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57 ABSTRACT
Provided is a breeding container which is adapted to be
lethal to container breeding mosquitoes which contains:

a walled structure defining an internal volume, the walled
structure being constructed and arranged to contain an
aqueous liquid within at least a portion of the internal
volume;

at least one opening in the walled structure disposed so as
to allow mosquitoes to enter the walled structure;

mosquito egg laying structure in the internal volume
constructed and arranged such that female mosquitoes
contact a surface of the mosquito egg laying structure;
and

an insecticide that is lethal to mosquitoes present in an
amount sufficient to kill the female mosquitoes in
contact with the surface. Also provided is a lethal
mosquito breeding container kit and a method for
controlling the population of container breeding mos-
quitoes.

40 Claims, 5 Drawing Sheets
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LETHAL MOSQUITO BREEDING
CONTAINER

This application is a Continuation-in-Part of U.S. Ser.
No. 08/965,518, filed on Nov. 6, 1997, the complete disclo-
sure of which is incorporated herein by reference.

FIELD OF THE INVENTION

The present invention relates to a breeding container
which is lethal to container breeding mosquitoes. The
present invention also relates to an environmentally sound,
simple, cost-effective method for controlling the population
of Aedes species of mosquito, primarily Aedes aegypti and
Aedes albopictus.

BACKGROUND OF THE INVENTION

With approximately 20 million dengue cases a year and
100 countries affected, the World Health Organization con-
siders dengue the most important mosquito-borne viral
disease. A vaccine is not currently available and mosquito
control is a critical element of dengue disease prevention.
There are reports that conventional ground and aerial appli-
cation of insecticides are not providing adequate control of
the mosquitoes that transmit dengue. Dengue is primarily
transmitted by the Aedes species of mosquito. The Aedes
mosquito is a container breeder and, therefore, the female
Aedes mosquito will only lay eggs in a container holding
water.

Chemical mosquito control has relied on area treatment of
the mosquitoes” habitat. For example, large outdoor areas or
the space within a home are treated with an insecticidal fog
or spray in an attempt to deposit a lethal dose of insecticide
on individual mosquitoes. The water used as mosquito
breeding habitats has also been treated with insecticide
which is designed to kill the developing larva. Adult resting
places have been treated with an insecticide deposit
designed to kill adult mosquitoes as they stand on the resting
places.

The oviposition trap (hereinafter “ovitrap”) has been used
as a surveillance tool for Aedes mosquitoes. The ovitrap
consists of a pint sized water container, filled with water to
within 1 inch of the top, with a wooden or velour paper
paddle projecting above the water surface. Aedes females
are attracted to the ovitrap and deposit eggs on the paddle.
The number of eggs deposited provides an indication of the
Aedes mosquito population.

A variation of the ovitrap in described in U.S. Pat. No.
5,123,201. This patent describes a sensor-triggered suction
trap for collecting live gravid mosquitoes. When a mosquito
interrupts an infrared beam a fan is activated which blows
the mosquito into a container for collection. Such a device
is complicated and expensive. Furthermore, this device does
not kill mosquitoes or mosquito larvae.

Chan, K. L., et. al., “An autocidal ovitrap for the control
and possible eradication of Aedes aegypti”, Southeast Asian
Journal of Tropical Medicine and Public Health, 8(1), pages
56-62 (1977), discloses a modified ovitrap in which any
eggs that hatched would be unable to emerge as adults
because of a mechanical barrier. By slowly trapping and
killing progeny of Aedes aegypti there was a gradual reduc-
tion of the population.

U.S. Pat. No. 4,328,636 describes a foraminous barrier
which prevents hatched mosquitoes from escaping a body of
water. Such a trap, which allows adult females to escape,
does not directly interrupt the dengue transmission cycle
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since adult females can leave the trap after depositing their
eggs and take another blood meal, possibly transmitting
dengue.

Ikeshoji, T., et. al., “Surfactants for a mosquito ovitrap”,
Jap. J. Sanit. Zool., 28(4), pages 451-452 (1977), relates to
the use of surfactants to drown adult mosquitoes as they
attempted to lay eggs. This method is a research tool and not
a control method.

Obaldia, G. Davila de, et. al., “Aedes aegyti resting
preference on untreated and deltamethrin-treated crepe
paper and plastic foam surfaces”, J. Am. Mosq. Control
Assoc. 12(3), pages 467-68 (1996), investigated the use of
resting boxes having insecticide impregnated surfaces.
Shortcomings of such a control method are that there are
many resting stations to compete with and females would be
able to lay eggs prior to entering the resting box, ensuring a
next generation.

