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(57) Abstract: A device, kit and method for detecting the presence or absence of hookworm antigens. The device, kit and method

of the present invention may be used to confi

'm the presence or absence of hookworm in a fecal sample that may be infected with

one or more of roundworm, whipworm, tapeworm and heartworm, and whether or not hookworm ova are present in the sample.

o Further, the device, kit and method of the present invention may be used to confirm the presence or absence of hookworm in a fe-

cal sample excreted by a canine animal as early as nine days after the animal first becomes infected with hookworm.
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Device, Kit and Method for Hookworm Antigen Capture And Detection

BACKGROUND OF THE INVENTION

1. Field of the Invention

[001] The present invention relates to devices, kits and methods for the
detection of hookworm in animals. More particularly, the invention relates to
antibody-based devices, kits and methods for capturing and detecting hookworm
antigens in an animal’s feces for the purpose of diagnosing that animal as having or
not having a hookworm infection. Even more particularly, the invention relates to
antibody-based devices, kits and methods for diagnosing a hookworm infection in an
animal before or after hookworm ova first appear in the animal’s feces. Still more
particularly, the invention relates to antibody-based devices, kits and methods for
confirming the presence or absence of a hookworm infection in an animal regardless
of whether that animal 1s infected with one or more of roundworm, whipworm,

tapeworm and heartworm.

2. Description of the Prior Art

(002] Hookworms are bloodsucking intestinal parasites that can cause their
host to suffer serious 1llness, such as anemia, wasting and retarded development. For
example, the hookworm Ancylostoma caninum causes significant disease in both dogs
and humans (Prociv et al., Acta Trop. 1996 Sep;62(1):23-44). Diagnosis of a
hookworm infection typically 1s performed by following the fecal flotation method,
which involves obtaining a fecal sample from the animal being diagnosed and visually
inspecting it by microscope for hookworm ova. This microscopic diagnosis method,
however, 1s time consuming and requires specialized equipment. Further, the
accuracy of diagnosis using this method is highly dependent upon the skill and
expertise of the clinician performing the inspection. (For example, a novice eye often
will mistake ova of other parasitic nematodes for those of hookworm and vice versa.)
This potential for misdiagnosis is unfortunate because a misdiagnosed animal may be
given a treatment that is ineffective against hookworm, and therefore one that would

not alleviate the animal’s suffering or stop the progressive wasting of its health.

[003] Another significant limitation of diagnosis by microscopic detection of

ova is that because hookworm eggs generally are not detectable in host feces until
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well after infection manifests, it does not allow for early detection of hookworm
infection. For example, hookworm ova generally do not appear in canine feces until
about 17 days after oral ingestion of the parasite by the canine. This 1s a problem
because symptoms such as severe weight loss and bloody diarrhea often distress the

host before hookworm ova first appear in the feces. Early detection therefore 1s

highly desirable.

[004] For these reasons, there remains great potential for the development of
- a device, kit and method which can be used to correctly diagnose an animal as having
or not having a hookworm infection, specifically, as opposed to a nematode infection,
generally. There also remains great potential for such a device and method that can
be used to make this diagnosis soon after the animal becomes infected. Further, 1t is
desirable to have such a device and method suitable to detect hookworm 1n an animal
sample that is easily obtainable. A particularly convenient sample 1s teces because
unlike blood, for example, feces are readily excreted by animals. The abulity to use an
animal sample that is easily obtained would obviate the need to transport the animal,
which in some cases may be too sick to travel, to a veterinary professional for sample

collection, such as may be needed when blood, for example, must be collected.

[005] Given that the needed device, kit and method should be able to detect
the presence or confirm the absence of hookworm in an anmimal whether or not
hookworm organisms, including hookworm ova, are in the test sample taken from the
animal, the device and method should be aimed at the molecular level. In particular,
the device, kit and method may be an antibody-based device and method which are
capable of detecting the presence or absence of hookworm-specific antigens. While
antibody-based strategies for detecting nematode antigens generally exist, none
specifically have allowed the early detection of, or confirmation of the absence of,

hookworm in a fecal sample from an amimal that may also be infected by one or more

of roundworm, whipworm, tapeworm and heartworm.

[006] What is needed therefore is a device, kit and method for testing a fecal

sample from an animal to determine whether the animal 1s infected with hookworm.

The needed device, kit and method further should be able to specifically detect the

presence or absence of hookworm in an animal whether or not hookworm ova are
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present in the animal’s feces. Even further, the needed device, kit and method should
be able to specifically detect hookworm in a fecal sample that may also include one or

more of roundworm, whipworm, tapeworm and heartworm.

SUMMARY OF THE INVENTION

[007] The present invention is based in part on the discovery of unexpected
properties of a polyclonal antibody. Specifically, it was determined that a polyclonal
antibody raised against hookworm Ancylostoma caninum-secreted protein-5 (ASPS)
can be used to capture and detect the presence of hookworm coproantigens in a canine
animal as early as between nine days and 13 days after the canine becomes infected
with hookworm. Prior to the present invention it has been unknown whether any
proteins of adult parasitic nematodes appear in a canine host’s feces prior to the
appearance of nematode ova. The ability of the present invention to detect ASPS
protein so quickly after infection is introduced to the host is interesting because it
means that the hookworm coproantigens recognized by the polyclonal antibody

appear in the host’s feces before any whole hookworm, including hookworm ova,

appear 1n the feces."

' [008] Further, it was determined that the same polyclonal antibody can be .
used to capture and detect the presence or absence of hookworm coproantigens in
ammals that are also infested by one or more of roundworm, whipworm, tapeworm
and heartworm. This specificity for hookworm is surprising because hookworms,
roundworms, whipworms, and heartworms 'all are related nematodes, and a polyclonal
antibody raised against a particular protein of any one of these worms would be
expected to crossreact with one or more of the other worms. The invention includes
assay conditions under which this polyclonal antibody can be used to specifically
capture and detect the presence or absence of hookworm coproantigens in animals,
including in animals also infested by one or more of roundworm, whipworm,

tapeworm and heartworm.

[009] The invention, in one aspect, is a device for detecting the presence or
absence of hookworm coproantigen. The invention further provides such a device for
detecting the presence or absence of hookworm coproantigen in a mammal that 1s

- infected with one or more of roundworm, whipworm, tapeworm and heartworm. In
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one aspect of the invention, the device includes a sohd support, wherein one or more

polyclonal antibodies specific for the hookworm protein ASP5 are immobilized on the

solid support.

[010] In certain aspects of the invention, the device of the invention includes
a lateral flow immunoassay device. In other aspects of the invention, the device of

the invention includes an enzyme-linked immunosorbent assay (ELISA) device.

