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ABSTRACT

Aedes aegyptiis a primary vector of dengue fever. This disease has increased dramatically
around the world in recent decades. At present, pyrethroids are the main insecticides used in
controlling vector-borne diseases throughout the country. However, the long-term continuous use of
insecticides has led in some cases to high levels of insecticide resistance which is one of the major
factors influencing the success of vector control. In this study, Aedes aegypti from seven localities
with a dengue outbreak in Thailand were subjected to synthetic pyrethroid insecticide susceptibility
assays. The results revealed that Ae. aegypti from all localities were strongly resistant to bifenthrin,
permethrin and deltamethrin. High resistance to lambda-cyhalothrin was detected from all localities
with the exception of Ae. aegypti from Bangkok and Uttaradit which demonstrated incipient
resistance. However, Ae. aegypti from Bangkok, Phra Nakhon Si Ayutthaya, Sakon Nakhon and
Chumphon showed incipient resistance to alpha-cypermethrin whereas Ae. aegypti collected from
Uttaradit, Mukdahan and Phatthalung were susceptible. In addition, Ae. aegypli from Bangkok, Phra

Nakhon Si Ayutthaya and Uttaradit demonstrated incipient resistance to cypermethrin while



susceptibility of Ae. aegypti from Mukdahan, Sakon Nakhon, Phatthalung and Chumphon to
cypermethrin was observed. Furthermore, kdr at position F1269C of Ae. aegypti was found in
susceptible strain. It was implied that is this mutation was not associated with pyrethroid resistance.

However, kdr at position V1016G may plays a role in pyrethroid resistance in Phatthalung.
Key words: Aedes aegypti, pyrethroid resistance, kdr, Thailand
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anstlaenng (%) 0.11 0.13 0.13 0.09 0.09
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w1 laigenldain US Department of Agriculture laboratory i lutinazanaivalignuin
Wnaanuianld anduiasegninfaatrislaiaunszisgninnanadusaldeuasfasingy
wensafindemeieans 3-5 4 aanun liimanuiuasuazin ldnaaausald
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iAdefidusnisanaesgeatatiiuiinan 24 9alus ndsanndiunimegeudas
susceptibility test kit Nn3tAsnzuannasAnirarsielan TnednuilefidusinismeliAdes
91 80 wandgaeinuilaufunIuasail ddasidusinisanaiAnagszngng 80-97
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3. Annalnnssnunuansiwinsassfieades kdr fiFuis 1011M, V1016G uaz F1269C
AR ENAI8TIUANAINTAYNAYIT WNQS kAT USDA dlddudaasunaraara
ALduLe (DNA) fael FAVORPREP® DNA extraction kit (Favorgen Company) @ﬁﬂﬁuﬁﬁaLﬁuLﬂﬁ
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miloleeldlnfinas  (Forward) [5-GAG-AAC-TCG-CCG-ATG-AAC-TT-3]  wazlnfiuas
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[ %

(Reverse) [5- GAC-GAC-GAA-ATC-GAA-CAG-GT-3) WaziaAiA3as PCR AuliAe pre-
incubation 7 94 °C e 3 W17 ety denaturation 7 94 °C Whunan 15 3unfl 40 s
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PCR product 31uda Auineumsyini3ans udadahddlimeansuwafisuw 11011M uwaz
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No. Diagnostic P = chi

Insecticide tested LCsy (%) 95% FL*? LCyy (%) 95% FL concentration (%)* square
7-Cypermethrin 302 0.0009  0.0004-0.0013 0.043 0.0220-0.1449 0.0863 0.9419
Bifenthrin 282 0.0185 0.0171-0.0202 0.047 0.0396-0.0599 0.0938 0.3082
Cypermethrin 311 0.0052  0.0031-0.0072 0.111 0.0662-0.2760 0.2212 0.1333
Deltamethrin 297 0.0007  0.0006-0.0007 0.002 0.0020-0.0034 0.0049 0.8955
7~-Cyhalothrin 299 0.0012  0.0010-0.0014 0.006 0.0043-0.0087 0.0116 0.8633
Permethrin 275 0.0379  0.0354-0.0407 0.073 0.0632-0.0922 0.1466 0.9718
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DISCRIMINATING LETHAL CONCENTRATIONS AND EFFICACY OF SIX

PYRETHROIDS FOR CONTROL OF AEDES AEGYPTI IN THAILAND

WARAPORN JUNTARAJUMNONG,' SUNTHORN PIMNON,' MICHAEL J. BANGS,”
KANUTCHAREE THANISPONG® ano THEERAPHAP CHAREONVIRIYAPHAP'#

ABSTRACT. Establishing baseline insecticide discriminating doses is crucial in accurately determining
susceptibility status and changing temporal patterns of physiological response in mosquito populations.
Pyrethroids are the predominant chemicals used for controlling adult Aedes aegypti and Ae. albopictus, both
vectors of dengue viruses, in Thailand. Presently, only 2 pyrethroids, permethrin and A-cyhalothrin, have
published diagnostic dose rates for monitoring Ae. aegypti. This study established the diagnostic lethal
concentrations for 6 different pyrethroids available in Thailand for dengue vector control. United States
Department of Agriculture insecticide-susceptible strain of Ae. aegypti was used to establish the baseline
concentrations for subsequent susceptibility testing of field populations. Our findings showed lower
discriminating concentrations for A-cyhalothrin and permethrin than those recommended by the World
Health Organization (WHO), at 2.5- and 1.7-fold lower dosing, respectively. The susceptibility status of 3
different geographical populations of field-collected Ae. aegypti were tested using the standard WHO
procedures. All 3 field strains demonstrated varying levels of physiological resistance to each compound. We
conclude that establishing the baseline diagnostic concentration of an insecticide is of paramount importance
in accurately determining the susceptibility status in field-collected mosquitoes. If possible, discriminating
doses should be established for all insecticides and test assays run concurrently with a known susceptible

strain for more accurate monitoring of resistance in mosquito populations in Thailand.

KEY WORDS Aedes aegypti, pyrethroids, diagnostic concentration, Thailand

INTRODUCTION

Many tropical and subtropical countries
around the world present risk for dengue fever
and dengue hemorrhagic fever. Between 2.5 and 3
billion people (two-fifths of the world’s popula-
tion) are at risk of contracting dengue, many of
whom live in the Southeast Asian region (WHO
2002). With an estimated 50-100 million people
having symptomatic dengue infection each year,
the majority of cases occur primarily in crowded,
impoverished urban regions of the world (Gubler
1998, Gibbons and Vaughn 2002). In Southeast
Asia, dengue hemorrhagic fever, a severe mani-
festation of dengue, has shown a disturbing
increase from an annual rate of <10,000 in the
1960s to >200,000 in the 1990s (Gibbons and
Vaughn 2002). In Thailand, there were 115,845
reported dengue cases and 141 deaths in 2010,
which represented a small fraction of the actual
number of mild and asymptomatic infections that
same period (MOPH 2010). The 4 different virus
serotypes (DEN-1, -2, -3, -4) are transmitted by
mosquitoes, primarily Aedes aegypti (L.), a highly
efficient vector mosquito because of its close
association with humans and exploitation of
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domestic and peri-domestic environments, most
notably in dense urban areas. As yet, no com-
mercial multivalent dengue vaccine is available;
therefore, prevention of this disease remains
almost entirely dependent on using methods of
control that attack both adult and immature
stages of the mosquito. Vector control remains
the most effective means of reducing risk of virus
transmission (Reiter and Gubler 1997, WHO
1999). Unfortunately, Ae. aegypti has confound-
ed most organized control efforts to bring vector
population densities below sustainable thresholds
to eliminate transmission.

