wo 2013/123146 A2 |11 0FO0 00O R O A O A

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2013/123146 A2

22 August 2013 (22.08.2013) WIPOIPCT
(51) International Patent Classification: (81) Designated States (uniess otherwise indicated, for every
AOIN 43/78 (2006.01) AOIN 43/30 (2006.01) kind of national protection available): AE, AG, AL, AM,
AOIN 37/36 (2006.01) AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
21) Int tional Application Number: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
(21) International Application Number: PCTIUSI013/026076 DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
(22) International Filing Date: KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
14 February 2013 (14.02.2013) ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
- . NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,
(25) Filing Language: English RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,
(26) Publication Language: English ™, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
M, ZW.
(30) Priority Data:
61/598.475 14 February 2012 (14022012) Us (84) Designated States (unless otherwise indicated, fO}" every
’ kind of regional protection available): ARIPO (BW, GH,
(71) Applicant: VALENT BIOSCIENCES CORPORATION GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
[US/US]; 870 Technology Way, Libertyville, IL 60048 UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
(US). TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
(72) Tnventors: JEFFRIES, David; 8815 Regnier Road, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
] MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
Hebron, IL 60034 (US). BRANSCOME, Deanna; 946
Carriage St., Lake Villa, IL 60046 (US) TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
? ? ’ ML, MR, NE, SN, TD, TG).
(74) Agents: KATZ, Martin, L: et al.; Wood, Phillips, Katz, Published:

Clark & Mortimer, 500 West Madison Street, Suite 1130,
Chicago, IL 60661 (US).

without international search report and to be republished
upon receipt of that report (Rule 48.2(g))

(54) Title: CLOTHIANIDIN, METOFLUTHRIN, AND PIPERONYL BUTOXIDE MIXTURE FOR BED BUG CONTROL

(57) Abstract: The invention relates to a mixture comprising ciothianidin, metofliithrin, and piperonyl butoxide which provides su-
perior insect knockdown and mortality rates, and is especially effective against bed bugs. This mixture of actives may be formulated
with adjuvants, such as solvents, anti-caking agents, stabilizers, defoamers, slip agents, humectants, dispersants, wetting, agents,
thickening agents, emulsifiers, and/or preservatives which increase the activity of the mixture. Mixtures of the present invention have
long lasting residual control.



WO 2013/123146 PCT/US2013/026076

CLOTHIANIDIN, METOFLUTHRIN, AND PIPERONYL BUTOXIBE
MIXTURE FOR BED BUG CONTROL

FIELD OF THE INVENTION

{0081} The present invention is directed to 2 combination of clothianidin,
metofluthrin, and piperonyl butoxide that provides superior insect knockdown and
mortality rates, and is especially effective against bed bugs, This mixture of actives may
be formulated with adjuvants, such as solvents, anti-caking agents, stabilizers, defoamers,
slip agents, humectants, dispersants, wetting agents, thickening agents, emulsifiers,

and/or preservatives which increase the long lasting activity of the actives.

BACKGROUND OF THE INVENTION

{6002} The present mixture is generally divected to a safe and significantly more
etfective treatment for insect control. Additionally, the present mixture provides quick

knockdown of insecis, a high mortality rate, and long-lasting residual control.

10003} Synanthropic insect infestations are a persistent problem. Many insects
are difficult to detect until the population is very large and poses a significant threat to
human health and welfave. Bed buogs (Cimex lectularius) are under investigation as
biolegical and mechanical vectors of human disease and there have been documented

cases of them carrying antibiotic resistant Staphylococcus aureus.

[3004] Bed bugs are difficuit to detect because they are small, cryptic pests and
are usually nocturnal, Currently, there are a limited number of means for capturing and
containing bed bugs. Often, use of insecticides is the only way to thoroughly treat an

enviromment and provide effective, long-lasting control.

REEERY However, the insecticides currently registered are often reported tfo
provide inadequate residual control of bed bngs. Residual control is in reference to
control, mitigation and/or prevention of infestations afler the date of intial treatment.
Troe residoal control provides protection against re-infestation for at least, if not

exceeding, 30 days after treatment. Applicants’ mixture surprisingly provided improved
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residual efficacy against pyrethroid resistant, pyrethroid susceptible, and wild-type, field

strain bed bugs.

