission, Faculty of Public
Health, Diponegoro University with number: 169 / EA
| KEPK-FKM / 2019.

The findings of this study provide input for the
dengue vector resistance surveillance program. Based
on theory, the CDC Bottle bioassay method should be
used to complement the WHO method with its various
advantages. The purpose of the WHO method is to
determine the status of vector resistance to insecticides,
while the CDC method has the aim of knowing the
status and mechanism of resistance. Based on these
objectives, the two methods should have similar
results.The results of this study indicate that the
simultaneous use of the CDC and WHO methods for
resistance testing still requires more in-depth guidance.
The differences in the resistance status of Aedes
aegypti to malathion that occurred in this study will
lead to unreliable data, which will lead to errors in the
management of insecticide rotation based on class.
Another weakness in using the CDC method is that
some insecticide active ingredients are still not
available with a standard diagnostic dose and
diagnostic time. The future challenge in using the CDC
method in Indonesia is determining the standard
diagnostic dose and diagnostic time of insecticides on
the market, using the local Indonesian strain Aedes
aegypti mosquito.

5. Conclusion and Recommendation

The use of WHO, CDC and molecular methods in
testing insecticide susceptibility to Aedes aegypti did
not show differences in susceptibility status to
cypermethrin, but there were differences in
malathion.CDC Bottle bioassay has many advantages
to be used for resistance testing, especially in the
flexibility of use in the field and synergist use. With
this difference in resistance status, further study is
needed for the simultaneous application of the CDC
and WHO methods in the surveillance system for
Aedes aegypti resistance in Indonesia.

The prospect of using CDC will increase the
sensitivity and effectiveness of testing which is
expected to provide better recommendations than using
the WHO method. The use of molecular data is needed
to confirm the potential for permanent resistance to
target gene mutations.
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