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Abstract 
Aedes aegypti is the primary and Aedes albopictus is the secondary vector of dengue virus and is of 
Public health concern. The primary strategy to control the spread of dengue is to control the disease 
vector density which mainly depends upon the use of chemical insecticides but unfortunately the control 
intervention facing operational challenges regarding insecticides resistance in dengue vector and other 
vector borne diseases. But no data was available on susceptibility of dengue vector of Mansehra. The aim 
of this study was to assess the susceptibility level of Aedes aegypti to different insecticides recommended 
by World Health Organization.  
During this study Aedes aegypti larvae were collected from five localities of district Mansehra and after 
rearing in the insectary the resistance/susceptibility status of F1 generation was determined by using 
World Health Organization (WHO) test kit, utilizing papers impregnated with DDT 4%, Malathion 5%, 
Bendiocarb 0.1%, Lambdacialotrina 0.05% and Deltamethrin 0.05%. 
The test results showed that the Aedes aegypti population of district Mansehra is resistant to DDT, 
Malathion, Lambdacialotrina and Deltamethrin but Bendiocarb is placed under the verification required 
status. 
The results of this study concludes that if appropriate resistance management strategies are applied in this 
area then the high level of resistance can be prevent or delayed. This study provides important evidence 
base data for strategic planning for vector control in district Mansehra. 
 
Keywords: Aedes, Insecticides resistance, DDT, Malathion, Bendiocarb, Lambdacyhlothrin, 
Deltamethrin 
 
1. Introduction 
Dengue Fever and dengue haemorrhagic fever is a vector borne disease of public health 
concern in tropical, subtropical and temperate regions of the world. Aedes aegypti is the 
principal vector for dengue and Yellow fever, and a secondary vector of chikungunya fever 
virus [1-3]. It is reported by WHO that during the past fifty years thirty fold increase has 
occurred in the incidence of dengue cases worldwide. Dengue is prevalent in more than 110 
countries, especially in South Asia and Southeast Asia, and 2.5 billion people are living in 
dengue endemic areas of the World [4]. It is estimated that 50-100 million infections occur each 
year, including 500,000 hospitalizations for dengue haemorrhagic fever, mainly among 
children, with the case fatality rate more than 5% in some areas [5-7]. Despite of poor 
surveillance and no official reporting dengue cases were also reported to World Health 
Organization from Eastern Mediterranean and African regions. The first outbreak of dengue 
has been well documented in the EMR possibly as early as 1799 from Egypt [8]. But in 
Pakistan the incidence of dengue has increased episodically since the first recognized outbreak 
in 1994 in Karachi, Sindh Province [9]. Since 1994, the expansion of dengue cases with the 
increasing frequency and severity has been reported from all around Pakistan, but now the 
situation of dengue is alarming across all the country. During 2013 WHO disease early 
warning system (DEWS) reported dengue cases majority of which were from Khyber 
Pakhtunkhwa followed by Sindh, Punjab and Baluchistan [10]. 
In the absence of specific antiviral drug and vaccine against dengue virus the reduction of 
population density of disease vector is the key to success to any vector control program to 
prevent the spread and transmission of the disease. This strategy is mainly dependent on the 
use of chemical insecticides of different classes particularly Pyrethroid group of insecticides  
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having low human and mammalian toxicity [11]. During 
prevention/control programs the target vector are mainly 
controlled by targeting it at larval stage in the breeding sites 
by the use of larvicides and the adult infective stages by the 
use of thermal fogging, ultra-low volume sprays and 
insecticides impregnated nets and other materials [12]. During 
outbreak situations for the control of dengue both the larvae 
and adult stages can be targeted through the use of space 
sprays which is the routine control procedure for adult Aedes 
spp. vector. Development and spread of resistance against 
different insecticides used for the control of vector species in 
dengue endemic countries is the main problem which 
threaten the control programmes [13, 14]. 
In early 1969 DDT was the first insecticide used as indoor 
residual spraying for malaria control program in Pakistan. 
Then in 1972 Benzene hexachloride (BHC) was also used to 
control malaria vector till 1983. In 1976 Organophosphates 
particularly Malathion were also used by Malaria Control 
Program to achieve better results and continued till 1996. 
DDT was banned due to the emergence of resistance during 
1979 in malaria vectors [15]. And from late 1980 synthetic 
Pyrethroid was introduce and still is used as IRS, insecticides 
treated bed nets and fogging to control malaria, dengue and 
other vector borne disease as well as Agriculture pests [16 17]. 
But now Dengue and Malaria endemic countries are facing 
problem of Pyrethroid’s resistance due to its irrational and 
extensive use and has been reported from many countries of 
the world [18]. Insecticides resistance in disease vectors 
especially dengue vector is poorly documented in Pakistan 
and very limited published data are available from Punjab 
province. Aedes aegypti collected from slum area of Misri 
Shah, Lahore and tested for resistance to deltamethrin and 
cypermethrin. It is reported that Aedes aegypti were resistant 
to deltamethrin and cypermethrin, but the larvae were ten 
times more resistant to Bti than susceptible species of Aedes 
aegypti [19, 20]. Adult Aedes aegypti were collected form 
Government College Lahore (GC) and Government Islamia 
College for Women (GICW) Lahore and tested for resistance 
to Bifenthrin 10% EC and reported that the GICW strain was 
resistant and GC strain was susceptible to the tested 
insecticide [21]. Similarly Aedes albopictus collected from 
agricultural areas of Punjab; Lahore, Sargodha and 
Faisalabad tested for resistance and revealed that high level 
of resistance to Organophosphates, moderate level of 
resistance to Pyrethroids and Carbamates were present in 
Aedes albopictus [22].  
To the best of our knowledge no data was available 
regarding insecticides susceptibility of Aedes aegypti in 
district Mansehra, Khyber Pakhtunkhwa. The aim of this 
study was to investigate the level of resistance of Aedes 
aegypti to five different insecticides including the Pyrethroid 
group of insecticides currently in use for vector control. The 
data generated will be helpful for effective vector control 
strategies in future. 
 
