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Description
Field of the Invention

[0001] This invention relates to a colorimetric assay and method for rapidly and easily detecting the presence of a
bacterial or fungal pathogen in a sample.

Background of the Invention

[0002] On March 1, 2004, AABB standards mandated that United States blood centers commence testing all platelet
units for bacterial contamination. This new standard was based on the significant risks to transfusion patients associated
with contaminated platelet units. Approximately 4 million platelet units are transfused per year in the U.S., of which up
to 4000 are potentially contaminated. Contaminated platelet units have been identified as a cause of sepsis-related
morbidity and mortality. The room temperature storage requirement of platelets, which is essential for viability and
function, also serves to facilitate bacterial growth. Even at early time points in the mandatory maximum five-day storage
time limit post-collection, microbial growth may reach significant levels. Further, it may be desirable to monitor platelet
units for fungal contamination in addition to bacterial contamination.

[0003] The need to detect bacterial and fungal contamination, however, is not limited to platelet units. Bacterial and
fungal contamination of many clinical, agricultural or environmental products may lead to severe iliness, and even death,
if contacted by a subject or administered to a subject. In addition to monitoring clinical products such as blood, plasma,
platelets, and other bodily fluids for bacterial and/or fungal contamination in a hospital or clinical setting, it is highly
desirable to monitor wound dressings for contamination in remote or field locations. Also, there are increasing safety
concerns to monitor both food products and the water supply for bacterial and fungal contamination. This concern may
also apply to recreation facilities such as swimming pools and lakes, which may be contaminated with high levels of
bacteria or fungi.

Accordingly, there is an immediate and unmet need for detecting bacterial or fungal contamination in numerous products
that are consumed or used by humans.

[0004] Many tests exist for sensitive detection of a broad spectrum of various bacterial species based on the detection
of specific bacterial antigens. One limitation of these methods is that they cannot be applied directly for testing of samples
where the spectrum of bacterial pathogens is unknown. There remains a need for the development of a test capable of
detecting all bacteria present.

[0005] Current tests for bacterial and/or fungal contamination involve complicated tasks requiring particular reaction
conditions and often take days to complete. Another barrier to widespread acceptance of various tests for bacterial or
fungal contamination is low sensitivity, low specificity, and high cost. For example, conventional culture methods require
culturing or growing the bacteria on a petri dish and then determining the type of bacteria by Gram staining. This process
can often take up to 72 hours. A quick and easy assay for detecting bacterial or fungal contamination is needed and as
such would facilitate a ready supply of clinical, agricultural, and environmental products that are free of bacterial and
fungal contamination and safe for use by humans.

Summary of the Invention

[0006] To address this need, with specific application to ensuring the safety of platelets for transfusion, we have
developed a rapid, sensitive, and specific assay for the detection of bacteria in platelet units. The assay is based on the
detection of peptidoglycan, a cell wall component of all bacteria. Present in both Gram-negative and Gram-positive
bacteria, peptidoglycan can be used to detect bacterial species known to be frequent contaminants of platelet units as
well as less common contaminants or slow growing bacterial pathogens. Further, since peptidoglycan is a major structural
component of the cell wall it can be easily and rapidly detected in bacterial populations. The assay may also be used to
detect B-glucan, a cell wall component of true fungi, such as yeast and molds.

[0007] In a first aspect, the invention provides a kit for detecting peptidoglycan or B-glucan in a sample comprising
platelets, the kit comprising:

(a) a prophenoloxidase cascade system,
(b) a phenoloxidase substrate that generates a quinone reaction product, and
(c) 3-methyl-2-benzothiazolinone hydrazone.

[0008] In a second aspect, the invention provides a method for detecting peptidoglycan or B-glucan in a sample
comprising platelets, the method comprising:
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(a) incubating the sample with a prophenoloxidase cascade system, a phenoloxidase substrate that generates a
quinone reaction product, and 3-methyl-2-benzothiazolinone hydrazone; and,

(b) detecting the formation of a coloured phenoloxidase reaction product, wherein formation of the reaction product
indicates the presence of peptidoglycan or B-glucan in the sample.

[0009] Inathird aspect, the invention provides a method for detecting peptidoglycan or 3-glucan in a sample comprising
platelets, the method comprising:

(a) extracting the sample in an alkaline extraction solution,

(b) incubating the sample with silkworm larvae plasma, L-3,4-dihydroxyphenolalanine, and 3-methyl-2-benzothia-
zolinone hydrazone, wherein the 3-methyl-2-benzothiazolinone hydrazone is dissolved in neutralization buffer,

(c) stopping the reaction with phenyl-thiourea, and

(d) detecting the formation of a coloured prophenoloxidase reaction product,

wherein the formation of the reaction product indicates the presence of peptidoglycan or B-glucan in the sample.

[0010] Preferred features of each aspect of the invention are set out in the dependent claims.

[0011] The second aspect of the present invention features a rapid, easy, and sensitive method for detecting pepti-
doglycan (PG) in a sample comprising platelets using a prophenoloxidase cascade system (POC) that may form a red-
colored reaction product in the presence of PG. The presence of the red- colored reaction product may be determined
rapidly, such as in less than one hour, and easily, such as by visual inspection or spectrophotometrically. In exemplary
embodiments, the red-colored reaction product is generated when quinones produced from oxidized substrates of phe-
noloxidase (PO) react with 3-methyl-2-benzothiozolinone (MBTH). In a further embodiment, the detection of PG in
platelets may be enhanced by alkaline extraction at an elevated temperature with subsequent neutralization. In a further
embodiment, alkaline extraction is used as an efficient approach for the inactivation of various inhibitory factors, which
may be present in the plasma or plasma fraction of platelet preparations. In a still further embodiment, alkaline extraction
is used for the solubilization of platelet cells, which permits large amounts of platelets in samples to be tested, thus
increasing the assay sensitivity.

