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Bioassay and molecular detection of insecticides resistance of Aedes
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Abstract. Sayono, Nurullita U, Handoyo W, Tyasningrum WS, Chakim I, Budiharjo A. 2023. Bioassay and molecular detections of
insecticides resistance of Aedes aegypti, vector of dengue in Central Java Province, Indonesia. Biodiversitas 24: 300-307. The
emergence of insecticide-resistant strains among Aedes aegypti populations hampered Dengue control programs in the endemic areas.
Moreover, to understand the current situation and distribution of insecticide resistance status of Ae. aegypti to cypermethrin, malathion,
and temephos compounds, we conducted morphological and molecular detection in the Dengue endemic areas in Central Java Province,
Indonesia. Mosquito larvae were obtained from thirteen villages of five Dengue endemic areas representing different altitudes. Larval
and adult stage of Ae. aegypti colony from each village was subjected to a bioassay test based on the WHO procedures. Subsequently,
they were sampled and subjected to molecular analysis to identify the 1016G kdr allele using the allele-specific polymerase chain
reaction (AS-PCR). Mortality of Ae. aegypti after exposure to cypermethrin, malathion, and temephos ranged from 16-86%, 75-100%,
and 6-51%, respectively. These findings showed that Ae. aegypti populations were resistant to cypermethrin and temephos, although
malathion-susceptible strains were found among 23.08% of the different altitudinal localities. The result of the AS-PCR indicated that
the homozygous (G/G) and heterozygous (V/G) alleles of codon 1016 of the AaNav gene were found throughout the study site altitudes.
The development of multiple resistance strains was found among Ae. aegypti populations in Central Java Province, Indonesia. The use
of cypermethrin and temephos compounds must be delayed for at least five years, while malathion can still be used selectively to control
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the Ae. aegypti population in several areas, namely Karangjati, Gebugan (Semarang District), and Rowosari in Semarang City.

Keywords: Aedes aegypti, insecticide resistance, pyrethroid, organophosphate, 1016G kdr allele

INTRODUCTION

Aedes aegypti mosquito is an efficient vector for
Dengue, Chikungunya, and Zika virus transmission
(Peterson et al. 2016). This species can be found at low to
high-level altitudes of more than 1,000 m above sea level
(Lozano-Fuentes et al. 2012; Sayono et al. 2017) impacted
by the increase in the air temperature average of 30°C,
causing the enhancement of the potential of the Dengue
outbreak (Lee et al. 2018; Reinhold et al. 2018). Annually,
new dengue infection in the community has been estimated
to have as many as 390 million cases per annum in tropical
and subtropical regions, including Indonesia (Brady et al.
2012). The incidence rate (IR) of Dengue Hemorrhagic
Fever (DHF) in Indonesia was 50.75 from 100,000
inhabitants, and the case fatality rate (CFR) was 0.83%
(Ministry of Health of the Republic of Indonesia 2017).
The burden of the Chikungunya virus is similar to dengue
in areas where Aedes vectors are established (Fredericks et
al. 2014). Zika virus has rapidly spread intercontinental
(Duffy et al. 2009, Musso et al. 2014). Zika virus was first
reported in Central Java Province in 1977-1978 (Olson et
al. 1981), followed by Jakarta (Kwong et al. 2013), Bali