[011] The invention includes a method for detecting the presence or absence
of hookworm coproantigen. The method includes applying a fecal sample to the
antibodies specific for hookworm ASPS protein and capturing and detecting the
presence or absence of ASPS in that fecal sample. The detection step may include the
detection of the presence or absence of an antigen/antibody complex. The method

may further involve providing a second antibody that binds to the antigen of the

antigen/antibody complex.

[012] The invention further includes assay kits for detecting hookworm
coproantigen. A kit therefore may include one or more devices of the present
invention. For example, the kit may include anti-hookworm antibodies and means for
determining binding of the antibodies to hookworm antigens 1n the sample. In one
particular example, such a kit includes the device having an immobilized anti-
hookworm antibody, one or more antigen capture reagents (e.g., a non-immobilized
labeled antigen capture reagent and an immobilized antigen capture reagent) and wash
reagent, as well as detector reagent and positive and negative control reagents, 1f
desired or appropriate. Other components such as buffers, controls, and the like, may
be included in such test kits. A kit may further include instructions for carrying out
one or more methods of the present invention, including instructions for using any

device of the present invention that is included with the kat.

BRIEF DESCRIPTION OF THE DRAWINGS

[013] FIG. 1A shows a multi-well plate device of the present invention.

[014] FIG. 1B shows a close up of a single well of the plate of FIG. 1A with

an example representation of antibodies immobilized thereto.
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[015] FIG. 2 shows a graph of optical density (OD) values obtained from
fecal samples of uninfected canines and hookworm-infected canines by following a

method of the present invention 1n a first experiment.

[016] FIG. 3 shows a first graph of OD values obtained from fecal samples of
hookworm-infected canines by following a method of the present invention in a

second experiment.

[017] FIG 4 shows a second graph of OD values obtained from fecal

samples of uninfected canines by following a method of the present invention 1n the

second experiment.

[018] FIG. 5 shows a third graph of OD values obtained from fecal samples
of roundworm-infected canines by following a method of the present invention in the

second experiment.

[019] FIG. 6 shows a fourth graph of OD values obtained from fecal samples
of whipworm-infected canines by following a method of the present invention 1n the

second experiment.

[020] FIG 7 shows a graph of OD values obtained from fecal samples of
uninfected canines and canines infected with either hookworm, roundworm,
whipworm or tapeworm by following a method of the present invention 1n a third

experiment.

[021] FIG 8 shows a graph of OD values obtained from fecal samples of
uninfected canines and canines infected with either hookworm or heartworm by

following a method of the present invention in a fourth experiment.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[022] The present invention, in one aspect, is a device for the diagnosis of
hookworm infection in an animal, such as a mammal. The device therefore may be
used to diagnose hookworm infection in a canine or feline, for example. In one aspect

of the invention, the device uses anti-Ac-ASP-5 pAB to detect the presence or
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absence of hookworm in a fecal sample from the animal. It is to be understood,
however, that the device is not limited to being used to detect the presence or absence
of hookworm in a fecal sample. Therefore, the device may be used to detect the
presence or absence of hookworm in, for example, a blood sample. When the device
is used to detect the presence or absence of hookworm 1n a fecal sample, the device
specifically confirms the presence or absence of hookworm even when the sample
includes coproantigens from one or more of roundworm, whipworm, tapeworm and
heartworm. In one aspect of the invention, the device includes a solid support,

wherein anti-Ac-ASP-5 pAB i1s immobilized on the solid support.

[023] As shown in FIGS. 1A and 1B, the device of the present invention 1s,
for example, a multi-well plate 10 including a plurality of wells 12. Each well 12
provides a solid support 14 for immobilizing thereon anti-Ac-ASP-5 pAB 16. The
plate 10 may be an Immulon 1B 96-well plate, but 1s not limited thereto.

[024] Anti-Ac-ASP-5 pAB 16 is immobilized onto the solid support 14 of
the well 12 of the plate 10 by physical adsorption. Immobilization of anti-Ac-ASP-5
pAB 16 onto the solid support 14 is performed so that anti-Ac-ASP-5 pAB 16 will not
be washed away by wash procedures that may be performed, and so that the specific
binding of coproantigens to anti-Ac-ASP-5 pAB 16 is unimpeded by the solid support
14 or other device surface while the method of the present invention 1s being
performed. The device 10 of the present invention is suitable for detecting hookworm

antigen by the method of the present invention, which may include performing an

ELISA assay.

[025] The method of the invention may be used to detect one or more
hookworm antigens in a sample. The test sample used in the method of the invention
is a fecal sample. The method of invention may be used to test a fecal sample from

any animal, such as a canine or a feline.

[026] The device 10 of the present invention, which includes anti-Ac-ASP-5
pAB 16 immobilized on the solid support 14, may be used in conjunction with a
method of the present invention to detect hookworm in the fecal sample. Specifically,

an active hookworm infection of an animal may be diagnosed by detecting one or
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more hookworm coproantigens with anti-Ac-ASP-5 pAB 16 that 1s immobilized on

the solid support 14 of the device 10. “Hookworm coproantigens™ are any hookworm
components present in a fecal sample (e.g., the soluble fraction of a fecal sample) that
can specifically and stably bind to anti-Ac-ASP-5 pAB 16. Hookworm coproantigens
therefore may be whole hookworm, hookworm fragments, products secreted, excreted

or shed from hookworm or a combination thereof.

[027] “Specific for” or “stably binds” means that anti-Ac-ASP-5 pAB 16
recognizes and binds to hookworm coproantigens with greater affinity than to other
coproantigens (e.g., coproantigens from one or more of roundworm, whipworm,
tapeworm and heartworm). Binding specificity can be tested using methodology well

known in the art, for example, ELISA, western blotting, or a radioimmunoassay

(RIA).

[028] In one aspect of the method of the present invention, hookworm
antigen is detected by ELISA. It is to be understood that the ELISA 1n the method of
the present invention may be performed according to any variation of the ELISA
method known in the art. In one aspect of the method of the present invention, a fecal
sample prepared as described as follows is added to one of the wells 12 of the plate 10
containing immobilized anti-Ac-ASP-5 pAB 16. Any antigen present in the fecal
sample that is specific to anti-Ac-ASP-5 pAB 16 is allowed to specifically bind to the
immobilized anti-Ac-ASP-5 pAB 16. Free anti-Ac-ASP-5 pAB is labeled, such as
with horseradish peroxidase (HRP) by using the crosslinker succinimidy! 4-[ V-
maleimidomethyl]cyclohexane-1-carboxylate (SMCC), for example, to create a
conjugate that is capable of specifically binding to the antigen that 1s specifically
bound to the immobilized anti-Ac-ASP-5 pAB 16. After the addition of an enzyme
substrate-chromogen reagent, the labeled anti-Ac-ASP-5 pAB bound to the
immobilized anti-Ac-ASP-5 pAB 16 is detected by spectrophotometry. In this
arrangement, the optical density (OD) value obtained for any particular well 12 of the
96-well plate 10 is directly proportional to the amount of specifically bound antigen
present in the well. A specific example of the ELISA method of the present invention

follows.
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[029] The method of the present invention is more specifically described
with reference to an Example, which includes four Experiments; however, 1t 1s not to

be construed as being limited thereto.