In Thailand, the standard vector control tech-
niques are based on use of chemicals and source
reduction of larval habitats. Many chemical
compounds, including organophosphates, carba-
mates, pyrethroids, and so-called bio-rational
pesticides (bacterial toxins and insect growth
regulators) have been used in national public
health vector control programs (Reiter and
Gubler 1997, WHO 1999). In Thailand, pyre-
throids, e.g., deltamethrin, cyfluthrin, and per-
methrin, are common Als in many commercial
products designed for controlling household
adult Ae. aegypti. However, control efforts have
been hampered by the development of resistance
to many of these insecticides by Ae. aegypti
throughout Thailand (Chareonviriyaphap et al.
1999; Somboon et al. 2003; Sathantriphop et al.
2006; Thanispong et al. 2008, 2010). The selection
pressure for developing resistance to pyrethroids
has largely been attributed to the frequent and
pervasive use of the same chemical class of



MaARrcH 2012

DiaGNosTIC LETHAL CONCENTRATIONS FOR PYRETHROIDS IN THAILAND 31

compounds and is believed to have a direct
bearing on the effective management and preven-
tion of vector-borne diseases in general (Heming-
way and Ranson 2000). Although there are a
number of reports that describe the status of
pyrethroid resistance in Ae. aegypti populations
in Thailand (Chadwick et al. 1977, Charconvir-
iyaphap et al. 1999, Paeporn et al. 2004,
Yaicharoen et al. 2005, Sathantriphop et al.
2006, Jirakanjanakit et al. 2007, Thanispong
et al. 2008), all reports were based on use of
“diagnostic”” doses established by the World
Health Organization (WHO; 1998, 20006).

Pyrethroids are the predominant chemicals
used for controlling adult Ae. aegypti and Ae.
albopictus (Skuse), both vectors of dengue viruses
in Thailand. Establishing a baseline insecticide
discriminating dose is crucial for determining sus-
ceptibility status and changing temporal patterns
of physiological response over time in mosquito
populations. Most insecticides used for the con-
trol of anopheline malaria vectors have well-
established and recommended discriminating
(“diagnostic” doses) for routine monitoring of
vector populations. However, currently very few
insecticides have analogous discriminating doses
by which to test the susceptibility of Ae. aegypti.
Presently, only 2 pyrethroids (permethrin and A-
cyhalothrin) have published diagnostic dose rates
for monitoring Ae. aegypti. The objective of this
study was to establish the baseline diagnostic con-
centrations for 6 pyrethroids available in Thai-
land for dengue vector control. For purposes of
accurate comparison, the baseline lethal concen-
trations derived from a fully insecticide-susceptible
laboratory strain of Ae. aegypti were subsequently
used to assess the susceptibility status of 3 field
populations in Thailand.

MATERIALS AND METHODS
Mosquitoes

Four different cohorts of Ae. aegypti were used
in this study. A susceptible strain of Ae. aegypti
(US Department of Agriculture laboratory
[USDA] strain) was used to establish the baseline
99% lethal concentration (LCgg) of 6 pyrethroids.
The diagnostic percent concentration for each Al
was then used to determine the susceptibility
profile of 3 local Thai populations (a ‘“‘deme,”
individuals from a given locality that potentially
form a single interbreeding community) of Ae.
aegypti, concurrently with the USDA strain as
follows: 1) USDA strain was provided by the
Center for Medical, Agricultural, and Veterinary
Entomology, Gainesville, FL. This inbred strain
has been maintained continuously in colony for
>40 years and at the Department of Entomology,
Kasetsart University (Bangkok) beginning in
2004. 2) Kanchanaburi population was obtained

in May 2010 as larvae from outdoor container
habitats at Pu Teuy Village, Sai Yok District
(14°20"12.1"N, 98°59'19"E), Kanchanaburi Prov-
ince, an area approximately 150 km northwest of
Bangkok. 3) Khon Kaen population was ob-
tained in November 2010 as larvae from outdoor
container habitats in Non Ton Village, Muang
District (16°24'52"N, 102°51'05.5"E), Khon Kaen
Province, northeastern Thailand. 4) Nong Khai
population was obtained in November 2010 as
larvae from outdoor container habitats in Pa
Ngew Village, Tha Bo District (17°15'51.1"N,
102°34'30.5"E), Nong Khai Province, northeast-
ern Thailand.

Mosquito rearing

All mosquito larvae and pupae collected from
each site were placed in an environmentally
controlled insectary located at Kasetsart Univer-
sity, Department of Entomology, Bangkok, and
reared to the adult stage. Adult mosquitoes were
identified to species and Ae. aegypti males and
females were transferred to screened holding
cages to allow free mating. Females were pro-
vided 10% sugar solution soaked on cotton as
sustenance and permitted to feed on live guinea
pig blood 3-4 days after emergence. Two days
postbloodfeeding, oviposition dishes were placed
in the cages with gravid females. Eggs were pro-
perly conditioned and larval pans set for the next
generation and reared using standard techniques
and diet established at Kasetsart University
(Kongmee et al. 2004). All 4 cohorts were main-
tained separately and carefully segregated to
avoid cross-genetic contamination and under iden-
tical laboratory controlled conditions (25 = 3°C,
75 = 5% RH, natural light:dark phase).

Insecticides

Six pyrethroid insecticides were used in this
study as follows (including Chemical Abstracts
name): 1) a-cypermethrin (Sherwood Chemicals
Public Company Limited, Bangkok, Thailand,
purity 97.05%); 2) deltamethrin (Sherwood
Chemicals Public Company Limited, purity
98.46%); 3) permethrin (Sherwood Chemicals
Public Company Limited, purity 97.6%); 4)
bifenthrin (Sherwood Chemicals Public Company
Limited, purity 95.12% ); 5) cypermethrin (T.J.C.
Chemical Company Limited, Bangkok, Thailand,
purity 92%); and 6) A-cyhalothrin (Syngenta
Company, Bangkok, Thailand, purity 91.8%).

Insecticide-treated paper

Separate rectangular test papers (Whatman®
No. 1, GE Healthcare UK Limited, Buckingham-
shire, United Kingdom; 12 X 15 cm?) were
impregnated with each chemical Al at a specified
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Mean percentage mortality of 4 strains of Aedes aegypti using an established diagnostic concentration of each insecticide.

Table 1.

