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ABSTRACT
Due to rapid development and population growth, the container-inhabiting Aedes mosquitoes often lead to local public health problems. 

Moreover, the increasing detection of insecticide resistance in vector mosquitoes, along with growing environmental concerns, complicates control 
efforts. This paper is an overview of physical/mechanical and environmentally friendly lethal ovitraps for monitoring and controlling the container-
inhabiting Aedes mosquitoes. Most ovitraps kill the larvae or adults and have been used as control tools for many years. These traps are mass ovi-
trapping, LOK autocidal ovitraps, Zeichner lethal ovitrap, sticky ovitrap, autocidal gravid ovitrap, gravid Aedes trap (GAT), autodissemination mosquito 
trap (In2Care), and Inzecto dual-action lethal ovitrap. Each trap has its advantages and disadvantages. The use of lethal ovitraps for surveillance and 
control of container-inhabiting mosquitoes is further addressed in this article.  
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With the global presence of Dengue, the recent 
emergence of Chikungunya and Zika, and the continued 
presence of yellow fever, control of urban Aedes container 
mosquitoes is imperative (CDC 2024). These disease 
organisms are primarily vectored in urban areas and 
require the control of the vector mosquitoes, primarily in 
the genus Aedes, i.e., Aedes aegypti Linn. and Ae. albopictus 
Skuse. These urban Aedes mosquitoes develop in small 
water-holding containers that are frequently found 
around residences, particularly where drinkable water is 
scarce and needs to be stored. 

There is now concern that a container Anopheles 
mosquito will transmit Malaria in urban cities throughout 
Africa (Faulde et al. 2014). Even though Malaria is a very 
important disease vectored by Anopheles mosquitoes, 
Malaria vectors are not usually found developing in 
small containers. However, the primarily urban Anopheles 
mosquito, Anopheles stephensi Liston, does develop in small 
containers. This species is currently expanding its range 
from Asia into Africa (Faulde et al. 2014).  It is estimated 
that an additional 126 million people will be at risk of 
getting Malaria due to the geographic expansion of this 
competent Malaria vector. Similar to the habitat of Aedes 
mosquitoes, An. stephensi, is typically found developing 
in small containers around urban residences. This is 
of serious concern in exposing urban and suburban 
residents to Malaria transmission, which currently is a 

predominantly rural disease in Africa (Faulde et al. 2014). 
Consequently, the concept of urban mosquito vectors 
needs to be expanded to include not only the urban Aedes 
but also the urban Anopheles. 

The standard chemical control method for urban 
mosquitoes in most developed countries is peridomestic 
space spraying with short-lived insecticides to knock 
flying mosquitoes out of the air. These space sprays are 
best applied when the sun has set and when there is an 
inversion layer that keeps the spray close to the ground 
within the flight zone of the mosquito. Of course, for 
urban Aedes mosquitoes, their peak flight time is during 
the day rather than at night. Consequently, the time of 
space spraying does not coincide with the peak activity 
periods of urban Aedes vectors.  In many parts of the 
world, residual adulticides are used on vegetation and in 
structures to kill resting mosquitoes.  This method can 
effectively kill vectors of dengue and Malaria.  The time 
of application is less important for residual insecticides 
than for space sprays.   Both space sprays and residual 
treatments for mosquito control are labor intensive and 
expensive to utilize. Training of technicians to correctly 
apply these types of insecticides is important but is difficult 
to implement in order to provide effective management 
programs. 

There is an important need for novel control 
measures that target urban Aedes mosquitoes and limit the 
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use of costly and sometimes environmentally unfriendly 
insecticide applications. These novel control measures 
should be reasonably priced for low-income, resource-
poor areas of the world and need to be long-lasting and 
easily implemented. 

Researchers have concentrated on the oviposition 
behavior of urban mosquitoes as a weak point in their life 
cycle that could be utilized for control using lethal ovitraps.   
Although the concept is much older, over the last thirty 
years or more, lethal ovitraps have been developed and 
modified as a simple way to use the oviposition behavior 
of mosquitoes as a method of control. Lethal ovitraps 
are small containers used by urban mosquito vectors as 
oviposition sites. 

