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(57) ABSTRACT

A method for diagnosing bovine spongiform encephalopa-
thy (BSE) in live or postmortem bovine animals prior to the
onset of clinical BSE symptoms including detecting spectral
changes between BSE-positive samples and BSE-negative
samples thereby providing a predictive model and diagnostic
test for classifying unknown samples as disease-positive or
disease-negative.
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FIG. 1B
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FIG. 1C
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FIG. 2A
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FIG. 2B
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FIG. 3
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FIG. 4

Sample Actual Calculated ‘ Next Nf:xt Distar!ce to Disti-mce to
Number Class Class Distance Class Distance Negative Postive
1 NEGATIVE NEGATIVE 10374 POSITIVE 22204 1.0374 2.2204
2 POSITIVE  POSITIVE 09854 NEGATIVE 5.0238 5.0238 0.9854
3 NEGATIVE NEGATIVE 09886 POSITIVE  2.0939 0.9886 2.0939
4 NEGATIVE NEGATIVE 0.8176 POSITIVE 1.3638 0.8176 1.3638
5 NEGATIVE NEGATIVE 1.1672 POSITIVE  1.8671 1.1672 1.8671
6 POSITIVE  POSITIVE 13252 NEGATIVE 1.9342 1.9342 1.3252
7 POSITIVE  POSITIVE 1.0044 NEGATIVE 6.1403 6.1403 1.0044
8 POSITIVE  POSITIVE 09257 NEGATIVE 1.3718 1.3718 0.9257
9 NEGATIVE NEGATIVE 09869 POSITIVE 1,3541 0.9869 1.3541
10 NEGATIVE NEGATIVE 0.7995 POSITIVE  1.1040 0.7995 1.1040
11 POSITIVE  POSITIVE 1.0064 NEGATIVE 1.4178 1.4178 1.0064
12 POSITIVE  POSITIVE 1.0018 NEGATIVE 6.9147 6.9147 1.0018
13 POSITIVE  POSITIVE 04973 NEGATIVE 1.4117 1.4117 0.4973
14 POSITIVE  POSITIVE 09760 NEGATIVE 4.8119 4.8119 0.9760
15 NEGATIVE NEGATIVE 0.7766 POSITIVE  0.9529 0.7766 0.9529
16 POSITIVE  POSITIVE 09795 NEGATIVE 2.0156 2.0156 0.9795
17 NEGATIVE NEGATIVE 0.8380 POSITIVE  1.1289 0.8380 1.1289
18 NEGATIVE NEGATIVE 1.0842 POSITIVE  4.9082 1.0842 4.9082
19 NEGATIVE NEGATIVE 1.0882 POSITIVE  2.3903 1.0882 2.3903
20 POSITIVE  POSITIVE 0.9938 NEGATIVE 1.8080 1.8080 0.9938
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FIG. 5
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FIG. 6

Sample Actual Calculated Next Next Distance to Distance to
Number Class Class Distance Class Distance Negative Postive

1 Negative Negative 0.7812  Positive 1.0530 0.7812 1.0530

2 Negative Negative 1.0049  Positive 1.2387 1.0049 1.2387

3 Negative Negative 1.0315  Positive  3.8239 1.0315 3.8239

4 Negative Negative 0.8499  Positive 1.2332 0.8499 1.2332

5  Negative Negative 0.8606  Positive 1.1449 0.8606 1.1449

6 Negative Negative 0.9944  Positive  2.9326 0.9944 2.9326

7 Negative Negative 1.0295  Positive 1.8253 1.0295 1.8253

8 Negative Negative 0.9425  Positive  1.3907 0.9425 1.3907

9 Negative Negative 0.9565  Positive 1.2048 0.9565 1.2048
10 Negative =~ Negative 0.9615  Positive 1.2130 0.9615 1.2130
11  Negative Negative 0.9823  Positive 1.0565 = 0.9823 1.0565
12 Negative Negative 1.0398  Positive 1.5893 1.0398 1.5893
13 Negative Negative 1.3044  Positive 1.9812 1.3044 1.9812
14 Negative Negative 1.0152  Positive 1.5634 1.0152 1.5634
15 Positive Positive 0.8961  Negative 1.2182 1.2182 0.8961
16  Positive Positive 0.8998  Negative 1.8418 1.8418 0.8998
17  Positive Positive 0.8965  Negative 1.2709 1.2709 0.8965
18  Positive Positive 0.8737  Negative  1.0369 1.0369 0.8737
19 Positive -  Positive 1.0437  Negative 1.5470 1.5470 1.0437
20 Positive Positive 0.6776  Negative  1.1106 1.1106 0.6776
21  Positive Positive 0.7755  Negative  1.3318 1.3318 0.7755
22 Positive Positive 0.9685  Negative 1.3263 1.3263 0.9685
23 Positive Positive 1.1240  Negative 4.1707 4.1707 1.1240
24 Positive Positive 1.1207  Negative  2.5288 2.5288 1.1207
25 Positive Positive 1.0312  Negative  2.0608 2.0608 1.0312
26  Positive Positive 1.2527  Negative 3.1172 3.1172 1.2527
27  Positive Positive 1.1547  Negative  2.0793 2.0793 1.1547
28 Positive Positive 0.9079  Negative 1.7375 1.7375 0.9079
29  Positive Positive 0.6382  Negative 1.0793 1.0793 10.6382
30 Positive Positive 1.1355  Negative 2.7856 2.7856 1.1355
31 Positive Positive 1.0302  Negative  1.2420 1.2420 1.0302
32 Positive Positive 1.0402  Negative 2.4834 2.4834 1.0402
33 Positive Positive 0.6519  Negative  1.8440 1.8440 0.6519
34  Positive Positive 1.1891  Negative  1.8436 1.8436 1.1891
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FIG. 7
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NEGATIVE NEGATIVE
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NEGATIVE NEGATIVE
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NEGATIVE NEGATIVE
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NEGATIVE NEGATIVE
NEGATIVE NEGATIVE
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NEGATIVE NEGATIVE

NEGATIVE NEGATIVE
NEGATIVE NEGATIVE
NEGATIVE NEGATIVE
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NEGATIVE NEGATIVE
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POSITIVE POSITIVE
POSITIVE POSITIVE
POSITIVE POSITIVE
POSITIVE POSITIVE
POSITIVE POSITIVE
POSITIVE POSITIVE
POSITIVE POSITIVE
POSITIVE POSITIVE
POSITIVE POSITIVE
POSITIVE POSITIVE
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POSITIVE POSITIVE
POSITIVE POSITIVE
POSITIVE POSITIVE
POSITIVE POSITIVE
POSITIVE POSITIVE
POSITIVE POSITIVE

FIG. 8
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POSITIVE
POSITIVE
POSITIVE
POSITIVE
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POSITIVE
POSITIVE
POSITIVE
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POSITIVE
POSITIVE
POSITIVE
POSITIVE
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POSITIVE
POSITIVE
POSITIVE
POSITIVE
POSITIVE
POSITIVE
POSITIVE
POSITIVE
POSITIVE
POSITIVE
POSITIVE
POSITIVE
POSITIVE
NEGATIVE
NEGATIVE
NEGATIVE
NEGATIVE
NEGATIVE
NEGATIVE
NEGATIVE
NEGATIVE
NEGATIVE
NEGATIVE
NEGATIVE
NEGATIVE
NEGATIVE
NEGATIVE
NEGATIVE
NEGATIVE
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NEGATIVE
NEGATIVE
NEGATIVE
NEGATIVE
NEGATIVE
NEGATIVE
NEGATIVE
NEGATIVE
NEGATIVE

20076
1.9882
1.7052
15915
1.7266
22894
0.8885
1.5348
1.3268
2.2581
2.0064
14747
1.9292
1.7610
2.8097
2.0651
1.6498
1.8972
1.7082
1.5530
1.1077
22753
1.9389
14414
21140
38244
1.3367
1.8140
15192
1.9740
16570
1.2098
1.3947
1.5472
1.0969
14825
1.1402
1.8074
1.0330
12581
153717
1.3204
1.4409
16136
1.5009
1.8427
1,2607
1.3045
1.2756
1.5644
1.0267
1.2916
20081
1.7156
1.6320
20364
1.4064
14033
12868
1.7008
1.3693

1.0405
1.0647
0.9419
1.0230
0.9198
0.9526
06165
0.9930
0.9658
1.0647
0.9953
0.8424
1.0489
1.0391
1.0536
0.9512
0.9659
1.0426
1.0248
0.9454
0.9344
10580
12119
0.9616
1.0092
1.0818
0.9488
1.0668
0.8943
1.0164
0.9102
1.2098
1.3047
1.5472
1.0969
14825
1.1402
1.8074
1.0330
12561
1.5377
1.3204
1.4409
16136
1.5009
1.8427
12607
1.3045
127156
1.5644
1.0267
1.2016
2.0081
1.7155
1.6320
2.0364
1.4064
14033
1.2868
1.7008
1.3693
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Distance to Distance to

Distance Next Class Distance Negative  Postive

20076
1.9882
17052
1.5915
1.7266
22894
0.8885
1.5949
13268
2.2581
20064
14747
1.9292
1.7610
28097
2,0651
1.6498
1.9972
17082
1.5530
1.1077
22753
1.9389
1.4411
2.1140
38244
1.3367
1.8140
15192
1.9740
1.6570
1.0182
0.9819
1.0963
0.9184
0.9928
0.9170
0.9784
0.9159
09153
09727
1.0255
0.9243
1.0615
1.0047
0.9526
0.9243
0.9607
1.0319
1.0015
0.8626
1.0453
0.9595
1.0741
1.0269
1.0030
1.0617
0.8768
0.97%
1.0362
1.0172
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FIG. 9