2. Materials and Method 
2.1 Study area: We conducted a field survey during March 
2015 to September 2015 with the aim to determine the 
susceptibility level of Aedes aegypti population collected 
from district Mansehra (34.33⁰ N, 73.2⁰ E) with an altitude 
of 1067 meter from sea level in province Khyber 
Pakhtunkhwa. The total area consists of 4579 square 
kilometer with a total population of 1,700,000. Mansehra is a 
mountainous green area with natural vegetation, Kunhar 
(Nain Sukh) and Siran are the main rivers having rich 

mosquitoes Fauna during summer. The climate in summer is 
warm but the average temperature of Mansehra is 18.5 °C 
with an average rainfall of 1445mm annually.  
 
2.2 Collection and Rearing of Aedes aegypti: Aedes aegypti 
larvae or pupae were collected from breeding sites such as 
tires, fountain, water storage tanks etc. in five selected areas 
of district Mansehra; Bahali, Phulra, Baffa, Battal and Jabori. 
Aedes aegypti larvae were collected from urban sites of 
heavy use of insecticides for the control of disease vector by 
the public health especially Malaria vector control authorities 
and in agriculture sector for pest control in rural sites and 
from sites of less insecticide usage. The field collected larvae 
were transferred to the insectary and after post emergence the 
adult female Aedes aegypti were allowed to blood feed on 
mice to become gravid and allow to ovulation and reared 
under standard condition of temperature and humidity in the 
Insectary of department of Medical Entomology and disease 
vector control, Health Services Academy, Islamabad. 
 
2.3 Bioassay: After rearing adult Aedes aegypti 2-3 days old 
F1 unfed mosquitoes were used for susceptibility and 
exposed to five insecticides (DDT 4%, Malathion 5%, 
Bendiocarb 0.1%, Lambdacyhlothrin 0.05%, and 
Deltamethrin 0.05%) from all four classes of insecticides for 
one hour using the standard WHO test kit method [23]. Aedes 
aegypti identification was made morphologically through 
pectoral key [24]. All susceptibility tests were conducted at 25 
± 2°C and 70-80% relative humidity in Insectary of Health 
Services Academy Islamabad. For each insecticide in each 
tube 20-25 adult female Aedes aegypti were exposed in four 
exposure tubes and two control tubes having susceptible 
mosquitoes exposed to corresponding impregnated with 
Reisella oil (DDT control), Olive oil (Malathion and 
Bendiocarb control) and Silicone oil (Lambdacyhlothrin and 
Deltamethrin control). The tested population was exposed to 
the insecticides for one hour in the exposure tubes and after 
exposure the live mosquitoes were transferred to the holding 
tubes and maintained with a pad of moist cotton soaked with 
10% sucrose solution for 24 hours [23]. 
Then after one hour and 24 hours of exposure the quantity of 
dead and surviving mosquitoes were counted and observed 
percentage mortalities were calculated. If the control 
mortality was between 5% to 20% the observed percentage 
mortalities were corrected through Abbott’s formula by 
following the standard WHO guidelines [25]. If the control 
mortality was above the 20% tests were discorded and 
repeated again. If the control mortality was below 5% it was 
ignored and no correction were made.  
 
