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Abstract

The Gravid Aedes Trap (GAT) uses visual and olfactory cues to attract gravid Aedes aegypti (L.) that are then cap-

tured when knocked down by a residual pyrethroid surface spray. However, the use of surface sprays can be com-

promised by poor availability of the spray and pesticide resistance in the target mosquito. We investigated several

“alternative” insecticide and insecticide-free killing agents for use in the GAT. This included long-lasting insecti-

cide-impregnated nets (LLINs), vapor-active synthetic pyrethroids (metofluthrin), canola oil, and two types of dry

adhesive sticky card. During bench top assays LLINs, metofluthrin, and dry sticky cards had 24-h knockdown (KD)

percentages >80% (91.2 6 7.2%, 84.2 6 6.8%, and 83.4 6 6.1%, respectively), whereas the 24-h KD for canola oil

was 70 6 7.7%, which improved to 90.0 6 3.7% over 48 h. Importantly, there were no significant differences in the

number of Ae. aegypti collected per week or the number of traps positive for Ae. aegypti between the sticky card

and canola oil treatments compared with the surface spray and LLIN treatments in semifield and field trials. These

results demonstrate that the use of inexpensive and widely available insecticide-free agents such as those de-

scribed in this study are effective alternatives to pyrethroids in regions with insecticide-resistant populations. The

use of such environmentally friendly insecticide-free alternatives will also be attractive in areas where there is sub-

stantial resistance to insecticide use due to environmental and public health concerns.
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Aedes (Stegomyia) aegypti (L.) is an important urban vector of several

human arboviruses including dengue, yellow fever, Zika, and

chikungunya viruses (Gubler 2008, Fauci et al. 2016). As there is no

commercially available vaccine to prevent dengue, Zika, and chikun-

gunya, vector control remains the primary method to prevent out-

breaks of these diseases. Surveillance for Aedes vectors of dengue has

historically concentrated on immature stages; however, immature

monitoring generally fails to correlate well with dengue risk (Focks

et al. 2000, Bowman et al. 2014). This has shifted the emphasis to im-

proving adult Aedes monitoring (Achee et al. 2015). Measurement of

adult populations allows for direct monitoring of the impact of vector

control on epidemiologically significant populations of adult females,

as well as the capacity to test captured females for arboviruses and the

presence of insecticide resistance alleles. Furthermore, the use of pop-

ulation modification interventions involving the release of Ae. aegypti

infected with the bacterium Wolbachia requires careful measurement

of the infection frequency in adult mosquito populations (Moreira

et al. 2009, Hoffmann et al. 2011, Walker et al. 2011). Other inter-

ventions also require monitoring of adult populations, e.g., these in-

clude efficacy assessments of insecticide-treated materials (Kroeger

et al. 2006, Lenhart et al. 2008, Andrade & Cabrini 2010), the release

of sterile (Alphey et al. 2010, Whyard et al. 2015) or genetically modi-

fied insects (Lacroix et al. 2012), and the dispersion of spatial repel-

lents (Lloyd et al. 2013, Salazar et al. 2013).

A range of traps has been deployed for monitoring Ae. aegypti

populations by sampling eggs (ovitrap), host-seeking females
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(BG-Sentinel and BG-Mosquito), or gravid mosquitoes

(MosquiTRAP, Sticky trap, double sticky ovitrap, and CDC auto-

cidal gravid ovitrap [CDC-AGO]). The ovitrap was developed in

the 1960s (Fay & Eliason 1966) and is still being used for detec-

tion or as a monitoring tool, especially when vector populations

are low. Ovitraps typically consist of a black container holding up

to 1,000 ml of water, containing a wooden paddle or cloth strip

upon which gravid females oviposit. However, oviposition sub-

strates must be collected, incubated in the laboratory, eggs then

hatched, and larvae reared for identification. Therefore, it is a la-

borious methodology that provides information about the vector

population with at least one or two weeks delay (Reiter et al.

1991, Ritchie et al. 2003, Chadee & Ritchie 2010). As an alterna-

tive to ovitraps, sticky ovitraps were developed to directly capture

gravid females and avoid the delays and logistics associated with

egg hatching (Ritchie et al. 2003, Eiras & Resende 2009, Barrera

et al. 2014). The sticky ovitraps of Chadee and Ritchie (2010) and

Barrera et al. (2014) use a wet glue (Atlantic Paste and Glue UVR-

32), while the MosquiTRAP of F�avaro et al. (2006) and Eiras &

Resende (2009) use a dry glue sticky card. The wet glues tend to

capture a higher proportion of visiting female Ae. aegypti than dry

glues (S.A.R, unpublished data), but the glue adheres to skin when

touched. This messiness is loathed by field workers (Azil et al.

