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Description

TECHNICAL FIELD

[0001] A method for the differentiation of inflammatory bowel disease (IBD) from irritable bowel disease (IBS) followed
by distinguishing ulcerative colitis from Crohn’s disease and other gastrointestinal illnesses. This highly differential
method first uses the presence of elevated fecal lactoferrin as a marker of intestinal inflammation to differentiate IBD
from IBS. Patients suspected of IBD are then analyzed for anti-Saccharomyces cerevisiae antibodies (ASCA) as an
indicator of Crohn’s disease and fecal anti-neutrophil cytoplasmic antibodies (ANCA) as an indicator of ulcerative colitis.
IBD patients are further monitored for intestinal inflammation using lactoferrin to evaluate the effectiveness of medical
therapy and predict relapse. The apparatus comprises either a qualitative enzyme-linked immunoassay or other immu-
noassay that utilizes antibodies for the measurement of total endogenous lactoferrin, ASCA and ANCA in human feces.
The method and apparatus can be used by healthcare providers to identify IBD and distinguish ulcerative colitis from
Crohn’s disease.

BACKGROUND OF THE INVENTION

[0002] An estimated 1 million Americans suffer from chronic inflammatory bowel disease (IBD) and 20 million Americans
suffer from irritable bowel syndrome (1BS). IBD, comprised of both Crohn’s Disease (CD) and ulcerative colitis (UC), is
characterized by a chronic inflammatory response that results in histologic damage to the intestinal lining. Both CD and
UC exhibit large numbers of leukocytes that migrate to the mucosa and into the intestinal lumen. Both diseases oscillate
between active (i.e., presence of intestinal inflammation) and inactive (i.e., minimal to no intestinal inflammation) stages
of disease activity. Active IBD can include symptoms such as bloody diarrhea, abdominal pain, and fever. The inactive
stage has minimal to no intestinal inflammation and lacks severe gastrointestinal illness.
[0003] Patients who have active IBD but who exhibit mild signs and symptoms may be difficult to distinguish from
patients with active IBS, an intestinal disorder of motility and the intestinal nervous system. Unlike IBD, IBS does not
involve intestinal inflammation. In persons with IBS, the intestine appears normal upon endoscopic examination and
leukocytes are not present in the mucosa or in fecal specimens. Symptoms can mimic those of IBD and include bloating,
diarrhea, constipation, and severe and often debilitating abdominal pain. It is estimated that at least 20 million Americans
suffer from IBS.
[0004] The similarity in symptoms between IBS and IBD renders rapid diagnosis difficult. However, given the potential
severity of untreated IBD, differential diagnosis is crucial. The diagnosis of gastrointestinal illnesses, in general, is aided
by diagnostic tests such as enzyme-linked immunosorbant assays (ELISAs), latex agglutination and lateral flow immu-
noassay. These tests are rapid and inexpensive methods for detecting markers in feces for enteric pathogens and
inflammation. One marker of particular interest that has been found to be most specific for leukocytes in fecal specimens
is lactoferrin. Human lactoferrin is an 80 kilodalton glycoprotein. This iron-binding protein is secreted by most mucosal
membranes. It is a major component of the secondary granules found in polymorphonuclear neutrophils (PMNs), a
primary component of the acute inflammatory response. Other hematopoietic cells such as monocytes and lymphocytes,
do not contain lactoferrin, whereas various bodily secretions contain levels in the mg/mL range. During the process of
inflammation, PMNs infiltrate the mucosa lining of the small and large intestine. This increase in the number of activated
tissue leukocytes and exudation of plasma from ulcerated mucosa results in an increase in the level of lactoferrin found
in feces. The protein is resistant to proteolysis and, as such, it provides a useful non-invasive fecal marker of intestinal
inflammation.
[0005] Human lactoferrin has been used as a marker for fecal leukocytes in a number of applications. For instance,
fecal lactoferrin has been used as a marker for leukocytes to distinguish noninflammatory diarrhea from inflammatory
diarrhea, as disclosed in U.S. Patent No. 5,124,252. Noninflammatory diarrhea caused by agents such as rotavirus,
Norwalk-like agents and cholera, typically causes minimal to no intestinal damage and patients respond readily to oral
rehydration. Inflammatory diarrheas include those caused by enteric pathogens such as Clostridium difficile, Shigella
species, Salmonella species, Campylobacter jejuni and Entamoeba histolytica and those that have no clearly defined
infectious agent such as CD and UC. U.S. Patent No. 5,124,252 discloses an in vitro test for fecal leukocytes that aids
in distinguishing inflammatory from noninflammatory diarrhea. The ’252 patent discloses testing fecal samples suspected
of containing leukocytes with an assay that utilizes an antibody for lactoferrin to determine the presence of leukocytes
in the fecal sample.
[0006] Human lactoferrin also has been used as a marker for diagnosis of inflammatory gastrointestinal disorders,
colon polyp and colorectal cancer as disclosed in U.S. Patent No. 5,552,292. However, neither the method of the ’252
patent nor that of the ’292 patent disclose utility in distinguishing IBS from IBD. The samples tested by the assay of the
’252 patent are samples suspected of containing leukocytes. This suspicion is owed to the patient presenting with
diarrhea. However, 25-50% of persons having IBD do not present with diarrhea and, thus, the ’252 patent does not relate
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to diagnosing etiology in such patients. As for the ’292 patent, the disclosed method utilizes a 1:100 sample dilution
which does not allow for accurate quantitation of lactoferrin levels. Further, the ’292 patent discloses using partial forms
of molecules for testing and not total endogenous lactoferrin, again affecting the accuracy of the quantitation. The method
of the ’292 patent also does not relate to utilizing lactoferrin levels to distinguish IBD from IBS. The population tested in
the ’292 patent, while including persons with UC and CD, did not include persons having IBS.
[0007] IBD is comprised of both Crohn’s disease and ulcerative colitis. These two distinct diseases require a rapid
differential diagnosis for optimal treatment. Crohn’s disease may involve the entire gastrointestinal tract and include
inflammation extending into the transmural mucosa, whereas ulcerative colitis affects solely the large bowel and includes
inflammation of the innermost lining. Conventional methods to differentiate between Crohn’s disease and ulcerative
colitis utilizing multiple endoscopy examinations and histological analysis may take years to confirm a diagnosis.
[0008] U.S. Patent No. 6,218,129 discloses a method of determining the presence of serum ANCA as a marker to
diagnose IBD. However, it does not disclose a method for diagnosing ulcerative colitis in a patient diagnosed with IBD.
[0009] Serological methods for the differential diagnosis of CD and UC also are known in the art. For example, it is
known to use the presence of serum anti-Saccharomyces cerevisiae antibodies (ASCA) to diagnose CD. See Main et
al., Antibody to Saccharomyces cervisiae (baker’s yeast) in Crohn’s disease, BMJ Vol. 297 (October 29, 1988); Broker
et al., A Murine Monoclonal Antibody Directed Against a Yeast Cell Wall Glycoprotein Antigen of the Yeast Genus
Saccharomyces, FEMS Microbiology Letters 118 (1994), 297-304. It is further known in the art to use the presence of
serum ASCA to diagnose clinical subtypes of UC and CD in patients presenting with established diagnoses. For example,
U.S. Patent No. 5,968,741 discloses utilizing the presence of serum ASCA to diagnose a medically resistant clinical
subtype of UC in patients presenting with an established diagnosis of UC. Similarly, U.S. Patent No. 5,932,429 discloses
utilizing the presence of serum ASCA to diagnose a clinical subtype of CD in patients presenting with an established
diagnosis of CD.
[0010] WO02/39883 discloses a method for differentiating irritable bowel syndrome from inflammatory bowel disease
using fecal lactoferrin as a marker.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

[0011]

FIG. 1 is a graphical representation of a standard curve of purified anti-Saccharomyces cerevisiae antibodies in
accordance with an embodiment of the present invention; and
FIG. 2 is graphical representation of a standard curve of anti-neutrophil cytoplasmic antidodies in accordance with
an embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0012] The present invention relates a lactoferrin immunoassay used to determine the presence of elevated lactoferrin
as an indicator of intestinal inflammation thus aiding in the differentiation of IBD from IBS, and ANCA and ASCA immu-
noassays to differentiate between ulcerative colitis and Crohn’s disease. The test results may be used to determine
appropriate treatment for ulcerative colitis and Crohn’s disease patients. Qualitative immunoassays such as enzyme-
linked immunoassays and lateral flow dipsticks that utilize monoclonal and polyclonal antibodies to human ANCA and
ASCA may be used distinguish between ulcerative colitis and Crohn’s disease. Bodily secretions, as used herein, are
limited to feces.
[0013] In the qualitative assay, the bodily secretions are diluted and added to a well containing the immobilized
antibodies to lactoferrin or antigens of Saccharomyces cerevisiae or neutrophil cytoplasmic antigens. If endogenous
lactoferrin or ASCA or ANCA is present, it will bind to the well containing immobilized antibodies or antigens during an
incubation step. Following the incubation, antibodies to human lactoferrin or polyvalent antibodies to human immunoglob-
ulin coupled to horseradish peroxidase enzyme (conjugate) is added and allowed to bind to captured lactoferrin or ANCA
or ASCA. Unbound conjugate is washed from the well and one component substrate (tetra-methyl-benzidene and hy-
drogen peroxide) is added for color development. Following the substrate incubation, the reaction is stopped by acidi-
fication and the optical density (OD) is determined spectrophotometrically at 450 nm.
[0014] The particular embodiments described herein are intended in all respects to be illustrative rather than restrictive.
Alternative embodiments will become apparent to those skilled in the art to which the present invention pertains without
departing from its scope.
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Example 1

Lactoferrin Qualitative Assay

a. Establishment of Optimal Sample Dilution Factor and Optical Density

[0015] The assay of the present invention was designed and developed to detect levels of fecal lactoferrin at a lower
level detectable by predicate devices, specifically the LEUKO-TEST®. The lower limit of detection of the LEUKO-TEST®

is 256 ng/mL with purified human lactoferrin. In the LEUKO-TEST®, a specimen dilution of 1:50 and a minimum limit of
detection of 256 ng/mL provides a lower limit of detection in fecal specimens of approximately 12 Pg/mL. A specimen
dilution of 1:400 and a minimum detection limit for the assay of the present invention of 32 ng/mL also provides a lower
limit of detection in fecal specimens of approximately 12 Pg/mL. Accordingly, a 1:400 specimen dilution was chosen for
the assay of the present invention. Similarly, an optical density of 0.200 OD450 for the assay was chosen. (As used
herein, OD450 indicates an optical density obtained spectrophotometrically at 450 nm on a single wavelength spectro-
photometer.)
[0016] It will be understood and appreciated by those of skill in the art that the preferred dilution factor and optical
densities have been determined based upon reagents currently available and deemed to be optimal. However, reagents
other than those now desired may become improved and desirable over time. Variations in reagents may produce
preferable/optimal dilution factors and/or optical densities other than those determined herein. Such variations are con-
templated to be within the scope of the present invention. The key to determining optimal values is based upon sensitivity
as more fully described below.
[0017] To verify that the 1:400 specimen dilution provides the most desirable sensitivity with the current reagents, 121
fecal specimens were analyzed comparing a 1:400 dilution to a 1:800 dilution. (Sensitivity is calculated herein by dividing
the number of samples taken from subjects with IBD which produce a positive result in the assay by the number of
samples taken from subjects with IBD.) Test results additionally were evaluated comparing OD450 values of 0.200 to
OD450 values of 0.300. Results were compared with microscopy for fecal leukocytes and with the LEUKO-TEST®. The
results are summarized in Tables 1-8 below.