2.4 Data Analysis: The resistance status of mosquito’s 
samples was determined according to WHO guidelines. The 
test results were summarized in three classes of resistance 
and susceptibility defined by WHO. The mosquito’s 
populations were considered as susceptible when the 
mortality ranges between 98-100% level, shows resistance 
and require further verification if mortality ranges between 
90-97% and were considered resistant if the mortality was 
less than 90% [23]. Data were analyzed through SPSS 20 by 
applying Chi square test to check the heterogeneity of the 
sample population. 
 
3. Results 
This is the first study to assess the resistance and 
susceptibility status of Aedes aegypti to insecticides in 
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Mansehra Khyber Pakhtunkhwa province in recent times. 
Aedes aegypti were exposed to the diagnostic doses of DDT, 
Malathion, Bendiocarb, Lambdacyhlothrin and Deltamethrin. 
This shows a range of mortalities in all five localities of 
District Mansehra. Aedes aegypti was resistant to DDT, 
Malathion, Lambdacyhlothrin and Deltamethrin but the 
Bendiocarb is placed under the verification required status. 
As described in Table 1, results of test done on Aedes aegypti 
population collected from all the five locations of Mansehra 
were highly resistant to the diagnostic dose of DDT. The 
mortalities of the tested population of Aedes aegypti ranged 
between 33.75% and 43.75% with an average mortality of 
38.95% against DDT at all five localities.  
Similarly resistance were also detected according to WHO 
guidelines in female Aedes aegypti collected from all five 
localities to the diagnostic dose of Malathion 5% but the 
level of resistance was less then DDT. The mortalities rates 
were ranges in between 79.97% and 87.50% with an average 
mortality of 83.24% from all the study sites. But it was noted 
that the mortalities of Aedes aegypti against Bendiocarb 
0.1% were in the range of 90.38% to 96.42% in all five 

localities with an average mortality of 93.82%. According to 
WHO standard guidelines there is the possibility of 
resistance but still it needs further confirmation.  
Susceptibility status of Aedes aegypti were also investigated 
in this study against Lambdacyhlothrin 0.05% and 
Deltamethrin 0.05% most widely used in Public health for 
vector control and in Agriculture for pest control. The test 
result shows that the mortality level of adult Aedes aegypti 
against Lambdacyhlothrin 0.05% in the range of 77.63% to 
87.83% with an average mortality of 81.22% at all five 
collected sites. According to standard WHO results 
interpretation the tested population was resistant to 
Lambdacyhlothrin 0.05%. Similarly the Aedes aegypti 
collected from all five localities were also resistant to 
Deltamethrin 0.05%. The mortalities of Aedes aegypti to 
Deltamethrin were in the range of 75.3% to 86.11% with an 
average mortality of 82.58%. The results indicate that 
insecticides resistance is present in all the study areas. The 
results of this study are summarized in Table. 1 with their 
Chi square values of all the five localities.  

 
Table 1: Summary of results of susceptibility/resistance tests done on Ae. aegypti with 4% DDT, 5%Malathion, 0.1% Bendiocarb, 0.05% 

Lambda-cyhalothrin and 0.05% Deltamethrin in all five localities of district Mansehra. 
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a BAH 80 43.75 R 80 85.50 R 80 92.10 ? 80 87.83 R 80 86.11 R 
PHU 80 34.21 R 80 82.50 R 81 95.06 ? 83 80.72 R 84 85.83 R 

BAF 80 41.25 R 80 87.50 R 84 96.42 ? 88 81.56 R 81 75.30 R 

 

BAT 80 33.75 R 83 80.72 R 83 90.36 ? 85 78.37 R 87 80.64 R 
JAB 83 41.78 R 81 79.97 R 82 95.18 ? 80 77.63 R 80 85.00 R
Total 403 404 410 416 412 
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P=0.534, df=4, 
χ2= 3.143 