2014) and can damage captured insects (Eiras et al. 2014, Ritchie

et al. 2014). The BG-Sentinel (Krockel et al. 2006) and BG-

Mosquito (Hapairai et al. 2013) use lures and powered fans to

capture adult mosquitoes, requiring main power or batteries. They

are relatively expensive and may not be acceptable in areas with-

out main power or because of the additional costs in the electricity

bill. Moreover, if a power failure occurs, it can trigger a failure of

the collections (Degener et al. 2013).

The Gravid Aedes Trap (GAT) was developed as an inexpensive,

passive trap that did not use adhesives to capture gravid mosquitoes

including Ae. aegypti (Eiras et al. 2014). Upon entering the GAT, in-

sects are killed by an insecticide surface spray in about 15–30 min.

The standard killing agent used in the GAT is a pyrethroid surface

spray (Mortein Outdoor Barrier Surface Spray; imiprothrin 0.3 g/kg

and deltamethrin 0.6 g/kg) that is applied to the bottom screen and

the inner wall of the translucent top of the GAT (Eiras et al. 2014).

In both semifield cage and field studies, the GAT captured signifi-

cantly more female Ae. aegypti than the MosquiTRAP and the dou-

ble sticky ovitrap (Chadee and Ritchie 2010), and, importantly,

captured mosquitoes can be processed for Wolbachia infection and

dengue virus with no significant loss of sensitivity (Ritchie et al.

2014). A commercial version of the GAT, the BG-GAT (order num-

ber 700, Biogents AG, Regensburg, Germany) was developed in

2014.

Although the surface spray has been highly efficient (Ritchie at

al. 2014), canned surface sprays may be unavailable, unacceptable

to users, or ineffective against pyrethroid-resistant mosquitoes.

Several alternative methods to capture adult mosquitoes in the GAT

are available. Long-lasting insecticide nets (LLINs) are inexpensive

and commonly available. Light oils could wet the wings of insects,

making flight and escape from the GAT difficult. Oil is also inexpen-

sive, commonly available and could be effective against insecticide-

resistant mosquitoes. Sticky cards are not messy and have been

widely used to trap insects such as fruitflies (Heath et al. 1997) and

even Aedes (F�avaro et al. 2006, Eiras & Resende 2009). Thus, we

investigated the use of alternative “killing” agents for use in the

GAT, including noninsecticidal methods to develop an environmen-

tal friendly GAT.

Materials and Methods

Aedes aegypti Colony
Mosquitoes used in this study were from an established colony of

wMel-infected Ae. aegypti sourced from Cairns (QLD, Australia)

that is periodically supplemented with wild collections to maintain

genetic vigor. Mosquito larvae were reared on fish food powder

(TetraMin Tropical Flakes Fish Food, Tetra, Melle, Germany).

Adults were feed on 50% honey solution and were blood fed 3� a

week using human volunteers (Human ethics approval from James

Cook University H3555). Nonblood fed females (nulliparous) of 5-

to 15-d-old were used in laboratory experiments to measure the rate

of escape or the knockdown effect of the insecticides. These mosqui-

toes were more active within the trap; therefore, more likely to es-

cape as they spend less time resting on insecticide-treated surfaces

(Eiras et al. 2014). Under semifield conditions, only gravid (5- to 6-d

post blood feeding) females were tested. Gravid females were trans-

ferred into a clear plastic container (1 liter) covered with a white

mesh cloth (0.5 mm) with a sponge (3.0 by 4.0 cm2) soaked with

honey solution (50%) provided as a sugar source.

GAT and Bioassay Protocol
The GAT (Eiras et al. 2014) consists of a 10-liter black bucket base,

a translucent top chamber, a black screen, and a black plastic en-

trance funnel. The translucent chamber consists of a circular plastic

container, inverted, and snugly inserted into the black base. A black

nylon mesh was placed between the translucent chamber and the

black base, separating both compartments, to prevent mosquito ovi-

position, and retain captured mosquitoes. The black entrance funnel

(diameter 12 cm) was inserted on the top of the translucent chamber

and extended 6.5 cm into the GAT top (Eiras et al. 2014). Hay infu-

sion of 7–15 d old prepared by adding 5 pellets (�2.5 g) of alfalfa in

3 liter of water was placed in the black bucket base as oviposition at-

tractant. Later trials (canola oil, adhesives) were conducted using

the commercially available BG-GAT (similar dimensions).

