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Abstract 

Dengue fever is a disease that has become endemic in many areas whose transmission is influenced by rainfall, temperature, 

and especially the distribution of mosquito vectors. Then, the most effective and efficient control to break the chain of transmission 

is the use of insecticides. Insecticides are chosen because they are highly toxic to insects. However, various determinants affect the 

use of insecticides in controlling the spread of mosquitoes, including using insecticides with inappropriate doses and methods. This 

study aimed to determine the resistance status of Aedes sp. mosquitoes to cypermethrin and zeta-cypermethrin insecticides. The 

samples of this study were mosquitoes collected from the field and then examined by the CDC Bottle Bioassay method. The results 

showed that Aedes sp. mosquitoes were resistant to cypermethrin with a mortality rate of <80% but still tolerant to zeta-cypermethrin 

with a mortality rate of 80-98%. There was a significant relationship between the use of cypermethrin and zeta-cypermethrin 

insecticides and the resistance status of Aedes sp. mosquitoes (ρ=0.000<0.05). Resistance management is important to maintain 

effective vector control and focuses on determining appropriate strategies to reduce selective pressure on vectors and assists in 

informing program policy. 

 

Keywords: CDC bottle bioassay; cypermethrin; insecticide; resistance; zeta-cypermethrin 

 
Full-length article        *Corresponding Author, e-mail: jamaluddinsa19k@student.unhas.ac.id  

 

 

1. Introduction 

 

Dengue fever is a disease transmitted by Aedes 

mosquitoes often found in tropical and subtropical regions 

[1]. This disease has become endemic in various world 

regions, especially in more than 100 cities, Southeast Asia, 

the Western Pacific, and the Americas [2]. Dengue virus 

transmission can be widespread because it is influenced by 

rainfall, temperature, urbanization, and especially the 

distribution of Aedes sp. mosquito vectors [3]. DHF cases 

have an endemic status consisting of high endemic, medium 

endemic, low endemic, and non-endemic [4]. This 

endemicity status is mentioned if, in the last three years in an 

area every year, there are cases of DHF. Based on the 

National Long- and Medium-Term Plan (RPJMN) and the 

Strategic Plan (RENSTRA) of the Indonesian Ministry of 

Health 2015-2019, the DHF disease control program is an 

effort to prevent and manage the incidence of DHF, including 

limiting the spread of DHF disease [5]. The RPJMN and 

RENSTRA focus on early and continuous eradication of 

DHF. The development of a national program  

 

 

to actively promote dengue elimination has been initiated 

over the past few years through community-based activities 

such as vector control strategies and viral vaccination 

program trials [6]. So far, the most effective and efficient 

vector control is to break the chain of transmission by killing 

the vector either mechanically, biologically, or chemically, 

such as using insecticides. However, seeing the need for 

results from the program based on not achieving the desired 

goals in its implementation, several things need to be 

reviewed, such as the use of insecticides. Insecticides were 

chosen because they are highly toxic to insects. Insecticide 

control is also widely used due to its effectiveness in 

regulating larval and adult mosquito populations [7]. 

Therefore, control using large-scale fogging and insecticide 

spraying still prevails today. Various determinants affect the 

use of insecticides in controlling the spread of mosquitoes, 

including using insecticides with inappropriate doses and 

methods over a long period. This can lead to vector resistance 

and reduce the insecticide's effectiveness [8]. Several studies 
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have subsequently shown the development of resistance in 

target mosquitoes due to insecticides over a long period [9]. 

Resistance occurs due to innate immunity, where resistant 

insects have inherited immunity and produce new immune 

populations, and gene changes cause mutations to have 

insecticide immunity. In addition, immunity is also obtained 

due to the adjustment of these insects to insecticides so that 

there is no death and new immune populations form [10]. 

Monitoring vector resistance to insecticides with early 

detection can indicate the susceptibility status of vector 

species and assist in providing input to program policies, such 

as determining the type of insecticide and strategy to be used 

and understanding the mechanisms by which vector 

susceptibility is reduced. This study aims to determine Aedes 

sp. mosquito resistance against cypermethrin and zeta-

cypermethrin insecticides. Include the correlation of 

resistance to cypermethrin and zeta-cypermethrin insecticide. 

 

2. Materials and Methods 

 

Samples used in this research were 230 Aedes sp. 

mosquitoes collected in two locations in Turikale sub-district, 

Maros district: Adatongeng Village and Alliritengae Village. 

