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ABSTRACT

Methods and devices for rapid diagnosis and monitoring a
patient for disease or effectiveness of treatment in real time.
In preferred embodiments, the methods and devices com-
prise contacting an array of sensors with a sample from a

(US) mammal suspected of having a disease to generate a sensor
array profile, measuring a clinical diagnostic marker for the
Appl. No.: 10/382,360 suspected disease, and then developing a diagnosis using the
sensor array profile in combination with the clinical diag-
Filed: Mar. 4, 2003 nostic marker.
Score Plot in Canonical Space with MeanCenter
4
© PA
A AB
Al
3 A © Ko
Control
2 =
Alg {23
S D
1 @?1 4
=R £
(=] - ‘-J
% ol o Y
g4
- ' 4
2 e <
o 1 3 2 Il O
5
o | e
a-
-2 T [ O7
-3 ek
4
D 1
-5
-6 -4 -2 0 2 6
PC1, 7736%



Patent Application Publication Jan. 8, 2004 Sheet 1 of 8 US 2004/0006257 A1
Score Plot in Canonical Space with MeanCenter
4
© PA
AB
A .
3 a5 & KO
Control
2
A5 oA
> 2
o S £ S
%9 A 2 |
IO
o 0 Ot =
N .
o 1 3 £ ] 04
O 5
o
-2 O3 oY
-3 @ 5
-4
D 1
-6
-6 -4 -2 0 2 6
PC1, 77.36%

FIG. 1



Patent Application Publication Jan. 8, 2004 Sheet 2 of 8 US 2004/0006257 A1

+ Strep. pyogenes
W Strep. pneumoniae

/‘\ A Staph. aureus

* : X H. influenzae

KQ'] ® B. catarrhalis
°

o

G [
MR

|
(3

Factor 2
D

-10

N

ST LT
, ..“'\)
a8

Factor 1

FIG. 2



Patent Application Publication Jan. 8, 2004 Sheet 3 of 8 US 2004/0006257 A1
0015 T Y T T T T T T T T
cri
=l
oot | clm‘—ﬁwﬁ” ctri -
' alt gt
fie ’ ctrit
0.005 Infect
et ; infect
(1] .
000 | 3. -
nfe ctrll
001 | (£ 1Ekk i T
li= Infect | gifect
0015 |- : {nfeid N[Wﬁﬁfég??, ]
- R mfe&}1 e

002 |- .
00 | 4
0.03 | P
Infegt

005 1 L 1 1 L 1 1 1 1 1

-0.07 -0.06 0,05 0.04 003 002 -0.01 1} 002 0.03

FIG. 3



Patent Application Publication Jan. 8, 2004 Sheet 4 of 8 US 2004/0006257 A1

Protoype taken from
unit o B exhaled

FIG. 4



Patent Application Publication

Jan. 8,2004 Sheet 5 of 8

US 2004/0006257 Al

Factor3

g 15

“13
Foctdd

FIG. 5



Patent Application Publication

Jan. 8, 2004 Sheet 6 of 8 US 2004/0006257 Al

60 -
& saline el
Hiow e
50 & medium 7 -
Mhigh @
7 "I’; 53
2 40 —== L
a -
O s
m /’/ @E -
D 30 ==
b -~
2 ] L7
5 -~
& 20 Rl i
] TR
n . AN
e ARDS
10 -
0 & v T T T T
0 10 20 30 40 S50 60

Actual CPIS Score

FIG. 6



Patent Application Publication Jan. 8, 2004 Sheet 7 of 8 US 2004/0006257 A1

g0
To ventilator Sample -3 o4 /
~ Sensor
array 792 Remote sensor
signal receiver
o o To Patient

FIG.7



Patent Application Publication Jan. 8, 2004 Sheet 8 of 8 US 2004/0006257 A1

Bo- « God
Bhob / ge :
Swab in . Sensor array Pump Data Processing
Container in chamber and Display

FIG. 8



US 2004/0006257 Al

DETECTION, DIAGNOSIS, AND MONITORING OF
A MEDICAL CONDITION OR DISEASE WITH
ARTIFICIAL OLFACTOMETRY

CROSS-REFERENCES TO RELATED
APPLICATIONS

[0001] This application claims priority to U.S. Patent
Application No. 60/361,941, filed Mar. 4, 2002, the disclo-
sure of which is hereby incorporated by reference in its
entirety for all purposes.

BACKGROUND OF THE INVENTION

[0002] TI. Introduction

[0003] The sense of smell has been used in medicine for
thousands of years, from early Greek and Chinese practi-
tioners to modern clinicians (see, Hayden et al., Post grad.
Med., 67:110-118 (1980); Kerr et al., Trends in Microbiol-
ogy, 9:59 (2001); Saini et al., Biologist, 48:229-233 (2001)).
However, smell has not been utilized for routine diagnostic
purposes, perhaps due to the subjective nature of human
odor recognition as well as the possibly complex biological
origins of chemical signatures that constitute a “medical
odor.”

[0004] Recent advances in odor sensing technology, signal
processing and diagnostic algorithms have created chemical
sensing and identification devices called “electronic noses”
(see, Kerr et al., Trends in Microbiology, 9:59 (2001)). The
electronic nose has been used for several years in a wide
variety of industrial and commercial applications. In the
laboratory, these devices have been shown to differentiate
bacterial cultures (see, Kerr et al., Sniffing out Infection,
Trends in Microbiology, 9, 59, (2001); Saini et al., Biologist,
48, 229-233, (2001).

[0005] Multiple groups have used electronic nose technol-
ogy for recognition of disease in vivo (see, Martini A et al,,
Critical Reviews in Biomedical Engineering, 28:481-485
(2000)). In veterinary science, an electronic nose device was
used to identify dietary ketosis in dairy cattle from breath
measurement. In medicine, applications have been reported
that range from the detection of pneumonia to differentiation
of serum from cerebrospinal fluid (see, Dr. E. Thaler, Univ.
Penn. Hospital, personal communication (2001); Hanson et
al., The use of a novel ‘electronic nose’ to diagnose the
presence of intrapulmonary infection. Anesthesiology, 87,
A269 (1997). Recently, the potential use of the electronic
nose as a screening tool was demonstrated for bacterial
vaginosis and urinary tract infection (see, Chandiok, et al.,
Screening for Bacteria Vaginosis: A Novel Application of
Artificial Nose Technology, J. Clin. Pathol. 50:790-791
(1997); Aathithan et al. Diagnosis of Bacteriuria by Detec-
tion of Volatile Organic Compounds in Urine Using an
Automated Headspace Analyzer with Multiple Conducting
Polymer Sensors, J. Clin. Microbiol. 39:2590-2593 (2001).

