7074891 A2 NI 0O 000 0 00000 A

=)

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
18 June 2009 (18.06.2009)

‘ﬂ[* A0 0O

(10) International Publication Number

WO 2009/074891 A2

(51) International Patent Classification:
GOIN 21/00 (2006.01) GOIN 33/53 (2006.01)

(21) International Application Number:
PCT/IB2008/053652

(22) International Filing Date:
10 September 2008 (10.09.2008)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

11/954,848 12 December 2007 (12.12.2007) US

(71) Applicant (for all designated States except US): KIM-
BERLY-CLARK WORLDWIDE, INC. [US/US]; 401
North Lake Street, Neenah, Wisconsin 54956 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): RAINONE, Mike
[US/US]; 410 Private Road 8315, Paelstine, Texas 75803
(US). PLOWMAN, Thomas, Edward [US/US]; 621
Glenolden Court, Cary, North Carolina 27607 (US).
BAIRD, Daniel [US/US]; 403 Woodchase Way, Wood-
stock, Georgia 30188 (US). HANTKE, Richard [US/US];
1641 W. Pearson Street, Unit 1E, Chicago, Illinois 60622
(US). PHILLIPS, Erica, M. [US/US]; 216 Kigian Trail,
Woodstock, Georgia 30188 (US). PRESLEY, Talbot

(74)

(81)

(34)

[US/US]; 2718 Timberline Trail, Palestine, Texas 75803
(US).

Agents: JOHNSTON, Jason, W. et al.; Dority & Man-
ning, PA., PO Box 1449, Greenville, South Carolina
29602-1449 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AOQ, AT, AU, AZ,BA, BB, BG, BH, BR, BW, BY, BZ, CA,
CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE,
EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,
1L, IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK,
LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW,
MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT,
RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TJ,
™™, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB,GR, HR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL,
NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG,
CIL, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:

without international search report and to be republished
upon receipt of that report

(54) Title: RESONANCE ENERGY TRANSFER BASED DETECTION OF NOSOCOMIAL INFECTION

(57) Abstract: Disclosed herein are methods and devices for detection of hospital acquired infections. Disclosed methods may be
utilized for continuous in vivo monitoring of a potential infection site or for periodic in vitro monitoring of tissue or fluid from a
& patient and may be utilized to alert patients and/or health care providers to the presence of a pathogen at an early stage of infection.
& Disclosed methods utilize fluorophore pairs that optically interact with one another according to Forster resonance energy transfer
o (FRET) or bioluminescence resonance energy transfer (BRET) mechanism. One member of the pair or a cofactor that interacts with
an enzyme to form a member of the pair may be tethered to a device by a substrate that is specific for an enzyme expressed by
a targeted pathogen. Upon interaction of the enzyme with the substrate, an optically detectable signal may be altered or initiated,
detection of which may then provide information as to the existence of the pathogen at the site.



10

15

20

25

30

WO 2009/074891 PCT/IB2008/053652

RESONANCE ENERGY TRANSFER BASED DETECTION OF
NOSOCOMIAL INFECTION

Background

Nosocomial or hospital acquired infections (HAI) have been estimated by
the World Health Organization (WHO) to kill between 1.5 and 3 million people
every year worldwide. Though commonly referred to as hospital acquired
infections, nosocomial infections result from treatment in any healthcare service
unit, and are generally defined as infections that are secondary to the patient's
original condition. In the United States, HAls are estimated to occur in 5 percent of
all acute care hospitalizations, resulting in more than $4.5 billion in excess health
care costs. According to a survey of U.S. hospitals by the Centers for Disease
Control and Prevention (CDC), HAls accounted for about 1.7 million infections and
about 99,000 associated deaths in 2002. The CDC reported that "[tjhe number of
HAIs exceeded the number of cases of any currently notifiable disease, and
deaths associated with HAls in hospitals exceeded the number attributable to
severai of the top ten ieading causes of death in U.S. vitai siatistics™ (Centers for
Disease Control and Prevention, "Estimates of Healthcare Associated Diseases,”
May 30, 2007).

HAIls, including surgical site infections (SSls), catheter related blood stream
infections (CRBSIs), urinary tract infections (UTls), ventilator associated
pneumonia (VAP), and others, may be caused by bacteria, viruses, fungi, or
parasites. Forinstance, bacterial organisms, such as Escherichia coli,
Staphylococcus aureus, and Pseudomonas aeruginosa are common causes as
are yeasts such as Candida albicans and Candida glabrata, fungi such as those of
the genus Aspergillus and those of the genus Saccharomyces, and viruses such
as parainfluenza and norovirus.

Ongoing efforts are being made to prevent HAI through, for instance,
improved hand washing and gloving materials and techniques, but such efforts
have met with limited success. In an effort to better understand and curb HAls,
government regulations have increased pressure on hospitals and care-givers to
monitor and report these types of infections. However, these measures are further
complicated due to the prevalence of outpatient services, a result of which being

that many HAIls do not become evident until after the patient has returned home.
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As such, infection may proceed undiagnosed for some time, complicating
treatment and recovery.

A need currently exists for improved methods for diagnosing HAI.
Moreover, methods that could monitor a patient, for early signs of HAI in an
outpatient setting, would be of great benefit.

Summary

In accordance with one embodiment, a method for detecting the presence
or amount of a pathogen that is a source of a hospital acquired infection
comprising is disclosed. In one embodiment may include locating an optical fiber
in an environment, the optical fiber having directly or indirectly attached thereto a
first group of molecules. The group of molecules includes an acceptor molecule.
In addition, one of the molecules of the group may be attached to the optical fiber
with a tether that includes a substrate, and the substrate is the target of an enzyme
that is expressed by the pathogen. The method may also include transmitting an
excitation signal specific for a donor molecule via the optical fiber.

In the presence of the enzyme that is expressed by the targeted pathogen,
the substrate of the tether may be cleaved. The method may also include
transmitting an optically detectable emission signal from the site following the
cleavage of the tether and determining the presence or amount of the pathogen in
the environment.

Also disclosed herein are portable devices for detecting the presence or
amount of a pathogen. A device may include, for example, a portable enclosure
containing a power source, an optical detector, a signal processor, and a signaling
device for emitting a signal upon detection of an enzyme that is expressed by the
pathogen. A device may also include a connecting device for attaching the
enclosure to the clothing or body of a wearer and a fiber optic cable for inserting
into the environment of inquiry, the fiber optic cable being in optical communication
with the optical detector and extending for a length exterior to the enclosure. In
addition, the fiber optic cable may include an optical fiber that directly or indirectly
carries a group of molecules, e.g., a FRET pair or a BRET group.

Other features and aspects of the present disclosure are discussed in

greater detail below.
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Brief Description of the Drawings

A full and enabling disclosure of the subject matter, including the best mode
thereof, directed to one of ordinary skill in the art, is set forth more particularly in
the remainder of the specification, which makes reference to the appended figures
in which:

Fig. 1 is a schematic representation of one embodiment of a pathogen
detection process as described herein;

Fig, 2 is a schematic representation of another embodiment of a pathogen
detection process as described herein;

Fig. 3 is a schematic representation of another embodiment of a pathogen
detection process as described herein;

Figs. 4A-4D are schematic representations of optical fiber cables as may be
incorporated in a device as disclosed herein; and

Fig. 5 is a schematic representation of a portion of a portable device as
described herein.

