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A MIXTURE OF PYRETHROIDS AND MECTINS AND USES THEREOY
FIELD OF THE INVENTION
{661} The present invention is directed 10 a pesticidal mixture comprising one or more mectins
and one or more pyrethroids. The present invention is further directed 10 a method of controlling
pests comprising applying a mixture of the present invention to an area in need of pest control.
BACKGROUND OF THE INVENTION

{6682)  Arthropods, such as mosquitoes, are ofien a nuisance to humans and other animals.
Arthropods can also be vectors for diseases. Due to the puisance and public health issues,
humans sirive (0 control arthropod populations near their own environments. One way of
controlling arthropods is by using pyrethroids.
{6031 Pyrethroids are axonic excitotoxing which prevent the closure of the voltage-gated
sodium channels in the axonal membranes of arthropods. The toxins work by paralyzing the
OTgAniSHn.
{804} While pyrethroids are effective arthropod adulticides, a major preblem is that populations
of arthropods are developing resistance to them. Pyrethrotd resistance, caused either by specific
detoxification enzymes or an altered target site mechanism (knockdown resistance (KRR »-type
mutations in the sodium channels), has been reported on most continents in the majority of
medically importani mosquito species. f resistance continues to develop and spread at the
current rate, it may render such insecticides ineffective in thelr current form. Such a scenario
would have potentially devastating consequences in public health terms because there are as yet
no obvious alternatives to many of the pyrethroids.
[3058] Resistance i3 a complex phenomenon arising from exposure 1o the same or a similar

insecticide class over a period of multiple insect generations. Resistance develops due to
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extinction of susceptible individuals within the population and survival with subsequent
reproduction of individuals who are inherently “immune” to the cffeets of the insecticide.
Resistance can be due to multiple factors that include selection of target site mutations,
detoxification enzymes and decreased cuticular penetration. Resistance may arise in naive
populations that have been previously identified as insecticide susceptible or those that have
heen exposed to insecticides of another or similar class or mode of action. Cross resistance can
occur and, in addition to physiclogical resistance, behavioral resistance mechanisms may also be
present. The end result of resistance to curvent control measures 18 that available insecticides are
often inadequate to provide the mortality rates necessary o achieve sufficient levels of arthropod
conirel at envirommentally acceptable application rates. Because pyrethroid resistant insects pose
& significant human health risk, there is a ueed in the art for a safe and effective arthropod
insscticide.

{6061 Mectins are naturally ocourring 1é-mernbered macrocyclic lactone derivatives that are
generated as fermentation products of Sireptomyces avermitifis. Mecting exist in 4 specifie
homologs containing a mixture of a major component and a minor component. Synthetic
meciing include, but are not lmited fo, ivermectin, abamectin, selamectin, doramectin,
emamectin, lepimectin and eprinomectin. Natural mectins and synthetic derivatives thereof are
known to control helminths and insects.

{6871 One type of arthropod that is of major healih concern is mosquitoes. The three major
genera of mosquitoes which transmit diseases ave dnopheles, Culex and 4edes. Therefore, there
is a need to control mosquitoes to reduce diseass transmission.

{688} Drifferent insecticides can attack at different stage of the insects’ development. However,

it is the mosguito in the adolt stage that transmits viruses and parasiies which cause disease.
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Control of larval stages is a first line of defense for suppression of mosquito populations, but
without the capacity to control adult mosquitoes the ability to manage disease can be severely
compromised in many seftings.
[009] US Patent No. 9,826,742 is directed to pesticidal mixtures of a pyrethroid and fatty acids
ata 1:1:1 ratio of octanoie acid, nonanoic acid and decanoic acid. While this mixture is
successful in controlling 4. gemypti known to be resistant to pyrethroids alone, there is no
guarantee that 4. aegvpri will not become resistant to such mixtures in the future.
{016} Thus, there is a need in the art for further pesticidal mixtures that are effective on
pyrethroid resistant and pyrethroid susceptible arthropods.

SUMMARY OF THE INVENTION
{3111 In oue aspect, the present invention is directed to a pesticidal mixture comprising one or
more mecting and one or more pyrethroids.
(8121 In a preferred aspect, the present invention is directed to a pesticidal mixture comprising
one or more mecting selected from the proup consisting of abamectin and ivermectin and one or
more pyrethreids selected from the group cousisting of fenpropathrin, permethrin and pyrethrum
and optionally, C8, 9, 10 fatty acids.
[013] In another aspect, the present invention is directed to a method of controlling a mosquito
comprising applying an effective amount of a mixture of the present invention 1o the mosquito or
an area in need of mosquito control.
0141 Iu another aspect, the present invention is directed to a method of controlling a mosquito
comprising applying sequentially or concurrently an effective amount of one or more mecting

selected from abamectin and ivermectin and an effective amount of one or more pyrethroids

")
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selected from fenpropathrin, permethrin and pyrethrum to the mosguite or an area in need of
mosquito control.

DETAILED DESCRIPTION OF THE INVENTION
{6151 Applicant discoverad that a mixtare of one or more mecting and one or more pyrethroids
is highly effective at controlling pests, especially mosguitoes. Application of the mixtures of the
present invention provide a high mortality rate to arthropods including strains that are known 1o
be resistant to pyrethreids or mectins alone.
[816] In one embodiment, the present invention is directed to a pesticidal mixtare comprising
one oy more pyrethroids and one or more ruecting,
{8171 Inapreferred embodiment, the present invention is directed fo a pesticidal mixture
comprising one or more mecting selected from the group consisting of abamectin and ivermectin
and one or more pyrethroids selected from the group consisting of fenpropathrin, permethrin and
pyrethrum and optionally, C8, 9, 10 fatty acids.