Table 1: Comparison of the ELISA with microscopy for fecal leukocytes using a 1:400 dilution and an OD450 
of 0.200

ELISA vs. microscopy (N=121) Microscopy positive Microscopy negative

ELISA positive 32 42

ELISA negative 2 45

Relative Sensitivity 94.0%

Relative Specificity 52.0%

Correlation 64.0%

Table 2: Comparison of the ELISA with microscopy for fecal leukocytes using a 1:400 dilution and an OD450 
of 0.300

ELISA vs. microscopy (N=121) Microscopy positive Microscopy negative

ELISA positive 31 31

ELISA negative 3 56

Relative Sensitivity 91.0%

Relative Specificity 64.0%

Correlation 72.0%
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Table 3: Comparison of the ELISA with microscopy for fecal leukocytes using a 1:800 dilution and an OD450 
of 0.200

ELISA vs. microscopy (N=121) Microscopy positive Microscopy negative

ELISA positive 30 31

ELISA negative 4 56

Relative Sensitivity 88.0%

Relative Specificity 64.0%

Correlation 77.0%

Table 4: Comparison of the ELISA with microscopy for fecal leukocytes using a 1:800 dilution and an OD450 
of 0.300

ELISA vs. microscopy (N=121) Microscopy positive Microscopy negative

ELISA positive 26 24

ELISA negative 8 63

Relative Sensitivity 77.0%

Relative Specificity 72.0%

Correlation 74.0%

Table 5: Comparison of the ELISA with the LEUKO-TEST® using a 1:400 dilution and an OD450 of 0.200

ELISA vs. LEUKO-TEST® (N=121) LEUKO-TEST® Positive LEUKO-TEST® Negative

ELISA positive 43 31

ELISA negative 5 42

Relative Sensitivity 89.6%

Relative Specificity 57.5%

Correlation 70.2%

Table 6: Comparison of the ELISA with the LEUKO-TEST® using a 1:400 dilution and an OD450 of 0.300

ELISA vs. LEUKO-TEST® (N=121) LEUKO-TEST® Positive LEUKO-TEST® Negative

ELISA positive 41 21

ELISA negative 7 52

Relative Sensitivity , 85.0%

Relative Specificity 71.2%

Correlation 77.0%
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[0018] In summary, a fecal specimen dilution of 1:400 and an assay OD450 of 0.200 showed the highest level of
sensitivity with the current reagents. Accordingly, these conditions were determined to be optimal for the assay of the
present invention. Normal fecal specimens contain low levels of lactoferrin and the 1:400 dilutions have been determined
to be optimal in detecting an increase in lactoferrin over background levels. The use of dilutions lower than 1:400 may
result in positive test results due to the presence of normal lactoferrin levels.

b. Collection of Specimens and Preparation of Dilutions

[0019] Standard collection and handling procedures typically used for fecal specimens for culture may be used in
collecting samples for the assay of the present invention. In the preferred embodiment, fecal specimens are to be tested
within twenty-four hours of collection. However, if the assay is not to be performed within forty-eight hours of collection,
it is preferred that the specimens be stored at -20°C or lower. Additionally, it is preferred that collected specimens be
transported and diluted in the Diluent as soon as possible after collection and, once diluted, that the specimens be stored
at between about 2°C and about 8°C. It is preferred that the specimens be mixed (i.e., using a vortex mixer) thoroughly
prior to performing the assay of the present invention. This includes complete mixing of the specimen prior to transfer
to the Diluent, as more fully described below, as well as complete mixing of the diluted specimen prior to performing the
assay.
[0020] The following method was used to prepare a diluted specimen from a liquid fecal specimen. Two plastic tubes
were set up for each specimen to be tested. For each specimen, 950PL of 1X Diluent (prepared as more fully described
below) subsequently was added to each of the two tubes. Using a transfer pipette, one drop (i.e., approximately 50 PL)
of liquid fecal specimen was added to one of the tubes and thoroughly mixed using a vortex mixer. Subsequently, one
drop of the diluted specimen was transferred into the second tube containing 950 PL of 1X Diluent (prepared as more
fully described below). The result was a 1:400 dilution of the specimen in the second tube. Thus, only the second tube
was used for the remainder of the test procedure.
[0021] The following method was used to prepare a diluted specimen from a formed or solid fecal specimen. Two
plastic tubes were set up for each specimen to be tested. For each specimen, 1.9 mL of 1X Diluent (prepared as more
fully described below) was added to only one of the two tubes. Subsequently, 0.10 g of fecal specimen were added to
this tube (1:10) and thoroughly mixed using a vortex mixer. Next, 950 PL of the 1X Diluent (prepared as more fully
described below) was added to the second tube and one drop (i.e., approximately 50 PL) of the previously diluted
specimen is transferred into the second tube. The result was a 1:400 dilution of the specimen in the second tube. Thus,

Table 7: Comparison of the ELISA with the LEUKO-TEST® using a 1:800 dilution and an OD450 of 0.200

ELISA vs. LEUKO-TEST® (N=121) LEUKO-TEST® Positive LEUKO-TEST® Negative

ELISA positive ELISA positive 39 22

ELISA negative 9 51

Relative Sensitivity 81.3%

Relative Specificity 69.9%

Correlation 74.4%

Table 8: Comparison of the ELISA with the LEUKO-TEST® using a 1:800 dilution and an OD450 of 0.300

ELISA vs. LEUKO-TEST® (N=121) LEUKO-TEST® Positive LEUKO-TEST® Negative

ELISA positive 34 16

ELISA negative 14 57

Relative Sensitivity 70.8%

Relative Specificity 78.1%

Correlation 75.2%
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only the second tube was used for the remainder of the test procedure.
[0022] The specimen in the second tube prepared according to either of the above procedures was mixed in a vortex
mixer for approximately ten seconds and subsequently stored at between about 2°C and about 8°C until the remainder
of the test procedure was performed. Prior to transferring the diluted specimen into a microtiter well according to the
test procedure, as more fully described below, the specimen was thoroughly mixed in the vortex mixer once again. This
procedure sought to ensure thorough mixing of the specimen.

c. Necessary Test Reagents and Preparation Thereof

[0023] A number of reagents were necessary to carry out the preferred embodiment of the qualitative assay of the
present invention. These reagents included 10X Diluent, 1X Diluent, Conjugate, Substrate, Positive Control, Wash Buffer
Solution and Stop Solution. The 10X Diluent was a 10X concentrate of buffered protein solution containing 0.2% thimerosal
as a preservative. The Diluent was supplied as a 10X concentrate. Therefore, to prepare the 1X Diluent necessary for
the assay of the present invention, a total volume of 400 mL was diluted by adding 40 mL of the 10X concentrate to 360
mL of deionized water. Any unused 1X Diluent was stored at between about 2°C and about 8°C.
[0024] The Conjugate used with the assay of the present invention preferably comprises rabbit polyclonal antibody
specific for human lactoferrin conjugated to horseradish peroxidase and in a buffered protein solution containing 0.02%
thimerosal as a preservative. The Substrate used with the assay of the present invention preferably comprises a solution
containing tetra-methyl-benzidine substrate and peroxidase. The Positive Control used with the assay of the present
invention preferably comprises human lactoferrin in a buffered protein solution containing 0.02% thimerosal as a pre-
servative. The Stop Solution used with the assay of the present invention preferably comprises 0.6 N sulfuric acid.
[0025] The Wash Buffer Solution used with the assay of the present invention was supplied as a 20X concentrate
containing phosphate buffered saline, detergent and 0.2% thimerosal as a preservative. To prepare the 1X Wash Solution
necessary for the assay of the present invention, a total volume of one liter of concentrate was diluted by adding 50 mL
of the concentrate to 950 mL of deionized water. Any unused 1X Wash Solution was stored at between about 2°C and
about 8°C.
[0026] Microassay plates containing twelve strips and eight wells per strip are preferred for the assay of the present
invention. Each specimen and each control requires a single coated well. To prepare the plates, each strip was coated
with purified polyclonal antibody specific for lactoferrin. Microassay plates were stored with desiccant.
[0027] All reagents were stored at room temperature prior to use in the assay of the present invention.
[0028] The present invention includes a kit designed and prepared for carrying out the quantitative assay. In the
preferred embodiment, the kit contains 40 mL 10X Diluent, 7 mL Conjugate, 14 mL Substrate, 3.5 mL Positive Control,
50 mL Wash Buffer Solution, 7 mL Stop Solution and one microassay plate stored with desiccant. The assay of the
present invention utilizes antibodies to human lactoferrin. The microassay plate supplied with the kit contains immobilized
polyclonal antibody against lactoferrin. The detecting antibody consists of polyclonal antibody conjugated to horseradish
peroxidase.

d. Test Procedure

[0029] To perform the qualitative assay of the present invention, initially the number of wells needed was determined.
Each specimen or control required one well and, therefore, the number of wells was determined accordingly. Next, one
drop (i.e., about 50 PL) of Positive Control was added to a single well designated the Positive Control Well and one drop
(i.e., about 50 PL) of 1X Diluent was added to a single well designated the Negative Control Well. Subsequently, two
drops (i.e., about 100 PL) of 1:400 diluted specimen (prepared according to the above procedure) was added to a third
well and all wells were incubated at about 37°C (� 2°C) for approximately thirty minutes. After incubation, the contents
of the assay wells was discarded into a discard pan.
[0030] Next, each well was washed using 1X Wash Solution (prepared as described above) and placed in a squirt
bottle with a fine-tipped nozzle. In this manner, the 1X Wash Solution was directed into the bottom of each of the wells
with some force. Each well was filled with the 1X Wash Solution and the contents thereof subsequently discarded into
a discard pan. The microassay plate was then inverted and slapped on a dry paper towel. This wash procedure was
performed a minimum of four times using a dry paper towel each time. If any particulate matter was observed in the
wells, the washing procedure was continued until all the matter was removed.
[0031] Subsequently, one drop (i.e., about 50PL) of Conjugate was added to each well and the wells were incubated
at about 37°C (�2°C) for approximately thirty minutes. After incubation, the contents of the assay wells were discarded
into a discard pan and the washing procedure was repeated. Next, two drops (i.e., about 100 PL) of Substrate were
added to each well and the wells were gently tapped to mix the contents. The wells were then incubated at room
temperature for approximately fifteen minutes. The wells were gently tapped a couple of times during the incubation period.
[0032] Next, one drop (i.e., 50 PL) of Stop Solution was added to each well and the wells were gently tapped. The
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wells were allowed to sit at room temperature for about two minutes before reading. The addition of Stop Solution
converted the blue color to a yellow color which could then be quantified by measuring the optical density at 450 nm on
a microplate ELISA reader. The instrument was blanked against the negative control and the underside of each well
was wiped before measuring the optical density. Optical densities (OD450 and OD450/620) were recorded for the Positive
Control Well, the Negative Control Well and each specimen tested. ("OD450/620" as used herein indicates an optical
density obtained spectrophotometrically at 450/620 nm on a dual wavelength spectrophotometer.) Readings of duplicate
wells were averaged before the results were interpreted.
[0033] The specified test procedure represents the preferred embodiment as optimal results are obtained by following
the procedure specified because the reagents, concentrations, incubation conditions, and processing specifications
have been optimized for sensitivity and specificity. Accordingly, alterations of the specified procedure and/or of the
indicated test conditions may affect the sensitivity and specificity of the test.

e. Quality Control

[0034] The positive and negative control must meet certain criteria for the test to be valid. First of all, the Positive
Control Well must be a visible yellow color and, when read on a spectrophotometer, it must have an OD450 and
OD450/620>0.500. The Negative Control Well must have an OD450<0.200 or an OD450/620<0.160. To ensure that carryover
has not occurred, testing should be repeated if a sample gives a weak positive result (i.e, <0.400) and is adjacent to a
strong positive well.

f. Interpretation of Results

[0035] Optical densities were measured at 450 nm on a single wavelength spectrophotometer and at 450/620 nm on
a dual wavelength spectrophotometer. On a single wavelength spectrophotometer, an OD450 of less than 0.200 indicated
a negative result and an OD450 of greater than or equal to 0.200 indicated a positive result. On a dual wavelength
spectrophotometer, an OD450/620 of less than 0.160 indicated a negative result and an OD450/620 of greater than or equal
to 0.160 indicated a positive result.
[0036] A positive test result indicated the specimen contained elevated levels of lactoferrin when compared with a
reference value established for healthy control subjects. A negative test result indicated the specimen did not contain
elevated levels of lactoferrin relative to samples from healthy control subjects.

g. Results

[0037] One hundred forty-nine subjects having IBD were tested according to the above procedure. Seventy-seven of
the subjects, or 51.7%, were male and seventy-two of them, or 48.3%, were female. The tested male to female ratio
closely approximates the 1:1 ratio observed in the general IBD patient population. Ages of the subjects ranged from 3
years to 78 years and thirty-two subjects, or 22%, were 16 years of age or younger. Seventy-seven subjects, or 51.7%,
had CD and seventy-two of them, or 48.3% had UC.
[0038] Thirty-one subjects having IBS were tested. Six of the subjects, or 19.3%, were male and twenty-five of them,
or 80.7%, were female. The tested male to female ratio closely approximates the 1:3 ratio observed in the general IBS
population. Ages of the subjects ranged from 19 years to 78 years.
[0039] Fifty-six healthy subjects also were tested as controls. Twenty-eight of the subjects, or 50%, were male and
twenty-eight of them, or 50%, were female. Ages of the subjects ranged from infants to 79 years. A summary of the
tested subject population is illustrated in Table 9.