The independent variable in this research was insecticide with 

cypermethrin and zeta-cypermethrin as its active compound, 

while the dependent variable in this research was Aedes sp. 

mosquitoes. 

 

2.1. Preparation of test samples 

 

Mosquitoes were collected by purposive sampling 

using ovitrap and brought to the laboratory for breeding into 

F0 and F1 before further testing. Collected mosquitoes were 

stored in paper cups labeled by their collection location and 

would then be used for bottle bioassay test resistance test. 

Coordinate points were taken using the Global Positioning 

System (GPS) to mark mosquito collection tests. This 

research used cypermethrin insecticide in 10µg/bottle and 

zeta-cypermethrin in 15µg/bottle dosage. Cypermethrin and 

zeta-cypermethrin insecticide, which would then be used for 

this research’s resistance test. Each 1 ml cypermethrin and 

zeta-cypermethrin was added to the bottle and then sealed. 

One ethanol drip was used for the control bottle, which was 

then sealed. The test bottles were placed horizontally and then 

flipped, and then the bottle cap was slightly opened to let 

ethanol evaporate. The bottles were then covered by fabric to 

shield them from light. 

 

2.2. Dead mosquito criteria 

 

Mosquitoes are considered dead when they are 

unable to stand anymore. Test bottles were slowly rolled to 

determine whether the mosquitoes were dead. If the 

mosquitoes could not move and fell, they would be 

considered dead. CDC bottle bioassay test interpretation was 

interpreted according to the protocol used. The vulnerability 

hold was calculated on 30 minutes of diagnostic time for all 

tested insecticides with the following criteria: a) The tested 

mosquito's death rate would be considered vulnerable to 98-

100%, b) If the tested mosquito's death rate were 80-97%, it 

would be categorized as suspected resistance, and c). If the 

tested mosquito's death was <80%, it would be categorized as 

resistant.  

3. Results and Discussion 

 

3.1. Aedes sp. mosquito mortality after resistance test 

 

Adatongeng and Alliritengae villages are among the 

Turikale sub-district of Maros with many dengue cases, so 

fogging is applied more frequently than in other villages. The 

high application rate often comes from self-funded 

communities that try to take control measures independently 

without coordination by using insecticides that can overcome 

mosquito bites. This causes many types of insecticides that 

may be used for control and cause resistance [11]. One 

method that can be used to determine the resistance status of 

disease vectors such as mosquitoes to insecticides is using the 

CDC bottle bioassay method. CDC bottle bioassays detect 

and characterize resistance to insecticide active ingredients in 

certain vector species. The test measures the time required for 

an insecticide to produce mosquito mortality. The results then 

indicate the proportion of the resistant population [12]. Table 

1 and Table 2 showed the result of Aedes sp. mosquito 

resistance against cypermethrin and zeta-cypermethrin 

insecticide in two test sites. Based on table 1, the results of 

the resistance test with a diagnosis time of 30 minutes using 

the CDC bottle bioassay method in Adatongeng Village 

(62%) and Alliritengae Village (70.24%), where the death of 

Aedes sp. mosquitoes in the area against the use of 

cypermethrin insecticide is included in the criteria for death 

that occurs ≤ 80%. This means that the sensitivity of Aedes 

sp. mosquitoes to cypermethrin insecticide is no longer 

sensitive or resistant. Adatongeng Village and Alliritengae 

Village are endemic areas with the highest frequency of 

exposure to insecticides for almost five years and have been 

resistant to cypermethrin insecticide. This resistance can 

occur in areas often exposed to insecticides with prolonged 

doses and time [13]. These results align with the research of 

Irawati and Putri [14], which said that the continuous use of 

cypermethrin insecticide has impacted resistance in dengue 

vectors with mortality of 89% and 97% after 30 minutes. 

Based on the table 2, the results of the resistance test with a 

diagnosis time of 30 using the CDC bottle bioassay method 

in Adatongeng Village (88%) and Alliritengae Village 

(88.10%), where the death of Aedes sp. mosquitoes in the 

area against the use of zeta-cypermethrin insecticide is 

included in the criteria for death that occurs 80%-98%. This 

means that the sensitivity of Aedes sp. mosquitoes to zeta-

cypermethrin insecticide is still tolerant. Zeta-cypermethrin is 

a type of insecticide belonging to synthetic pyrethroids, a 

particular variant of cypermethrin synthesized to improve 

stability and effectiveness as an insecticide. Based on Figure 

1, the resistance of Aedes sp. mosquitoes to the use of 

cypermethrin and zeta-cypermethrin insecticides in 

Adatongeng Village and Alliritengae Village does not have a 

big difference. Two main mechanisms are thought to be 

associated with resistance to insecticides: changes in target 

sites and increased rates of insecticide detoxification [15]. 