There is a need for an environmentally sound, simple,
cost-effective apparatus and method for controlling popula-
tions of the Aedes species of mosquito, primarily Aedes
aegypti and Aedes albopictus.

SUMMARY OF THE INVENTION

An objective of the present invention is to provide an
environmentally sound, simple, cost-effective apparatus and
method for controlling the population of container breeding
mosquitoes, such as the Aedes species of mosquito.

The above objective and other objectives are surprisingly
obtained by the following. The present invention provides a
novel breeding container which is adapted to be lethal to
container breeding mosquitoes comprising:

a walled structure defining an internal volume, the walled
structure being constructed and arranged to contain an
aqueous liquid within at least a portion of the internal
volume;

at least one opening in the walled structure disposed so as
to allow mosquitoes to enter the walled structure;

mosquito egg laying structure in the internal volume
constructed and arranged such that female mosquitoes
contact a surface of the mosquito egg laying structure;
and

an insecticide that is lethal to mosquitoes present in an
amount sufficient to kill the female mosquitoes in
contact with the surface.

The present invention also provides a novel kit for making
the breeding container.

The present invention further provides a novel method of
controlling the population of container breeding mosquitoes.

The novel lethal mosquito breeding container and method
according to the present invention provide the following
advantages over conventional methods of controlling the
population of container breeding mosquitoes. By killing
adult female container breeding mosquitoes according to the
present invention, the population of biting mosquitoes is
substantially reduced, thus reducing both the potential for
disease transmission and the breeding stock for the next
generation. This approach is superior to simply trapping and
removing eggs laid by female container breeding
mosquitoes, which may then go on to lay additional eggs in
a natural site which allows complete development of the
larvae to adults.

Since a portion of the insecticide can leach into the water,
any mosquito larvae which hatch may not survive because
the water can be toxic to mosquito larvae. Furthermore, any
mosquito adults drinking from the insecticide contaminated
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water may also perish. In this way, mosquitos which may
bypass the insecticide treated egg laying structure can be
killed. In caged laboratory tests, up to 100 percent adult
mosquito mortality has occurred.

The lethal breeding containers can easily be made child
safe because a very small quantity of insecticide is required.
For example, a 20 pound child can consume ten egg laying
structures containing the insecticide and drink the insecti-
cide contaminated water of ten 1 pint lethal breeding con-
tainers per day without any effects when using deltamethrin
as the insecticide.

The lethal breeding containers can be made environmen-
tally sound; because the amount of insecticide required is
low, the mortality rate of mammals is very low and the threat
of contamination to ground water or soil is also very low.

The lethal mosquito breeding container can be made
simple such that community-based control programs can be
used to maintain them. In some cases, the only action
required will be to periodically replace the insecticide
treated egg laying structure, and to add water when evapo-
ration is significant.

In this manner, the manufacturing and maintenance cost
of very large numbers of the lethal mosquito breeding
containers can be made very low because the raw material
cost of the insecticide and container is very low.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a lethal breeding container according to
the present invention.

FIG. 2 illustrates a lethal breeding container according to
the present invention.

FIG. 3 illustrates a lethal breeding containing according to
the present invention having an integrally formed egg laying
structure.

FIG. 4 illustrates a wrapped paddle for use in a kit
according to the present invention.

FIG. 5 illustrates a removable film covering the egg laying
structure

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

The lethal mosquito breeding container comprises at least
one stand-alone wall having a shape that defines an internal
volume for containing an aqueous liquid. Examples of
suitable walled shapes include that of cartons, bottles,
bowls, buckets, cans, cups, pots, pans, trays, and the like.

The wall(s) of the lethal mosquito breeding container can
be formed from any material which is capable of containing
an aqueous liquid. Examples of suitable materials include
clay, composites, glass, metal, paper, plastic, wood, combi-
nations thereof, and the like. The preferred material is
plastic, based on the low manufacturing cost and high
durability of plastic in the environment.

The container should have an internal volume large
enough to contain an amount of aqueous liquid that is
suitable for female container breeding mosquitoes to lay
eggs in. Examples of suitable internal volumes are from
about four ounces to about one gallon, preferably, about
eight ounces to about one half gallon.

The desired walled container shape can be formed using
any suitable method, such as gluing, heat sealing, milling,
molding, press forming, or any method which provides a
seal which is capable of containing an aqueous liquid.