We used a modification of the standard “bench top” assay de-

scribed by Eiras et al. (2014) to measure the efficacy of the various

insecticide and insecticide-free GAT treatments. Briefly, a GAT con-

taining water with the translucent top treated with the killing agent

was set on a laboratory bench. A cohort of ten 2- to 10-d-old nullip-

arous female Ae. aegypti were carefully blown into the GAT head

using a mouth aspirator. Mosquitoes escaping from the entry funnel

were captured in a 500-ml clear plastic cup containing a strip of glue

(UVR-32, Atlantic Paste and Glue Inc., Brooklyn, NY) inverted on

top of the entry funnel. Counts of dead or captured mosquitoes

within the GAT head were made after 24 h and, in the case of slow

killing materials such as glue and oil, 48 h to determine the mean

knockdown (KD) percent of each product. During all bioassays,

untreated GATs served as negative controls and GATs treated with

surface spray (Mortein Outdoor Barrier Surface Spray, imiprothrin

0.3 g/kg and 0.6 g/kg deltamethrin, Reckitt Benckiser Pty. Ltd., West

Ryde, New South Wales, Australia) served as positive controls. The

surface spray was applied to the inner wall of the translucent cham-

ber and to the black screen at least 24 h before start the trial (Eiras

et al. 2014, Ritchie et al. 2014).

Efficacy of LLINs to Capture Mosquitoes in the GAT
Several LLINs and net configurations were tested to determine

which combination provided the highest KD percentage of captured

female Ae. aegypti in the GAT. Initially, we measured 24-h KD in a

GAT containing LLINs treated with either alphacypermethrin
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(4.8%; supplied with the BG-GAT, order number 700, Biogents

AG, Regensburg, Germany), deltamethrin (1.8 g/kg, Bestnet

Netprotect, Bestnet A/S, Kolding, Denmark), or 2% permethrin and

1% piperonyl butoxide (Olyset Plus, Sumitomo Chemical Australia

Pty Ltd, Epping, New South Wales, Australia). A 25- by 25-cm

square piece of each LLIN was placed loosely on the bottom mesh

of the GAT head in a nested configuration (nested bottom, Fig. 1A) .

We then assessed several additional configurations using the Olyset

Plus LLIN, such as covering the inner wall of the GAT, fitted to the

top of the GAT and molded around the entry funnel (22-cm-diame-

ter hole), fitted to the top and placed atop the bottom screen, hung

between one side of the entry funnel and on the bottom, and hung

on either side of the entry funnel. Six replicates were conducted for

each treatment with surface spray treated GATs serving as positive

controls.

Efficacy of Vapor-Active Metofluthrin in the GAT
An early paper-based formulation of metofluthrin (Mortein Active

Air Reckitt Benckiser Pty. Ltd., West Ryde, New South Wales,

Australia) was shown to have fast KD of female Ae. aegypti in the

GAT (Eiras et al. 2014). We measured 24-h KD percentage using a

new longer lasting polyethylene mesh formulation (SumiOne,

212 mg metofluthrin-impregnated sheet, Sumitomo Chemical

Australia Pty Ltd Epping, New South Wales, Australia; Ritchie &

Devine 2013). A single piece of SumiOne cut to either 1.0 cm2 or 2.5

cm2 in size was placed on the upper inner wall of GAT top. Mean es-

cape and KD percentages were assessed after 90 min and 24 h.

Efficacy of Dry Sticky Card and Canola Oil in the GAT
A strip of dry sticky card (14 cm long by 7 cm and 3.5 cm wide on

the bottom and top, respectively, Fig. 1B) was attached between the

entry funnel and the inner wall of the translucent top to intercept

mosquitoes flying between the funnel and trap wall. The three dry

glues tested included a yellow fly glue strip (David Grays Trappit

Insect Garden Trap David Gray’s Trade Center, O’Connor, Western

Australia, Australia) and two sticky cards used in the MosquiTRAP

(Gama et al. 2007, A.E.E, unpublished data) that were applied to a

brown plastic of the same dimension as the Trappit sticky cards.