Adaptability to insecticide exposure in the form of changes in 

behavior to avoid exposure, increased rates of excretion of 

active ingredients from the body, and reduced sensitivity to 

biochemical targets and operational factors, which  
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Table 1. Percentage mortality of Aedes sp. mosquitoes against cypermethrin insecticide 

Sampling site Number of tested mosquitoes RR (30 minutes) Status 

Adatongeng 100 62% Resistant 

Alliritengae 84 70.24% Tolerant 

 

 

 

 

Table 2. Percentage mortality of Aedes sp. mosquitoes against zeta-cypermethrin insecticide 

 

Sampling site Number of tested mosquitoes RR (30 minutes) Status 

Adatongeng 100 62% Resistant 

Alliritengae 84 70.24% Tolerant 

 

 

Table 3. Normality Test for the Use of Cypermethrin and Zeta-cypermethrin Insecticides with the Resistance Status of 

Aedes sp. Mosquitoes. 

 

Data Sig. Description 

Cypermethrin 

Adatongeng 0.048 The data is not normally distributed 

Alliritengae 0.105 The data is normally distributed 

Zeta-cypermethrin 

Adatongeng 0.008 The data is not normally distributed 

Alliritengae 0.003 The data is not normally distributed 
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Table 4. Relationship between cypermethrin and zeta-cypermethrin insecticides on the resistance status of Aedes sp. 

mosquitoes with T-Independent Test 

 

 

 

Levene’s Test for Equality 

of Variances 
t-test for Equality of Means 

F Sig. t df 
Sig.  

(2-tailed) 

Status resistance Equal variances assumed 22.062 0.000 -6.600 18 0.00 

 Equal variances not assumed   -6.600 9.000 0.000 

 

 

 

 

Table 5. Relationship between cypermethrin and zeta-cypermethrin insecticides on the resistance status of Aedes sp. 

mosquitoes with Mann-Whitney U Test 

 

 

 Insecticide Mann-Whitney U Z Asymp. Sig. (2-tailed) 

Adatongeng Cypermethrin 5.000 -3.730 0.000 

 Zeta-cypermethrin 5.000 -3.758 0.000 

Alliritengae Zeta-Cypermethrin 5.000 -3.784 0.000 
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Figure 1. Aedes sp. mosquito resistance against insecticide 

 

 

 

 
 

 

 

 

Figure 2. Resistance Status of Aedes sp. Mosquitoes Based on Insecticide Use 
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include the type of insecticide, application technique, dose, 

and frequency of application are also triggered for resistance 

[16-17]. One type of insecticide that the Ministry of Health 

generally uses is the synthetic pyrethroid group, such as 

cypermethrin and zeta-cypermethrin, whose use has been 

going on for a long time and is applied by thermal fogging. In 

addition, synthetic pyrethroid insecticides with the active 

ingredients cypermethrin and zeta-cypermethrin themselves 

are also widely used in vector control activities originating 

from household use [18]. 

 

3.2. Relationship between cypermethrin and zeta-

cypermethrin insecticides on the resistance status of Aedes 

sp. mosquitoes 

 