{006} True residual contrel is difficult to achieve with currently registered
insecticides due to resistance found amongst bed bug populations. Bed bug resistance to
synthetic pyrethroids has been thoroughly docomented in populations of bugs obtained
from field sites. Therefore, efforts o enact bed bug control measures using traditional
and available insecticides are often ineffective due to the inherent resistance profiles
encountered by pest management professionals (PMPsy and consumers of household

nsecticides,

{8007} Resistance is a complex phenomenon arising from exposure to the same or
similar insecticide class over a period of nunltiple fnsect generations. Resistance develops
due to extinction of susceptible individuals within the population and swrvival with
subsequent reproduction of individuals who are inherently “immuns” to the effects of the
insecticide. Resistance can be due to multiple factors to include target sile mutations,
selection of detoxification enzymes and decreased cuticular peneiration. Resistance may
arise in nafve populations that have been previously identified as insecticide susceptible
or those which have been exposed to insecticides of another or similar class or mode of
action. Cross resistagee can occur and in addition to physiological resistance, behavioral
resistance mechaniams may also be present. The end result of current control measures is
that available insecticides are often inadeguate to provide the mortality rates necessary to
completely eliminate or collapse thew insect population. As the Environmental Protection
Agency (“FPA”) has determined that pyrethroid-resistant colonies pose a significant
homan health risk, there is a need in the art for a safe and effective insect control

formulation that provides superior bed bug conirol.

SUMMARY QF THE INVENTION

{6008} Applicants have discovered a mixture that provides improved insect
control, Applicants’ mixture controls pyrethroid-resistant, pyrethroid susceptible, and
wild-type, field strain bed bugs. The mixture kills bed bugs of all life stages, and

importanily, provides long lasting residual control.

o
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[0009] In one gspect, the present invention is directed to a mixture comprising
clothianidin, metofluthrin, and piperonyl butoxide, that can optionally be formulated with
adjuvants, such as solvents, anti-caking agents, stabilizers, defoamers, slip agents,

hwmectants, dispersants, wetting agents, thickening agents, emulsifiers, and preservatives.

106010} In another aspect, the present invention is directed to a formulation
comprising clothianidin, metofluthrin, and piperonyl butoxide, with adjuvants such as

solvents, wetting agents, emulsifiers, anticaking agents,

b

defoamers, thickening agents,

and preservatives.

{80611} In a further aspect, the present invention is divected to methods of
controlling imsects by applying the mixture formulated with adjuvants to an environment,
For example, the formulated mixture can be spraved or brushed onto a surface that is

wfested, or could be infested, with insects.

100612} Finally, the present invention is directed to g mixture and methods of

using the mixture to safely provide improved residual bed bug countrol.

DETAILED DESCRIPTION OF THE INVENTION

{06013] The present invention is directed o a mixture of clothianidin,
metollothrin, and piperonyl butoxide (“PBO”) that works with adjuvants to quickly

knockdown and kill insects during all life stages,

[60014] Clothianidin {(E)-1-(2~chloro-1,3-thiazol-5~-vimethy)-3-methyl-2-
nitroguanidine) (available from Sumitome Chemical Co., Tokyo, JP) is a member of the
nifroguanidine subgroup of nicotinoid insecticides.  Clothianidin attacks the central
nervous system of insects and the EPA considers clothianidin less harmful to humans,
mammals and aqgoatic animale than organophophate and  carbamate Insecticide
alternatives. Clothianidin has traditionally been used as a seed treatment to protect seeds

from damage caused by chewing and sucking insects.

{66015] Metofluthrin (available from Sumitomo Chemical Co., Tokye, JP} i3 fast-

acting pyrethroid that is also vapor-active. Metofluthrin can penetrate an insect’s

42
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exoskeleton via uptake through the spiracles and possibly by transport through dermal
pores, along wax cansls or through other mechanisms not yet known.,  Metofluthrin
_causes paralysis by attacking the insect’s central nervous system.  Metofluthein has

historivally been used for mosauito knockdown and repellency.

{0816} PBO {available from Endura SPA, Bologna, IT) prevents insects from
recovering from pyrethroid exposure by inhibition of metabolizing enzymes. Thus, PBO
increases the effectiveness and toxicity of metofluthrin, However, PBO demonstrates

fittle or no insecticidal effects it applied alone.

{80817} Mixtures of the present invention can generally contain a rstio of
clothisnidin : metofluthrin : PRO that is from 12 0.001 1 0.25 80 20 0.4 1 40. Preferably,

this ratio is from 10:0.25: 2.5 10 10 0.4 : 40, Most preferably, thisratio is4 (0.1 1 10

{BUB18] Formulations of the present invention generally comprise clothianidin,
metofluthein, PRO, and may contain adjovanis, such as solvents, anti-caling agents,
stabilizers, defoamers, slip agents, humectants, dispersants, wetling agenots, thickening
agents, enmisifiers, and preservatives which increase the long lasting activity of the
actives. Other components that enhance the biological activity of these ingredients may

optionally be inchded.