Page 8 of 15 - Integrity Submission

(Leung et al. 2015), and Jambi (Perkasa et al. 2016).
Multiple burdens of those viruses stimulated
community efforts to control the diseases actively, focusing
on vector control since antiviral medication has not been
available yet (Elsinga et al. 2015). The use of insecticides
with high intensity in controlling Ae. aegypti during the last
decades has led to the emergence of strains resistant to
neurotoxic insecticides in the Americas, Africa, and Asia
(Moyes et al. 2016). The resistance strains of Ae. aegypti to
different insecticide compounds and classes have also been
reported in several parts of Indonesia, such as temephos in
Surabaya (Mulyatno et al. 2012; Putra et al. 2016),
malathion in  Bandung (Ahmad et al. 2009),
organophosphate in Jakarta (Hardjanti et al. 2015) and
Wonosobo (Widjanarko et al. 2017), a-cypermethrin in
Cimahi, West Java (Astuti et al. 2012), permethrin in Bali
(Hamid et al. 2017), and several compounds of mosquito
coils from several islands in Indonesia (Amelia-Yap et al.
2018a). The resistance of Ae. aegypti to two pyrethroid
compounds (deltamethrin and permethrin) was found in
Yogyakarta (Wuliandari et al. 2015). In addition, the
emergence of cross/multiple resistance to some insecticide
compounds was reported in some countries (Brengues et al.

Submission ID trn:oid:::1:3196145333
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2003; Putra et al. 2016; Bharati et al. 2018).

Studies reported the molecular mechanisms of Ae.
aegypti resistance to pyrethroid in Central Java Province by
exploring the AaNav-gene polymorphisms of S989P,
V1016G, and F1534C, resulting in the kdr alleles of 989P,
1016G, and 1534C (Sayono et al. 2016a). Geographically,
the polymorphisms of the codon 1016 AaNav-gene have
two various amino acid substitutions from valine [V] to
glycine [G] or isoleucine [I]. V to G substitution is found
consistently in Southeast Asia (Kawada et al. 2014; Li et al.
2015; Widyastuti et al. 2015; Sayono et al. 2016a; Amelia-
Yap et al. 2018b), while V to | is only found in Latin
American regions (Saavedra-Rodriguez et al. 2007; Harris
et al. 2010; Martins et al. 2013; Linss et al. 2014). This
phenomenon indicates the correlation between geographic
region and genetic change variation. This study aimed to
understand the distribution of Ae. aegypti resistance status
to cypermethrin, malathion, and temephos compounds in
the Dengue endemic areas of Central Java Province,
Indonesia. Additionally, we apply the allele-specific
polymerase chain reaction (AS-PCR) to detect the
existence and distribution of 1016G kdr alleles among the
Ae. aegypti population (Stenhouse et al. 2013) throughout
the locality altitudes, the results of this simple method will
be recommended to health officers for routine monitoring.

MATERIALS AND METHODS

Study sites, larval collection, and rearing

This research was conducted in the fifteen dengue-
endemic areas in four districts, and one municipality in
Central Java Province, Indonesia with the highest Dengue
incidence rate, Semarang, Pemalang, Tegal, and Kudus
districts and Semarang municipality (Figure 1). Therefore,
one to two villages were selected in each district and

municipality based on the occurrence of new Dengue cases
in 2016. Furthermore, only thirteen villages obtained
sufficient larvae from the fifteen dengue-endemic areas.
Larval collections were conducted from June to August
2016 toward indoor and outdoor water container breeding
sites in residents' dwellings in a radius of 50 meters from
the house of Dengue patients. The mosquito larvae were
aspirated from the container using a larvae aspirator
(Figure 2). This device was made from an aluminum pipe
with a diameter of 5 mm and a length of 60 cm. This pipe
was connected with 2 meters of plastic hose with a similar
diameter. Larvae were collected in plastic bottles
containing water from the origin habitat separately based
on the study cluster and location of the container, indoor or
outdoor. Then, the larvae were delivered to be reared in a
laboratory using a 20 x 30 centimeters plastic tray and fed
with dog food. The average air temperature and humidity
were maintained in the range of 29.6-30°C and 78 to 81
percent, respectively. The pupae emergences were moved
into the mosquito cage and classified based on the study
cluster. The imagoes were fed with a 10% sugar solution
through permeated cotton.