Based on the results of the normality test in Table 3, 

data with a ρ value <0.05 were obtained, so it can be said that 

the data were not normally distributed, so the Mann-Whitney 

test was carried out to see the existing relationship. For data 

with a value of ρ> 0.05, then the data is normally distributed, 

so an independent t-test is performed to see the existing 

relationship. The results of the relationship test between the 

use of cypermethrin and zeta-cypermethrin insecticides and 

mosquito resistance status then showed that there was a 

significant relationship as shown in Table 4 and Table 5 

below. Based on figure 2, Aedes sp. mosquitoes in 

Adatongeng and Alliritengae villages are resistant to 

cypermethrin insecticide and tolerant to zeta-cypermethrin 

insecticide. There is a relationship between the use of 

cypermethrin and zeta-cypermethrin insecticides and the 

resistance status of Aedes sp. mosquitoes in Adatongeng and 

Alliritengae villages. This statement is supported by the 

results of Cahyati & Fitriani's research [19], which said that 

fogging conducted by the Semarang Regency Health Office 

from 2016 - 2019 as many as 47 using insecticides containing 

the active ingredient zeta-cypermethrin 15 g/l did not make 

dengue cases in the sub-district well controlled. Several 

studies have reported that the susceptibility status of Aedes 

aegypti to synthetic pyrethroid insecticides (cypermethrin, 

deltamethrin, alpha-cypermethrin) has primarily been 

reported to be resistant in Indonesia and in various countries 

[20]. Pyrethroid synthetic insecticides act on the insect 

nervous system by inhibiting axons in ion channels, resulting 

in a continuous action potential. Where synthetic pyrethroids 

bind to voltage-gated sodium channel (VGSC) proteins that 

regulate nerve impulse pulses, this causes the nerve impulse 

to be stimulated continuously and causes the insect to 

experience hyperexcitation (anxiety) and convulsions 

(spasticity) [19]). Continuous exposure can cause immunity 

in the vector's body by thickening the cuticula, increasing 

cholinesterase enzymes, and genetic mutations [11]. This was 

proven in the research of Ikawati B. et al. [21], which said 

that the resistance of the Aedes aegypti population to 

deltamethrin in Cuba was proven to be passed down from one 

generation to the next. However, the results of research that 

state the resistance or tolerance of a population of Aedes sp. 

mosquitoes to insecticides do not indicate that all areas are in 

the same condition. This is because resistance can be 

localized, especially if there is no application of the same 

mosquito control or no movement of resistant mosquitoes, 

which can contribute to the inheritance of resistant 

mosquitoes [18]. Zeta-cypermethrin is one type of insecticide 

that is also included in the synthetic pyrethroid group in the 

form of a special variant synthesized to increase stability and 

effectiveness as an insecticide. Based on the results of the 

research conducted, there is a relationship between the use of 

cypermethrin and zeta-cypermethrin insecticides and the 

resistance status of Aedes sp. mosquitoes in the Adatongeng 

Village and Alliritengae Village areas. Some research results 

say the susceptibility status of Aedes aegypti to synthetic 

pyrethroid insecticides (cypermethrin, deltamethrin, alpha-

cypermethrin) has mostly been reported to be resistant in 

Indonesia and in various countries [20]. This is because 

cypermethrin and zeta-cypermethrin are from the same class 

and are related. Where toxicokinetic and physicochemical 

parameters between cypermethrin and zeta-cypermethrin 

were found to be comparable (low solubility in water, 

lipophilicity, partition coefficient, oral absorption, and 

excretion route) [22]. Differences in resistance status are 

usually related to people's habits in using insecticides to 

eradicate insects and mosquitoes. The habits include different 

concentrations, periods, and frequency of use. Consistent 

monitoring of resistance can help determine changes in the 

susceptibility of mosquito populations over time [12]. 

Monitoring insecticide susceptibility in Aedes sp populations 

is essential for decision-making in the use of insecticides 

[23]. The purpose of susceptibility testing is to know the 

status of susceptibility. It can also be used as an information 

map of the susceptibility of vector species to insecticides that 

have been and will be used for vector control [18]. So, the 

importance of resistance management is to maintain the 

effectiveness of vector control and focus on determining the 

right strategy to reduce selective pressure on vectors [24]. 

 

4. Conclusions 

 

In this study, insecticide resistance detection was 

based on the CDC Bottle Bioassay testing method principle 

as a form of integrated vector control development. The 

results showed that Aedes sp. mosquitoes in Adatongeng 

Village and Alliritengae Village were resistant to 

cypermethrin with a mortality rate of < 80% and were still 

tolerant to zeta-cypermethrin with a mortality rate of 80 - 

98%. There is a significant relationship between the use of 

cypermethrin and zeta-cypermethrin insecticides and the 

resistance status of Aedes sp. mosquitoes in Adatongeng 

Village and Alliritengae Village (ρ = 0.000 < 0.05). This is 

due to the resistance that occurs due to inappropriate 

insecticide application. Therefore, resistance management is 

essential to maintain effective vector control and focuses on 

determining appropriate strategies to reduce selective 

pressure on vectors. It is suggested that it is necessary to 

conduct early detection of vector susceptibility to insecticides 

by conducting periodic testing using several different 

methods, such as CDC bottle bioassay, biochemical tests, and 

molecular tests; rotate the types of insecticides used. 

Especially those that are resistant to vectors; conduct 

supervision and regulation related to the use of insecticides 

both at the government and community levels; and the need 

for health counseling to the public about the use of household 

insecticides, starting from the selection of active ingredients, 

doses, application methods and periodic replacement. 
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