If desired, the lethal mosquito breeding container can be
formed by modifying any suitable container that is capable
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of containing an aqueous liquid. Examples of suitable con-
tainers include cartons, bottles, bowls, buckets, cans, cups,
pots, pans, trays, and the like. Specific examples, include
plastic and paper milk cartons, drinking cups, soft-drink
bottles, sport drink containers, metal cans, and other mass-
marketed consumer liquid container products. Preferably,
the lethal mosquito breeding container is formed from a
drinking cup. From the standpoint of durability and ease of
manufacturing, a plastic drinking cup is preferred. Plastic
cups are strong and can be safely transported and deployed
with minimum concern for them being crushed or destroyed.
Plastic cups can have important information regarding the
contents, the control program, and point of contact perma-
nently molded into the plastic. Plastic cups offer long term
economy since the cup is usually the most expensive part of
the ovitrap and plastic cups can be reused for years, with the
only recurring cost be replacing the inexpensive insecticide
treated egg laying structure. However, if the cup is to be
abandoned after use in the field, paper cups may be preferred
since they are biodegradable. If plastic cups are abandoned,
they could last years in the field and provide a continuous
site for mosquito breeding, thus having a negative impact on
the control program by constantly producing mosquitoes. In
such a situation a biodegradable paper trap would be pre-
ferred.

Preferably, the wall(s) of the mosquito breeding container
have a color which is attractive to female container breeding
mosquitoes. Examples of female container breeding mos-
quito attracting colors are dark colors, such as black, dark
browns, dark blues, dark greens and dark reds. The preferred
color is black.

Preferably, most or substantially all of the mosquito
breeding container wall(s) surface has a surface texture
which is undesirable for landing on by female container
breeding mosquitoes, so that female container breeding
mosquitoes prefer to land on an egg laying structure con-
tained therein. A preferred wall surface texture is a smooth
plastic surface.

The wall(s) of the container are formed to contain at least
one entrance opening in an upper portion of the container to
allow mosquitoes to contact the egg laying structure or
aqueous liquid contained within the walled structure.
Examples of suitable entrance openings include from about
0.5 inch and greater average diameters, preferably from
about 1 inch to about 6 inches average diameter. Any shape
of the entrance opening can be used.

While not required, preferably the walled structure has at
least one liquid regulating opening for regulating the maxi-
mum level of aqueous liquid present in the internal volume.
The liquid regulating opening should be disposed such that
a portion of the internal volume above the liquid regulating
opening remains dry. For example, the liquid regulating
opening can be a hole formed in the wall or can be a notch
or slit formed in the wall. The notch or slit can be formed
from the entrance opening of the container down to a desired
maximum liquid level in the internal volume. The required
number and size of the liquid regulating opening(s) will
depend on the size of the internal volume. In general, the
greater the internal volume, the greater the number and/or
size of the liquid regulating opening(s). For a 4.5 inch tall 1
pint plastic drinking cup utilized as the walled structure, a
suitable number of liquid regulating holes has been found to
be about 4, each having a diameter of about 0.4 inch, and
being located about 1 inch from the top.

The liquid regulating opening(s) also provides the func-
tion of making the lethal mosquito breeding container
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unsuitable for use by humans as a drinking cup or other type
of container. In developing countries, containers could be
scavenged by humans for use as drinking cups and other
personal uses. The presence of the liquid regulating opening
makes the lethal mosquito breeding container less desirable
to humans for personal use and thus ensures a prolonged
mosquito killing performance in the field.

The walled structure contains at least one egg laying
structure therein. The egg laying structure should be con-
structed and arranged such that at least a portion of the egg
laying structure remains above the maximum liquid level in
the internal volume. Preferably, the egg laying structure is
constructed and arranged such that a portion of the egg
laying structure is below the maximum liquid level in the
internal volume and a portion of the egg laying structure is
above the maximum liquid level. The egg laying structure is
preferably in the shape of a strip or paddle.

The egg laying structure should have a surface texture
which is suitable for female container breeding mosquitoes
to lay eggs on. Examples of such surface textures are rough
paper surfaces, such as velour paper.

The egg laying structure can be formed from any material
which is durable in an aqueous medium. Preferably, the
material selected should substantially retain its integrity in
an aqueous medium for at least about 1 week, preferably at
least about 1 month. If insecticide is applied directly to the
egg laying material, the egg laying material selected should
be compatible with the insecticide such that the insecticide
is easily transferred to container breeding mosquitoes when
they land on the egg laying structure. If the insecticide is
applied to an inside surface of the lethal mosquito breeding
container or is added to the aqueous liquid, the egg laying
structure should be formed of a material that is capable of
wicking or absorbing the insecticide from the aqueous
medium so that a surface of the egg laying structure becomes
lethal to female container breeding mosquitoes landing on
the surface.