The canola oil treatment consisted of an aerosolized canola oil spray

(Coles Canola Oil Cooking Spray) that was lightly applied to the

mesh bottom and inner wall of the GAT top then spread into a light

film using a paper towel. Both 24 and 48 h KD of cohorts of 10

Ae. aegypti were recorded. The KD and escape results of the glue

and oil treatments were assessed against GATs treated with either

surface spray or those containing bed net (alphacypermethrin) that

served as positive controls.

Impact of Dry Sticky Card and Canola Residue on

Downstream Molecular Processing
To assess the potential impact of dry glue or canola oil residue on

downstream molecular processing, we submitted a subsample of 10

male and female Ae. aegypti for Wolbachia detection by qPCR that

had been exposed to either Trappit dry sticky panels or canola oil for

48 h and then held in a GAT for 1 wk. At the end of the 1-wk holding

period, the specimens were preserved in 80% ethanol and submitted

during routine qPCR monitoring of Wolbachia infection frequency

in wMel Ae. aegypti following standard protocols (Lee et al. 2012).

Efficacy of Insecticide and Insecticide-Free Agents in the

Field
A series of Latin square design trials (Table 1) were conducted to

compare capture of female Ae. aegypti in GATs using insecticide

(surface spray, LLIN, metofluthrin) and insecticide-free alternative

KD agents (sticky cards and canola oil) in the field. The field trials

were conducted at suburbs of Parramatta Park and Cairns North, in

Cairns Queensland, Australia, that historically have high popula-

tions of Ae. aegypti and dengue transmission (Ritchie et al. 2014).

For each Latin square, all GATs were set in shaded areas protected

from rain at individual residences, and each GAT was baited with a

hay infusion consisting of 3 g of hay to 3 liter water at the beginning

of each Latin square.

Statistical Analysis
Differences in KD and escape percentage among the various “alter-

native” GAT treatments were assessed by analysis of variance

(ANOVA) followed by Tukey HSD post hoc analysis, both with 5%

significance. The mean weekly number of female Ae. aegypti col-

lected per trap during field Latin square trials was analyzed by

ANOVA followed by Tukey HSD post hoc analysis. The explana-

tory variables were a) residential address, b) week, and d) treatment.

The R program version 3.1.0 (http://www.R-project.org last

accessed 01/11/2015 (Nov 1st 2015)) was used to perform all the

statistical analysis and the graphics produced using GraphPad Prism

ver. 5.0 (GraphPad Software, San Diego, CA).

Results

Use of LLINs to Capture Mosquitoes in the GAT
No significant difference in KD (F7,80¼1.7, P¼0.12) or escape

(F5,35¼1.8, P¼0.14) was observed among the different LLIN treat-

ments and configurations after 90 min or 24 h of exposure

(Table 2). Overall, KD percentages ranged from 78.7 6 15.4 to

97.2 6 6.8% and escape percentages ranged from 3.1 6 1 to

8.7 6 4.2% after 24 h. The nested bottom LLIN configuration gen-

erally produced the greatest KD percentages compared with the

other configurations tested (Table 2) while also being the easiest

configuration to set within the GAT.

Efficacy of Vapor-Active Metofluthrin in the GAT
GATs containing a 1.0 cm2 strip of metofluthrin produced signifi-

cantly lower KD percentages (F3,6¼12.27, P¼0.043) and signifi-

cantly higher escape percentages (F3,6¼8.18, P¼0.047) compared

Fig. 1. (A) Illustration of the “nested bottom” long-lasting insecticide-impreg-

nated net configuration and (B) positioning of the dry sticky cards when used

in the Gravid Aedes Trap.
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with GATs set with a 2.5 cm2 strip of methofluthrin (Table 2).

Overall, the mean 90 min KD percent in control GATs and GATs

set with the 2.5 cm2 strip of methofluthrin was 93.1 6 8.3% and

89.1 6 8.2%, respectively, whereas the mean KD percent in GATs

set with the 1 cm2 methofluthrin strip was 77.7 6 15.3%.

Additionally, mean escape percent was 6.9 6 3.1% to 10.9 6 4.1%

in the control and 2.5 cm2 methofluthrin-treated GATs, respectively,

whereas it was 24.8 6 9.7% in the 1 cm2 methofluthrin-treated

GATs.