EXAMPLE

[030] The following materials and methods were used to generate data

described in Experiments 1-4 described below.

[031] Infection and anti-helminth treatment of canine animals. For
Experiments 1 and 2, parasitic nematode infection was effected by orally
administering about 150-300 larvated eggs of either hookworm, roundworm, or
whipworm to a healthy beagle canine, which was raised on a controlled diet
throughout Experiments 1 and 2. Further, for Experiment 2 only, canines were treated
at post-infection day 91 with Interceptor®, which is an anthelmintic agent
commercially available from Novartis Animal Health Inc. of Basel, Switzerland,
according to the manufacturer’s protocol. It is well known by those of ordinary skill
in the art that Interceptor® is effective for the removal of parasitic nematodes from
canine animals. For Experiments 3 and 4, canine animals were not artificially
infected as described for Experiments 1 and 2, but instead were those which
developed infection to hookworm, roundworm, whipworm, tapeworm or heartworm
naturally. (Fecal samples obtained from canine animals having a naturally-derived
worm infection are hereinafter referred to as being “field” fecal samples.) Unlike the
beagle canine animals of Experiments 1 and 2, all of which were raised under the
same controlled conditions, the canine animals of Experiments 3 and 4 were of
varying breeds and were not raised under the same controlled conditions (e.g., their
diets varied). Also, since these animals developed infection naturally, 1t is unknown
which day post-infection that the field fecal samples obtained from these animals
were taken. In all cases but for heartworm, infection was confirmed by microscopic
observation of worm eggs in fecal samples obtained from the canine animals. When
microscopic detection of eggs was used as the method of diagnosing infection,
canines producing fecal samples that were free of worm eggs were considered to be
uninfected. Heartworm infection was confirmed by using the SNAP® Heartworm
Antigen Test Kit, which 1s commercially available from IDEXX Laboratories, Inc. of

Westbrook, ME, according to the manufacturer’s recommended protocol.
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[032] Anti-Ac-ASP-5 Antibody. The Ancylostoma caninum ASP-5 protein
(Accession No. AY217006; Zhan et al. (Int. J. Parisitol. (2003), vol. 33, p. 897) was
expressed as a full-length protein without the N-terminal signal sequence, and purified
according to standard methods known in the art. The punified ASP-5 protein was
used to immunize rabbits, according to standard methods know i1n the art, to produce
rabbit anti-Ac-ASP-5 antiserum. IgG antibody was i1solated from the rabbit anti-Ac-

ASP-5 antiserum, using protein G purification according to methods well known 1n

the art, to produce anti-Ac-ASP-5 pAB.

[033] ELISA assays. Protein G purified rabbit anti-Ac-ASP-5 pAB (5 pug/ml;
100 ul/well) was immobilized by physical adsorption on Immulon 1B 96-well plates
overnight at 4°C. The plates were then blocked with 1% BSA in 0.1M Tnis pH 7.0 at
4°C overnight, followed by drying at room temperature. Approximately 100 ul of
fecal extract was added to each well and allowed to incubate at room temperature for
one hour. Fecal extract was prepared by suspending 1 g of solid fecal matenal into 4
ml of diluent solution (““diluent solution” 1s 0.05 M Tris base; 1 mM EDTA; 0.45%
Kathon; 16 mg/ml gentamicin sulfate; 0.05% Tween-20; 40% fetal bovine serum,;
10% rabbit serum; and 5% mouse serum) . The suspension was centrifuged at 4000
rpm for 20 minutes to produce a first supernatant. The first supernatant was
centrifuged at 12000 rpm for 5 minutes to produce a second supernatant, which 1s
referred to herein as “fecal extract”. The wells were washed five times with a PBS-
Tween-20 solution according to standard methods known to those of ordinary skill in
the art. In a separate process, the protein G purified rabbit anti-Ac-ASP-5 pAB was
labeled with HRP by using (SMCC) to create a conjugate. 1-10 pg/ml of this
conjugate was added to each well of the 96-well plate. Following a 30’ incubation
period at room temperature, unbound conjugate was washed from the wells using
PBS-Tween-20 solution according to standard methods known to those of ordinary
skill in the art. 50 ul TMBLUE® peroxidase substrate (SeraCare Life Sciences, West
Bridgewater, MA) was then added to each well according to standard methods known
to those of ordinary skill in the art, and the plates were incubated for 10° at room
temperature. After stopping each enzymatic reaction with 0.1% sodium dodecy!

sulfate (SDS) following the 10’ incubation period, the OD value of each well of the
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96-well plate was measured at A650 by standard spectrophotometric techniques by
using an ELISA plate reader.

EXPERIMENT 1
[034] Anti-Ac-ASP-5 pAB specifically binds hookworm canine coproantigens.

[035] It was a goal of Experiment 1 to determine whether anti-Ac-ASP-5
pAB specifically binds hookworm coproantigens. Single OD determinations for 12
canine fecal samples obtained 1n E.xperiment 1 are shown in FIG. 2. These fecal
samples were obtained from five canine animals known to be free of parasitic worm
infection (TIYS5, RCZS5, LCZS5, SVYS5, and SBY)5), and five canine animals known to
be infected with hookworm (SKZ5, RKYS5, SXZ5, LEYS, and OGY5). Specifically,
fecal samples were obtained on post-infection day 31 (“D31”) for each of the five
hookworm-infected canines. Fecal samples were obtained from each of the
uninfected canines one day prior to infection of the hookworm-infected canines (“D-
1), and fecal samples were further obtained from two of the uninfected canines,
SVY5 and SBYS, 31 days (“D31”) after the infection of the hookworm-infected
canines. Microscopic observation of the fecal samples tested in Experiment 1 showed
that hookworm ova were substantially present in all five hookworm-infected canines,

but were not present in any of the fecal samples taken from the uninfected canines.