BSE Sample Scores
Sample Distance to Distance to
Number Negative Positive Score
1 1.0405 2.0076 -0.9671
2 1.0647 1.9882 40.9235
3 0.9419 1.7052 -0.7633
4 1.023 1.5915 -0.5685
5 0.9198 1.7266 -0.8068
6 0.9526 2.28%4 -1.3368
7 0.6165 0.8885 -0.272
8 0.993 1.5949 -0.6019
9 0.9658 1.3268 . -0.361
10 1.0647 2.2581 -1.1934
11 0.9953 2.0064 -1.0111
12 0.8424 14747 -0.6323
13 1.0489 1.9292 -0.8803
14 1.0391 1.761 0.7219
15 1.0536 2.8097 -1.7561
16 0.9512 2.0651 -1.1138
17 0.9659 1.6498 -0.6839
18 1.0426 1.9972 -0.9546
19 1.0248 1.7082 -0.6834
20 0.9454 1.563 -0.6076
21 0,9344 1.1077 0.1733
22 1.058 2.2753 -1.2173
23 12119 1.9389 -0.727
24 0.9616 1.4411 -0.4795
25 1.0092 2114 -1.1048
26 1.0818 3.8244 -2.7426
27 0.9488 1.3367 -0.3879
28 1.0668 1.814 0.7472
29 0.8943 1.5192 0.6249
30 1.0164 1974 -0.9576
31 0.9102 1.657 -0.7468
32 12098 1.0182 0.1916
33 1.3947 0.9819 0.4128
34 1.5472 1.0963 0.4509
35 1.0969 0.9184 0.1785
36 14825 0.9928 0.4897
37 1.1402 0917 0.2232
38 1.8074 0.9784 0.829
39 1.033 0.9159 0.1171
40 1.2581 0.9153 0.3428
41 1.5377 0.9727 0.565
42 1.3204 1.0255 0.2949
43 1.4409 0.9243 0.5166
44 16136 1.0615 0.5521
45 1.5009 : 1.0047 0.4962
46 1.8427 0.9526 0.8901
47 1.2607 0.9243 0.3364
48 1.3045 0.9607 0.3438
49 1.2756 1.0319 0.2437
50 1.5644 1.0015 0.5629
51 1.0267 0.8626 0.1641
50 1.5644 1.0015 0.5629
51 1.0267 0.8626 0.1641
52 1.2916 1.0453 0.2463
53 2.0081 0.9695 1.0386
54 1.7155 1.0741 0.6414
55 1.632 1.0269 0.6051
56 2.0364 1.003 1.034
57 1.4064 1.0617 0.3447
58 14033 0.8768 0.5265
59 1.2868 0.9796 0.3072
60 1.7008 1.0362 0.6646
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METHOD OF DETECTING BOVINE
SPONGIFORM ENCEPHALOPATHY

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority of provisional
application Ser. No. 60/515,803, which is entitled “Method
of Detecting Transmissible Spongiform Encephalopathies”,
and which was filed on Oct. 27, 2003, the entirety of which
is hereby incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] Field of the Invention—The present invention
relates to methods for detecting a change in spectral
response between normal and diseased tissue samples as an
indication of a bovine spongiform encephalopathy infection,
and more particularly, to BSE diagnostic methods including
comparing spectral data obtained from an “unknown”
sample to a calibration model comprising spectral data
obtained from BSE-normal and BSE-diseased samples.

[0003] Mad cow disease, or bovine spongiform encepha-
lopathy, is a chronic degenerative disease that affects the
central nervous system of cattle. Bovine spongiform
encephalopathy was discovered in the mid-1980’s in the
United Kingdom, and belongs to a family of diseases known
as transmissible spongiform encephalopathies.

[0004] Transmissible  spongiform  encephalopathies
(TSEs), also referred to as prion diseases, are a family of
contagious, degenerative neurological diseases found in
humans and animals. A TSE infects the central nervous
system of a host species and eventually attacks the brain of
the host species. TSEs have a long incubation period, and
once infected, a host species may not exhibit clinical symp-
toms for years. Clinical symptoms of TSEs can include
emaciation, loss of bodily condition, loss of coordination
and movement, excessive salivation, and/or loss of bodily
functions. While the clinical symptoms of each specific
transmissible spongiform encephalopathy (TSE) may vary
somewhat from species to species, TSEs always cause death
in infected victims.

[0005] TSEs are characterized by tiny holes or lesions in
the brain that give the brain a sponge-like appearance and
are associated with the aggregation in the brain of prions, an
abnormal form of a naturally occurring, membrane protein
called a prion protein (PrP). Normal prion protein mol-
ecules, designated as PrP or PrP° (cellular), are predomi-
nantly found on the surface of neuronal cells and in spinal
fluid as well as on the surface of certain other non-neuronal
cell types such as lymphoreticular tissue. The normal PrP° is
sensitive to digestion with specific enzymes.

[0006] Disease-associated prions are defined as small,
proteinaceous infectious particles that resist inactivation by
procedures that modify nucleic acids. These infectious pri-
ons, designated PrP™* (protease resistant protein), are char-
acterized as abnormal, insoluble isoforms of normal mam-
malian PrP°.

[0007] Normal PrP¢ and infectious PrP™* share the same
amino acid sequence and have almost identical molecular
weights of 33 to 35 kd (6033858), but differ from each other
in their secondary structure. Normal prion proteins contain
a predominantly alpha helix structure and contain almost no
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beta sheet structure. It is believed that the difference between
normal PrP¢ and infectious PrP™® is conformational, with
infectious PrP™* containing a significantly higher beta-sheet
content than normal PrP°. The normal prion protein’s usual
function is unknown, but its shape can be converted into the
abnormal, beta-sheet rich disease-associated form. Once the
abnormal prions are present, it is suggested that the abnor-
mal prion protein spreads in a chain reaction by converting
normal prion molecules into the abnormal form, i.e. con-
verting PrP° to PrP™*.

[0008] The pre-clinical phase of a TSE is the long incu-
bation period after infection with PrP™® in which the species
exhibits no external clinical symptoms of the disease. How-
ever, it is known that the presence of PrP™*, or a precursor
thereof, can be detected in the lymphoreticular system
(tonsils, lymph nodes, eyes, spleen, etc.) and in other tissues/
biological materials such as the brain, muscles, blood and
spinal cord fluid in species susceptible to TSEs. For
example, because infectious prions, PrP™, are protease
resistant, it is suggested that prions accumulate in the lymph
system or nervous system of an animal species, in addition
to the brains of infected the host, where they aggregate into
distinctive filaments or plaques on the surface of the cell
membrane.

[0009] Prions are transmitted from one host to another;
however, they do not exhibit many other features of tradi-
tional infective agents, such as bacteria, viruses, or fungi. As
such, prions are referred to as infectious “agents” of disease.
How a prion moves from species to species is somewhat
unclear; however, it is known that a TSE can be transmitted
from animal to animal contact, and that animals exposed to
a TSE contaminated environment, infected tissue, body
fluids, infected carcasses, or contaminated medical instru-
ments may also become infected. Once the infectious agent
enters the brain of the host, 1t can lie dormant for several
years, but when it is activated, the abnormal prion molecules
kill brain cells leaving large areas of spongy holes in the
brain, and leaving large clumps of abnormal prion protein in
the brain. Once the abnormal prion is activated, the disease
can run its course in less than a year, causing death. Further,
it has also been discovered that routine sterilization proce-
dures, such as boiling or irradiation, do not prevent trans-
mission of TSEs. Further, cleaning chemicals that one would
use to disinfect surfaces for bacteria or viruses such as Lysol,
or Betadine, are not effective in destroying the infectious
capability of the prions.

[0010] Tt is likely that most mammalian species can
develop TSEs, and several specific prion diseases are iden-
tified. For example, scrapie, a disease that has been well
known for several centuries, is the infective TSE found in
goats or sheep. Chronic wasting disease (CWD) is a TSE
found in free ranging and captive mule deer, white tailed
deer and elk across North America. Human infective TSEs
include Creutzfeld-Jakob disease (CID), kuru, fatal familial
insomnia (FFI), and Gerstmann-Straussler-Scheinker dis-
ease (GSS). In addition, human infective TSE called new
variant Creutzfeld-Jakob disease (nvCID) was identified in
1996, and has been found in the United Kingdom and
several other European countries. Other TSEs also include
feline spongiform encephalopathy (FSE) in cats and trans-
missible mink encephalopathy (ILE) in mink.

[0011] Moreover, it has been suggested that food products
containing TSE infected tissue may cause cross-species
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forms of a transmissible spongiform encephalopathy dis-
ease. For example, it is believed that in the 1980’s, feed
contaminated with scrapie-infected sheep tissue and/or
sheep by-products was fed to cattle causing BSE infections.

[0012] Moreover, in the 1990°s, the British government
concluded that new variant Creutzfeld-Jakob (vCID) disease
in humans was caused by ingesting meat from BSE infected
cows. Indeed, as of December 2003, one hundred and
fifty-three people have contracted vCID through the inges-
tion of infected meat or bovine products. There is presently
no known cure for this disease, thus, efforts at disease
prevention have primarily focused on identification and
destruction of infected animals, restriction on exports of
products from suspected infected animals and overall
restrictions on export of such animals. These restrictions
have resulted in significant economic loss to producers,
ranchers and cattle renderers.

[0013] Most recently, BSE infections have been discov-
ered in the United States and Canada. BSE has a lengthy,
silent incubation period compared to the life span of the
animal, which range from 30 months to eight years. How-
ever, diagnosis of BSE during the incubation period has not
been possible in traditional BSE tests. Indeed, postmortem
analysis of bovine brain tissue, after the incubation period—
when the animal is already exhibiting clinical symptoms of
the disease is not effective in controlling the spread of vCID
or BSE. Thus, with a U.S. cattle population of 45 million,
early detection of BSE is critical to the livestock, dairy, and
bovine products industries.

[0014]

[0015] Diagnosis of bovine transmissible spongiform
encephalopathy involves several different methods.

[0016] Postmortum microscopic or histological examina-
tion of brain tissue, especially the medulla oblongata at the
obex, is still routinely performed as a method of confirming
a BSE case. However, such method requires the expertise of
laboratory technicians and is time consuming, and therefore,
not a practical method of testing a large volume of tissue
samples. In addition, microscopic examination of brain
tissue detects lesions in the brain occurring only after the
onset of the clinical disease, but is not used to detect early
stages of infection with the disease.

[0017] The Western Blot assay, and test variations thereof,
for the detection of a BSE relies on the differential sensi-
tivity of the infectious prions, PrP™, to protease K and thus,
can be a quantitative measure of the presence of infectious
prions. Tissue samples, for example, brain or lymph tissue,
are first digested with protease K or an antibody that can
discriminate between normal cellular PrP¢ of the specific
host species and the protease resistant form PrP™*. The
sample is denatured and diluted to an end point where PrP™*
can no longer be detected in SDS PAGE gel. While Western
Blot is considered a reliable, gold standard test for the
detection of prion proteins, and therefore, a diagnosis for
BSE, the Western Blot test is considered technically
demanding, involves careful and inefficient preparation of
samples, and required the use of expensive and environmen-
tally sensitive monoclonal antibodies. Accordingly,
improper analytical techniques, instrumentation malfunc-
tions, biased calculations, or inconsistent sample preparation
techniques from technician to technician can result in result-
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ing in errors in the test, and therefore, result in the possibility
in error in test results. Because of these difficulties and
because Western Blot testing cannot be automated, it is not
an appropriate test for the rapid, routine diagnosis, confir-
mation or screening of samples for BSE.

[0018] BSE testing is also performed by immunohis-
tochemistry assay of formalin fixed tissues. Although IHC is
a sensitive and specific diagnostic test, the assay requires
careful collection and trimming of tissues, formalin fixation,
processing and sectioning, IHC assay, and interpretation of
results by a pathologist. The turnaround time is minimally
measured in days and laboratory capacity is limited. In
addition, tissue preparation is lengthy and subject to opera-
tor error. As with the Western Blot assay, use of expensive
PrP™* specific monoclonal antibodies is a further disadvan-
tage to implementing this type of testing in a large-scale
application. Further, the nature of THC testing makes diag-
nosis of BSE at the early stages of the disease subject to
operator error or inconsistency from operator to operator.