{Ga019] Formulations of the presemt invention preferably contain from about 0.001
to 12 % weight clothianidin, More preferred i3 a formulation that contains from about 2
to 12 % weight clothiantdin, Presently, clothianidin is most preferred at about 4.8 %

weight of the formulatien.

[aGazH] Formmulations of the present invention preferably comtain from about
0.0001 to 10 % weight metofhuthrin, More preferred is a formulation that contains from
ghout 0.01 to 0,12 % weight metofluthrin, Presently, metofluthrin is most prefered at

about 0.10 % weight of the formulation.

{80021} Formulations of the present invention preferably contain from about (.001
1o 25 % weight PRO. Maore preferred is a formulation that contains frown about | e 20 %

weight PRO. Prosently, PBO is wost preferred at about 10.0 % by weight.

o
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{08223 Formulations of the present invention can contain a solvent. Examples of
selvents include water, glycerol, and propylene glyeol. The preferred total amount of the

selvent is from about 75 to 90 % weight of the formulation.

100823} Formulations of the present invention can contain an anti-caking ageut,
An example of an anti-caking agent is hydrophilic fumed silica. The preferred total

amount of the anti~caking agent i3 about 0.5 to 2.0 % weight of the formulation.

00024} Formulations of the present invention can contain a dispersion stabtlizer.

Examples of dispersion stabilizers include polyvinyl aleohol and polyvinyl pyrrolidone.
I p POyvany POIyvIny:

The preferred total amount of the dispersion stabilizer is about 0.05 to 0.15 %% weight of

the formulation.

180023} Formulations of the present invention can countain a defoamer. Hxamples
of defoamers include silicone emulsions. The preferred amount of the defoamer is abowt

0,005 to 0.15 % weight of the formulation.

(80626} Formulations of the present invention can contain a slip agent. One

example of a slip agent is camauba wax emulsion. The preferred total amount of the slip

agent is about (.10 to 0.30 % weight of the formulation,

108027] Formulations of the present invention can comtain a humectant, One
example of a humectant is sorbitol. The preferred total amount of the humectant is about

0.25 10 0.5 % weight of the formulation.

{60028} Formulations of the present invention can contain a dispersant. Acrylic
graft copolymers are a type of dispersant. The preferred total amount of the dispersant is

about (1.1 to 0.25 % weight of the formulation.

130629 Formulations of the present invention can contain a weiting agent.
Examples of wetting agents include {ristyriphenol phosphates and polyatkoxylated butyl
ether. The preferred total amount of the weiting agent iz about 0.050 to 3.0 % weight of

the formuiation.

i 4



WO 2013/123146 PCT/US2013/026076

{80038} Formulations of the present invention can contain 3 thickening agent.
Xanthan gum, bentonite, and colloidal magnesivm aluminum silicate are examples of
thickening agents. The preferred total amount of the thickening agent is about 0.15 to

0.25 % weight of the formulation.

{80631} Formulations of the present invention can contain an  emulsifist
Examples of emulsifiers inchude tristyrylphenol-polyglyenlether and henzenesulfonic
acid salts. The preferred amount of the total emulsifier 1s about 0.25 to0 3.5 % weight of

the fornalation,

800321 Formulations of the present invention can contain a preservative,
Examples of preservatives include isothiazolin-3-one preservative solutions. The

preferred amount of the preservative is about 0.06 to 0.15 % weight of the formulation.

{60633} Forruulations of the present invention may be further diluted for use.
86834} Applicants  surprisingly  discovered that a wmuxture of clothianidin,

metofluthrin, and PBO allowsed for a significantly improved insecticide that could be
nsed safely in residential and commercials buildings. Applicants swrprisingly discovered
that this mixture when formulated was especially effective in killing bed bugs during all
iife stages: epgs, nymphs and adults. Further, Applicants surprisingly found that the
mixture of clothisnidin, metofluthein, and PBO worked against those insects that had
been identified as having a pyrethroid resistance ratio of several hundred o several
thousand times that of susceptible insects. The efficacy wés most pronounced when
quantitatively examined during resideal contact activity.  Additionally, insects
succummbed to the effects of the formulated mixture after only a brief duration of exposure
{5 min). Typically, exposures t insecticides will ocour for longer tham § muimites.
Applicants also surprisingly discovered that the insects are not repelied by the formulated
mixture and will remain in contact with treated surfaces, thus maximizing potential

uptake of the insecticide by the insects.