[0012] Further, the PG may be detected at levels corresponding to contaminating concentrations of bacteria. For
instance, PG can be detected at concentrations of less than 125 pg/ml. In an exemplary embodiment, the PG originates
from bacteria found in the sample. The PG may be shed from bacterial cells, or present in the intact cell wall. Alternatively,
the detection assay described herein may be used to detect 3-1,3-glucan, a cell wall component of fungi. Further, in the
detection assay described herein, the POC may be obtained from the plasma, hemolymph, or cuticle of the body wall
of insect larvae, from the Lepidoptera order (such as Manduca sexta (tobacco hornworm), Manduca quinquemaculata
(tomato hornworm), Gelleria melonella, Hyalphoma ceropia, Bombyx mori (silkworm) ), Diptera order (such as Sarcoph-
aga peregrina (flesh fly), Sarcophaga mucosa, Mucsa domestica (house fly) ), Orthoptera order (such as Locusta
migratoria, Teleogryllus (e. g., Emmafield cricket), Coleoptera order (beetles) (such as Cerambyx and Acalolepa luxu-
riosa).

[0013] Inexemplary embodiments of the second aspect of the invention, the formation of the reaction product indicates
the presence of bacteria or fungi in the sample.

The clinical sample comprises platelets. In certain embodiments, the sample may be a suspension or a liquid. In further
embodiments, the sample may be processed by centrifugation and bacteria or fungi present in the sample may be
pelleted during centrifugation. Other means of concentrating the bacteria or fungi may also be used (e. g., filtration).
[0014] In further embodiments, the method for detecting peptidoglycan or B-glucan in a sample may comprise a
prophenoloxidase cascade system that comprises prophenoloxidase activating enzyme, prophenoloxidase, and a serine
proteinase cascade. The prophenoloxidase system may be obtained from insect plasma or hemolymph, and in exemplary
embodiments, is obtained from silkworm larvae plasma. The prophenoloxidase cascade system from silkworm larvae
plasma represents a complete system comprising many components. While many of the components of the prophe-
noloxidase cascade system are known, additional components may still be identified. The prophenoloxidase cascade
system may further comprise a peptidoglycan binding protein. Alternatively, the prophenoloxidase cascade system may
further comprise a -glucan binding protein. In certain embodiments, the prophenoloxidase cascade system may further
comprise both peptidoglycan binding protein and -glucan binding protein. The method for detecting peptidoglycan or
B-glucan in a sample comprising platelets comprises a phenoloxidase substrate that generates a quinone reaction
product. The phenoloxidase substrate that generates a quinone reaction product may be L-3,4-dihydroxyphenolalanine,
dopamine or another dihyroxyphenols or monophenols.

[0015] Instill further embodiments, the method for detecting peptidoglycan or B-glucan in a sample comprising platelets
may comprise the step of exposing the sample to an extraction solution, preferably at an elevated temperature, prior to
incubating the sample with the prophenoloxidase cascade system, the phenoloxidase substrate that generates a quinone
reaction product that can react with 3-methyl-2-benzothiazolinone hydrazone. The extraction solution may be an alkaline
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extraction solution. The method for detecting peptidoglycan or B-glucan in a sample comprising platelets may also
comprise the step of exposing the sample to a neutralization buffer prior to incubating the sample with the prophenoloxi-
dase cascade system, the phenoloxidase substrate that generates a quinone reaction product, and 3-methyl-2-benzo-
thiazolinone hydrazone. Alternatively, the 3-methyl-2-benzothiazolinone may be dissolved in the neutralization buffer.
The method described herein may still further comprise the step of exposing the sample to a stop reagent, wherein the
stop reagent may be an acid reagent or a phenoloxidase specific inhibitor (e. g. , phenyl-thiourea).

[0016] Inthefirstaspect, the presentinvention features a kit for the rapid, easy, and sensitive detection of peptidoglycan
in a sample comprising platelets. The kit for detecting peptidoglycan in a sample comprising platelets comprises a
prophenoloxidase cascade system, a phenoloxidase substrate that generates a quinone reaction product, and 3-methyl-
2-benzothiazolinone hydrazone. The prophenoloxidase cascade system may be obtained from insect plasma or hemo-
lymph, and in exemplary embodiments, is obtained from silkworm larvae plasma. The prophenoloxidase cascade system
used in the kit may comprise prophenoloxidase activating enzyme, prophenoloxidase, and a serine proteinase cascade.
The kit may further comprise a peptidoglycan binding protein. The phenoloxidase substrate that generates a quinone
reaction product provided in the kit may be L-3,4-dihydroxyphenylalanine (DOPA), dopamine, or another mono-or dihy-
droxy-phenolic compound. The kit may further comprise a peptidoglycan standard, wherein the peptidoglycan standard
isisolated bacterial peptidoglycan, whole bacterial extract, or inactivated whole bacteria. Still further, the kit may comprise
an extraction solution, such as an alkaline extraction solution. The kit may also comprise a neutralization buffer with or
without MBTH dissolved in a neutralization buffer. The kit may further comprise a stop reagent, wherein the stop reagent
is an acid reagent (e. g. , tricholoracetic acid, perchloric acid, or tungstosilicic acid) or an inhibitor of phenoloxidase (e.
g., phenyl-thiourea). The kit may still further comprise instructions for spectrophotometric detection or a color-coded
scale for visual evaluation as well as a sterile sample tube for performing the reaction.

[0017] In the first aspect, the present invention also features a kit for the rapid, easy, and sensitive detection of 3-
glucan in a sample comprising platelets. The kit for detecting B-glucan in a sample comprising platelets comprises a
prophenoloxidase cascade system, a phenoloxidase substrate that generates a quinone reaction product, and 3-methyl-
2-benzothiazolinone hydrazone. The prophenoloxidase cascade system may be obtained from insect plasma or hemo-
lymph, and in exemplary embodiments, is obtained from silkworm larvae plasma. The prophenoloxidase cascade system
used in the kit may comprise prophenoloxidase activating enzyme, prophenoloxidase, and a serine proteinase cascade.
The kit may further comprise a B-glucan binding protein.