[0006] As described above, electronic noses are currently
being used to diagnose discase by identification of marker
gases from particular microorganisms. However, it would be
useful to diagnose a disease or condition based on the
presence of a collection of odorants, (“smellprint”) or a
volatile chemical signature, rather than one specific odorant.
Such a method would allow for rapid and accurate detection
of any disease associated with a particular “smellprint.” In
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particular, the method would be useful for screening for
diseases with complex presentations and diseases where
diagnosis is slow and problematic, such as ventilator-asso-
ciated pneumonia and sinusitis. The method would also be
useful for monitoring diseases and conditions in real time.

[0007] II. Medical Applications
[0008] A. Ventilator-Associated Pneumonia

[0009] Nosocomial pneumonia (NP) is the second most
common nosocomial infection in the U.S. with an incidence
of 5-10 per 1000 hospital admissions. It has the highest
morbidity and mortality of the nosocomial infections tracked
by the Centers for Disecase Control, and the diagnosis is
associated with the prolongation of hospital stays by 7-9
days. The crude mortality rate for nosocomial pneumonia
(NP) may be as high as 70%.

[0010] The incidence of NP increases by 6-20 fold in
mechanically ventilated patients. Ventilator associated pneu-
monia (VAP) is defined as a parenchymal lung infection
occurring greater than 48 hours after initiation of mechanical
ventilation. It occurs in 10-25% of patients intubated for
longer than 48 hours, and it is the most common associated
infection in intensive care patients according to some studies
(see, C. W. Hanson, Pneumonia. “In: M. J. Murray et al
(eds.), Critical Care Medicine: Perioperative Management,
2nd Ed. Lippincott, Williams & Wilkins, Philadelphia”
(2002)). VAP has an associated mortality rate of 25-70%.
The risk of VAP increases with increased duration of
mechanical ventilation.

[0011] Survival rates improve with appropriate treatment,
but the diagnosis of pneumonia in the ICU patient is difficult
and most tests are invasive, requiring sampling devices of
varying complexity to be inserted into the lungs. Signs and
symptoms of infection in this population can have multiple
causes. Radiographic evidence of pneumonia can be mim-
icked by other conditions. Culture results have a high rate of
false-negatives after the administration of antibiotics. In
addition, regardless of whether the patient is being treated
with antibiotics, culture results are often mixed or incon-
clusive due to threshold criteria for pathogen identification.
Further compounding the problem is the wvariability in
threshold criteria between labs. Due to the difficulty of
diagnosing bacterial pneumonia, the Clinical Pulmonary
Infection Score (CPIS) has become an “accepted standard”
(see, Pugin et al., American Review of Respiratory Disease,
143(5 Pt 1):1121-9 (1991)). The CPIS score is a cumulative
score developed from several individual measures that
include temperature, white cell count, secretion amount and
character, pulmonary function (PaO2/FIO2 ratio), chest
radiograph infiltrates and tracheal aspirate culture.

[0012] An electronic nose can aid in the rapid and accurate
diagnosis and treatment of ventilator-associated pneumonia,
potentially reducing morbidity and mortality in this popu-
lation, as well as containing and reducing hospital costs
incurred by testing and increased length of hospital stay.

[0013] B. Sinusitis

[0014] Acute and chronic sinusitis together make up the
most commonly used ICD9 code in the United States,
surpassing both hypertension and atherosclerosis. Sixty-six
million adults, fully 35% of the adult U.S. population, report
having sinusitis or sinus problems at least once during the
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previous 12 months (Dr. E. Thaler, “Univ. Penn. Hospital,
personal communication” (2001)). Sinusitis is the most
frequently reported chronic condition, affecting 14.1% of the
U.S. population.

[0015] However, the diagnosis of sinusitis can be difficult
to make, as it may be confused with various other nasal
conditions. The best means of securing the diagnosis is by
identification of bacterial pathogens upon culture of the
involved sinuses. Studies have shown that 70% of acute
sinusitis cases are caused by Streprococcus prneumoniae and
Haemophilus influenzae in adults and children. Other spe-
cies, including Moraxella catarrhalis and Staphylococcus
aureus, are also significant contributors to acute sinusitis.
The problem with this method of diagnosis is that it takes 48
hours to identify the bacteria on culture, and takes further
time to determine antibiotic susceptibility. In addition, the
presence of normal oralpharyngial flora may confound the
results.

[0016] An electronic nose would assist physicians in
determining which patients require further testing, i.c.,
microbiological culture, and which do not. Effective screen-
ing could reduce the number of negative samples sent for
microbiological culture and the number of prescriptions for
broad-spectrum antibiotics, thereby reducing the drug resis-
tance of bacteria. Rapid identification of the predominant
bacterial species responsible for sinus infection in patients
would provide a guide for physicians in choosing antibiotics
in real time, along the lines of the rapid strep test used for
acute pharyngitis.

[0017] Thus itis clear that there is a need for methods and
devices that diagnose disease or a condition by detecting a
multiple-component “smellprint” associated with the dis-
ease or a condition. Such methods allow for rapid (within the
hour) diagnosis of disease and monitoring of disease in real
time. The present invention fulfills this and other needs.

BRIEF SUMMARY OF THE INVENTION

[0018] In one aspect, the present invention provides a
method for rapidly detecting disecase or a condition in a
mammal. In the past, it has often been necessary to perform
multiple, time-consuming tests in order to diagnose a dis-
ease or condition. Advantageously, the rapid diagnosis pos-
sible with this method can be used to refine the initial
treatment plan, resulting in earlier and more accurate inter-
vention, and to monitor the progress of treatment after
administration.

[0019] The method comprises contacting an array of sen-
sors with a sample from a mammal suspected of having a
disease or condition to generate a sensor array response
profile, measuring a clinical diagnostic marker for the dis-
ease or condition, and developing a diagnosis using the
sensor array response profile in combination with a clinical
diagnostic marker. The sensor array response profile can be
generated prior to measuring the clinical diagnostic marker,
concurrently with measuring the clinical diagnostic marker,
subsequent to measuring the clinical marker, or in some
combination thereof.