[B0035] Applicants surprisingly discovered that the mixture when formulated has

many additional benefits besides being effective for insect conirol. For example, the

&
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formulation does not stain upholstery or fabrics and does not leave a visible residue.
Because insects, and especially bed bugs, typically can be found on upholstered materials
and on matiresses, it is important that the insect control forrmoulation does not permanently
damage the owner’s belongings. Also, the formulation has a very low detectable odor
following application. This reduces the inconvenience of waiting a long time before re~
entering a space following treatment. These characteristics are desirable because without

them, the product would not be suitable for residential or commercial use.

{60836} Applicants also surprisingly found that the mixiure provided residaal
control for at least four weeks. This characteristic of the mixture reduces the frequency
of treatments which provides increased cost savings and minimizes the inconveniences of

frequent treatments.

{80437} Further, Applicants found that the mixture allowed for quick knockdown
of the insects, Knockdown is the stage that proceeds death and is characterized by an
msect’s inability to right itself when on its dorsum or make coordinated forward
movements. Because clothianidin and metofluthrin work on the insects” central nervous
system, they immobilize and/or severely inhibit normal activity of the insects within
minutes. Previously, insects treated with formulations of the prior art would continue io
be mobile for up to a day or longer following contact with the formulation. Delaved
knockdown allows for the insects to continue to bite, breed, and move to new locations
prior to onset of noticeable effects. Tt glso gives the appearance of ineffective insecticidal

qualities and increases the time until homan re~-inhabitation and clean up can oceur.

[0038] Another ermnbodiment of the present invention is methods of using the
formulations of the present invention for insect control. A preferred method of applying
the formulations of the present invention is by spraying, brushing, or other application
which distribuies the Hquid product to the environment in need of treatment. Presently,
the most preferred methods of application are by spraying or brashing an effective

amouont of the formulation onto a surface.

06391 The mixture of the present invention can be applied to any environment in

need of imsect control. The environment in need of insect control may include any area
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that s desired to be free of insect infestation.  For example, the formulation can be
applied 10 an environment such as residential or commercial buildings, ncluding single
family dwellings, hotels, daycares, litwaries, multi-family residences, jails, hostels, wash

rooms, hallways, including hotels, and hospitals, or ransportation velucles.

600491 The disclosed embodiments are simply exemplary embodiments of the
inventive concepts disclosed herein and should not be considered as limiting, unless the

claims expressly state otherwise,

[pG041] As used herein, all numerical valoes relating to amounts, weight
percentages and the Hke are defined as “about™ or “approximately”™ each particular value,
namely, plus or minus 10 %. For example, the phrase “at least § % by weight” is to be
understood as “at least 4.5 % 1o 5.5 % by weight” Therefors, amounty within 10 % of

the claimed values are encompassed by the scape of the claims.

{B00423] The term “effective amount” means the amount of the formulation that
will kill the insect, The "effective amount” will vary depending un the formulation
conceniration, the type of inseci(s) being freated, the severity of the insect infestation, the
result desired, and the lfe stage of the insects during treatrest, among other factors.
Thus, it is not always possible to specify an exact "effective amount.” However, an
appropriate "effective armnount” in any individual case may be determuived by one of

ordinary skiil in the art,

{00043] The present invention includes concentrated fornulations that can be
easily prepared and then sold and distributed to an end user. Utilizing high
concentrations for shipping and handling allows the use of smaller volumes of solvent,
thus simplifying shipping and handling procedures and decreasing costs. The end user
can apply formulations of the presemt invention to environments by diluting the
formulation to a desired concentration prior {6 application of the fermulation o an
environruent, Alternatively, the diluted solution could be prepared and provided o the

end-user for application (0 an environment.
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{80044} Examples of representative packaging formats include ready-to-use
packages such as concentrates; non-pressurized containers such as lignids and gels;
aerosols and various solid forms such as dusts, powders and granules. Examples of
controlled-release formulations include paints, glue boards, baits, bait stations, blocks,

pellets, time-release membranes, traps and strips.

100645] The following examples are intended to illustrate the present invention and
to teach one of ordinary skill in the art how to use the formulations of the invention.

They are not intended to be limiting in any way.
EXAMPLES
Example 1

A Formulation of Clothianidin, Metefluthuin, and Piperonyl Butoxide Was Prepared

{B6046] First, a clothianidin premix was prepared by agilating clothianidin with
water, polyvinyl alcohol, glycerol, sorbitol solution, a surfactant. tristyrylphenol
phosphate, tetramethyl decyne diol, xanthan gum, camauba wax ecmulsion, an
isothiazolin-3-one preservative, and a defoamer. The clothianidin premix then passed
through a bead mill to produce a finished base with a median particle size of <5 microns.
A metothuthrin premix was prepared by charging propylene glycol in a stainless steel
vessel and then adding metofluthrin, dodecyl benzene sulphonate salt, and
tristyryiphenol-polyvglycolether. {nce the metofluthrin premix was homogeneous, water

was added followed by a preservative.

