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Abstract. The resistance of Aedes aegypti mosquitoes to insecticides threatens 
dengue virus control efforts. In this study, Ae. aegypti larvae collected from 12 
subdistricts in Surabaya, Indonesia, where dengue is endemic, were tested for 
resistance to the organophosphate, temephos. Susceptibility testing, performed 
according to World Health Organization (WHO) methods, showed all field strains 
were resistant to temephos at a dose of 0.012 mg/l, with mortality rates at 24 hours 
of 22% to 60%. Another susceptibility test to determine median lethal time (LT50) 
indicates resistance ratios ranging from 2.2 to 8.5. Although incipient resistance 
was detected at a dosage of 1 mg/l, as determined by the LT50, mortalities higher 
than 80% within 24 hours were detected using the WHO method in nine subdis-
tricts of Surabaya, indicating temephos at 1 mg/l is still effective in field condi-
tions in these areas. In three subdistricts (Tambaksari, Gubeng and Sawahan), 
the mortality rates were under 80%, indicating possible resistance to temephos. 
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INTRODUCTION

Dengue fever (DF) and dengue hem-
orrhagic fever (DHF) are two presenta-
tions of a mosquito-borne disease that 
causes public health problems in many 
tropical and subtropical areas. In Indo-
nesia, the first reported dengue outbreak 
occurred in Surabaya and Jakarta in 1968 
(Suroso, 1997). Surabaya, consisting of 31 
subdistricts, is one of the largest cities in 
Indonesia, with approximately 2,000-3,000 
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dengue cases annually, and 10 deaths be-
ing reported in the past 10 years (Surabaya 
Health Office, unpublished data). The 
main vector for dengue disease is Aedes 
aegypti (Linnaeus). Its close relative, Aedes 
albopictus Skuse, is also involved in den-
gue transmission as a secondary vector 
(Ministry of Health Indonesia, 1999).

Since an effective vaccine is not yet 
available, the prevention and control of 
dengue disease relies on vector control, 
mainly using insecticides (Suroso, 1997). 
The organophosphate temephos has been 
the main insecticide for mass larviciding 
(Ministry of Health Indonesia, 1999). 
Temephos is applied as 1% sand granules 
(Abate®) into household water containers 
and other breeding foci for larval control. 
However, long-term use of this chemical 
has been a factor in the development of re-
sistance by Ae. aegypti (Ministry of Health 
Indonesia, 1999). Information regarding 
the susceptibility of Ae. aegypti to insecti-
cides in Indonesia is limited. 

MATERIALS AND METHODS

Mosquito collection
In the present study, Ae. aegypti lar-

vae were collected from 12 subdistricts 
in Surabaya during 2009 and 2010. These 
larvae were collected from indoor water 
containers called Bak Mandi (containing 
approximately 1,000 liters) from 10 houses 
in each subdistrict.
Colonization

The collected larvae were grown in 
the laboratory and the emerged adults 
were used to identify the species. The 
larvae were placed in dechlorinated water 
in a pan 30 cm by 20 cm kept at a tempera-
ture of 28 ± 1ºC and relative humidity of 
85 ± 5%. The emerged adult mosquitoes 
were maintained in a cage 30 cm x 30 

cm x 30 cm and their eggs were used for 
producing the next generation. Larvae of 
the F1 and F2 generations were used for 
susceptibility testing. 
Larval susceptibility testing

Larval susceptibility testing was per-
formed according to the World Health Or-
ganization (WHO) method (WHO, 1981) 
with slight modification, using commer-
cial Abate 1G® (Baden Aniline and Soda 
Manufacturing, Ludwigshafen, Germany) 
containing 1% temephos. The larvae were 
tested using temephos at a dose of 0.012 
mg/l [diagnostic dose recommended by 
the WHO (1992); corresponding to 1.2 
mg/l of Abate®) and 1 mg/l (operational 
dose used in Indonesia; corresponding to 
0.1g/l of Abate®]. Four cups were run in 
parallel for each test. Each cup contained 
30 late 3rd or early 4th instar larvae. Larval 
mortality was scored at the end of a 24-
hour holding period. In another suscep-
tibility test, larval mortality was recorded 
every 15 minutes for 2 hours and 24 hours 
after exposure, using a temephos dosage 
of 1 mg/l. Quadruplicate testing was car-
ried out. The median lethal time (LT50), 
defined as the time required to kill 50% 
of the larvae, was calculated using the 
Statistical Package for the Social Sciences 
(SPSS) version 19.0 (SPSS, College Station, 
TX). The resistance ratio was calculated 
by dividing the LT50 value obtained with 
the field strain by that obtained with the 
laboratory strain. The laboratory strain 
of Ae. aegypti was colonized from larvae 
collected in 1998 in Surabaya and has been 
maintained for more than 300 generations. 