Repeat use of reference characters in the present specification and
drawings is intended to represent same or analogous features or elements.

Detailed Description of Representative Embodiments

Reference now will be made in detail to various embodiments of the
disclosed subject matter, one or more examples of which are set forth below.
Each example is provided by way of explanation, not limitation. In fact, it will be
apparent to those skilled in the art that various modifications and variations may be
made in the present disclosure without departing from the scope or spirit of the
subject matter. For instance, features illustrated or described as part of one
embodiment, may be used on another embodiment to yield a still further
embodiment. Thus, it is intended that the present disclosure covers such
madifications and variations as come within the scope of the appended claims and
their equivalents.

The present disclosure is generally directed to methods for detection of HAI,
i.e., nosocomial infection. In one embodiment, disclosed methods may be utilized
for continuous in vivo monitoring of a potential infection site and may be utilized to
alert patients and/or health care providers to the presence of pathogens at an early
stage of infection, thereby providing for earlier intervention and improved recovery
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rates from infection. In another embodiment, disclosed methods may be utilized
for in vitro testing protocols to determine the presence of pathogens in a fluid or
tissue sample obtained from a patient.

Any source of HAl may be detected according to disclosed methods. For
instance, while common bacterial sources such as Escherichia coli,
Staphylococcus aureus, and Pseudomonas aeruginosa may be of particular
interest in certain embodiments, disclosed methods are not"iimited to these
bacteria. Other common sources of HAI that may be detected according to
disclosed methods include, without limitation, other bacterial sources such as
coagulase-negative staphylococci, Enterococcus spp., Enterobacter spp.,
Klebsiella pneumoniae, Proteus mirablis, Streptococcus spp., and so forth, as well
as yeast, fungal, viral, and parasitic sources, as previously mentioned.

Detection regimes as disclosed herein utilize fiber optics-based detection of
optical signals from a molecular pair, the members of which interact with one
another according to a resonance energy transfer (RET) mechanism. Specifically,
molecular pairs may interact with one another according to a Férster resonance
energy transfer (FRET) mechanism, and in one embodiment, according to a
bioluminescence resonance energy transfer (BRET) mechanism. According to
disclosed methods, an optically detectable signal emitted from a pair of molecules
that may couple to one another according to a RET mechanism may be initiated,
terminated, or altered due to the presence of a targeted pathogen. Thus, detection
of a characteristic change in optical signal from the pair may signify the presence
of a pathogen and the possibility of an HAI.

FRET and BRET are known mechanisms in which a nonradiative, long-
range, dipole-dipole coupling between a donor molecule and an acceptor molecule
may transfer energy from the donor to the acceptor. According to both the FRET
and BRET mechanisms, a donor molecule in its excited state describes an
emission peak that overlaps the excitation peak of an acceptor molecule. As such,
when the two are in close enough proximity (generally between about 1nm and
about 10nm) and the donor is in its excited state, energy may be transferred from
the donor to the acceptor and emission from the system will be predominantly
defined according to the optical characteristics of the acceptor. In contrast, when
the distance between the two is large, such that resonant energy coupling between
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the two does not take place, and the donor is in its excited state, the donor
emission characteristics will dominate. The magnitude of an acceptable distance
between the two materials that may ensure energy transfer from the donor to the
acceptor according to the RET mechanism is dependent on the spectral properties
of the donor and acceptor, as is known in the art.

BRET is a form of FRET. According to a BRET mechanism, a donor and
acceptor may be coupled to one another as described above. However, in the
case of BRET, the donor molecule may be a bioluminescent molecule that may
emit a signal upon interaction with a chemical cofactor. For example, the donor
molecule of a BRET pair may be the product of a bacterial luciferase enzymatic
reaction. Bacterial luciferase is a mixed function oxidase formed by the
association of two protein subunits, o and B. The subunits associate to form a 2-
chain complex that catalyzes the flavin-mediated hydroxylation of a long-chain
aldehyde (e.g., luciferin) to yield carboxylic acid and an excited flavin. Upon the
decay of the flavin to ground state, an optically detectable signal is emitted.
Accordingly, a BRET system may utilize a luciferin/luciferase interaction to form
the donor molecule of the donor/acceptor pair and need not require an external
excitation energy source to initiate energy transfer between the pair members.

A large number of donor and acceptor FRET and BRET pairs are known in
the art, including many fluorophores such as green fluorescent protein and color
variants thereof. The natural green fluorescent protein is a protein comprised of
238 amino acids (26.9 kDa), originally isolated from the jellyfish Aequorea
victoria/Aeduorea aequorealAequorea forskalea, which fluoresces green when
exposed to blue light. Multiple variants of green fluorescent proteins are known in
the art including, e.g., cyan fluorescent protein (CFP), yellow fluorescent protein
(YFP), blue fluorescent protein (BFP), and so forth. Others are described in U.S.
Patent Nos. 5,625,048 and 5,777,079 both to Tsien, et al. (both incorporated
herein by reference), which disclose modified GFPs having emission and
excitation spectra different to those of wild-type GFPs. U.S. Patent No. 5,804,387

to Cormack, et al. (incorporated herein by reference) discloses GFP mutants

having modified excitation and emission spectra.
Table 1, below, presents a non-limiting listing of donor and acceptor pairs
that may be utilized as disclosed herein.
5



WO 2009/074891

PCT/IB2008/053652
Table 1
Donor Acceptor
Fluorescein Tetmethylrhodamine (TMR)
5-({[(2- Fluorescein
iodoacetyl)amino]ethyl}amino)-
naphthalene-1-sulphonic acid
(IAEDANS)
IAEDANS Tryptophan
IAEDANS Alexa Fluor® 488
IAEDANS Oregon Green
IAEDANS BODIPY® FL
5-(2-Aminoethylamino)-1- 4-

naphtalene sulfonic acid

(dimethylaminoazo)benzene-

(EDANS) 4-carboxylic acid
(DABCYL)

EDANS [4 -

dimethylaminoazobenzene-
4"-sulfony! chloride] (DABSYL

chloride)

Terbium Alexa Fluor® 546

Terbium fluorescein

Terbium GFP

Terbium TMR

Terbium Cyanine 3 (Cy3)

Terbium QSY®7

Terbium R phycoerythrin (R PE)

Europium Cyanine 5 (Cy5)

Europium Allophycocyanin (APC)

Europium Alexa Fluor® 633

Alexa Fluor® 488

Alexa Fluor® 555

Alexa Fluor® 488

Cy3

Alexa Fluor® 568

Alexa Fluor® 647

Alexa Fluor® 594

Alexa Fluor® 647

Alexa Fluor® 647

Alexa Fluor® 594

Cy3 Cy5

CFP YFP

CFP dsRED

CFP YFP

BFP GFP

GFP Rhodamine
fluorescein isothiocyanate (FITC) Cy3

FITC tetramethylrhodamine

isothiocyanate (TRITC)

aminobenzoic acid (ABZ)

2, 4-dinitrophenol (DNP)

DANYSO Tyr(NG3)
DANYSL FAM
FAM TMR
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Luciferase/luciferin GFP
Luciferase/luciferin YFP

In various embodiments, the acceptor may not be fluorescent (see, e.g.,
Chen, et al. Analytical Biochemistry, 1988, 172:61-77). As the acceptor has a
quenching effect on the donor, when the acceptor is not fluorescent, transferred
energy may be dissipated through surrounding medium. Thus, in this case, when
the donor and acceptor are suitably proximal to one another and the donor is at the
excited state, little or no emission will be detected from the pair. Upon separation
of the two materials, however, the donor may emit upon excitation at its
characteristic emission peak.