Emptying containers.  The concept of lethal ovitraps 
began centuries ago, with people being advised to empty 
water containers where mosquitoes could develop. Most 
public health programs ask residents to empty containers 
in order to prevent larval mosquito development (Lloyd 
et al. 2018). When larvae developing in containers are 
killed by dumping out the water, that container becomes 
a lethal ovitrap. The concept is that mosquitoes lay their 
eggs in small containers around places where people 
live and work. If containers are emptied, any developing 
larvae would then be killed by simply dumping the water 
on the ground. This method is also known as the tip-and-
pour method.  Draining each container is critical because 
urban Aedes mosquitoes utilize skip oviposition to place 
their eggs (Davis et al. 2016).  This results in the presence 
of mosquito eggs in most water-holding containers in a 
mosquito-infested area and consequently results in the 
emergence of adult mosquitoes unless the contents are 
poured out.  In areas where there is frequent rainfall or 
irrigation, containers need to be emptied every 10 days 
(Lloyd et al. 2018). Dumping the contents does not remove 
eggs from the sides of the container. So, it should also be 
recommended that the container sides be scrubbed to 
dislodge and destroy eggs when dumping containers. 

Despite most public health agencies recommending 
that people make every water-holding container a lethal 
ovitrap by dumping the contents, there is a lack of data 
showing that this method of control reduces adult mosquito 
populations. In low-income countries, water is often stored 
in small, uncovered containers around residences to serve 
as a source of potable water. These containers cannot be 
emptied without jeopardizing important water storage.  
Urban Aedes mosquitoes flourish in these conditions since 
there are many containers available for development.  Even 
when communities are educated to empty containers that 
are holding water, those containers frequently are found 
to be producing mosquitoes, including important vectors 
of human disease (Marten et al. 2022).

Mass Ovi-trapping (MO).   Ovitraps/cups were 
initially developed to detect the presence of  Ae. 
aegypti during an eradication campaign of this mosquito 
in the Americas (Fay and Eliason 1966).  Similar to the 
approach of surveillance, mass ovitrapping with dark 
cups has been used to harvest large numbers of mosquito 
eggs by inundating an area with oviposition cups. These 
cups were small dark containers that were usually black 
or red and made from plastic, metal, or glass. Water 
alone or water with decomposing organic material (water 
infusion) was added to each ovitrap. Mosquito eggs were 
collected on a substrate like a wooden tongue depressor 
or germination paper that would line the sides of the cup 
(Fig. 1). The substrate was collected, and the eggs were 
destroyed. 

Figure 1. Ovicups are usually plastic drink cups with an 
oviposition surface attached to the side above water level. 

     

Ovitraps target the destruction of eggs from 
ovipositing  female  mosquitoes by mass ovitrapping to 
ultimately reduce adult Aedes  populations. A principal 
limitation of small containers is that frequent servicing 
of ovitraps is needed to replace water, attractants, 
and oviposition  substrates. Servicing, besides destroying 
eggs, also prevents hatched larvae from becoming adults 
(Barrera et al. 2014a,b, 2019).

In practice, the ovicups (small-sized containers with 
less than 500 mL volume) were lined with an untreated 
oviposition surface, such as paper. After mosquitoes had 
a chance to oviposit, the papers or other surfaces were 
collected and destroyed. Regis et al. (2013) reported on 
mass-ovitrapping in Brazil where 8,400 2-L ovitraps were 
placed over a 2-year period in an integrated program by 
using top-feeding minnows, adult removal from buildings 
by aspiration, and public education. Over the 2-year 
period of the test, egg density was reduced by 90% in 
one community. Papers from the ovitraps were collected 

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/gravid-females
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/oviposition
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and incinerated, destroying ~8 million eggs. By removing 
the egg stage from the wild mosquito population, the 
population of mosquitoes was sometimes reduced 
depending on the availability of alternative containers. 
Of course, when there were many alternative mosquito 
development sites in an area, this type of mass ovitrapping 
control did not show significant control effectiveness 
(Regis et al. 2013). 

