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embryonic stage (Smith 1955). The pyrethroid-only formulations 
(Pesguard 161 and Sumithrin) showed the poorest ovicidal effect on 
the eggs of the resistant strains. The LC50 values (except that of the 
Monheim strain) could not be determined because <40% egg mor-
tality was recorded at the highest concentrations used. It is likely that 
pyrethroid resistance is present in bed bug eggs, as reported previ-
ously by Campbell and Miller (2015)  for C.�lectularius. Sumithion, 
Tandem, and Temprid performed well against the �rst instars but 
had varying degrees of ef�cacy against the eggs. Campbell and Miller 
(2015) reported that eggs and �rst instars exhibited different insecti-
cide resistance levels, with eggs being slightly more resistant than the 
�rst instars. When tested on Triatoma infestans, variations in resist-
ance levels between �rst instars and eggs, in several �eld populations 
also were demonstrated (Toloza et�al. 2008).

Little is known about resistance mechanisms in bed bug eggs. 
Hinson et�al. (2016) suggested that it is not suitable to compare 
resistance of eggs with that of the free-living stages because these 
two developmental stages are fundamentally different. Therefore, 
aside from resistance mechanisms, the combined effects of the egg 
shell (such as its composition, thickness, and permeability) and the 
insecticide(s) used in the formulations could have contributed to 
the poor ovicidal effects of the formulations tested (Hinson et�al. 
2016).

For the free-living stages, knockdown time for adults and �rst 
instars of the resistant strains differed signi�cantly according to the 
Kaplan–Meier analysis (P� <� 0.05). Lower mortality and substan-
tially longer knockdown time were observed in adults. In this study, 
to avoid molting during the course of the experiment, �rst instars 
were not provided with a blood meal prior to or during the testing. 
Furthermore, similar to the insecticides that�are applied in the �eld, 

the �rst instars are exposed to the insecticide residue when the eggs 
hatch out. Hence, we chose to test the unfed �rst instars.

On the other hand, the adult bed bugs were given a blood meal 
7 d prior to the experiment. A�blood meal could affect knockdown 
responses as well as the mortality of �rst instars and adults of the 
resistant populations. According to Choe and Campbell (2014), sur-
vival times of fed bed bugs were signi�cantly longer than those of 
unfed individuals. Blood intake could be a stimulus that induces a 
chain of metabolic processes or the production of metabolic enzymes, 
which eventually could lead to an increase in the resistance level of 
the insects (Spillings et�al. 2008). Studies of other hematophagous 
insects also showed that resistant insects were more tolerant to in-
secticide treatments when given a recent blood meal (Sanders et�al. 
2003, Machani et�al.�2019).

Age differences in an insect population also can affect insecticide 
susceptibility. In this study, �rst instars had lower resistance than 
adults. The lower resistance level of �rst instars likely is a trade-off 
for the nymphal stage, when resources are needed for developmental 
processes. Valles et�al. (1994) found that microsomal monooxygenase 
systems based on cytochrome P450 content and enzyme activity 
were different in the nymphal and adult stages. Koehler et�al. (1993) 
reported a higher level of resistance in older nymphs than in adults 
of the German cockroach Blatella germanica. The resistance level 
decreased as the cockroach nymphs molted into the adult stage. Park 
and Kamble (1998) conducted metabolic assays and found higher es-
terase activity in German cockroach nymphs than in adults.

In summary, we evaluated the performance of several li-
quid insecticide formulations against resistant populations of 
C.�hemipterus. All strains were highly resistant to pyrethroid for-
mulations (Pesguard FG161 and Sumithrin) and had low to high 

Fig. 6. Percentage mortality of bed bug eggs from six bed bug populations (Monheim, Queensland, Kuala Lumpur, Bukit Mertajam, Saujana, and Krystal Point) 

treated with Tandem, Temprid, Sumithion, Pesguard FG161, and Sumithrin at the label rate.
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