Fig. 1 illustrates one representative embodiment of a pathogen detection
method as disclosed herein. According to this embodiment, a pair of molecules
including a donor 120 and an acceptor 122 may be tethered proximal to one
another on an optical fiber 106.

An o

tical fiber 106 may

ptical nay include a core 130, through which i

and an external cladding layer 132. The difference in the index of refraction
between the core material and the clad material defines the critical angle C at
which total internal reflection takes place at the core/clad interface. Thus, light that
impinges upon the interface at angle greater than the critical angle is completely
reflected, allowing the light to propagate down the fiber.

Optical fiber 106 may generally be a multi-mode fiber having a core
diameter greater than about 10 micrometers (um). The preferred core diameter in
any particular embodiment may depend upon the characteristics of excitation light
(when required) and/or emission light, among other system parameters. For
instance, in those embodiments in which a laser is an excitation source, a core
diameter may be between about 50 um and about 100 um, for example about 80
pum in one embodiment. In other embodiments, for instance, in those
embodiments in which an excitation light source produces less coherent radiation,
such as a light emitting diode (LED), for example, it may be preferable to utilize an
optical fiber 106 having a larger core diameter, for instance between about 90um

and about 400um.
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The boundary between core 130 and clad 132 of a fiber 106 may be abrupt,
as in a step-index fiber, or may be gradual, as in a graded-index fiber. A graded
index fiber may be preferred in some embodiments, as graded index fibers may
reduce dispersion of multiple modes that may be traveling through the fiber. This
is not a requirement of disclosed methods, however, and a step-index fiber may
alternatively be utilized, particularly in those embodiments in which the optical fiber
106 is of a length such that dispersion will not be of great concern.

Beneficially, an optical fiber 106 may be formed of biocompatible materials
that may remain at a site of interest for a relatively long period of time, for instance
at an in vivo site. Accordingly, in one embodiment disclosed methods may be
utilized to monitor a site for infection throughout the healing process and/or until
the high potential for HAl has past. In addition, due to the small cross-section of
optical fibers, optical fiber 106 may be easily removed from an in vivo site without
the necessity of causing excessive tissue damage at the site.

Core 130 and clad 132 of optical fiber 106 may be formed of any suitable
materials that exhibit a suitable difference in refractive index. For instance,
suitable glasses may include, without limitation, silica glass, fluorozirconate glass,
fluoroaluminate glass, any chalcogenide glass, doped glasses, and so forth as are
generally known in the art. Polymer optical fibers (POF) are also encompassed by
the present disclosure. For instance, optical fibers formed of suitable acrylate
core/clad combinations, e.g., polymethyl methacrylates, may be utilized. It may be
preferred in some embodiments to utilize a multi-core POF so as to lower losses
common to POF due to bending of the fiber. This may be preferred in those
embodiments in which optical fiber 106 is in a non-linear conformation during use.

Referring again to Fig. 1, donor molecule 120 and acceptor molecule 122
may be tethered to optical fiber 106 and proximal to one another such that
resonant energy transfer between the two may take place, i.e., between about 1
nm and about 10 nm apart from one another. In general, donor 120 and acceptor
122 may be located at a distance from one another that is up to about twice R,,
where R, is the Fdrster distance, defined as the distance at which energy transfer
is 50% efficient. In other words, R, is the distance where 50% of excited donors
are deactivated due to FRET. At R,, there is an equal probability for resonance
energy transfer and the radiative emission of a photon. The efficiency of energy
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transfer measures the degree of overlap between the donor emission spectrum
and acceptor absorption spectrum. This allows for determination of proximity and
relative orientation of the members of the pair. In addition, donor molecule 120
and acceptor molecule 122 may be tethered to optical fiber 106 such that optical
emissions from the pair may enter and be transmitted along the core 130 of the
fiber 106.

For instance, donor molecule 120 and acceptor molecule 122 may be
tethered to optical fiber 106 at the terminus of fiber 106, as shown. Donor
molecule 120 and acceptor molecule 122 pairs may also be tethered at areas 127
along fiber 106 where all or a portion of clad 132 has been removed. In particular,
donor molecule 120 and acceptor molecule 122 may be tethered within the
evanescent field of core 130. Methods of removing all or a portion of clad 132 are
known in the art, any of which may be utilized to form an area 127 within which a
donor/acceptor pair may be tethered within the evanescent field of the core 130.
For instance, a solution comprising hydrofluoric acid may be applied to a portion of
fiber 106 for a period of time so as to dissolve the clad in that portion. In another
embodiment, mechanical abrasion may be utilized to remove a portion of the clad
132.

Donor molecule 120 may be tethered to fiber 106 via a tether 125 using any
of a variety of well-known techniques. For instance, covalent attachment of the
donor molecule 120 to the fiber 106 may be accomplished using carboxylic, amino,
aldehyde, bromoacetyl, iodoacetyl, thiol, epoxy and other reactive or linking
functional groups. In another embodiment, a surface absorption technique could
be utilized, in which the tethers may simply absorb to the fiber upon incubation.

Acceptor molecule 122 may be tethered to fiber 106 via tether 126. In
various embodiments, tether 126 includes a substrate. The term “substrate”
generally refers to a substance that is chemically acted upon by an enzyme to form
a product. According to this particular embodiment, tether 126 includes a
substrate that may be cleaved by an enzyme that is expressed by a pathogenic
source of HAL

Substrates as may be included in a tether 126 may be acted on by various
types of enzymes as may be expressed by HAI pathogens. For instance, a
substrate tether 126 may be acted on by hydrolases, lyases, and so forth. In some

9
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embodiments, the enzyme is a “hydrolase” or “hydrolytic enzyme”, which refers to
enzymes that catalyze hydrolytic reactions. Examples of such hydrolytic enzymes
include, but are not limited to, proteases, peptidases, lipases, nucleases, homo- or
hetero-oligosaccharidases, homo- or hetero-polysaccharidases, phosphatases,
sulfatases, neuraminidases and esterases. In one embodiment, for example,
peptidases may cleave a tether 126. “Peptidases” are hydrolytic enzymes that
cleave peptide bonds found in shorter peptides. Examples of peptidases include,
but are not limited to, metallopeptidases; dipeptidylpeptidase I, II, or IV; and so
forth. In another embodiment, proteases may cleave tether 126. “Proteases” are
hydrolytic enzymes that cleave peptide bonds found in longer peptides and
proteins. Examples of proteases that may cleave tether 126 according to the
present disclosure include, but are not limited to, serine proteases (e.g.,
chymotrypsin, trypsin, elastase, PSA, etc.), aspartic proteases (e.g., pepsin), thiol
proteases (e.g., prohormone thiol proteases), metalloproteases, acid proteases,
and alkaline proteases.