Lok Autocidal Ovitrap (LAO).  The next stage in 
ovitrap development was a mechanical one, the Lok 
Autocidal Ovitrap (https://tougherthantom.com). This 
ovitrap was a mechanical device that prevented adult 
mosquitoes that developed inside the autocidal ovitrap, 
from escaping the container. The trap had a black plastic 
container for holding water, a plastic ring float sealed 
inside the hollow space of the container with fine netting 
in the center of the ring to prevent emerged mosquitoes 
from escaping. Two oviposition paddles were placed 
vertically on the top side of the float. Mosquitoes laid 
eggs on the paddles, and hatched larvae accessed the 
water beneath. Adult mosquitoes that emerged beneath 
the netting could not escape, so they died in the trap. The 
black LAO ovitrap was proven to be 81 to 97 times more 
attractive than natural containers (Lok et al. 1977). 

This trap was used around the Singapore airport in 
the early 1970s for control of Ae.aegypti mosquitoes. Aedes 
aegypti mosquitoes were eradicated by mass-ovitrapping 
with the LAO ovitrap (Lok et al. 1977).  The advantages of 
the trap were that it was not harmful to the environment, 
specific to urban Aedes mosquitoes, did not harm beneficial 
insects, did not contribute to environmental pollution or 
insecticide resistance, easy to use, economical for low-
income countries, easily placed wherever mosquitoes are 
located, and did not require manpower for inspections and 
treatments (Lok et al. 1977). Despite all these advantages, 
the Lok ovitrap was susceptible to mechanical failure. 
This allowed mosquitoes to emerge from the traps and 
exacerbated the mosquito problem. Also, another issue 
with this trap was that the ovipositing female mosquitoes 
were not killed, so they were able to fly out of the trap 
where they entered.

Zeichner Lethal Ovitrap (ZLO). The Zeichner Lethal 
Ovitrap (https://www.inzecto.com) was an effective lethal 
ovitrap, which placed an insecticide-treated (pyrethroid) 
strip as an oviposition surface into a plastic cup.  The 
ZLO addressed the shortcomings of space and residual 
insecticide applications by attracting the female mosquito 
to the insecticide treatment. Basically, the container used 
for the ZLO was a typical black plastic cup (473 ml) used 
by public health authorities for surveillance. The cup itself 
was inexpensive and well-known to be visited by urban 

Aedes mosquitoes. Gravid female mosquitoes found the 
walls of the cup to have too smooth of a surface to land 
and deposit their eggs, so they oriented to the pesticide-
treated and rough-surfaced strip, which was preferred for 
mosquito landing and oviposition. The ZLO would kill the 
female mosquitoes and the larval mosquitoes that hatched 
through the insecticide strip contamination runoff into 
the water. The ZLO was patented by the U.S. Army and 
licensed to Springstar, Inc., which called it “Trap-N-
Kill.” The Trap-N-Kill innovation subsequently utilized a 
biodegradable plastic so the cup would degrade over time, 
not hold water long-term, and therefore, would not allow 
larval mosquito development once the pesticide was no 
longer effective. Another innovation in the ZLO was the 
addition of a hay and grass/water infusion that produced 
an odor that attracted ovipositing mosquitoes to the ZLO.

 The ZLO was evaluated in the field in Brazil, Peru, 
Bangladesh, and Thailand using 20 ZLOs per house, 
with 10 inside and 10 outside. Controls received no 
ovitraps. Traps were placed for three months, and Ae. 
aegypti populations were sampled each week. In all 

Figure 2. The Zeichner Lethal Ovitrap, a black plastic cup with 
a red strip of insecticide-treated oviposition paper attached. 
Overflow hole maintains water level.

                  

https://www.inzecto.com
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four countries, the number of pupae (the most reliable 
measurement of mosquito populations) or containers 
with pupae decreased significantly. In the Thailand study, 
the reduction in mosquito population was less than in 
other countries and was due to the larger size and number 
of breeding containers, and possible immigration of 
mosquitoes from surrounding untreated areas (Zeichner 
and Debboun 2011, Sithiprasasna et al. 2003, Perich et al. 
2003). 