[0020] In certain embodiments, the method comprises
analyzing the sensor array response profile to identify a
marker gas in the sample. The marker gas can include, but
is not limited to, alkanes, alkenes, alkynes, dienes, cyclic
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hydrocarbons, aliphatic hydrocarbons, acyclic hydrocar-
bons, amines, arenes, alcohols, ethers, ketones, aldehydes,
carbonyls, carbanions, polynuclear aromatics, biomolecules,
sugars, isoprenes, isoprenoids, VOC, VOA, indoles, ska-
toles, diamines, pyridines, picolines, sulfur compounds,
halogenated compounds, organic acids, organic bases, fatty
acids, and fixed gases including CO, CO,, NO, NO,, NH,,
H,S, and COS. The marker gas can be an off-gas of a virus,
a fungus, or a bacterium. It can also be an off-gas or gas
resulting from a chemical change produced by the discase
process or the immune system response to the disease or
condition, or the response to therapeutic treatment. By way
of example, the marker gas can include gases from micro-
organisms including, but not limited to, Streptococcus pneu-
moniae, Streptococcus pyogenes, Staphylococcus aureus,
Moraxella catarrhalis, Haemophilus influenzae, Prevotella
intermedia, Fusobacterium nucleatum, Porphyromonas gin-
givalis, Porphyromonas endodontalis, Prevotella loescheil,
Hemophilus parainfluenzae, Stomatococcus muci, Tre-
ponema denticola, Veillonella species, Peptostreptococcus
anaerobius, Micros prevotii, Eubacterium limosum, Centi-
peda periodontii, Selemonad aremidis, Eubacterium species,
Bacteriodes species, Fusobacterium periodonticum, Prevo-
tella melaninogenica, Klebsiella pneumoniae, Enterobacter
cloacae, Citrobacter species, Stomatococcus mucilaginus,
and Pseudomonas aeruginosa.

[0021] The clinical diagnostic marker used with the sensor
array profile to develop a diagnosis can include, but is not
limited to, Clinical Pulmonary Infection Score (CPIS), tem-
perature, erythrocyte counts, leukocyte counts, secretion
amount and character, radiography, respiratory function,
microbiological culture, and other serological markers.

[0022] The sample can be the breath of a mammal, the
breath condensate of a mammal, the saliva of a mammal, the
blood of a mammal, mucous of a mammal, swabbings taken
from a mammal, off gas from a mammalian secretion, or the
urine of a mammal. In a preferred embodiment, the sample
is the breath of a mammal. The breath of the mammal can
be taken directly from a ventilator.

[0023] The disease or condition detected or monitored by
methods of this invention can be a viral infection, a bacterial
infection, or a fungal infection. In certain embodiments, the
disease is a bacterial infection. The infection can be a lower
respiratory tract infection like pneumonia (e.g., ventilator-
associated pneumonia) or bronchitis. The disease can also be
an upper respiratory tract infection like sinusitis, pharyngi-
tis, or otitis media. In certain embodiments, the conditions
detected or monitored by methods of this invention are not
an infection.

[0024] The array of sensors can be in its own separate unit,
embedded in ventilator tubing, embedded in the ventilator
filter, or located in the fluid stream between the patient lungs
and the ventilator pump. In certain embodiments the array of
sensors is contained in a handheld device.

[0025] In another aspect, the present invention provides a
method for determining whether a mammal has a disease or
condition, the method comprising contacting an array of
sensors with a sample from a mammal suspected of having
a disease or condition to generate a first sensor array
response profile and comparing the first sensor array
response profile with a sensor array profile from a healthy
mammal.
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[0026] In yet another aspect, the present invention pro-
vides a method for determining the severity of a disease or
condition in a mammal. The method comprises contacting
an array of sensors with a sample from a mammal suspected
of having a disease or condition to generate a first sensor
array response profile, contacting an array of sensors with a
sample from a mammal suspected of having a disease or
condition to generate a second sensor array response profile
and evaluating the difference between the first and second
sensor array profiles.

[0027] In still yet another aspect, the present invention
provides a method for monitoring a disease or condition in
a mammal comprising contacting an array of sensors with a
sample from a mammal having a disease or condition to
generate a baseline sensor array response profile, measuring
a clinical diagnostic marker for the disease or condition,
determining the severity of the disease or condition using the
sensor array response profile in combination with the clini-
cal diagnostic marker, contacting an array of sensors with a
sample from a mammal having a disease or condition for a
second time to generate a second sensor array response
profile, measuring the clinical diagnostic marker for the
disease or condition for a second time, and determining the
severity of the disease or condition using the first and second
sensor array response profiles in combination with the first
and second measurement of the clinical diagnostic marker.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] FIG. 1 is a mean-centered canonical projection
plot demonstrating the distinction between “smellprints” of
different bacteria (P. aeruginosa, A. baumanii, K. oxytoca)
and controls. PC 1 and PC 2 are Principal Component
vectors or factors that show the greatest variance in data. The
percents shown are the amount of variance from the whole
data set that is captured in that vector.

[0029] FIG. 2 illustrates the canonical discriminant scores
of the principal bacteria responsible for upper respiratory
infection (URI) in 24 hour cultures. There is distinct clus-
tering of bacteria by species.

[0030] FIG. 3 is a principal component analysis plot of
data from patients suspected of having bacterial rhinosinusi-
tis (black=saline alone, red=saline plus blank swabs, green=
infected patients, purple=non-infected patients). The X-axis
and Y-axis are Principal Component vectors that show the
greatest variance in data. Identification of infected vs. not
infected samples was obtained from a bacterial culture of a
duplicate swab sample.

[0031] FIG. 4 illustrates a prototype unit of an electronic
nose useful for detecting bacterial “smellprints” connected
to a ventilator exhaust stream in order to sample exhaled
gases from the patient.

[0032] FIG. 5 is a Principal Component Projection Plot
demonstrating the discrimination of severely infected
patients (red circles=high score) and moderately infected
patients (orange circles=smedium score) from the control
sample (blue circles). Patients with negligible infection
(green circle=low score) were not discriminated from the
control samples. 5-7 points were measured for each patient.
The Factor 1, Factor 2 and Factor 2 axis are Principal
Component vectors that show the greatest variance in data.

[0033] FIG. 6 illustrates the correlation of the predicted
and actual pneumonia score for the ventilator patients deter-
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mined using the Cyrano medical nose prototype. The diago-
nal line has unit slope. Patients with medium to high score
would be treated for infection while patients with low score
would not.

[0034] FIG. 7 illustrates a schematic of how a sensor chip
can be incorporated into the ventilator circuit.

[0035] FIG. 8 illustrates a schematic of a portable sensing
device to aid in the clinical diagnosis of a physiological
condition.

DETAILED DESCRIPTION OF THE
INVENTION

[0036] 1. Definitions

[0037] The term “smellprint” as used herein refers the
particular mixture or pattern of odors associated with a
particular disease or condition. A smellprint can include
marker gases from microorganisms and/or other any other
gases resulting from a chemical change produced by the
disease process, a physiological condition, the immune
system response to a disease or condition, or the response to
therapeutic treatment.