Efficacy of Dry Sticky Cards and Canola Oil in the GAT
No significant differences in KD (F2,15¼0.90, P¼0.43) or escape

(F2,15¼1.23, P¼0.32) were observed among the sticky cards and

canola oil treatments compared with control (surface spray) GATs

(Fig. 2, Table 2). KD percentages in sticky card and canola oil treat-

ments ranged from 70 6 7.7% to 90.0 6 3.7% and 81 6 8.8% to

91.3 6 3.3% after 24 and 48 h, respectively. Mean 48 h escape per-

centages ranged from 4.7 6 7.2% to 25 6 7.2%. Overall, the canola

oil treatment experienced the lowest 24 h KD percentage

(70 6 7.7%), while the MosquiTRAP sticky card had the highest

24 h KD percentage (87.8 6 10.5%) among the insecticide-free

treatments, which improved to 81 6 8.7% and 91.8 6 9.5%, respec-

tively, after 48 h.

Impact of Dry Sticky Card and Canola Residue on

Downstream Molecular Processing
Each alternative agent was found to have no inhibitory effects on down-

stream molecular processing, as all samples were positively identified as

Ae. aegypti and all tested positive for the presence of Wolbachia.

Efficacy of Insecticide and Insecticide-Free Agents

in the Field
No significant difference (F2,93¼0.02, P¼0.98) in the number of

Ae. aegypti females captured across the different insecticide-based

treatments was observed during the first field trial (Fig. 3A).

Overall, the lowest percentage of traps positive for female Ae.

aegypti were the metofluthrin-treated GATs (50.0%), whereas the

highest percentage of traps positive for Ae. aegypti were the control

GATs (surface spray, 82.1%), while 71.4% of bed net treated GATs

were positive for Ae. aegypti. Similarly, no significant differences

were observed among the different insecticide and insecticide-free

treatments during the second and third field trials (F2,93¼0.02,

P¼0.98 and F2,51¼1.02, P¼0.37, respectively). The mean number

of female Ae. aegypti collected per week across all GAT treatments

ranged from 2 6 1.03 to 2.09 6 0.31 and 1.17 6 0.43 to 1.87 6 0.38

during the second and third field trials, respectively (Fig. 3B, C).

Among the insecticide-free treatments, the canola oil had the lowest

mean percentage of traps positive for Ae. aegypti (66.7%), whereas

GATs treated with sticky card (Trappit) had a higher percentage of

traps positive for Ae. aegypti than the LLIN and surface spray

treated GATs during the second and third field trials, respectively

(87.5% and 88.9% vs. 68.8% and 83.3%).

Discussion

The GAT is an effective and inexpensive surveillance tool for adult Ae.

aegypti and, potentially, other container-inhabiting species such as

Aedes albopictus (Skuse) (Ritchie et al. 2014). The GAT can also be

Table 2. Knockdown and capture rates of female Ae. aegypti in Gravid Aedes Traps treated with alternative agents

Agent Brand Active ingredient Configuration Mean (SD) 24-h KD %

LLIN BG-GAT Alphacypermethrin (4.8%) Nested bottom 93.3 (6.7)

Bestnet

Netprotect

Deltamethrin 1.8 g/kg Nested bottom Male: 90 (10.9)

Female: 97 (5.1)

Olyset Plus 2% Permethrin 1% piperonyl butoxide Nested bottom 92.2 (9.8)

Olyset Plus Side of top, bottom 94.4 (6.6)

Olyset Plus Side entry funnel, bottom 97.2 (6.8)

Olyset Plus Bottom 89.0 (6.0)

Olyset Plus Nested bottom 92.2 (9.8)

Olyset Plus 2 strips hung between entry funnel and top 78.7 (15.4)

Metofluthrin SumiOne 10% metofluthrin 1 cm2 piece 77.7 (15.2)

SumiOne 10% metofluthrin 2.5 cm2 piece 87.6 (6.6)

Sticky card Dry glue MosquiTRAP (24 h) Piece hung between entry funnel and GAT head 87.8 (10.5)

Dry glue MosquiTRAP (48 h) Piece hung between entry funnel and GAT head 91.8 (9.5)

Dry glue Trappit yellow sticky insect trap (24 h) Piece hung between funnel and GAT head Female: 79 (7.1)

Male: 81 (8.1)

Trappit yellow sticky insect trap (48 h) Piece hung between funnel and GAT head Female: 90 (8.9)

Male: 95 (8.4)

Oil Canola oil Coles Canola Oil Cooking Spray (48 h) Thin film of oil on inside of translucent head 48-h KD