Table 9: Summary of Subject Population

Summary of Clinical Histories (N=180) Total Subjects

Total number of IBD patients 149

No. Males 77
No. Females 72

Total number of patients with CD 77

No. Males 43
No. Females 34
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[0040] Fecal specimens were collected from each enrolled subject and stored at -70°C until tested. Sample consist-
encies ranged from liquid to solid, numbers for which are illustrated in Table 10 for each subject group. As can be seen,
forty-five of the IBD specimens were liquid specimens, sixty-two were semi-solid specimens, and forty-two were solid
specimens. One of the IBS specimens was a liquid specimen, thirteen were semi-solid specimens, and seventeen were
solid specimens. All of the specimens from healthy control subjects were solid.

[0041] The level of fecal lactoferrin in each specimen was determined using the qualitative lactoferrin ELISA as pre-
viously described. A specimen dilution of 1:400 was used. Results were reported as positive if an optical density of
greater than or equal to 0.200 was observed. Conversely, results were reported as negative if an optical density of less
than 0.200 was observed.
[0042] Of the IBD subject group, ninety-two subjects had active disease and fifty-seven had inactive disease. Of the
active group, a total of eighty subjects, or 87.0%, tested positive in the assay. Of the inactive group, a total of thirty-two
subjects, or 56.1%, tested positive. Of the forty-one subjects having active UC, a total of thirty-six subjects, or 87.8%
tested positive in the assay. Of the fifty-one subjects having active CD, forty-four, or 86.3%, tested positive. All thirty-
one patients having active IBS and all fifty-six healthy control subjects tested negative in the assay. A summary of assay
test results is illustrated in Table 11 and various individual comparisons are illustrated in Tables 12, 13 and 14, as more
fully described below.

(continued)

Summary of Clinical Histories (N=180) Total Subjects

Total number of patients with UC 72

No. Males 34
No. Females 38

Total number of patients with irritable bowel syndrome 31

No. Males 6
No. Females 25

Total number of healthy persons 56

No. Males 28
No. Females 28

Table 10: Summary of Specimen Consistencies for Each Subject Group

Summary of Stool Specimens (N=236) Total Specimens

Total number of IBD patients (CD and UC) 149

Total number of liquid specimens 45
Total number of semi-solid specimens 62

Total number of solid specimens 42

Total number of patients with IBS 31

Total number of liquid specimens 1
Total number of semi-solid specimens 13

Total number of solid specimens 17

Total number of healthy persons 56

Total number of liquid specimens 0
Total number of semi-solid specimens 0

Total number of solid specimens 56
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[0043] When distinguishing samples from active IBD subjects from subject samples having IBS or from healthy control
samples, the ELISA exhibited a sensitivity of 87% and specificity of 100%. Sensitivity was calculated by dividing the
number of persons having IBD and testing positive in the ELISA by the number of subjects having IBD. Specificity was
calculated by dividing the number of subjects having IBD and testing positive in the ELISA by the number of subjects
testing positive in the ELISA. The predictive positive and negative values were 100% and 87.9%, respectively, and the
correlation was 93.3%. These results are summarized in Table 12.

[0044] When distinguishing samples from active UC subjects from subject samples having IBS or from healthy control
subjects, the ELISA exhibited a sensitivity of 87.8% and a specificity of 100%. The predictive positive and negative
values were 100% and 94.6%, respectively, and the correlation was 96.1%. These results are summarized in Table 13.

Table 11: Summary of ELISA test Results for CD, UC, Active IBS, and Healthy Control Subjects

Clinical Assessments N=236 Total ELISA Positive ELISA Negative

Total IBD 149 75.2% (112) 24.8% (37)

Active 92 87.0% (80) 13.0% (12)
Inactive 57 56.1% (32) 43.0% (25)

Total CD 77 77.9% (60) 22.1% (17)

Active 56 86.3% (44) 13.7% (7)
Inactive 26 61.5% (16) 38.5% (10)

Total UC 72 72.2% (52) 27.7% (20)

Active 41 87.8% (36) 12.2% (5)
Inactive 31 51.6% (16) 48.4% (15)

Total Active IBS 31 0 100.0% (31)

Total Healthy Persons 56 0 100.0% (56)

Table 12: Statistical Evaluation using the ELISA to Distinguish Active IBD from IBS/Healthy Control Subjects

N=179 Active IBD IBS/Healthy Controls

EUSA positive 80 0

ELISA negative 12 87

Sensitivity 87.0%

Specificity 100%

Predictive Positive Value 100%

Predictive Negative Value 87.9%

Correlation 93.3%

Table 13: Statistical Evaluation using the ELISA to Distinguish Active UC from IBS/Healthy Control Subjects

N=128 Active UC IBS/Healthy Controls

ELISA positive 36 0

ELISA negative 5 87

Sensitivity 87.8%
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[0045] When distinguishing subject samples having active CD from subject samples having IBS or from healthy control
samples, the ELISA exhibited a sensitivity of 86.3% and a specificity of 100%. The predictive positive and negative
values were 100% and 92.6%, respectively, and the correlation was 94.9%. These results are summarized in Table 14.

h. Reproducibility and Precision

[0046] The inter-assay variation was determined by analyzing eight lactoferrin-negative and eight lactoferrin-positive
fecal specimens over a three day period. The average % Coefficient of Variation (CV) was 23.5% for the positive
specimens and 7.4% for the negative specimens. The intra-assay variation was determined by analyzing twelve fecal
specimens using six replicates in one lot of kits. The intra-assay analysis ranged in %CV from 2.7 to 24.0 with an average
of 8.7%.

Example 2

Lactoferrin Quantitative Assay

[0047] In the quantitative assay of the present invention, fecal specimens preferably are serially diluted ten-fold and
added to microtiter wells containing immobilized polyclonal antibodies against human lactoferrin. If endogenous lactoferrin
is present, it will bind to the antibodies during an incubation at approximately 37°C. Following the incubation, conjugate
comprised of polyclonal antibodies coupled to horseradish peroxidase enzyme is added and allowed to bind to captured
lactoferrin. Unbound conjugate is then washed from the well and a component substrate (e.g., tetra-methyl-benzidene
and hydrogen peroxide) is added for color development. Following the substrate incubation, 0.6N sulfuric acid is added
to quench the reaction and the absorbance or optical density (OD) is obtained spectrophotometrically at 450 nm on a
single wavelength device. Fecal lactoferrin concentrations are determined by comparison to a standard curve generated
using purified human lactoferrin.

a. Preparation of Standard Curve

[0048] A 1 mg/mL stock solution of purified human lactoferrin, manufactured by Sigma Immunochemicals of St. Louis,
Missouri, was prepared using 10 mg of lactoferrin dissolved in 10 mL of sterile phosphate buffered saline (PBS) at pH
7.4. Serial two-fold dilutions of lactoferrin were made using the range of approximately 6 to 100 ng/mL in Diluent. For
the analysis, 0.1 mL of each standard was assayed in duplicate. Optical densities (OD450) were determined and plotted

(continued)

N=128 Active UC IBS/Healthy Controls

Specificity 100%

Predictive Positive Value 100%

Predictive Negative Value 94.6%

Correlation 96.1%

Table 14: Statistical Evaluation using the ELISA to Distinguish Active CD from IBS/Healthy Control Subjects

N=138 Active UC IBS/Healthy Controls

ELISA positive 44 0

ELISA negative 7 87

Sensitivity 86.3%

Specificity 100%

Predictive Positive Value 100%

Predictive Negative Value 92.6%

Correlation 94.9%
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versus lactoferrin concentration to generate standard curves. The linear portion of the curve was determined by linear
regression analysis using the Log-Log method (Microsoft EXCEL, Microsoft R Office). The lowest dilution of specimen
that gave an OD450 within the linear portion of the curve was used to determine the lactoferrin concentration. The final
concentration was obtained by multiplying the concentration by the dilution factor.

b. Quantitative Test Procedure

[0049] In order to assess the ability of the quantitative ELISA to measure the level of fecal lactoferrin, two fecal
specimens collected six weeks apart from six female and five male adults were diluted and then spiked with lactoferrin
to a concentration of 25 ng/mL. The estimated lactoferrin that was determined represents the level of lactoferrin deter-
mined from a standard curve generated with the quantitative ELISA. The % Variation represents the difference between
the actual amount used to spike the sample and the estimated amount. Under these conditions, the variations ranged
from 1.0% to 85.8% for females and 8.8% to 47.0% for males. Results showed a higher percent variation in female
adults as compared to male adults. The stool samples that showed a higher variation had higher levels of lactoferrin
prior to spiking. The results are illustrated in Tables 15 and 16 below.

[0050] A second method for spiking was using the same two stool specimens collected six weeks apart from six female

Table 15. Stool samples of female adult subjects spiked to a final concentration of 25 ng/mL

Patient ID # Actual Lactoferrin (ng/ML) Estimated Lactoferrin (ng/ML) Variation (%)

1 25 15.4 38.4

2 25 22.9 8.5

3 25 21.8 12.7

4 25 28.4 13.5

5 25 16.2 35.3

6 25 15.8 37.0

7 25 35.5 41.8

8 25 46.5 85.8

9 25 27.7 10.8

10 25 32.3 29.1

11 25 26.1 4.3

12 25 25.3 1.0

Table 16. Stool samples of male adult subjects spiked to a final concentration of 25 ng/mL

Patient ID # Actual Lactoferrin (ng/ML) Estimated Lactoferrin (ng/ML) Variation (%)

1 25 21.9 12.4

2 25 21.2 15.0

3 25 20.9 16.3

4 25 21.4 14.4

5 25 20.8 16.8

6 25 22.8 8.8

7 25 28.9 15.5

8 25 29.4 17.4

9 25 36.7 47.0

10 25 19.5 21.9
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and five male adults were diluted and spiked with lactoferrin to a concentration of 4 Pg/mL. The estimated lactoferrin
represents the level of lactoferrin determined from a standard curve generated by the quantitative ELISA. The % Variation
represents the difference between the actual amount used to spike the sample and the estimated value. Under these
conditions, the variation ranged from 11.3% to 84.9% for females and from 5.0% to 39.2% for males. Results were
similar to those obtained with specimens spiked with 25 ng/mL lactoferrin as described above, showing a higher percent
variation in female adults compared to male adults. The results are illustrated in Tables 17 and 18 below.

Monitoring Using the Quantitative ELISA

[0051] The quantitative ELISA of the present invention was used to follow the lactoferrin levels of single patient suffering
from ulcerative colitis during a flare of active disease through remission. The patient showed extremely high levels of
lactoferrin (e.g., 9749.37Pg/mL feces) during the peak of the active disease, the levels dropping rapidly (e.g., to 7.42
Pg/mL feces) following antiinflammatory drug therapy. Levels elevated dramatically again during a relapse and leveled
at slightly above those of healthy control persons (e.g., 11.06 Pg/mL feces) during periods of remission. Thus, lactoferrin
levels determined according to the quantitative ELISA of the present invention accurately depicted disease activity in
response to medical treatment.