The phenoloxidase substrate that generates a quinone reaction product provided in the kit may be L-3, 4-dihydroxyphe-
nylalanine (DOPA), dopamine, or another mono-or dihydroxy-phenolic compounds. The kit may further comprise a (3-
glucan standard, wherein the B-glucan standard is isolated fungal B-glucan, whole fungal extract, or inactivated whole
fungus. Still further, the kit may comprise an extraction solution, such as an alkaline extraction solution. The kit may also
comprise a neutralization buffer with or without MBTH dissolved in a neutralization buffer. The kit may further comprise
a stop reagent, wherein the stop reagent is an acid reagent (e, g., tricholoracetic acid, perchloric acid, or tungstosilicic
acid) or an inhibitor of phenoloxidase (e. g. , phenyl-thiourea). The kit may still further comprise instructions for spectro-
photometric detection or a color-coded scale for visual evaluation as well as a sterile sample tube for performing the
reaction.

Brief Description of Drawings
[0018]

Figure 1 is a graph showing a peptidoglycan dose response curve. The curve is represented by the equation y=
((A-D)/1 + (x/IC)"B)) + D, where A = 0.258, B=0.958, C=47.511 and D=1.276; the R"2 value is 0.993.

Figure 2 is a graph showing a dose response curve for detection of S. marcescens spiked into platelets. OD 490-650
refers to a spectrophotometric reading at 490 nm, corrected by subtraction of background, read at 650 nm.

Figure 3 is a graph showing peptidoglycan in bacteria spiked platelets at an absorbance of 450 nm.

Figure 4 is a graph showing peptidoglycan in Staphylococcus aureus (S. aureus) spiked platelets at an absorbance
of 490 nm.

Figure 5 is a graph showing peptidoglycan in Pseudomonas aeruginosa (P. aeruginosa) spiked platelets at an
absorbance of 490 nm.

Figure 6 is a graph showing the detection of bacteria in spiked platelets at an absorbance of 490 nm (m, negative
control; ¢, P. aeruginosa spiked platelets; o , S. aureus spiked platelets).

Figure 7 is a graph showing the detection of bacteria in spiked platelets assayed 20 and 48 hours post-inoculation
(m, S. auretis spiked platelets; ¢ , P. aeruginosa spiked platelets; data points are a mean of 4 replicate readings).
Figure 8 is a graph showing a time course of peptidoglycan detection in spiked platelets at an absorbance of 490 nm.
Figure 9 is a graph showing a time course of detection of S. epidermidis spiked at 10 CFU/ml into a platelet bag.
OD 490 units normalized to positive control refers to OD 490 units for bacterial samples divided by OD 490 units
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for a positive control multiplied by 100.

Figure 10 is a graph showing a dose response curve for peptidoglycan. Purified peptidoglycan was serially diluted
into extracted and neutralized platelets. OD 490-650 refers to a spectrophotometric reading at 490 nm, corrected
by subtraction of background, read at 650 nm.

Figure 11 is a graph showing the enhancement of assay sensitivity by extraction of bacteria (E. coliand S. aureus)
and platelets ([, no extraction; m, with extraction). OD 490-650 refers to a spectrophotometric reading at 490 nm,
corrected by subtraction of background, read at 650 nm.

Figure 12 is a graph monitoring the detection of bacteria in expired platelet units at an absorbance of 490 nm.
Figure 13 is a graph showing a comparison of sensitivity for DOPA/melanin and DOPA/MBTH in model experiment
with tyrosinase (m, DOPA/MBTH; ¢ , DOPA/melanin).

Figures 14 A and B are graphs showing a comparison of sensitivity for DOPA/melanin, DOPA/MBTH, Dopamine/
melanin and Dopamine/MBTH for detection of Peptidoglycan in SLP test (m, DOPA/MBTH; ¢ , DOPA/melanin).
Figure 15 is a graph showing a comparison of DOPA/melanin and various MBTH substrates (DOPA, Dopamine
DOPA/Dopamine mixture) in the MBTH method for detection of Peptidoglycan spiked into the platelet pellet (m,
DOPA/MBTH; ¢ , DOPA/melanin; A, DOPA/Dopamine, MBTH; x, DOPA/MBTH).

Figure 16 is a graph showing a comparison of DOPA/melanin and various substrates in MBTH method for detection
of bacterial cells spiked into platelet pellet (m, DOPA/Dopamine, MBTH; ¢, Dopachrome; A, DOPA/MBTH).
Figure 17 is a graph showing a comparison of sensitivity for various phenoloxidase substrates for detection of PG
in the SLP test.

Figure 18 is a graph showing a determination of optimal concentration for MBTH.

Figure 19 is a graph showing an analysis of localization of inhibitory activity in platelet preparations. The distribution
of inhibitory activity is shown between a platelet pellet and plasma containing supernatant ((1, DOPA/MBTH stopped
test).

Figure 20 is a graph showing a demonstration of the inability of simple heat treatment to inactivate inhibitory activity
in the platelet preparation.

Figure 21 is a graph showing the effect of alkaline extraction on sensitivity of SLP/MBTH test. S. aureus cells were
spiked into the diluent supplied with the Wako SLP kit.

Figure 22 is a graph showing the effect of extraction temperature and time on the SLP/MBTH test. S. aureus cells
were spiked into platelets.

Figure 23 is a graph showing an analysis of the effect of platelet volume on sensitivity for detection of spiked bacterial
cells using alkaline extraction.