{00471 Following preparation of the clothianidin premix and the metofluthiin
premix, the final formulation was mixed. First, the clothianidin premix was charged in a
stainless steel vessel. Then, the following ingredients were added i the following orden:
PR(; xanthan gum premixed with water; hydrophilic fumed silica with agitation; the
metofluthrin premix; and finally an isothiazoline-3-one preservative. The formulation
was then mixed until homogeneous and stored until use. The formmulation can be diluted

to an appropriate amount prior to use,
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Example 2

{60045] A bigassay was performed to determing the repellency of the Formulation
of Example 1 to bed bugs. Tent-like harborages were made by folding 4 cm x 2.5 om
pteces of cardstock lengthwise. The harborages were treated with the Fornmlation of
Example 1, detonized water, or no treatment. Treated harborages were allowed to dry for
72 honars and then the harborages were placed in Petri dishes (150 x 25 mm), and then the

Petri dishes were placed in clear Pyrex dishes.

{60649} Twenty-two adult bed bugs, ¥ males and % females, were placed in each
freatment dish for § rinutes to determine which harborage was the most attractive to the
bed bugs. The following binassays were completed: the Formulation of Example | and
no treatment; and delondzed water and no treatment. Using Chi~square analysis with 5AS

software v. 9.2, the following results were determined.

[O0G54] The bedbugs were marginally atiracted to the Formulation of Example |
compared 1o the unireated and delonized water controls {p = 0.0881). Therefore, it has
heen found that the Formulation of Example 1 is nonerepellant.  This resull was
pnexpected because the Formulation of Hxample 1 contains metofluthrin, a known insect
repellant, This surprising result means that bed bugs will not be repelled and relocate 1o
an umiregted environment when exposed to the Formulation of Example 1. Therefore, the

Formulation of Exaraple 1 is an improvement over prior art insecticides that repel inseets,

Example 3

{60051 Ancther bicassay was performed to determine the knockdown and
mortality rates of bed bugs exposed to the residual of the Formulation of Example 1.
Two bed bug strains were used; Jersey City-strain which is known 0 have 1000-fold
resistance to delfamethrin, and Winston Saleme-sirain which i3 known to have a 500-fold
resistance level to dellamethrin {a commonly used pyrethrotd). In this bicassay, the
Formulation of Example 1 was compared to a water control. Al tests were done n 4

replicates (40 insects fotal per reatment).

10
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[80452] Unpainted wood was cut into 6 inch square panels and a DeVries spray
booth was used to deliver 1 ml of test substance in an even spray that provided
approximately 1 gal/1000 sq. £ delivery rate. A cone-jet nozzle was used approximately
12 inches directly above the wood panels. The panels were allowed to dvy and then aged
indoors for 1 day to 34 days in a climate controlled enviromment with temperatures

ranging from approximately 65 to 72 degrees Fahrenheit.

{00053} Insects were fed a blood meal the day prior to testing. The inner walls of
Petry dishes were treated with Fluon to prevent the insects from attaching to the sides of

the dishes during treatment.

{06854 On the day of testing, 10 mixed~sex insects were placed in each Petrd dish.
The bed bugs were separated with tweerers and observed to be healthy and active hefore
treatments.  The Petri dishes were inverted onto the treated surface and gentle tapping
was sometimes used to dislodge the insects from the dishes. After § mimutes, the insects
were returned to containers for knockdown and mortality observations. Observations

were taken until untreated control mortality reached 10 percent.

HHTEIRRY For Jewrsey City-sirain bed bugs at the | Day residual testing, the
Formulation of Example 1 provided KTs; of less than 10 minutes; KTgy of less than 20
minutes: and 100 percent mortality by 24 hours. For the 34 Day residnal testing, the
Formulation of Hxample 1 provided KTs of 15,3 minutes; KTg of 1.4 hours; and 100
percent mortality by 3 days post treatment.  Therefore, it was determined that the
Formulation of Example 1 provided residual kill efficacy against pyrethroid-resistant

Jersey City-strain bed bugs.