The substrate may occur naturally or be synthetic. Some suitable
substrates for hydrolytic enzymes include, for instance, esters, amides, peptides,
ethers, or other chemical compounds having an enzymatically-hydrolyzable bond.
The enzyme-catalyzed hydrolysis reaction may, for example, result in a hydroxyl or
amine compound as one product, and a free phosphate, acetate, etc., as a second
product. Specific types of substrates may include, for instance, proteins or
glycoproteins, peptides, nucleic acids (e.g., DNA and RNA), carbohydrates, lipids,
esters, derivatives thereof, and so forth. For instance, some suitable substrates for
peptidases and/or proteases may include peptides, proteins, and/or glycoproteins,
such as casein (e.g., p-casein, azocasein, etc.), albumin (e.g., bovine serum
albumin (BSA)), hemoglobin, myoglobin, keratin, gelatin, insulin, proteoglycan,
fibronectin, laminin, collagen, elastin, and so forth. Still other suitable substrates
are described in U.S. Patent Nos. 4,748,116 to Simonsson, et al.; 5,786,137 to

Diamond, et al.; 6,197,537 to Rao, et al.; 6,485,926 to Nemori, et al., which are

incorporated herein in their entirety by reference thereto for all purposes.

In one particular embodiment, leukocyte esterase may cleave tether 126.
Determination of the presence of leukocyte esterase in a sample or in an in vivo
location may assist in the diagnosis of hospital acquired urinary tract infection.

10
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When detecting leukocyte esterase, for example, the substrate of tether 126 may

be an ester that is catalytically hydrolyzed in the presence of leukocyte esterase.
Lactate esters may be included in tether 126, such as described in U.S.

Patent Nos. 5,464,739 to Johnson, et al. and 5,663,044 to Noffsinger, et al., which

are incorporated herein in their entirety by reference thereto. Lactate esters are

generally hydrolyzed by leukocyte esterase to provide a hydroxy-pyrrole
compound. Other suitable ester substrates include thiazole esters, pyrrole esters,
thiophene esters, naphthyl esters, phenoxyl esters, quinolinyl esters, such as
described in U.S. Patent Nos. 5,750,359 to Huh, et al.; 4,657,855 to Corey, et al.;

and Japanese Publication No. 03210193 to Kawanishi, et al., which are

incorporated herein in their entirety by reference thereto.

Bacteria of the genus Staphylococci are known to produce several
extracellular proteases, including serine, cysteine, and metallo-enzymes (see, e.g.,
Dubin, Biol. Chem., 383:7-8, 2002, 1075). Accordingly, when detecting HAI due to
any of a variety of Staphylococci pathogens, the substrate of tether 126 may
include a serine residue that may be preferentially cleaved by a serine protease
produced by a targeted Staphylococci bacterium.

Pseudomonas aeruginosa, a relatively common bacterial source of HAI, has
been found to express several well characterized enzymes. For instance, P.
aeruginosa is known to produce elastase B, a metalloprotease that degrades
elastin. P. aeruginosa also express protease |V, protein targets for which include
fibrinogen, plasminogen, IgG, and so forth, and alkaline protease, a
metalloprotease that cleaves polylysine. '

In yet another embodiment, an aspartyl protease may cleave the substrate
of tether 126, for instance in detection of infection due to Candida albicans, which
is known to express a variety of specific aspartyl proteases. When targeting an
aspartyl protease, a tether 126 may include an aspartic acid residue-containing
substrate. For instance, a substrate for detection of an aspartyl protease may
include two highly-conserved aspartates in the active site.

Acceptor molecule 122 may be tethered to fiber 106 via a tether 126 using
any of a variety of well-known techniques. For instance, covalent attachment of
the acceptor molecule 122 to the fiber 106 may be accomplished using chemistry
similar to that as is used to attach donor molecule 120 to the fiber 106, or a
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different chemistry, as desired. For instance, acceptor molecule 122 may be
covalently attached to fiber 106 via tether 126 using carboxylic, amino, aldehyde,
bromoacetyl, iodoacetyl, thiol, epoxy and other reactive or linking functional
groups, as well as residual free radicals and radical cations, through which a
protein coupling reaction may be accomplished, for instance in those embodiments
in which tether 126 includes a proteinaceous substrate. Preferred attachment
methods may generally depend upon the nature of the acceptor molecule 122 and
the substrate of tether 126, as is known in the art.

With reference to Fig. 1, donor molecule 120 and acceptor molecule 122
may be tethered within the evanescent field of core 130, as shown. However, it
should be understood that in general, donor molecules and acceptor molecules
need not be provided in a 1:1 ratio to one another. For instance, in other
embodiments, it may be preferred to provide a large number of acceptor molecules
for each donor molecule, to increase the acceptor emission signal due to RET.

Upon excitation of donor molecule 120, for instance upon transmission of an
appropriate excitation signal through fiber 106 to donor molecule 120, resonant
energy transfer may occur between the members of the pair and emission from the
pair may be dominated by the optical characteristics of acceptor molecule 122. In
the presence of enzyme 128, however, the substrate of tether 126 may be cleaved
by the action of enzyme 128. Thus, when enzyme 128 is present, acceptor
molecule 122 may diffuse away from fiber 106 and emission from the pair may
alter and come to be dominated by the optical characteristics of donor molecule
120. Detection of the change in emission from the pair upon loss of the acceptor
molecule 122 may signify the presence of enzyme 128. Moreover, as enzyme 128
is an expression product of a pathogenic source of HAI, determination of the
presence of enzyme 128 at the site of enquiry may likewise signify the presence of
the pathogenic source of enzyme 128 and as such provide a route for early
diagnosis and treatment of HAI.

In various embodiments, a barrier 134 may be included in a system to
protect fiber 106 from an external environment. For instance, Barrier 134 may be
a semi-permeable barrier defining a porosity that may allow enzyme 128 to pass
through barrier 134 and interact with tether 126, while preventing passage of other
materials. For instance, barrier 134 may prevent a pathogen from contacting fiber
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106. Barrier 134 may keep other potential contaminants away from fiber 106 as
well. Forinstance, when considering a system for us in vivo, barrier 134 may
prevent materials that may be common at the detection site, e.g., toxins, ECM
components, leukocytes, red blood cells, and so forth, from contacting and/or
blocking communication between the core of fiber 106 and the donor/acceptor
pairs (120, 122) attached thereto.

Barrier 134 may be, for instance, a semi-permeable porous membrane
having a porosity to allow materials less than about 0.2um across the membrane,
with a preferred pore size generally depending upon the size of enzymes 128 that
may pass across barrier 134. Semi-permeable membrane 134 may be, for
example, derived from a water insoluble, water wettable cellulose derivative, such
as cellophane, cellulose acetate, cellulose propionate, carboxyethyl cellulose, and
so forth; insolubilized gelatin; partially hydrolized polyvinyl acetate; or polyionic film
forming compositions such as polysulfonated anionic polymers or ionically linked
polycationic polymers, such as marketed by Amicon Company. Barrier 134 may
surround fiber 106, as shown, and may be attached to fiber at a distance from the
terminus of fiber 106 (not shown) or optionally may be attached to another
component of a sensing system, aspects of which are discussed herein.

Fig. 2 schematically illustrates one method of detection according to a
BRET mechanism. As may be seen, in addition to an acceptor molecule 142, a
system may include a chemical cofactor 144 and an enzyme 140 that may interact
with one another to form a donor molecule in its excited state. For instance,
enzyme 140 may be luciferase and cofactor 144 may be luciferin.