Detailed Description
1. General

[0019] Implementation of the AABB requirement to screen platelet units for bacteria requires the development and
validation of tests suitable for this application. Ideally, sensitive detection of both Gram-positive and Gram-negative
organisms will be combined with a short turnaround time, which maximizes the availability of platelet units. While culture-
based methods have been the gold standard for detection of bacteria, offering high sensitivity, these methods are at the
cost of turnaround time measured in hours to days.

[0020] Provided herein is a new assay for screening platelet units for bacterial contamination based on the direct
detection of peptidoglycan, a component of both Gram-positive and Gram-negative bacteria. The assay described herein
provides significant advances over assays that are currently available. First, the assay has been shown to detect a range
of Gram-positive and Gram-negative species known as common contaminants of platelets at densities as low as 100
CFU/ml. Moreover, the assay can detect slow-growing strains such as S. epidermidis in platelet units inoculated at very
low density, in simulation of an actual contamination event, but in less than 7 hours from inoculation, vs. greater than
19 hours as reported for a current automated culture method (Brecher et al., Transfusion 41: 477-482 (2001)). Further,
the assay requires no dedicated or sophisticated instrumentation and can be carried out with basic laboratory equipment.
The assay can be applied to a single unit or batch testing. Accordingly, the results can be read visually for speed and
simplicity or a plate reader may be used for quantitation, at equivalent sensitivity. With an approximate one-hour turna-
round time, the assay may be useful for testing platelet units prior to release as well as in storage. It may also be
potentially useful in monitoring the safety of platelets stored beyond the current 5 day maximum, and ultimately may
extend the viability of stored platelet units.

[0021] Further, the assay results may be interpreted either qualitatively or quantitatively, with color development
proportional to peptidoglycan concentration. Sensitivity was studied, as described below, with several bacterial species
known to be frequent contaminants of platelet units including Gram-negative bacteria S. marcescens, E. coli, and P.
aencginosa, and Gram-positive S. epidermidis, which is a common, but relatively slow growing pathogen. In initial
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experiments, the proof of principle of sample treatment was established by measuring bacterial peptidoglycan in platelets
collected by centrifugation from platelet preparation diluted with water. In these experiments, however, substantial in-
terference from hemoglobin, which absorbs at 490 nm, was observed. To overcome the potential negative impact of
hemoglobin interference as well as other inhibitory factors, which may be present in plasma, on the sensitivity of the
assay, the assay described herein was further improved through an extraction procedure, which clarified the platelet
suspension, eliminating interference in reading the result. An alkaline extraction procedure was implemented in the
assay described herein and efficiently eliminates the activity of inhibitory factors. Further, alkaline extraction permits the
use of large amounts of platelets in a concentrated form for testing, and thus, increased the sensitivity of the assay.
Extraction also increased the release of peptidoglycan from bacteria in a form, which additionally enhanced detection
resulting in up to 10-fold higher assay sensitivity. The assay described herein overcomes numerous factors that have
made detection of bacterial contamination in platelets more difficult than the detection of bacterial contamination in
plasma and other biological fluids that do not contain large amounts of various cells.

2. Definitions

[0022] The term "B-glucan" as used herein refers to B-1,3-glucan, a cell wall component of true fungi such as yeast
and mold and a major polysaccharide component of fruit bodies of many basidiomycetes.

[0023] The term "hemolymph" as used herein refers to body fluid or plasma obtained from the body cavity of an insect.
[0024] The term "peptidoglycan” as used herein refers to a glycopeptide polymer that is a component of bacterial cell
walls, including Gram-positive and Gram-negative bacteria. Peptidoglycan is generally characterized as containing N-
acetyl- or N-glycolylmuramic acid and D-amino acids.

[0025] The term "prophenoloxidase cascade system" or "pro-POC system" as used herein refers to a serine proteinase
cascade system that is present in the hemolymph and cuticle of the body wall of insects. A prophenoloxidase cascade
system comprises a prophenoloxidase activating enzyme, prophenoloxidase, and a serine proteinase cascade. A pro-
POC system may further comprise a peptidoglycan-binding protein(s) (PGBP) and/or a B-glucan-binding protein(s)
(BGBP). The prophenoloxidase cascade system may additionally comprise components that remain to be identified.
The prophenoloxidase cascade system from silkworm larvae plasma, however, represents a complete prophenoloxidase
cascade system. In nature, the prophenoloxidase cascade system is one of the immune mechanisms in insects and is
triggered by injury or minute amounts of peptidoglycan or -glucan. Activation of the cascade begins from a specific
recognition of PG or (-1,3-glucan with a corresponding PGBP or BGPB. These specific complexes trigger a serine
protease cascade which activates prophenoloxidase activating enzyme, a specific protease, which in turn activates
prophenoloxidase through cleavage of an N-terminal portion of this enzyme, which generates phenoloxidase, the active
form. Active phenoloxidase catalyzes two reactions: 1) the oxygenation of monophenols to o-diphenols and 2) the
oxidation of o-diphenols to quinones. Quinones produced by the action of phenoloxidase on L-3,4-dihydroxyphenylalanine
(DOPA) may non-enzymatically polymerize the formation of a black melanin polymer. A prophenoloxidase cascade
system may be obtained from silkworm larvae plasma as described by Ashida in Insect Biochem. 11, 57-65 (1981) or
U.S. Patent No. 4,970,152.

[0026] The terms "chromogenic phenoloxidase substrate" and "chromogenic substrate" as used herein refer to a
substrate of phenoloxidase that generates a colored reaction product. Exemplary chromogenic phenoloxidase substrates
are L-3,4-dihydroxyphenylalanine, L-3,4-dihydroxyphenolamine (dopamine), 3,4-dihyroxypehnyl propionic acid, 3,4-di-
hydroxyphenyl acetic acid, or catechol.