Bioassay test

The susceptibility of Ae. aegypti against cypermethrin,
one of the most frequently used pyrethroid class
insecticides, and two organophosphate compounds,
malathion, and temephos, were evaluated. World Health
Organization (WHO) standard bioassay test tools and
procedures are used to distinguish the resistance status of
Ae. aegypti using impregnated paper containing 0.05% o-
cypermethrin and 5% malathion according to the variance
of the concentration of active insecticide compounds
produced by WHO (WHO 2016). These sets and materials
were obtained from the WHO Vector Control Research
Unit at the Science University of Malaysia.
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Figure 1. Map of study sites in Central Java province, which included five districts or municipalities, namely Kudus, Semarang,
Pemalang, Tegal districts, and Semarang city. They are indicated by the circle line surrounding each cluster of study sites
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Figure 2. Larvae aspirator device

The research subjects were filial 1 (F1) female
mosquitoes fed on sugar and healthy (3-5 days old). A total
of 150 mosquitoes from each study site were subjected to a
bioassay test with details as follows, an experimental tube
(coated with impregnated paper on the inner surface) and
two control tubes (without impregnated paper) where each
tube contained 25 mosquitoes. The experimental tubes
were four times replicated so that the total samples were
150 mosquitoes. Each sample was left in contact with the
impregnated paper for 60 minutes. The test was carried out
on three consecutive days so that the total sample for each
study site was 450 mosquitoes. The number of knockdown
mosquitoes was counted every five minutes. After 60
minutes of contact with the impregnated paper, all
mosquitoes were carefully transferred to a collection cup
for 24 hours of recovery. Then the dead mosquitoes were
recorded. Air temperature and humidity were maintained at
27+20°C and 75+10% during the holding period. To test
the susceptibility of larvae to temephos, we prepared 150
Ae. aegypti late 3" or early 4™ instars for each study site, so
1,950 larvae were needed for thirteen locations. The larvae
were put into five single-use plastic cups containing 0.02
ppm temephos in 100 mL of distilled water and one control
cup (distilled water), each containing 25 larvae. The larvae
were left in contact with temephos for 24 hours, and the
larval mortality was calculated after that. The susceptibility
status of the mosquito population to insecticides at the
study site was classified into susceptible (S), showing
resistance (SER), and resistant (R). The WHO standard
bicassay test was used based on the percentage of deaths
over 98% (S), 90-97% (SER), and lower than 90% (R),
respectively (WHO 2016).

Allele-Specific Polymerase Chain Reaction

Based on the previous biocassay test we obtained the
susceptible and resistant mosquitoes and subjected them to
the identification of the 1016G kdr allele of the AaNav
gene using the AS-PCR method, ten resistant and
susceptible mosquitoes were taken from each study site (in
total, 220 mosquitoes). Genomic DNA was isolated
individually from each resistant and susceptible mosquito
sample. The concentration and purity of the genomic DNA
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were measured by Nanodrop 2000 spectrophotometer.
DNA amplification was performed in the 25 pL total
volume consisting of 1.5 mM MgCI2 and 1X PCR buffer,
0.25 pM forward primer (5’-ACCGACAAATTGTTTC
CC-3"), 0.125 uM Gly reverse primer (5’-GCGGGCAGGG
CGGCGGGGGCGGGGCCAGCAAGGCTAAGAAAAG
GTTAACTC-3) or Val (5-GCGGGCAGCAAGGC
TAAGAAAAGGTTAATTA-3), 200 pM dNTP mix and
0.2 pL polymerase Taq (Stenhouse et al. 2013). The
thermal cycle condition of AS-PCR was started with the
pre-denaturation of the DNA template for 2 min at 94°C,
followed by 35 cycles for 30 sec at 94°C, 30 sec at 55°C
and 30 sec at 72°C, and followed by 72°C of final
elongation. The amplification products were run using the
gel electrophoresis for 50 min with 100-volt acceleration.
Visualization of the electrophoresis product was performed
to find the 60 base pairs (valine) and 80 base pairs
(glycine) DNA bands using gel documentation imaging
(Stenhouse et al. 2013).