Nong Khai

Khon Kaen

Kanchanaburi

USDA'

Dead
(%=* SE)
96 (97.96 + 0.83)

o
tested

Dead
(%=* SE)
92 (88.46 = 1.7)

No.

tested

Dead
(% =+ SE)
90 (97.83 = 1.11)

tested

Dead No.
tested (%)

100
97

No.

Diagnostic
dose (%)

Insecticide

14 (14.14 = 1.81)

104 98
93 09 (9.68 = 0.33) 99

85 (92.39 + 1.92)

92
92

100 (100)
97 (100)
99 (100)

101 (100)

103 (100)
97 (100)

0.086
0.094
0.221

o-Cypermethrin
Bifenthrin

04 (3.92 + 0.62)

11 (1111 = 0.79)

61 (62.24 = 2.05)

98
102

0 (0.0)

96 (100)
11 (12.94 = 3.64)

96
99

97 (97.98 + 0.82)
92 (94.85 + 0.84)

99
97

99

101

0.005

Cypermethrin
Deltamethrin

06 (6.12 + 0.51)

99
98

98 (100)

85
98

92 (97.87 + 0.52)
88 (88.00 *+ 1.46)

103 94
0.147 97 100
! USDA, US Department of Agriculture.

0.012

A-Cyhalothrin
Permethrin

serial dilution for use in establishing baseline
diagnostic concentration for each insecticide and
subsequently a single diagnostic concentration
(LCy9 X 2) as determined from the USDA
susceptible strain. All papers were prepared in the
laboratory at the Department of Entomology,
Faculty of Agriculture, Kasetsart University, Bang-
kok, Thailand (Table 1). Technical-grade AI was
diluted with silicon oil (nonvolatile carrier) for
uniform distribution of insecticide on papers. All
papers were treated at the rate of 2 ml of the
insecticide solution per 180 cm?.

Establishing baseline diagnostic
lethal concentrations

The USDA susceptible strain of Ae. aegypti
was used in a series of dose-response tests to
establish the lethal concentrations required to kill
50% and 99% of the test population using each of
6 Als (WHO 1981). For all chemicals, excluding
a-cypermethrin, 5 different percent concentra-
tions produced in a range of 2-fold serial dilutions
were initially tested to determine the range of the
3 final concentrations used for establishing the
baseline 50% lethal concentration (LCsg) and LCgyo
values. For a-cypermethrin, only 3 initial con-
centrations in 10-fold serial dilutions were used to
arrive at the final three used in establishing the
baseline. The subsequent 3 final concentrations
(produced as 2-, 3-, or 4-fold dilutions of AI) used
in baseline assays and dose-response analysis are
presented in Table 2. Twenty-five nonblooded
female mosquitoes, approximately 3-5 days old,
were tested per exposure tube. Treated papers were
used only once and discarded. Four replicate
assays were conducted for each dilution to derive a
mean response and run concurrently with match-
ing controls (without AI). To avoid spurious
reporting of resistance in the field where none
may exist, WHO routinely sets the diagnostic
concentration at twice the minimum concentration
that will kill 100% of susceptible mosquitoes
(WHO 2006). The double concentration of the
LCyg for each Al was designated the ““diagnostic
dose’ or discriminating concentration and subse-
quently used for susceptibility tests using the Ae.
aegypti field strains.

Susceptibility assays

The susceptibility level of each population to 6
pyrethroids was assessed by exposing 25 non-
bloodfed 3- to 5-day-old female mosquitoes to a
single established diagnostic dose established
from the USDA standard strains. Mosquitoes
were not deprived of nutritional sustenance (10%
sugar solution) before testing. Standard testing
procedures followed WHO recommendations
(1998). After 60 min of exposure, test and control
mosquitoes were transferred to separate holding
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Table 2. Probit dose/mortality analysis of a laboratory susceptible strain of Aedes aegypti (US Department of
Agriculture) exposed to 6 different pyrethroids using 3 different concentrations' establishing lethal concentrations
(LC) for each Al

No. Diagnostic P > chi

Insecticide tested LCso (%) 95% FL? LCo9 (%) 95% FL concentration (%)* square
a-Cypermethrin 302 0.0009  0.0004-0.0013  0.043  0.0220-0.1449 0.0863 0.9419
Bifenthrin 282 0.0185  0.0171-0.0202 0.047 0.0396-0.0599 0.0938 0.3082
Cypermethrin 311 0.0052  0.0031-0.0072 0.111 0.0662-0.2760 0.2212 0.1333
Deltamethrin 297 0.0007  0.0006-0.0007  0.002  0.0020-0.0034 0.0049 0.8955
A-Cyhalothrin 299 0.0012  0.0010-0.0014 0.006 0.0043-0.0087 0.0116 0.8633
Permethrin 275 0.0379  0.0354-0.0407  0.073  0.0632-0.0922 0.1466 0.9718

! Percent concentrations used in dose-response assays as follows: a-cypermethrin (0.00125, 0.005, 0.02); bifenthrin (0.0125, 0.025,
0.05); cypermethrin (0.0077, 0.023, 0.07); deltamethrin (0.00031, 0.00125, 0.005); A-cyhalothrin (0.00037, 0.0015, 0.006); permethrin

(0.03125, 0.0625, 0.125).
2 FL = fiducial limits at 95% confidence level.

* Diagnostic concentration/discriminating dose calculation = 2 X LCayq.

containers and mortality was recorded after 24 h
postexposure. Each trial design (population/
chemical) was replicated 4 times using freshly
treated papers no more than 3 times and
discarded. Replicate trials were combined and a
mean susceptibility level derived for each popu-
lation tested as described by Chuaycharoensuk
et al. (2011).

Data analysis

The LCso and LCgy values were calculated
from a derived dosage-mortality regression line
(Finney 1971) using log-probit analysis (Proc
Probit, SAS/STAT version 8; SAS Institute Inc.,
Cary, NC). Pearson chi-square analysis was used
for goodness-of-fit tests. The estimate of LCs
and LCqy was determined from 4 test replicates
per chemical concentration using the USDA
susceptible strain of Ae. aegypti. Interpretation
of resistance/susceptibility status followed stan-
dard WHO criteria (1998).

RESULTS

The baseline susceptibility levels of pyrethroids
currently used in dengue vector control in Thai-
land were established from the standard suscep-
tible strain (USDA). This establishment was
based on the insecticide doses which gave the
mortality ranging between 10% and 95% in tzhe
USDA susceptible strain. Chi-square values
demonstrated that the response of Ae. aegypti
to each AI fit the linear model (P = 0.3191).
Individual chemical goodness-of-fit tests ranged
from P = 0.1333 to 0.9718 (Table 2). The LCs,
and LCyy values of 6 pyrethroids against Ae.
aegypti (USDA) were determined using the log-
probit analysis. Permethrin produced the highest
LCs0 (0.0379%) value, whereas deltamethrin gave
the lowest LCsq value (0.0007%). At LCoyo values,
cypermethrin had the greatest concentration
(0.111%), whereas deltamethrin resulted in the
lowest (0.002%). A single diagnostic concentra-

tion (double concentration of baseline LCgy9) of
a-cypermethrin (0.086%), bifenthrin (0.094%),
cypermethrin (0.221%), deltamethrin (0.005%),
A-cyhalothrin (0.012%), and permethrin (0.147%)
was subsequently used to determine the suscep-
tibility of the 3 field populations of Ae. aegypti
(Kanchanaburi, Khon Kaen, and Nong Khai)
(Table 1).