RESULTS

The larvae of the laboratory strain 
have a mortality of 86% at a temephos 
dose of 0.012 mg/l. All field strains of Ae. 
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aegypti were resistant to temephos using 
WHO criteria. Five strains has a mortal-
ity rate of <50%. The Kenjeran and Bulak 
strains, collected in North Surabaya, had 
mortality rates of 60% and 59%, respec-
tively, indicating higher susceptibility 
rates than the strains isolated from other 
areas in Surabaya. Even a temephos dose 
of 1 mg/l, larvae collected from three sub-
districts (Tambaksari, Gubeng and Sawa-
han) have mortality rates of less than 80%. 
In another susceptibility test, field strains 
of larvae had LT50 values ranging from 76 
to 302 minutes, longer than those obtained 
with the laboratory strains (36 minutes). 
This suggests all the Ae. aegypti strains 
obtained from the 12 different areas in 
Surabaya were resistant to temephos. 

The highest resistance ratio was in larvae 
from Sawahan (8.5) and the lowest was 
in larvae from Kenjeran (2.2). The results 
obtained using the WHO susceptibility 
test are consistent with those obtained 
by another susceptibility test based on 
LT50 values.

DISCUSSION

At a temephos dosage of 0.012 mg/l, 
as recommended by the WHO (WHO, 
1992), the mortality rates ranged from 
22% to 60% among Surabaya strains, in-
dicating resistance to temephos. Similar 
findings have been reported from many 
countries (Brown, 1986; Rawlins, 1998; 
de Carvalho et al, 2004; Biber et al, 2006, 

District of  Subdistrict   LT50 (95% CL)c Resistance 
Surabaya  0.012 mg/lb 1 mg/lb  ratiod

Center Tegalsari 52g 90f 101  (78.7-134.5) 2.8
 Simokerto 38g 87f 107  (79.6-151.7) 3.0
West  Sukomanunggal 51g 93f 88  (69.2-118.5) 2.5
 Tandes 39g 82f 142  (101.5-212.2) 4.0
North Kenjeran 60g 96f 76  (58.0-102.2) 2.2
 Bulak 59g 92f 92  (73.6-118.6) 2.6
East Tambaksari 25g 75g 200  (140.3-317.3) 5.6
 Gubeng 26g 76g 198  (140.8-340.6) 5.6
 Sukolilo 53g 92f 91  (69.4-125.0) 2.6
 Mulyorejo 52g 89f 107  (81.7-144.8) 2.3
South  Dukuh Kupang 50g 90f 100  (75.5-138.3) 2.8
 Sawahan 22g 72g 302  (223.1-444.0) 8.5
 (Laboratory Strain) 86f 100e 35.6  (31.7-39.7) -

Table 1
Susceptibility of Surabaya strains of Ae. aegypti to temephos.

% Mortalitya

aSusceptibility status based on percent mortality: esusceptible (≥98%), ftolerant or moderately resis-
tant (80-98%), and gresistant (< 80%).
bTemephos dosage used for susceptibility testing using WHO methods.
cThe lethal time required to kill 50% of larvae. CL, confidence limit.
dMosquitoes were regarded as resistant when the resistance ratio was >1, while mosquitoes with a 
ratio of ≤1 were considered susceptible. 
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Chen et al, 2005). The susceptibility test 
based on LT50 values also suggested in-
cipient resistance in the Surabaya strains, 
indicating the emergence of resistance to 
temephos among Ae. aegypti mosquitoes 
from Surabaya. A present study of teme-
phos resistance in this area during 2005 
(Ahmad et al, 2006), showed the resis-
tance level of Ae. aegypti to temephos in 
Surabaya was low (resistance ratio of 3.1). 
A low level of resistance was detected in 
this study; mortality rates were >80% in 
the subdistricts of Tegalsari, Simokerto, 
Sukomanunggal, Tandes, Kenjeran, Bulak, 
Sukolilo, Mulyorejo and Dukuh Kupang, 
indicating temephos at 1 mg/l was effec-
tive against field strains. However, in the 
present study carried out in 2009-2010, 
mosquitoes collected from three subdis-
tricts (Tambaksari, Gubeng and Sawahan) 
has mortality rates <80%. Temephos may 
become ineffective at a dosage of 1 mg/l, 
as reported in the Caribbean (Georghiou 
et al, 1987). The presence of resistance to 
temephos among local mosquitoes may be 
because this insecticide has been widely 
used for controlling Ae. aegypti since 
1970. Lee et al (1998) reported other fac-
tors, such as the migration of mosquitoes 
from different areas, may also influence 
susceptibility in the field population. How 
rapidly an insecticide becomes ineffective 
depends on selection pressure for resis-
tance, ie, how long, how often and how 
much of the insecticide is used (Hudson, 
1983). Furthermore, cross resistance may 
evolve as a result of the use of insecticides 
and an alternative method may then be 
required for effective vector control.
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