[0027] The term "L-3,4-dihydroxyphenylalanine” or "DOPA" refers to a phenoloxidase substrate. Quinones produced
by phenoloxidase action on DOPA or another substrate may be detected as a colored complex with 3-methyl-2-benzo-
thiazolinone hydrazone (MBTH). DOPA is also a chromogenic reagent that in turn may be converted into a colored
melanin reaction product. The black melanin reaction product can be detected visually or spectrophotometrically at an
absorbance in a wide range of wavelength. Absorption at 650 nm is typically used for detection of the melanin polymer.
[0028] The term "3-methyl-2-benzothiazolinone hydrazone" or "MBTH" refers to a chromogenic reagent that produces
stable colored adducts with quinones. This reaction product can be detected visually or spectrophotometrically. Quinone-
MBTH complexes are soluble and have an absorption maximum in a range of 450-510 nm depending on the substrate
producing the quinone. Quinone-MBTH complexes visually have ared color. Spectrophotometric methods for determining
phenoloxidase and tyrosinase activity using MBTH are described in Rodiquez-Lopez et al., Anal. Biochem. 216:205-12
(1994) and Winder, A.J., J. Biochem. Biophys. Methods 28:173-183 (1994).

3. Detection Assay
[0029] We describe a sensitive and specific assay for the detection of bacteria in platelet units through measurement

of peptidoglycan, a common component of all bacterial cell walls, including Gram-positive and Gram-negative bacteria.
Thus, peptidoglycan provides a useful broad-spectrum marker for the presence of microorganisms, such as pathogens,
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in samples. The assay described herein enables measurement of peptidoglycan either quantitatively or qualitatively, in
either the presence or absence of other sample components, such as platelets. In certain embodiments, peptidoglycan
may be detected using plasma or hemolymph from invertebrates. In exemplary embodiments, peptidoglycan is detected
using plasma or hemolymph from insects. Hemolymph may be isolated using the methods disclosed by Ashida in Insect
Biochem. 11, 57-65 (1981), U.S. Patent Nos. 4,970,152, 5,585,248, or 5,747,277. Hemolymph may be isolated from
insects belonging to the orders including, but not limited to Lepidoptera (such as Manduca sexta (tobacco hornworm),
Manduca quinquemaculata (tomato hornworm), Gelleria melonella, Hyalphoma ceropia, Bombyx mori (silkworm)),
Diptera (such as Sarcophaga peregrina (flesh fly), Sarcophaga mucosa, Mucsa domestica (house fly)), Orthoptera
(such as Locusta migratoria, Teleogryllus (e.g., Emma field cricket), Coleoptera (beetles) (such as Cerambyx and
Acalolepa luxuriosa). Insects may be used at any stage of development and thus may be larvae or adult. In an exemplary
embodiment, insectlarvae are used. Hemolymphisolated from insects described herein comprises peptidoglycan-binding
proteins. In an exemplary embodiment, the assay described herein utilizes a prophenoloxidase cascade system isolated
from the hemolymph or plasma of the silkworm larvae, Bombyx mori. In an alternate embodiment, B-glucan may be
detected using hemolymph or plasma from insects. In an exemplary embodiment, B-glucan may be detected using the
hemolymph or plasma of the silkworm larvae, Bombyx mori.

[0030] Silkworm larvae plasma (SLP) is available commercially from Wako Chemicals, Inc, Richmond, Virginia. The
technology of measuring peptidoglycan or B-glucan in an assay using SLP is covered by U.S. Patent Nos. 4,970,152,
5,585,248, 5,747,277, 6,034,217, and 6,413,729 issued to Ashida et al., of Japan and is described in Kobayashi et al.,
FEMS Immunol. Med. Microbio. 28:49-53 (2000). The technologies disclosed in these patents include the description
of a reagent comprising a fraction obtained from the plasma of an insect, such as a silkworm, which is capable of
specifically reacting with peptidoglycan or B-glucan, and the production of purified recombinant peptidoglycan binding
proteins. Kobayashi et al. use this reagent in the detection of peptidoglycan in human plasma.

[0031] By contrast, the technology described herein is considered novel, as the application of the measurement of
peptidoglycan or 3 -glucan to detection of bacterial contamination of samples, such as platelet units, has not yet been
disclosed. Further, detecting bacteria in the presence of platelets introduces complexities including inhibition and scat-
tering due to the particulate nature of the platelet suspension. Thus, the methods described by Ashida et al. and Kobayashi
et al. cannot be applied to platelets without novel modifications, which we describe herein. This innovation is extremely
significant due to the great demand in the blood bank industry for a rapid, sensitive, and specific test for bacteria in
platelet units. No such test has been validated and is commercially available at present. Compared to other available
methods of detection such as culture, the test described herein is faster and nearly as sensitive and will be an essential
tool in the protection of integrity of the blood supply as well as the many thousands of transfusion recipients dependent
on sterile platelets each year. Furthermore, the test described herein will enable the extension of platelet unit shelf life
beyond the presently enforced five-day limit. The FDA set this limit specifically in response to the risk of bacterial
contamination in platelet units, which increases with storage time.

[0032] The assay described herein detects peptidoglycan and is thus also distinct from two FDA approved automated
platelet culture systems currently available. One conventional system, the Pall BDS, uses changes in oxygen concen-
tration as a result of bacteria growth to provide a practical and reliable test. Since bacteria consume oxygen, abnormally
low levels of oxygen in a platelet sample indicate the presence of bacteria. A small volume of platelet concentrate is
filtered into a sample pouch, separating bacteria from other cellular elements of the sample. This sample is then incubated
with an agent to promote the growth of a wide variety of bacteria species. Oxygen levels are measured and a simple
pass or fail reading is obtained (Yomtovian, R. et al. (2001) AABB corporate evening Symposium; October 15). A second
currently available system, the BioMerieux BacT/ALERT, automatically detects the presence of bacteria by tracking their
production of CO,. A sensor at the bottom of a culture bottle containing the specimen indicates the presence of CO, by
changing color, from gray to yellow (Brecher et al. (2002) Transfusion 42:774-779). Both of these systems require
secondary instrumentation for sample analysis and require up to 30 hours for bacterial culture. See Table 1 for method
comparison data.