Most studies of the ZLO have involved an integrated 
vector management program with the application of 
biological controls, source reduction, and ZLO placement. 
In Australia, there were 87% fewer Ae. aegypti in treated 
areas compared with controls by the 4th week of treatment. 
In 2004, the use of 780 locally produced ZLOs treated 
with bifenthrin halted a dengue outbreak in Queensland 
(Rapley et al. 2009). The ZLO trap was concluded to be 
environmentally sound, economical, and a simple means 
of dengue and chikungunya vector control (Zeichner and 
Peritch 1999, Williams et al. 2007, Zeichner and Debboun 
2011). The selection and application of the number of 
ovitraps per acre or per house follows the label and 
instructions.

An experimental fiber pot container and two other 
types of commercial ovitraps, empty containers (In2Care 
trap container only and SpringStar’s TNK trap empty 
container only) after adding infusion water have been 
evaluated for the collection of Aedes eggs in northeastern 
Florida (Dixon et al. 2022). The results showed that the 
In2Care trap container only performed better than the 
fiber pot container and the TNK container. 

Sticky Ovitrap (SO) and Autocidal Gravid Ovitrap 
(AGO). Sticky ovitraps just add glue to catch gravid 
females to kill. It is popular and easy to make. An 
additional step in ovitrap modification was the addition 
of glue on paper or substances. Several types of sticky 
ovitraps, such as the Sticky Ovitrap (SO) (https://
tougherthantom.com) and the Autocidal Gravid Ovitrap 
(AGO) (https://catchmaster.com) have been developed 
that utilize glue to trap gravid female mosquitoes when 
they land to oviposit. These traps use glue above the water 
line in plastic buckets to capture ovipositing females. 
The advantage of capturing mosquitoes with glue is that 
insecticides are not used, there is no need to register the 
trap with a regulatory agency, and approvals and permits 
from countries are not needed. 

The AGO trap is a large (19 L) black bucket with a 
3.8 L black polyethylene cylinder entrance chamber that 
fits into the bucket lid. An adhesive panel covers the 
interior surface of the cylindrical entrance. The bottom 
bucket of the AGO is baited with 10 L of water and 30 g 

of hay as an infusion/water attractant. Adult mosquitoes 
are prevented from accessing water in the bucket with a 
screen that separates the entrance area from the water/
infusion area (Mackay et al. 2013; Barrera et al. 2914a,b). 
AGO traps have been modified by adding a suction fan 
to increase the collection of gravid mosquitoes (Zhu et 
al. 2019).  Also, combinations of attractants have been 
evaluated to attract and trap host-seeking mosquitoes not 
just ovipositing mosquitoes (Liu et al. 2019). In addition, 
the comparison of AGO traps and In2Care traps in St. 
Augustine did not show any significant difference in the 
collection of mosquitoes (Khater et al. 2022; Dixon et 
al. 2024). The evaluation of the AGO trap, CDC gravid 
trap (https://johnwhock.com), Biogents Gravid Aedes 
trap (GAT), and modified Biogent Bower (https://shop.
biogents.com) were evaluated in northeastern Florida and 
demonstrated that the CDC gravid trap outperformed  the 
others (Cilek et al. 2017 and 2017a; Xue et al. 2021). The 
SIRENIX (https://bentzjazusa.com) trap was compared 
against AGO traps in a field study in St. Augustine, Florida. 
The results demonstrated that the new lethal solar ovitrap 
(SIRENIX) outperformed by the AGO trap (Smoleroff et 
al. 2023).

The SO was similar but had a smaller design using 
a 1.2-liter black bucket with a plastic strip (21.5 × 5.5 cm) 
coated in polybutylene adhesive (UVR 32, Atlantic Paste 
and Glue, Brooklyn, NY) fastened to the inner wall of the 
bucket with large paper clips. The large size and addition 
of hay infusion to the SO and AGO traps increased 
mosquito collection efficiency when compared with the 
ZLO trap.