Table 17. Stool samples of female adult subjects spiked to a final concentration of 4 Pg/mL

Patient ID # Actual Lactoferrin (Pg/ML) Estimated Lactoferrin (Pg/ML) Variation (%)

1 4 4.5 11.3

2 4 4.6 15.3

3 4 5.3 33.4

4 4 4.9 21.4

5 4 3.5 11.5

6 4 3.4 14.7

7 4 5.3 32.7

8 4 6.7 67.6

9 4 5.5 38.6

10 4 5.8 44.9

11 4 5.8 43.9

12 4 7.4 84.9

Table 18. Stool samples of male adult subjects spiked to a final concentration of 4 Pg/mL

Patient ID # Actual Lactoferrin (Pg/ML) Estimated Lactoferrin (Pg/ML) Variation (%)

1 4 4.7 17.5

2 4 4.6 14.4

3 4 4.2 5.0

4 4 5.6 39.2

5 4 4.2 5.9

6 4 4.7 18.5

7 4 4.7 16.5

8 4 5.5 37.9

9 4 5.3 33.6

10 4 4.3 6.6
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Example 3

ASCA Assay

[0052] In this example, a fecal sample was obtained and serially diluted 20 fold. 100 Pl of the diluted sample was
added to a test well of a microassay plate coated with extract of Saccharomyces cerevisiae. The sample then was
incubated at 37°C to allow antibodies to Saccharomyces cerevisiae to bind to the extract of Saccharomyces cerevisiae.
Following incubation, anti-human Ig polyclonal antibodies coupled to horseradish peroxidase enzyme (conjugate) were
added to the test well and allowed to bind to captured ASCA. Unbound conjugate then was washed from the well and
one component substrate (tetra-methyl-benzidene and hydrogen peroxide) was added for color development. Following
the substrate incubation, 0.1M sulfuric acid was added to quench the reaction and the optical density (OD) was obtained
spectrophotometrically at 450 nm using a single wavelength spectrophotometer.
[0053] The method described above was used in a clinical study to test a total of 86 IBD patients (55.8% males and
44.2% females). The approximate 1 to 1 ratio of males to females was similar to the ratio observed in IBD patient
populations. The IBS patient group ranged in age from 19 to 78 years and was 9% male and 91% female. This ratio of
males to females (1:10) reflects the increased incidence for IBS in females as seen in patient populations. The healthy
control (HC) patient group ranged in age from 20 to 79 years old and was 33.3% male and 66.6% female. A summary
of the patient population in the clinical study is shown in Table 19.

[0054] In the clinical study, there were 37 ulcerative colitis patients, 49 Crohn’s disease patients, 22 irritable bowel
patients, and 12 healthy controls. Fecal samples were collected from each enrolled subject and stored at -70°C until
tested. The optical densities for each sample were determined using the method described above. Results were reported
as positive for fecal ASCA if an optical density of greater than or equal to 0.200 was observed. Results were reported
as negative for fecal ASCA if an optical density of less than or equal to 0.199 was observed. Other clinical data, such
as stool consistency, was also determined. Table 20, below, contains the clinical data and test results for healthy patients
that participated in this clinical study. Table 21, below, contains the clinical data and test results for patients with ulcerative
colitis patients that participated in this clinical study. Table 22, below, contains the clinical data and test results for patients
with Crohn’s disease that participated in this study. Table 23, below, contains the clinical data and test results for patients
with irritable bowel syndrome that participated in this study.

TABLE 19 Summary of patient population.

Summary of Clinical Histories (N=120) Total Subjects

Total number of IBD patients 86

No. Males 48
No. Females 38

Total number of patients with Crohn’s Disease 49

No. Males 26
No. Females 23

Total number of patients with ulcerative colitis 37

No. Males 22
No. Females 15

Total number of patients with irritable bowel syndrome 22

No. Males 2
No. Females 20

Total number of healthy controls 12
No. Males 4
No. Females 8
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TABLE 20 Clinical data and test results for healthy controls

Donor ID Sex Age Range Previous of 
chronic GI illness

Stool Consistency Optical Density Fecal ASCA

HC1 F 40-49 NO Solid 0.098 NEGATIVE

HC2 F 40-49 NO Solid 0.089 NEGATIVE

HC3 M 70-79 NO Solid 0.095 NEGATIVE

HC4 F 60-69 NO Solid 0.085 NEGATIVE

HC5 M 70-79 NO Solid 0.083 NEGATIVE

HC6 F 70-79 NO Solid 0.076 NEGATIVE

HC7 F 50-59 NO Solid 0.124 NEGATIVE

HC8 F 40-49 NO Solid 0.095 NEGATIVE

HC9 F 50-49 NO Solid 0.111 NEGATIVE

HC10 F 40-49 NO Solid 0.111 NEGATIVE

HC11 M 50-60 NO Solid 0.070 NEGATIVE

HC12 M 50 - 60 NO Solid 0.054 NEGATIVE

TABLE 21 Clinical data and test results for ulcerative colitis patients

Patient ID Sex Age Disease Stool 
Consistency

Disease Activity Optical Density Fecal ASCA

UC1 F 46 UC Liquid ACTIVE 0.184 NEGATIVE

UC2 M 39 UC Liquid ACTIVE 0.378 POSITIVE

UC3 F 30 UC Semi-Solid ACTIVE 0.193 NEGATIVE

UC4 F 31 UC Semi-Solid INACTIVE 0.319 POSITIVE

UC5 F 30 UC Semi-Solid ACTIVE 0.114 NEGATIVE

UC6 M 61 UC Semi-Solid INACTIVE 0.115 NEGATIVE

UC7 F 68 UC Liquid INACTIVE 0.091 NEGATIVE

UC8 F 45 UC Liquid ACTIVE 0.356 POSITIVE

UC9 F 21 UC Semi-Solid ACTIVE 0.082 NEGATIVE

UC10 F 27 UC Liquid ACTIVE 0.161 NEGATIVE

UC11 F 24 UC Solid INACTIVE 0.104 NEGATIVE

UC12 F 74 UC Semi-Solid INACTIVE 0.091 NEGATIVE

UC13 M 69 UC Semi-Solid ACTIVE 0.070 NEGATIVE

UC14 M 19 UC Solid INACTIVE 0.088 NEGATIVE

UC15 M 62 UC Solid INACTIVE 0.054 NEGATIVE

UC16 F 70 UC Solid INACTIVE 0.056 NEGATIVE

UC17 M 23 UC Liquid ACTIVE 0.573 POSITIVE

UC18 F 52 UC Solid ACTIVE 0.073 NEGATIVE

UC19 M 60 UC Solid INACTIVE 0.062 NEGATIVE

UC20 F 52 UC Liquid ACTIVE 0.089 NEGATIVE

UC21 M 31 UC Solid INACTIVE 0.064 NEGATIVE
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(continued)

Patient ID Sex Age Disease Stool 
Consistency

Disease Activity Optical Density Fecal ASCA

UC22 M 44 UC Semi-Solid INACTIVE 0.143 NEGATIVE

UC23 F 30 UC Liquid ACTIVE 0.110 NEGATIVE

UC24 M 48 UC Semi-Solid INACTIVE 0.096 NEGATIVE

UC25 F 37 UC Liquid ACTIVE 0.282 POSITIVE

UC26 F 32 UC Solid ACTIVE 0.107 NEGATIVE

UC27 F 46 UC Liquid ACTIVE 0.199 NEGATIVE

UC28 M 49 UC Semi-Solid INACTIVE 0.161 NEGATIVE

UC29 F 42 UC Solid INACTIVE 0.080 NEGATIVE

UC30 F 41 UC Semi-Solid INACTIVE 0.087 NEGATIVE

UC31 F 43 UC Solid INACTIVE 0.070 NEGATIVE

UC32 M 30 UC Solid ACTIVE 0.103 NEGATIVE

UC33 F 43 UC Solid INACTIVE 0.092 NEGATIVE

UC34 F 33 UC Semi-Solid INACTIVE 0.075 NEGATIVE

UC35 M 58 UC Semi-Solid ACTIVE 0.121 NEGATIVE

UC36 F 32 UC Semi-Solid ACTIVE 0.083 NEGATIVE

TABLE 22 Clinical Data and test results for Crohn’s disease patients.

Patient ID Sex Age Disease Stool 
Consistency

Disease 
Activity

Optical Density FECAL ASCA

CD1 M 26 CD Liquid INACTIVE 1.900 POSITIVE

CD2 M 60 CD Liquid ACTIVE 2.849 POSITIVE

CD3 F 66 CD Liquid ACTIVE 0.282 POSITIVE

CD4 F 74 CD Semi-Solid INACTIVE 0.091 NEGATIVE

CD5 F 25 CD Solid INACTIVE 0.162 NEGATIVE

CD6 F 66 CD Semi-Solid INACTIVE 1.240 POSITIVE

CD7 M 39 CD No Data ACTIVE 1.150 POSITIVE

CD8 F 46 CD Liquid ACTIVE 0.160 NEGATIVE

CD9 F 46 CD Semi-Solid INACTIVE 0.074 NEGATIVE

CD10 F 56 CD Solid ACTIVE 0.406 POSITIVE

CD11 M 56 CD Solid ACTIVE 0.168 NEGATIVE

CD12 F 56 CD Liquid ACTIVE 0.732 POSITIVE

CD13 M 21 CD Solid ACTIVE 1.369 POSITIVE

CD14 M 52 CD Semi-Solid INACTIVE 0.136 NEGATIVE

CD15 M 63 CD Solid INACTIVE 0.134 NEGATIVE

CD16 M 34 CD Solid ACTIVE 0.076 NEGATIVE

CD17 F 45 CD Semi-Solid ACTIVE 0.160 NEGATIVE

CD18 M 67 CD Semi-Solid INACTIVE 0.059 NEGATIVE
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(continued)

Patient ID Sex Age Disease Stool 
Consistency

Disease 
Activity

Optical Density FECAL ASCA

CD19 F 46 CD No Data ACTIVE 0.839 POSITIVE

CD20 M 66 CD Semi-Solid INACTIVE 0.084 NEGATIVE

CD21 M 63 CD Liquid ACTIVE 0.780 POSITIVE

CD21 M 51 CD Semi-Solid ACTIVE 3.000 POSITIVE

CD22 M 34 CD Semi-Solid ACTIVE 1.447 POSITIVE

CD23 M 21 CD Solid ACTIVE 2.757 POSITIVE

CD24 F 78 CD Semi-Solid INACTIVE 0.092 NEGATIVE

CD25 F 27 CD Semi-Solid ACTIVE 0.979 POSITIVE

CD26 M 40 CD Liquid ACTIVE 0.373 POSITIVE

CD27 M 51 CD Liquid ACTIVE 0.978 POSITIVE

CD28 M 42 CD Liquid ACTIVE 0.089 NEGATIVE

CD29 F 31 CD Solid INACTIVE 0.075 NEGATIVE

CD30 F 59 CD Solid ACTIVE 0.088 NEGATIVE

CD31 M 35 CD Semi-Solid ACTIVE 1.487 POSITIVE

CD32 M 37 CD Semi-Solid INACTIVE 1.257 POSITIVE

CD33 F 77 CD Solid INACTIVE 0.093 NEGATIVE

CD34 F 40 CD No Data ACTIVE 1.762 POSITIVE

CD35 F 38 CD Liquid ACTIVE 0.098 NEGATIVE

CD36 M 51 CD Liquid ACTIVE 2.326 POSITIVE

CD37 M 38 CD Semi-Solid ACTIVE 0.091 NEGATIVE

CD38 M 37 CD Liquid ACTIVE 0.372 POSITIVE

CD39 M 59 CD Semi-Solid ACTIVE 0.224 POSITIVE

CD40 F 41 CD Solid ACTIVE 0.503 POSITIVE

CD41 M 41 CD Solid ACTIVE 0.117 NEGATIVE

CD42 M 48 CD Liquid ACTIVE 0.115 NEGATIVE

CD43 F 40 CD Solid INACTIVE 0.638 POSITIVE

CD44 F 72 CD Solid ACTIVE 0.087 NEGATIVE

CD45 F 32 CD Liquid INACTIVE 0.911 POSITIVE

CD46 F 24 CD Liquid ACTIVE 0.341 POSITIVE

CD47 M 23 CD Solid INACTIVE 0.088 NEGATIVE

CD48 F 34 CD Liquid ACTIVE 0.599 POSITIVE

TABLE 23 Clinical data and test results for irritable bowel syndrome patients

Patient ID Sex Age Disease Stool 
consistency

Disease Activity Optical Density Fecal ASCA

IBS1 F 56 IBS Semi-Solid ACTIVE 0.132 NEGATIVE

IFS2 F 48 IBS Solid ACTIVE 0.103 NEGATIVE
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[0055] There were a total of 49 patients with Crohn’s disease and 37 with ulcerative colitis. In the Crohn’s disease
group, a total of 55.1% patients were positive for fecal ASCA. In the ulcerative colitis group, 13.5% were positive. Of the
22 IBS patients, a single patient (4.6%) was positive for fecal ASCA. All 12 healthy controls were negative. A summary
of positive results for fecal ASCA is shown in Table 24.