Enzyme 140, acceptor molecule 142, and cofactor 144 may be tethered to
particle 150 (sometimes referred to as a "bead" or "microbead"). For instance,
naturally occurring particles, such as plasmids, plastids, polysaccharides (e.g.,
agarose), etc., may be used. Further, synthetic particles may also be utilized. For
example, in one embodiment, latex particles may be used. While any latex
particles may be used, the latex particles are typically formed from polystyrene,
butadiene styrenes, styreneacrylic-vinyl terpolymer, polymethylmethacrylate,
polyethylmethacrylate, styrene-maleic anhydride copolymer, polyvinyl acetate,
polyvinylpyridine, polydivinylbenzene, polybutyleneterephthalate, acrylonitrile,
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vinylchloride-acrylates, and so forth, or an aldehyde, carboxyl, amino, hydroxyl, or
hydrazide derivative thereof.

When utilized, the shape of the particles may generally vary. In the
embodiment illustrated in Fig. 2, for instance, particle 150 is spherical in shape.
However, it should be understood that other shapes are also contemplated by the
present disclosure, such as plates, rods, discs, bars, tubes, irregular shapes, etc.
In addition, the size of the particles may also vary. For instance, the average size
(e.g., diameter) of the particles may range from about 0.1 nanometers to about
1,000 microns, in some embodiments, from about 0.1 nanometers to about 100
microns, and in some embodiments, from about 1 nanometer to about 10 microns.
For instance, “micron-scale” particles are often desired. When utilized, such
“micron-scale” particles may have an average size of from about 1 micron to about
1,000 microns, in some embodiments from about 1 micron to about 100 microns,
and in some embodiments, from about 1 micron to about 10 microns. Likewise,
‘nano-scale” particles may also be utilized. Such “nano-scale” particles may have
an average size of from about 0.1 to about 10 nanometers, in some embodiments
from about 0.1 to about 5 nanometers, and in some embodiments, from about 1 to
about 5 nanometers.

According to a BRET mechanism, acceptor molecule 142 may be tethered
to particle 150 via covalent attachment of the acceptor molecule 142 to the particle
150 via tether 147, as shown. In addition, one of the cofactor and the enzyme of
the donor formation pair may be attached to the particle via a tether that includes a
substrate for an enzyme expressed by a pathogen. For instance, according to the
embodiment illustrated in Figure 2, chemical cofactor 144 is tethered to particle
150 via tether 146 that includes a substrate for an enzyme expressed by a
pathogen and enzyme 140 is tethered to particle 150 via tether 147. In other
embodiments, however, the enzyme of the pair that interacts to form the donor
molecule may be attached via a tether that includes a substrate specific for a
pathogen-expressed enzyme.

The enzyme 140, acceptor molecule 142, and cofactor 144, may generally
be attached to particle 150 using any of a variety of well-known techniques, as
discussed above, e.g., carboxylic, amino, aldehyde, bromoacetyl, iodoacetyl, thiol,
epoxy and other reactive or linking functional groups, and so forth. A surface
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functional group of particle 150 may also be incorporated in a tether as a
functionalized co-monomer because the surface of the particle may contain a
relatively high surface concentration of polar groups. In addition, although
particles may be functionalized after synthesis, such as with poly(thiophenol),
particles may be capable of direct covalent linking with a tether, e.g., a protein,
without the need for further modification.

For example, in one embodiment, the first step of conjugation of a substrate
tether 146, a tether 145, and a tether 147 with particle 150 is activation of
carboxylic groups on the surface of particle 150 using carbodiimide. In the second
step, the activated carboxylic acid groups are reacted with an amino group of the
substrate of tether 146, tether 145 and tether 147 to form an amide bond. The
activation and/or protein coupling may occur in a buffer, such as phosphate-
buffered saline (PBS) (e.g., pH of 7.2) or 2-(N-morpholino) ethane sulfonic acid
(MES) (e.g., pH of 5.3). Cofactor 144, donor molecule 140 and acceptor molecule
142 may be bound to their respective tethers 146, 145, and 147 prior to
attachment of the tethers to the particle, during the attachment process or
following, as desired. The resulting particles may then be contacted with
ethanolamine, for instance, to block any remaining activated sites. Overall, this
process forms a conjugated probe, where the cofactor 144, the enzyme 140 and
the acceptor molecule 142 are covalently attached to the particle 150.

Utilization of a particle for attachment of components of a RET method is
not a requirement for any particular embodiment of the disclosed subject matter.
For instance, a FRET mechanism in which the donor molecule is excited from an
exogenous optical source may include particles for tethering and holding
components of the system, as described in Fig. 2 for a BRET mechanism.
Similarly, the components of a BRET process may be tethered directly to an
optical fiber, as discussed above with regard to the FRET mechanism of Fig. 1.

Referring again to Fig. 2, particle 150 may be held near core 230 such that
emissions from the donor/acceptor pair may be transmitted through fiber 206. For
instance, particle 150 carrying enzyme 140, acceptor molecule 142, and cofactor
144 may be adhered to optical fiber 206 at the terminus of fiber 206 as well as at
locations 227 along fiber 206 where all or a portion of clad 232 has been removed.
Particle 150 may be covalently bound to core 230, for instance via carbodiimide
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chemistry, as described above for the formation of the conjugated particle or
according to any other suitable chemistry as is known in the art. Alternatively,
particle 150 may be coupled to core 230 through non-covalent coupling, for
instance through charge coupling. For example, when the particle carries an
opposite surface charge as does the core 230 the two may be ionically bound to
one another. Any other suitable binding method may alternatively be utilized. In
any case, particle 150 may be adhered to fiber 206 such that enzyme 140 and
acceptor molecule 142 may be held within the evanescent field of core 230 and
such that the tether 146 holding cofactor 144 in place is able to be exposed to the
surrounding environment. Upon interaction of an enzyme 248 expressed by a
targeted pathogen with tether 146, cofactor 144 may be released. As cofactor 144
is tethered near enzyme 140, generally at a distance of about 10 nm or less,
cofactor 144 may interact with enzyme 140, leading to the formation of a donor
molecule in its excited state and RET-mediated transfer of energy to acceptor
molecule 142. Determination of an emission from the pair that is characteristic of
the acceptor molecule 142 may signify the presence of enzyme 148 and thus the
pathogenic source of the enzyme 148.

Fig. 3 schematically illustrates another embodiment of a method and device
as disclosed herein. According to this particular embodiment, the clad 332 of fiber
306 has been removed along a length of the fiber to form area 327 along which the
core 330 may extend. In addition, several pairs of molecules (320, 322), (420,
422), (520, 522) have been tethered to core 330, each pair including a donor
molecule (320, 420, 520) and an acceptor molecule (322, 422, 522), respectively.
The tethers for the acceptor molecules, 326, 426, 526, include a substrate for an
enzyme, as discussed above. In addition, a first degradable matrix 352
encapsulates the first donor/acceptor pair (320, 322) and a second degradable
matrix 452, encapsulates the second donor/acceptor pair (420, 422). Thus, during
use, the outermost pair of molecules, 520, 522 will be immediately exposed to both
the surrounding environment and the evanescent field of the core 330 upon
location of the fiber 306 in the field of enquiry. After a period of time, matrix 452
may degrade, exposing the next pair of molecules, 420 and 422 to both the
surrounding environment and the evanescent field of the fiber. Finally, the
innermost matrix 352 may degrade, exposing the next pair of molecules 320 and
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322. Thus, over time, additional RET pairs may be exposed. Protecting the
members of a pair for a period of time may prevent the pair members from
photobleaching and extend the useful life of the device.