{118]  As used herein the term “mecting” inchides compounds of formula )

Hg

wherein:
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Ry is selected from the group consisting of a hydroxyl group and an imine, preferably an oxime,

i
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raore preferably a ketoxime and most preferably OH -

Rz and Ry are cach independently selected from the group consisting of a C2-C6 alkyl, alkenyl,
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(8391 In a preferred embodiment, the one or more mectins are selected from the group
consisting of those corpounds of Table {, below,
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{626} In another preferred embodiment, the one or more mectins are selected from the group
consisting of avermectin, abamectin including abamectin Bla and abamectin B1b, selamectin,
dormamectin, ivermectin inchuding ivermectin Bla and ivermectin Blb, emamectin including
emamectin Bla and emamectin Blb, lepimectin and eprinomectin including eprinomectin Bia
and eprinomectin Bib. In a more preferred ewbodiroent, the one or more mecting are ivermectin

)
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or abamectin, In another embodiment, the mixtures of the present invention are free of
ahamectin.
{6211 As used herein the term “pyrethroid” includes compounds of formula (I1), (111, V) and

(V)

wherein:
i:},\h .
Ry is selected from the group consisting of CHs, CFs, Br, Cl and O
Rz is selected from the group consisting of H, CHs, Br and Ck
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wherein:
Riis Cor 8y
Ry i5 O or CHy; and
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{622} In a preferred embediment, the one or more pyrethroids are selected from the group

consisting of those compounds of Tables 2-3, below.

Table 2
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cyhalothrin, A ~CF -1
cypermethrin -l -C}
cypermethrin, &- -} -l
cyphenothrin -CHa ~CHs
cyphenothrin, d-d- CH; CH
T-
delamethrin -Br -Br
imiprothrin ~CHs -CHs
metofhuthrin -CHs -H
permethrin -l -Cl1
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pyrethrin I -CHs ’
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resmethrin -CHa -CH;s
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iransflothrin - -}
R
Compound
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Compound R3
esfenvalerate CN
fenvalerate CN
flucythrinate CN
. -
. S i
fluvalinate, - i ON
Table S
L
.
P N
Compound Ry Ra R3
etofenprox £ O H
silafluoten Si CH;

{623] In a preferred embodiment, the one or more pyrethroids are selected from the group
consisting of allethrin, bifenthein, beta-cyfluthein, cyfluthrin, cypermethrin, d,d.trans-
cyphenothrin, cyphenothrin, deltamethrin, esfenvalerate, etofenprox, fenpropathrin, fenvalerate,
flucythrinate, tau-fluvalinate, lambda-cyhalothyin, gamma-cyhalothrin, imiprothrin, metofuthrin,
IRS cis-permethrin, permethrin, prallethrin, pyrethrum, resmethrin, siialluofen, sumithrin {d-
phenothrin), tefluthrin, tetramethrin, tralomethrin, ransfhathrin and zeta-cypermethrin, In a more
preferred embodiment, the one or more pyrethroids is fenpropathrin. In another embodiment, the
one or more pyrethroids does not include pyrethrum. In another embediment, the mixtures of the

present invention are free of gamma cyhalothrin or bifenthrin,
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{6241 As used herein the term “pyrethrum” refers to a composition that includes cinerin
including cinerin [ and cinerin If and pyrethrin including pyrethrin | and pyrethrin IL

{8251 Asused herein the term “CR, 9, 10 faity acids” refers to a mixture of octanoic, nonanoic
and decanoic fatty acids. Qctanoic, or caprylic acid, is an eight-carbon saturated fatly acid.
MNonanoic acid, or pelargonic acid, is a nine-carbon saturated faity acid. Decanoic acid, or capric
acid, is a ten~carbon saturated farty acid. The C8, %, 10 fatty acids have an equal amount of each
fatty acid by weight percentage (about 33.3 % cach).

8261 Iu another preferred embodiment, the ratio of one or more pyrethroids to one or more
mecting is from about 1000:1 to about 1:1000, preferably from about 100:1 to about 1:100, more
preferably from about 50:1 to 1:50, even more preferably from about 20:1 1o abowt 1:28, yet even
more preferably from about 1001 to about 1:10, yet even more preferably from about 5:1 to about
15, yet even more preferably from about 2.6:1 to about 1:2 and yet even more preferably from
about 1.3:1 o about §:1.3 and yet even more preferably at abount 1.3:1 or 2.6:1.

{8271 In another embodiment, the ratio of one or more pyrethroids to one or more mecting is
from about 1000:1 to about 1.1:1, preferably from about 100:1 to about 1.1:1, more preferably
from about 30:1 to abont 1.1:1, even more preferably from about 2001 to about 1.1:1, yet even
more preferably from about 10:1 to about 1.1:1, vet even more preferably from about 5:1 to
about 1.1:1, yet even more preferably from about 3.3:1 to about 1.1:1, yet even more preferably
from abeout 2.67:1 to about 1.1:1, yet even more preferably from about 2:1 to about 1.1:1, yet
even more preferably from about 1.3:1 to about 1.1:1 and most preferably from about 3.3:1 to
about 1.3:1.

[028] In another embodiment, the ratio of one or roore pyrethroids to one or more mectins i3

from about 1:1.1 to about 1:1000, preferably from abeout 1:1.1 to about 1:100, more preferably
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from about 1:1.1 10 about 1:50, even more preferably from about 1:1.1 1o about 1:20, yet even
more preferably from about 1:1.1 to about 1:10, yet even more preferably from about 1111 to
about 1:5, yet even more preferably from about 1:1.1 to about 1:2 and yet even more preferably
from abont 1:1.1 to about 1:1.3. In another embodiment the ratio of one or more pyrethroids to
one or more mectins is about 1.33:1 or about 1:1.1. The ratio of one or more pyrethroids to one
or more mectins is based on a weight ratio.