Data analysis

The mortality rate of mosquitos and larvae was
calculated based on the number of dead mosquitos and
larvae after 24 hours of contact. Results of the bioassay
susceptibility test were shown in the table frequency.
Statistical analysis using a one-way comparison test was
conducted to understand the difference in mortality of the
pyrethroid and organophosphate-treated mosquitoes. The
association between 1016G kdr allele frequency and the
resistance status was analyzed using the Chi-Square test.

Ethical statement

Data collection was carried out after obtaining
permission from the provincial government and the local
health office, and informed consent was obtained from the
household. This study did not use human specimens.

RESULTS AND DISCUSSION

Morphological resistance status

Bioassay test showed a knockdown time of 50%
(KDT50) of Ae. aegypti mosquitoes after exposure to o-
cypermethrin, and malathion ranged from 28.33 to 494.29
and 41.63 to 375.83 min, respectively (Figure 3).
Furthermore, the comparison revealed that malathion 5% is
the most effective insecticide compared to cypermethrin
0.05% and temephos 0.02 ppm, as indicated by a
significant level of mortality compared to the two
(p<0.0001). The second effective line of insecticide
compound is cypermethrin (p=0.0027 compared to
temephos) (Figure 4). The mortality status of malathion
was higher than others, and likewise, cypermethrin toward
temephos, although in some areas, temephos is still more
likely to be effective, namely Kaliwungu and
Maducendono. Analysis of differences in mosquito and
larvae mortality according to study sites indicated
uniformity in resistance status of Cypermethrin-0.05% and
Temephos-0.02 ppm and variations in susceptibility to
malathion-0.5% (Table 1 and Figure 5.). Mosquitoes from
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Tembalang showed the shortest knockdown time after
pyrethroid exposure, while mosquitoes from Pakembaran
showed the shortest after organophosphate exposure. The
mortality of Ae. aegypti mosquitoes after exposed to
cypermethrin 0.05%, malathion 5%, and temephos 0.02
ppm ranged from 16-86%, 75-100%, and 6-45%,
respectively, indicating the different susceptibility statuses.
All of the Ae. aegypti populations from the thirteen study
sites were resistant to cypermethrin and temephos. Of the
thirteen studies sites were classified into susceptible
(23.08%), suggestive of existing resistant (38.36%), and
resistant (38.46%), based on the mortality percentage
(Table 1). Malathion-susceptible strains were found in
three villages: Karangjati and Gebugan (Semarang district)
and Rowosari (Semarang municipality).

Molecular analysis
In molecular analysis of pyrethroid resistance using AS-
PCR, only 11 live (resistant) and 6 dead (susceptible)

mosquito specimens were identified clearly, where the
1016G kdr alleles of the AaNav gene were detected in the
homozygous and heterozygous. Statistical analysis (Table
2) showed that there was a significant difference between
allele frequencies and phenotypic resistance status
(p<0.05). Three genotype variants were detected:
homozygous wild type 1016V/V, homozygous mutant
1016G/G, and heterozygous mutant 1016V/G. Allele
frequencies for wild type and mutant are 45% and 55%,
while the genotype frequencies for V/V, V/G, and G/G are
36%, 18%, and 45%, respectively. The 1016G kdr allele
was detected from the resistance Ae. aegypti of all
altitudinal study sites, but the kdr allele was not detected in
the susceptible one. A high frequency of the homozygous
1016G kdr allele was detected in the low altitudinal
locality.

Table 1. Susceptibility status of Ae. aegypti mosquito towards pyrethroid and organophosphate insecticides

Study area Pyrethroid Organophosphate Organophosphate
(Cypermethrin 0.05%) (Malathion 5%) (Temephos 0.02%)
S . Mortality Resistance Mortality Resistance Mortality Resistance
District/city Location (%) status (%) status (%) status

Semarang District Karangjati 80 R 100 S 36 R
Gebugan 52 R 99 S 22 R

Bandungan 21 R 83 R 6 R

Pemalang District Ketapang 65 R 96 SER 24 R
Serang 66 R 91 SER 15 R

Gombong 35 R 90 SER 19 R

Tegal District Pakembaran 66 R 91 SER 24 R
Kudus District Piji 56 R 86 R 41 R
Maducendana 16 R 86 R 31 R