Results of susceptibility tests of 3 field popu-
lations and the USDA strain with the established
diagnostic dose of 6 pyrethroids showed the abi-
lity of mosquitoes to survive the diagnostic dose
after 1-h exposure to chemical and 24-h holding
period (Table 1). The interpretation and criteria
of insecticide susceptibility results were as fol-
lows: mosquitoes regarded as fully “susceptible”
to an insecticide if the mean percent mortality
was between 98% and 100%, as showing “‘incip-
ient” resistance if between 80% and 97%, and
“resistant’ in operational terms of effectiveness if
<80% kill (WHO 1998, 2006).

In all trials, concurrent control (no insecticide,
carrier compound only) mortality did not exceed
5%; therefore, final mean mortality did not require
a correction factor. Complete mortality (100%)
was observed in the USDA standard strain when
exposed concurrently to the established discri-
minating doses of all 6 chemicals. The 3 field
populations showed various levels of tolerance/
resistance to the chemicals tested. Low to moder-
ate incipient resistance (tolerance) to all 6 pyre-
throids was seen in the Kanchanaburi population,
with mortality ranging between 88% (permethrin)
and 97.98% (cypermethrin). The Khon Kaen
population was found completely susceptible
(100%) to cypermethrin and permethrin; however,
incipient resistance was detected against o-cyper-
methrin (88.46% morality) and very strong resis-
tance was seen with deltamethrin (0.0%), bifen-
thrin (9.7%), and A-cyhalothrin (12.9%). The
Nong Khai strain demonstrated strong resistance
to deltamethrin (3.92%), A-cyhalothrin (11.1%),
permethrin (6.12%), bifenthrin (14.14%), and cy-
permethrin (62.24%). The only chemical showing a
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high level of effectiveness with the Nong Khai
population was o-cypermethrin (97.9% kill).

DISCUSSION

By applying new, revised diagnostic concen-
trations of 6 pyrethroids, 3 field-collected Ae.
aegypti populations demonstrated varying physi-
ological resistance-based origin (geography) and
chemical tested. The population from Kanchana-
buri proved reasonably susceptible to all 6 insec-
ticides, with the lowest mean mortality against
permethrin. These results are compatible with
previous work from this same area of Kanchana-
buri with only slightly lower levels of resistance to
permethrin and deltamethrin reported previously
(Thanispong et al. 2008, Chuaycharoensuk et al.
2011). However, the other 2 Thai populations,
Khon Kaen and Nong Khai, displayed high levels
of physiological resistance to bifenthrin, deltame-
thrin, and A-cyhalothrin. Interestingly, the Nong
Khai population was also found highly resistant
to permethrin (6%) and significantly so (62%)
with cypermethrin, while Khon Kaen was com-
pletely susceptible to both compounds. In general,
these results are consistent with recent resistance
patterns seen with Ae. aegypti elsewhere in Thai-
land (Chareonviriyaphap et al. 1999, Prapantha-
dara et al. 2002, Paeporn et al. 2005, Ponlawat et
al. 2005, Jirakanjanakit et al. 2007). Comparing
all 3 local populations, a-cypermethrin proved to
be the one chemical that provided the best overall
mortality (88.46-97.96%).

Aedes aegypti is both a common nuisance mos-
quito and a constant public health threat in Thai-
land, serving as the primary vector of dengue/
dengue hemorrhagic fever (MOPH 2010). One of
the very few methods to effectively curb dengue
transmission is to reduce a human—vector contact
using insecticides (Reiter and Gubler 1997, WHO
1999, Jacobs 2000). However, a major disadvan-
tage with the routine long-term use of insecticides
is the prospect that a vector population may
develop resistance to the Al, rendering it opera-
tionally useless (WHO 1992, Roberts and Andre
1994, Brogdon and McAllister 1998, Hemingway
and Ranson 2000, Thanispong et al. 2008).

In Thailand, information on insecticide resis-
tance in Ade. aegypti, the primary vector of
dengue/dengue haemorrhagic fever, is relatively
limited due to a shortage of studies and com-
prehensive sustainable monitoring programs
within the national public health vector control
program. Aedes aegypti is one of the most effi-
cient, well-adapted, and widely distributed mos-
quitoes in the tropical and subtropical zones, and
has proven extremely recalcitrant to control
(Gratz and Halstead 2008). Among the common-
ly available control techniques, chemical control
remains the most effective method to curb dengue
transmission. Of the chemical categories (classes),

pyrethroids are the most common and extensively
used in both governmental and public sectors and
still generally regarded as effective adulticides
(Chareonviriyaphap et al. 1999, Kongmee et al.
2004, Jirakanjanakit et al. 2007, MOPH 2010). In
Thailand, ultra-low volume application of delta-
methrin has been used repeatedly to interrupt
dengue transmission soon after the Ist dengue
case has been reported. For general household
use, a variety of low-concentration, combination
pyrethroids are widely available for public to
control household arthropod pests. Not unex-
pectedly, the continuous and repetitive contact
with insecticides, especially pyrethroids, has
resulted in various degrees of insecticide resis-
tance in Ae. aegypti populations throughout
Thailand. Admittedly, how resistance has im-
pacted dengue control efforts in Thailand has not
been adequately evaluated.

Insecticide resistance in mosquito populations is
considered one of the major factors undermining the
success and impact of vector control programs
(Brogdon and McAllister 1998, Hemingway and
Ranson 2000). For several decades, insecticide
companies have continued to develop promising
synthetic alternative compounds and formulations
for public health use in private and governmental
sectors to prevent dengue transmission (MOPH
2010). Among the compounds of greatest interest
have been pyrethroids such as permethrin, cyper-
methrin, bifenthrin, deltamethrin, cyfluthrin, resme-
thrin, o-cypermethrin, and tetramethrin (Chareon-
viriyaphap et al. 1999, Somboon et al. 2003,
Paeporn et al. 2005, Ponlawat et al. 2005, Thanis-
pong et al. 2008). Pyrethroids have earned a more
favorable acceptance for the control of mosquitoes
primarily because of their inherent properties of
relatively low toxicity to humans and being highly
effective at low concentrations by quickly immobi-
lizing (knockdown) and killing insects. However, it
has been this overreliance on a single class of
compounds that has contributed to widespread
insecticide resistance in mosquito populations (Ro-
berts and Andre 1994, Hemingway and Ranson
2000). In Thailand, insecticide resistance in Ae.
aegypti was first reported against DDT (dichloro-
diphenyl trichloroethane) in Bangkok and Na-
khon Ratchasrima (northeast Thailand) (Neely
1964). Subsequently, resistance to phosphorothio-
ate (organophosphate) compounds was found
present throughout the country before being
reported in Ae. aegypti to pyrethroids (Chareon-
viriyaphap et al. 1999, Jirakanjanakit et al. 2007,
Thanispong et al. 2008, Chuaycharoensuk et al.
2011).