P=0.770, df=4, 
χ2= 1.812 

P=0.382, df=4, 
χ2= 4.185 

P=0.487, df=4, 
χ2= 3.437 

P=0.211, df=4, 
χ2= 5.849 

S= Susceptible if 98-100% observed mortality 
? = 90-97% observed mortality suggests the possibility of resistance that needs to be further confirmed.  
R= Resistant if < 90% observed mortality  
R1-R5= Replicates, C1-C2= Control 
Level of Significance p<0.05; non-significance p>0.05, df= Degree of freedom, χ2= Chi Square Value 
BAH= Bahali; PHU=Phulra; BAF=Baffa; BAT,=Battal and JAB=Jabori. 
 
4. Discussion 
The purpose of this study was to assess the baseline 
susceptibility status of Aedes aegypti primary vector of 
dengue virus against different insecticides representing the 
major classes of insecticides i.e. Organochlorine, 
Organophosphate, Carbamates and Pyrethroid in Mansehra, 
Khyber Pakhtunkhwa. These chemicals were used in the past 
as indoor residual spraying by the malaria control program of 
Pakistan but many insecticides of Pyrethroid group are still 
in use to suppress the disease vectors including Malaria and 
Dengue vectors as IRS, LLINs and thermal/cold fogging. 
Aedes aegypti have highly anthropophilic, with markedly 
endophilic and endophagic behaviors and these 
characteristics prove Aedes aegypti as an effective disease 
vector. Dengue transmission is controlled through vector 

control strategies mainly by use of chemical insecticides due 
to the absence of proper vaccine and therapeutic medicines 
[26, 27]. But the regular and extensive use of chemical 
insecticides for a prolonged time to control disease vectors in 
public health as well as in Agriculture settings leads a 
problem to the development of resistance in disease vector in 
many endemic countries [13, 14, 28].  
Adult bioassay of Aedes aegypti against DDT 4% result 
showed that the test mosquitoes were resistant in all five 
localities with percentage mortality range from 33.75% to 
45.78%. DDT resistance might have been developed over 
time due to the prolonged and irrational use in vector control 
programs of public health as well as in agriculture. DDT 
resistance in Aedes aegypti population is wide spread and is 
reported by many researchers worldwide. High DDT 
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resistance was reported in both Aedes aegypti and Aedes 
albopictus collected from six districts i.e. Jaffna, Kandy, 
Kurunegala, Gampaha, Ratnapura and Puttalam of Srilanka 
[29]. Aedes aegypti were collected from urban areas of India 
to check the susceptibility level against Temephos, Fenthion, 
Malathion and DDT and reported low level of resistance to 
DDT. Resistances to DDT in the population of adult Aedes 
aegypti collected form the houses of dengue infected patients 
in Bangkok, Thailand were also reported. But in Pakistan and 
India Malaria vectors have already been reported by many 
researchers to be resistant to DDT and Malathion used as 
IRS for a long time in the country [15, 30, 31, 32]. The tested 
Aedes aegypti were also resistant to 5% Malathion in all 
union council with percentage mortalities ranged from 
79.97% to 87.50%. The result of this study is comparable to 
a study from Yemen on field collected Aedes aegypti 
population and reported that the Aedes aegypti population 
were resistant to Malathion 5% and Fenitrothion 1% having 
mortalities of 64% and 29% respectively [33]. Malathion 
resistance in Aedes aegypti population of Hainan Province 
China was also reported but a moderate level of resistance 
were reported from Jaffna in both the primary and secondary 
vectors of dengue and were susceptible in Kandy, 
Kurunegala, Gampaha, Ratnapura and Puttalam of Srilanka 
to Malathion and Propoxur. Similarly moderate level of 
resistance was also reported to Malathion form Batticaloa in 
eastern Srilanka [29, 34, 35]. Resistance of Ae. aegypti to 
Malathion in the study area may be due to the high selection 
pressure of Malathion because this insecticide has been used 
widely and irrationally by the vector control program and in 
agriculture sector to control agricultural pest in past. 
According to a report the use of DDT and Malathion in 
Pakistan were banned for vector control program in public 
health and are replaced by Pyrethroid group of insecticides 
which are still used both in agriculture and public health [15]. 
Based on previous and present study DDT and Malathion 
should not be reintroduced for public health as well as 
agriculture purposes because of the resistance of the vector 
and pest population of Pakistan.  
This study also evaluates the resistance and susceptibility 
status of field collected Aedes aegypti from all the study sites 
of Mansehra against Carbamates i.e. Bendiocarb 0.1% and 
the test results reveals that the percentage mortalities were in 
the range of 90.36% to 96.42%. According to the WHO 
interpretation the mosquito population of Aedes aegypti was 
moderately resistant and falls in the category of further 
verification. But a study from Penang, Kuala Lumpur, Johor 
Bharu, Kota Bharu of Malaysia reported a high level of 
resistance to DDT, Pyrethroid and Bendiocarb. Similarly in 
another study from Shah Alam, Selangor, Malaysia also 
reported Bendiocarb resistance [36, 37]. A similar study 
conducted on Aedes aegypti and Aedes albopictus in 
Andaman and Nicobar Island, India and reported that both 
species were resistant to Carbamates and Bendiocarb 0.1% 
[38]. Bendiocarb resistance were also documented from 
Colombia and Venezuela and it was reported that the dengue 
vectors were resistant to 0.1% Bendiocarb [39, 40], but the 
studies from Sudan and Costa Rica it was reported that Ae. 
aegypti were susceptible to 0.1% Bendiocarb [41, 42]. This low 
and high level of resistance may be due to the high or low 
selection pressure of Bendiocarb in the mentioned areas. 
 Aedes aegypti populations were also resistant to Pyrethroid 
group of insecticides at all five study sites of district 
Mansehra. The mortalities of Ae. aegypti were in the range of 
77.63% to 87.83% against Lambdacyhlothrin 0.05% and 