{629} In another preferred embodirnent, the ratio of one or more pyrethroids to C8, 9, 10 fatty
acids is from about 1000:1 to about 1:1000, preferably from about 100:1 to about 11100, more
preferably from about 50:1 1o 1:50, even more preferably from about 20:1 to about 1:20, yet even
more preferably from about 10:1 to about 1:10, yet even more preferably from about 5:1 {o about
1:3, yet even more preferably from about 2:1 to about 1:2 and yet even more preferably from
about 1.3:1 to about 1:1.3.

{0301 In another embodiment, the ratio of one or more pyrethroids to C8, 9, 10 fatty acids is
from about 1008:1 to about 1.1:1, preferably from about 100:1 to about 1,111, more preferably
from about 50:1 to about 1.1:1, even more preferably from about 20:1 to about 1.1:1, yet even
more preferably from about 18:1 to about 1.1:1, yet even more preferably from about 3:1 to
about §.1:1 and vet even more preferably from about 5:1 to about 4: 1.

{0311 In another embodiment, the ratio of one or more pyrethroids to C8, 9, 10 {atty acids is
from about 1:1.1 to about 1:1000, preferably from about 1111 to about 1:100, more preferably
fror about 1:1.1 to gbout 1:50, even more preferably from about 1:1.1 to about 1:20, yeteven
more preferably from sbout 1:1.1 to about 1:10, yet even more preferably from about 1:1.1 to
about 1:5, vet even more preferably from about 1:1.1 to about 1:2 and yet even more preferably

from about 1:1.1 to about 1:1.3. In another embodiment the ratio of one or more pyrethroids to
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R, 9, 10 fatty acids is or about 1:1. The ratio of one or more pyrethroids to C8, 9, 10 fatty acids
is hased on a weight rvatio.

{8321 In another preferred embodiment, the ratio of one or more mectins to C8, 9, 10 fatty acids
is from about 1000:1 to about 1:1000, preferably from about 10001 10 about 1:100, more
preferably from about 50:1 to 1:50, even more preferably from about 24:1 1o about 1:20, vet even
more preferably from about 10:1 to abont 1:18, yet even more preferably from about 5:1 to about
115, vet even more preferably from about 2:1 to about 1:2 and yet even more preferably from
about 1.3:1 to gabout 1:1.3.

{633} In another embodiment, the ratio of one or more mectins to C&, 9, 10 faity acids is from
about 1000:1 to about 1.1:1, preferably from about 100:1 to about 1.1:1, more preferably from
about 50:1 to about 1.1:1, even more preferably from about 2001 1o about 1111, vet even more
preferably from about 10:1 to about 1.1:1, yet even more preferably from about 5:1 to about
1.1:1, yet even more preferably from about 211 to about 1.1:1 and yet even more preferably from
abowt 1.5:1 to about 1.1:1.

{634} In another embodiment, the ratio of one or more wectivs to C8, 9, 10 fatty acids is from
about 1:1.1 to about 1:1000, preferably from about 1:1.1 to about 1:100, more preferably from
about F:1.1 to about 1:50, even more preferably from abowt 1:1.1 to about 1:20, vet even more
preferably from about 1:1.1 1o about 1:10, yet even more preferably from about 1:1.1 to about
1:5, yet even more preferably from about 1111 to about 1:2 and yet even more preferably from
about 1:1.1 to about 1:1.3. In another embodiment the ratio of one or more mecting fo €8, 9, 14
fatty acids is about 1.5:1. The ratio of one or yoore mectins to C8, 8, 10 fatty acids is based on a

weight ratio.
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{0351 In another preferred embodiment, the ratio of one or more pyrethroids to one or more
mectins to C8, 9, 10 fatty acids is fromm about 1000:1:1 to about 1:1:1000 or from about 1000:1:]
to about 1:1000:1 or from about 1:1000:1 to about 1:1:1000 or from about 1000:1000:1 to about
1:1000:31000 or from about 1000:1000:1 to about 1000:1:1000 or from about 1000:1:1000 to
about 1:1000:1000, preferably from about 100:1:1 to about 1:1:100 or from about 100:1:1 {0
about 1:100:1 or from about 1:100:1 to about 1:1:100 or from about 100:100:1 to about
1:100:100 or from about 100:100:1 to about 100:1:100 or from about 100:1:100 to about
1:100:108, more preferably from about 50:1:1 to about 1:1:50 or from about 50:1:1 to about
1:50:1 or from about 1:50:1 to about 1:1:30 or from about 50:50:1 to about 1:50:30 or from
about 50:50:1 to about 50:1:50 or from about 50:1:50 to about 1:50:50, even more preferably
frora about 20:1:1 to about 1:1:20 or from about 20:1:1 to about 1:20:1 or from about 1:.20:1 1o
about 1:1:20 or from about 20:20:1 to about 1:20:20 or from about 20:20:1 to about 20:1:20 or
from about 20:1:20 to about 1:20:20, vet even more preferably from about 10:1:1 to about 1:1:10
or from about 10:1:1 to about 1:10:7 or from about 1:10:1 to about 1:1:10 or from about 18:10:1
to about 1:10:10 or from about 18:10:1 to about 18:1:10 or from about 10:1:10 to about 1:13:16,
yet even more preferably from about 5:1:1 to about 1:1:5 or frow about 5:1:1 to about 1:5:1 or
from about 1:5:1 to about 1:1:5 or from about 5:5:1 to about 1:3:5 or from about 5:5:1 to about
5:1:5 or from about 5:1:5 to about 1:5:5 and yet even motre preferably from about 2:1:1 to about
1:1:2 or from about 2:1:1 to about 1:2:1 or from about 1:2:1 to about 1:1:2 or from about 2:2:1 to
about 1:2:2 or from about 2:2:1 to about 2:1:2 or from about 2:1:2 to about 1:2:2. In a most
preferred embodiment the ratio of one or more pyrethroids to one or wmore mectins to C8, 9, 10
fatty acids is from about from about 5:1.5:1 to about 2:1.5:1. The ratio of one or more

pyrethroids to one or more mectins to C8, 8, 10 fatty acids is based on a weight ratio.
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{036] In amore preferred embodiment, the present invention s directed to a pesticidal mixture
comprising abamectin and fenpropathrin, preferably at a weight ratio of about 1:1.33 or about
1.2.67 abamectin to fenpropathrin.

