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SCIENTIFIC NOTE

SUSCEPTIBILITY OF FIELD-COLLECTED MOSQUITOES IN CENTRAL
NEW JERSEY TO ORGANOPHOSPHATES AND A PYRETHROID

DEBIN SUN,"* NICK INDELICATO,> JACK PETERSEN,* ERIC WILLIGES,"* ISIK UNLU ** AND
ARY FARAJOLLAHI***

ABSTRACT. Chemical insecticides are the primary means to control mosquitoes, and mosquito control
programs must regularly monitor for resistance of mosquito vectors to commonly used insecticides to ensure
the efficacy and sustainability of active ingredients. We performed insecticide resistance bioassays to test the
susceptibility of field-collected mosquitoes in central New Jersey to 1 larvicide (temephos) and 2 adulticides
(malathion and sumithrin). Larval susceptibility of Culex pipiens pipiens to temephos provided median
concentration (LCsp) and 95% lethal concentration (LCys) values of 1.108 ng/l and 2.02 ug/l, respectively.
Bottle bioassays of adult Aedes albopictus showed that 100% mortality was achieved at 35-min exposure to
sumithrin and at 40-min to malathion. Baseline values were obtained using both temephos and sumithrin.
Our bioassays indicate satisfactory susceptibility to temephos and sumithrin in Ae. albopictus and Cx. p.
pipiens field populations in central New Jersey. Despite constant field use, both products are still effective and
can be used adequately for control of the test species. However, the susceptibility of target insects to various

formulations should be closely monitored periodically to ensure continual efficacy.
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Monitoring insecticide resistance is an impor-
tant component of responsible mosquito control
programs. While larvicides and adulticides have
traditionally been used to control mosquito popu-
lations, long-term use of these insecticides may lead
to reduced efficacy caused by insecticide resistance
in local mosquito populations. Organophosphates
and pyrethroids are 2 main classes of insecticides
commonly used in mosquito control, and resistance
to these chemicals has been reported in multiple
mosquito species worldwide (Brogdon and Mc-
Allister 1998, Hemingway and Ranson 2000).
However, insecticide resistance may be very focal
(Canyon and Hii 1999), which suggests that it is
important to monitor insecticide resistance locally.

To reduce the chances of insecticide resistance
development in local populations, many mosquito
control programs utilize an integrated mosquito
management (IMM) plan to monitor and suppress
target populations as needed. This approach is a
comprehensive mosquito control or prevention
strategy that utilizes all available methods to
reduce populations to tolerable levels while
minimizing the environmental impact of control
activities. When used properly, IMM may greatly
delay or minimize insecticide resistance in mosqui-
to populations.
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Bioassays allow for the recognition of insecticide
resistance in mosquito populations. The diagnostic
dose can be used to discriminate susceptible
mosquitoes from resistant, with those that survive
the test considered as resistant to the insecticide
being tested. A resistance ratio is another way to
detect insecticide resistance using bioassays (Pae-
porn et al. 2004). It is calculated by dividing the
toxicity value of the resistant strain by that of the
susceptible strain (Selvi et al. 2010). The resistance
will be considered as low if the resistance ratio is
between 1 and 5, medium if it is between 5 and 10,
and high if it is more than 10 (Mazzarri and
Georghiou 1995). The Centers for Disease Control
and Prevention (CDC) bottle bioassay is a sim-
ple and economical method of quickly gauging
insecticide resistance in field-collected mosquito
populations (McAllister et al. 2012). This method
uses bottles coated with an insecticide to detect
potential resistance by measuring the time it takes
for the insecticide to kill mosquitoes. The World
Health Organization (WHO) also provides a
standard procedure for laboratory and field testing
of mosquito larvicides, and this method has also
been adopted worldwide to test larvicide efficacy
(Paeporn et al. 2004, Chen et al. 2005, Selvi et al.
2010, Bisset et al. 2013, WHO 2013).