Over the past 60+ years, Ae. aegypti and other
dengue vectors in different countries have devel-
oped resistance to commonly used insecticides
(Brown and Pal 1971, WHO 1999). Both baseline
data (before the start of control operations), fo-
llowed by routine or periodic insecticide susceptibility
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assays to operational chemicals used in a vector
control program are of paramount importance for
monitoring vector response over time. Although a
number of studies on pyrethroid resistance in Ae.
aegypti have been published, many have relied on
using WHO published diagnostic concentrations
and conditions (e.g., exposure times) typically
used for monitoring Anopheles mosquitoes (WHO
1981, 1998). Surprisingly, there is far less infor-
mation or data supporting the standard diagnostic
criteria for susceptibility testing of Ae. aegypti
(WHO 1992, 1999, 2006). For pyrethroids, only A-
cyhalothrin (0.03%) and permethrin (0.25%) have
recommended diagnostic doses provided by WHO
for determining the resistant status of Ae. aegypti
(WHO 1992, 1998).

Recently, the diagnostic doses of 2 commonly
used synthetic pyrethroids, permethrin (0.9%) and
deltamethrin (0.06%), were established using a
reference susceptible strain (Bora Bora, French
Polynesia) of Ae. aegypti (Jirakanjanakit et al.
2007). However, both diagnostic doses were
derived from a log-probit analysis that had a very
high chi-square and low P-value (<0.005), indi-
cating a relatively poor goodness-of-fit of the
data. In general, susceptibility baselines and
diagnostic doses of various compounds used for
the control of Ae. aegypti are lacking and thus
information derived on pyrethroid susceptibility
may not be completely accurate or operationally
meaningful. Furthermore, the majority of data on
insecticide susceptibility is limited to only a few
areas in Thailand (Chareonviriyaphap et al. 1999,
Prapanthadara et al. 2002, Ponlawat et al. 2005,
Jirakanjanakit et al. 2007, Thanispong et al. 2008,
Chuaycharoensuk et al. 2011). Therefore, WHO
(1998) has repeatedly recommended that baseline
data on insecticide susceptibility should be gath-
ered on a reference strain of Ae. aegypti before
performing tests on field-collected populations.

This study did not investigate the possible
metabolic and target site mechanisms involved in
the resistance detected in the populations tested.
Of those mechanisms most likely to be involved
with conferring reduced susceptibility to pyre-
throids, elevated or modified activities of esteras-
es and/or monooxygenases involved in metabolic
detoxification of insecticides (Paeporn et al. 2004)
and the possible presence of the kdr (knockdown
resistance) mutation (Brogdon and McAllister
1998).

The susceptibility of adult Ae. aegypti to the 6
pyrethroids were selected, as these compounds
currently represent the predominant chemical
class utilized for space spray applications (“‘fog-
ging’’) and treated materials (e.g., window
curtains). Space spray (“‘fogging’’) application of
pyrethroids remains the method and insecticides
of choice for adult Aedes control in Thailand
(MOPH 2010). However, this was not always the
case in Thailand, as decades ago DDT (organo-

chlorine), dieldrin (cyclodiene), and malathion
(phosphorothioate) had been extensively used to
control vector mosquitoes (Bang et al. 1969,
Gould et al. 1970, Lofgren et al. 1970, Char-
eonviriyaphap et al. 1999). At that time, DDT
was also widely used to control Aedes mosquitoes
in Thailand (Neely 1964, Ponlawat et al. 2005).
The first reports of DDT resistance in Ae. aegypti
in Thailand were published in the 1960s (Neely
1964, Bang et al. 1969). Thereafter, resistance to
temephos (larvicide), malathion, and fenitrothion
were reported as widespread in Thailand (Char-
eonviriyaphap et al. 1999), followed more recent-
ly by many reports of resistance to pyrethroids
(Prapanthadara et al. 2002; Somboon et al. 2003;
Paeporn et al. 2004, 2005; Ponlawat et al. 2005;
Yaicharoen et al. 2005; Sathantriphop et al. 2006;
Jirakanjanakit et al. 2007; Thanispong et al. 2008;
Chuaycharoensuk et al. 2011). Although DDT
was last used in Thailand in 2000, the current
susceptibility status of Ae. aegypti to various
pyrethroids may have been impacted by persistent
cross-resistance mechanisms between the 2 chem-
icals (Chadwick et al. 1977) that still persist in
Thailand (Prapanthadara et al. 2002).

The use of chemicals as contact residual
insecticides on indoor walls of homes has not
been routinely used to directly control adult
Aedes mosquitoes, although there is strong
enough evidence to show it would likely provide
longer-lasting control in some situations (Giglioli
1948, Lien et al. 1992, Sulaiman et al. 1993, Reiter
and Gubler 1997, Doke et al. 2000) and even
eradication (Halcrow 1954, Brown and Pal 1971)
when compared to the far more transient effects
of space spray applications. The fact that many
pyrethroids also perform as contact excitants and
spatial repellents to Ae. aegypti (Kongmee et al.
2004, Thanispong et al. 2010), exclusive of direct
toxic action, lends further support for use of
residual insecticides inside homes to reduce
human-vector contact and disease transmission.
Whether realistic or cost-effective in control
programs has yet to be fully explored.

A dengue control program can be seriously
compromised and valuable resource squandered
without accurate information on insecticide
susceptibility status of local Aedes vector popu-
lations. As dengue remains a major disease
problem throughout much of Thailand, the moni-
toring of insecticide resistance in Ae. aegypti and
Ae. albopictus should be increased in periodicity,
geographical coverage, and range of insecticides
to assist vector control programs to anticipate
and respond accordingly. Investigations of cross
resistance to similar or closely related synthetic
compounds and in-depth discovery of the actual
mechanisms responsible for resistance are needed.
Knowledge of vector/pest susceptibility to pesti-
cides, changing trends of resistance, and their
operational implications are basic requirements
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to guide optimum chemical use. Insecticide
resistance monitoring must be an integral part
of a viable vector-borne disease and pest control
program.
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Resistance to Synthetic Pyrethroids in Aedes aegypti
(Diptera: Culicidae) in Thailand
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ABSTRACT

The insecticide susceptibility level of mosquito populations is one of the major factors
influencing the success of vector control. In this study, Aedes aegypti from seven localities with a current
dengue outbreak in Thailand were subjected to synthetic pyrethroid insecticide susceptibility assays.
The results revealed that Ae. aegypti from all localities were strongly resistant to bifenthrin, permethrin and
deltamethrin. High resistance to lambda-cyhalothrin was detected from all localities with the exception of
Ae. aegypti from Bangkok and Uttaradit which demonstrated incipient resistance. However, Ae. aegypti
from Bangkok, Phra Nakhon Si Ayutthaya, Sakon Nakhon and Chumphon showed incipient resistance
to alpha-cypermethrin whereas Ae. aegypti collected from Uttaradit, Mukdahan and Phatthalung were
susceptible. In addition, Ae. aegypti from Bangkok, Phra Nakhon Si Ayutthaya and Uttaradit demonstrated
incipient resistance to cypermethrin while susceptibility of Ae. aegypti from Mukdahan, Sakon Nakhon,
Phatthalung and Chumphon to cypermethrin was observed. It was concluded that field-collected Ae. aegypti
from all localities had developed resistance to the synthetic pyrethroids, with the majority of these being

to bifenthrin, permethrin and deltamethrin.