[0056] When distinguishing Crohn’s disease from ulcerative colitis, fecal ASCA exhibited a sensitivity of 55.1% and
specificity of 86.5%. The predictive positive and negative values were 84.4% and 59.3%, respectively, and the correlation
was 68.6% as shown in Table 25.

(continued)

Patient ID Sex Age Disease Stool 
consistency

Disease Activity Optical Density Fecal ASCA

IBS3 F 30 IBS Solid ACTIVE 0.073 NEGATIVE

IBS4 F 31 IBS Solid ACTIVE 0.074 NEGATIVE

IBS5 F 72 IBS Semi-Solid ACTIVE 0.079 NEGATIVE

IBS6 F 47 IBS Solid ACTIVE 0.088 NEGATIVE

IBS7 F 19 IBS Semi-Solid ACTIVE 0.105 NEGATIVE

IBS8 F 58 IBS Semi-Solid ACTIVE 0.107 NEGATIVE

IBS9 F 40 IBS Solid ACTIVE 0.065 NEGATIVE

IBS10 F 33 IBS Semi-Solid ACTIVE 0.065 NEGATIVE

IBS11 F 78 IBS Solid ACTIVE 0.071 NEGATIVE

IBS12 F 74 IBS Semi-Solid ACTIVE 0.063 NEGATIVE

IBS13 F 50 IBS Semi-Solid ACTIVE 0.052 NEGATIVE

IBS14 F 39 IBS Solid ACTIVE 0.079 NEGATIVE

IBS15 F 54 IBS Solid ACTIVE 0.080 NEGATIVE

IBS16 M 49 IBS Semi-Solid ACTIVE 0.238 POSITIVE

IBS17 M 53 IBS Solid ACTIVE 0.123 NEGATIVE

IBS18 F 34 IBS Solid ACTIVE 0.091 NEGATIVE

IBS19 F 43 IBS Solid ACTIVE 0.075 NEGATIVE

IBS20 F 35 IBS Solid ACTIVE 0.075 NEGATIVE

IBS21 F 51 IBS Semi-Solid ACTIVE 0.081 NEGATIVE

IBS22 F 40 IBS Solid ACTIVE 0.083 NEGATIVE

TABLE 24 Summary of positive results for Crohn’s disease, ulcerative colitis, active IBS, and healthy controls

Total Assessments N=120 Total Fecal ASCA Positive Fecal ASCA Negative

Total IBD (Crohn’s disease 
and ulcerative colitis)

86 37.2% (32) 62.8% (54)

Total Crohn’s Disease 49 55.1% (27) 44.9% (22)
Total Ulcerative Colitis 37 13.5% (5) 86.5% (32)

Total Active IBS 22 4.6% (1) 96.4 % (21)

Total Healthy Controls 12 0 100.0% (12)
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[0057] When distinguishing Crohn’s disease from ulcerative colitis, irritable bowel syndrome and healthy controls,
fecal ASCA exhibited a sensitivity of 55% and a specificity of 91.6%. The predictive positive and negative values were
82% and 75%, respectively, and the correlation was 77% as shown below in Table 26.

[0058] The mean optical densities for each group were obtained and differences were tested for statistical significance
using a two-tailed t-test giving a p-value result. Of the 33 patients that tested positive for fecal ASCA, there were 27 CD,
5 UC, and 1 IBS. Sensitivity, specificity and overall correlation were 55.1%, 91.5% and 76.7%, respectively. ASCA-
positive CD showed a higher mean�SD A450 of 1.183�0.794 as compared to 0.382�0.113 for UC and the single A450
of 0.0.091�0.0.038 for IBS. There was a significant difference between CD and all other subject groups. A summary of
the statistical analysis is listed in Table 27.

[0059] The sensitivity of the fecal ASCA test also was determined using serial two fold dilutions of highly purified ASCA
antibodies. For the analysis, standard curves were generated using the kit diluent. The test was consistently positive at
a concentration of 0.62 Pg/mL as determined by a cutoff absorbency value of ≥ 0.200. Individual results are shown below

TABLE 25 Statistical evaluation using the presence of fecal ASCA to distinguish Crohn’s disease from 
ulcerative colitis

N=86 Crohn’s disease Ulcerative colitis

Fecal ASCA positive 27 5

Fecal ASCA negative 22 32

Sensitivity 55.1%

Specificity 86.5%

Predictive Positive Value 84.4%

Predictive Negative Value 59.3%

Correlation 68.6%

TABLE 26 Statistical evaluation using fecal ASCA to distinguish Crohn’s disease from ulcerative colitis, 
irritable bowel syndrome/healthy controls

N=120 Crohn’s disease UC/IBS/Healthy Controls

Fecal ASCA positive 27 6

Fecal ASCA negative 22 65

Sensitivity 55.1%

Specificity 91.6%

Predictive Positive Value 81.8%

Predictive Negative Value 74.7%

Correlation 76,7%

TABLE 27 Summary of the Mean and P values of Optical Densities for Fecal ASCA

Test Group Mean Optical Density Standard Deviation Optical Density Range P Value

CD 1.183 0.794 0.341-3.000
CD vs UC,IBS,HC 

P<0.005

UC 0.382 0.113 0.382-0.113 CD vs UC P<0.05

IBS 0.091 0.038 0.052-0.238 CD vs IBS P<0.005

HC 0.091 0.019 0.054-0.124 CD vs HC P < 0.005
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in Table 28. The standard curves are shown in FIG. 1.

[0060] Tests also were conducted to determine what type of immunoglobulins (antibodies) were present in a fecal
sample and in serum. The immunglobulin typing was done for human IgA, human IgAsec, human IgD, human IgM, and
human IgG. The immunoglobulin typing was done on a fecal sample from 6 Crohn’s disease patients and 2 ulcerative
colitis and on a serum control sample using pre-absorbed Ig-type specific conjugates. The serum control sample was
obtained from a patient with a confirmed allergy to Saccharomyces cerevisiae.
[0061] Of the Crohn’s disease patients, 5 patients exhibited a response to IgA and IgAsec, 4 patients exhibited a
response to IgM and a single patient exhibited a response to IgG. Of the 2 ulcerative colitis patients, a single patient
reacted with the Ig conjugate. The serum control only exhibited a response to individual immunoglobulins IgM and IgG.
A response to IgA and IgAsec occurred the fecal samples but not in the control serum sample. A summary of results is
shown in Table 29.

TABLE 28 Standard curves generated using purified ASCA antibodies

Purified ASCA Antibodies (Pg/mL) Test 1 Test 2 Mean Std Dev

5.00 1.702 1.856 1.779 0.108

2.50 1.117 1.099 1.108 0.012

1.25 0.634 0.624 0.629 0.007

0.62 0.303 0.329 0.316 0.018

0.31 0.191 0.164 0.177 0.019

0.16 0.115 0.113 0.114 0.001

0.08 0.090 0.077 0.083 0.009

0.04 0.063 0.065 0.064 0.001

TABLE 29 A Summary of Immunoglobulin Typing of ASCA in a Human Fecal sample and a Serum Control

Patient 
Number

Disease IgA 
Conjugate

IgAsee 
Conjugate

IgD 
Conjugate

IgM 
Conjugate

IgG 
Conjugate

Ig 
Conjugate

1 Crohn’s 
Disease

+ + - + + +

2 Crohn’s 
Disease

+ + - + - +

3 Crohn’s 
Disease

- - - - - -

4 Crohn’s 
Disease

+ + NO DATA + - +

5 Crohn’s 
Disease

+ + NO DATA - - +

6 Crohn’s 
Disease

+ + NO DATA + - +

7 UC - - - - - -

8 UC - - - - - +

Serum 
Control

Yeast 
Allergy

- - - + + +
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Example 4

ANCA ASSAY

[0062] The ANCA specific immunoassay was used to differentiate ulcerative colitis and other gastrointestinal illnesses
such as Crohn’s disease and irritable bowel syndrome by measuring the level of total fecal ANCA. A qualitative immu-
noassay such as an enzyme-linked immunoassay that utilizes both monoclonal and polyclonal antibodies to endogenous
human ANCA indicated the absence or presence of ulcerative colitis. In the example qualitative assay, the fecal specimen
was diluted 10 fold and added to a well containing the immobilized neutrophil antigens. If ANCA was present, it was
bound to the antigens during the incubation at 37°C. Following the incubation, anti-human Ig polyclonal antibodies
coupled to horseradish peroxidase enzyme (conjugate) were added and allowed to bind to captured ANCA. Unbound
conjugate was then washed from the well and one component substrate (tetramethybenzidene and hydrogen peroxide)
was added for color development. Following the substrate incubation, 0.1M sulfuric acid was added to quench the
reaction and the optical density (OD) was obtained spectrophotometrically at 450 nm.
[0063] Using the procedure described above, a total of 98 IBD patients were enrolled and comprised 51 % males and
49% females with an age range of 0 to 69 years. The approximate 1 to 1 ratio is similar to the ratio observed in IBD
patient populations. The IBS patient group had an age range of 5 to 39 years with 57% males and 43% females. The
healthy controls were 55% male and 45% female and comprised the age range of 20 to 79 years. Individual numbers
for each age group are shown in Table 30.

[0064] There were 51 ulcerative colitis patients, 47 Crohn’s disease patients, 7 irritable bowel patients, and 11 healthy
adults recruited for the study. Fecal specimens were collected from each enrolled patient and stored at -70°C until tested.
Specimen consistency ranged from solid to liquid. The level of fecal ANCA was determined using the qualitative ANCA
ELISA as previously described. Disease activity was defined using elevated fecal lactoferrin as an indicator of intestinal
inflammation. A dilution of 1:10 was used in the ANCA-CHEK (qualitative ELISA) and results were reported as positive
(absorbance values ≥ 0.140) or negative (absorbance values < 0.140). The mean optical densities, standard deviation
and P values (two-tailed student T-test with unequal variance) were determined for the ANCA positive ulcerative colitis
patients. Of the 26 patients that tested positive for fecal ANCA, there were 4 CD, 21 UC, and 1 healthy person. ANCA-
positive UC showed a mean � SD OD450 of 0.311 � 0.166. The mean OD for the UC patients was significantly different
from IBS and healthy persons (p value<0.0005). A summary of the statistical analysis is listed in Table 31.

TABLE 30. Summary of patient population.