Male: 96.7 (5.2)

Female: 81 (8.7)

SD represents standard deviation

Table 1. Summary of the killing agents assessed and number of replicates performed in each field Latin square study

Latin square 1: 4 replicates Latin square 2: 3 replicates Latin square 3: 3 replicates

Mortein Surface Spray Mortein Surface Spray Mortein Surface Spray

LLIN (Bestnet Netprotect): Nested Bottom LLIN (Bestnet Netprotect): Nested Bottom Trappit Dry Sticky Card

LLIN (Bestnet Netprotect): Bottom and Side Trappit Dry Sticky Card Canola Oil

2.5 cm2 square of SumiOne metofluthrin

4 Journal of Medical Entomology, 2016, Vol. 0, No. 0

 at D
on T

hom
son on M

ay 31, 2016
http://jm

e.oxfordjournals.org/
D

ow
nloaded from

 

Deleted Text: to 
Deleted Text: &reg;
Deleted Text: &reg;
Deleted Text: &reg; 
Deleted Text: &reg; 
Deleted Text: to 
Deleted Text: r
Deleted Text: r
Deleted Text: r
Deleted Text: r
Deleted Text: r
Deleted Text:  
Deleted Text:  
Deleted Text: metofluthrin 
Deleted Text:  
Deleted Text:  
Deleted Text:  
Deleted Text:   
http://jme.oxfordjournals.org/


used to detect viruses in captured mosquitoes (Ritchie et al. 2014), and

may be particularly useful for monitoring Zika virus (ZIKV); because

most human infections are subclinical, mosquito infections will be a

key to monitoring ZIKV presence (Loos et al. 2014, Chen and Hamer

2016). In this study, we highlight the successful incorporation of sev-

eral “alternative” insecticide and insecticide-free killing agents in the

GAT to capture gravid Ae. aegypti under laboratory and field condi-

tions. The development of insecticide-free alternatives is particularly

important due to the continued emergence of insecticide resistance in

Ae. aegypti populations across the world, especially in developing

countries in South America and Southeast Asia (Vontas et al. 2012).

The use of sticky cards and other glue-based agents have been incorpo-

rated successfully in a variety of traps used to monitor Ae. aegypti pop-

ulations, such as the double sticky ovitrap (Chadee and Ritchie 2010),

CDC-AGO (Barrera et al. 2014), and the MosquiTRAP (Eiras &

Resende, 2009). However, the primary advantages of the “dry”

Trappit and MosquiTRAP sticky cards, as well as the use of canola oil,

over “wet” glues, such as those used in the double sticky ovitrap and

CDC-AGO, are the nonmess handling that allows for easy removal of

mosquitoes. Neither of the dry glues tested nor canola oil inhibited

downstream molecular processing for species identification and the de-

tection of Wolbachia infection. Although the KD percentages of the in-

secticide-free alternatives were generally lower than the insecticide

treatments in a laboratory setting, no significant difference in efficacy

was observed among the various “alternative” agents under field con-

ditions. This is likely due to the low escape rate of Ae. aegypti from the

GATs, which allows them to be exposed to the alternatives for longer

periods resulting in similar capture rates to insecticide-based agents.

The use of such environmentally friendly alternatives also has the

added benefit of circumventing resistance to insecticide use due to envi-

ronmental and public health concerns.

Although the originally recommended use of pyrethroid-based

surface sprays in the GAT is highly effective (Ritchie at al. 2014),

canned surface sprays may be unavailable in many countries, unac-

ceptable to users, or ineffective against pyrethroid-resistant mosqui-

toes. LLINs are an attractive alternative, as they are commonly

available and come treated with a wide range of active ingredients,

as well as the addition of synergist compounds to increase efficacy.

The use of LLINs in the GAT decrease exposure of field workers to

insecticides, as GATs must be retreated monthly when using surface

spray, whereas many LLINs maintain their efficacy for up to two or

more years (WHO 2013, Odhiambo et al. 2013). Because of these

advantages, we evaluated the efficacy of two single active compound

LLINs (NetProtect, deltamethrin 1.8 g/kg; GAT bed net, 4.8%

Fig. 3. (A) Mean (6SE) number of Ae. aegypti captured per week in GATs treated

with standard surface spray, containing a strip of metofluthrin, and different LLIN

configurations. (B) Mean (6SE) number of Ae. aegypti captured per week in

GATs treated with dry sticky card compared with insecticide treatments (surface

spray and LLIN). (C) Mean (6SE) number of Ae. aegypti captured per week in

GAT treated with canola oil compared with surface spray and dry sticky cards.