Figure 3. Sticky Ovitrap showing external and internal parts of 
the trap. The sticky paper is attached above the interior water 
line. 

Another advantage of these glue traps is that 
mosquitoes entering the SO and AGO traps land on the 
sticky panel to lay eggs. Mosquitoes captured on the panel 
die and can be counted for surveillance. If enough traps 
are placed in an area, management is possible based on 
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the label and recommendation by the manufacturers. 
One problem associated with the SO and the AGO traps 
is that mosquito eggs can be washed through the screen 
into the water infusion. Those eggs can hatch and develop 
into adults. Even though the adults produced in the trap 
cannot escape, they can do so if the trap is opened or 
damaged. An additional study evaluating the addition 
of sticky paper inside the modified larval traps increased 
the catch rate of the emerging adult mosquitoes from the 
traps and reduced the escape of these emerged mosquitoes 
(Talbalaghi et al. 2020).

Two communities in San Juan, Puerto Rico were used 
to evaluate the operational problems of using AGO for 
mosquito control (Barrera et al. 2019). A total of ~18,000 
traps were placed in the communities. Problems with the 
traps were observed for <2% of the traps (e.g., mosquitoes 
accessing the infusion, exclusion screen missing, sticky 
surface damaged/absent, trap missing). Immature and 
adult mosquitoes were found in the infusion for 7.5% 
and 9.1% of traps, respectively. Although specific for 
mosquitoes, lizards were found in 33% of the traps. 
Nontarget insects found in the glue were small flies and, 
more rarely, ants, cockroaches, grasshoppers, butterflies, 
and dragonflies.

Mass trapping with AGOs was highly successful in 
studies in Puerto Rico from 2011-2014. The first study 
involved about 1,000 traps and resulted in a 70% decrease 
in mosquitoes during the second year. The second study 
involved ~1,300 traps and resulted in an 88% reduction in 
mosquitoes during the second year (Barrera et al 2014a). 
Testing for Chikungunya virus exposure demonstrated 
~50% reduction in people exposed to the virus (45.4% in 
the non-trap area with no traps vs 22.9% for areas with 
traps) (Barrera. 2014a,b). One major concern with these 
traps was that the glue was very effective in trapping and 
killing insectivorous reptiles, like geckos, that see trapped 
insects and enter the trap. The non-target trapping of 
insectivorous animals affects biological control organisms 
of many insect taxa (Ritchie et al. 2003, Ritchie, 2005, 
Ritchie et al. 2009, Chadee and Ritchie 2010, Gama et al. 
2007). In a Florida study, 1,718 AGO traps were deployed 
in several subdivisions and demonstrated that the 
application of AGO traps reduced populations of Aedes 
mosquitoes; however, the results varied with different 
locations and seasonal changes (Dixon et al. 2024). Also, 
the infusion water and fermentation time in the lethal 
ovitraps impacted the collection of mosquitoes and non-
target organisms (Mullin et al. 2020). The application of 
the number of AGO traps per acre or per house varied 
with the programs/ projects, locations, and budget.

Gravid Aedes Trap (GAT).  The next invention was 

the Gravid Aedes Trap (GAT) (https://biogents.com).  
The GAT is a 1.2 L black plastic bucket with a matte finish 
that incorporates a black entry funnel (9.5 cm outer and 
4.5 cm inner diameter, 8 cm high) to prevent mosquitoes 
from easily escaping the trap. The bucket contains a water 
infusion of vegetation to attract ovipositing mosquitoes 
to the odor of stagnant water. Above the water infusion 
mix, a black nylon screen mesh provides a barrier between 
ovipositing mosquitoes and the infusion. A translucent 
container, sprayed with a residual pesticide (e.g., 
pyrethroid), is inverted and placed between the bucket 
edge and funnel to provide a light tunnel.  Mosquitoes 
attracted to the water infusion enter the trap through 
the funnel and are unable to pass through the screen to 
access the water infusion. They are attracted to the light 
coming through the translucent light tunnel, where they 
contact the residual insecticide and die as they rest on the 
surface.  Because of the breakdown of the insecticide, it is 
recommended that the insecticide treatment be applied 
monthly to maintain efficacy. 