Culex pipiens pipiens L. and Aedes albopictus
(Skuse) are arguably the most important vector
species in northeastern USA (Farajollahi and
Crans 2012). Culex p. pipiens is the primary
enzootic vector of West Nile virus in this region,
and can be controlled effectively in immature
stages using larvicides (Farajollahi et al. 2011).
Aedes albopictus is a container-inhabiting species
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that can be challenging to control via larvicides in
the immature stages; therefore, source reduction
plays a larger role in larval management (Bartlett-
Healy et al. 2011, Farajollahi and Price 2013). It
is often necessary to utilize adulticides intensively
to reduce populations of both species for the
protection of public health. However, insecticide
resistance to a large variety of active ingredients
has been reported widely for both species, includ-
ing organophosphates and pyrethroids (APRD
2014). Because Ae. albopictus and Cx. p. pipiens are
a primary concern for mosquito control districts in
our region, and because organophosphates and
pyrethroids are heavily used against these species,
the purpose of our study was to investigate the
status of insecticide resistance in these species in
order to guide our operational activities and select
the best choice of chemical for field use.

Specifically, we used the CDC bottle bioassay
method to test the susceptibility of adult Ae.
albopictus to malathion and sumithrin and used
the WHO method to determine the susceptibility of
immature Cx. pipiens to temephos. Our ultimate
goal was to establish susceptibility baselines of
field-collected mosquitoes in central New Jersey
against these chemicals as part of our IMM plan.

Egg rafts of Cx. p. pipiens were collected from
Trenton, NJ, during the late summer and early
fall of 2012 in a local study site (40.235156,
—74.744831) using gravid trap pans filled with a
fermented mixture of grass and tap water. The
grass infusion was made by adding 1 kg of freshly
cut grass to 120 liters of water. Egg rafts were
collected in the morning and transported to the
laboratory. Each individual egg raft was allowed to
hatch in separate larval rearing trays containing
2 liters of dechlorinated tap water. The larvae were
reared in separate 20-cm X 30-cm stainless steel
pans and fed finely ground rat chow every 2 days
(Nelder et al. 2010). Larvae were maintained at
25°C and 70% RH with a photoperiod of 16:8 h
L:D. The larvae were allowed to develop to the 3rd
instar before species identification confirmation
and use in subsequent bioassays. Voucher speci-
mens were also preserved and cataloged for record
keeping.

Aedes albopictus eggs were collected from
another study site (40.226585, —74.738521) in
Trenton, NJ, during the late summer and early
fall of 2012. Eggs were collected by using dark-
green plastic cemetery vase (400-ml capacity;
Eaton Brothers Corp., Hamburg, NY) oviposi-
tion cups (ovitraps). The ovitraps were filled with
300 ml of an oak leaf-infused water (5 g of
Quercus alba oak leaves to 8 liters of tap water) to
increase the number of eggs oviposited (Fonseca
et al. 2013). Seed germination papers (Steinly et
al. 1991) were inserted into the ovitraps to cover
the interior surfaces and collected weekly by field
crews. Collected germination papers were placed
in labeled plastic bags to retain moisture and

reduce egg desiccation, and taken to the labora-
tory where they were submerged in dechlorinated
tap water to allow the eggs to hatch. Aedes
albopictus larvae were reared using the same
methods as with Cx. p. pipiens larvae above.

Pupae were transferred to a separate 236-ml
Styrofoam cup and then placed inside an alumi-
num adult mosquito holding cage measuring 30 X
30 X 30 cm in size. Upon eclosion, the adult
mosquitoes were provided sugar-saturated wicks
(10% sucrose solution) ad libitum. Both larvae and
adult mosquitoes were maintained at 25°C and
70% RH with a photoperiod of 16:8 h L:D.

Anvil 2+2® (Clarke Mosquito Control, Roselle,
IL), with 2% active ingredient (Al) of sumithrin
and 2% synergist piperonyl butoxide and Atra-
pa® (Griffin, Valdosta, GA), with 96.5% Al of
malathion were used for adult bioassays. Abate
4E® (Clarke Mosquito Control) with 44.6% Al of
temephos was used for the larval bioassays.