{137} In another more preferred embodiment, the present invention is directed to a pesticidal
mixture comprising abamectin and permethrin, preferably at a weight ratio of about 1:3.33
abamectin to permethrin

{038] In another more preferred embodiment, the present invention ts divected to a pesticidal
mixture comprising abamectin and pyrethrom, preferably at a weight vatio of about 1:3.33
abamectin and pyrethrun.

[639] In another more preferred embodiment, the present invention is divected to a pesticidal
mixture comprising ivermectin and fenpropathrin, preferably at a weight ratio of about 1:1.33 or
about 1.2.67 ivermectin and fenpropathrin.

[04¢] In ancther more preferred embodiment, the present invention is divected to a pesticidal
mixture comprising ivermectin and permethrin, preferably at a weight ratio of about 1:3.33
ivermectin and permethrin

[041] In another more preferred embodiment, the present invention is directed to a pesticidal
mixture comprising ivermectin and pyrethrum, preferably at a weight vatio of about 1:3.33
ivermectin and pyrethrum.

{042} In another more preferred embodiment, the present invention is directed to a pesticidal
mixture comprising abamectin, fenpropathrin and C&, 9, 10 fatty acids, preferably at a weight

ratic of about 1.5:2:1 or about 1.5:4:1 abamectin to fenpropathin to C8, 9, 10 fatty acids.
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[643] In another more preferred embodiment, the present invention is directed to a pesticidal
mixture comprising abamectin, permethrin and C8, 9, 10 fatty acids, preferably at a weight ratio
of about 1.5:5:1 abamectin to permethrin to C8, %, 10 fatty acids,

{844} In another more preferred embodirment, the present invention is directed 10 a pesticidal
mixture comprising abamectin, pyrethrom and C8, 9, 10 fatty acids, preferably at a weight ratio
of about 1.5:5:1 abamectin to pyvethrum to C8, 9, 10 fatty acids.

[845]  In another more preferred embodiment, the present invention is directed to a pesticidal
mixture comprising vermectin, fenpropathrin and €8, 9, 10 fatty acids preferably at a weight
atio of about 1.5:2:1 or about 1.5:4:1 ivermectin to fenpropathvin to C8, 9, 10 faity acids.

{04¢6] In another more preferred embodiment, the present invention is divected to a pesticidal
mixture comprising ivermectin, permethrin and C8, 9, 10 fatty acids, preferably at a weight ratio
of about 1.5:5:1 ivermectin to permethrin to C8, 9, 10 fatty acids.

1847]  In another morve preferred embodiment, the present invention is directed to g pesticidal
mixture comprising ivermectin, pyrethrom and €8, 9, 10 fatty acids, preferably af a weight ratio
of about 1.5:5:1 ivermectin to pyrethrum to C§, 9, 10 fatly acids.

[048] In another ernbodiment, the one or more mectins of the present invention may existin a
composition at an effective amount. In a preferred embodiment, an effective amount of one or
more pyrethroids is a concentration of from about 0.1% to about 50% w/w, preferably from
about (.1% to about 10% w/w, even more preferably from about §.1% to about 5% w/w, yet
even more preferably from about 196 to about 3% w/w and vet even more preferably at about
1.5% wiw.

19481  In another embodiment, the one or more pyrethroids of the present invention may exist in

a composition at an effective amount. In a preferred embodiment, an effective amount of ove or
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more pyrethroids is a concentration of from about 0.1% to about 50% w/w, preferably from
about (1.1% to about 10% w/w, even more preferably from about 0.1% to about 5% wiw, yet
even more preferably from about 2% to about 5% w/w and yet even more preferably at about
2.0%, 4.0% or about 5.0% w/w,

[858] In another erobodiment, the C§, 9, 10 fatty acids of the present invention may exist in a
composition at an effective amount. In a preferred embodiment, an effective amount of the U8,
9, 18 fatty acids is a concentration of from about 8.1% to about S0% wiw, preferably from about
{(.1% to about 10% w/w, even more preferably from about 0.1% to about 10% wiw, yet even
more preferably from about 0.1% to about 5% w/w and vet even more preferably at about 1.0%
Wiw.

[851] Inanother embodiment, the present invention is directed to a method of controlling a pest
comprising applying an effective amount of the mixiures of the present invention to the pest or
an area in need of pest control.

{8521 In another embodiment, the present invention is directed to a methed of controiling a
mosquito comprising applying sequentially or concurrently an effective amount of one or more
meciins selected from abamectin and ivermectin and an effective arnount of one or more
pyrethroids selected from fenpropathin, permethrin and pyrethrurn to the raosquito or an area in
need of mosguite control,

831 The mixtures of the present invention can be applied by any convenient means. Those
skilled in the art are familiar with the modes of application including but not limited to, spraying,
brushing, svaking, granule application, pressurized liquids (acrosols), fogging, bait and/or side-

dressing. Spraying includes space sprays. Space sprays include asrosols and thermal fog spray.
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Applying the mixtures of the present invention to the pest include incorporating the mixtures of
the present invention into a composition that may be ingested by the pest.

{1541 As used herein, “to control” a pest or “controlling” pest{s) refers to killing,
incapacitating, repeliing, or otherwise decreasing the negative impact of the pest on plants or
animals 1o a level that is desirable to the grower, applicator or user.