Eiras et al. (2014, 2021; Heringer et al. 2016) evaluated 
the trap for mosquito knockdown and mortality and 
found that the residual pyrethroids provided 100% 
knockdown within 30 min. Ritchie et al. (2014) reported 
that the GAT is an improved lethal ovitrap because 
the killed mosquitoes can be counted for monitoring 
purposes and a variety of insecticide classes can be used 
to avoid resistance. The trap should be retreated monthly 
because the time to knockdown increased during the 
8-week experiment. The trap can also be left untreated 
to allow the capture of live insects for virus or Wolbachia 
monitoring (Eiras et al. 2014).  Eiras et al. (2021) found 
that GATs captured 50% - 65 % of mosquitoes regardless 
of the number and size of alternative breeding sites in 
the simulated field environment. A study by Figurskey et 
al (2022) documented that GATs would extend chemical 
control effectiveness when used in combination with 
barrier sprays at residences and that GATs resulted in 
a reduction of Ae.  albopictus  by 80.4% compared with 
untreated controls. There is a label and direction for the 
selection and application of the GAT.  

Autodissemination Mosquito Trap (In2Care).  The 
next phase in the evolution of ovitraps combines multiple 
strategies, including a fungal biological control. The 
In2Care trap (https://www.in2care.com) is composed of 
two stackable black buckets that hold a maximum of 3 L of 
water to allow long trap use and infrequent maintenance. 
The inner bucket holds the water that can overflow into 
the outer bucket. The outer bucket has three drainage 
holes to allow excess water to drain from the bottom. 
The lid has a funnel-shaped central opening that allows 
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rainwater to flow into the trap, allows mosquito entry 
and exit, allows return of evaporated/condensed water 
to the inner bucket, and also allows servicing of the trap. 
There is a floating ring in the center of the inner bucket 
that provides a landing and resting surface for mosquito 
oviposition. The floating ring holds an oviposition gauze 
that is treated with twoactive ingredients. The gauze is 
electrostatically dusted with 74% pyriproxyfen and an 
insecticidal fungus, Beauveria bassiana strain.  When a 
mosquito lands on the gauze, the dust adheres to its body. 

Snetselaar et al. (2014) showed that 90% of mosquitoes 
resting on the treated gauze of the In2Care trap were 
contaminated with insecticidal dust. The contaminated 
mosquitoes were able to leave the trap and visit other 
untreated containers to lay eggs. The surrounding 
containers were contaminated, and >90% of developing 
larvae were killed at pupation in the untreated breeding 
sites. Also, 100% of larvae developing in the trap itself 
were killed. In addition to the pyriproxyfen contamination 
for the larvae, the B. bassiana fungal spores contaminated 
adult mosquitoes (Sihuincha et al. 2005). The fungal 
spores provided a slow mode of action that killed female 
mosquitoes in 10-28 days. The directions recommend 
servicing the trap and replacing the gauze every 4-6 weeks. 

Buckner et al. (2017) showed that untreated 
containers positioned ~2.8 m from the In2Care trap had 
100% inhibition of adult mosquito emergence. Also, 80% 
of mosquitoes contaminated with the insecticidal gauze 
died within 10 days, compared with 41% in the untreated 
group. Buckner et al. (2021) did an extensive field 
evaluation of the In2Care trap, compared to an integrated 
pest management program. Traps used alone resulted in 
60% fewer eggs, 57% fewer larvae, and 57% fewer adults, 
compared with the integrated vector management site. 
However, the authors discovered that traps may be less 
practical for control programs due to the time-consuming 
and labor-intensive work needed for trap deployment and 
maintenance. In comparing time, the integrated vector 
management program (ground and aerial ULV, larvicide 
application and source reduction, and citizen service 
requests) took ~156 hours, whereas the In2Care trap 
installation and maintenance involved 780 manhours, or 
about 5x more time for a modest reduction in mosquito 
numbers. Buckner et al (2025) reported that a completed 
trial in 2024 demonstrated that In2Care might also aid in 
the reduction of Culex mosquitoes.