[06056] For the Winston Salem-strain bed bugs at the 1 Day residual {esting, the
Formulation of Example 1 provided KTsp of less 35 min; Koy of less than 2 days; and
L0 percent mortality by three days post treatment. For the 30 Day residual testing, the
Formulation of Example 1 provided XTs¢0f 1.6 hours; KTy of 1.4 days: and 100 percent
mortality by 4 davs post treatment. Therefore, it was determined that the Fornmlation of
Example 1 provided residual kill efficacy against pyrethroid-resistant Winston Salem-

strain bed bugs.

i
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LHEL ¥ This bioassay was performed to determine the knockdown and maortality
rates of bed bugs directly exposed to the Formulation of Example 1. Two bed bug strains
were used; Jersey City-strain, and Winston Salemestrain.  In this bioassay, the
Formalation of Fxample 1 was compared o a waler control.  All tests where done in 4

replicates (40 insects per treatment}.

[BGH58] Ten mixed-sex bed bugs were placed inte 8 ounce Fluon coated cups. Oue

mit of the liquid formulation was applied using a compressed-air sprayer by holding the

nozzle approximately 12 inches away from the bed bugs. Treated bugs were observed for
ko]

knockdown at 15, 30, 45, and 60 seconds and 2, 3, 4, and 5 winutes after application.

After 5 minutes, the bed bugs were transferred to clean containers.

HEHIRSY For Jersey City-strain bed bugs, the Foromlation of Exanple | provided
KTsgof 13 seconds; KTy of 1.4 minutes; and 100 percent mortality by 24 hours post
trzatment. Therefore, it has been determined that the Formudation of Example 1 provided

direct contact kil efficacy apainst pyrethroid-resistant Jersey City-strain bed bugs.
¥ ag 2 g

{30681 For the Winston Salem-strain bed bugs, the Formulgtion of Example 1
provided K Tspaf 57 seconds; KTy of 2.9 minutes; and 100 percent mortality by 24 hows
post treatment, Therefore, it has been defermined that the Formulation of Example |
provided direct contact kill efficacy against pyrethroid-resistant Winston Salem-sirain

bed bugs.

10861} The Formulation of Example 1 was tested 1o determine its kill efficacy
following direct application to bed bug eggs. Two bed bug strains were used; Hadan-

strain and Winston Saleme-sirain,

{00062} Ten bed bug eges were placed into 8 ounce Fluon coated cups. One mil of
the Hquid formulation was spplied using a compressed-air sprayer by holding the nozzle

approximately 12 inches away from the bed bug eggs. After § minutes, the eggs were

t2
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transferred io clean containers. The control eggs were treated in the same way except
they were sprayed with water. Treated eggs were kept in an incobator at 23-3R degrees
Celstus and 25-70 percent relative lnunidity. The eggs were checked daily until the hatch
rate in unireated conirols reached 90 percent. Each test was done in 4 replicates (40 total

eggs per treatment).

000663} For Harlan-strain and Winston Salem-strain bed bug eggs exposed to the
Formulation of Example 1, there were no hatchings and a 100 % Iall rate. The Harlan-
strain water control reached a 92.5 % hateh rate at 6 days post treatment and the Winston
Salem-stramm water control reached a 90 9% hatch rate at 9 days. Therefore, 1t has been
determined that the Formulation of Example 1 is an effective bed bug egg control
treatment,

Example 6

B804 This bicassay was also performed to determine the mortality rates of bed
bugs directly exposed to the Formulation of Example 1. Two bed bug stains were used; a
“Susceptible” strain; and a “Frank 17 wild type strain. “Frank 17 is known to be highly
pyrethroid-resistant. There were four replicates for each substance with 10 bed bugs
being tested in each replication (total of 40 bed bugs exposed to cach substance). In this

bicassay, the Formulation of Example 1 was compared to a water control.

{60065] The iosects were immobilized and transferred into 1.75 inch diameter
CPVC cartridges that were ¥ inch thick. The cartridges were covered with BioQuip
7250NSW mesh that was secured in place. Once all of the insects were confumed alive
and mobile, the treatment began. For the water control and Formulation of Example 1
treatments, the spray applicator was placed approximately 12 inches from the cartridges

and sprayed at a rate of approximately 1 gal/1000 square feet,

180066} One howr following treatment, the insecis were transferred to clean Peiri
Dishies each containing one 1 inch x 1 inch cardboard harborage.  Two drops of water

were placed on the cardboard harborages to provide homidity. The insects were observed
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at 30 minutes, 1, 2, 4, and 24 hours, and each day post freatment for up to six days. The
: ? ke 2 L. K »

observed mortality rates are summarized below in Tahle 1,

14
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Table 1. Average % Mortality of Bed Bugs When Exposed to Direet Spray

Strain Treatment 30min | 1bhr {2y {4dhr 24hr | 2DAT | 3DAT | 4 DAT 5 DAT [ 86 DAT