The test concentration of malathion used was
474 ng/ml and 22 pg/ml for sumithrin (Petersen et al.
2004; FMCA 2005a, 2005b). The stock solution for
temephos was diluted with 99.5% ethyl alcohol
(ETOH) to an operational dosage of 1 mg/l. Culex
p. pipiens larvae were exposed to final test con-
centrations of 0.6, 0.8, 1, 1.2, 1.4, and 1.6 ug/l to
estimate LCsy and LCys values.

We followed the WHO standard procedures
for larval bioassays (WHO 2013). Briefly, 10 3rd
instars were placed into individual plastic cups
containing 250 ml of dechlorinated tap water under
the various insecticide concentrations. Temephos,
along with 1 ml of 99.5% ETOH, was tested at 6
different concentrations (0.6, 0.8, 1, 1.2, 1.4, and
1.6 ug/l) with 3 replicates per concentration. A
control cup was used with 250 ml of dechlorinated
tap water containing 1 ml 0of99.5% ETOH for each
concentration. The test and control cups were held
at 25°C with a photoperiod of 16:8 h L:D. Larval
mortality was recorded after 24 h and subjected
to the Pearson goodness-of-fit chi-square test by
PoloPlus 2.0 (LeOra software, El Cerrito, CA) to
estimate LCsy and LCys values.

Adult mosquito bioassays were conducted based
on the CDC guidelines for evaluating insecticide
resistance in vectors (CDC 2010). Briefly, 50 female
mosquitoes (held 3 days postemergence without
blood meal) were transferred from their holding
cage into control and treatment bottles using a
mechanical aspirator (Hausherr’s Machine Shop,
Toms River, NJ). The adults were distributed
equally (10 females in each bottle) among 5 250-
ml glass bottles with Teflon-lined caps. Of the
5 bottles, 4 were evenly coated with 1 ml of the
test concentration that contained the commercial
product and acetone while the control was coated
only with 1 ml of acetone. A single dose was used for
each bioassay, with adult mortality recorded every
15 min in the first 30 min and every 5 min after that.
The bioassay was repeated 4 times and data were
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Table 1. Larval bioassays of temephos' against 3rd instars of Culex pipiens pipiens in the laboratory.?
Statistical test LCso ng/l LCos ng/l
Insecticide n Slope = SE (Pearson goodness-of-fit) (95% CI) (95% CI)
Temephos 210 6.307 = 0.863 x> = 10972 1.108 (1.024-1.201) 2.02 (1.745-2.573)
df = 16
P = 0.05

! Bioassay data were analyzed by PoloPlus 2.0.

> CI, confidence interval; LC, lethal concentration; 7, mosquito larvae.

pooled for analysis. Bottles were soaked in a
10% bleach solution for 1 h, washed with a mild
detergent, triple rinsed, and oven-dried to ensure
the removal of all foreign substances after each
assay before being used in bioassays (CDC 2010).

We established a susceptibility baseline for Cx.
p. pipiens exposed to temephos following our
bioassays. The LCsyand LCys values for temephos
were estimated to be 1.11 pg/l and 2.02 pg/l,
respectively (Table 1). The heterogeneity obtained
from Polo Plus was 0.69, indicating the data fit the
model.

According to WHO guidelines (WHO 2013),
mosquitoes are considered susceptible to adulti-
cides if the observed mortality within 60 min is
between 98-100%, resistant if mortality is less
than 90%, and the existence of resistance is
suggested if mortality is between 90-97%. The
bioassays performed with sumithrin showed that
Ae. albopictus specimens used in our tests were
susceptible to this chemical (Table 2). At 30 min
after treatment, 99.38% of test mosquitoes were
killed and 100% mortality was achieved at 35 min
after combining data from all replicates. No
mortality was observed in control groups. The
bioassays performed with malathion showed
that Ae. albopictus were also susceptible to this
chemical (Table 2). At 30 min after treatment,
98.75% of test mosquitoes were killed and 100%
mortality was achieved at 40 min in all replicates.
No mortality occurred in control groups.