Matrices 352, 452 may be hydrophilic in nature. This may be preferred in
certain in vivo detection processes and devices, as a hydrophilic matrix may be
less likely to provoke an immuno-suppression response. This is not a requirement
of the invention, however, and in other embodiments, a matrix may include a
hydrophobic material, e.g., a hydrophobic polymeric matrix.

Either or both of matrices 352, 452 may be degradable polymeric matrices
and in one embodiment, hydrogels. Hydrogels generally include polymeric
matrices that may be highly hydrated, e.g., from about 20% to more than 99%
water by weight, while maintaining structural stability. Suitable hydrogel matrices
may include un-crosslinked and crosslinked hydrogels. In general, the hydrogels
may include hydrolyzable portions, e.g., hydrolyzable crosslinks, such that the
matrix may be degradable when utilized in an aqueous environment. For example,
a matrix may include a cross-linked hydrogel including a hydrolyzable cross-linking
agent, such as polylactic acid, and may be degradable in vivo. The degradable
matrices may also be formed so as to have predetermined rates of degradation
following location of the device at an in vivo site of interest. For instance, matrix
352 may have a slower rate of degradation than does matrix 452.

A degradable polymeric matrix, including hydrogels, may include natural
biopolymers such as glycosaminoglycans, polysaccharides, proteins, and so forth,
as well as synthetic polymers, as are generally known in the art. A non-limiting list
of polymeric materials that may be utilized in forming a hydrogel may include,
without limitation, dextran, hyaluronic acid, chitin, heparin, collagen, elastin,
keratin, albumin, polymers and copolymers of lactic acid, glycolic acid,
carboxymethyl! cellulose, polyacrylates, polymethacrylates, epoxides, silicones,
polyols such as polypropylene glycol, polyvinyl alcohol and polyethylene glycol and
their derivatives, alginates such as sodium alginate or crosslinked alginate gum,
polycaprolactone, polyanhydride, pectin, gelatin, crosslinked proteins and
peptides, and so forth.

A degradable polymeric matrix may be formed according to any method as
is generally known in the art. For instance, a matrix may self-assemble upon mere

17



10

15

20

25

30

WO 2009/074891 PCT/IB2008/053652

contact of the various components or upon contact in conjunction with the
presence of particular external conditions (such as temperature or pH).
Alternatively, assembly may be induced according to any known method following
mixing of the components. For example, step-wise or chain polymerization of
multifunctional monomers or macromers may be induced via photopolymerization,
temperature dependent polymerization, and/or chemically activated
polymerization. Optionally, a hydrogel may be polymerized in the presence of an
initiator. For example, a hydrogel may be photopolymerized in the presence of a
suitable initiator such as Irgacure® or Darocur® photoinitiators available from Ciba
Specialty Chemicals. In another embodiment, a cationic initiator may be present.
For example, a polyvalent elemental cation such as Ca?*, Mg?*, A**, La®*, or Mn?*
may be used. In yet another embodiment, a polycationic polypeptide such as
polylysine or polyarginine may be utilized as an initiator.

A degradable polymeric matrix may be formed on or applied to fiber 306 so
as to encapsulate the layer of donor/acceptor pairs, as shown. For instance, in the
embodiment illustrated in Fig. 3, a first hydrogel matrix 352 may be applied to core
330 along a length that may encapsulate donor 320 and acceptor 322. A second
hydrogel matrix 452 may be applied to an adjacent length of core 330 that may
encapsulate of donor 420 and acceptor 422. Any method for shaping and applying
a degradable matrix to a surface of a fiber as is generally known in the art may be
utilized. For instance, a degradable polymer matrix may be shaped according to
processes including, without limitation, replication molding techniques such as
microimprinting lithography and soft lithography; laser interference lithography,
nanosphere lithography techniques such as laser assisted nanospheres
lithography and nanosphere ‘shadow mask’ lithography; block copolymer
lithography; and so forth (see, e.g., Lu, et al., Drug Discovery Today:
Technologies, 2005, 2:1).

An HAI detection method and device as described herein may include a
fiber optic cable comprised of a single optical fiber or a plurality of optical fibers,
depending upon the specific design of the device. For instance, a plurality of
optical fibers may be joined to form a single fiber cable of a size to be located at an

in vivo site of interest (e.g., less than about 1.5 mm in cross-sectional diameter).
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When utilizing a plurality of fibers in a fiber bundle or cable, individual fibers
may include the same or different donor/acceptor pairs as one another. For
instance, Fig. 4A illustrates a fiber cable 401 that includes a plurality of the same
donor/acceptor pairs (620, 622) on each fiber. Such an arrangement may be
utilized, for instance, to prevent premature destruction of the pair members due to
photobleaching. For instance, an excitation signal may be transmitted down only a
single or a limited number of fibers at a time and for only'a limited amount of time.
Following that predetermined period of time, e.g., the period of time at which
photobleaching of the donor and/or acceptor is likely to occur, the excitation signal
may be transmitted down a second fiber of the cable. Thus, the multi-fiber optical
cable may be utilized to detect the presence of enzymes expressed from a
pathogen for an extended period of time, without the loss of activity of the device
due to photobleaching of members of the RET pairs.

Alternatively, in the embodiment illustrated in Fig. 4B, each fiber of cable
402 may differ from one another in design. For instance, a first fiber of the bundle,
606 may include donor molecule 620 attached to fiber 606 via tether 625 and
acceptor molecule 622 attached to fiber 606 via tether 626 that includes a first
substrate that may be specific for a first enzyme from a first pathogen. A second
fiber of the bundle, 607 may include donor molecule 720 attached to fiber 607 via
tether 725 and acceptor molecule 722 attached to fiber 607 via tether 726 that
includes a second, different substrate that may be specific for a second enzyme
expressed from a second, different pathogen. Donor molecules 620, 720 and
acceptor molecules 622, 722, may be the same as one another or different. Thus,
an emission signal from the first pair (620, 622) characteristic of the first donor
molecule 620 may signify the presence of an enzyme specific for the substrate of
tether 626, and hence the pathogen that expresses that enzyme, while an
emission signal from the second pair (720, 722) that is characteristic of the second
donor molecule 720 may signify the presence of an enzyme specific for the
substrate of tether 726, and hence the second pathogen that expresses that
second enzyme. In this particular embodiment, a third fiber of the bundle 608
carries the same acceptor donor pair 620, 622, as is carried by fiber 606, though
this is not a requirement, and in other embodiments a third fiber may have yet
another donor/acceptor pair attached thereto. In yet another embodiment, a third
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fiber of the bundle may be utilized as an emission transmission fiber. For instance,
fiber 606 and fiber 607 may be utilized to transmit excitation signals to the FRET
pairs on each fiber, and third fiber 608 may be in optical communication with each
fiber 606, 607 and utilized to transmit emissions from the pairs on these fibers
back to a sensor.

It may beneficial in this embodiment to avoid spectral overlap between
adjacent fibers, particularly if donor molecules 620, 720 and/or acceptor molecules
622, 722 are the same or exhibit overlapping spectral characteristics. For
instance, spacers may be placed between the fibers 606, 607, 608, so as to avoid
an excitation or emission signal from a first fiber 606 influencing the RET pairs of a
second fiber 607.