Susceptible Water ¢ ¢ 0 3 3 3 8 10 1B NA
control

Sasceptible | Form. of 83 186 | 83 ¥ |88 90 98 1686 160 NA
Ex. &

Frank 1 Water ¢ it 0 0 0 0 it 0 0 L
control

Frank { Form. of 78 B8 8¢ B3 173 78 98 98 98 100
Ex i

{80067} Six days afler treatment, the Formulation of Hxample 1 had 100 %

mortality on both strains of bed bugs. Therefore, it has been shown that the Formulation

of Example 1 is effective against “Susceptible” strain and “Frank 17 wild type strain bed

bugs.
Exaraple 7
{(8068] A bicassay was performed to determine the knockdown and mortality

rates of bed bugs exposed to the residual of mixtures of clothianidin, metofluthrin, and
PBO, Two bed bug {Cimex lectularius) strains were used; Harlan-strain which is
suscepiible to pyrethroids, and Winston Salem-strain which is known to have a 300-fold
resistance level to deltamethrin. In this bipassay, & mixture of clothianidin, metofluthrin,
and PBO with fumed silica was compared to combinations of clothianidin and

metofluthrin, clothianidin and PBQO, and clothianidin.

{8691 Unpainted wood was cut inte 6 inch square panels and a DeVries spray
booth was used to deliver 1 ml of fest substance in an even spray that provided
approximately 1 gal/1000 sq. fi. delivery rate. A cone jet nozzle was used approximately
12 inches directly above the wood panels. The panels were allowed to dry and then aged
indoors in a clhimate controlled environment with temperatures ranging from
approximately 63 to 72 degrees Fahrenheit. All tests were done in 4 replicates {40 total

insects per treatment).

oy
LA
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{00761 Insects were fed a blood meal the day prior o testing. The inner walls of
Petri dishes were treated with Fluon fo prevent the insects from attaching o the sides of

the dishes during treatment,

{B0071 On the day of testing, 10 insects were placed in cach Petri dish. The bed
bugs were separated with tweezers and observed to be healthy and active before
treatments.  The Petrt dishes were inverted onto the treated swrface and gentle tapping
was sometirnes used to dislodge the insects from the dishes. After 5 minutes, the insects

were retumned to containers for mortahitv/morbidity and knockdown observations.

Muoriality and Morbidity Results

808721 Insects were congsidered moritbund when they were knocked down and
unable 1o right themselves when probed. Insects were considered dead when they had no
body movement., Unitreated controls were handled in the same manner except that they

were expased to water treated wood panels.

{80673} Insects were exposed to the wood panels on day 1 and day 30, Mortality
and morbidity observations were taken unti] the untrested control mortality reached less
than 10 percent {day 7 following exposuwre). Table 2 below provides the observed

mortality and morbidity rates.

Table 2, Residus! Efficacy at Day 1 on Winston-Salem-sirain

¥ Mortality % Morbidity % Mortality + Morbidity
Treatment Tday | Zday | 3day | lday | 2day | 3day |1 day 2 day 3 day
Water control & g & 0 O 0 0 8 G
.4 % Cloth. + 0.81 | 83 83 108 13 s ] 96 48 166
S meto. + 1.4 %
P8O
0.4 % Cloth. + 801 {75 &5 {30 15 13 ¢ G0 98 100
%% meto.
G4 % Cloth, + 1.8 &5 &3 130 iG 13 & 83 100 146
% PBRO
0.4 % Cloth, &0 a4 87.5 i8 I3 12.5 78 78 1490
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During the day 1 evaluation, all of the treatments on Harlan-strain bed

bugs provided 100 % mortality at I-day post treatment. As seen above in Table 1, the

mixture of clothianidin, metofluthrin, and PBO provided improved mortality and

maorbidity rates when applied to Winston Salem-strain bed bugs.

166075]

panels; the mortality and morbidity rates are below in Table 3.