[0038] The term “in flow communication” as used herein
refers to being connected in a manner that allows flow of a
substance between two or more regions, areas, etc.

[0039] The term “sensor array response profile” as used
herein refers to the set of responses from each of the sensors
in a particular array.

[0040]

[0041] This invention provides methods and devices for
rapid diagnosis of a disease or a condition. In preferred
embodiments, the methods and devices comprise contacting
an array of sensors with a sample from a mammal suspected
of having a disease or condition to generate a sensor array
profile, measuring a clinical diagnostic marker for the sus-
pected disease or condition, and then developing a diagnosis
using the sensor array profile in combination with the
clinical diagnostic marker. The sensor array profile provides
a “chemical signature” or “smellprint” of a mammal. If the
mammal has a disease or a particular physiological condi-
tion, the “smellprint” can include marker gases from micro-
organisms and/or any other gases resulting from a chemical
change produced by the disease process or condition, the
immune system response to the disease or condition, or the
response to therapeutic treatment. The measured clinical
diagnostic marker can be any marker commonly accepted as
one that is indicative of a disease. Such markers include by
way of example, serology markers (such as leukocyte and
erythrocyte count), Clinical Pulmonary Infection Score
(CPIS), temperature, secretion amount and character, radi-
ography, respiratory function, and microbiological culture.
Those of skill in the art will know of other clinical diagnostic
markers that are suitable for the diagnosis of specific physi-
ological conditions or diseases.

II. Overview

[0042] In preferred embodiments, the sensor array
response profile is generated prior to measuring the clinical
diagnostic markers. If analysis of a particular sensor array
profile suggests that a patient has a particular disease or
condition, then clinical diagnostic markers can be measured
to confirm the diagnosis. In other embodiments, the sensor
array response profile is generated concurrently with mea-
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suring the clinical diagnostic marker. In other embodiments,
the sensor array response profile is generated subsequently
to measuring the clinical diagnostic markers. In preferred
instances the analysis of the sensor array response profile
can be used to confirm diagnosis by the clinical diagnostic
markers. In certain embodiments, the sensor array profile is
analyzed to identify the marker gases in the sample. Marker
gases are indicative of certain infections, disorders and
medical conditions.

[0043] In other aspects, this invention provides methods
and devices for monitoring the progression of a disease or
condition in a patient, monitoring the effectiveness of treat-
ment over time, and ensuring that the patient does not
develop a particular disease or condition. Advantageously,
rapid diagnosis allows monitoring in real time, which is not
possible with diagnosis via traditional clinical diagnostic
markers. In certain embodiments, the method comprises
using a sensor array to measure an initial or baseline state,
measuring a change with time from the initial or baseline
state, monitoring a course of treatment against a disease
state, and measuring the return to or toward the initial or
baseline state after administration of therapy.

[0044] In other aspects, the invention provides a method
for determining whether a mammal has a disease or condi-
tion and for determining the severity of a disease or condi-
tion by comparing the sensor array response profiles from a
healthy subject with one from a subject suspected of having
a disease or condition. In certain embodiments, this is done
without identifying the marker gases in the sample.

[0045] It will be apparent to one of skill in the art that
combinations of the above methods and devices can be
employed.

[0046]

[0047] In certain embodiments, the device is a portable,
handheld device that a clinician would use when checking
on a patient. The sensors in device may be packaged together
with the data processing capabilities into a single unit. In
other embodiments, the sensors are located to allow for
optimal sample collection and are in wired or wireless
communication with a base data processing unit located
remote from the sensor arrays. In still other embodiments,
the sensors are interrogated remotely with a wand/PDA
device. The devices used in conjunction with the embodi-
ments of the present invention, may include those described
in U.S. Pat. No. 6,244,096, entitled: “Trace level detection
of analytes using artificial olfactometry,” the disclosure of
which is herein incorporated by references in its entirety for
all purposes. Furthermore, the method used to obtain a
smellprint may include those described in U.S. Pat. No.
6,319,724, entitled: “Trace level detection of analytes using
artificial olfactometry,” the disclosure of which is herein
incorporated by references in its entirety for all purposes.

[0048] In certain embodiments, mammalian breath is ana-
lyzed from a patient using a ventilator. Preferably, a sensor
array is embedded in a ventilator circuit (tubing, filter, or any
other attachments used to modify the air inhaled into the
ventilator) for either continuous monitoring or monitoring at
timed intervals. The sensor array can also be located else-
where along the fluid stream between the patient lungs and
the ventilator pump, or in a separate unit altogether. The data
processing capabilities can also be integrated with the sensor

III. Devices of this Invention
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array, or the sensor array can be in communication with a
base unit which contains the data processing capabilities
located elsewhere in the ventilator instrument. In other
embodiments, the sensors are polled or interrogated by an
external device for readout of response and diagnosis.

[0049] In other embodiments, the sensor array is in a
closed chamber containing a sample from patient. The
sample can be a bodily vapor, fluid, or secretion or any fluid
obtained from a mammal. This includes, but is not limited to,
breath, breath condensate (i.e., ventilator condensate), urine,
perspiration, tears, blood, mucus, pus, saliva, feces, men-
struation fluid, sperm, eggs, spinal fluid, mammary gland
discharge, or any material collected on a swab. Alternatively,
the sensor array is connected to a pump which pulls the
vapors from another chamber containing the patient sample.
The container holding the material can be a gas sampling
bag, vial, or other closed system.

[0050] In still other embodiments, the device and methods
of the present invention can be adapted and configured to
detect within or around various other areas of interest
including, but not limited to, mucous membranes, nose,
nasal passages, eye, skin, ear, inner ear, mouth, tongue,
throat, colon, duodenum, body cavities, stomach, vagina and
penis.

[0051] Sensor Arrays

[0052] Various sensors suitable for detection of marker
gases include, but are not limited to: surface acoustic wave
(SAW) sensors; quartz crystal microbalance sensors; con-
ductive composites; chemiresistors; metal oxide gas sensors,
such as tin oxide gas sensors; organic gas sensors; metal
oxide field effect transistor (MOSFET); piezoelectric
devices; infrared sensors; temperature sensors, humidity
sensors, sintered metal oxide sensors; Pd-gate MOSFET;
metal FET structures; metal oxide sensors, such as a Tuguchi
gas sensors; phthalocyanine sensors; electrochemical cells;
conducting polymer sensors; catalytic gas sensors; organic
semiconducting gas sensors; solid electrolyte gas sensors;
piezoelectric quartz crystal sensors; dye-impregnated poly-
mer films on fiber optic detectors; polymer-coated micro-
mirrors; electrochemical gas detectors; chemically sensitive
field-effect transistors; carbon black-polymer composite
chemiresistors;, micro-electro-mechanical system devices;
micro-opto-electro-mechanical system devices; and Lang-
muir-Blodgett film sensors.