[036] The OD values measured of each of the two uninfected fecal samples
at post-infection day 31 was 0.063. Conversely, the average OD measured of the five
hookworm-infected fecal samples at post-infection day 31 was 0.750 (the OD values
of these samples ranged from 0.309 to 1.083), which was about 12-fold higher than
the 0.063 OD value measured for each of the uninfected samples. These data indicate
that anti-Ac-ASP-5 pAB specifically binds one or more coproantigens in hookworm-
infected canine animals, but does not specifically bind any coproantigen in uninfected
canine animals. These data therefore indicate that anti-Ac-ASP-5 pAB can be used to

detect the presence or absence of hookworm infection in a canine animal.

EXPERIMENT 2

10
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[037] Anti-Ac-ASP-5 pAB detects hookworm coproantigens as early as between
nine days and 13 days after introduction of hookworm infection to the canine; anti-
Ac-ASP-5 pAB detects hookworm coproantigens only at those times when the canine
animal has an active hookworm infection; and anti-Ac-ASP-5 pAB does not

specifically bind coproantigens from roundworm or whipworm.

[038] It was one goal of Experiment 2 to determine how soon after infection
anti-Ac-ASP-5 pAB is able to detect hookworm coproantigens compared to the
above-mentioned gold-standard fecal floatation method. Further, 1t was a second goal
of Experiment 2 to determine whether anti-Ac-ASP-5 pAB detects hookworm
infection in an animal only at appropriate times (that 1s, only when an animal has an
active hookworm infection). Even further, it was a third goal of Expennment 2 to

determine whether anti-Ac-ASP-5 pAB detects coproantigens from roundworm

and/or whipworm.

[039] OD values measured for fecal samples obtained from hookworm-
infected canines and uninfected canines are shown 1n FIGS. 3 and 4, respectively.
Specifically, FIG. 3 shows average OD values (and standard deviations) generated
using fecal samples taken from hookworm-infected canines over the course of 112
days. (Each OD value shown in FIG. 3 is the average of six OD values generated
from the same fecal sample 1n six separate ELISA reactions.) Data from the same
five canine animals are shown for days -1 (i.e., one day before administration of
hookworm infection to the animals) and 87, and for selected days therebetween. Data

from three of these five canines are shown for days 93 and 111, and for selected days

therebetween.

[040] FIG. 4 shows average OD values (and standard deviations) measured
using fecal samples from uninfected canines over the course of 108 days. (Each OD
value shown 1n FIG. 4 1s the average of six OD values obtained from the same fecal
sample 1n six separate ELISA reactions.) Data from the same five uninfected canines
are shown for days -1 (i.e., one day before administration of hookworm infection to
the hookworm-infected animals) and 87 and for selected days therebetween. Data

from three of these five canines are shown for each of days 93, 100 and 107.
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[041] Referring to FIG. 3, the average of the average OD values measured
for the hookworm-infected canines was 0.067 on post-infection day 2 (as shown in
FIG. 4, the average of the average OD values measured for the uninfected animals on
that same day was 0.068). On post-infection day 9, the average of the average OD
value measured for the hookworm-infected canines increased to 0.143, which was
more than two-fold higher than the average of the average OD values measured for
the uninfected animals on that same day (0.066; see FIG. 4). On post-infection day'
13, the average of the average OD values measured for the hookworm-infected
canines increased to 0.379, which was more than five-fold higher than the average of
the average OD values measured for the uninfected canine animals on day 9 (0.066;
see FIG. 4) and day 17 (0.075; see FIG. 4). Further, hookworm ova first appeared 1n
the tecal samples obtained from the hookworm-infected canine animals on post-
infection day 17. Experiment 2 therefore indicates that anti-Ac-ASP-5 pAB detected
hookworm coproanti gens 1n hookworm-infected canine anmimals as early as between
nine days and 13 days post-infection, and therefore detected these coproantigens at
least four days before hookworm ova first appeared in the feces of the hookworm-

infected canines.

[042] For post-infection days 13 to 87, the average OD values generated
from the hookworm-infected canine anim-als were several-fold higher than were the
average OD values generated from the uninfected animals during that same perod.
(For each test day during that period, the average of the average OD value measured
for the hookworm-infected canines was 0.496 or greater, whereas the average of the
average OD values measured for the uninfected animals was 0.093 or less.) This
result was consistent with the results obtained in Experiment 1 and further support the
Experiment 1 conclusion that anti-Ac-ASP-5 pAB can be used to the presence or

absence of hookworm infection 1in a canine animal.

[043] Microscopic observation of the fecal sample taken from the
hookworm-infected canine animals on post-infection day 93 showed that the sample
was moderately free of hookworm ova, and microscopic observation of the fecal
samples taken from the hookworm-infected animals on post-infection days 97 and

thereafter showed that the samples were substantially free of hookworm ova. It is
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expected that the moderate reduction in ova on post-infection day 93 and the
substantial reduction in ova on post-infection day 97 and thereafter was due to the _
anthelmintic treatment administered on post-infection day 91. Referring to FIG. 3,
the average of the average OD values measured for the hookworm-infected canines
was consistent with the observed reduction of ova number 1n the fecal samples taken
from these animals. Specifically, the average of the average OD value measured for
these canines on the days following anthelmintic treatment ranged from 0.70 to 0.260.
(The largest average OD value, that 1s, the 0.260 value, was measured for the post-
infection day 93 fecal samples, which were taken only two days after the
administration of the anthelmintic when a moderate amount of ova were still present
in the feces.) These values were several-fold less than the average of the average OD
values measured on post-infection day 87 (0.619), which was the last day on which
fecal samples were tested prior to anthelmintic administration. The average of the

average OD values measured for the uninfected canine animals over this same period

were 0.082 or less.

[044] Expenment 2 therefore further indicates that anti-Ac-ASP-5 pAB
robustly detected hookworm coproantigens when a host animal was substantially
infected with hookworm, weakly detected hookworm coproantigens when a host
animal was moderately infected with hookworm, and did not detect hookworm

coproantigens when a host animal was substantially free of hookworm infection.

[045] OD determinations for fecal samples obtained from roundworm-
infected canine animals and whipworm-infected canine animals are shown 1n FIGS. 5
and 6, respectively. Specifically, FIG. 5 shows average OD values (and standard
deviations) generated using fecal samples taken from roundworm-infected canines
over the course of 112 days, and FIG. 6 shows average OD values (and standard
deviations) generated using fecal samples taken from whipworm-infected canines
over the course of 112 days. (In FIGS. 5 and 6, each OD value shown i1s the average
of six OD values generated from the same sample.) Data from the same five
roundworm-infected canines and from the same five whipworm-infected canines are
shown for days -1 (i.e., one day before administration of hookworm infection to the

animals) and 87, and for selected days therebetween. Data from three of the five
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roundworm-infected canines and from three of the five whipworm-infected canines

are shown for days 93 and 111, and for selected days therebetween.