The egg laying structure can be made from synthetic or
natural materials. Specific examples of suitable egg laying
structure materials include paper, textured plastic, cloth,
cotton, and wood. A preferred egg laying structure material
is cotton flocking.

The egg laying structure can rest unbound or be fastened
to a wall of the lethal mosquito breeding container.
Preferably, the egg laying structure is fastened using any
suitable means, such as adhesives, clips, staples, and the
like. To facilitate replacement of the egg laying structure, the
egg laying structure is preferably fastened using a clip, such
as a paper clip. While not preferred, the egg laying structure
can be integrally formed in a wall of the lethal mosquito
breeding container. For example, as shown in FIG. 3 paper
can be used as the wall material 14. The paper can be made
to have a smooth surface for most of the wall, and a lesser
portion of the paper can be made to have a rough surface 16
which is suitable for egg laying by female container breed-
ing mosquitoes. The insecticide can be absorbed into the
portion of the paper wall having a rough surface.

The egg laying structure can be made suitable as a place
for mosquitoes to land for drinking the aqueous liquid. In
this manner, mosquitoes can be killed by both drinking the
water and by contacting a surface of the egg laying structure.

The lethal mosquito breeding container comprises at least
one insecticide in an amount suitable for killing female
container breeding mosquitoes that land on the egg laying
structure. The insecticide can be applied directly to the egg
laying structure or to a surface in the internal volume which
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will contact the aqueous liquid contained therein during use.
Preferably, the insecticide is applied directly to the egg
laying structure. If the insecticide is applied to a surface in
the internal volume which will contact the aqueous medium,
the egg laying structure material and insecticide should be
selected such that the insecticide absorbs into or onto a
surface of the egg laying structure from the aqueous medium
in an amount that can kill female container breeding mos-
quitoes when they land on the egg laying structure. Based on
the disclosure provided herein, one skilled in the art will
easily be able to determine the amount and type of insecti-
cide and egg laying structure material to provide an egg
laying structure which is lethal to female container breeding
mosquitoes when they contact the egg laying structure.
Preferably, the insecticide is present in an amount that can
kill container breeding mosquito larvae present in the aque-
ous medium.

Any insecticide suitable for killing container breeding
mosquitoes can be utilized. Examples of preferred insecti-
cides include carbamates and pyrethroids as the active
ingredient. More preferably, the insecticide comprises a
pyrethroid. Examples of preferred pyrethroids include
deltamethrin, cyfluthrin, cypermethrin, and lambda-
cyhalothrin. Deltamethrin has been found to be the most
preferred active ingredient for use in the insecticide. While
not preferred, an acutely toxic insecticide can be utilized,
such as methyl parathion. Suitable amounts of pyrethroids
have been found to be from about 0.1 to about 10 mg,
preferably about 0.5 to about 1 mg, per 1 inch by 43 inch
velour paper paddle, for a lethal mosquito breeding con-
tainer having an internal volume of about 1 pint. In general,
the amount of insecticide necessary to kill container breed-
ing females will depend on the size of lethal mosquito
breeding container, the type of insecticide utilized, and
where the insecticide is placed in the lethal mosquito breed-
ing container. Based on the disclosure provided herein, one
skilled in the art will easily be able to determine an amount
of the selected insecticide that is suitable for killing con-
tainer breeding females in the desired lethal breeding con-
tainer. The insecticide can be formulated in any suitable
manner, such as from emulsifiable concentrates, wettable
powders, and micro-encapsulations.

Since the lethal mosquito breeding container is designed
to be utilized close to human populations, preferably the
amount of insecticide is at or below the environmentally safe
amount for the selected insecticide as defined by the U.S.
Environmental Protection Agency. If there is no U.S. gov-
ernment standard for the insecticide selected, preferably, the
amount of insecticide utilized is not toxic to children.
Remarkably, it has been found when about 1 mg of delta-
methrin is utilized on an egg laying structure in a lethal
mosquito breeding container having an internal volume of
about 1 pint, 10 egg laying structures along with 10 pints of
the insecticide contaminated water can be consumed per day
by a 20 pound child without having any effect.

The lethal mosquito breeding container has the advantage
of being substantially self sustaining without significant
human effort. For example, once an aqueous liquid, such as
water, is initially added to the lethal mosquito breeding
container during setup in the field, the level of liquid in the
lethal mosquito breeding container can be maintained by
rain water flowing into the entrance opening if it is facing
substantially skyward and the container is outside in the
field. If the lethal mosquito breeding container is used
indoors or under a covering, the liquid level may have to be
maintained by human effort. Furthermore, it has been found
that some insecticides can remain effective for periods of at
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