[0019] Recently, the U.S.D.A. and several European
nations have adopted the use of a rapid, enzyme-linked
immunosorbent assay, or ELISA, test to detect the presence
of the protease-resistant PrP™*. This test utilizes brain tissue
which must be harvested and used within 30 days. Sample
preparation can take up to one hour involving alteration and
treatment of the sample with several buffer solutions and use
of environmentally sensitive monoclonal antibodies. These
tests produce results in 4 to 5 hours and cost up to twenty
dollars per test Kit.

[0020] Currently, there are no approved live-animal tests
for BSE. In addition, there are no available tests for testing
meat or other muscle tissue for BSE.

[0021] IR spectroscopy can be used to measure the absor-
bance/reflectance of infrared light in a sample. Specific
absorbance peaks can be correlated to the presence of
specific functional groups, chemical bonds and/or structural
features of a compound in the sample, including water,
proteins, or lipids. The absorbance patterns of samples can
be compared to a reference (calibration) set to identify peaks
specifically associated with a group, bond or structural
feature of interest. IR analysis, alone or in conjunction with
a fourier transform function (FTIR), is a standard tool in
some prion research laboratories, in which the difference in
protein conformation between the normal cellular prion
protein and the disease-associated prion were detected.
Diagnostic use of the method has been investigated in a
hamster model of scrapie. However, application of the
technique to mnaturally occurring bovine spongiform
encephalopathy has not been described. Moreover, these
applications utilize FTIR microscopy in conjunction with an
FTIR spectroscopy instrument, requiring time consuming
sample preparation, long scanning times and significant
operator training. Further, in conjunction with the prior, the
cost of FTIR microscopy equipment and required accesso-
ries discourages routine, widespread use of these methods in
the diagnosis of BSE.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] FIG. 1A illustrates a lymph node, identifying the
cortex and paracortex regions and the primary and second-
ary follicles contained therein;
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[0023] FIG. 1B illustrates a brain and brain stem, identi-
fying the obex portions utilized in the present invention;

[0024] FIG. 1B illustrates the brain stem, obex and spinal
cord tissues utilized in the methods of the present invention;

[0025] FIG. 2A is a flowchart depicting the development
of a calibration model according to the methods of the
present invention;

[0026] FIG. 2B is a flowchart depicting the diagnostic test
method for diagnosing BSE in an unknown sample accord-
ing to the methods of the present invention;

[0027] FIG. 3 is a scatter plot of the Mahalanobis dis-
tances for each calibration and validation sample in Example
1 demonstrating a “BSE-positive” cluster or “BSE-nega-
tive” cluster for bovine blood serum samples;

[0028] FIG. 4 is a results table presenting the calibration
and validation results of Example 1 and plotted in FIG. 3;

[0029] FIG. 5 is a scatter plot of the Mahalanobis dis-
tances for each calibration and validation sample in Example
2 demonstrating a “BSE-positive” cluster or “BSE-nega-
tive” cluster for bovine lymph tissue samples;

[0030] FIG. 6 is a results table presenting the calibration
and validation results of Example 2 and plotted in FIG. §;

[0031] FIG. 7 is a scatter plot of the Mahalanobis dis-
tances for each calibration and validation sample in Example
3 demonstrating a “BSE-positive” cluster or “BSE-nega-
tive” cluster for bovine brain tissue samples;

[0032] FIG. 8 is a results table presenting the calibration
and validation results of Example 3 and plotted in FIG. 7,
and

[0033] FIG. 9 is a results table presenting the calculated
score for each of the samples in Example 3.

SUMMARY OF THE INVENTION

[0034] In light of the forgoing, there is a need for a rapid,
inexpensive and reliable method for detecting a bovine
spongiform encephalopathy (BSE) in a high throughput
environment in order to increase the efficiency of surveil-
lance and containment efforts.

[0035] Accordingly, it is an object of the present invention
to use an IR spectroscopic method, such as Fourier trans-
form infrared spectroscopy (FTIR), as a rapid test for
detecting naturally occurring bovine spongiform encephal-
opathy (BSE) in live and/or postmortem bovine species,
thereby overcoming various deficiencies and shortcomings
of the prior art, including those outlined above. It is a further
object of the invention to provide a calibrated spectrometric
system for detecting spectral changes between BSE-positive
(diseased) and BSE-negative (normal) samples in unadul-
terated, untreated tissue and/or biological fluid samples,
thereby providing a means for diagnosing BSE. It can be
another object of the present invention to provide a method
of confirming a previously obtained BSE diagnosis deter-
mined through use of a conventional technique such as a
Western Blot or ELISA assay.

[0036] Thus, it is a related object of the present invention
to provide a method for diagnosing mad cow disease in any
live or postmortem bovine species prior to the onset of the
clinical symptoms of a BSE infection, regardless of BSE
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strain or animal genotype. Such methods utilize IR spec-
troscopy to detect spectral changes between naturally oceur-
ring BSE-positive and BSE-negative brain tissue, lymphore-
ticular system tissue and/or blood samples, providing a
calibrated system and method for detecting a BSE infection
in unknown brain tissue, lymphoreticular system tissue
and/or blood samples.

[0037] Tt is another object of the present invention to
provide a rapid, primary analytical method for diagnosing a
BSE infection that utilizes unadulterated, untreated (c.g.,
fresh or previously frozen) samples, eliminating the need for
technically difficult and time consuming mechanical and/or
chemical preparation of the sample before a diagnostic result
can be obtained. Accordingly, it can be a further object of the
present invention to provide a primary test for the diagnosis
of a BSE infection, wherein a misdiagnosis of BSE is
minimized by eliminating systematic and random errors that
occur in sample preparation, testing, and interpreting the
results of currently known methods. Ergo, it can be an object
of the present invention to provide a more reliable and
predictable method for diagnosing a BSE infection.

[0038] Itisan object of the present invention to reduce the
time required to not only prepare the sample, but perform
analysis of the sample so that high-volume, rapid throughput
testing of samples can be performed easily by governments
and researchers. Thus, because there is no subjectivity in the
analysis of the spectral information, operator fatigue will not
affect the outcome of the analysis. It is therefore a further
object of the present invention to minimize the costs of
analyzing samples for a BSE wherein there are no expensive
chemicals or antibodies needed in sample preparation, the
operalors require no special training, and the instrumenta-
tion is inexpensive compared to traditional methods of
detection.

[0039] It can be a further object of the present invention to
provide a rapid, fully automated method for classifying an
animal as BSE-positive or BSE negative, wherein each of a
plurality of samples is retained in a receptacle and tagged
corresponding to the age, type and location of the animal,
and wherein each sample is automatically transferred to the
FTIR spectroscopic instrument, scanned, analyzed with
respect to a calibration model and classified as BSE-positive
or BSE negative. The method further includes sanitization of
the FTIR spectroscopic instrument in between testing of
individual samples. In addition, the method can include
automatic generation of results reports for each sample
and/or groups of samples.

[0040] It will be understood by those skilled in the art that
one or more aspects of this invention can meet certain
objectives, while one or more other aspects can meet certain
other objectives. Each objective may not apply equally, in all
instances, to every aspect of the present invention. As such,
these objectives can be viewed in the alternative with respect
to any one aspect of the present invention.

[0041] Other objects, features, benefits and advantages of
the present invention will be apparent from the foregoing, in
light of the summary and the examples and descriptions
which follow, and will be readily apparent to those skilled in
the art having knowledge of various prion detection systems
and BSE diagnosis methods, conventional sample prepara-
tion techniques, and subsequent application. Such objects,
features, benefits and advantages will be apparent from the
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above as taken in conjunction with the accompanying
examples, tables, graphs, data and all reasonable inferences
to be drawn therefrom.

[0042] Without limitation to any particular theory or mode
of operation, the spectrometric method described herein
identifies one or more constituent functional groups and/or
structural features of a molecular compound or composition
evidenced by one or more spectra from a diseased sample
corresponding to either the presence of the diseased prion
protein, PrP™*, in the diseased tissue sample, or another
chemical, molecular and/or structural alteration occurring
within the sample as a precursor to the onset of clinical BSE
symptoms. Thus, spectral differences between normal and
discased tissue and/or blood samples can be observed before
BSE-induced lesions are observed in the brain of the bovine
animal. By developing a calibration model, these spectral
distinctions provide a method for differentially diagnosing
naturally occurring BSE in unknown samples. The spectro-
metric method used may be absorption, reflectance, emis-
sion or transmission spectrometry. Preferably, absorption or
reflectance spectra are obtained from a sample using Fourier
transform infrared spectroscopy (FTIR) in order to provide
a test wherein there is substantially constant pathlength
through the sample, and therefore, more consistency from
sample to sample and therefore, in the test results.

[0043]

[0044] Certain embodiments of the present invention uti-
lize blood samples obtained from a live bovine subject.
(Reference is made to Example 1). Blood samples include
not only whole blood, but also blood components such as
plasma and blood serum. Blood components such as plasma
or serum may be separated by conventional methods as are
well known to those skilled in the art.

[0045] In another embodiment of the present invention,
and with reference to Example 2, test samples are obtained
from the lymphatic system of a bovine animal. As illustrated
in FIG. 1A, lymph tissue samples are obtained by sectioning
a lymph node 50 to expose the cortex 52 or paracortex 54
regions of the node in order to preferably obtain a sample
section that includes primarily primary 56 and/or secondary
follicles 58, but which minimizes medullary tissue 60 within
the sample. Preferably, mesenteric lymph node tissue is
obtained. It will be apparent to those skilled in the art that
any lymphatic system tissue may be used in the present
invention, including but not limited to, any lymph node,
spleen, lymph nodules (tonsils), thymus, appendix, Peyer’s
patches and/or small intestines.

[0046] In yet another embodiment of the present inven-
tion, and with reference to Example 3, central nervous
system tissues may be utilized. In particular, as illustrated in
FIGS. 1B and 1C, brain tissue 62, such as obex tissue 64 of
the bovine animal may be obtained for use in the present
invention. In addition, brain stem 66, spinal cord tissue 68
and/or spinal fluid may also be used.

[0047] However, consistent with the broader aspects of the
invention, suitable tissue samples include additional organ
tissues, including but not limited to eye tissue, pancreatic
tissue, muscle tissue, tongue nerve cells and/or bone mar-
row. In particular, any bovine tissue demonstrated to contain
PrP™* or known to those skilled in the art to contain a
BSE-indicating molecular alteration, (for example, muscle
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tissue, eye tissue, etc.) may be utilized in the methods of the
present invention. In addition, other biological fluids known
to those skilled in the art to contain PrP,. or another
TSE-indicating molecular alteration may be utilized. As
such, suitable samples can include tears, milk, saliva, semen,
or sweat. Further, suitable samples may also include bodily
waste such as urine, feces, or menstrual blood. As described
herein, a “sample” refers to a tissue sample, blood and/or a
biological fluid sample as previously described.

[0048] The present invention includes samples obtained
from live or post-mortem bovine animals acquired from
farms, slaughtering facilities, livestock auctions, veterinary
laboratories, animal feed facilities and/or rendering plants.