[046] With continuing reference to FIGS. 5 and 6, the average of the average
OD values measured for the roundworm-infected and whipworm-infected canines was
consistently 0.102 or less for the roundworm-infected canines and less than 0.100 for
the whipworm-infected canines throughout the test period. In each case, these values
are several-fold less than the average of the average OD values measured for the

hookworm-infected canines over the corresponding period.

[047] These data indicate that anti-Ac-ASP-5 pAB does not specifically bind
any coproantigen in roundworm-infected or whipworm-infected canines. Therefore,
ant1-Ac-ASP-5 pAB may be used to confirm the presence or absence ot hookworm
infection in a canine animal regardless of whether that animal is infected with either

or both of roundworm and whipworm.

EXPERIMENT 3

(048] Anti-Ac-ASP-5 pAB does not specifically bind tapeworm coproantigen and
anti-Ac-ASP-5 pAB binds hookworm 1n field fecal samples.

[049] It was a goal of Experiment 3 to determine whether anti-Ac-ASP-5
pAB specifically binds tapeworm coproantigen. It was a second goal of Experiment 3
to determine whether anti-Ac-ASP-5 pAB specifically binds coproantigen of one or
more of hookworm, roundworm, whipworm and tapeworm 1n field canine fecal
samples. Single OD determinations for field fecal samples obtained from hookworm-
infected, roundworm-infected, whipworm-infected, tapeworm-infected, and
uninfected canine animals are shown in FIG. 7. The OD values measured for the
hookworm-infected canine animals, which averaged 0.871 (and ranged from 0.274 to
1.388), were several-fold higher than were the OD values measured for the
roundworm-infected, whipworm-infected, and uninfected canine animals.
Specifically, the average OD value measured for the roundworm-infected canine
animals was 0.241, the average OD value measured for the whipworm-infected canine

animals was 0.180, and the average OD value measured for the uninfected canine
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animals was 0.184. Further, the OD values measured for the hookworm-infected
canine animals were more than four-fold higher than was the OD value generated for
the tapeworm-infected canine included in this Experiment (specifically, the OD value

of the tapeworm-infected canine animal was 0.217).

[050] These data further support the conclusion that anti-Ac-ASP-5 pAB
does not specifically bind any coproantigen in roundworm-infected canine animals or
whipworm-infected canine animals. These data also indicate that anti-Ac-ASP-5 pAB
does not specifically bind any tapeworm coproantigen. These data further indicate
that anti-Ac-ASP-5 pAB specifically binds hookworm antigen 1n field fecal samples
from hookworm-infected canine animals. The observation that anti-Ac-ASP-5 pAB
specifically binds hookworm antigen in field fecal samples from hookworm-infected
canine animals is significant because it confirms that anti-Ac-ASP-5 pAB 1s capable
of detecting hookworm 1n fecal samples obtained from canines of varying breeds and

of varying diets.
EXPERIMENT 4
[051] Anti-Ac-ASP-5 pAB does not specifically bind heartworm coproantigen.

[052] It was a goal of Experiment 4 to determine whether anti-Ac-ASP-5
.pAB specifically binds heartworm coproantigen. OD determinations for 11 canine
field fecal samples are shown in FIG. 8. Specifically, FIG. 8 shows single OD values
measured for fecal samples from four canine animals known to be free of parasitic
worm Infection tLCZS, RCZ5, SBY5, and TIYS), one canine animal known to be

infected with hookworm (LEYS), and seven canine animals known to be infected with

heartworm (403, 404, 405, 406, 583, 749 and 868).

[053] The average OD value measured for the uninfected samples was 0.090
(with a range of 0.077 to 0.109), whereas the average OD value obtained from the
heartworm-infected samples was 0.125 (with a range of 0.88 t0 0.267). The lone OD
value measured for the hookworm-infected canine was 1.074, which was more than
10-fold higher than the average OD value measured for the uninfected samples and

almost nine-fold higher than the average OD value measured for the heartworm-

15



CA 02690718 2011-11-29

76909-407

infected samples, and is consistent with other OD values obtained for hookworm-
infected samples described herein. Taken together, these data support the conclusion
that anti-Ac-ASP-5 pAB specifically binds coproantigens in hookworm-infected fecal
samples, does not specifically bind coproantigen in uninfected fecal samples, and
further show that anti-Ac-ASP-5 pAB does not specifically bind heartworm
coproantigens. Additionally, these data further confirm that anti-Ac-ASP-5 pAB

specifically binds hookworm antigen in field fecal samples from hookworm-infected

canine animals.

[054] While the devices, methods and kits of the present invention have been
descrnibed with respect to a specific embodiment and a specific Example, it 1s to be

understood that vanations to the device and/or the method of the present invention

may be made. For example, whereas anti-Ac-ASP-5 pAB was raised

In rabbit against purified
recombinant ASP5, polyclonal antibody also may be raised in, for example, a human

or other pnimate, mouse, rat, guinea pig, goat, pig, cow, sheep, donkey, dog, cat,
chicken, or horse. An antibody used in the invention also may be any antibod;' class,
including for example, IgG, IgM, IgA, IgD and IgE. Means for preparing and
charactenizing antibodies are well know in the art. See, e.g., Dean, Methods Mol.
Biol. 80:23-37 (1998); Dean, Methods Mol. Biol. 32:361-79 (1994); Baileg, Methods
Mol. Biol. 32:381-88 (1994); Gullick, Methods Mol. Biol. 32:389-99 (1994);
Drenckhahn e al., Methods Cell. Biol. 37:7-56 (1993); Morrison, Ann. Rev. Immunol.
10:239-65 (1992); Wnght et al., Crit. Rev. Immunol. 12:125-68(1992). Further, it is
to be understood that the polyclonal antibody need not be raised against recombinant
ASP5. Therefore, the polyclonal antibody may be raised against naturally occurring
ASP5. Methods for 1solating naturally occurring proteins are well known in the art.
See, e.g., Cutler, Protein Isolation Protocols, 2™ Ed., Humana Press (2003); Bollag et
al., Protein Methods, 2™ Ed., Wiley-Liss Publishers (1996). |

[055}] An antibody used in the devices, methods and kits of the invention can
also be a single chain antibody (scFv), or an antigen binding fragment of an antibody.
Antigen-bin‘ding fragments of antibodies are a portion of an “intact antibody
compnsing the antigen binding site or variable region of an intact antibody, wherein

the portion 1s free of the constant heavy chain domains of the Fc region of the intact

16



CA 02690718 2011-11-29

716909~407

antibody. Examples of antibody fragments include Fab, Fab’, Fab’-SH, F(ab’), and
I, fragments.