Kaliwungu 20 R 75 R 21 R

Semarang City Sendangguwo 67 R 97 SER 51 R
Rowosari 86 R 100 S 43 R

Tembalang 80 R 80 R 45 R

Note: WHO criteria: mortality rate <90% is resistance (R), a mortality rate of 90%-97% is suggestive of the existence of resistance

(SER), and a mortality rate >98% is fully susceptible (S)

Table 2. Altitudinal distribution of genotype and allele frequencies of codon 1016 Ae. aegypti AaNav gene in Central Java Province,

Indonesia
Habitat origin Altitude Resistance Number of Genotype* G Allele
(village) (m asl)* status” mosquitoes VIV VIG GIG frequency P

Gombong 1,112 R 2 1 0 1 0.50 0.035
S 1 1 0 0 0.00

Bandungan 910 R 2 1 0 1 0.50
S 2 2 0 0 0.00

Gebugan 524 R 3 1 1 1 0.50
S 1 1 0 0 0.00

Karangjati 486 R 2 1 0 1 0.50
S 0 0 0 0 0.00

Tembalang 225 R 2 0 1 1 0.75
S 2 2 0 0 0.00

Total R 11 4 2 5 0.55
S 6 6 0 0 0.00

Note: *m asl: meter above sea level, #Bioassay test result of Ae. aegypti to cypermethrin 0.05%: resistant (R), susceptible (S). +Detected
genotypes: V/V (wild-type), V/G (heterozygous mutant), G/G (homozygous mutant)
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Figure 3. The trend of the knockdown mosquito number during
60 minutes exposed to two insecticide compounds
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Figure 4. Comparison of mortality percentage between different
types of insecticide compounds. The independent samples t-test
exhibited a significant distinction between insecticide compounds.
There is a sequence of mortality which clearly showed by each
significance level; Malathion had the highest mortality rate
(p<0.0001), while Ae. aegypti had the most resistance to
temephos (p<0.0001 compared to malathion and p=0.0027 to
cypermethrin)
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Figure 5. Contrasting different mortality levels of each
insecticide compound based on study sites. The Dengue vector
(Ae. aegypti) populations were resistant to cypermethrin and
temephos compounds among all of the study sites (the Dengue-
endemic areas) in Central Java Province, Indonesia, while
susceptible to Malathion compound among three villages:
Karangjati and Gebugan (Semarang district) and Rowosari
(Semarang city)
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Discussion

Monitoring the susceptibility of Dengue vectors to
pyrethroid and organophosphate insecticide classes is an
important method for understanding and mapping the
distribution of the susceptible populations of the vectors.
This situation needs to be understood before chemical
control measure is done to accompany the selective
insecticide-use policy in Indonesia. This study completed
information on the previous studies by covering the wider
Dengue endemic areas that have not been studied before
(Sayono et al. 2016b). The result of this study showed two
different susceptibility situations of the Ae. aegypti
populations to three insecticide compounds. The
susceptible strain to malathion 5% emerged in several
study sites, although the species was resistant to
cypermethrin-0.05% and temephos 0.02 ppm in all study
sites. This study also found that Ae. aegypti populations in
several study sites were resistant to three different classes
of insecticide compounds simultaneously.  This
phenomenon indicated a multiple resistance of the species
to pyrethroid and organophosphate insecticide classes
(Nkya et al. 2014). Further investigations are needed to
understand the emergence of the resistance genes
conferring the knockdown and metabolic resistance among
the populations when the bioassay test resulted in 90-97%
of mortality (WHO 2016).

The susceptibility of Ae. aegypti to organophosphate
and pyrethroid compounds has deteriorated in the last
decade (Moyes et al. 2017). This condition has been
separately reported in Indonesia, which is closely
correlated with the use of insecticides in the Dengue vector
control program in the last two decades (Mulyatno et al.
2012; Ikawati et al. 2015; Sayono et al. 2016b; Rahayu et
al. 2017). A similar phenomenon has also been reported
worldwide in other countries Ae. aegypti was resistant to
pyrethroid and organophosphate compounds (Moyes et al.
2017).