Summary of Clinical Histories (N=116) Total Subjects

Total number of IBD patients 98

No. Males No. Females 50 48

Total number of patients with Crohn’s Disease 47

No. Males No. Females 26 21

Total number of patients with ulcerative colitis 51

No. Males 24
No. Females 27

Total number of patients with irritable bowel syndrome 7

No. Males 4
No. Females 3

Total number of healthy persons 11

No. Males 6
No. Females 5
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[0065] In the IBD group, there were 47 with Crohn’s disease and 51 with ulcerative colitis. In the ulcerative colitis
group, 41% were positive. In the Crohn’s disease group, a total of 9% patients were positive by the ANCA-CHEK. Of
the 11 healthy persons, 1 was positive and all 7 IBS patients were negative by the ANCA-CHEK test. A summary of
positive results for the ANCA-CHEK is shown in Table 32 and individual results are listed in Tables 33 through 34.

[0066] When distinguishing ulcerative colitis from Crohn’s disease, the ANCA-CHEK exhibited a sensitivity of 41%
and specificity of 92%. The predictive positive and negative values were 84% and 59%, respectively, and the correlation
was 65% (Table 33).

[0067] When distinguishing ulcerative colitis from irritable bowel syndrome and healthy persons, the ANCA-CHEK
exhibited a sensitivity of 41% and a specificity of 92%. The predictive positive and negative values were 81% and 67%,
respectively, and the correlation was 70% (Table 34).

TABLE 31. Summary of the mean, standard deviation and P values for ANCA-CHEK Optical densities

Group ID Number
Mean Optical 

Density
Standard 
Deviation

Optical Density 
Range

P values

ANCA + UC 21 0.311 0.166 0.141-0.804 UC vs CD p<0.5

ANCA+ CD 4 0.209 0.115 0.141-0.381
UC vs CD, IBS, H 

p<0.0005

IBS 7 0.078 0.027 0.047-0.121
UC vs CD, IBS 

p<0.005

Healthy 11 0.071 0.041 0.039-0.104
UC vs IBS, H 

p<0.0005

TABLE 32. Summary of positive results for Crohn’s disease, ulcerative colitis, and IBS

Total Assessments N=116 Total Fecal ANCA Positive Fecal ANCA Negative

Total IBD (Crohn’s disease and ulcerative 
colitis)

98 26% (25) 75% (73)

Total Crohn’s Disease 47 9%(4) 91 % (43)
Total Ulcerative Colitis 51 41 % (21) 59% (30)

Total IBS 7 0 7

Total Healthy Persons 11 9%(1) 91% (10)

TABLE 33. Statistical evaluation using the ANCA-CHEK to distinguish Crohn’s disease from ulcerative colitis

N=98 Ulcerative colitis Crohn’s disease

ANCA-CHEK positive 21 4

ANCA-CHEK negative 30 43

Sensitivity 41 %

Specificity 92%

Predictive Positive Value 84%

Predictive Negative Value 59%

Correlation 65%
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[0068] The sensitivity of the ANCA-CHEK was determined using serial two fold dilutions of human ANCA positive
serum. For the analysis, standard curves were generated using the sample diluent The test was consistently positive to
a titer of 0.063 as determined by a cutoff absorbance value of ≥ 0.200. Individual results are shown below in Table 35
and standard curves are shown in FIG. 2.

[0069] Table 36, below contains the clinical data and test results for patients with ulcerative colitis that participated in
the study. Table 37, below, contains the clinical data and test results for patients with Crohn’s disease that participated
in the study. Table 38, below, contains the clinical data and test results for patients with irritable bowel syndrome that
participated in the study. Table 39, below, contains the clinical data and test results for healthy patients that participated
in the study.

TABLE 34. Statistical evaluation using the ANCA-CHEK to distinguish ulcerative colitis from Crohn’s 
disease, irritable bowel syndrome and healthy persons

N=116 Ulcerative colitis Crohn’s disease IBS/
Healthy

ANCA-CHEK positive 21 5

ANCA-CHEK negative 30 60

Sensitivity 41%

Specificity 92%

Predictive Positive Value 81%

Predictive Negative Value 67%

Correlation 70%

TABLE 35. Standard curves generated using ANCA-CHEK (cut-offs are bolded)

Human ANCA Serum Test 1 Test 2 Test 3 Mean Std Dev

1.000 (Neat) 1.441 1.469 1.525 1.478 0.043

0.500 1.098 0.941 1.014 1.018 0.079

0.250 0.717 0.595 0.666 0.659 0.061

0.125 0.492 0.428 0.444 0.455 0.033

0.063 0.327 0.303 0.320 0.317 0.012

0.032 0.196 0.295 0.221 0.237 0.051

0.016 0.132 0.184 0.179 0.165 0.029

Diluent 0.067 0.093 0.109 0.090 0.021

TABLE 36. Clinical and ELISA results for ulcerative colitis patients.

Patient ID Sex Age Range Disease Disease Activity ANCA-CHEK OD450 ANCA-CHEK 
Result

UC1 F 10-19 UC INACTIVE 0.053 NEGATIVE

UC2 F 5-9 UC INACTIVE 0.107 NEGATIVE

UC3 F 5-9 UC ACTIVE 0.058 NEGATIVE

UC4 M 10-19 UC INACTIVE 0.048 NEGATIVE

UC5 M 10-19 UC ACTIVE 0.512 POSITIVE

UC6 F 10-19 UC ACTIVE 0.061 NEGATIVE

UC7 M 5-9 UC ACTIVE 0.211 POSITIVE
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(continued)

Patient ID Sex Age Range Disease Disease Activity ANCA-CHEK OD450 ANCA-CHEK 
Result

UC8 M 10-19 UC ACTIVE 0.106 NEGATIVE

UC9 M 10-19 UC INACTIVE 0.804 POSITIVE

UC10 M 10-19 UC ACTIVE 0.091 NEGATIVE

UC11 F 10-19 UC ACTIVE 0.169 POSITIVE

UC12 F 10-19 UC ACTIVE 0.209 POSITIVE

UC13 F 10-19 UC ACTIVE 0.351 POSITIVE

UC14 F 10-19 UC ACTIVE 0.198 POSITIVE

UC15 F 5-9 UC ACTIVE 0.098 NEGATIVE

UC16 F 5-9 UC ACTIVE 0.050 NEGATIVE

UC17 F 10-19 UC ACTIVE 0.091 NEGATIVE

UC18 M 10-19 UC ACTIVE 0.603 POSITIVE

UC19 M 10-19 UC ACTIVE 0.091 NEGATIVE

UC20 F 10-19 UC ACTIVE 0.142 POSITIVE

UC21 M 10-19 UC ACTIVE 0.074 NEGATIVE

UC22 F 10-19 UC ACTIVE 0.105 NEGATIVE

UC23 M 10-19 UC INACTIVE 0.256 POSITIVE

UC24 F 0-4 UC ACTIVE 0.308 POSITIVE

UC25 F 5-9 UC ACTIVE 0.072 NEGATIVE

UC26 M 10-19 UC INACTIVE 0.237 POSITIVE

UC27 M 10-19 UC ACTIVE 0.048 NEGATIVE

UC28 M 10-19 UC ACTIVE 0.049 NEGATIVE

UC29 M 10-19 UC ACTIVE 0.059 NEGATIVE

UC30 F 10-19 UC INACTIVE 0.047 NEGATIVE

UC31 M 10-19 UC ACTIVE 0.055 NEGATIVE

UC32 M 10-19 UC INACTIVE 0.044 NEGATIVE

UC33 F 10-19 UC ACTIVE 0.043 NEGATIVE

UC34 M 5-9 UC ACTIVE 0.046 NEGATIVE

UC35 M 10-18 UC INACTIVE 0.043 NEGATIVE

UC36 M 10-17 UC INACTIVE 0.040 NEGATIVE

UC37 F 10-19 UC ACTIVE 0.047 NEGATIVE

UC38 F 0-4 UC ACTIVE 0.049 NEGATIVE

UC39 F 5-9 UC INACTIVE 0.363 POSITIVE

UC40 F 10-19 UC INACTIVE 0.046 NEGATIVE

UC41 M 10-19 UC ACTIVE 0.118 NEGATIVE

UC42 F 50-59 UC ACTIVE 0.230 POSITIVE

UC43 M 10-19 UC ACTIVE 0.051 NEGATIVE

UC44 F 30-39 UC ACTIVE 0.060 NEGATIVE
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(continued)

Patient ID Sex Age Range Disease Disease Activity ANCA-CHEK OD450 ANCA-CHEK 
Result

UC45 F 50-59 UC ACTIVE 0.465 POSITIVE

UC46 M 50-59 UC ACTIVE 0.274 POSITIVE

UC47 F 30-39 UC ACTIVE 0.141 POSITIVE

UC48 M 60-69 UC ACTIVE 0.184 POSITIVE

UC49 F 40-49 UC ACTIVE 0.397 POSITIVE

UC50 F 40-49 UC ACTIVE 0.337 POSITIVE

UC51 M 30-39 UC ACTIVE 0.143 POSITIVE

TABLE 37. Clinical and ELISA results for Crohn’s disease patients.

Patient ID Sex Age Range Disease Disease Activity ANCA-CHEK OD450 ANCA-CHEK 
Result

CD1 M 10-19 CD ACTIVE 0.050 NEGATIVE

CD2 M 10-19 CD ACTIVE 0.113 NEGATIVE

CD3 M 10-19 CD ACTIVE 0.050 NEGATIVE

CD4 F 10-19 CD ACTIVE 0.381 POSITIVE

CD5 F 10-19 CD ACTIVE 0.058 NEGATIVE

CD6 M 10-19 CD INACTIVE 0.068 NEGATIVE

CD7 M 10-19 CD ACTIVE 0.066 NEGATIVE

CD8 M 5-9 CD ACTIVE 0.059 NEGATIVE

CD9 F 10-19 CD ACTIVE 0.059 NEGATIVE

CD10 F 10-19 CD ACTIVE 0.065 NEGATIVE

CD11 F 10-19 CD INACTIVE 0.055 NEGATIVE

CD12 M 10-19 CD INACTIVE 0.071 NEGATIVE

CD13 F 10-19 CD ACTIVE 0.065 NEGATIVE

CD14 M 10-19 CD ACTIVE 0.098 NEGATIVE

CD15 F 10-19 CD ACTIVE 0.099 NEGATIVE

CD16 M 10-19 CD ACTIVE 0.166 POSITIVE

CD17 F 10-19 CD ACTIVE 0.147 POSITIVE

CD18 M 10-19 CD ACTIVE 0.057 NEGATIVE

CD19 F 10-19 CD ACTIVE 0.084 NEGATIVE

CD20 M 10-19 CD ACTIVE 0.053 NEGATIVE

CD21 F 10-19 CD ACTIVE 0.074 NEGATIVE

CD22 M 10-19 CD ACTIVE 0.054 NEGATIVE

CD23 M 0-5 CD ACTIVE 0.055 NEGATIVE

CD24 M 10-19 CD ACTIVE 0.067 NEGATIVE

CD25 M 10-19 CD ACTIVE 0.099 NEGATIVE

CD26 M 5-9 CD ACTIVE 0.086 NEGATIVE
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(continued)

Patient ID Sex Age Range Disease Disease Activity ANCA-CHEK OD450 ANCA-CHEK 
Result

CD27 F 10-19 CD ACTIVE 0.043 NEGATIVE

CD28 F 10-19 CD ACTIVE 0.064 NEGATIVE

CD29 M 5-9 CD INACTIVE 0.039 NEGATIVE

CD30 M 10-19 CD ACTIVE 0.071 NEGATIVE

CD31 F 10-15 CD ACTIVE 0.109 NEGATIVE

CD32 M 10-19 CD INACTIVE 0.057 NEGATIVE

CD33 M 10-19 CD ACTIVE 0.141 POSITIVE

CD34 M 10-19 CD INACTIVE 0.045 NEGATIVE

CD35 F 10-19 CD ACTIVE 0.051 NEGATIVE

CD36 F 10-19 CD ACTIVE 0.132 NEGATIVE

CD37 F 10-19 CD INACTIVE 0.046 NEGATIVE

CD38 M 10-19 CD ACTIVE 0.057 NEGATIVE

CD39 F 20-29 CD INACTIVE 0.051 NEGATIVE

CD40 F 20-29 CD ACTIVE 0.053 NEGATIVE

CD41 M 50-59 CD ACTIVE 0.060 NEGATIVE

CD42 F 50-59 CD ACTIVE 0.062 NEGATIVE

CD43 M 20-29 CD ACTIVE 0.056 NEGATIVE

CD44 F 60-69 CD ACTIVE 0.130 NEGATIVE

CD45 M 60-69 CD ACTIVE 0.078 NEGATIVE

CD46 F 40-49 CD ACTIVE 0.116 NEGATIVE

CD47 M 60-69 CD ACTIVE 0.057 NEGATIVE

TABLE 38. Clinical and ELISA results for Irritable bowel syndrome patients.