[0053] Preferably, the sensor arrays used in methods of
this invention are those described in U.S. Pat. No. 5,571,401,
which is incorporated herein by reference. Advantageously,
such sensors can be tuned to specific chemical mixtures, are
inexpensive and easy to manufacture, and require little
power.

[0054] Briefly, the sensors described therein are conduct-
ing materials and nonconducting materials arranged in a
matrix of conducting and nonconducting regions. The non-
conductive material can be a nonconducting polymer such as
polystyrene. The conductive material can be a conducting
polymer, carbon black, an inorganic conductor and the like.
The sensor arrays comprise at least two sensors, typically
about 32 sensors, and in certain instances 1000 or more
sensors up to about 10° sensors. In a preferred embodiment,
at least two sensors are compositionally different. The array
of sensors can be formed on an integrated circuit using
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semiconductor technology methods, an example of which is
disclosed in PCT Patent Publication No. W099/08105,
entitled “Techniques and Systems for Analyte Detection,”
published Feb. 19, 1999, and incorporate herein by refer-
ence. Another preferred sensor system is disclosed in PCT
Patent Publication No. W099/27357, published Jun. 6,
1999.

[0055] In certain embodiments, the temporal response of
each sensor (response as a function of time) is recorded and
can be displayed. Various responses include, but are not
limited to, resistance, impedance, capacitance, inductance,
magnetic, optical, etc. The temporal response of each sensor
can be normalized to a maximum percent increase and
percent decrease that produces a response pattern associated
with the exposure of the analyte. By iterative profiling of
known analytes, a structure-function database correlating
analytes and response profiles is generated. Unknown ana-
Iytes can then be characterized or identified using response
pattern comparison and recognition algorithms. Accord-
ingly, analyte detection systems comprising Sensor arrays, a
measuring device for detecting responses across each sensor,
a computer, a display, a data structure of sensor array
response profiles, and a comparison algorithm(s) or com-
parison tables are provided. In another embodiment, the
electrical measuring device or detector is an integrated
circuit comprising neural network-based hardware and a
digital-analog converter (DAC) multiplexed to each sensor,
or a plurality of DACs, each connected to different sensor(s).

[0056] In certain embodiments, a method for using the
sensors for detecting the presence of an analyte in a fluid
involves sensing the presence of marker gas with a chemical
sensor comprising first and second conductive leads electri-
cally coupled to and separated by a chemically sensitive
sensor as described above by measuring a first response
between the conductive leads when the sensor is contacted
with a first marker gas at a first concentration and a second
different response when the sensor is contacted with a
second sample of marker gas at a second different concen-
tration. As discussed above, suitable responses include, but
are not limited to, resistance, impedance, capacitance, induc-
tance, magnetic, optical, etc.

[0057] Preferably, the sensor arrays will be in a handheld,
battery-operated form. The sensor arrays can either be
encased in device solely designed to detect and analyze the
“smellprint” or part of a small wireless sensing units that can
be incorporated into existing portable or disposable medical
diagnostic instruments.

[0058] IV.Medical Applications of Methods of this Inven-
tion

[0059] The methods of the present invention have numer-
ous medical applications. In particular, the methods and
devices of the present invention are very effective for the
detection and diagnosis of both infective and non-infective
diseases or conditions. In certain embodiments, they are
useful for detection of viral infections, fungal infections, and
any other infective agents or causes. The discase can be a
lower respiratory tract infection, such as pneumonia, venti-
lator-associated pneumonia, or bronchitis. The disease can
also be an upper respiratory tract infection, such as sinusitis,
pharyngitis, or otitis media.

[0060] Other medical applications include the detection
and treatment monitoring of several pulmonary disease
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states using the an electronic nose, such as for example, the
Cyranose™ 320 in conjunction with other ongoing routine
and non-routine clinical procedures. The disease states
include asthma, Primary Pulmonary Hypertension (PPH),
Chronic Obstructive Pulmonary Disease (COPD), Acute
Respiratory Distress Syndrome (ARDS), Cystic Fibrosis
(CF), Idiopathic Pulmonary Fibrosis (IPF), Lymphangiolei-
omyomatosis (LAM), lung cancer, lung transplant, sepsis,
Tuberculosis or Mycobacterium ruberculosis (TB) as well as
pulmonary Tuberculosis, Upper Respiratory Tract Infection
(URI), or pneumonia. Other medical applications include the
detection and monitoring of diabetes, hypoglycemia, hyper-
glycemia and nutrition monitoring. Analysis includes ana-
lyzing the breath, breath condensate, sputum, pleural fluid or
any other material deemed relevant by the clinician.

[0061] The disease can be detected by identifying certain
“chemical signatures” or “smellprints”. These “smellprints”
can be a mixture of marker gases from pathogens and
off-gases resulting from chemical changes produced by the
disease process or condition, the immune system response to
a disease or condition, or from the response to therapeutic
treatment.

[0062] A. Identification of Marker Gases

[0063] Alternatively, the disease is diagnosed by identify-
ing marker gases from a particular microorganism or patho-
gen. In general, certain volatile marker gas(es) characterize
the detection or diagnosis of a discase state or medical
condition. The marker gases can be off-gases of microor-
ganisms, such as virus, fungus, and a bacterium.

[0064] As explained above, volatile sulfur compounds
(e.g., H, S, CH;—SH, CH;—S—CH,) are the marker gases
implicated in halitosis and periodontal diseases (see, Tonzet-
ich, Arch.Oral Biol., 16:587-597 (1971); Rizzo, Periodon-
tics, 5:233-236 (1967)). Other analytes that have been
shown to correlate with such clinical findings include, but
are not limited to, volatile organic acids (VOA), indole/
skatole (indole), and diamines (see, Goldberg et al, J. Dent.
Res., 73:1168-1172 (1994); Goldberg et al., In Rosesberg M
Bad Breath Research Perspectives, Ramat Publishing, Tel
Aviv, pp. 71-85 (1995)).