[056] Antibodies used in the devices, methods and kits of the invention may
be immobilized on the solid support by any methodology known 1n the art, including,
for example, covalently or non-covalently, directly or indirectly, attaching the
antibodies to the solid support. Therefore, while anti-Ac-ASP-5 pAB is attached to
the solid support by physical adsorption (i.e., without the use of chemical linkers) In
the embodiment described, it is contemplated that anti-Ac-ASP-5 pAB or other
antibodies may be immobilized to the solid support by any chemical binding (i.e.,

with the use of chemical linkers) method readily known to one of ordinary skill in the

art.

[057] The solid support of the device 1s not limited to being a polystyrene
96-well plate. The solid support may be any suitable matenal for the immobilization
of antibodies specific for hookworm. For exampie, the solid support may be beads,
particles, tubes, wells, probes, dipsticks, pipette tips, shdes, fibers, membranes,
papers, natural and modified celluloses, polyacrylamides, agaroses, glass,
polypropylene, polyethylene, dextran, nylon, amylases, plastics, magnetite or any

other suitable matenal readily known to one of ordinary skill in the art.

[058] The device of the present invention may be one that is suitable for
performing a lateral flow assay. An exemplary device that is useful for performing a

lateral flow assay that 1s useful in the present invention is described in U.S. Patent No.

J,726,010. The device for performing a lateral flow assay therefore may
be a SNAP® device, which is commercially available from IDEXX
Laboratories, Inc. of Westbrook, ME.

[059] The device may optionally include one or more labeled antigen capture
reagents that may be mixed with a fecal sample prior to application to a device of the
invention. When the labeled antigen reagent is included, the laiaeled antigen capture
reagent may or may not be deposited or dned on the solid surface of the device.
“Antigen capture” means any compound that is specific for the antigen of interest.
The labeled antigen capture reagent, whether added to a fecal sample or pre-deposited

on the device, may be, for example, a labeled antibody specific for a hookworm
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antigen. For example, a hookworm-specific antibody conjugated with horseradish

peroxidase may be used as a labeled antigen capture reagent.

[060] The device also may optionally include a liquid reagent that transports,
such as when the device includes the SNAP® device, for example, or facilitates
removal of, such as when the device includes a 96-well plate, for example, unbound
material (e.g., unreacted fecal sample and unbound antigen capture reagent) away
from the reaction zone (solid phase). The liquid reagent may be a wash reagent and
serve only to remove unbound material from the reaction zone, or it may include a
detector reagent and serve to both remove unbound material and facilitate antigen
detection. For example, in the case of an antigen capture reagent conjugated to an
enzyme, the detector reagent includes a substrate that produces a detectable signgl
upon reaction with the enzyme-antibody conjugate at the reaction zone (sohd phase).
Alternatively, in the case of a labeled antigen capture reagent conjugated to a
radioactive, fluorescent, or light-absorbing molecule, the detector reagent acts merely

as a wash solution facilitating detection of complex formation at the reactive zone by

washing away unbound labeled reagent.

[061] The liquid reagent may further include a limited qﬁantity of an
"inhibitor", i.e., a substance that blocks the development of the detectable end
product. A limited quantity is defined as being an amount of inhibitor sufficient to
block end product development until most or all excess unbound material is

transported away from the second region, at which time detectable end product is

produced.

[062] The device of the present invention may also include various binding
reagents immobilized at locations distinct from the antigen capture reagent(s). For
example, an immunoreagent (an antibody, antigen or peptide) that recognizes a
species-specific (e.g., worm-specific) antibody portion of a labeled antibody or
antigen capture reagent or an enzyme portion of an enzyme-labeled reagent can be
included as a positive control to assess the viability of the reagents within the device.
For example, a positive control may be an anti-horseradish peroxidase antibody that
has been raised in, for example, a goat or a mouse. Additionally, a reagent, e.g., an

antibody, 1solated from a non-immune member of the species from which the
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antibody portion of the antigen;antibody complex was derived can be included as a
negative control to assess the specificity of immunocomplex (i.e., antigen-antibody

complex) formation.

[063] In addition to being designed to detect hookworm in a fecal sample,
the device of the invention optionally may be designed to allow one or more other
diagnostic tests to be performed. For example, the solid support may also include
reagents for the detection of one or more non-hookworm worm parasites, one or more
non-worm parasites, one or more viruses, or one or more bacteria. The reagents for
the detection of one or more non-hookworm worm parasites, one or more non-worm
parasites, one or more viruses or one or more bacteria may be, for example, one or
more antibodies or one or more antigens recognized by antibodies specific for one or
more non-hookworm worm parasites, one or more non-worm parasites, one or more

Viruses or one or more bacteria.

[064] In the method of the present invention, detection of a hookworm
infection 1s accomplished by detecting the presence or absence of one or more
hookworm antigens 1n a fecal sample. The soluble portion of a fecal sample to be
tested may be collected by any protocol known 1n art. For example, in addition to the
specific protocol described above, the soluble portions of the sample may be collected

using filtration, centrifugation, or simple mixing followed by gravimetric settling.

[065] The method includes contacting the fecal sample with one or more
antibodies specific for one or more hookworm antigens under conditions that allow an
antigen/antibody complex, i.e., an immunocomplex, to form. That 1s, an antibody
specifically binds to a hookworm antigen present in the fecal sample. One of ordinary
skill in the art would be familiar with assays and conditions that are used to detect
antigen/antibody complex binding. For example, the antigen/antibody complex may
be detected using a secondary antibody that binds to the antigen/antibody complex.
The formation of a complex between hookworm antigen and anti-hookworm
antibodies 1n the sample may be detected using any suitable method known in the art.

Further, the amount of antibody-antigen complexes can be determined by
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methodology known in the art. A level that 1s higher than that formed in a control

sample indicates a hookworm infection.

[066] Alternative steps of the method of the present invention may include
applying the fecal sample to a device of the invention, which includes an immobilized
antibody specific for hookworm antigen, and detecting the presence or absence of the
hookworm antigen in the fecal sample. Antibodies specific for antigens of hookworm
may be directly or indirectly attached to a solid support or a substrate such as a
microtiter well, magnetic bead, non-magnetic bead, column, matrix, membrane,
fibrous mat composed of synthetic or natural fibers (e.g., glass or cellulose-based
materials or thermoplastic polymers, such as, polyethylene, polypropylene, or
polyester), sintered structure composed of particulate matenals (e.g., glass or various
thermoplastic polymers), or cast membrane film composed of nitrocellulose, nylon,
polysulfone or the like (generally synthetic in nature). All of these substrate materials
may be used in suitable shapes, such as films, sheets, or plates, or they may be coated
onto or bonded or laminated to appropriate 1nert carriers, such as paper, glass, plastic
films, or fabrics. Suitable methods for immobilizing peptides on solid phases include

1onic, hydrophobic, covalent interactions and the like.