[0049] As described herein “untreated” samples include
samples involving substantially no work-up (chemical,
physical or mechanical manipulation) prior to testing.
Untreated samples can include fresh and/or thawed samples
and also include raw and/or unadulterated samples provided
for testing involving substantially no sample preparation
other than obtaining the proper amount of the sample. In
particular, as distinguishable from the prior art, untreated
samples are not homogenized or mixed with water, sub-
jected to enzyme action or chemically or physically
extracted.

[0050] Preferably, samples are utilized untreated and are
neither frozen, heated, nor dried prior to testing. However,
samples may be frozen at conventional storage tempera-
tures, e.g. -35° C. or =70° C., or as required by the particular
laboratory or testing facility. Thawed samples are cut and/or
thinly sectioned to expose a new surface to the spectrometric
test instrumentation prior to testing.

[0051] In preparation for testing, thin sample sections of
approximately about 1 cmxabout 1 cmxabout 0.2 cm in
dimension are obtained from the bovine animal. Sample
sections of up to about 3 cmxabout 3 cmxabout 0.5 cm may
also be obtained, depending on the type of sample used,
particular requirements of the spectrometric instrumentation
and testing accessories employed in performing the methods
of the present invention. Where blood or other biological
fluids are used, samples from approximately about 10 ul to
about 1 ml are obtained from the subject. As will be readily
apparent to those skilled in the art, sample size is dependent
on not only specific test instrumentation but also on the
availability of the sample and the need for further testing of
the sample.

[0052] Any of the aforementioned sample types may be
used to develop a calibration model for a bovine animal and
can include different breeds/varieties of such bovine ani-
mals. For example, a single bovine calibration/predictive
model can include samples from cattle varieties such as, but
not limited to, Holstein, Piedmont, and Guernsey varieties in
order to classify any type of bovine as BSE-positive or
BSE-negative. In addition, a single calibration model can be
developed for a specific breed/variety of bovine (e.g. a
Holstein calibration model/diagnostic test, a dairy cattle
calibration model, a beef cattle calibration model/diagnostic
test, a gender-specific calibration model). In addition, a
calibration model may be developed for bovine animals in a
particular country, region, gender and/or in a particular
age-group, depending on specific testing parameters. Thus,
it will be apparent to those skilled in the art that the present
methodology is unlimited as to either bovine animal geno-
type or strain of BSE.
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[0053] The type of unknown sample tested using the
methodology of the present invention (e.g. blood, lymph
tissue, or brain tissue) is preferably the same type of sample
used for developing the calibration model. In addition, it is
preferred that each sample used in a particular calibration
model or used for a particular diagnostic test be stored at
similar temperatures. For example, calibration data sets
developed with samples stored at =70° C. temperatures prior
to testing should be used to test unknown samples stored at
-70° C. However, samples stored at, for instance, -35° C.
and fresh samples may be used to develop the same cali-
bration model—which can be used to test unknown samples
stored at =35° C. and fresh samples.

[0054] The raw, untreated samples are placed directly on
the optical bench and a complete scan of the sample is
rapidly obtained. Because sample preparation is minimal,
samples tested by the present method can be subsequently
analyzed and/or confirmed by immunohistochemistry
(IHC), Western Blot, ELISA or another validated gold
standard test for detecting BSE.

[0055]

[0056] As illustrated in FIG. 2A, to develop a calibration
model, a calibration set of infrared absorption data (or
alternatively reflectance data) is obtained from samples
extracted from bovine subjects that have previously been
identified as BSE-positive or BSE-negative, step 70. The
infrared absorbance spectra for each of the known samples
areilobtained, step 72, at wavenumbers from about 7400
cm  to about 350 cm™, preferably from about 4500 em™ to
about 350 cm™, and more preferably from about 4000 cm™
to about 500 ¢m™! Without limitation, a more discreet
wavenumber range from about 1700 cm™ to about 1600
cm may also be used to develop a calibration model—
wherein such a wavenumber region includes at least a
portion of the spectral changes observed between BSE-
positive and BSE-negative samples. Thus, consistent with
the broader aspects of the present invention, absorbance
spectra may be obtained at any range of wavenumbers or
wavelengths, or may be obtained in a more discrete range of
wavenumbers or wavelengths, depending on the type of
sample, the spectrometric method used, and/or the particular
bovine animal and/or herd population be diagnosed.

[0057] The calibration/reference set of infrared absorption
data can be prepared from any number of reference samples,
however, the calibration/reference data set will preferably
include greater than about 10 reference samples.

[0058] Each sample in the calibration set can be scanned
multiple times and co-added to increase the signal to noise
ratio, thereby enhancing the spectral absorbance features of
the sample (that is, the spectral features correlated in the
frequency/wavelength domain). For example, tissue samples
may be scanned approximately about 64 times, while bio-
logical fluids may be scanned approximately about 16 to
about 32 times. One skilled in the art will appreciate that a
sample may be scanned as many times as necessary to
sufficiently distinguish/enhance the correlated spectral fea-
tures from spectral noise (which shows no correlation in the
frequency/wavelength domain). Generally, the more spectra
included in the calibration set, the better chance there is of
accounting for sample variations/impurities, instrument
drifts and changes, and/or operator mistakes; thus, the test
will be more sensitive. Irrespective of the number of mul-
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tiple scans collected for a given sample, it is contemplated
by the present invention that complete scanning of a single
sample (including multiple scans of the same sample) can be
performed, preferably, in less than about one minute.

[0059] After each calibration/reference sample is scanned
and the respective spectra collected, corresponding calibra-
tion models characteristic of a BSE-positive sample and a
BSE-negative sample are developed from the calibration
spectral data.

[0060] Preferably, prior to performing any of the data
analysis methods described herein, original spectra is con-
verted to second derivatives to enhance spectral details, such
as shoulders of IR bands and to minimize or eliminate
baseline shifts. However, the original spectra and/or first
derivatives can be used in the spectral analysis for devel-
opment of the predictive model, as will be well known to
those skilled in the art. Data smoothing may be performed
using a range of Savitzky-Golay algorithms or by weighted
averaging the data using a set of weights that are a normal-
ized Gaussian distribution. Further, any other data smooth-
ing technique known to those skilled in the art may be used.

[0061] It will also be readily apparent to those skilled in
the art that the data may first be mean centered, linearized,
or otherwise normalized before such data analysis. Normal-
ization of spectra may also be required when the calibration
data/diagnostic test is transferred to a different spectrometric
instrument (i.e. a different testing location), or where
samples are tested on different spectrometric instruments.
For example, Multiplicative Scatter Correction to account
for pathlength variation can be performed prior to utilizing
one of the data analysis methods referenced herein.

[0062] In order to reduce the amount of spectral data for
analysis, the original spectra obtained for each of the known
BSE-positive calibration samples are averaged and the origi-
nal spectral obtained for each of the known BSE-negative
samples are averaged. The average spectra for the BSE-
positive samples and the average spectra for the BSE-
negative samples are subtracted and/or the average spectra
are superimposed in a manner that highlights the wavenum-
ber regions exhibiting the most prominent spectral distinc-
tions between the average BSE-positive and the average
BSE-negative spectra. These spectral regions are then
selected for further analysis/discrimination between the
spectra of BSE-positive and BSE-negative samples. Consis-
tent with the broader aspects of the present invention, data
reduction can be performed on original (raw) spectra, first or
second derivative spectra, data smoothed and/or normalized
spectra.

[0063] In addition, it will be apparent to those skilled in
the art that the entire spectral range of wavenumbers
obtained during scanning of the calibration samples can be
used in the methodology of the present invention, without
utilizing a data reduction technique, provided the data analy-
sis method utilized is capable of sufficiently discriminating
between BSE-positive and BSE-negative samples in the
calibration set such that unknown BSE-positive and BSE-
negative samples can be accurately diagnosed.

[0064] Preferably, the method utilizes principal compo-
nent analysis (PCA) as a chemometric method for breaking
down spectroscopic data into its most basic variations, step
74. This type of multivariate technique/spectral data com-
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pression technique analyzes entire regions of a spectrum and
allows discrimination between the spectra of different
groups of samples. In particular, PCA data transformation
converts a set of correlated spectral features/variables (the
raw spectral data) into a compressed smaller set of uncor-
related variables. This transformation rotates the coordinate
system, resulting in the alignment of information on a fewer
number of axes than in the original spectral arrangement.
This results in a compression of the variables by allowing
those variables that are highly correlated with one another to
be treated as a single entity. After using PCA, there will be
asmall set of uncorrelated variables representing most of the
information that was in the original set of variables; how-
ever, the information will be easier to use in subsequent
analytical models.

[0065] Consistent with the broader aspects of the inven-
tion, any mathematical data analysis technique, spectral data
compression technique, predictive modeling method, and/or
chemometric analysis method known to those skilled in the
art can be used to identify spectral correlation corresponding
to a BSE-positive and a BSE-negative disease state within
the calibration data set, provided the data analysis technique
is capable of sufficiently discriminating between BSE-posi-
tive and BSE-negative samples in the calibration set such
that unknown samples can be accurately diagnosed. Such
techniques can include but are not limited to, Partial Least
Squares Regression (PLS), Principal Component Regression
(PCR), Multiple Linear Regression (MLR) and Discriminant
Analysis. It will at once be appreciated by those skilled in
the art that any of the data smoothing, normalization,
statistical methods and/or data analysis techniques described
herein can be performed using a commercially-available
computer software program. Such programs can include, but
are not limited to OMNIC® (2002 Thermo Electron Cor-
poration) including TQ Analyst® software (from Thermo
Electron Corporation, Madison, Wis., U.S.A); or PLSplu-
SIQ™ and GRAMS/AF™ (from Thermo Galactic, Salem,
N.H., US.A).

[0066] Accordingly, principal component analysis identi-
fies patterns in the calibration/reference set spectra that
contribute the most to the variation among that group,
resulting in mathematical spectra (called loading vectors or
principal components) which represent the most common
variations to all the calibration data, step 76. The first
principal component is constructed to account for as much
variability as possible; this often corresponds to the major
visual differences among spectra as caused by light scatter,
path length changes, or particle size differences. The second
principal component is constructed to account for as much
of the remaining variability as possible. This often corre-
sponds to the largest absorbance band changes, such as
moisture. Additional components will include variation in
other bands. A discussion of the underlying theory and
calculations of principal component analysis can be found,
for example, in Fredericks, et al., Applied Spectroscopy, 39,
303 (1985); Aries, et al., Spectroscopy, 5, 41 (1990); and
Haaland, et al., Analytical Chemistry, 60, 1193 (1988).

[0067] The amount of variability accounted for in each
principal component depends on the specific TSE, the type
of sample, and the number of samples in the calibration set.
Each time a calibration set is developed, optimized or
expanded, the number of principal components used for the
predictive model can fluctuate, as needed, to account for
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variability approaching about 100%. Thus, in order to
develop a sensitive calibration model, the number principal
components used may account for as much variability in the
calibration spectra as possible and/or as practical. Typically,
2 to about 25 principal components will account for about
85% to greater than about 99.9% of the variance of the
variables. However, up to about 50 or more principal com-
ponents can be used, depending on the type of sample used
and the variability thereof.