The recommended diagnostic concentration for
temephos is 12 ug/l within 24 h (WHO 2013). In
our bioassays, LCos value of temephos for Cx. p.
pipiens within 24 h was estimated to be 2.02 ng/l.
The locally observed diagnostic concentration for
temephos was determined as 4.04 ug/l, which was

Table 2. Adult bioassay and time-mortality of Aedes
albopictus exposed to the adulticides malathion and
sumithrin in the laboratory.

Percent mortality'

Minutes
posttreatment Sumithrin Malathion
15 90.6 90
30 99.4 98.8
35 100 99.4
40 100 100

! Diagnostic concentration of sumithrin at 22 pg/ml and
474 ng/ml for malathion.

less than the recommended 12 ug/l, suggesting
local populations of Cx. p. pipiens are susceptible
to temephos.

The WHO guidelines also suggest doubling the
observed LCgg value to obtain a diagnostic concen-
tration in local tests. However, we instead defined
this as 2 times the LCoys value (Petersen et al.
2004) because a reliable estimate of the LCyy value
requires an impractically larger sample size than the
estimate of the LCys (Robertson et al. 2007). The
bioassays in this study allowed us to create LCsoand
LCys values within the suggested dilution series. In
the future, insecticide resistance in local mosquito
populations will be measured by comparing the
LCsg value estimated in this study with future values
in calculating a resistance ratio.

During our adult Ae. albopictus bioassays,
99.38% mortality was observed for sumithrin
within 30 min and 100% mortality was achieved
within 40 min. This suggests that Ae. albopictus
is highly susceptible to sumithrin in our study
areas, although resistance to pyrethroids has been
reported for this species elsewhere (Chen et al.
2005, Bisset et al. 2013). To be conservative in
detecting possible resistance in mosquito popula-
tions, 100% mortality at 40 min after treatment
will be used as a baseline for sumithrin in the
future.

For our adult Ae. albopictus bioassays against
malathion, we used a concentration 9.5 times
higher than the recommended diagnostic con-
centration (CDC 2010). We relied on a time-
tested standardized protocol developed and used
routinely in Florida (FMCA 2005a, 2005b). In
future studies, we will test the assumption of
474 ng/ml as the diagnostic concentration by
dose-response tests in bottle bioassays employing
local Ae. albopictus.

Culex p. pipiens and Ae. albopictus are 2 species
that are major concerns for mosquito control
practitioners because of their vectorial status and
their subsequent importance in public health. Since
Ae. albopictus control is difficult in the larval
stage because of the ubiquity and abundance of
container habitats in peridomestic environments,
we concentrated our resistance investigations on
adulticides used against this species. Conversely,
temephos has been prominently used against
juvenile Cx. p. pipiens in the past, and our testing
was geared toward this larvicide. Nonetheless,
temephos, malathion, and sumithrin are frequently
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used to control both of these species in New Jersey.
However, the consistent and continual use of any
insecticide such as organophophates and pyre-
throids against target species will lead to resistance
in local mosquito populations. There is a need to
monitor the susceptibility of mosquito populations
for local mosquito control programs and develop
baselines for various insecticides against different
mosquito species.

In conclusion, our tests did not show insecti-
cide resistance to temephos and sumithrin in wild
mosquito populations of Ae. albopictus and Cx.
p. pipiens in central New Jersey. We will continue
to monitor insecticide resistance closely within
our mosquito populations and use the data
accordingly to make informed decisions about
practical and efficacious IMM. Continued moni-
toring using the bioassays reported here will be
used as baselines to monitor insecticide resis-
tance and develop a solid foundation for future
work. Although there is no need to change the
insecticides currently in use, continuation of
insecticide resistance monitoring is necessary to
maximize insecticide efficacy, maintain environ-
mental quality, and minimize selection pressure
on target populations.

We thank the numerous full-time and season-
al employees of Mercer County Mosquito
Control for their dedication and professionalism
in all aspects of our surveillance and control
operations.
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