Table 1: Comparison of Pall BDS and BacT/ALERT Methods

Pall BDS BacT/ALERT
Detection Method O, Depletion CO, Production
Negative Predictive Value 99.97%
Specificity 100% 99.8%
Sensitivity 95.8-100%
Assay Time 24-72 hours 9.2-26 hours
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(continued)
Pall BDS BacT/ALERT

Sample Type Whole blood/apheresis platelets | Apheresis platelets only

[0033] Incontrast, the present invention detects peptidoglycan or 3-glucan directly. In one embodiment, peptidoglycan
is detected on contaminating bacteria. Contaminating bacteria may be Gram-positive and/or Gram-negative bacteria.
Non-limiting examples of bacteria that may be detected in contaminated platelet units include Proteus vulgaris, Yersinia
enterocolitica, Serratia marcesceits, Enterobacter cloacae, Staphylococcus, epidermidis, Staphylococcus aureus, Kleb-
siella pneumoniae, Bacillus cereus, Escherichia coli, Proteus mirabilis, Pseudomonas aeruginosa, and Salmonella
cholerae. Bacteria may represent common skin flora, as listed above, as well as normal and pathogenic gut flora.
Examples of pathogenic gut bacteria include, but are not limited to, strains of Salmonella, Shigella, Campylobacter,
Yersina, Vibrio, Caostriduim difficile, and Escherichia coli. Other non-limiting examples of bacteria that may be detected
using the assay described herein include a member of the genus Escherichia, Streptococcus, Staphylococcus, Borde-
tella, Corynebacterium, Mycobacterium, Neisseria, Haemophilus, Actinomycetes, Streptomycetes, Nocardia, Entero-
bacter, Yersinia, Fancisella, Pasturella, Moraxella, Acinetobacter, Erysipelothrix, Branhamella, Actinobacillus, Strepto-
bacillus, Listeria, Calymmatobacterium, Brucella, Bacillus, Clostridium, Treponema, Salmonella, Kleibsiella, Vibrio,
Proteus, Erwinia, Borrelia, Leptospira, Spirillum, Campylobacter, Shigella, Legionella, Pseudomonas, Aeromonas,
Rickettsia, Chlamydia, Bomelia and Mycoplasma.

[0034] Bacteria may be detected in the assay protocol as colony forming units (CFU)/ml as low as about 100 CFU/ml,
e.g., about 100-200 CFU/ml, about 200-300 CFU/ml, about 300-600 CFU/mI, 600-1000 CFU/ml, about 1000-2500
CFU/ml, 2500-5000 CFU/mI or 5000-10,000 CFU/mI. The CFU/ml of bacteria detected in platelets will depend on the
identity of the bacteria and the length of bacterial contamination. In an exemplary embodiment, bacterial species including
both Gram-positive and Gram-negative bacteria may be detected at concentrations of approximately 100 CFU/ml, which
is similar to the range detected by longer, more conventional culture procedures.

[0035] In an alternate embodiment, the detection assay provided herein may be used to detect 3-glucan, a cell wall
component of fungi, such as yeasts and molds. Yeast and other fungal cells include, but are not limited, to the genus
Acremonium, Alternaria, Amylomyces, Arthoderma, Aspergillus, Aureobasidium, Blastochizomyces, Botrytis, Candida,
Cladosporium, Crytococcus, Dictyostelium, Emmonsia, Fusarium, Geomyces, Geotrichum, Issatchenkia, Microsporum,
Neurospora, Oidodendro, Paecilomyces, Penicillium, Pilaira, Pityrosporum, Rhizopus, Rhodotorula, Saccharomyces,
Stachybotrys, Trichophyton, Trichoporon, and Yarrowia.

[0036] Clinical samples that may be tested for bacterial and/or fungal contamination include, but are not limited to
blood, blood products, platelet units/collections, platelet concentrates, serum, plasma, other blood fractions. Wound
dressings may also be tested for bacterial and/or fungal contamination. In a further embodiment, a sample may be a
suspension or a liquid. Bacteria or fungi present in the sample may be collected and optionally concentrated by centrif-
ugation or filtration. Alternatively, the sample may be dried or evaporated.

[0037] In addition, medical devices, agricultural products, environmental products, and manufacturing products, in-
cluding process samples, may be tested for bacterial and/or fungal contamination using the assay described herein.
Non-limiting examples of medical devices that may be tested are catheters, stents, and IVs. Non-limiting examples of
agricultural products include food products and the water supply. Testing of the water supply may be extended from
water that is consumed by humans and other animals to water that is used in recreational facilities including swimming
pools and lakers. Non-limiting examples of environmental products include machinery that is used for processing a wide
array of samples and products consumed and used by humans. Non-limiting examples of manufacturing samples include
sterile products and their components and intermediates that are manufactured for medical uses.

[0038] The detection assay described herein does not require sophisticated instrumentation and presents a rapid and
cost-effective approach to screening platelet units for bacterial and fungal contamination. In one embodiment, the colored
reaction product may be read visually. In another embodiment, the colored reaction product may be read using a
spectrophotometer or an ELISA reader. The detection assay, described herein, provides a positive or negative reading
of bacterial or fungal contamination.

[0039] The features and benefits of the assay include a sensitivity-detection of common pathogens to less than or
equal to about 100 CFU/ml, a specificity of about 100%, a short assay time and the option of immediate readout using
visual evaluation. The flexible format and simplicity of the assay lends itself easily to laboratory automation for batch
testing in the blood bank or point of use, e.g. testing in the hospital, doctor’s office, manufacturing plant, or in the field
(depending of course on the sample to be evaluated). Thus, the bacterial detection assay format is simple and straight-
forward.