[0068] The principal components are then used to predict
the disease-state of “unknown” samples. To do this, a set of
scaling coefficients called principal component scores (“PC
scores”), for each principal component, are calculated for
each sample in the calibration set. When the PC scores are
multiplied by the principal components, and the results are
summed, the original spectra are reconstructed. By knowing
the set of principal components, the PC scores will represent
the spectra as accurately as the original spectral responses at
all the wavelengths considered. Thus, scatter plots of the PC
scores over the principal components can provide a means
for visualizing and summarizing the spectral data.

[0069] In a first example of the present invention, princi-
pal component analysis showed that the first nine (9) prin-
cipal components accounted for over 99.5% of the total
variance of the calibration tissue spectra. As illustrated in
FIG. 3 for Example 1, a scatter plot of the calibration
spectral data set after PCA transformation illustrates two
distinct clusters of samples, a first cluster corresponding to
BSE-positive samples (represented by triangular data
points) and a second cluster corresponding to BSE-negative
samples (represented by square data points). Accordingly,
the calibration data set is used, after PCA transformation, to
differentially identify BSE-positive and BSE-negative
samples by comparing the unknown sample’s spectral PC
scores to the PC scores determined from the spectral data of
known samples in the calibration set.

[0070] After all the calibration samples are scanned and
the PC scores for each calibration sample in the calibration
data set are calculated, the mean center PC scores are
calculated for both the BSE-positive and BSE-negative
cluster groupings, step 78. Alternatively, a mean centered
spectra can be calculated for the entire calibration data set by
averaging the absorbance/reflectivity values of the calibra-
tion samples at each wavelength to determine a mean spectra
for each of the BSE-positive and BSE-negative cluster
groupings, and the mean centered PC scores can be calcu-
lated therefrom. The mean center PC scores will be unique
to each specific cluster grouping.

[0071] Further, the calibration set can be cross-validated,
step 80, by calculating the Mahalanobis distances from each
known sample in the calibration set to the mean center
BSE-positive PC scores and the mean center BSE-negative
PC scores of the remaining known samples in the calibration
set (e.g. by rotating each cross-validated sample out of the
calibration set and calculating the Mahalanobis distances for
that sample from the mean center BSE-positive PC scores
and the mean center BSE-negative PC scores of the remain-
ing known samples in the calibration set.) As well known to
those skilled in the art, the Mahalanobis distance is used for
determining the “similarity” of a sample to a reference set,
for example, by comparing the unknown sample’s PC scores
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to the mean center PC scores of both the BSE-positive and
the BSE-negative cluster groupings of the calibration data
set.

[0072] As illustrated in FIG. 2B, to determine whether an
unknown sample is BSE-positive or BSE-negative, the
unknown sample (or, alternatively, a validation sample pre-
viously identified as BSE-positive or BSE-negative) is first
scanned to obtain the sample’s spectral information, steps 90
and 92. The PC scores of the unknown sample are then
calculated. The Mahalanobis distances from both the mean
center of the BSE-positive cluster grouping and the BSE-
negative cluster groupings for the particular unknown
sample are calculated from the calculated PC scores for the
unknown sample, step 94. If the Mahalanobis distance from
the unknown sample’s PC scores to the mean center BSE-
positive PC scores is closer than the Mahalanobis distance
from the unknown sample’s PC scores to the mean center
BSE-negative PC scores, the unknown sample is classified
as BSE-positive, step 96. Likewise, if the Mahalanobis
distance from the unknown sample’s PC scores to the mean
center BSE-negative PC scores is closer than the Mahalano-
bis distance from the unknown sample’s PC scores to the
mean center BSE-positive PC scores, the unknown sample
is classified as BSE-negative, step 96. (Reference is made to
Examples 1 through 3 and FIGS. 3, § and 7 illustrating
correctly classified validation samples).

[0073] If both Mahalanobis distances (to the mean center
BSE-negative PC scores and to the mean center BSE-
positive PC scores) calculated during cross-validation of the
calibration samples, during a validation sample test or
during an unknown sample test are greater than 3, the
sample is considered a Mahalanobis outlier, step 96. Such
Mahalanobis outliers are considered a <No Test> result.
Mahalanobis outliers may be caused by improper sample
trimming techniques or contamination/corruption of the
tissue sample and may not result in a proper diagnosis. Thus,
any samples tested via the method of the present invention
that are Mahalanobis outliers can be removed from the
calibration data set, and if the sample is a validation sample,
will result in a <No Test> result.

[0074] The method of the present invention also includes
updating the calibration data set with correctly diagnosed
“unknown” bovine sample spectra in order to continually
update the calibration set, step 100. This permits the cali-
bration model to best account for possible variation, such as
strain differentiation, typically found in naturally occurring
BSE infections. As such, the calibration set for a given
species can be continually optimized using samples that
have been identified as BSE-positive and BSE-negative
(and, if necessary, verified using another conventionally
known BSE testing method). Thus, as described previously,
calibration data sets can be developed and/or optimized not
only for a particular bovine animal species, but also for a
particular geographical area, region or state, or a specific
chemical, physiological or physical characteristic of a BSE.

[0075] Accordingly, the diagnostic test/validated calibra-
tion model for BSE-positive and BSE-negative samples can
be used at several locations or laboratories in order to
provide remote testing capabilities for diagnosing a BSE
infection. Once developed, the calibration model permits
BSE testing of an unlimited number of samples without the
need for purchasing chemicals, antibodies and/or other

May 26, 2005

sample preparation materials. More particularly, the BSE
blood test permits researchers, farmers, and/or ranchers the
ability to correctly and rapidly classify an animal as BSE-
positive or BSE-negative prior to extinguishing the animal.
Thus, the method of the present invention provides a diag-
nostic test for ensuring a live animal and/or animal products,
such as meat or milk, are disease free prior to entering the
marketplace.

[0076]

[0077] Samples tested in accordance with the present
invention are scored with respect to a BSE-negative or
BSE-positive result, step 98 of FIG. 2B. Sample scores are
calculated from the Mahalanobis distances determined from
the unknown sample PC scores to the mean center of the
BSE-positive cluster grouping and the mean center BSE-
negative cluster groupings. The score is calculated by sub-
tracting the (Mahalanobis) distance to positive from the
(Mahalanobis) distance to negative. (Reference is made to
Example 5 and FIG. 9).

[0078] Any BSE-negative sample, as determined by the
calibration model, having a calculated score ranging from
between about —0.1000 to 0.0000 may be classified as
<suspect positive>. For example a calculated score of
-0.0900 would be classified as a <suspect positive> sample.
Preferably, <suspect positive> samples are further tested by
another BSE testing method such as by Western Blot or
ELISA assay, step 102.

[0079] In general, sample scoring permits the diagnosis of
the sample to be quantified, Thus, depending on the particu-
lar animal genotype or BSE strain, calculation of the sample
score may be adjusted to increase the sensitivity of the test,
perhaps, at the expense of specificity of the test. For
example, sample scoring calculations may be adjusted to be
more sensitive to, and therefore increase the incidence of, a
<suspect positive> result, ensuring the number of false
negative results of the test are substantially zero.

[0080] After testing is completed on a sample, or alterna-
tively, a group of samples, diagnosis reports can be gener-
ated, step 104 of FIG. 2B. Such reports can contain animal
information, the origin of the animal, animal owner, diag-
nosis, lot information, etc. in order to provide researchers or
governments with information for tracking and monitoring
the animal and/or animal byproducts.

[0081] Thus, with reference to the preceding, the present
invention includes, in part, an infrared spectroscopic method
for developing a reference or calibration model for use in
differentially diagnosing naturally occurring bovine spongi-
form encephalopathy, comprising (1) obtaining a plurality of
known BSE-positive and known BSE-negative untreated
samples to form a calibration set; (2) analyzing each sample
in the calibration set using an IR spectrometric method and
obtaining calibration IR spectral data for each known sample
in the calibration set; (3) applying a multivariate chemo-
metric technique to the calibration spectral data for each
sample to statistically differentiate the BSE-positive and
BSE-negative calibration spectral data contained in the
calibration set. The method can also include updating the
calibration set with spectra of similar sample types that have
been correctly diagnosed using the method of the present
invention and verified via another BSE diagnostic technique.
Certain embodiments of the present invention utilize whole

Sample Scoring,
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blood, blood serum and/or blood plasma samples. In addi-
tion, tissue samples from the cortex or paracortex of a lymph
node and/or obex tissue from the brain of the bovine animal
can be used. Preferably, the sample is irradiated at wave-
numbers from about 4500 cm™ to about 350 cm™.

[0082] In part, the present invention can include a method
for diagnosing bovine spongiform encephalopathy compris-
ing (1) providing a blood sample from a live bovine subject
to determine whether the subject has a BSE infection, (2)
obtaining IR spectral data from the sample, and (3) deter-
mining whether the sample is BSE-positive or BSE-negative
by differentially comparing the spectral data of the sample
with a calibration model comprising IR spectral data from a
plurality of known BSE-positive and known BSE-negative
samples.

[0083] In part, the present invention is a method for
rapidly screening/classifying an unknown sample from a
bovine subject as BSE-positive or BSE-negative. The
method comprises (1) obtaining a sample from a bovine
animal, (2) directing a beam of IR light at wavenumbers
from about 7400 cm™ to about 350 cm™ to produce IR
spectral data for the sample, (3) comparing the spectral data
for the sample with a calibration set of infrared spectral data
comprising both a BSE-positive and BSE-negative predic-
tive model, and (4) determining whether variation in infra-
red absorption occurs in the sample, within at least one range
of wavenumbers, due to the variation being characteristic of
a positive indicator of BSE or a negative indicator of BSE.

[0084] The present invention also includes detecting a
change in spectral response between diseased and normal
samples to differentially diagnose BSE. The method
includes (1) analyzing a substantially untreated, unknown
sample selected from one of lymph tissue, obex tissue or
blood using an IR spectroscopic method providing IR spec-
tral data, (2) applying principal component analysis to the IR
spectral data obtained from the sample and calculating the
PCA scores for the unknown sample, and (3) differentially
determining whether the unknown sample is positive or
negative for BSE by comparing the PC scores for the sample
with a calibration TR spectral data set comprising mean
centered PC scores for known BSE-positive and BSE-
negative samples in the calibration spectral data set. The
method can further include confirming of a positive BSE
diagnosis using a validated assay method such as Western
Blot, ELISA or another immunohistochemistry assay.

[0085] Differentially determining whether the unknown
sample is BSE-positive or BSE-negative can include calcu-
lation of the Mahalanobis distance from the unknown sam-
ple’s PC scores to the mean centered PC scores for the
BSE-positive and BSE-negative sample groupings in the
calibration spectral data set and determining whether the
Mahalanobis distance from the unknown sample’s PC scores
is closer to the mean center BSE-positive PC scores or closer
to the mean center BSE-negative PC scores.