Fig. 2. Percentage (mean 6 SE) of Ae. aegypti females escaped and knocked

down after 48 h in GATs containing Mortein surface spray, Olyset Plus LLIN,

MosquiTRAP dry sticky card, Trappit dry sticky card, or treated with canola oil

under laboratory conditions. The “a” and associated black bar represents no

statistical difference (P-value<0.05, ANOVA, Tukey HSD post hoc analysis)

among the treatments.
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alphacypermethrin) and the dual compound Olyset Plus (2% per-

methrin, 1% piperonyl butoxide). The dual compound OlysetPlus

has been demonstrated to be more effective than single compound

products against resistant mosquitoes due to the presence of the syn-

ergist piperonyl butoxide, which enhances the potency of certain in-

secticides, including synthetic pyrethroids, by increasing its

absorption by target insects (Fakoorziba et al. 2009, Pennetier et al.

2014). During our laboratory and field studies, both of the single ac-

tive compound LLINs and the OlysetPlus LLIN performed equally

well. It should be noted that these results were obtained against sus-

ceptible laboratory colonies and against field populations with no

history of resistance to pyrethroids. Based on previous reports, it is

likely that the OlysetPlus LLIN would have outperformed the two

single compound LLINs if tested against populations with varying

levels of pyrethroid resistance (Pennetier et al. 2014). However, in

areas where pyrethroid resistance is not an issue, the less expensive

single compound LLINs will provide excellent capture rates. With

regards to the different LLIN trap configurations tested (e.g., funnel,

sides, nested bottom), it is our recommendation that the nested bot-

tom configuration be used as it is the simplest to set and allows for

persistent contact of the LLIN to captured mosquitoes as most are

trapped between the LLIN and the trap mesh.

In addition to the different LLINs tested, the metofluthrin-based

product tested provided comparable KD percentages as the LLINs

and surface spray. Although metofluthrin has been labeled as a spa-

tial repellent for mosquitoes (Lloyd et al. 2013) and has been shown

to reduce captures of mosquitoes (Lloyd et al. 2013, Dame et al.

2014), the number of Ae. aegypti females captured in the field did

not differ among metofluthrin, LLIN, and surface spray treated

GATs. However, we did observe a substantial reduction in the num-

ber of traps positive for Ae. aegypti between metofluthrin (50%)

and surface spray (82%) treated GATs. These results suggest that

the high spatial repellency or confusion induced by metofluthrin, al-

though partial and nonspecific (Xue et al. 2012), may have discour-

aged gravid females from entering the GATs. While lower catches

may have been the result of site-specific characteristics (i.e., wind

speed, ventilation), this could still compromise metofluthrin’s appli-

cation for use in the GAT. In addition, metofluthrin has no long-

term durability, remaining active for up to 20 d (Ritchie & Devine

2013), whereas the Mortein surface spray tested can last up to 8 wk,

(Ritchie et al. 2014) and LLIN potentially much longer.

In conclusion, the identification of “alternative” insecticide and

insecticide-free killing agents is essential to ensure the GAT remains

an effective surveillance device against resistant populations of

Ae. aegypti (Flores et al. 2013, Maciel-de-Freitas et al. 2014).

Moreover, although the originally recommended use of residual insec-

ticide surface sprays is effective, these sprays must be reapplied

monthly and may be unavailable in certain locations. In contrast, we

demonstrate that widely available LLINs, which remain active for up-

wards of two years, provide excellent Ae. aegypti capture rates. In ad-

dition to the products tested in the current study, there are many

types of LLINs available, particularly those containing synergist com-

pounds that help to maintain their efficacy even against resistant pop-

ulations. In contrast, we do not recommend the use of metofluthrin

due to its repellency characteristics that may negatively affect the at-

tractiveness of the GAT to gravid females. Perhaps most importantly,

we demonstrate that simple insecticide-free alternatives, including

sticky cards and canola oil sprays, performed equally well compared

with the insecticide-based products tested under field conditions. The

use of inexpensive, widely available, and environmentally friendly in-

secticide-free agents such of those described in this study will be par-

ticularly attractive in areas with pyrethroid resistant populations and

areas where there is substantial resistance to insecticide use due to en-

vironmental and human health concerns.
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