This recent study comprehensively covered the wider
areas in the different altitudes and geographic conditions
from 12 to 1,200 meters above sea level (m asl) and from
coastal to mountainous areas. The resistance status of Ae.
aegypti to cypermethrin 0.05% and temephos 0.02 ppm
were distributed throughout the localities. This condition is
similar to the altitudinal distribution of this species' density
in previous research (Sayono et al. 2017). The findings
showed that the resistance of Ae. aegypti mosquitoes
toward pyrethroid and organophosphate are not only
focusing on urban areas but also on the high-altitude areas
which possess more than 1,000 m asl where very limited
studies have reported. This phenomenon is influenced by
complex factors, including vector control measures, human
movement, and agricultural pesticide use (Kamgang et al.
2011; Marcombe et al. 2012).

The expansion of the multiple resistance status of Ae.
aegypti to the wider areas is in line with the expansion of
Dengue cases from the epicenter in the Dengue-endemic
cities to the neighboring areas. Dengue cases increased the
community’s efforts to control the disease by implementing
chemical methods for Dengue vector control measures,
especially fogging (Krianto 2009; Zahir et al. 2016). The
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growth of transportation line intercity and from the city to
villages is the main factor of Dengue expansion (Ren et al.
2019). This phenomenon also affects the Dengue vector
displacement from the endemic to other areas. Ae. aegypti
mosquitoes in the intensively Dengue-endemic areas
exposed to insecticide and emerged resistant also
participated in the migration to the other areas. That might
affect the resistance status of the local population of Ae.
aegypti (Sa et al. 2019). Further research on the genetic
diversity of Ae. aegypti mosquitoes in the areas are needed
to prove the displacement flow and mechanisms.

The low level of Ae. aegypti susceptibility to pyrethroid
and organophosphate insecticide classes is predicted to be
related to the use of those insecticide classes for decades to
control the mosquito vector in adult and larval stages
(Macoris et al. 2007). Another causal factor of the lower
susceptibility of Ae. aegypti to pyrethroid insecticide is
related to the intense use of commercial insecticides in the
community (Gray et al. 2018). Most commercial
insecticides contain pyrethroid compounds. This finding
also proved that the mosquito susceptibility to insecticide is
not affected by the altitudes of population habitats but
indicated by the number of Dengue cases and endemicity
of areas. The high occurrence of Dengue cases is usually
followed by the vector control efforts of the community,
mainly by applying chemical methods (Zahir et al. 2016).

This study indicated a reemerging of susceptible strains
of Ae. aegypti to malathion compound in several parts of
Central Java Province, Indonesia, after ten years of delay of
the compound, although further studies are needed to
extend the scientific proofing. The relaxation of insecticide
exposure for a certain period will recover the genetic
structure and increase the susceptibility of mosquitoes to an
insecticide compound (Son-un et al. 2018). A community
experiment in the resistant populations of Ae. aegypti must
implement this relaxation.