Patient ID Sex Age Range Disease OD450 ANCA-CHEK Results ANCA-CHEK

IBS1 F 10-19 IBS 0.056 NEGATIVE

IBS2 M 10-19 IBS 0.047 NEGATIVE

IBS3 M 5-9 IBS 0.099 NEGATIVE

IBS4 M 10-19 IBS 0.068 NEGATIVE

IBS5 M 10-19 IBS 0.092 NEGATIVE

IBS6 F 20-29 IBS 0.121 NEGATIVE

IBS7 F 30-39 IBS 0.064 NEGATIVE

TABLE 39. Clinical and ELISA results for healthy persons.

Subject ID Sex Age Range ANCA-CHEK OD450 ANCA-CHEK Results

D1 F 40-49 0.087 NEGATIVE

D2 M 20-29 0.078 NEGATIVE
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[0070] In summary, the present invention is directed to a method for the differentiation of inflammatory bowel disease
(IBD) from irritable bowel disease (IBS) followed by distinguishing ulcerative colitis and Crohn’s disease from other
gastrointestinal illnesses. This highly differential method first uses the presence of elevated fecal lactoferrin as a marker
of intestinal inflammation to differentiate IBD from IBS. Patients suspected of IBD are then analyzed for fecal anti-
Saccharomyces cerevisiae antibodies (ASCA) as an indicator of Crohn’s disease and fecal anti-neutrophil cytoplasmic
antibodies (ANCA) as an indicator of ulcerative colitis. IBD patients are further monitored for intestinal inflammation
using fecal lactoferrin to evaluate the effectiveness of medical therapy and predict relapse. The apparatus consists of
either a qualitative enzyme-linked immunoassay or other immunoassay that utilizes antibodies specific to total endog-
enous lactoferrin, ASCA and ANCA in human feces.
[0071] The method and apparatus may be used by healthcare providers to identify IBD and distinguish ulcerative
colitis and Crohn’s disease from other gastrointestinal illnesses. The present invention has been described in relation
to particular embodiments, which are intended in all respects to be illustrative rather than restrictive. Alternative embod-
iments will become apparent to those skilled in the art to which the present invention pertains without departing from its
scope.

Claims

1. A method for testing a sample from a person, the method comprising: obtaining a fecal sample from a person;
determining whether lactoferrin is present in the sample; if so, determining whether anti-Saccharomyces cerevisiae
antibodies (ASCA) and anti-neutrophil cytoplasmic antibodies (ANCA) are present in the sample.

2. The method of claim 1, wherein the presence of elevated lactoferrin is used to aid in the diagnosis of inflammatory
bowel disease.

3. The method of claim 2, wherein the absence of elevated lactoferrin is used to aid in the diagnosis of irritable bowel
syndrome.

4. The method of claim 3, wherein if the sample contains anti-neutrophil cytoplasmic antibodies, a diagnosis of ulcerative
colitis may be substantially concluded.

5. The method of claim 4, wherein if the sample contains anti-Saccharomyces cerevisiae antibodies a diagnosis of
Crohn’s disease may be substantially concluded.

6. The method of claim 3, wherein the presence of anti-neutrophil cytoplasmic antibodies is used to aid in the differ-
entiation of ulcerative colitis from Crohn’s disease.

7. The methods of claim 4, wherein the presence of anti-Saccharomyces cerevisiae antibodies is used to aid in the
differentiation of Crohn’s disease from ulcerative colitis.

8. The method of claim 1, wherein the lactoferrin, anti-Saccharomyces cerevisiae antibodies and anti neutrophil cy-

(continued)

Subject ID Sex Age Range ANCA-CHEK OD450 ANCA-CHEK Results

D5 M 20-29 0.178 POSITIVE

D15 M 50-59 0.041 NEGATIVE

D17 M 50-59 0.039 NEGATIVE

D18 F 40-49 0.069 NEGATIVE

D19 F 60-69 0.050 NEGATIVE

D20 M 70-79 0.039 NEGATIVE

D21 F 70-79 0.104 NEGATIVE

D22 M 60-69 0.045 NEGATIVE

D24 F 50-59 0.054 NEGATIVE
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toplasmic antibodies are measured using one of enzyme-linked immunoassays, lateral flow membrane tests and
immunoassays utilizing antibodies or capturing fragments.

9. The method of claim 1, wherein the presence of lactoferrin is determined by a qualitative ELISA.

10. The method of claim 1, wherein the presence of lactoferrin is measured quantitatively.

11. The method of claim 1, further comprising: diluting the sample.

12. The method of claim 11, further comprising: contacting the sample with immobilized polyclonal antibodies to endog-
enous lactoferrin to create a treated sample.

13. The method of claim 12, further comprising: contacting said treated sample with enzyme-linked polyclonal antibodies
to create a readable sample.

14. The method of claim 13, further comprising: determining the optical density of said readable sample at 450 nm.

15. The method of claim 14, further comprising: generating a purified lactoferrin standard curve.

16. The method of claim 15, further comprising: comparing said optical density of said readable sample to said standard
curve to determine the concentration of endogenous lactoferrin in said sample.

17. The method of claim 11, further comprising: contacting the sample with antigens of Saccharomyces cerevisiae to
create a treated sample.

18. The method of claim 17, further comprising: contacting the treated sample with polyvalent antibodies to human
immunoglobulin conjugated to an enzyme to create a readable sample.

19. The method of claim 18, further comprising: determining the optical density of the readable sample.

20. The method for claim 11, further comprising: contacting the sample with neutrophil cytoplasmic antigens to create
a treated sample.

21. The method for claim 20, further comprising: contacting the treated sample with polyvalent antibodies to human
immunoglobulin to create a readable sample.

22. The method of claim 21, further comprising: determining an optical density of the readable sample at 450 nm.

23. The method of claim 22, wherein the presence of anti-neutrophil cytoplasmic antibodies is used to aid in the differ-
entiation of ulcerative colitis from Crohn’s disease and other gastrointestinal illnesses.

24. A method for distinguishing inflammatory bowel disease from irritable bowel syndrome and for differentiating ulcer-
ative colitis from Crohn’s disease, the method comprising: obtaining a fecal sample from a person; determining
whether lactoferrin is present in the sample; if so, determining anti-Saccharomyces cerevisiae antibodies (ASCA)
and anti-neutrophil cytoplasmic antibodies (ANCA) are present in the sample, diagnosing the person with irritable
bowel syndrome if elevated lactoferrin is not present in the sample; diagnosing the person with inflammatory bowel
disease if lactoferrin is present in the sample; diagnosing the person with Crohn’s disease if anti-Saccharomyces
cerevisiae antibodies are present in the sample; and diagnosing the person with ulcerative colitis if anti-neutrophil
cytoplasmic antibodies are present in the sample.

25. The method of claim 24, wherein the sample is feces.

26. The method of claim 24, wherein the sample is one of whole blood, serum, plasma, saliva, mucosal secretions,
bodily fluid and bodily tissue.

27. The method of claim 24, wherein if lactoferrin is present in the sample, monitoring the person for changing levels
of lactoferrin as an indicator for the effectiveness of medical therapy.
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28. A kit for testing a fecal sample from a person to be diagnosed, the kit comprising: a plurality of microassay plates,
wherein at least one plate contains immobilized polyclonal antibodies to human lactoferrin, at least one plate contains
neutrophil cytoplasmic antigens and at least one plate contains antigen of Saccharomyces cerevisiae; enzyme
linked polyclonal antibody to human lactoferrin; polyvalent antibodies to human immunoglobulin; enzyme substrate
for color development.

29. The kit as recited in claim 28, further comprising: a stop solution for quenching the reaction.

Patentansprüche

1. Ein Verfahren zum Prüfen einer Probe von einer Person, wobei das Verfahren Folgendes beinhaltet:

Einholen einer Stuhlprobe von einer Person; Bestimmen, ob in der Probe Lactoferrin vorhanden ist; falls ja,
Bestimmen, ob Anti-Saccharomyces-cerevisiae-Antikörper (ASCA) und anti-neutrophile cytoplasmatische An-
tikörper (ANCA) in der Probe vorhanden sind.

2. Verfahren gemäß Anspruch 1, wobei das Vorhandensein von erhöhtem Lactoferrin verwendet wird, um bei der
Diagnose von entzündlicher Darmerkrankung zu helfen.

3. Verfahren gemäß Anspruch 2, wobei die Abwesenheit von erhöhtem Lactoferrin verwendet wird, um bei der Diagnose
von irritablem spastischem Kolon zu helfen.

4. Verfahren gemäß Anspruch 3, wobei im Wesentlichen auf eine Diagnose von Colitis ulcerosa geschlossen werden
kann, falls die Probe anti-neutrophile cytoplasmatische Antikörper enthält.

5. Verfahren gemäß Anspruch 4, wobei im Wesentlichen auf eine Diagnose von Morbus Crohn geschlossen werden
kann, falls die Probe Anti-Saccharomyces-cerevisiae-Antikörper enthält.

6. Verfahren gemäß Anspruch 3, wobei das Vorhandensein von anti-neutrophilen cytoplasmatischen Antikörpern ver-
wendet wird, um bei der Unterscheidung zwischen Colitis ulcerosa und Morbus Crohn zu helfen.

7. Verfahren gemäß Anspruch 4, wobei das Vorhandensein von Anti-Saccharomyces-cerevisiae-Antikörpern verwen-
det wird, um bei der Unterscheidung zwischen Morbus Crohn und Colitis ulcerosa zu helfen.

8. Verfahren gemäß Anspruch 1, wobei das Lactoferrin, die Anti-Saccharomyces-cerevisiae-Antikörper und die anti-
neutrophilen cytoplasmatischen Antikörper unter Verwendung von einem von enzymgekoppelten Immunoassays,
Lateralfluss-Membrantests und Immunoassays, die Antikörper oder ruhig stellende Fragmente benutzen, gemessen
werden.

9. Verfahren gemäß Anspruch 1, wobei das Vorhandensein von Lactoferrin durch einen qualitativen ELISA bestimmt
wird.

10. Verfahren gemäß Anspruch 1, wobei das Vorhandensein von Lactoferrin quantitativ gemessen wird.

11. Verfahren gemäß Anspruch 1, das ferner Folgendes beinhaltet: Verdünnen der Probe.

12. Verfahren gemäß Anspruch 11, das ferner Folgendes beinhaltet: Kontaktieren der Probe mit immobilisierten poly-
klonalen Antikörpern gegen endogenes Lactoferrin, um eine behandelte Probe zu schaffen.

13. Verfahren gemäß Anspruch 12, das ferner Folgendes beinhaltet: Kontaktieren der behandelten Probe mit enzym-
gekoppelten polyklonalen Antikörpern, um eine lesbare Probe zu schaffen.

14. Verfahren gemäß Anspruch 13, das ferner Folgendes beinhaltet: Bestimmen der optischen Dichte der lesbaren
Probe bei 450 nm.

15. Verfahren gemäß Anspruch 14, das ferner Folgendes beinhaltet: Erzeugen einer Standardkurve für gereinigtes
Lactoferrin.
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16. Verfahren gemäß Anspruch 15, das ferner Folgendes beinhaltet: Vergleichen der optischen Dichte der lesbaren
Probe mit der Standardkurve, um die Konzentration des endogenen Lactoferrins in der Probe zu bestimmen.