In the embodiment illustrated in Fig. 4C, each fiber 806 of the fiber cable
403 includes a plurality of different RET pairs. For instance, fiber 806 includes
areas 727 each of which contain FRET pair 820, 822 with the acceptor molecule
822 tethered to fiber 806 with a tether 826 including a first substrate. Area 727
also includes a second RET pair, in this case a BRET group 840, 842, as well as
chemical cofactor 844, that may interact with enzyme 840 to form a donor
molecule that may emit a fluorescent signal. The substrate of tether 846, which
binds cofactor 844 to fiber 806, may be specific for a different enzyme that that of
tether 826. In general, in this embodiment, the various excitation and emission
signals of the different RET pairs may be far enough apart from one another in the
spectrum so as to be separably detectable by a sensor, as described further
herein.

Optionally, different areas of a single fiber may contain different RET pairs.
For instance, referring to Figure 4D, a first area 927 of fiber 906 includes a first
type of RET pair bound therein, including donor 920 and acceptor 922, as shown,
and a second area of the same fiber may include a different RET pair, in this case
a BRET group, including enzyme 940, acceptor 942, and cofactor 944, the cofactor
molecule tether 946 being subject to cleavage by a different type of enzyme than
the tether 926 of the first pair (920, 922). In this particular embodiment, all of the
fibers of the fiber cable 404 have the same design. Of course, combinations of

such designs, as well as other variations may be utilized as well.
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A plurality of optical fibers may generally be held together as a cohesive unit
with any biocompatible glue or adhesive is generally known in the art. For
instance, biocompatible adhesives based upon proteins such as gelatins may be
utilized, as may those formed from polysaccharides.

An optical fiber including one or more RET pairs as described herein (i.e., a
FRET pair or a BRET group) may be placed and held in an environment in which
enzymes expressed from pathogens responsible for HAl may exist. For instance,
an optical cable including one or more optical fibers may be located at an in vivo
site that is a potential site of HAl development. For instance, in one embodiment,
an optical cable including one or more RET pairs tethered thereto may be located
in vivo at a wound, a catheter site, a surgical site, an endotracheal (ET) tube site,
or the like.

An optical cable including one or more RET pairs may be located at a site
of inquiry according to any suitable method. For instance, prior to closing a
surgical site, an optical cable as described herein may be located within the site.
In one embodiment, an optical cable may be located at a site of interest in
conjunction with a medical device. For instance an optical cable may be located
adjacent to or within a medical device such as a catheter, a surgical drain, an ET
tube, or the like, and the medical device may then aid in maintaining the optical
cable at the site of interest.

Disclosed methods are not limited to in vivo detection methods. In another
embodiment, an optical cable as described herein may be located in an in vitro
environment in conjunction with a tissue or fluid sample from a subject. The tissue
or fluid sample may contain a pathogenic source of HAI, or alternatively may
contain merely protein expression products of a pathogen. In particular, the
sample may contain enzymes that may interact with a tether and develop an
optically detectable signal in an optical fiber. Detection of the signal may signify
the presence of the pathogen in the sample itself or alternatively in the source of
the sample.

In accordance with the present technology, one or more optical fibers may
be utilized as a portion of a portable sensing device, one embodiment of which is

schematically illustrated in Fig. 5. As may be seen according to this particular
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embodiment, several of the components corresponding to device 100 may be
housed within an enclosure 20.

Enclosure 20 may be, for example, a molded plastic enclosure of a size so
as to be easily carried by or attached to a wearer. For instance, enclosure 20 may
include clips, loops, or the like so as to be attachable to a patient’s clothing or
body. In one embodiment, enclosure 20 may include an adhesive surface, and
may be adhered directly to a patient’s skin. In general, enclosure 20 may be
relatively small, for instance less than about 10 cm by about 8 cm by about 5 cm,
so as to be inconspicuously carried by a patient and so as to avoid impedance of a
patient’s motion. Enclosure 20 may completely enclose the components contained
therein, or may partially enclose the components contained therein. For example,
enclosure 20 may include an access port (not shown) that may provide access to
the interior of enclosure 20. In one embodiment, an access port may be covered
with a removable cover, as is known in the art.

A first component as may be held within enclosure 20 is power supply 2 that
may be configured in one embodiment to supply power to an excitation source 4
as well as other of the operational components as will be later described. In an
exemplary configuration, power supply 2 may correspond to a battery, however
those of ordinary skill in the art will appreciate that other power supplies may be
used including those that may be coupled to an external alternating current (AC)
supply so that the enclosed power supply may include those components
necessary to convert such external supply to a suitable source for the remaining
components requiring a power source.

As previously noted, power supply 2 may be configured in one embodiment
to supply power to excitation source 4. In particular, an excitation source 4 may be
included within enclosure 20 in those embodiments in which the optical cable 6
includes thereon a FRET pair, the donor of which requires excitation from an
external source. In other embodiments, however, for instance in those
embodiments in which donor molecule excitation is provided according to a
luciferase/luciferin interaction, an excitation source 4 need not be included in
enclosure 20.

In the illustrated exemplary configuration, excitation source 4 may
correspond to a light emitting diode (LED), however, again, such source may vary
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and may include, but is not limited to, laser diodes and incandescent light sources.
Excitation source 4 may correspond to a white light source, a non-white multi-
wavelength source, or a single wavelength source, as desired or required. In a
preferred exemplary configuration, an LED may be selected due to the low power
consumption of such sources. The wavelength of the excitation energy supplied
by excitation source 4 may be of any suitable wavelength, from infrared (IR) to
ultraviolet (UV). In general, the preferred excitation energy wavelength may
depend upon the specific design of the RET pairs. For instance, in those
embodiments in which a single FRET donor molecule is utilized, an excitation
source 4 may provide a single excitation wavelength. In other embodiments,
however, for instance when a plurality of different donor molecules are included on
the same or different fibers, and the different donor molecules respond to different
excitation wavelengths, an excitation source may provide multiple wavelengths,
either through combination of signals from a plurality of single wavelength sources
or through a single, incoherent source, as desired.

Excitation energy source 4 is optically coupled to an optical fiber 6 as
illustrated. Optical fiber 6 is configured to extend externally from enclosure 20 to
the field of inquiry, e.g., within a surgical site or other wound. It should be
appreciated that although optical fiber 6 is illustrated in Figure 4 as including only a
single optical fiber, such is not a specific limitation of the present disclosure as
such devices may, in fact, include optical cables that include multiple fibers in
alternate embodiments, and as discussed above. Those of ordinary skill in the art
will appreciate that a single excitation energy source may be optically coupled to a
plurality of optical fibers through utilization of suitable beam splitters, mirrors, and
so forth.

Moreover, as discussed previously, plural excitation energy sources may be
used. In such a configuration, each excitation source may be optically coupled to
one or more optical fibers such that multiple excitation wavelengths may be
delivered to the field of enquiry.

Housed within enclosure 20 is an optical detector 8 coupled to optical fiber
6. Optical detector 8 may correspond to a photodiode, a photoresistor, or the like.
Optical detector 8 may include optical filters, beam splitters, and so forth that may
remove background light and reduce the total input optical signal at the detector 8
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to one or more diagnostically relevant emission peaks. Optical detector 8 may
produce a signal proportional to targeted emission peaks and couple such signal to
line 10 for transmission to signal processor 12.