According to the manufacturer labeling, the autocidal 
control involves using female mosquitoes as vehicles for 
transporting pyriproxyfen to breeding sites and reducing 
larval populations by allowing females to land on treated 
netting, picking up the larvicide and the fungus. The 

mosquitoes then distribute the insecticidal products 
to other water containers due to their propensity to 
distribute their eggs through skip oviposition into 
different containers.  While doing so, the treated females 
transfer pyriproxyfen and the fungal spores, which, in 
very small doses, are lethal to larvae and pupae (Itoh et 
al. 1994, Ali et al. 1995, Nayar et al. 2002, Sihunicha 2005, 
Devine et al. 2009). Before taking another blood meal, the 
females exposed to the fungal spores die, eliminating them 
as disease vectors (Clark et al. 1968). The In2Care trap 
label suggests avoiding prolonged or repeated exposure 
to microbial proteins found in the Beauveria spores due 
to the potential development of allergic sensitization. 
To prevent that exposure, the label requires the use of a 
particulate respirator when handling the treated gauze 
strip. 

Laboratory and semi-field trials have demonstrated 
a decreased vectorial capacity in trap-exposed mosquito 
females, with reduced feeding behaviors and increased 
mortality (Blanford et al. 2011, Darbro et al. 2012). The 
In2Care traps appear attractive to Aedes, with successful 
pyriproxyfen dispersal and high larval mortality to 
nearby breeding sites, as well as high adult mortality from 
B.  bassiana infection. Besides Aedes mosquitoes, In2Care 
traps can attract and kill Culex quinquefasciatus Say (Su et 
al. 2020).  However, another study in the USA found that 
autodissemination of pesticides on Ae. albopictus did not 
produce positive results (Unlu et al. 2020).  There are 
several other studies that have attempted to study the 
impact of autodissemination on mosquito populations 
and comparison with other lethal ovitraps in the field, 
but the results did not show significant differences (Autry 
et al. 2021; Khater et al. 2022). The applications needs to 
be following the label and instructions due to relate to 
insecticides.

Dual-Action Lethal Ovitrap (Inzecto Mosquito 
Trap). As detailed in this article, several versions of 
lethal ovitraps have shown the potential to kill container 
mosquitoes, such as urban Aedes. The ovitraps compete 
with other containers for mosquito oviposition sites 
because other containers can even include abandoned 
swimming pools, fountains, cisterns, discarded items, and 
small bodies of water (Fischer and Schweigmann 2010). 
Lethal ovitraps kill mosquitoes when they come to lay 
eggs in a container. The problem with single-action lethal 
ovitraps is that the mosquitoes often lay their eggs before 
they die. Those eggs then hatch, and the container allows 
for larval development and adult mosquito emergence. 
The dual-action lethal ovitrap, currently sold under 
the trade name Inzecto Mosquito Trap (https://www.
inzecto.com), contains both an adulticide (permethrin) 
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and an insect growth regulator, pyriproxyfen. With this 
dual-action strategy, two mosquito life stages, adults and 
pupae, are targeted within the same container (Parker et 
al. 2017), without reliance on the autdissemination of the 
insecticides. The expectation is that any female depositing 
eggs within the trap will be killed by the adulticide, and 
because of the insect growth regulator, no progeny of that 
female will develop into adults that could vector diseases.