Also, this finding presents the altitudinal distribution of
1016G kdr allele from 225 to 1,112 m asl study sites that
have not been reported before in the Dengue endemic areas
of Central Java Province, Indonesia. This phenomenon
indicated the resistance of Ae. aegypti to cypermethrin
0.05% compound has spread widely across the elevation
localities. The distribution of the kdr allele may occur in
line with the Ae. aegypti mosquitoes spreading from
Dengue endemic areas at the lower to the higher elevation
influenced by some conditions, including the warming
temperature, migration of population, the growth of
transportation lines, the existence of breeding sites, and
agricultural pesticide use (Marcombe et al. 2012). The
resistant strains of Ae. aegypti in the foci of Dengue
endemic areas may spread to other places along with the
migration of the human population through varying
transportation lines (Sa et al. 2019). Although we only
obtained very limited molecular samples, this study founds
1016G kdr alleles scattered at various altitudes. With all the
limitations, this preliminary data can be used as a starting
point to develop further research on genetic diversity and
the distribution of resistant genes to understand the
mechanism of Ae. aegypti resistance in this area clearly.
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Based on the susceptibility status of Ae. aegypti from
this research, the allele frequency of 1016G is more
dominant in the resistant group than the susceptible one.
The absence of a mutant allele in the susceptible group of
Ae. aegypti is hypothetically affected because allele 1016G
is recessive as part of the kdr gene (Harris et al. 2010;
Yanola et al. 2011). Thus, the mutational site of V1016G is
not the only correlated point mutation of knockdown
resistance in the AaNav gene of Ae. aegypti mosquitoes in
the sampled location. Exposure to other insecticide classes
and environmental factors could affect the resistance
mechanism of mosquitoes.

DNA sequencing is the most precise method for
detecting mutational location in a gene as it is the gold
standard method. Still, the method is considered to be
expensive and unsuitable for a large number of samples
(Saingamsook et al. 2017). Therefore, several PCR
methods have been developed to detect kdr alleles, i.e.,
real-time-PCR and heated oligonucleotide ligation assay
(HOLA). However, the methods still lack efficiency
(Saavedra-Rodriguez et al. 2007; Rajatileka et al. 2008).
Therefore, a simpler genotyping method, i.e., AS-PCR, was
developed to increase the efficiency of detecting many
samples from the field (Stenhouse et al. 2013). Although
AS-PCR is often underrated compared to nucleotide
sequencing, several studies have shown that the method is
reliable enough to detect the mutant allele (Yanola et al.
2011; Saingamsook et al. 2017). Additionally, the assay
was validated to be comparable and in complete agreement
with the DNA sequencing method (Saingamsook et al.
2017).

Insecticide resistance will increase 2-20 years after
continuously being used for decades (Georghiou et al.
1983). Intensive insecticide use can act as a naturally
selective agent of the mosquito population, which will
maintain the resistant insects to survive and inherit them to
the next generation (Srisawat et al. 2010). As an impact,
the percentage of resistant insects will increase, and the
susceptible strain will be eliminated due to insecticide
utilization. Eventually, there will be an ineffective use of
insecticide due to the imbalance between the number of
resistant and susceptible strains. Son-un et al. (2018)
identified that the recovery rate of mortality level would be
reverted after 12 generations, which is estimated to be 6
months in time. Therefore, it is plausible hypothetically for
the mosquito to revert to a vulnerable state after 5 years
based on a previous explanation of the resistance spread
rate. However, the previous findings did not account for
natural circumstances such as random mating, migration,
and other population genetic measures. The impact of
household spray or other commercial insecticides was not
covered by any research in which the application will cause
a more complex strategy to control the resistance (Gray et
al. 2018). Further research needs to be carried out to
understand comprehensively the recovery rate of resistant
individuals phenotypically and genotypically.

In conclusion, the resistant population of Ae. aegypti to
cypermethrin 0.05% and temephos 0.02 ppm compounds
spread widely throughout the Dengue endemic areas in
Central Java Province along with the Dengue occurrence,

Submission ID trn:oid:::1:3196145333



©O 06 6 ©0 O™ © O

g'r—.| turnitin

z'l-_l turnitin Page 14 of 15 - Integrity Submission

Submission ID trn:oid:::1:3196145333

306 BIODIVERSITAS 24 (1): 300-307, January 2023

while the Malathion 5% susceptible strains are reemerging
in several parts. Therefore, surveillance of the Dengue
vector susceptibility must be conducted periodically in
those areas before chemical control measure is done. The
factual information is important to determine the suitable
methods and strategies for controlling the Dengue,
Chikungunya, and Zika vectors. This study showed that the
genotypic change from valine to glycine of codon 1016 of
the AaNav gene was present in all sampled areas following
the phenotypic status.
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