[0086] In part, the present invention includes a method of
utilizing principal component analysis to differentially dis-
tinguish between BSE-positive and BSE-negative samples.
The method consists essentially of obtaining calibration IR
absorbance spectra for a plurality of untreated known BSE-
positive and unireated known BSE negative samples, apply-
ing principal component analysis to the calibration IR absor-
bance spectra obtained for each of the known BSE-positive
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and known BSE-negative samples to statistically discrimi-
nate between the calibration IR absorbance spectra of the
known BSE-positive samples and the known BSE-negative
samples, calculating the BSE-positive mean center principal
component scores for the known BSE-positive samples and
calculating the BSE-negative mean center principal compo-
nent scores for the known BSE-negative samples, obtaining
IR absorbance spectral data from an untreated, unknown
sample, performing principal component analysis on the
unknown sample including determining the principal com-
ponent scores of the unknown sample and calculating a
Mahalanobis distance from the principal component scores
of the unknown sample to the BSE-positive mean center
principal component scores and calculating a Mahalanobis
distance from the principal component scores of the
unknown sample to the BSE-negative mean center principal
component scores; whereby the unknown sample is classi-
fied as BSE-positive or BSE-negative.

[0087] In part, the present invention is directed to a
method of providing a remote diagnostic test for BSE. The
method includes providing a spectrometric instrument for
analysis of bovine samples and equipping the spectrometric
instrument with a validated BSE diagnostic test comprising
a calibration model specific to at least one of the sample
type, the geographic area, the gender or the breed of the
bovine animal. The method can also include updating the
diagnostic test by incorporating spectral data from correctly
diagnosed samples into the calibration model.

[0088] The present invention also a method for fully
automated BSE screening. The method includes (1) provid-
ing a plurality of samples, wherein each of said samples is
contained within a receptacle and tagged with information
such as a sample number, animal age, animal location and
owner information, (2) automatically transferring an indi-
vidual sample from the receptacle to the spectrometric
instrument, (3) directing a beam of IR light at wavenumbers
from about 7400 cm™ to about 350 cm™ to produce spectral
data for the sample, (4) comparing the IR spectral data for
the sample with a calibration model for BSE, (5) recording
test result/diagnosis information for the sample and (6)
cleaning the spectrometric instrument prior to analysis of a
subsequent sample.

[0089] It will be apparent to those skilled in the art that the
methods of the present invention may be capable of diag-
nosing new variant Creutzfeld-Jakob (vCID) disease in
humans. In particular, insomuch as vCID is caused by
ingesting meat from BSE infected cows, molecular alter-
ations in a human, similar to those present in a bovine
animal, occurring before the onset of clinical vCID disease
may be present in the blood of humans. Accordingly, the
present invention can include development of a calibration
model for vCID and method of diagnosing a patient with
vCJID utilizing a blood sample therefrom.

[0090]

[0091] The following non-limiting examples and data
illustrate various aspects and features of the present inven-
tion, including the surprising and unexpected results
obtained thereby. It should, of course, be understood that
these examples are included for illustrative purpose only and
that the invention is not limited to the particular tissue or
biological fluid samples, collection conditions, species or the
like set forth herein. Comparable utility and advantages can

Examples of the Invention.
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be realized using various other data analysis methodologies
and/or embodiments consistent with the scope of this inven-
tion.

[0092]

[0093] All samples in Examples 1-3 were scanned using a
lab grade FTIR spectrometer (Nexus 670 by Thermo Nico-
let, Inc., Madison, Wis.) including a standard mid-infrared
source (7400-350 cm™, res. 0.125 cm™!) and a DLaTGS
detector (deuterated trigycine sulphate doped with L-ala-
nine) with KBr window and was equipped with a DuraSam-
pLIR II™ 3-Reflection Diamond/ZnSe (SensIR Technolo-
gies, Danbury, Conn.). However, any commercially
available infrared spectrophotometers may be utilized. Data
collection and manipulation software OMNIC (® 2002
Thermo Electron Corporation) including TQ Analyst soft-
ware (® 2002 Thermo Electron Corporation), capable of
performing principal component analysis, was included with
the instrument and used to perform the statistical analysis.
However, any computer program known to those skilled in
the art may be used to carry out the statistical methods taught
by the present invention.

Test Equipment

EXAMPLE 1

Development of a Calibration Model for
Diagnosing Bovine Spongiform Encephalopathy in
Bovine Blood Serum

[0094]

[0095] With respect to the calibration model data, nine
known BSE positive and nine known BSE negative blood
serum samples were obtained from the Veterinary Labora-
tories Agency, an executive agency of the Department of
Environment, Food and Rural Affairs, in the United King-
dom. Validation samples consisted of one known BSE
positive and one known BSE negative blood serum samples
also obtained from the Veterinary Laboratories Agency. In
all samples, a BSE diagnosis was predetermined using
standard gold standard methods such as by Western Blot or
ELISA assays.

[0096] Blood serum samples were previously frozen at
-70° C. and allowed to thaw prior to testing. It will be
appreciated by those skilled in the art that although previ-
ously frozen samples are used in the present example,
freshly drawn blood samples from live bovine animals or
freshly drawn samples from animals prior to slaughtering/
sacrificing can be used in the present invention.

[0097]

[0098] Approximately about 10 ul of untreated, blood
serum from each sample subject was utilized. Samples were
pipetted directly onto the optical platform of the instrument.
Each sample in both the calibration set and the validation set
were scanned 64 times and co-added to increase the signal
to noise ratio, thereby enhancing the spectral absorbance
features of the sample. Complete scanning of each sample
(including the 64 scans of the same sample) was performed
in less than about one minute. The FTIR data collection
software, OMNIC/TQ Analyst (® 2002 Thermo Electron
Corporation), collected the dispersive spectra for each
sample.

Sample Sources

Testing
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[0099] FTIR Calibradon for BSE

[0100] Second derivatives were calculated from the origi-
nal spectra for each sample in the calibration data set using
a Savitzky-Golay smoothing algorithm using the aforemen-
tioned software. Calibration of the test for BSE was then
performed using discriminate principal component analysis
performed with the analysis software described herein. It
will be appreciated by those skilled in the art that other
multivariate chemometric techniques may be used for data
analysis in developing the calibration/reference data set,
including but not limited to, Partial Least Squares Regres-
sion (PLS), Principal Component Regression (PCR), Mul-
tilinear Regression Analysis (MLR) and Discriminant
Analysis.

[0101] The software was calibrated with the known BSE-
positive and BSE-negative samples to develop a calibration
model specific for BSE infections in blood serum taken from
bovine animals. Principal component analysis was per-
formed on the calibration spectral data over the range from
about 4500 cm™ to about 350 cm™ for each blood serum
sample in the calibration data set. As illustrated in Table 1,
nine (9) principal components, accounting for over 99.5% of
the variance in the calibration spectral data set were used for
the calibration model.

TABLE 1

PRINCIPAL COMPONENT ANALYSIS
OF CALIBRATION DATA SET

PRINCIPAL
COMPONENT % VARIANCE ~ CUMULATIVE VARIANCE
1 94.687 94.687
2 2.821 97.507
3 0.884 98.392
4 0.499 98.891
5 0.222 99.113
6 0171 99.284
7 0.152 99.436
8 0132 99.568
9 0.098 99.667
[0102] A set of PC scores for each sample in the calibra-

tion spectral data set was calculated. In addition, the mean
center PC scores were generated for the samples known to
be positive for BSE and the samples known to be negative
for BSE.

[0103] The calibration set was cross-validated by calcu-
lating the Mahalanobis distances from each known sample
in the calibration set to the mean center BSE-positive PC
scores and the mean center BSE-negative PC scores of the
remaining known samples in the calibration sct (e.g. by
rotating each cross-validated sample out of the calibration
set and calculating the Mahalanobis distances for that
sample from the mean center BSE-positive PC scores and
the mean center BSE-negative PC scores of the remaining
known samples in the calibration set.) As illustrated in FIG.
3, a scatter plot of the Mahalanobis distances for each
calibration sample spectra depicts two distinct clusters of
calibration data points (unshaded points), a first cluster
grouping 110 corresponding to BSE-positive samples (tri-
angular unshaded points) and a second cluster grouping 112
corresponding to BSE-negative samples (square unshaded
points). FIG. 4 contains a tabular representation of the
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calibration data samples (sample numbers 1 through 4 and 7
through 20) illustrating the actual class and the calculated
class for each sample of the calibration data set. All cali-
bration samples were correctly cross-validated as either
BSE-positive or BSE-negative.

[0104] Consistent with the broader aspects of the inven-
tion, correlation between the present testing methodology
and a validated TSE test will be evaluated by the kappa
calculation; and agreement of less than 96% will result in
recalibration of the system using additional refinement of the
calibration spectrum examined, in particular, the calibration
will be adjusted so that the sensitivity of the test approaches
100%. A slight decrease in test specificity (resulting in a
small increase in false positive samples) is preferred in a
pre-clinical screening test for TSEs. All TSE-positive diag-
nosis can be confirmed by IHC or other validated diagnostic
test.

[0105] WValidation of the Calibration Set for the Method for
Detecting BSE in Blood Serum

[0106] Analysis of Validation Spectral Data Using the
Predictive Model

[0107] Second derivatives were calculated from the origi-
nal spectra for each sample in the validation data set using
a Savitzky-Golay smoothing algorithm using the aforemen-
tioned software. Principal component analysis was then
performed on the spectral data for each validation sample
using the ten principal components identified in the calibra-
tion model. These spectral features were analyzed by PCA
and the PC scores for each validation sample were deter-
mined.

[0108] The Mahalanobis distance for each validation
sample in the validation set was determined from the PC
scores of validation sample and the mean center PC scores
of the BSE-positive cluster grouping of the calibration data
set. Likewise, the Mahalanobis distance for each validation
sample in the validation set was determined from the PC
scores of validation sample and the mean center PC scores
of the BSE-negative cluster grouping of the calibration data
set. If the Mahalanobis distance from the validation sam-
ple’s PC scores to the mean center BSE-positive PC scores
was closer than the Mahalanobis distance from the valida-
tion sample’s PC scores to the mean center BSE-negative
PC scores, the validation sample was classified as positive
for BSE. Likewise, if the Mahalanobis distance from the
validation sample’s PC scores to the mean center BSE-
negative PC scores was closer than the Mahalanobis dis-
tance from the validation sample’s PC scores to the mean
center BSE-positive PC scores, the validation sample was
classified as BSE-negative. FIG. 3 includes the Mahalanobis
distances for each validation sample (shaded points), along
with the calibration data points (unshaded points). As can be
seen, each validation sample falls into one of the two distinct
clusters of groups, corresponding to either a BSE-positive
disease state (sample number 6, triangular shaded point 114)
or BSE-negative disecase state (sample number 5, square
shaded point 116).