Keywords: Aedes aegypti, synthetic pyrethroid, resistance, Thailand

INTRODUCTION

The incidence of dengue fever and
dengue hemorrhagic fever (DF/DHF) has increased
dramatically around the world in recent decades,
especially in tropical and subtropical regions;
about 2.5 billion people—two fifths of the world's
population—are now at risk from DF/DHF and
it is estimated that there are 50 million dengue
infections worldwide every year (World Health
Organization, 2012, 2014). The incidence of
DF/DHEF is still consistently high with 153,765
reported cases in Thailand (Ministry of Public
Health, 2013). The disease is transmitted by Aedes

aegypti, a primary vector of DF and DHF (Gubler,
1997).

Aedes aegypti, a day-biting mosquito,
is highly anthropophilic and often rests and
feeds in or near human dwellings (Christophers,
1960). This mosquito has been found to be
highly adapted to all man-made and natural
environments. The key to preventing dengue
transmission relies mainly on vector control,
the most effective method for reducing disease
transmission (Pant, 1979; Reiter and Gubler,
1997). During the past decade, several synthetic
pyrethroids—namely permethrin, deltamethrin,
lambda-cyhalothrin and etofenprox—were
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introduced in the malaria and dengue control
program, particularly with the impregnation of
bed nets (permethrin) and indoor/outdoor sprays
(deltamethrin) (Chareonviriyaphap etal., 1999). At
present, pyrethroids are the main insecticides used
in controlling vector-borne diseases throughout
the country. However, the long-term continuous
use of insecticides has led in some cases to high
levels of chemical resistance by certain pests
and disease vectors (Chareonviriyaphap et al.,
1999). This is considered to be a major factor
in the development of resistance in mosquitoes
(Chareonviriyaphap et al., 1999; Sathantriphop
et al., 2006; Chuaycharoensuk et al., 2011).
Previous studies have shown the occurrence of
insecticide resistance in several populations and
species of mosquitoes, including Ae. aegypti
(Chareonviriyaphap et al., 1999; Ponlawat et al.,
2005; Jirakanjanakit et al., 2007; Chuaycharoensuk
etal., 2011).

According to World Health Organization
(WHO) guidelines for insecticide susceptible
tests on mosquito populations (World Health
Organization, 1998, 2006), the insecticide
discriminating dose is important for determining
the susceptibility status in mosquito populations.
However, few diagnostic doses are currently
available for insecticide susceptible assays on
Ae. aegypti mosquitoes. In 2007, diagnostic doses
of two synthetic pyrethroids (permethrin and
deltamethrin) were established for Ae. aegypti
(Jirakanjanakit et al., 2007). In recent years,
diagnostic doses of six synthetic pyrethroids,

consisting of alpha-cypermethrin, bifenthrin,
cypermethrin, deltamethrin, lambda-cyhalothrin
and permethrin, were obtained for monitoring
the insecticide susceptibility of Ae. aegypti
(Juntarajumnong et al., 2012). Therefore, the
aim of this study was to determine the insecticide
susceptibility levels to six synthetic pyrethroids
diagnostic doses recently available for Ae. aegypti
populations collected from seven outbreak
localities in Thailand.

MATERIALS AND METHODS

Study sites

Aedes aegypti larvae and pupae were
collected from containers located in and around
houses in seven collection sites within Thailand,
namely—Bangkok (Khet Prawet), Phra Nakhon Si
Ayutthaya (Ban Phraek district), Uttaradit (Tron
district), Mukdahan (Mueang district), Sakon
Nakhon (Mueang district), Phatthalung (Mueang
district) and Chumphon (Mueang district) as
shown in Figure 1. The samples were collected
between 2011 and 2012 and the geographical
coordinates of the locations are provided in Table
1. Larvae and pupae collected from the study sites
were then reared in the Department of Entomology,
Faculty of Agriculture, Kasetsart University for
morphological identification and colonization. The
standard insecticide susceptible laboratory strain
of Ae. aegypti was obtained from the United States
Department of Agriculture (USDA), Gainesville,
Florida, USA.

Table 1 Location and global positioning system (GPS) coordinates of Ae. aegypti collection sites.

Province District GPS coordinates

Bangkok Prawet 13°40'9.5"N 100°41'27.6" E
Phra Nakhon Si Ayutthaya Ban Phraek 14°38'35.9" N 100°34273" E
Uttaradit Tron 17°29'3.1" N 100°6"23" E
Mukdahan Mueang 16°32'30.25" N 104°43'1.1" E
Sakon Nakhon Mueang 17°15'13.3" N 104°11'7.9" E
Phatthalung Mueang 7°36'52.7" N 100°4'52.5" E
Chumphon Mueang 10°30"34.4" N 99°6.525" E




Kasetsart J. (Nat. Sci.) 48(4) 579

1. Bangkok
2. Phra Nakhon Si Ayutthaya
3. Uttaradit

4. Sakon Nakhon

5. Mukdahan

6. Chumphon

7. Phatthalung

Figure 1 Aedes aegypti collection sites in various parts of Thailand.

Mosquito rearing

All strains of Ae. aegypti were reared
and kept separately to ensure no accidental cross-
breeding (hybridization) between populations. All
developmental stages were reared in a temperature-

controlled space at 25+ 5 °C and 80 + 10% relative
humidity using a 12h:12h light:dark photoperiod
according to the method of Kongmee et al. (2004).
Immature stages were reared in plastic pans with
identical physical and nutritional conditions
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throughout the study. Pupae were transferred into
cups with tap water and placed in screened cages
(30 cm % 30 cm x 30 cm). Adult males and females
were provided cotton pads soaked with 10% sugar
solution. The resultant progeny and adults from the
F, to F; generations were utilized for testing.

Insecticides

Six pyrethroid insecticides were used
in this study: 1) alpha-cypermethrin (Sherwood
Chemicals Public Company Limited, Bangkok,
Thailand, purity 97.05%); 2) deltamethrin
(Sherwood Chemicals Public Company Limited,
purity 98.46%); 3) permethrin (Sherwood
Chemicals Public Company Limited, purity
97.6%); 4) bifenthrin (Sherwood Chemicals
Public Company Limited, purity 95.12%);
5) cypermethrin (T.J.C. Chemical Company
Limited, Bangkok, Thailand, purity 92% ); and
6) lambda-cyhalothrin (Syngenta Company,
Bangkok, Thailand, purity 91.8%). Diagnostic
concentrations for all test compounds are shown
in Table 2 (Juntarajumnong et al., 2012).