[0065] In addition, several other analytes have been
reported to be associated with oral infections including
pyridines/picolines (see, Kostele et al., J Periodont. Res.,
15:185-192 (1981); Kostelc et al., Clin. Chem., 27:842-845
(1981)). Overall, more than 80 volatile compounds have
been shown to be associated with saliva or tongue scrapings
(see, Claus et al, J High Resol. Chromatogr., 20:94-98
(1997)) and the methods and apparatus of the present
invention can be used to advantageously detect such marker
compounds and gases.

[0066] Using the methods and apparatus of the present
invention it is also possible to detect the off-gases associated
with bacteria associated with oral maladies including, but
not limited to, Prevotella intermedia; Fusobacterium
nucleatum; Porphyromonas gingivalis; Porphyromonas
endodontalis; Prevotella loescheii; Hemophilus parainflu-
enzae; Stomatococcus muci; Treponema denticola; Veil-
lonella species; Peptostreptococcus anaerobius; Micros pre-
votii; Eubacterium [limosum; Centipeda periodontii;
Selemonad aremidis; Eubacterium species; Bacteriodes spe-
cies; Fusobacterium periodonticum; Prevotella melanino-
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genica; Klebsiella pneumoniae; Enterobacter cloacae; Cit-
robacter species and Stomatococcus mucilaginus.

[0067] Moreover, a wide variety of analytes and fluids can
be detected and analyzed using the disclosed sensors arrays
and electronic noses so long as the subject analyte(s) and
fluids are capable of generating a differential response across
a plurality of sensors of the array. Analyte applications
include broad ranges of chemical classes including, but not
limited to, organics such as alkanes, alkenes, alkynes,
dienes, alicyclic hydrocarbons, arenes, alcohols, ethers,
ketones, aldehydes, carbonyls, carbanions, polynuclear aro-
matics and derivatives of such organics, e.g., halide deriva-
tives, etc.; biomolecules such as sugars, isoprenes and
isoprenoids; VOC; VOA; indoles; skatoles; diamines;
pyridines; picolines; fatty acids; and derivatives of the
foregoing, etc.

[0068] B. Methods for Monitoring Disease

[0069] In certain embodiments, the sensor array response
profiles are stored and used to provide periodic monitoring
of the progression of the patent’s disease or condition, the
patient’s response to treatment, or the development of a
disease or condition. The sensor array response profiles of
this invention are analyzed to identify “smellprints” associ-
ated with particular disease. If a “smellprint” associated with
a particular disease or a “smellprint” indicating increasing
severity of a disease or condition is identified, then the
appropriate medical personnel is notified, i.e., nurse or
doctor. The medical personnel can then modify treatment or
conduct clinical tests to verify the diagnosis. In certain
embodiments, the “smellprint” can be compared to a base-
line “smellprint” of the individual in a healthy state. Sig-
nificant deviations from baseline will trigger an appropriate
response. For example, methods and apparatus similar to
those described in U.S. Pat. App. No. 20021/0037070 Al
(“Cranley™), which is herein incorporated by reference, can
be used.

[0070] The data may be collected by a patient at home,
stored, and processed in the device itself, on a portable
computer-readable file, or at a remote location, where it can
be electronically transmitted to a physician for evaluation.
The data can be stored and transmitted using systems
described in W0O01/33212, which is herein incorporated by
reference.

[0071] The conditions monitored by methods of this
invention include, but are not limited to, the progression
and/or regression of a disease state, bacterial infections,
viral, fungal or parasitic infections, the effectiveness of a
course of treatment and the progress of a healing process.

[0072] In certain instances, the patient is in a nursing
home, primary residence or hospital. The patient uses a
sensor array device to capture data on an analyte such as, but
not limited to, a breath sample, which the patient provides.
The data on the breath sample can be optionally transmitted
over the Internet or intranet to a processor and then be
subsequently analyzed or read by a medical professional at
a health company, doctor’s office or hospital. Thereafter, the
patient can access the diagnostic information on a private
Web site for further instructions and treatment. Using the
methods of the present invention, real time home health
management is realized.
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[0073] V. Examples

[0074] The following examples are offered to illustrate,
but not to limit, the claimed invention.

Example 1

[0075] This example illustrates that an electronic sensor
array can be used to distinguish bacterial cultures and to
distinguish infected from noninfected patients.

[0076] In Vitro Results for Upper Respiratory Bacteria:
Identification of Signature Responses

[0077] Thisexample demonstrates the use of sensor arrays
in accordance with embodiments of the present invention for
detection of respiratory bacterial pathogens in vitro. This set
of experiments was designed to test whether very small
quantities of bacteria, collected on fine swabs in vitro, can be
discriminated with the electronic nose.

[0078] Specifically, the electronic nose’s ability to distin-
guish between swabs containing bacterial cells (“positive”)
and control swabs without bacterial cells (“negative™), using
known plated bacteria was examined. In the first experiment,
five swabs of each bacterial species were compared to five
control swabbings placed in normal saline. For each of the
three bacteria tested, the electronic nose was able to distin-
guish between the control and bacteria, with a MD between
4.3 and 7.9 (FIG. 1). After sclecting out only the most
responsive sensors, the MD increased to between 5.4 and
10.0, making it possible for the nose to identify unknowns.
The term “MD? refers to the Mahalanobis distance which is
a statistical measure of the distance between the centroids of
two clusters. A larger MD value signifies a greater degree of
separation and therefore greater discrimination of bacterial
species by the electronic nose.

[0079] In Vivo Results for Rhinosinusitis: Identifying
Infected Patients

[0080] The ability of sensor arrays used in methods of this
invention to detect bacterial rhinosinusitis is demounstrated
by the results shown in FIG. 3. In this experiment, the
electronic nose was exposed to swabbings obtained endo-
scopically from sinus cavities of patients suspected of hav-
ing bacterial rhinosinusitis. Forty-eight specimens were
obtained sequentially over the course of approximately six
weeks, and the data was then consolidated into a single PCA
graph for purposes of analysis (FIG. 3). There was clearly
clustering of data, with the control groups being distinct
from the sample groups. Furthermore, the non-infected
patients clustered centrally amongst a larger grouping of
infected patients. It appears that the headspace of swabbings
collected from infected patients presents a greater variety of
chemical vapors, or greater variation in concentration of
chemical vapors, than the non-infected swabs. This differ-
ence can serve as a basis for identifying which patients
require follow up clinical testing.