[855]  As used herein, “an area in need of pest control” refers to any area that the pest is present
during any life stage. An area ﬁ;t need of pest control includes, but is not Hmited to) a) the plants
that the pest is living on and/or the surrounding soil; b} an area where plants are grown,
harvested, or in gardens, fields, greenhouses; ¢ indoor areas of bursan habitation such as
residential buildings and commercial buildings including single family dwellings, hotels,
davcares, libraries, multi-family residences, jails, hostels, wash rooms, hallways, including
hotels, and hospitals, or transportation vehicles; d} outdeor areas around human habitation
including aveas near mosquito development sites and various indoor surfaces and structures, such
as furniture including beds and furnishings including books, ete; and e} fabrics including tents,
bed nets, clothing and the ke,

[{(356] Pests that may be controlled by methods of the present invention include, but are not
limited to, arthropods. Arthropods include insects, centipedes, millipedes and arachnids,

[057]  In one embodiment, the arthropods controlled are resistant to pyrethroids or mectins,
{3581 In a preferred embodiment, the arthropods are insects. [ a more preferred embodiment,
the insect is a mosquito. As used hersin, “mosguite” refers to insects that belong to the Family
Culicidae. Example Subfamilies of mosguitoes include Anophelinae and Culicinae, Example

Genera of mosquitoes inchude dnopheles, Culex, Aedes, Ochlerotatus, Psorophora, Culiseta,

7

Coguilleiridia and Mansonia. Example species of mosquitoes include dedes aegypti, Aedes

20
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albopictus, Aedes dorsalis, Oclderotatus migromaculis {also known as dedes nigromaculis),
Ochierciaius vexans {also known as dedes vexans), Ochierotatus solficitons (also known as
Aedes solliciians), Ochleroiatus melarimon {(also known as Aedes melaramon), Oclilerofatus
taenioriynchus {also known as dedes faeniorhvnchus), Aedes triseriatus, Aedes, sierrensis,
Aedes furcifer, Anopheles gambioe including Moptl and Savannah subspecies, dnopheles
quadrimacuiatus, Anopheles freeborni, Anopheles dariingl, Anopheles pseudopunciipennis,
Anopheles albimanus, Anopheles stephensi, Anopheles funestus, Anopheles nili, Anopheles
coluzzii, Anopheles arabiensis, Anopheles melas, Culex guinguefasciatus, Culex pipiens {also
known as Culex fatigans), Culex tarsalis, Culex restuans, Culex nigripaipus, Ciudex salinarius,
Culex poicilipes, Culex amtennatus, Culex neavel, Culiseta melmuira, Psorophora columbiae,
Psovophora ciliaia, Coguillettidia pertubans, Mansonia africana and Mansonia uniformis.
[858] Iu a more preferred embodiment, the mosquito is of a genera selecied from the group
consisting of Culex, dedes, Anopheles and a combination thereof, In an even more preferred
embodiment, the mosquito 1s of a genera selected fromw the group cousisting of Culex, dedes and
a combination thereof,

{0607 In an even more preferred embodiment, the mosguits is selected from the group
consisting of dedes aegypri, Culex guinguefasciaius, Anopheles guadrimaculatus and a
combination thereof. In a yet even more preferred embodiment, the mosquito is dedes aegypii or
Culex quinguefasciatus.

[661] In another embodiment, the mixtures of the present invention provide initial arthropod
control. In another erpbodimnent, the mixtures of the present invention provide residual arthropod

conirol.
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{0621 In another embodiment, the oue or more mecting may be applied at a rate of frow about

(29

(.01 to about 100 graros per hectare (“g/HA™), preferably from about (.1 to about 100 g/HA,
more preferably from about 0.1 to about 10 ¢/HA, even more preferably from about 8.1 to about
5 ¢/HA, even more preferably from about 0.1 to about 2 g/HA, yet even more preferably from
about 0.5 to about 2 g/HA, yet even more preferably from about §.75 to about 1.5 g/HA and vet
even more preferably at about 1 g/HA,

[863] In another embodiment, the one or more pyrethroids may be applied at a rate of from
about .01 to about 100 grarus per hectare {“g/HA™), preferably from about (.1 to about 100
g/HA, more preferably from about 0.1 to about 10 g/HA, even more preferably from about €.1 to
about 3 g/HA, even more preferably from about 1 to about § g/HA, yet even more preferably
from about 1 to about 4 g/HA, yet even more preferably from about 2 o about 3 g/HA and yet
even more preferably at about 2.68 g/HA.

[864] In another embodiment, the C8, 9, 10 fatty acids may be applied at a rate of from about
0.01 to about 10 grams per hectare (“g/HA™, preferably from about 0.01 o about 1 g/HA, more
preferably from about 0.1 to about 1 g/HA, even more preferably frove about 0.4 1o about 8.9
g/HA, even more preferably from about 0.5 to about 0.8 g/HA, vet even more preferably from
about 0.6 to about §.7 g/HA, vet even more preferably at about 0.67 g/HA.

[863] Asused herein, all numerical values relating to amounts, weight percentages and the like
are defined as “about” or “approximately” each particular value, namely, plus or minus 10 %,
For example, the phrase “about 5% w/w” is 10 be undersieod as “from 4.5% 10 5.5% wiw.”
Therefore, amounts within 10 % of the claimed values are encompassed by the scope of the

claims.
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[866]  As used herein, “composition” refers to one or more active ingredients in a carrier. The
carrier may be a liquid, a semi-solid, a solid or a gas and yay contain additional ingredients. For
example, a bait is a suitable carrier for the present invention,

{6671 The term “effective amount” means the amount of the mixture that will control the target
pest. The “effective amourt” will vary depending on the mixture concentration, the type of
pesi(s) being treated, the severity of the pest infestation, the result desired, and the Jife stage of

the pest during treatment, among other factors. Thus, it is not always possible to specify an exact

‘wffective amount.” However, an appropriate “effective arnount” in any individual case may be
determined by one of ordinary skill in the art,

[068] The articles “a,” “an” and “the” are intended to include the plural as well as the singular,
unless the context clearly indicates otherwise. For exampile, the methods of the present invention
are direcied to controlling “pest”™, but this can include control of s multiple pests (such a5 a more
than one insect or more than one Insect species or move than one mite or more than one mite
species).