[067] The method of the present invention need not include the use of solid
phases or substrates, however. For example, the methods may include

immunoprecipitation methods which do not require the use of solid phases or

substrates.

[068] In some embodiments of the invention, the antigen/antibody complex
is detected when an indicator reagent, such as an enzyme conjugate, which 1s bound to
the antibody, catalyzes a detectable reaction. Optionally, an indicator reagent
including a signal generating compound may be applied to the antigen/antibody
complex under conditions that allow formation of a detectable
antigen/antibody/indicator complex. Optionally, the antibody may be labeled with an

indicator reagent prior to the formation of an antigen/antibody complex.

[069] The formation of an antigen/antibody complex or an

antigen/antibody/indicator complex in some of the methods of the present invention
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specifically may be detected by radiometric, colorimetric, fluorometric, size-
separation, or precipitation methods. Detection of an antigen/antibody complex also
may be accomplished by the addition of a secondary antibody that 1s coupled to an
indicator reagent including a signal generating compound. Indicator reagents
including signal generating compounds (labels) associated with a
polypeptide/antibody complex may be detected using the methods described above
and may include chromogenic agents, catalysts such as enzyme conjugates,
fluorescent compounds such as fluorescein and rhodamine, chemiluminescent
compounds such as dioxetanes, acnidimums, phenanthridiniums, ruthenium, and
luminol, radioactive elements, direct visu.al labels, as well as cofactors, inhibitors,
magnetic particles, and the like. Examples of enzyme conjugates include alkaline
phosphatase, horseradish peroxidase, beta-galactosidase, and the like. The selection
of a particular label i1s not critical, but 1t will be capable of producing a signal either

by itself or 1n conjunction with one or more additional substances.

[070] Antibodies, including secondary antibodies, may be labeled with any
type of label known in the art, including, for example, fluorescent, chemiluminescent,
radioactive, enzymes, colloidal particles, radioisotopes and bioluminescent labels. In
various embodiments of the invention, the one or more of the antibodies of the
invention are labeled with an enzyme, a colloidal particle, a radionuclide or a

fluorophor. The particulate label can be, for example, a colored latex particle, dye

sol, or gold sol conjugated to an antibody specific for a hookworm antigen.

[071] Methods of the invention include, but are not Iimited to those based on
competition, direct reaction or sandwich-type assays, including, but not limited to
ELISA, western blots, RIA, immuno-fluorescent assays (IFA), hemagglutination
(HA), fluorescence polarization immunoassay (FPIA), and microtiter plate assays
(any assay done in one or more wells of a microtiter plate). One assay of the

invention includes a reversible flow chromatographic binding assay, which may be

performed, for example, by using a SNAP® device. See U.S. Pat. No. 5,726,010.

[072] Methods of the invention facilitate sandwich or competition-type
specific binding assays. In a sandwich assay, antigen capture reagents are

immobilized 1n a reactive zone. These antigen capture reagents may specifically bind
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to antigens 1n the fecal sample being tested. Specifically, these antigen capture
reagents specifically bind to an antigen from a hookworm, if present in the fecal
sample. Following binding of the antigen from the sample, the antigen capture
reagent/antigen complex 1s detected by any suitable method. For example, the
complex may be reacted with labeled specific binding reagents (e.g., an enzyme-

antibody conjugate) and antigen detected (e.g., upon reaction with substrate).

[073] In other embodiments of the method of the present invention, a
competition assay is performed. In a competition assay, antigen capture reagents are
immobilized at the reactive zone and are contacted simultaneously with antigen from
a sample and labeled antigen (e.g., an antigen-enzyme conjugate). The amount of
label detected at the reactive zone is inversely proportional to the amount of antigen 1n

the sample.

[074] In some embodiments of the invention, antibodies specific for a
hookworm antigen or antigens are attached to a solid phase or substrate. The fecal
sample potentially including an antigen from hookworm 1s added to the substrate.
Antibodies that specifically bind hookworm are added. The antibodies may be the
same antibodies used on the solid phase or they may be from a different source or
species. Further, these antibodies may be linked to an indicator reagent, such as an
enzyme conjugate. Wash steps may be performed prior to each addition. A
chromophore or enzyme substrate may be added and color may be allowed to
develop. The color reaction may be stopped and the color may be quantified using,

for example, a spectrophotometer.

[075] In other embodiments of the invention, antibodies specific for a
hookworm antigen or antigens are attached to a solid phase or substrate. A fecal
sample potentially including a hookworm antigen is added to the substrate. Second
antibodies that specifically bind antigens of hookworms are then added. These
second antibodies may or may not be from a different species than are the solid phase
antibodies. Third anti-species antibodies that specifically bind the second antibodies
and that do not specifically bind the solid phase antibodies are then added. The third
antibodies may include an indicator reagent, such as an enzyme conjugate. Wash

steps may be performed prior to each addition. A chromophore or enzyme substrate
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may added and color may be allowed to develop. The color reaction may be stopped

and the color may be quantified using, for example, a spectrophotometer.

[076] In a specific example, the method of the present invention 1s performed
In conjunction with a device that is a lateral flow assay device by adding a prepared
fecal sample to a flow matrix of the device at a first region (a sample application
zone). The prepared fecal sample is carried in a fluid flow path by capillary action to
a second region of the flow matrix where a particulate label capable of binding and
forming a first complex with an antigen in the fecal sample. The particulate label can
be, e.g., a colored latex particle‘, dye sol, or gold sol conjugated to an antibody
specific for a hookworm antigen. The first complex is carried to a third region of the
flow matrix where an antibody that specifically binds a hookworm antigen 1s
immobilized at a distinct location. A second complex 1s formed between the

immobilized antibody and the first complex. The particulate label that is part of the

second complex can be directly visualized.

[077] Hookworm antibody may be an immobilized antigen capture reagent in
a reaction zone (solid phase). A second antigen capture reagent, i.e., a second
hookworm antibody that has been conjugated to a label, either may be added to the
sample before the sample is added to the device, or the second antigen capture reagent ~
can be incorporéted into the device. For example, the labeled antigen capture reagent
may be deposited and dried on a fluid flow path that provides fluid communication
between a sample application zone and the solid phase. Contact of the labeled antigen

capture reagent with the test sample can result in dissolution of the labeled antigen

capture reagent.