Once the elements were in place to entice the female 
mosquitoes to visit the ovitrap and deposit their eggs, 
two other elements were necessary to complete this 
complex environment in order to maximize its mosquito 
killing capabilities: a) an adulticide, permethrin, that 
would kill mosquitoes resting on the interior surface 
and prevent the female from ovipositing again in other 
containers, and b) a larvicide, pyriproxyfen, that would 
prevent the development of biting adult females. To 
delay the breakdown of these chemicals by hydrolysis, 
the inside of the trap is coated with a long-lasting, 
time-released polymer that contains the adulticide and 
larvicide. A unique innovation of this trap is that the 
polymer also contains a texturizing agent that enhances 
the time-release activity so the trap continues to release 
the active ingredients continually over three months. 
This coating is located on the inside surface of the trap, 
preventing humans and animals from contacting the 
active ingredients. The trap is activated by the addition 
of 300 mL of water. The internal long-lasting insecticidal 
texturized coating and dry space in the ridges allow for 
adult mosquitoes to land inside the trap, above the water, 
to be exposed to the treatment. The coating throughout 
the trap also allows for any larvae that emerge from eggs 
laid at the edge of the water to develop normally until 
the last stages of development when the effect of the 
larvicide, pyriproxyfen, prevents further development 
and emergence of new adults (Dhang 2023). Khater et 
al. (2019) demonstrated in a semi-field evaluation that 
modifying this trap by adding stick paper inside the trap 
increased the collection of gravid female mosquitoes.

In contrast with standard ovitraps whose tops are 
open or mostly open, the Inzecto Mosquito Trap was 
designed with a lid to protect from quick evaporation, 
direct sunlight, wind, and rain so that liquid in the base 
would be available for larval exposure to the insect growth 
regulator that prevents pupation. To further enhance 
the attractiveness that allows this trap to outcompete 
other water sources for mosquito oviposition, the 
contrasting mosquito-attractive colors (red and black) 
are incorporated. The ridges provide high-humidity dead 
air space that mosquitoes need for survival. This also 
increases the surface area for egg laying.  A leaf-filled 

sachet is included to provide an attractive infusion in 
the water (Browne & Bennett 1981).  Parker et al. (2017) 
documented a 94% reduction in urban Aedes eggs laid 
in nearby containers when an Inzecto ovitrap was placed 
in the proximity of other typical containers found in the 
urban landscape.  

The dual-action lethal ovitrap was financed by the 
Armed Forces Pest Management Board through the 
Deployed Warfighter Protection program made available 
for the development of novel concepts in the control of 
mosquitoes, with emphasis on technologies. This kind 
of trap could be easily deployed by the Armed Forces in 
combat zones with minimal to no advanced training. 
Requirements for a technology to be used in combat 
areas include portability, being ready to deploy, and 
simplicity of use. The qualities are also desirable for 
commercial products that can be used by professional pest 
control operators and consumers with varying levels of 
understanding of the mosquito life cycle, developmental 
needs, and environmental requirements.  

Figure 4. Inzecto dual-action lethal ovitrap with ridges, 
contrasting colors, evaporation protection, and overflow spout.  
The dual-action permethrin and pyriproxyfen in a polymer 
coating is internal, as is the attractive sachet. The application 
and selection should follow the trap label and operation 
instruction.    
    

The efficacy of the dual-action lethal ovitrap relies 
on eliminating the present and the future generation of 
mosquitoes with minimum environmental contamination 
and maximum efficacy.  The Inzecto trap has been 
approved in 23 countries worldwide. 

Summary & Future of Lethal Ovitraps. The 
application of lethal ovitraps is a part of integrated 
mosquito management. There are several types of lethal 
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ovitraps on the market and many influencing factors on 
the selection and amount of traps used per acre or per 
house, such as program budget, labor, location, target 
species and objective, type and size of the traps, label 
and instruction of each product, and the residents’ 
acceptance. Also, the label and instruction reading are 
required for the selection and use of any kind of lethal 
ovitraps combined with insecticides. There are always 
new developments and new discoveries that can be 
aggregated to old ideas in the formulation of a new line 
of research and product development.  Society challenges 
scientists and entrepreneurs to further their knowledge 
and understanding of the world and the products created, 
especially those used against mosquitoes. The attraction 
of the infusion for the gravid female mosquitoes, the 
combination of attractants and trap design for gravid and 
host-seeking female mosquitoes and male mosquitoes, 
and the active ingredient of contact poison or sticky are 
still underexplored and further research and development 
is needed.   
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