[069] The disclosed embodiments are simply embodiments of the inventive concepts disclosed
herein and should not be considered as Hmiting unless the claims expressly state otherwise.

{701 The following examples are intended to llusirate 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

Franple H-Control of dedes gesuni having a single KRB mutation by a mixiure of

fenpropathrin and abamectin or ivermestn

Method

ND
(O8]
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{071} In this bioassay, a wind tunnel bioassay was performed in New Mexico in July 2017,
Aedes gegypti that were known to be resistant (single knockdown resistance ("KDR”)Y mutation)
and suscepiible to permethrin were used w the studies. The following solutions were applied 1o
adult 4. gegyvpri mosquiioes: 1) 1.5% abamecting 2} 1.5% ivermecting 3} 2% fenpropathrin; 4) a
mixtire of 2% fenpropathrin and 1.5% abamecting 5) a mixture of 2% fenpropathrin and 1.5%
abamectin; 6) a mixture of 2% fenpropathrin and 1.5% ivermectin; and 7} a mixture of 2%
fenpropathrin and 1.5% ivermectin,

{8721 To determine if the mixiures provided vnexpected results, the observed combined

e

efficacy (“OCE”Y was divided by the expected combined efficacy (“ECE”) wherein the expected
ECE is caleulated by the Abboit method:

ECE = A+ B - (AB/100),
wherein ECE is the expected combined efficacy and in which A and B are the percent control
given by the single active ingredients. If the ratio between the OCE of the mixtore and the ECE
of the mixture is greater than 1, then greater than expected interactions are present in the mixture,
{(3isi, Synergistic Interaction of Fungicides in Mixtures, The American Phytopathological

Society, 86:11, 1273-127%,1996). Resulis can be found in Table &, below,

Table 6
Permethrin Permethrin
S:usccpiiblf: OCERCR Re:‘sistam“ OCE-ECE
4. aegypti A aegvpti
%% Mortality % Mortality
Untreated Control 2 & i -
1.5% abamectin 160 - 91.3 «
1.5% tvermectin 100 ~ 62.9 .
3 (19
s 59.6 : 75.8 -
fenpropathrin
LA AU T ) ]
2% Fenpropathrin 100 1.0 100 1.6
+ 1.5% abarectin
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2% fenpropathrin

o , 100 L. H .
+ 1.5% vermectin s 0 :

oy

Results

0731 As shown in Table 6, both 1.5% abamectin and 1.5% ivermectin provided 100% control
of 4. aegupii known to be susceptible to permethrin.

[674] Further, in regard to 4. aegypii known to be resistant to permethrin, 1.5% abamectin
provided 91% control, 1.5% ivermectin provided 64% control and 2.0% fenpropathrin provided
76% control, This control is enhanced when fenpropathrin is mixed with either abamectin or
ivermectin, Specifically, the mixture of 2.0% fenpropathrin and 1.5% sbarsectin or the mixture
of 2.0% fenpropathrin and 1.5% ivermectin provided 100% control. For the mixture of
fvermectin and fenpropathrin this control is enhanced to an unexpecied level. Specifically, 2
wixture of ivermectin and fenpropathrin provided an OCEECE ratio of 1.1,

Example 2-Control of dedes aexypii having a double KR mutation by a mixture of

fenpropathin and abumectin

Method

{175] In this bicassay, a wind tunnel bicassay was performed in New Mexico in January 2020,
Aedes aegypti that were known to be resistant (double knockdown resistance ("KDR”) mutation)
and susceptible 1o permethrin were used in the studies. The following solutions were applied to
adult 4. cegypii mosquitoes: a mixture of 4% fenpropathrin, 1.5% abamectin and 1% €8, 9, 16
fatty acids. Percent mortality was recorded at |5 minutes (“Min™), 1 howr (“Hr™), 24 howrs and

48 hours, Resuits are shown in Table 7, below.

Table 7
""" Permethrin Susceptible Permethrin Resistant
A. aegypii A qegvpti
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" ma oy - i5 24 ,
ISMin ¢ THr | 24Hr | 48 Hy . 1 Hr , 48 Hr
3 Min Hr
% Mortality ¥ Mortality
Untreated Control 3 0 J 3] 0 ¢ b i

4.0% fenpropathrin
+ 1.5% abamectin
+ 196 (8, 9, 10 fatty
acids

90,25 1 9975 ¢ 100 100 G 675 80 {92325

19761 As seen in Table 7, above, the apphication of a rotxture of 4% i‘impropathrin,, £.5%
abamectin and 1% C8&, 9, 10 fatty acids resulted in 92% control of A, gegypti baving a double
KDR mutation after 48 hours. This result is surprising as the 4. gegypt! having a double KDR
mutation are up to 10-fold more resistant to pyrethroids than single KDR mutants,

Example 3-Control of Cudex quinguefasciarus by a mixture of fenplopathiin and abamgetin ¢

vermectin

Method

{8771 In this bicassay, a wind tunnel bioassay was performed in New Mexico in August 2019,
Culex guinguefasciatus that were known to be resistant and susceptible to permethrin were nsed
in the studies. The following solutions were applied 1o adult O guinguefasciaius mosguitoes: 1)
a mixture of 2% fenpropathrin, 1.5% ivermectin and 1% €8, 9, 10 fatty acids; 5) a mixture of 4%
fenpropathrin, 1.5% abamectin and 1% C8, 9, 10 fatty acids; 6) a mixture of 4% fenpropathrin,
1.5% ivermoectin and 19 (8, 9, 10 falty acids. Percent mortality was recorded at 15 minutes, 1
hour, 24 hours and 48 hours. Results can be found in Tabie 8, below.