75.30% to 86.83% against Deltamethrin 0.05%. Pyrethroid 
group of insecticides are widely used to control disease 
vectors in Public health especially by the malaria control 
program as well as in pest control in agriculture all around 
Pakistan. Pyrethroid group of insecticides are used to control 
the dengue vector in the form of thermal fogging, IRS, 
ultralow volume sprays, impregnated bed nets and other 
materials. Due to the extensive and irrational use of this 
group of insecticides has increased the selection pressure on 
the vector species of dengue, malaria and other disease 
vectors and due to this mosquitoes vector has developed 
resistance against this insecticides. Pyrethroid resistance also 
may be due to the cross resistance with DDT. There is also a 
potential threat of cross resistance between Organophosphate 
and Pyrethroid to vector control program [43]. The results of 
our study of Pyrethroid resistance are further strengthening 
by the other studies from the region and all over the world 
[18]. Pyrethroid resistance in dengue vector was well 
documented by the studies from Yemen [33], Singapore [44], 
Thailand [45], French Guiana [14], Paraguay [46] and less 
resistance was also reported from Mexico [47]. But it was 
reported that malaria vectors were resistance to synthetic 
pyrethroids. Anopheles subpictus were reported to be 
resistance to permethrin and deltamethrin from district 
Kasur, Punjab and similarly the Anopheles mosquitoes were 
resistant to permethrin, Lambdacyhlothrin and deltamethrin 
from Mirpur Khas, Sindh of Pakistan [48, 49]. As the national 
disease control program has no alternate insecticide for 
effective vectors control or for insecticides resistance 
management [50]. However with proper resistance 
management strategies especially integrated vector 
management (IVM) approach this high level of resistance in 
disease vector species against the main insecticides groups 
especially Pyrethroids can be delayed or prevented. The 
results of this study provide baseline information of 
insecticides resistance in dengue vector and recommend the 
proper insecticides resistance monitoring and timely 
entomological investigation in all around the country.  
 
4. Conclusion 
We concluded in the light of the present study that the adult 
Ae. aegypti population were resistant to all tested insecticides 
in district Mansehra. The results of present study confirm the 
need for regular and proper monitoring of resistance and 
susceptibility status of Ae. aegypti in Mansehra as one of the 
best and important approach of integrated vector 
management for the effective disease vector control in the 
area. But unfortunately the surveillance and monitoring 
system of insecticides resistance of disease vector is very 
poor in Pakistan.  
In order to prevent or slow down resistance to the presently 
used insecticides for vector control program in Public health, 
the development and implementation of new strategies for 
vector control in particular the integrated vector management 
is very important.  
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