[0040] In a further embodiment, the assay described herein is an end-point assay. This is in contrast to other assay
protocols that are currently available to measure bacterial contamination in samples. For example, one current assay
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relies on a kinetic assay to measure small changes in transmittance of light during the reaction. This kinetic assay
requires the use of special equipment such as a Toxinometer (tube reader) to measure kinetics of changing light trans-
mission. Activation time to measure analyte concentrations in these protocols may range from 20-120 minutes and this
procedure in not amendable for testing of multiple samples. The assay method described herein is amendable to testing
about 1, 5, 10, 100, 500 or more samples. In certain embodiments, samples can be tested in parallel and stopped at
the same time using an inhibitor of phenoloxidase or by adding precipitating acid reagent and measuring the stable and
soluble MBTH complexes in the supernatant after a short centrifugation of stopped reaction mixtures. The stopped
reaction product is stable for several hours and samples may be read spectrophotometrically in batch. Unlike other assay
protocols, which do not include a stop reaction in their protocol, the reaction products generated in the assay described
herein can be transferred into non-sterile devices for measurement of the reaction product. Use of non-sterile equipment
is more cost efficient and allows the assay to be more transportable to non-clinical settings.

[0041] In certain embodiments, the assay described herein may be conducted in less than 1 hour, about 1-2, about
2-3, about 3-4, about 4-5, about 5-6, or about 6-7 hours. In exemplary embodiments, the assay may be conducted in
about 1 hour. Assay times over one hour may be required for slow growing bacteria such as S. epidermidis.

[0042] In an exemplary embodiment, peptidoglycan or B-glucan may be detected in a sample comprising incubating
the sample with a prophenoloxidase cascade system, a phenoloxidase substrate that generates a quinone reaction
product, and 3-methyl-2-benzothiazolinone hydrazone; and, detecting the formation of a colored prophenoloxidase
reaction product, wherein formation of the reaction product indicates the presence of peptidoglycan or B-glucan in the
sample. The formation of a colored reaction product further indicates the presence of bacteria or fungi in the sample.
[0043] Incertain embodiments, the prophenoloxidase cascade system comprises a phenoloxidase activating enzyme,
prophenoloxidase, and a serine proteinase cascade. In further embodiments, the prophenoloxidase cascade system
may comprise a peptidoglycan binding protein or a -glucan binding protein. A prophenoloxidase cascade system may
be obtained from insect hemolymph or plasma. In an exemplary embodiment, a prophenoloxidase system is obtained
from silkworm larvae plasma.

[0044] In certain embodiments, a phenoloxidase substrate that generates a quinone reaction product may be L-3,4-
dihydroxyphenylalanine, L-3,4-dihydroxyphenolamine (dopamine), 3,4-dihyroxyphenyl propionic acid, 3,4-dihydroxy-
phenyl acetic acid, or catechol. In an exemplary embodiment, a phenoloxidase substrate that generates a quinone
reaction product is L-3,4-dihydroxyphenylalanine (DOPA) or L-3,4-dihydroxyphenolamine (dopamine).

[0045] In an exemplary embodiment, one milliliter of platelets are aseptically removed from a sterile platelet unit and
centrifuged for five minutes at 14,000 rpm in a standard laboratory microcentrifuge. This assay method is referred to
herein as Assay Method 1. The supernatant is removed and the pellet containing platelets and any bacterial contaminants
(natural or spiked) are resuspended in approximately 100 wl of extraction solution (0.1 N NaOH). The platelets and any
contaminating bacteria are incubated at about 80°C for about 6 minutes, then approximately 100 wl| of neutralization
buffer (80 mM, MES/10 mM MBTH) is added. The entire sample (approximately 200 pl) of extracted and neutralized
platelets is assayed per reaction tube, containing silkworm larvae plasma (SLP) with substrate, as supplied by the vendor
(Wako). In an alternate embodiment, the extracted and neutralized platelets may be added to a reaction tube containing
reconstituted prophenoloxidase cascade system and MBTH. After a one-hour incubation at 37°C, the reactions are
stopped with the addition of 100 pl of 10 mM 1-phenyl-2-thiourea. The samples may be measured for a visual color
change. An orange or red tube indicates the presence of bacteria. Absence of any color or a yellow tube is negative
indicating that no bacteria are present in the sample. In certain embodiments, the reaction tube contents may be trans-
ferred to a standard 96 well microplate and the absorbance of each microplate well read spectrophotometrically at about
490 nm in a standard microplate reader, corrected by subtraction of background read at about 650 nm. The absorbance
at about 490 nm, corrected by subtraction of background read at about 650 nm, is proportional to the peptidoglycan
concentration in the sample.

[0046] Inanalternative embodiment, the SLP reaction may be stopped by adding an equal volume of 10% trichloroacetic
acid (TCA) and centrifuging the sample for 2 to 3 minutes in a table-top centrifuge. Clear supernatant containing MBTH/
quinone complexes may be read spectrophotometrically at 450 nm, since the absorbance maximum for MBTH/quinone
complexes shifts slightly towards lower wavelengths in acidic conditions.

[0047] Incertain embodiments, purified, partially digested peptidoglycan may be used as a standard. Further, a stand-
ard curve of peptidoglycan may be constructed by serially diluting purified peptidoglycan from about 10 ng to about 150
pg/mlin extracted and neutralized platelets. Approximately 200 wl of each dilution in extracted and neutralized platelets
is incubated with SLP or a reconstituted PCS and incubated at 37°C for one hour.