[0109] As illustrated in FIG. 4, each validation sample
was correctly diagnosed, thus, use of the present methodol-
ogy revealed 100% agreement of the validation test results
with the gold standard results for each sample in the vali-
dation set.
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EXAMPLE 2

Development of a Calibration Model for
Diagnosing Bovine Spongiform Encephalopathy in
Bovine Brain Samples

[0110] Tissue Handling

[0111] Brain samples containing obex tissue and/or spinal
tissue is obtained from postmortem bovine animals, as
illustrated in FIGS. 1B and 1C.

[0112] An approximately about 1 emxabout 1 cmxabout
0.2 cm section of tissue from each subject was collected.
Samples were trimmed, if required, to maximize obex/spinal
cord tissue within the sample. The exposed tissue was placed
directly on the optical bench of the FTIR instrument without
further work-up.

[0113] Sample Sources

[0114] With respect to the calibration model samples, 13
known BSE positive and 19 known BSE negative samples
were obtained from the Veterinary Laboratories Agency, an
executive agency of the Department of Environment, Food
and Rural Affairs, in the United Kingdom. Validation
samples consisted of one known BSE positive and one
known BSE negative sample also obtained from the Veteri-
nary Laboratories Agency. In all samples, a BSE diagnosis
was predetermined using standard gold standard methods
such as by Western Blot or ELISA assays.

[0115]

[0116] Each sample in both the calibration set and the
validation set were scanned 64 times and co-added to
increase the signal to noise ratio, thereby enhancing the
spectral absorbance features of the sample. Complete scan-
ning of each sample (including the 64 scans of the same
sample) was performed in less than about one minute. The
FTIR data collection software, OMNIC/TQ Analyst (® 2002
Thermo Electron Corporation), collected the dispersive
spectra for each sample.

[0117]

[0118] As in Example 1, second derivatives were calcu-
lated from the original spectra for each sample in the
calibration data set using a Savitzky-Golay smoothing algo-
rithm using the aforementioned software. Calibration of the
test for BSE was then performed using discriminate princi-
pal component analysis performed with the analysis soft-
ware described herein.

Testing

FTIR Calibration for BSE

[0119] The software was calibrated with the known BSE-
positive and BSE-negative samples to develop a calibration
model specific for BSE infections in brain tissue taken from
bovine animals. Principal component analysis was per-
formed on the calibration spectral data over the range from
about 4500 cm™ to about 350 cm™ for each sample in the
calibration data set. As illustrated in Table 2, fifteen (15)
principal components, accounting for over 99.9% of the
variance in the calibration spectral data set were used for the
calibration model.



US 2005/0112695 Al

TABLE 2

PRINCIPAL COMPONENT ANALYSIS
OF CALIBRATION DATA SET

PRINCIPAL

COMPONENT % VARIANCE ~ CUMULATIVE VARIANCE
1 95.458 95.458
2 3.276 98.734
3 0.673 99.407
4 0.359 99.766
5 0.133 99.898
6 0.050 99.949
7 0.019 99.967
8 0.011 99.978
9 0.006 99.984
10 0.003 99.987
1 0.003 99.990
12 0.002 99.992
13 0.001 99.993
14 0.001 99.994
15 0.001 99.995

[0120] A set of PC scores for each tissue sample in the

calibration spectral data set was calculated. In addition, the
mean center PC scores were generated for the samples
known to be positive for BSE and the samples known to be
negative for BSE.

[0121] The calibration set was cross-validated by calcu-
lating the Mahalanobis distances from each known sample
in the calibration set to the mean center BSE-positive PC
scores and the mean center BSE-negative PC scores of the
remaining known samples in the calibration sct (e.g. by
rotating each cross-validated sample out of the calibration
set and calculating the Mahalanobis distances for that
sample from the mean center BSE-positive PC scores and
the mean center BSE-negative PC scores of the remaining
known samples in the calibration set.)

[0122] As illustrated in FIG. 5, a scatter plot of the
Mahalanobis distances for each calibration sample spectra
depicts two distinct clusters of calibration data points
(unshaded points), a first cluster grouping 120 correspond-
ing to BSE-positive tissue samples (triangular unshaded
points) and a second cluster grouping 122 corresponding to
BSE-negative tissue samples (square unshaded points).
FIG. 6 contains a tabular representation of the calibration
data samples (sample numbers 1 through 12, 14 through 23,
and 25 through 34) illustrating the actual class and the
calculated class for each sample of the calibration data set.
All calibration samples were correctly cross-validated as
either BSE-positive or BSE-negative.

[0123] Validation of the Calibration Set for the Method for
Detecting BSE in Brain Samples

[0124] Analysis of Validation Spectral Data Using the
Predictive Model

[0125] Second derivatives were calculated from the origi-
nal spectra for each sample in the validation data set using
a Savitzky-Golay smoothing algorithm using the aforemen-
tioned software. Principal component analysis was then
performed on the spectral data for each validation sample
using the ten principal components identified in the calibra-
tion model. These spectral features were analyzed by PCA
and the PC scores for each validation sample were deter-
mined.
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[0126] The Mahalanobis distance for each validation
sample in the validation set was determined from the PC
scores of validation sample and the mean center PC scores
of the BSE-positive cluster grouping of the calibration data
set. Likewise, the Mahalanobis distance for each validation
sample in the validation set was determined from the PC
scores of validation sample and the mean center PC scores
of the BSE-negative cluster grouping of the calibration data
set. Each validation sample was classified as either positive
or negative for BSE, as described in Example 1. FIG. 5
includes the Mahalanobis distances for each validation
sample (shaded points), along with the calibration data
points (unshaded points). As can be seen, each validation
sample falls into one of the two distinct clusters of groups,
corresponding to either a BSE-positive disease state (sample
number 24, triangular shaded point 124) or a BSE-negative
(sample number 13, square shaded point 126).

[0127] As illustrated in FIG. 6, each validation sample
was correctly diagnosed, thus, use of the present methodol-
ogy revealed 100% agreement of the validation test results
with the gold standard results for each sample in the vali-
dation set.

EXAMPLE 3

Development of a Calibration Model for
Diagnosing Bovine Spongiform Encephalopathy in
Bovine Lymph Tissue

[0128] Tissue Handling

[0129] A mesenteric lymph node from each subject was
sectioned to expose the cortex and paracortex of the node, as
illustrated in FIG. 1A.

[0130] An approximately about 1 cmxabout 1 cmxabout
0.2 cm section of a lymph node from a subject was then
collected from the cortex or paracortex of the lymph node to
obtain sample sections containing primary and/or secondary
follicles. Samples were trimmed, if required, to minimize
medullary tissue within the sample. The exposed tissue was
placed directly on the optical bench of the FTIR instrument
without further work-up.

[0131]

Sample Sources

[0132] With respect to the calibration model samples, 29
known BSE positive and 30 known BSE negative samples
were obtained from the Veterinary Laboratories Agency, an
executive agency of the Department of Environment, Food
and Rural Affairs, in the United Kingdom. Validation
samples consisted of one known BSE positive and one
known BSE negative sample also obtained from the Veteri-
nary Laboratories Agency. In all samples, a BSE diagnosis
was predetermined using standard gold standard methods
such as by Western Blot or ELISA assays.

[0133] Testing

[0134] Each sample in both the calibration set and the
validation set were scanned and original spectra was col-
lected as described with reference to Examples 1 and 2.
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[0135] FTIR Calibration for BSE

[0136] As in Example 1, second derivatives were calcu-
lated from the original spectra for each sample in the
calibration data set using a Savitzky-Golay smoothing algo-
rithm using the aforementioned software. Calibration of the
test for BSE was then performed using discriminate princi-
pal component analysis performed with the analysis soft-
ware described herein.

[0137] The software was calibrated with the known BSE-
positive and BSE-negative samples to develop a calibration
model specific for BSE infections in brain tissue taken from
bovine animals. Principal component analysis was per-
formed on the calibration spectral data over the range from
about 4500 cm™ to about 350 cm™ for each sample in the
calibration data set. As illustrated in Table 3, ten (10)
principal components, accounting for over 99.9% of the
variance in the calibration spectral data set were used for the
calibration model.

TABLE 3

PRINCIPAL COMPONENT ANALYSIS
OF CALIBRATION DATA SET

PRINCIPAL

COMPONENT % VARIANCE ~ CUMULATIVE VARIANCE
1 94.564 95.458
2 2972 97.536
3 1.558 09.094
4 0.518 99.611
5 0.217 99.829
6 0.049 99.877
7 0.031 99.908
8 0.019 99.928
9 0.018 09.946
10 0.015 99.961

[0138] A set of PC scores for each tissue sample in the

calibration spectral data set was calculated. In addition, the
mean center PC scores were generated for the samples
known to be positive for BSE and the samples known to be
negative for BSE.

[0139] The calibration set was cross-validated by calcu-
lating the Mahalanobis distances from each known sample
in the calibration set to the mean center BSE-positive PC
scores and the mean center BSE-negative PC scores of the
remaining known samples in the calibration set (e.g. by
rotating each cross-validated sample out of the calibration
set and calculating the Mahalanobis distances for that
sample from the mean center BSE-positive PC scores and
the mean center BSE-negative PC scores of the remaining
known samples in the calibration set.) As illustrated in FIG.
7, a scatter plot of the Mahalanobis distances for each
calibration sample spectra depicts two distinct clusters of
calibration data points (unshaded points), a first cluster
grouping 130 corresponding to BSE-positive tissue samples
(triangular unshaded points) and a second cluster grouping
132 corresponding to BSE-negative tissue samples (square
unshaded points). FIG. 8 contains a tabular representation of
the calibration data samples (sample numbers 1 through 22,
24 through 33, and 35 through 61) illustrating the actual
class and the calculated class for each sample of the cali-
bration data set. All calibration samples were correctly
cross-validated as either BSE-positive or BSE-negative.
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[0140] Validation of the Calibration Set for the Method for
Detecting BSE in Lymph Tissue

[0141] Analysis of Validation Spectral Data Using the
Predictive Model

[0142] Second derivatives were calculated from the origi-
nal spectra for each sample in the validation data set using
a Savitzky-Golay smoothing algorithm using the aforemen-
tioned software. Principal component analysis was then
performed on the spectral data for each validation sample
using the ten principal components identified in the calibra-
tion model. These spectral features were analyzed by PCA
and the PC scores for each validation sample were deter-
mined.

[0143] The Mahalanobis distance for each validation
sample in the validation set was determined from the PC
scores of validation sample and the mean center PC scores
of the BSE-positive cluster grouping of the calibration data
set. Likewise, the Mahalanobis distance for each validation
sample in the validation set was determined from the PC
scores of validation sample and the mean center PC scores
of the BSE-negative cluster grouping of the calibration data
set. Each validation sample was classified as either positive
or negative for BSE, as described in Example 1. FIG. 7
includes the Mahalanobis distances for each validation
sample (shaded points), along with the calibration data
points (unshaded points). As can be seen, each validation
sample falls into one of the two distinct clusters of groups,
corresponding to cither a BSE-positive disease state (sample
number 34, triangular shaded point 134) or a BSE-negative
disease state (sample number 23, square shaded point 136).