17. Verfahren gemäß Anspruch 11, das ferner Folgendes beinhaltet: Kontaktieren der Probe mit Antigenen von Sac-
charomyces cerevisiae, um eine behandelte Probe zu schaffen.

18. Verfahren gemäß Anspruch 17, das ferner Folgendes beinhaltet: Kontaktieren der behandelten Probe mit mehr-
wertigen Antikörpern gegen menschliches, mit einem Enzym konjugiertes Immunglobulin, um eine lesbare Probe
zu schaffen.

19. Verfahren gemäß Anspruch 18, das ferner Folgendes beinhaltet: Bestimmen der optischen Dichte der lesbaren
Probe.

20. Verfahren gemäß Anspruch 11, das ferner Folgendes beinhaltet: Kontaktieren der Probe mit neutrophilen cytoplas-
matischen Antigenen, um eine behandelte Probe zu schaffen.

21. Verfahren gemäß Anspruch 20, das ferner Folgendes beinhaltet: Kontaktieren der behandelten Probe mit mehr-
wertigen Antikörpern gegen menschliches Immunglobulin, um eine lesbare Probe zu schaffen.

22. Verfahren gemäß Anspruch 21, das ferner Folgendes beinhaltet: Bestimmen einer optischen Dichte der lesbaren
Probe bei 450 nm.

23. Verfahren gemäß Anspruch 22, wobei das Vorhandensein von anti-neutrophilen cytoplasmatischen Antikörpern
verwendet wird, um bei der Unterscheidung zwischen Colitis ulcerosa und Morbus Crohn und anderen Magen-
Darm-Erkrankungen zu helfen.

24. Ein Verfahren zum Differenzieren zwischen entzündlicher Darmerkrankung und irritablem spastischem Kolon und
zum Unterscheiden zwischen Colitis ulcerosa und Morbus Crohn, wobei das Verfahren Folgendes beinhaltet: Ein-
holen einer Stuhlprobe von einer Person; Bestimmen, ob in der Probe Lactoferrin vorhanden ist; falls ja, Bestimmen,
ob Anti-Saccharomyces-cerevisiae-Antikörper (ASCA) und anti-neutrophile cytoplasmatische Antikörper (ANCA)
in der Probe vorhanden sind, Diagnostizieren der Person mit irritablem spastischem Kolon, falls kein erhöhtes
Lactoferrin in der Probe vorhanden ist; Diagnostizieren der Person mit entzündlicher Darmerkrankung, falls Lacto-
ferrin in der Probe vorhanden ist; Diagnostizieren der Person mit Morbus Crohn, falls Anti-Saccharomyces-cerevi-
siae-Antikörper in der Probe vorhanden sind; und Diagnostizieren der Person mit Colitis ulcerosa, falls anti-neutro-
phile cytoplasmatische Antikörper in der Probe vorhanden sind.

25. Verfahren gemäß Anspruch 24, wobei die Probe Stuhl ist.

26. Verfahren gemäß Anspruch 24, wobei die Probe eine von Vollblut, Serum, Plasma, Speichel, Schleimhautsekre-
tionen, Körperflüssigkeit und Körpergewebe ist.

27. Verfahren gemäß Anspruch 24, wobei die Person in Bezug auf sich ändernde Lactoferrin-Spiegel als ein Indikator
für die Wirksamkeit ärztlicher Therapie beobachtet wird, falls Lactoferrin in der Probe vorhanden ist.

28. Eine Ausstattung zum Prüfen einer Stuhlprobe von einer zu diagnostizierenden Person, wobei die Ausstattung
Folgendes beinhaltet: eine Vielzahl von Mikroassay-Platten, wobei mindestens eine Platte immobilisierte, polyklo-
nale Antikörper gegen menschliches Lactoferrin enthält, mindestens eine Platte neutrophile cytoplasmatische An-
tigene enthält und mindestens eine Platte ein Antigen von Saccharomyces cerevisiae enthält; einen enzymgekop-
pelten polyklonalen Antikörper gegen menschliches Lactoferrin; mehrwertige Antikörper gegen menschliches Im-
munglobulin; Enzym-Substrat für Farbentwicklung.

29. Ausstattung gemäß Anspruch 28, die ferner Folgendes beinhaltet: eine Stopplösung zum Quenchen der Reaktion.

Revendications

1. Une méthode pour tester un échantillon provenant d’une personne, la méthode comprenant : obtenir un échantillon
fécal d’une personne ; déterminer si de la lactoferrine est présente dans l’échantillon ; si c’est le cas, déterminer si
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des anticorps anti-Saccharomyces cerevisiae (ASCA) et des anticorps cytoplasmiques anti-neutrophiles (ANCA)
sont présents dans l’échantillon.

2. La méthode de la revendication 1, dans laquelle la présence de lactoferrine élevée est utilisée pour aider à dia-
gnostiquer la maladie intestinale inflammatoire.

3. La méthode de la revendication 2, dans laquelle l’absence de lactoferrine élevée est utilisée pour aider à diagnostiquer
le syndrome du côlon irritable.

4. La méthode de la revendication 3, dans laquelle si l’échantillon contient des anticorps cytoplasmiques anti-neutro-
philes, il peut être substantiellement conclu à un diagnostic de colite ulcéreuse.

5. La méthode de la revendication 4, dans laquelle si l’échantillon contient des anticorps anti-Saccharomyces cerevi-
siae, il peut être substantiellement conclu à un diagnostic de la maladie de Crohn.

6. La méthode de la revendication 3, dans laquelle la présence d’anticorps cytoplasmiques anti-neutrophiles est utilisée
pour aider à différencier la colite ulcéreuse de la maladie de Crohn.

7. Les méthodes de la revendication 4, dans lesquelles la présence d’anticorps anti-Saccharomyces cerevisiae est
utilisée pour aider à différencier la maladie de Crohn de la colite ulcéreuse.

8. La méthode de la revendication 1, dans laquelle la lactoferrine, les anticorps anti-Saccharomyces cerevisiae et les
anticorps cytoplasmiques anti-neutrophiles sont mesurés à l’aide ou bien de dosages immunoenzymatiques, ou
bien de tests d’immunochromatographie sur membrane, ou bien de dosages immunologiques qui emploient des
anticorps ou qui capturent des fragments.

9. La méthode de la revendication 1, dans laquelle la présence de lactoferrine est déterminée par ELISA qualitatif.

10. La méthode de la revendication 1, dans laquelle la présence de lactoferrine est mesurée de façon quantitative.

11. La méthode de la revendication 1, comprenant en outre : diluer l’échantillon.

12. La méthode de la revendication 11, comprenant en outre : mettre l’échantillon au contact d’anticorps polyclonaux
immobilisés anti-lactoferrine endogène afin de créer un échantillon traité.

13. La méthode de la revendication 12, comprenant en outre : mettre ledit échantillon traité au contact d’anticorps
polyclonaux liés à une enzyme afin de créer un échantillon lisible.

14. La méthode de la revendication 13, comprenant en outre : déterminer la densité optique dudit échantillon lisible à
450 nm.

15. La méthode de la revendication 14, comprenant en outre : générer une courbe d’étalonnage de lactoferrine purifiée.

16. La méthode de la revendication 15, comprenant en outre : comparer ladite densité optique dudit échantillon lisible
à ladite courbe d’étalonnage afin de déterminer la concentration de lactoferrine endogène dans ledit échantillon.

17. La méthode de la revendication 11, comprenant en outre : mettre l’échantillon au contact d’antigènes de Saccha-
romyces cerevisiae afin de créer un échantillon traité.

18. La méthode de la revendication 17, comprenant en outre : mettre l’échantillon traité au contact d’anticorps polyvalents
anti-immunoglobuline humaine conjugués à une enzyme afin de créer un échantillon lisible.

19. La méthode de la revendication 18, comprenant en outre: déterminer la densité optique de l’échantillon lisible.

20. La méthode pour la revendication 11, comprenant en outre : mettre l’échantillon au contact d’antigènes cytoplas-
miques neutrophiles afin de créer un échantillon traité.

21. La méthode pour la revendication 20, comprenant en outre : mettre l’échantillon traité au contact d’anticorps poly-



EP 1 554 580 B1

32

5

10

15

20

25

30

35

40

45

50

55

valents anti-immunoglobuline humaine afin de créer un échantillon lisible.

22. La méthode de la revendication 21, comprenant en outre : déterminer une densité optique de l’échantillon lisible à
450 nm.

23. La méthode de la revendication 22, dans laquelle la présence d’anticorps cytoplasmiques anti-neutrophiles est
utilisée pour aider à différencier la colite ulcéreuse de la maladie de Crohn et autres troubles gastrointestinaux.

24. Une méthode pour distinguer la maladie intestinale inflammatoire du syndrome du côlon irritable et pour différencier
la colite ulcéreuse de la maladie de Crohn, la méthode comprenant : obtenir un échantillon fécal d’une personne ;
déterminer si de la lactoferrine est présente dans l’échantillon ; si c’est le cas, déterminer si des anticorps anti-
Saccharomyces cerevisiae (ASCA) et des anticorps cytoplasmiques anti-neutrophiles (ANCA) sont présents dans
l’échantillon, diagnostiquant que la personne est atteinte du syndrome du côlon irritable si de la lactoferrine élevée
n’est pas présente dans l’échantillon; diagnostiquant que la personne est atteinte de la maladie intestinale inflam-
matoire si de la lactoferrine est présente dans l’échantillon ; diagnostiquant que la personne est atteinte de la maladie
de Crohn si des anticorps anti-Saccharomyces cerevisiae sont présents dans l’échantillon ; et diagnostiquant que
la personne est atteinte de colite ulcéreuse si des anticorps cytoplasmiques anti-neutrophiles sont présents dans
l’échantillon.

25. La méthode de la revendication 24, dans laquelle l’échantillon consiste en des matières fécales.

26. La méthode de la revendication 24, dans laquelle l’échantillon est ou bien du sang total, ou bien du sérum, ou bien
du plasma, ou bien de la salive, ou bien des sécrétions muqueuses, ou bien du fluide corporel, ou bien du tissu
corporel.

27. La méthode de la revendication 24, dans laquelle, si de la lactoferrine est présente dans l’échantillon, surveiller des
changements de niveaux de lactoferrine chez la personne comme indicateur de l’efficacité de la thérapie médicale.

28. Un kit pour tester un échantillon fécal provenant d’une personne devant être diagnostiquée, le kit comprenant : une
pluralité de plaques de microdosage, où au moins une plaque contient des anticorps polyclonaux immobilisés anti-
lactoferrine humaine, au moins une plaque contient des antigènes cytoplasmiques neutrophiles et au moins une
plaque contient de l’antigène de Saccharomyces cerevisiae ; de l’anticorps polyclonal lié à une enzyme anti-lacto-
ferrine humaine ; des anticorps polyvalents anti-immunoglobuline humaine ; un substrat enzymatique pour le dé-
veloppement chromogène.

29. Le kit tel qu’énoncé dans la revendication 28, comprenant en outre : une solution d’arrêt pour faire cesser la réaction.
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摘要(译)

从炎症性肠病（IBS）中区分炎性肠病（IBD），然后将溃疡性结肠炎和
克罗恩病与其他胃肠道疾病区分开来的方法。这种高度差异的方法首先
使用升高的乳铁蛋白作为肠道炎症的标志物来区分IBD和IBS。然后分析
怀疑患有IBD的专利的粪便抗酿酒酵母抗体（ASCA）作为克罗恩病的指
示物和粪便抗中性粒细胞胞质抗体（ANCA）作为溃疡性结肠炎的指标。
使用粪便乳铁蛋白进一步监测IBD患者的肠道炎症，以评估药物治疗的有
效性并预测复发。该装置包括定性酶联免疫测定或其他免疫测定，其利
用人免疫球蛋白特异性抗体测量人粪便中的总内源性乳铁蛋白，ASCA和
ANCA。该医疗保健提供者可以使用该方法和装置来识别IBD并将溃疡性
结肠炎与克罗恩病区分开来。
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