Table 8

Permethrin Susceptible Permethrin Resistant
. guinguefasciatus C. qanguefasciatus
< s 48 15 1 24 48
15Min | 1 Hr 24 Hr :
Hr Min | Hr Hr Hr
% Mortality , % Mortality

]
N
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2.0% fenpropathrin
+ 1.5% ivermectin
+ 1% C§, 9, 10
fatty acids

86.8 987 100.0 100.0 1 209 '83.81 991 {1000

4.0% feopropathuin
+ 1.5% abamectin
+19%CR, 9,10
fatty acids

160.0 | 140.0 100.0 100.0 1 90.0 [ 997 1 100.0 1000

4.0% fenpropathrin
+ 1.5% vermectin
+1% CR, 9, 10
fatty acids

975 100 100.0 100.0 0 8.8 19131 900 | 888

Resull

18781 As seen in Table 8, above, the application of a mixture of 2% or 4% fenpropathyin, 1.5%
abamectin or ivermectin and 1% C8, 9, 10 fatty acids resulied in 160% control of
quinguefasciatus that were known to be resistant to permethrin in about 1 hour, This control was
maintained after 48 hours. This result is important as €. guinguefasciatus resistant strains have a
metabolic resistance to pyrethroids. Specifically, when permethrin is applied to C.
quinguefasciatus vesistant strains the mosguito appears to be controlled after 1 hour but then
wake up around 48 hours later afier they have metabolized the permethrin

Example 4-Control of Culex quinguefasciotus by a sixture of permetiuin and abamectin or

Method

{8791 In this bioassay, a wind tunnel bicassay was performed in New Mexico in March 2020,
. gquinguefasciatus that were known to be resistant and susceptible to permethrin were used in
the studies. The following solutions were applied to adult C. quinquefasciatus mosquitoes: 1}
S% permethring 2) a mixture of 3% permethrin and, 1.5% abamectin; 3} a mixture of 5%
permethrin, 1.5% abamectin and 1% 8, 9, 10 fatty acids; 4} a mixture of 5% permethrin and

1.5% ivermectin; and 5) a mixture of 5% permethrin, 1.5% ivermectin and 1% C8, 9, 10 fany

]
~ad
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acids. Percent mortality was recorded at 15 minutes, | hour, 24 hours and 48 hours. Results can

be found in Table 9, below.

Table ¢
Permethrin Susceptible Permethrin Resistant
C. guinguefasciaius C. guinguefasciatus
15Min | 1Hr | 24Hr | 48Hr  15Min | 1 Hr |24 Hr 48 Hr
¥ Mortality % Mortality
5% permethrin 65 100 00 1100 | 9 78.8 | 65 66.3

5% permethrin
+ 1.5% abamectin
3% permethrin
+ 1.5% abamectin . aa " . g -
- 1% C8, 9, 10 faity 772 397 100 106 18.1 98.8 | 99.7 180
actds
5% permethr -
3% permethrin 90 100 | 100 | 100 7.5 [87.5| 100 | 100
1.5% tvermectin
3% permethrin
1.5% ivermectin Ny . .
10 ¢ 14 ’
1% €8, 9, 10 fatty 100 100 100 100 138 192.5 0 100 100
acids

100 100 100 100 {3 775 912 1 91.3

Result

G801 As seenin Table 9, above, application of 5% permethrin resulted in only 66.3% control
of the resistant C. guinguefasciafus mosquitoes after 48 hours. However, the application of a
mixture of 5% permethrin and 1.5% abamectin resulted in 91.3% control after 48 hours. This
comtrol was enhanced to 100% by the addition of 196 C8, 8, 10 fatty acids. Further, the
application of a wixture of $% permethrin and 1.5% ivermectin resulted in 100% conirod after 24
hours. This control was not negatively affected by the addition of 1% C8, 9, 10 fatty acids,

Example S-Contvel of Oidey gieingiefinciane by a midure of pysthning and dbaimestin of

tvermectin

Method
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[081] In this bioassay, a wind tunnel bicassay was performed in New Mexico in March 2020,
C guinguefasciaius that were known to be resistant and susceptible to permethrin were used in
the studies. The following solutions were applied to adult €. guinguefasciatus mosguitoes: 1)
1.5% abamecting 2} 1.5% ivermecting 3} 5% pyrethrum; 4) a mixture of 5% pyrethrum and 1.5%
abamectin; and 5) a mixture of 3% pyrethrum and 1.5% ivermectin. Percent mortality was
recorded at 1S minutes, | hour, 24 hours and 48 hours. Results can be found in Table 10, below.

Table 10

Permethrin Susceptible Permethrin Resistant
C. guinguefasciatus C. guinguefasciatus
15Min | 1Hr | 24Hr  48Hr | 15Min | 1Hr | 24Hr | 48Hr
% Mortality %% Mortality
1.5% abamectin 15 73.8 81.3 592.5 0 26.3 78.8 80
1.5% ivermectin 5 62.5 100 100 0 42.5 88.8 1.3
5% pyrethrom 100 100 93.8 93.8 60 70 46,3 46.3
i’gg‘*;’;‘iﬁzn $8.8 | 100 . 100 | 100 | 469 875 | 969 | 969
OCE:ECE Ratio 0.9 1.0 1.0 1.0 0.8 i1 1.1 1.1
SYepyrethrum L gga g0 | 100 | 100 | 375 | 734375 | 934 | 95
+ 1.5% wvermectin
QCEECE Ratio 0.9 1.0 1.0 1.0 0.6 0.9 1.0 1.0

Result

10821 As seen in Table 10, above, application of 3% pyrethrum resulted in only 46.3% control
of the resistant €. quinguefascianis mosguitoes after 48 hours, Application of 1.5% abamectin
or 1.5% ivermectin resulted in 80% and 91.3% conirol respectively, However, the application of
a mixture of 5% pyrethrum and 1.5% abamectin resulted in %6.9% control after 24 hours. In
fact, the application of a mixture of 5% permethrin and 1.3% abaruectin resulted in control of
permethrin resistant O guinguefasciarys mosquitoes at 1 hour, 24 houwrs and 48 hours after

application that was unexpected based on the apphication of either pesticide alone. Further, the
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application of & mixture of 5% pyrethrum and 1.5% ivermectin vesulted in 95% control after 48

hours.