Signal processor 12 may include a microprocessor configured to evaluate
the strength or other characteristics of the output signal received over line 10 to,
e.g., detect which specific enzyme is present in the field of enquiry and to produce
a detection signal that may be coupled to line 14 for passage to a signaling device
16. Accordingly, if the detection signal reaches a predetermined threshold value,
corresponding to a positive determination of the target enzyme and hence the
pathogen, a detectable signal may be initiated at signaling device 16. In an
exemplary configuration, a detectable signal may initiate a visible or audible signal
that may be detected by the wearer within or at the surface of the enclosure 20 by
way of signaling device 16. For instance, a visible signal may optionally include
utilization of a liquid crystal diode (LCD) device, or an equivalent thereof, that may
provide the signal as a readable output. For example, a visual signal may be
provided at a surface of the device as an instruction such as, for instance, “CALL
YOUR DOCTOR?”, “VISIT HOSPITAL,” or the like.

In addition to or alternative to a visual and/or audible signal at the enclosure
20 itself, signaling device 16 may include a transmitter portion that, upon initiation
of the detectable signal, may transmit an electromagnetic signal to receiver 18.
Receiver 18 may be remote from the signaling device 16. For instance, receiver
18 may be on the wearer's body at a distance from the signaling device 16, at a
location apart from the wearer's body that may be conveniently chosen by the
wearer, e.g., within the wearer's home, office, or the like, or may be at a monitoring
facility, for instance at a medical facility, such that appropriate medical personal
may be quickly informed of the change in status of the patient's site of inquiry. In
alternative embodiments, the detectable signal may be transmitted to multiple
receivers, so as to inform both the wearer and others (e.g., medical personnel) of
the change in status of a site. Transmission of a signal to a remote site may be
carried out with a radio frequency transmission scheme or with any other wireless-
type transmission scheme, as is generally known in the art. For instance, a
wireless telephone or internet communications scheme could be utilized to
transmit a signal to a remote location according to known methods.
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Wireless transmission systems as may be utilized in conjunction with
disclosed devices and methods may include, for example, components and
systems as disclosed in U.S. Patent Nos. 6,289,238 to Besson, et al., 6,441,747 to
Khair, et al., 6,802,811 to Slepian, 6,659,947 to Carter, et al., and 7,294,105 to

Islam, all of which are incorporated in their entirety by reference.

While the subject matter has been described in detail with respect to the
specific embodiments thereof, it will be appreciated that those skilled in the art,
upon attaining an understanding of the foregoing, may readily conceive of
alterations to, variations of, and equivalents to these embodiments. Accordingly,
the scope of the present disclosure should be assessed as that of the appended

claims and any equivalents thereto.
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WHAT IS CLAIMED IS:

1. A method for detecting the presence or amount of a pathogen that is

a source of a hospital acquired infection comprising:
locating an optical fiber in an environment, the optical fiber having
directly or indirectly attached thereto a first group of molecules at a site that is
within the evanescent field of the core of the optical fiber, the first group of
molecules including an acceptor molecule, one of the molecules of the group being
attached to the optical fiber with a first tether, the first tether comprising a substrate
for an enzyme that is expressed by the pathogen;
transmitting an excitation signal to the site via the optical fiber, the
excitation signal comprising an excitation wavelength specific for a donor
molecule;
cleaving the substrate by action of the enzyme that is expressed by
the pathogen;
transmitting an optically detectable emission signal from the site
following the step of cleaving the substrate by action of the enzyme; and
determining the presence or amount of the pathogen in the
environment. |
2. The method according to claim 1, wherein the group of molecules
includes the donor molecule.
3. The method according to claim 2, wherein the acceptor molecule is
attached to the optical fiber with the first tether.
4. The method according to any of claims 1-3, further comprising
degrading a matrix, the matrix encapsulating the group of molecules.
5. The method according to claim 4, wherein the matrix is a polymeric
matrix.
6. The method according to any of claims 1-5, wherein the environment
is an in vivo environment.
7. The method according to any of claims 1-6, wherein the environment
is a surgical site.
8. The method according to any of claims 1-7, further comprising

converting the optically detectable emission signal to an electromagnetic signal.
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9. The method according to claim 8, further comprising transmitting the
electromagnetic signal to a receiver.

10.  The method according to claim 9, wherein the electromagnetic signal
is transmitted to the receiver according to a wireless transmission system.

11.  The method according to any of claims 1-10, wherein the optical fiber
is a first fiber in a multi-fiber cable, the cable further comprising a second optical
fiber.

12.  The method according to claim 11, the second optical fiber having
attached thereto a second group of molecules at a site that is within the
evanescent field of the core of the second optical fiber, the second group of
molecules including a second acceptor molecule, one of the second group of
molecules being attached to the second optical fiber with a second tether, the
second tether comprising a substrate for an enzyme that is expressed by a
pathogen that is a source of hospital acquired infection, the method further
comprising transmitting a second excitation signal to the second group of
molecules via the second optical fiber.

13.  The method according to claim 12, wherein the first excitation signal
is transmitted via the first optical fiber and the second excitation signal is
transmitted via second optical fiber sequentially.

14.  The method according to any of claims 1-11, the first group of
molecules further comprising a second enzyme and a molecular cofactor, wherein
one of the second enzyme and the molecular cofactor is attached to the optical
fiber with the first tether, the method further comprising interacting the molecular
cofactor with the second enzyme following cleavage of the substrate, wherein
interaction between the molecular cofactor and the second enzyme generates a
donor molecule at an excited state.

15. A portable device for detecting the presence or amount of a
pathogen that is a source of a hospital acquired infection comprising:

a portable enclosure containing a power source, an excitation
source, an optical detector, a signal processor, and a signaling device for emitting
a signal upon detection of an enzyme that is expressed by the pathogen:

a connecting device for attaching the enclosure to the clothing or
body of a wearer;
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a fiber optic cable for inserting into an environment, the fiber optic
cable being in optical communication with the optical detector, the fiber optic cable
extending for a length exterior to the enclosure, the fiber optic cable comprising an
optical fiber; and

a group of molecules directly or indirectly attached to the optical fiber
at a site that is within the evanescent field of the core of the optical fiber, the group
of molecules including an acceptor molecule, wherein one of the group of
molecules is attached to the optical fiber with a tether comprising a substrate for an
enzyme that is expressed by the pathogen.

16.  The device of claim 15, the group of molecules further comprising a
donor molecule.

17.  The device of claim 15 or claim 16, the device further comprising a
degradable matrix encapsulating the group of molecules.

18.  The device of any of claims 15-17, wherein the fiber optic cable
contains a plurality of optical fibers.

19.  The device of any of claims 15-18, the portable enclosure further
comprising a transmitter in electrical communication with the signaling device,
wherein the signal emitted from the signaling device is subsequently transmitted
from the transmitter.

20.  The device of claim 19, further comprising a receiver, wherein the
transmitter is in wireless communication with the receiver.

21.  The device of any of claims 15-20, wherein the group of molecules is
directly attached to a particle.

22.  The device of any of claims 15-21, further comprising a semi-
permeable barrier surrounding at least a portion of the fiber optic cable.

23.  The device of any of claims 15-22, the group of molecules further
comprising a second enzyme and a molecular cofactor.

24.  The device of claim 23, wherein the second enzyme is luciferase and

the molecular cofactor is luciferin.
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