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Abstract
eight insecticides, as well as the resistance of the parental through F5 generations after they were selected

low resistance levels were detected in the indoxacarb bait assay test. Cross-resistance between deltamethrin and
indoxacarb was found where LD50 and RR50 values for deltamethrin and indoxacarb were positively correlated (P
resistance (up to >30x), but it reduced deltamethrin resistance.
Key words Cross-resistance, Blattella germanica, pyrethroid.

INTRODUCTION
Heavy reliance on insecticides and high frequency of application have led to the development of
insecticide resistance in the German cockroach, Blattella germanica. Field populations of B. germanica
have developed multiple insecticide resistance mechanisms such as reduced cuticular penetration,

et al., 2005; Ang et al., 2013) and indoxacarb (Chai and Lee, 2010).
independent site of the sodium channel (McCann et al., 2001). It is readily bioactivated by esterase/
amidase type enzymes to yield the potent insecticidally active bio-product N-decarbomethoxylated
metabolite (DCJW), which results in pseudoparalysis and subsequent death of poisoned insects (Wing
et al. 1998; Wing et al. 2000; Wing et al., 2005). The mode of action of indoxacarb and its metabolite
are novel and entirely distinct from that of pyrethroid.
from Singapore were resistant to indoxacarb, even though these cockroach populations were never
exposed to this insecticide. We suspect that this phenomenon was due to cross-resistance from
pyrethroid. Several insect pests have shown cross-resistance between pyrethroid and indoxacarb
due to elevated monooxgenase and esterase (Ahmad and Hollingworth, 2004; Shono et al., 2004;
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Ahmad and Arif, 2009; Nehare et al., 2010). However, information about the indoxacarb resistance
mechanism and the potential for cross-resistance between pyrethroid and indoxacarb in B. germanica
are limited.
from Singapore to indoxacarb and other commonly used insecticides. In addition, three strains were
selected and subjected to insecticide selection using indoxacarb bait.

MATERIALS AND METHODS

susceptible reference strain that originated at the Environmental Health Institute (EHI), Singapore
was used for comparison. Technical grade deltamethrin, chlorpyrifos, imidacloprid, DDT and
bendiocarb, indoxacarb, chlorantraniliprole, and acetamiprid diluted in analytical grade acetone
were used.
prior to topical application. One
2

into a clean Petri dish supplied with dog food and a wet cotton ball. Mortality of the cockroaches was

Advion® (0.6% indoxacarb) cockroach gel bait was used for the bait assay against the
provisioned with harborage and water and acclimatized for 24-h before the bait placement. Dead or
unhealthy individuals were replaced immediately before the bait assay. Dog food was provided ad
libitum and placed at one corner of the arena, while 0.1 g gel bait was placed at the other corner.
was replicated four times.
Based on the topical bioassay results, three strains (Cavenagh Road, Ghimmoh Road, and

h of exposure when approximately 80% of the test cockroaches were dead, the dead and moribund
cockroaches, and the bait were removed from the rearing tank. The remaining survivors were provided
selected generations of the three strains were evaluated with topical and bait assays to determine the
effect of bait selection on the susceptibility of the cockroach populations to indoxacarb.
All mortality data were subjected to probit analysis. Resistance ratio (RR) was calculated by

very high resistance. The synergism ratio (SR) was calculated by dividing the LD of deltamethrin alone
by the LD of deltamethrin + synergist for the same strain. Comparisons of LD and LT values among
between all tested insecticides were determined using pairwise correlation analysis of LD and RR
values.
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RESULTS
Based on the toxicity results of the EHI strain, deltamethrin was the most toxic insecticide, whereas
acetamiprid was the least toxic. The Cavenagh Road strain showed the highest resistance level among the
and chlorantraniliprole. Deltamethrin resistance levels ranged from 5.8 to 55.6-fold, and DDT resistance
levels were >2.6-fold. Low to moderate indoxacarb resistance was found in several strains. The Boat
contrast, no chlorpyrifos resistance was detected in the B1 Tampines Central, Beach Road, and Victoria
Street strains. Low resistance to bendiocarb was also recorded in the studied strains. Out of the six
in LT50 values compared to that of EHI susceptible strain. The Cavenagh Road and Ghimmoh Road
values than the EHI susceptible strain.
50
Pairwise correlations of LD50 and RR50
tested revealed no correlation between all insecticides and the cockroach strains, except for a positive
, R = 0.972 for RR50) between deltamethrin and
50
indoxacarb.
after selection. These strains showed reduced resistance against three other conventional insecticides
at F5
50
5

LT50 values compared to that of the EHI susceptible strain (Figure 1).

Figure 1. LT50 of all generations (from
parental to F5) of three indoxacarb-selected
cockroach strains determined using bait
assay.

DISCUSSION
The topical bioassay revealed a low level of indoxacarb resistance in the cockroach strains. Indoxacarb
resistance was possibly caused through cross-resistance from deltamethrin and was shown in the
correlation analysis. Indoxacarb in bait formulation, was never used against these populations of the
lower resistance to indoxacarb (i.e., oral ingestion) compared to topical application (Gondhalekar et al.
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2011; Gondhalekar et al. 2013). This likely is because the midgut cells of cockroaches contain a high
concentration of esterase/amidase-like enzymes, which are responsible for indoxacarb bioactivation
(Wing et al., 1998; Wing et al., 2005). Reierson (1995) reported that a single adult German cockroach
can consume at least 1 mg of food in a single meal. The indoxacarb bait formulation that we used
contains 0.6% of active ingredient; thus, a cockroach will ingest ~6 µg of indoxacarb in 1 mg of bait.
In addition, this compound exhibits poor cuticular penetration (Yu and McCord, 2007). The crossresistance between members of pyrethroid class and indoxacarb, had been reported in other pest insects,
such as the spotted bollworm Earias vittella (F) (Ahmad and Arif, 2009), obliquebanded leafroller
Choristoneura rosaceana
Musca domestica
(L) (Shono et al., 2004).
Deltamethrin and indoxacarb share a similar target site (i.e., the voltage-gated sodium channel)
(Soderlund 2005). However, the differences in mode of action (Lapied et al., 2001; Narahashi, 2002;
Yu, 2008) and binding sites in the channel (Wing et al., 2005) might explain the different resistance
After 5 generations of selection, no correlation was found between the susceptibility of the
cockroaches to indoxacarb and those of deltamethrin. The deltamethrin resistance in the indoxacarbprocess using indoxacarb bait might have changed the resistance mechanisms in these strains that they
not possible vice-versa. Indoxacarb gel is still considered effective against these indoxacarb-selected
cockroaches as all cockroaches died within 2 weeks after treatment.
In conclusion, cross-resistance is an important issue to consider, especially when a new
insecticide with a similar target site is being introduced. This problem should not be underestimated
because of its potential in shortening the longevity of the effectiveness of an insecticide. An
understanding of the resistance mechanism and how resistance develops are essential to develop an
effective resistance pest management strategy against urban insect pests.
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