Example 6-Control of Chulex g

wpcfascins by a mixture of fenprapathuin and abamectin
Method

[083] In this bioassay, an cutdoor ultra-low volume study was performed in Mew Mexico in
Fune 2020 and in Arizova i October 2020 O guinguefasciatus (Jab-reared) that were known to
be susceptible to permethrin were used in the studies. A solution containing a mixture of 4%
fenpropathrin, 1.5% abamectin and 1% C8, 9, 10 fatty acids of was applied as a fog to 18 cages
with 20 adult female C. guinguefusciatus mosquitoes each (n=3) in an open field with low
vegetation evenly spaced at 100, 200 and 300 feet from sprayer. Average windspeed was about

4 miles per hour. Percent mortality was recorded at 48 hours. Results can be found in Tabie 11,

below.
Table 11
%% Mortality 100 & | 2008 300 &t
New Mexico 100% § 100% 98.6%
Arizona GO% 100% 99.2%
Result

{B84]  As seen in Table 11, above, application of 4% fenpropathrin and 1.5% abamectin resulted
in nearly 100% of the susceptible C. guinquefasciatus mosquitoes. This efficacy was maintained
at a distance of 300 feet from the fogger. Untreated control had less than 1.5% mortality.

Exarople 7-Control of Pyrethrotd-resisiant Culex guinguefasciotus bv a mixture of fenpropathrin

Merhod

]
<
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[685] In this bicassay, an ouldoor ultra-low volume study was performed in New Mexico in
August 2020 as in Example 6, above. C. guinguefasciatus that were known 1o be resistant (Yolo
California Strain} or susceptible (lab-reared) to permethrin were used in the studies. Average
windspeed was about 4 miles per hour. Percent ruortality was recorded at 48 hours. Results can
be found in Table 12, below.

Table 12

% Mortality 100# | 20014 300 f
Susceptible 100% | 100% §7.19%
Resistant 99.4% | 97.7% 86.55%

Result

[086] As seen in Table 12, above, application of 4% fenpropathrin and 1.5% abamectin resuited
in nearly 100% of the susceptible C guinguefasciaius wosquiioes, This efficacy was maintained
at a distance of 300 feet from the sprayer. Further, application of 4% fenpropathrin and 1.5%
abamectin resulted in nearly 100% of the resistant O guinguefasciatus mosquiices. Efficacy was
only slightly less at a distance of 300 feet from the fogger. Untreated control had less than 1%
maortality.

Example 8-Control of dedes gegvpti by s mixtare of fenpropathnin and abamectin

Method

[087] In this bloassay, an outdoor ultra-low velume study was performed in California in July
2020 and Florida in October 2020 as in Example 6, above. 4. aegypti {lab-reared) that were
known 1o be susceptible to permethrin were used in the stndies, Average windspeed was about
3.0 miles per hour. Percent morislity was recorded at 48 hours. Results can be found in Table

13, below.
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Table 13

% Mortality (00 ft 200 f 300 &
California 100% | 99.2% 08.8%
Florida 100% | 100% | 97.8%

Resulr

‘

[848] As seen in Table 13, above, application of 4% fenpropathrin and 1.5% abamectin resulted
in nearly 100% of the susceptible 4. aegypti mosquitoes. This efficacy was maintained at a
distance of 300 feet from the fogger. Unireated control had less than 1% mortality.

Example 9-Control of Pyrethvoid-resistant dedes aegypi by a mixture of fenpropathrin and

abamectin

Method

{8891 In this binassay, an outdoor ultra-low volume study was performed in New Mexico in
September (Puerto Rican strain) and November (Floridian strain) 2029 as in Example 6, above.
A. aegypli that were known to be resistant (Puerto Rican sirain and Florida strain} or susceptible
{lab-reared) to permethrin were used in the studics. Average windspeed was about 4 miles per
hour. Percent mortality was recorded at 48 hours. Results can be found in Table 14, below.

Table 14

% Mortality | 1008 | 2008 300 f
Susceptible 100% | 100% 100%

Resistant-Puerto

Rican Strain 93.56% . 93.07% §6.54%
g% .

Resistant-

A 100% | 98 88% 90.37%
Floridian Strain ‘ 887 °

Result
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As seen in Table 14, above, application of 4% fenpropathnin and 1.5% abamectin resulted in
100% of the susceptible 4. cegypti mosquitoes, This efficacy was maintained at a distance of
300 feet from the sprayer. Fusther, application of 4% fenpropathrin and 1.5% abamectin resulted
in about 24% of the resistant 4. gegypsi Puerio Rican strain mosquitoes and nearly 100% controi
of the resistant 4. aegypii Floridian strain mosquitoes. Efficacy was only slightly less at a

distance of 300 feet from the fogger. Untreated control had less than 1% mortality.

Exaople 10=Control of dnopbeles ypodfmaculniue by a mixtare of fenpropathoin and shamesiin

Method

1990]  In this bicassay, an cutdoor ultra-low volume study was performed in Texas in October
2020 as in Example 6, above. 4. quadrimaculatus {lab-reared) that were known to be susceptible
o permethrin were used in the studies. Average windspeed was about 3 miles per hour, Percent
moriality was recorded at 48 hours. Results can be found ju Table 15, below.

Table 15

Distance I006H | 2008 300 ¢
% Mortality 100% | 992% 998.4%

Result
{B#91] Asseenin Table 15, above, application of 4% fenpropathrin and 1.5% abamectin resuited
in nearty 100% of the susceptible 4. guadrimacuiatus mosquitoes. This efficacy was maintained

at a distance of 300 fect from the fogger. Untreated control had less than 1% mortality.