[0144] As illustrated in FIG. 7, each validation sample
was correctly diagnosed, thus, use of the present methodol-
ogy revealed 100% agreement of the validation test results
with the gold standard results for each sample in the vali-
dation set.

EXAMPLE 5

Sample Scoring

[0145] Each calibration and validation sample in Example
4 was scored for the presence of BSE in the sample. As
illustrated in FIG. 9, a score was calculated for each sample
by subtracting the distance to positive from the distance to
negative. If a sample score falls within the range of =0.1000
to 0.0000, the sample is classified as <suspect positive>, As
shown in FIG. 9, none of the samples tested were classified
as <suspect positive> samples.

We claim:

1. A method for detecting bovine spongiform encephal-
opathy (BSE) in a live bovine subject, said method com-
prising:

providing a blood sample from the bovine subject;

obtaining at least one set of IR spectral data from the
blood sample; and

comparing the IR spectral data of the sample with a
calibration model comprising calibration IR spectral
data from a plurality of known BSE-positive and
known BSE-negative blood samples and classifying the
sample as BSE-positive or BSE-negative.
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2. The method of claim 1, wherein the blood sample is
selected from whole blood, blood plasma and blood serum.

3. The method of claim 1, wherein the blood sample is
substantially untreated prior to obtaining the spectral data.

4. The method of claim 1, wherein the spectral data of the
blood sample and the calibration spectral data is obtained at
wavenumbers from about 4500 cm™ to about 350 cm™.

5. The method of claim 1, wherein the spectral data of the
blood sample and the calibration spectral data is obtained
using an absorption or reflectance spectrometric method.

6. The method of claim 1, wherein the calibration model
comprises a BSE-positive predictive model and a BSE-
negative predictive model developed by means of multivari-
ate analysis utilizing the calibration spectral data from each
of the plurality of known BSE-positive and known BSE-
negative blood samples.

7. A method for developing a calibration model for use in
differentially diagnosing naturally occurring bovine spongi-
form encephalopathy, said method comprising:

obtaining a plurality of known BSE-positive and known
BSE-negative untreated samples to form a calibration
set;

analyzing each of the known BSE-positive samples and
each of the known BSE-negative samples in the cali-
bration set using an IR spectrometric method;

obtaining at least one set of calibration IR spectral data for
each of the known BSE-positive and known BSE-
negative samples in the calibration set; and

applying a multivariate chemometric technique to the
calibration IR spectral data for each of the known
BSE-positive samples and each of the known BSE-
negative samples to statistically differentiate the BSE-
positive and BSE-negative calibration IR spectral data
contained in the calibration set.

8. The method of claim 7, wherein e¢ach of the known
BSE-positive and the known BSE-negative samples are
selected from the group consisting of brain tissue, lymph
tissue and blood.

9. The method of claim 7, wherein the spectrometric
method is an absorption or reflectance spectrometric
method.

10. The method of claim 7, wherein each of the known
BSE-positive and known BSE-negative samples in the cali-
bration set is analyzed at wavenumbers from about 4500
cm to about 350 cm™.

11. The method of claim 7, wherein principal component
analysis is applied to the calibration spectral data obtained
for each of the known BSE-positive samples and each of the
known BSE-negative samples to statistically differentiate
the BSE-positive and BSE-negative calibration spectral data
contained in the calibration set.

12. The method of claim 11, further comprising calculat-
ing BSE-positive mean center principal component scores
for the known BSE-positive tissue samples and BSE-nega-
tive mean center principal component scores for the known
BSE-negative samples.

13. The method of claim 12, further comprising analyzing
an unknown sample of the same type as each of the known
BSE-positive samples and each of the known BSE-negative
samples using a spectrometric method, obtaining at least one
set of spectral data for the unknown sample, calculating the
principal component scores of the unknown sample, com-
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paring the principal component scores of the unknown
sample to the BSE-positive mean center principal compo-
nent scores and the BSE-negative mean center principal
component scores; and classifying the unknown tissue
sample as one of BSE-positive and BSE-negative.

14. The method of claim 13, further comprising calculat-
ing a Mahalanobis distance from the principal component
scores of the unknown sample to each of the BSE-positive
and BSE-negative mean centered principal component
scores, wherein the unknown tissue sample is classified as
one of BSE-positive, BSE-negative and a Mahalanobis
outlier.

15. The method of claim 7, further comprising analyzing
an unknown, untreated sample of the same type as each of
the known BSE-positive samples and each of the known
BSE-negative samples using a spectrometric method,
obtaining at least one set of spectral data for the unknown
sample, applying a multivariate chemometric technique to
the spectral data for the unknown sample, comparing the
spectral data of the unknown sample to the calibration
spectral data of the known BSE-positive and the known
BSE-negative tissue samples, whereby said unknown
sample is classified as one of BSE-positive and BSE-
negative.

16. The method of claim 13, further comprising updating
the calibration set with the spectral data obtained for the
unknown sample.

17. A method of diagnosing bovine spongiform encepha-
lopathy (BSE) in a bovine animal, said method comprising:

obtaining at least one set of IR spectral data from an
untreated, unknown sample; and

comparing IR spectral data of the sample with a calibra-
tion model comprising calibration IR spectral data from
a plurality of known BSE-positive and known BSE-
negative samples of similar type as the untreated,
unknown sample to determine whether the sample is
BSE-positive or BSE-negative.

18. The method of claim 17, wherein the untreated,
unknown sample is selected from the group consisting of
lymph tissue, brain tissue and blood.

19. The method of claim 17, wherein infrared absorbance
spectra for the unknown sample and each of the known
samples are obtained at wavenumbers from about 4500 cm™
to about 350 cm™.

20. The method of claim 17, further comprising subject-
ing the calibration spectral data of the calibration model to
a spectral data compression technique to identify changes in
the spectral data corresponding to one of a BSE-positive
discase state and a BSE-negative disease state.

21. The method of claim 20, wherein the spectral data
compression technique selected from the group consisting of
Principal Component Analysis (PCA), Partial Least Squares
Regression (PLS), Principal Component Regression (PCR),
Multiple Linear Regression (MLR) and Discriminant Analy-
Sis.

22. The method of claim 20, further comprising subject-
ing the spectral data of the untreated, unknown sample to a
spectral data compression technique, wherein the com-
pressed spectral data of the untreated, unknown sample is
compared to the calibration model, wherein the untreated,
unknown sample is classified as BSE-positive or BSE-
negative.
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23. A method of classifying an unknown sample from a
bovine animal as BSE-positive or BSE-negative, said
method comprising:

directing a beam of IR light at wavenumbers from about
7400 cm™ to about 350 cm™ at a sample to produce IR
spectral data for the sample, wherein the sample is
selected from a brain sample, a lymph sample and a
blood sample;

subjecting the IR spectral data of the sample to multivari-
ate analysis;

comparing the analyzed IR spectral data of the sample to
each of a BSE-positive and a BSE-negative predictive
model, each of the predictive models comprising cali-
bration IR spectral data; and

classifying the sample as one of a BSE-positive or a
BSE-negative disease condition.

24. The method of claim 23, wherein classifying the
sample comprises comparing the spectral data of the sample
to the calibration spectral data and determining whether the
variation in absorption observed in the spectral data of the
sample indicates one of a BSE-positive or a BSE-negative
condition.

25. The method of claim 23, wherein each of the BSE-
positive and the BSE-negative predictive models are
obtained through multivariate analysis of the calibration
spectral data comprising known BSE-positive and known
BSE-negative samples to distinguish changes in the calibra-
tion spectral data corresponding to one of a BSE-positive
and a BSE negative disease state.

26. A method for screening unknown samples for bovine
spongiform encephalopathy, said method comprising:

analyzing an untreated sample selected from lymph tis-
sue, brain tissue or blood using an IR spectroscopic
method providing IR spectral data;

applying principal component analysis to the IR spectral
data obtained from the unknown sample and calculat-
ing the principal component scores for the unknown
sample; and

differentially determining whether the sample is BSE-
positive or BSE-negative by comparing the principal
component scores for the unknown sample with a
calibration IR spectral data set comprising a set of
mean centered principal component scores for each of
a known BSE-positive sample grouping and a known
BSE-negative sample grouping.

27. The method of claim 26, wherein spectral data for the
unknown sample and each of the known samples are
obtained at wavenumbers from about 4500 cm™ to about
500 cm™.

28. The method of claim 26, wherein differentially deter-
mining whether the unknown sample is BSE-positive or
BSE-negative includes calculating a positive Mahalanobis
distance from the principal component scores of the
unknown sample to the mean centered principal component
scores for the BSE-positive sample grouping and calculating
a negative Mahalanobis distance from the principal compo-
nent scores of the unknown sample to the mean centered
principal component scores for the BSE-negative sample
grouping; and
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determining whether one of the positive and the negative
Mahalanobis distances of the unknown sample is closer
to the mean center BSE-positive principal component
scores or closer to the mean center BSE-negative
principal component scores.

29. The method of claim 28, further comprising calculat-
ing a BSE diagnostic score for the unknown sample by
subtracting the negative Mahalanobis distance from the
positive Mahalanobis distance.

30. The method of claim 26, further comprising confirm-
ing of a BSE-positive diagnosis using a secondary diagnosis
method selected from the group consisting of immunohis-
tochemistry assay, Western Blot assay, microscopic exami-
nation and ELISA assay.

31. A method of using principal component analysis to
differentiate between BSE-positive and BSE-negative
samples, said method comprising:

providing a calibration set comprising a plurality of
known, untreated BSE-positive and known, untreated
BSE-negative samples;

obtaining at least one set of calibration IR spectral data for
each of the known BSE-positive samples and each of
the known BSE-negative samples in the calibration set;

calculating a set of principal component scores for each of
the known BSE-positive samples and each of the
known BSE-negative samples in the calibration data
set;

calculating a set of BSE-positive mean center principal
component scores for the known BSE-positive samples
and calculating a set of BSE-negative mean center
principal component scores for the known BSE-nega-
tive samples;

obtaining at least one set of IR spectral data for an
unknown sample;

calculating a set of principal component scores from the
IR spectral data of the unknown sample;

determining a first distance from the set principal com-
ponent scores of the unknown sample to the set of
BSE-positive mean center principal component scores
and determining a second distance from the set of
principal component scores of the unknown sample to
the set of BSE-negative mean center principal compo-
nent scores, whereby the disease state of the unknown
sample is determined.

32. The method of claim 31, wherein each of the known
samples and the unknown sample are raw and untreated
samples selected from blood, lymph tissue and brain tissue.

33. The method of claim 31, wherein the set of principal
component scores for each of the known BSE-positive
samples and each of the known BSE-negative samples in the
calibration data set correspond to substantially over about
97% of the variance within the calibration IR spectral data.

34. The method of claim 31, further comprising calculat-
ing a diagnosis score of the unknown sample comprising
subtracting the first distance from the second distance, and
classifying the unknown sample as <suspect positive> if the
diagnosis score falls within the range between about
-0.1000 to about 0.0000,
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