[0081] In Vivo Results for Ventilator Associated Pneumo-
nia: Identification of Infected Patients

[0082] The electronic nose was also used to measure 8
mechanically-ventilated patients suspected of ventilator
associated pneumonia (VAP) bacterial lung infection. Data
were collected by sampling gases directly from the patient’s
exhaled air with the electronic nose as shown in FIG. 4.
Each patient was assigned a CPIS score by the attending
physician.
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[0083] The PCA plot of the results from the initial eight
patient study is shown in FIG. 5. Of the patients, 4 were
seriously infected (high score), one was moderately infected
(medium score), and three had negligible or no infection
(low score). Water was used as a control. The PCA plot
shows that the moderately and severely infected patients
were all clearly distinguished from the control (red and
orange points compared to blue) and the uninfected patients
(green points) by the electronic nose. In addition, both the
moderately and severely infected patient groups are sepa-
rated clearly from the control group. Finally, as seen in FIG.
5, the moderately infected patient sample lies “closer” to the
control cluster than the severely infected patient samples.

[0084] The data, analyzed by PCA, show that the elec-
tronic nose is able to distinguish between infected and
uninfected patients. This finding suggests that it is possible
to train the Cyrano prototype to recognize the “smellprint”
of uninfected patients using the control (water). The infected
state, and possibly the severity of infection, then could be
predicted by distance away from the uninfected (trained)
state.

Example 2

Identification of Upper Respiratory Bacteria

[0085] This example illustrates the ability of the device
used in methods of this invention to identify bacterial
cultures.

[0086] Pure cultures of the most common URI pathogens
(Streptococcus pneumoniae, Streptococcus pyogenes, Sta-
phylococcus aureus, Moraxella catarrhalis, Haemophilus
influenzae) were presented to the sensor array along with
uninoculated medium controls. Representative results are
shown in FIG. 2. The in vitro results show distinct clustering
by species or genus and demonstrate that the sensor array
can detect unique chemistries in the air above growing
cultures. The patterns of response to these chemical differ-
ences are stored as digital “smellprints”. Training the
devices on pure cultures allows for identification of
unknown cultures that are presented for analysis. Over a
two-week period, the device correctly identified bacteria
with a 93% to 100% correct success rate after a single
training session on the first day.

Example 3

Correlation between Clinical Indicator and Sensor
Results

[0087] This example illustrates that there is a close cor-
respondence between the CPIS score for detection of ven-
tilator-associated pneumonia and the degree of infection
predicted from the sensor arrays used in methods of this
invention.

[0088] Air is sampled directly from the ventilator circuit
of patients and the response from the sensor array is com-
pared to clinical indicators of infection. The combined
pulmonary infection score (CPIS) incorporates patient tem-
perature, leukocyte count, radiography and several other
measures to estimate the risk for pneumonia. Data for 15
patients is shown in FIG. 6. FIG. 6 illustrates the correlation
of the predicted and actual pneumonia score for the venti-
lator patients determined using the Cyrano medical nose
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prototype. The diagonal line has unit slope. Patients with
medium to high score would be treated for infection while
patients with low score would not. This figures shows that
the predicted scores using an electronic nose correlate well
with actual CPIS scores.

Example 4

Device for Diagnosing Ventilator-Associated
Pneumonia (VAP)

[0089] This example illustrates the use of a portable or
hand-held sensing device to detect ventilator associated
pneumonia or to aid in the clinical diagnosis.

[0090] FIG. 4 shows the device and the ventilator circuit
near a patient’s mouth. The y-connector near the mouth
separates the inhaled and exhaled gas. The inlet of the
sensing device is attached to the exhaled gas port on the y
connector as indicated by the red arrow. A patient sample is
drawn over the sensors by a pump included in the device, or
by flow from the ventilator circuit.

[0091] FIG. 7 shows the detail of how a sensor chip can
be incorporated into the ventilator circuit. FIG. 7 shows a
sensor array 702 placed in a ventilator chamber 704. The
chamber 704 is in fluid communication with the fluid
passage extending to the patient 706, and fluid passages
extending to the ventilator 708. As is shown in FIG. 7, the
processing circuitry 710 for the electronic nose is separately
located from the sensor array 702.

Example 5

Device for Diagnosing Rhinosinuitis

[0092] This example illustrates the use of a portable
sensing device to aid in the clinical diagnosis of rhinosi-
nusitis.

[0093] FIG. 8 is a schematic diagram of an embodiment
of a system that may be configured to practice the embodi-
ments of the present invention. FIG. 8 shows a sensor array
in a closed chamber 802 connected to pump 804 which pulls
the vapors from a swab in a container 806 over the sensor
array. The container holding the swab is a gas sampling bag,
vial, or other closed system. The container with patient
sample is disposable and can be removed after each use. The
data processing capabilities 808 can either be included in a
package with the sensor array and pump or may be at a
remote location.

[0094] In certain instances, the device is calibrated with a
vial of water. In other instances, the sensors are standardized
during the manufacturing process.

[0095] Once a patient sample has been taken, the data
from the patient is immediately analyzed and output iden-
tification displayed. Sample identification is designed to
correlate with the current clinical methods.

[0096] After the identification is made, the clinician is
responsible for further decision making. The device is used
to monitor the course of treatment if an infection is detected
and to monitor patients with chronic sinusitis not caused by
bacteria, to verify that no sinus infection has developed.

[0097] TItis also understood that the examples and embodi-
ments described herein are for illustrative purposes only and
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that various modifications or changes in light thereof will be
suggested to persons skilled in the art and are to be included
within the spirit and purview of this application and scope of
the appended claims. All publications, patents, and patent
applications cited herein are hereby incorporated by refer-
ence for all purposes in their entirety.

What is claimed is:
1. A method for detecting a physiological condition in a
mammal, said method comprising:

(a) contacting an array of sensors with a sample from a
mammal suspected of having a physiological condition
to generate a sensor array response profile;

(b) measuring a clinical diagnostic marker for said physi-
ological condition; and

(c) developing a diagnosis using said sensor array
response profile in combination with a clinical diag-
nostic marker, thereby detecting said physiological
condition in a mammal.

2. The method of claim 1, wherein said sensor array
response profile is generated prior to measuring said clinical
diagnostic marker.

3. The method of claim 1, wherein said sensor array
response profile is generated concurrently with measuring
said clinical diagnostic marker.

4. The method of claim 1, wherein said sensor array
response profile is generated subsequently to measuring said
clinical diagnostic marker.

5. The method of claim 1, further comprising analyzing
said sensor array response profile to identify a marker gas in
said sample.

6. The method of claim 5, wherein said marker gas is a
member selected from the group consisting of alkanes,
alkenes, alkynes, dienes, cyclic hydrocarbons, aliphatic
hydrocarbons, acyclic hydrocarbons, arenes, alcohols,
amines, ethers, ketones, aldehydes, carbonyls, carbanions,
polynuclear aromatics, biomolecules, sugars, isoprenes, iSo-
prenoids, VOC, VOA, indoles, skatoles, diamines,
pyridines, picolines, sulfur compounds, halogenated com-
pounds, fatty acids, organic acids, organic bases, fixed gases,
CO, CO,, NO, NO,, NH;, H,S, and COS.