Insecticide-treated paper

Test papers (Whatman® No. 1 size 12
cm x 15 cm) were impregnated with diagnostic
doses of synthetic pyrethroids, following the WHO
standard protocol (World Health Organization,
1998). These synthetic pyrethroids (bifenthrin,
permethrin, cypermethrin, alpha-cypermethrin,
deltamethrin and lambda-cyhalothrin) were
used for determining the susceptibility tests. All
treated papers were treated at the rate of 2 mL of
insecticide solution per paper. Control papers were
impregnated with only carrier diluents (acetone
and silicone oil).

Insecticide susceptibility test

Three to five day-old, non-blood fed
adult females of Ae. aegypti were used for
the susceptibility tests. Test procedures were
obtained from the WHO, including analysis and

interpretation (World Health Organization, 1981a,
b). Treated papers were prepared at the Department
of Entomology, Faculty of Agriculture, Kasetsart
University, according to WHO guidelines (World
Health Organization, 1998). Each test was
replicated four times. Twenty-five mosquitoes were
carefully introduced into each holding tube lined
with clean (untreated) paper for 1 hr to observe
the health of the mosquitoes before insecticide
exposure. Dead and moribund mosquitoes were
removed before beginning the insecticide exposure.
Mosquitoes from each holding tube were exposed
for 1 hr to either insecticide-impregnated or control
papers prepared in serial dilutions (determined
from base-line findings). Knockdown mosquitoes
were recorded after 1 hr. All mosquitoes were then
carefully returned to separate clean holding tubes
and provided with 10% sugar solution. Mortality
was recorded at 24 hr post-exposure.

Data analysis

The mortality of Ae. aegypti at 24 hr
was averaged for each test series. Interpretation
and analysis of resistance/susceptibility status
was determined according to WHO criteria
(World Health Organization, 1998, 2006). If the
percentage of mosquito mortality was between
98 and 100%, it was interpreted as completely
susceptible. Mosquitoes were defined as incipiently
resistant if the mortality rate was between 80 and
97% and were considered resistant if the mosquito
mortality was less than 80%. If mortality of the
control was between 5% and 20%, the test results
were corrected using Abbott’s formula (Abbott,
1925).

RESULTS

Diagnostic concentrations for six
synthetic pyrethroids were established in previous
work (Table 2). In this study, these “diagnostic
doses” were used to determine the insecticide
susceptibility level for eight populations of
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Table 2 Diagnostic concentration of six synthetic pyrethroids based on dose/mortality relationships
tested against Ae. aegypti, susceptible strain (US Department of Agriculture) (Juntarajumnong

etal., 2012).
Diagnostic .
Insecticide No. tested LCsq (%) 95% FL LCyg (%) 95% FL concentration > Chi
%) square
a-Cypermethrin 302 0.0009  0.0004-0.0013 0.043 0.0220-0.1449 0.0863 0.9419
Bifenthrin 282 0.0185 0.0171-0.0202  0.047 0.0396-0.0599 0.0938 0.3082
Cypermethrin 311 0.0052  0.0031-0.0072 0.111 0.0662-0.2760 0.2212 0.1333
Deltamethrin 297 0.0007  0.0006-0.0007  0.002 0.0020-0.0034 0.0049 0.8955
A-Cyhalothrin 299 0.0012  0.0010-0.0014  0.006  0.0043-0.0087 0.0116 0.8633
Permethrin 275 0.0379  0.0345-0.0407 0.073 0.0632-0.0922 0.1466 0.9718

LC = Lethal concentration; FL = Fiducial limits at 95% confidence level; LCs, = Lethal concentration required to kill 50%
of the tested population; LCgyg = Lethal concentration required to kill 99% of the tested population; Diagnostic concentration/

discriminating dose calculation = 2 x LCyq.

Ae. aegypti—one laboratory and seven field
populations. The results of susceptibility tests using
the single diagnostic dose of 0.147% permethrin,
0.094% bifenthrin, 0.005% deltamethrin, 0.221%
cypermethrin, 0.086% alpha-cypermethrin
and 0.012% lambda-cyhalothrin for different
populations of Ae. aegypti are shown in Table 3.
The ability of mosquitoes to survive the diagnostic
dose after 24 hr is indicative of resistance in the
population as defined by the percent mortality
in mosquito test populations. The results from
the current study indicated that the control
population (USDA) was completely susceptible
to all test compounds as evidenced by 100%
mortality (Table 3). Based on the diagnostic doses
established by Juntarajumnong et al. (2012), the
USDA Ae. aegypti control population was found
to be completely susceptible to all six synthetic
pyrethroids along with 100% knockdown after
60 min. All seven populations of Ae. aegypti
were highly resistant to deltamethrin (0-37%
mortality), followed by bifenthrin (4-39%
mortality) and permethrin (2-55% mortality). In
addition, high resistance to lambda-cyhalothrin
(0-57% mortality) was detected from all localities
with the exception of Ae.aegypti from Bangkok
and Uttaradit which demonstrated incipient
resistance (93—96% mortality). Moreover, the two

populations from Bangkok and Phra Nakhon Si
Ayutthaya were found to have evidence of incipient
resistance to alpha-cypermethrin and cypermethrin
(91-97% mortality) whereas the populations from
Mukdahan and Phattalung were susceptible to both
insecticides indicated by 98—100% mortality. The
populations from Sakon Nakhon and Chumphon
demonstrated incipient resistance to alpha-
cypermethrin (90-95% mortality); however, the
population from Uttaradit was susceptible. The
populations from Sakon Nakhon and Chumphon
demonstrated susceptibility to cypermethrin
(98—-100% mortality) but the population from
Uttaradit was incipient resistant.

In general, higher levels of physiological
tolerance/resistance to bifenthrin, permethrin and
deltamethrin were seen in northeastern populations
(Mukdahan and Sakon Nakhon) and one southern
population (Chumphon) compared to other
geographical regions in Thailand. The strongest
resistance to permethrin and lambda-cyhalothrin
was seen in the population from Sakon Nakhon
(2% mortality for permethrin and 0% mortality for
lambda-cyhalothrin) whereas the highest resistance
to deltamethrin was observed in the population
from Mukdahan (0% mortality), followed closely
by Chumphon (2% mortality) and Sakon Nakhon
(6% mortality). Interestingly, the population
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collected from Chumphon demonstrated very
high resistance to four synthetic pyrethroids
(5% mortality for bifenthrin, 4% mortality for
permethrin, 2% mortality for deltamethrin and
7% mortality for lambda-cyhalothrin) and showed
incipient resistance to alpha-cypermethrin (95%
mortality) and no resistance to cypermethrin
(100% mortality). In contrast, the population from
Phatthalung showed higher resistance to bifenthrin
(39% mortality) and deltamethrin (37% mortality)
than from permethrin (55% mortality) and lambda-
cyhalothrin (57% mortality) as shown in Table
3.