Tabile 3. Residual Efficacy at Day 30

Approximately 30 days later, bed bugs were again exposed to the woad

Strain 9 Mortality/®% Morbidity (Days afler Treatment - DAT)
e 1 2 3 4 5 & 7
Ireatment
Harlan Water /0 070 0/ C 0/0 00 /0 3/3
conirol
Harlan 8.4 % 20/80 55/4% 196/6 A | NA NA MNA NA
Cloth, +
0.01 %
meto, + 1.0
% PBO
Harlan 0.4 % 20/80 48/33 100/0 A | NA NA N& NA
Cloth. +
0.01 %
meto.
Harlan 0.4 % 15/73 48/48 93/87 A | 100/0 NA NA KA
Cloth, +
1.0 % PRO
Harlan 0.4 9% 23/78 68733 160/0 A | NA NA Na NA
Cloth,
Winston~ | Water 00 /0 06 00 {80 543 8/3C
Salem control
Winston- | 8.4 % 13778 4G/38 63/28 73/18 80/13 90/8 93/8A
Salem Clath. +
.81 %
raeto, + 1.8
¥ PBO
Winston~ | 0.4 % 853 18/43 35/33 35733 43/28 S5/15 &3/13 AB
Salem Cloth, +
.01 %
neto,
Winston- | 0.4 % 5/38 15/33 44/15 53/8 210 80/18 63/8 AR
Salem Cloth, +
1.8 % PBOG
Winston- | .4 % 104/33 20/2% 43/18 33/10 6378 7043 70/5 AB
Rafem Cloth.

* The different letters in the same coluwmn are significantly different (P<0.05) for the same species when

mortality and morbidity rates are added.
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100 % mortality within 4 days.

PCT/US2013/026076

When applied to the Harlan-strain bed bugs, all of the treatments provided

The mixture of clothianidin, metofluthrin, and PRO

provided mortality or morbidity in 100 % of bed bugs on Day 1, and 100 % mortality by

Day 3.

{00077

When applied to the Winston Salem-strain bed bugs, the mixture of

clothianidin, metofluthrin, and PRO was the only reatment which provided a surprising

100 % mortality and morbidity rate by 7 DAT. Applicants surprisingly discovered that

the mixture of clothianidin, metofluthrin, and PBO provides high morbidity and mortality

rates on pyrethroid-resistant and wild-type bed bug stramns.

Knockdown Resulis

96078

The bed bugs were observed and recordings were taken at 10, 20, 30, 60

and 240 minutes following exposure to the wood panels. Table 4 provides the percentage

of bed buge from all 4 replicates (40 total insects per treatment) that were knocked down

10 and 240 minutes afier exposure to the wood panels,

Table 4. Knockdown at Day 1 and Day 36

Strain Treatment Day t @ 10 Day 1 @ 240 fray 30 @ 16 Dray 30 @ 240 min
annies HUnUILS mingtes
Harlan Water condrol & g 3] 0
Harlgn 8.4 % Cleth. + | 78 1806 6.3 166
$.81 % wmetn, +
1.4 % PRO
Harlan (4% Cloth. + | 68 160 38 93
.01 % meto.
Harlan 8.4 % Cloth. + 35 g8 30 SR
1.0 % PBRO
Hartan 9.4 9% Cloth, 48 A) 20 85
Winston~ | Water control 0 { tH
Salem
Wigsion | 8.4 % Cloth. + | 23 8¢ ] 34
~Hhalem .81 % wmedo. +
1.8 % PBOG
Winston- | 8.4 % Cloth, + 13 63 & 28
Salem Q.01 % meto.
Winsten- | §4 % Cloth,+ | @ 63 Y 253
Saleny 1.0 % PBO
Winston- | 0.4 % Cloth, 0 56 3 28
Salem
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[06479] The mixture of clothianidin, metofluthrin, and PBO provided quick
knockdown of both strains of bed bugs. (ne day after the wood panels were treated, 75
% of Harlan-strain and 23 % of Winston-Salem-strain bedbugs were knocked down
within 10 minutes, Within four hours, 100 % of Harlan-strain and 80 % of Winston-

Salem strain bed bugs were knocked down,

HEEIN On the panels that were aged for 30 days, the mixture of clothianidin,
metofluthrin, and PBO continued to have high knockdown rates at 240 minutes. This
shows that the mixture of clothianidin, metoftuthrin, and PBO is effective as a residual

bed bug control.

8%
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CLAIMS

1. A pesticidal mixtore comprising an effective amount of clothianidin,

metoflnthrin, and piperony! butoxide.

2. The mixture of claim 1 wherein the ratio of clothianidin | metofluthrin »

piperonyl nnoxide is from 1.0 0.001 1 02510 20, 0.4 : 40,

3 The mixture of claim 1 wherein the ratio of clothianidin : metofiuthoin ¢

piperonyl botoxide s 4 0.1 10,

4. A raethod of insect control conprising administering to an environnent in

need of insect control an effective amount of the mixiure of claim 1.

5, The method of claim 4 wherein the environment is a residential or

commercial building or structure.

a, The method of claim 4 wherein the mixtwre is applied by spraying or

brushing a formulation containing said mixture onto a surface.

7. The method of claim 4 wherein the insects controlled are bed bugs.
8. The method of claim 4 wherein the mixtuwe provides residual insect
cotirol,

20
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