7. The method of claim 6, wherein said marker gas is an
off-gas of a microorganism selected from the group consist-
ing of a virus, a fungus, and a bacterium.

8. The method of claim 6, wherein said marker gas is an
off gas or a gas resulting from a chemical change produced
by the physiological condition, the immune system response
to the physiological condition, or the response to therapeutic
treatment.

9. The method of claim 7, wherein said marker gas is an
off gas of a member selected from the group consisting of
Strepiococcus prneumoniae, Streptococcus pyogenes, Sta-
phylococcus aureus, Moraxella catarrhalis, and Haemophi-
lus influenzae.

10. The method of claim 7, wherein said marker gas is an
off gas of a member selected from the group consisting of
Prevotella intermedia, Fusobacterium nucleatum, Porphy-
romonas gingivalis, Porphyromonas endodontalis, Prevo-
tella loescheii, Hemophilus parainfluenzae, Stomatococcus
muci, Treponema denticola, Veillonella species, Peptostrep-
tococcus anaerobius, Micros prevotii, Eubacterium limo-
sum, Centipeda periodontii, Selemonad aremidis, Eubacte-
rium species, Bacteriodes species, Fusobacterium
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periodonticum, Prevotella melaninogenica, Klebsiella pneu-
moniae, Enterobacter cloacae, Citrobacter species, Stoma-
tococcus mucilaginus, and Pseudomonas aeruginosa.

11. The method of claim 1, wherein said clinical diag-
nostic marker is a member selected from the group consist-
ing of Clinical Pulmonary Infection Score (CPIS), tempera-
ture, serology, erthyrocyte count, leukocyte count, secretion
amount and character, radiography, respiratory function, and
microbiological culture.

12. The method of claim 1, wherein said sample is
selected from the group consisting of the breath of a mam-
mal, the breath condensate of a mammal, the saliva of a
mammal, the blood of a mammal, the mucous of a mammal,
the swabbings obtained from a mammal, an off gas of a
secretion, and the urine of a mammal.

13. The method of claim 12, wherein said sample is the
breath of a mammal.

14. The method of claim 13, wherein said breath of a
mammal is taken directly from a ventilator.

15. The method of claim 1, wherein said physiological
condition is a disease, wherein said disease is a viral
infection, a bacterial infection, or a fungal infection.

16. The method of claim 15, wherein said disease is a
bacterial infection.

17. The method of claim 16, wherein said disease is a
lower respiratory tract infection.

18. The method of claim 17, wherein said lower respira-
tory tract infection is pneumonia or bronchitis.

19. The method of claim 18, wherein said pneumonia is
ventilator-associated pneumonia (VAP).

20. The method of claim 16, wherein said disease is an
upper respiratory tract infection.

21. The method of claim 20, wherein said disease is
sinusitis, pharyngitis, or otitis media.

22. The method of claim 1, wherein said array of sensors
is in a separate unit, embedded in ventilator tubing, embed-
ded in the ventilator filter, or located in the fluid stream
between the patient lungs and the pump.

23. The method of claim 1, wherein said array of sensors
is contained in a handheld device.

24. A method for determining whether a mammal has a
disease, said method comprising:

(2) contacting an array of sensors with a sample from a
mammal suspected of having a disease to generate a
first sensor array response profile; and

(b) comparing said first sensor array response profile with
a sensor array profile from a healthy mammal, thereby
detennining whether a mammal has said discase.
25. A method for determining the severity of a disease in
a mammal, said method comprising:

(2) contacting an array of sensors with a sample from a
mammal suspected of having a disease to generate a
first sensor array response profile;

(b) contacting an array of sensors with a sample from a
mammal suspected of having a disease to generate a
second sensor array response profile; and
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(c) evaluating the difference between the first and second
sensor array profiles, thereby determining the severity
of said disease.

26. A method for monitoring physiological condition in a

mammal, said method comprising:

(a) contacting an array of sensors with a sample from a
mammal having a physiological condition to generate a
baseline sensor array response profile;

(b) measuring a clinical diagnostic marker for said physi-
ological condition;

(c) determining the severity of the physiological condition
using said sensor array response profile in combination
with said clinical diagnostic marker;
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(d) contacting an array of sensors with a sample from a
mammal having a disease for a second time to generate
a second sensor array response profile;

(¢) measuring said clinical diagnostic marker for said
disease for a second time;

(D) determining the severity of the disease using said first
and second sensor array response profiles in combina-
tion with the first and second measurement of said
clinical diagnostic marker, thereby monitoring said
disease in a mammal.



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A

RAAN

H b2 FF SRRk
HAEREEEE

E)

P T SR EHRIE 12 BT A

SERA TR EERRN |, 150 F N B i R Im

US20040006257A1

US10/382360

EXENZEROBRLF

CYRANORIZE A F].

SEFHTARMINC.
BEYERBIURFNZIEA

BURCH TIMOTHY E
HANSON C WILLIAM 1lI
THALER ERICA R

BURCH, TIMOTHY E.
HANSON, C. WILLIAM III
THALER, ERICA R.

GO01N33/497 A61B A61B5/00 A61B5/097 GO1N33/00

patsnap

2004-01-08

2003-03-04

A61B5/00 A61B5/097 GO1N33/497 A61B5/4547 GO1N33/0036 A61B5/412

60/361941 2002-03-04 US

US7255677

Espacenet USPTO

NBENRBIET MRN G ENEE, £k

MR R |, R G ENKESEEERSEMSY ENREEFRBNTE
FLB) VDB A R AR DA A AR RABRRE I SCER | M B AR LR CLER I G K12
WiPRic , RIEEAFTRE BIBRHITIOM . BFIIEIEEIGKIZHRCA
PAN

RHo

PC2, 2254%

Score Plot in Canonical Space with MeanCenter

A
3 A2
2 =
as  AfE
1 P2 —ml
S LT S
0 D ElL1
4 &3 @3 04
Lo23]
-2 R o
3 bs
4
F)1
-8

po@o

PA
AB
KO
Control


https://share-analytics.zhihuiya.com/view/5956e9d3-00f2-4ee3-960b-edfa344242ed
https://worldwide.espacenet.com/patent/search/family/027805097/publication/US2004006257A1?q=US2004006257A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220040006257%22.PGNR.&OS=DN/20040006257&RS=DN/20040006257