[078] The invention further includes assay kits (e.g., articles of manutacture)
for detecting hookworm in a fecal sample. A kit therefore may include one or more
devices of the present invention. For example, the kit may include anti-hookworm
antibodies and means for determining binding of the antibodies to hookworm antigens
in the sample. In one particular example, such a kit includes the device having an
immobilized anti-hookworm antibody, one or more antigen capture reagents (e.g., a
non-immobilized labeled antigen capture reagent and an immobilized antigen capture

reagent) and wash reagent, as well as detector reagent and positive and negative

23



CA 02690718 2011-11-29

716909~407

control reagents, 1f desired or appropnate. Other components such as buffers,
controls, and the like, known to those of ordinary skill in art, may be included in such
test kits. The relative amounts of the various reagents can be vaned, to provide for
concentrations 1n solution of the reagents that substantially optimize the sensitivity of
the assay. Particularly, the reagents can be provided as dry powders, usually
lyophilized, which on dissolution will provide for a reagent solution having the
appropnate concentrations for combining with a sample. The antibodies, assays, and
kits of the invention are useful, for example, in the diagnosis of individual cases of
hookworm infection 1n a patient, as well as epidemiological studies of hookworm
outbreaks. The kit may further include instructions for carrying out one or more
methods of the present invention, including instructions for using any device of the

present invention that is included with the kit.

[079] The methods of the invention for detection of hookworm infection can
be combined with other diagnostic assays to detect the presence of other organisms or
conditions. For example, assays of the invention can be combined with reagents that
detect one or more non-hookworm worm fecal parasites, one or more non-worm fecal
parasites one or more viruses, one or more bacteria, one or more blood-borne
parasites or occult blood or a combination thereof. By providing two or more unique
binding sites 1n a single assay device (such as, for example, two unique spots on a
SNAP® assay device), the present invention allows for detection of two or more
organisms from a single sample. In one embodiment, there are three unique spots for
detection of past or present infection from three organisms (the spots being either
antigen or antibody binding reagents) from a single sample (i.e., the same, single

sample 1s presented to the three capture reagents on a single device).

[080] The invention illustratively described herein suitably can be practiced
in the absence of any element or elements, limitation or limitations that are not
specifically disclosed herein. Thus, for example, in each instance herein any of the
terms “compnsing”, "consisting essentially of", and “consisting of" may be replaced
with either of the other two terms, while retaining their ordinary meanings. The terms
and expressions which have been employed are used as terms of description and not
of limitation, and there is no intention that in the use of such terms and expressions of

excluding any equivalents of the features shown and described or portions thereof .
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[081] In addition, where features or aspects of the invention are described in terms ot
Markush groups or other grouping of alternatives, those skilled in the art will recognize that

the invention is also thereby described in terms of any individual member or subgroup ot

members of the Markush group or other group.

5 [082] A number of examples to help illustrate the invention have been described.
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CLAIMS:

1. A device for detecting the presence or absence of hookworm antigen
in a fecal sample of a mammal, the device comprising a solid support, wherein
one or more antibodies specific for hookworm Ancylostoma caninum

Ancylostoma-secreted protein (ASP5) are immobilized on the solid support.

2. The device of claim 1, wherein the one or more antibodies are

polyclonal antibodies.

3. The device of claim 1 or 2, wherein the fecal sample Is substantially
free of hookworm ova, and the fecal sample is excreted by the mammal after the

mammal is infected with hookworm.

4. The device of any one of claims 1 to 3, wherein the fecal sample is
excreted by the mammal no more than 13 days after the mammal has become

Infected with hookworm.

D. The device of any one of claims 1 to 4, wherein the one or more
antibodies specific for hookworm ASPS are not specific for any coproantigen
derived from the group consisting of roundworm, whipworm, tapeworm and

heartworm.

0. The device of any one of claims 1 to 5, wherein the one or more

antibodies are labeled.

7. The device of any of claims 1 to 6, wherein the device is an enzyme-

linked immunosorbent assay device.

8. The device of claim 7, wherein the device is a lateral flow

Immunoassay device.

9. The device of any one of claims 1 to 8, wherein the device further
comprises one or more reagents for the detection of one or more non-hookworm
worm parasites, one or more non-worm parasites, one or more viruses, one or

more bacteria or a combination thereof.
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10. A method of detecting the presence or absence of hookworm

antigen in a fecal sample of a mammal comprising:

a. contacting the fecal sample with one or more antibodies specific
for ASP5; and

b. detecting the presence or absence of one or more hookworm

antigens or one or more hookworm antibody/antigen complexes.

11. The method of claim 10, wherein the one or more antibodies are

polyclonal antibodies.
12. The method of claim 10 or 11, wherein the mammal is a canine.

13. The method of any one of claims 10 to 12, wherein the fecal sample
IS substantially free of hookworm ova, and the fecal sample is excreted by the

mammal after the mammal is infected with hookworm.

14, The method of any one of claims 10 to 13, wherein the fecal sample
IS excreted by the mammal no more than 13 days after the mammal has become

Infected with hookworm.

15. The method of any one of claims 10 to 14, wherein the one or more
antibodies specific for ASPS are not capable of detecting any coproantigen
derived from the group consisting of roundworm, whipworm, tapeworm and

heartworm.

16. The method of any one of claims 10 to 15, wherein detecting the
presence or absence of one or more antibody/antigen complexes includes the
step of providing a secondary antibody that binds to the one or more

antibody/antigen complexes, wherein the secondary antibody is optionally labeled.

17. The method of any one of claims 10 to 16, wherein the one or more

antibodies are labeled.

18. The method of any one of claims 10 to 16, wherein the one or more

antibodies are immobilized on a solid support.
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19. The method of claim 17, wherein the solid support forms part of an

enzyme-linked iImmunosorbent assay device.

20. The method of claim 19, wherein the enzyme-linked immunosorbent

assay device is a lateral flow immununoassay device.

21. The method of any one of claims 10 to 20, further comprising the
step of applying the sample to one or more reagents to detect one or more non-
hookworm parasites, one or more non-worm parasites, one or more viruses, one

or more bacteria or a combination thereof.

22. The method of claim 21, wherein the reagents for detecting one or

more of the non-hookworm worm parasites, the non-worm parasites, the viruses

and the bacteria are one or more antibodies, or one or more antigens recognized
by antibodies specific for the non-hookworm worm parasites, the non-worm

parasites, the viruses and bacteria.

23. A kit for detection of one or more hookworm coproantigens in a fecal
sample of a mammal, the kit comprising the device as defined in any one of
claims 1 to 9, and one or more reagents sufficient for the detection of the one or

more antigens.

24 . The kit of claim 23, wherein the one or more reagents are selected
from the group consisting of indicator reagents, antibody labeling compounds,
antibodies, antigen capture reagents, inhibitors, wash reagents and any

combination thereof.

SMART & BIGGAR
OTTAWA, CANADA

PATENT AGENTS
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