In this study, the population from
Bangkok, Central Thailand was strongly resistant
to bifenthrin (6% mortality), permethrin (6%
mortality) and deltamethrin (14% mortality).
However, it showed incipient resistance to the
other three synthetic pyrethroids (93% for lambda-
cyhalothrin, 97% for alpha-cypermethrin and 97%
for cypermethrin). In addition, the population
from Phra Nakhon Si Ayutthaya in central
Thailand showed high resistance to bifenthrin
(4% mortality), followed by deltamethrin (16 %
mortality) and permethrin (23% mortality). In
brief, strong resistance to bifenthrin, permethrin
and deltamethrin was observed in all field test
populations whereas alpha-cypermethrin and
cypermethrin demonstrated incipient or no
resistance.

DISCUSSION

Aedes aegypti (L.) is the primary
vector of dengue viruses in Southeast Asia, a
region which represents the epicenter of disease
transmission (Gubler, 1998). This vector is
primarily a day-biting mosquito and is more
prevalent near and inside dwellings. In addition,
Ae. aegypti is considered a secondary vector of
the chikungunya virus, a disease that has recently
emerged in a more frequent epidemic form in
Asia, Indian Ocean countries and southern Europe
(Charrel et al., 2007). Ae. aegypti also prefers to

rest indoors in undisturbed places, complicating
control of this vector (Reiter and Gubler, 1997).
Despite some research progress, an effective and
commercially acceptable dengue vaccine is not
yet available; thus, the prevention and control
of disease transmission relies almost entirely
on vector control strategies using synthetic
insecticides (Roberts and Andre, 1994; Reiter et
al., 1995; Chareonviriyaphap et al., 2004).
Synthetic compounds, including
organophosphates, carbamates and pyrethroids
have long been used with varying levels of
success in national control programs to control
dengue vectors (Reiter and Gubler, 1997). Since
1994, the Ministry of Public Health in Thailand
has recommended the use of deltamethrin for
emergency vector control and adulticide during
dengue outbreaks and this latter chemical
remains the only compound used in dengue
control programs (Chareonviriyaphap et al.,
1999; Kongmee et al., 2004). Recent studies
have reported that there has been an increased
deltamethrin resistance in several field populations
of Ae. aegypti in Thailand (Jirakanjanakit et al.,
2007; Thanispong et al., 2008; Chuaycharoensuk
etal.,2011). The increased incidence of resistance
is raising awareness of the need for alternative
insecticides or newer, more innovative methods of
controlling mosquito vectors. Alpha-cypermethrin,
another synthetic pyrethroid, is being used in
Thai homes for protection against indoor biting
mosquitoes and other arthropod pests.
Numerous synthetic pyrethroids,
such as permethrin, resmethrin, cypermethrin,
cyfluthrin, lambda-cyhalothrin and bifenthrin-
based formulations (for example, aerosols,
coils and gels), are commercially available
to the general public (Paeporn et al., 1996;
Chareonviriyaphap et al., 1999; Jirakanchanakit
et al., 2007). The selection for resistance to
pyrethroids by mosquitoes is largely attributed
to frequent exposure to sub-lethal concentrations
of commonly applied chemicals and has a
direct bearing on the effective management and
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prevention of vector-borne diseases (Hemingway
and Ranson, 2000). Many studies have reported
mosquito resistance to synthetic pyrethroids
in Thailand (Chareonviriyaphap et al., 1999;
Prapanthadara et al., 2002; Somboon et al.,
2003; Paeporn et al., 2004; Ponlawat et al., 2005;
Yaicharoen et al., 2005; Sathantriphop et al.,
2006; Jirakanjanakit et al., 2007; Thanispong
et al., 2008; Chuaycharoensuk et al., 2011).
However, the majority of published reports on
pyrethroid resistance in Ae. aegypti have been
restricted in their geographical scope with the
susceptibility level of the insecticides needing
updating frequently (Chadwick et al., 1977;
Chareonviriyaphap et al., 1999; Paeporn et al.,
2004; Yaicharoen et al., 2005; Sathantriphop et al.,
2006; Jirakanjanakit et al., 2007; Thanispong et
al., 2008; Chuaycharoensuk et al., 2011). Without
a better understanding of the temporal effects and
outcomes of the insecticides used to determine
mosquito susceptibility, sustainable and successful
vector control activities will never be positive.
As noted, WHO has established only
two diagnostic doses for synthetic pyrethroids—
permethrin and lambda-cyhalothrin (World
Health Organization, 1998, 2006). Therefore,
estimation of the resistance status of Ae. aegypti
to pyrethroid compounds is incomplete. Recently,
Juntarajumnong et al. (2012) developed diagnostic
doses for six synthetic pyrethroids from the
standard susceptible strain of Ae. aegypti from
the USDA. These compounds currently represent
the predominant chemical classes utilized for
space spray applications and treated materials
(for example, window curtains) in Thailand
(Juntarajumnong et al., 2012). In the current study,
diagnostic doses were used for these compounds
to investigate mosquito resistance. This study
was consistent with the results from previous
studies (Juntarajumnong et al., 2012). It was found
that there was a clear development of mosquito
resistance to synthetic pyrethroids in the collected
areas. In addition, incipient resistant was found to
alpha-cypermethrin in some populations of Ae.

aegypti which were similar to those reported by
Thanispong et al., 2008. In the current study, five
populations of Ae. aegypti demonstrated moderate
to high resistance to lambda-cyhalothrin which
had not been detected in any previous studies
(Chuaycharoensuk et al., 2011).

In summary, Ae. aegypti from several
localities were resistant to bifenthrin, permethrin,
deltamethrin and lambda-cyhalothrin as indicated by
the low percentage mortality. Monitoring insecticide
resistance should be carried out more frequently
and should be increased in geographical coverage
to include as many known vectors as possible.
Further steps should include the identification of
biochemical mechanisms responsible for resistance
and should be an integral part of insecticide
evaluation programs for effective integrated vector
management practices.

CONCLUSION

Aedes aegypti were collected from seven
localities in Thailand where there had been a dengue
outbreak between 2011 and 2012. Susceptibility
or resistance of mosquitoes to the synthetic
pyrethroids, bifenthrin, permethrin, deltamethrin,
lambda-cyhalothrin, alpha-cypermethrin and
cypermethrin were determined using the WHO
susceptibility test and the diagnostic doses
determined by Juntarajumnong et al., 2012. The
results from the susceptibility tests revealed that Ae.
aegypti from all localities were extremely resistant to
bifenthrin, permethrin and deltamethrin. Ae. aegypti
from most localities were also resistant to lambda-
cyhalothrin with the exception of Ae. aegypti
from Bangkok and Uttaradit which were incipient
resistant. Ae. aegypti from Bangkok, Phra Nakhon
Si Ayutthaya, Sakon Nakhon and Chumphon had
incipient resistance to alpha-cypermethrin whereas
Ae. aegypti collected from Uttaradit, Mukdahan
and Phatthalung were still susceptible. Mosquitoes
collected from all areas were found to be susceptible
to cypermethrin except for Bangkok, Phra Nakhon
Si Ayutthaya and Uttaradit which showed incipient
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resistance.
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