[0048] Peptidoglycan, either in a platelet/bacterial sample or as a standard, may be detected in the assay at concen-
trations as low as about 0.156 ng/ml, and may range from about 0.100-0.200 ng/ml, 0.200-0.500 ng/ml, 0.500-1 ng/ml,
1-2.5 ng/ml, 2.5-5 ng/ml, 5-10 ng/ml, and 10-100 ng/ml. The concentration of peptidoglycan will be proportional to an
absorbance reading at about 490 nm, corrected by the subtraction of background, read at 650 nm.

[0049] In exemplary embodiments, the colorimetric reaction is based on a coupling reaction between o-quinones
produced from phenoloxidase o-diphenoloic substrates during the enzyme reaction and 3-methy-2-benzothiazolone
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hydrazone (MBTH). The MBTH-quinone complex is chromogenic and yields a bright red-colored reaction product that
may be measured visually or spectrophotometrically. The reaction product has an absorbance maximum in the range
of about 470-510 nm and a high molar absorbance coefficient in the range of 27,500-32,500 M1 cm1. Further, the
products that are produced in the colorimetric reaction of MBTH with 0-quinones are soluble and stable in acidic pH.
Thus, the reaction may be stopped with acid and centrifuged to remove aggregated material without significant loss of
absorbing material in the supernatant. The cleared supernatant may be measured conveniently using photometric read-
ers, such as spectrophotometers and ELISA readers or by simple visual examination. MBTH adducts in acidic conditions
have slightly higher molar absorbency. Replacement of detection methods based on measuring melanin formation in a
colorimetric reaction with a MBTH adduct has resulted in a 7 to 10 fold increase in the analytical sensitivity for detection
of phenoloxidase activity. Further, by using a reference filter at 650 nm in combination with an analytical filter between
450 and 510 nm, an additional correction for low level residual light scattering can be made.

[0050] In exemplary embodiments, the assay method described above utilizes a centrifugation step and subsequent
extraction step to separate platelets and any contaminating bacteria from plasma containing inhibitory components that
may interfere with the SLP test. The extraction procedure destroys the activity of inhibitory components of plasma and
simultaneously solubilizes platelets and bacterial cells, thus reducing the turbidity of the solution. Reduction of turbidity
in the solution increases the accuracy of the sample readout. This is a significant improvement over other assay protocols
that are currently available. In such protocols, the presence of particles or inhibitory factors in the samples can easily
lead to precipitation in the absence of agitation and can alter the measurement by increasing the turbidity leading to a
false positive result. Previous attempts by others to eliminate inhibitory factors used extensive dilutions (e.g., 8 to 20
times) that resulted in a decrease in the sensitivity of bacterial detection.

[0051] In preferred embodiments, the extraction step is an alkaline extraction. In certain embodiments, alkaline ex-
traction may be performed at an elevated temperature. Alkaline extraction, as practiced herein, results in approximately
a 10-fold concentration of bacterial contaminants since the platelet/bacteria pellet may be prepared from 1 ml solution
of the original platelet preparation, and can be efficiently extracted with 100 wl of sodium hydroxide solution. Further, as
desired, a greater or lesser-fold concentration can be achieved. Moreover, alkaline extraction can significantly increase
the accessibility of peptidoglycan from bacterial cell wall and can partially hydrolyze peptidoglycan polymer generating
fragments, which are more accessible substrates for the prophenoloxidase cascade system. As a result, amplification
in the sensitivity of detection of contaminating bacteria in platelet samples may be achieved through the extraction step.
[0052] Further, alkaline extraction alters the absorption spectrum of hemoglobin, which can be present as a contam-
inating factor in some platelet preparations. The alkaline extraction procedure shifts the absorbance of hemoglobin
minimizing the overlap in absorbance with the MBTH reaction products.

[0053] In exemplary embodiments, alkaline extracted platelets are neutralized with an acid buffering system prior to
testing with the SLP reagent. In preferred embodiments, the acid buffering substance is MES containing MBTH reagent
in an amount equal to the volume of sodium hydroxide solution used for extraction. A stable lyophilized form of MES/
MBTH, which can be reconstituted in water on the day of testing, has been developed. Neutralization of the extracted
platelets may be performed to optimize the pH and MBTH concentration for the SLP detection step. Neutralization may
be performed with as little as a two-fold dilution of the concentrated platelet extract. The final concentration of platelets
in an extracted and neutralized sample is five times that in the original platelet sample preparation. For example, in a
typical assay, an aliquot of extracted and neutralized platelets (about 100-200 wl) may be added to a tube containing
lyophilized SLP reagent and substrate (DOPA or DOPA/dopamine mixture). The reaction may proceed at 37°C for a
sufficient period of time to observe a color change (e.g., 60 minutes or less) and then may be stopped with an acid
reagent (e.g., tricholoracetic acid (TCA), perchloric acid, or tungstocilicic acid) followed by a 2 to 3 minute centrifugation
step in a table top centrifuge or by adding a specific potent inhibitor of phenoloxidase (e.g., phenyl-thiourea (PTU)) before
measuring absorbency. The supernatant after centrifugation of the acid-stopped reaction mixture or PTU-stopped re-
action mixture may be transferred into regular immunological plates or tubes/cuvettes for spectrophotometric readings
at 490 nm. Alternatively, the samples may be read using a two filter approach at 490 nm and 650 nm, as described
above. Further, simple visual measurements may be made since a difference in color is used to determine a positive or
negative result. In both the acid stopped and PTU-stopped approaches, the sample color is stable for at least several
hours when DOPA is used as a substrate.

[0054] In other embodiments, platelets and any contaminating bacteria may be extracted using alternate approaches.
Alternate extraction approaches include, but are not limited to, enzymatic extraction.

[0055] In an alternate embodiment, the binding of a peptidoglycan-binding protein to peptidoglycan may be leveraged
though an enzymatic method, as binding triggers a prophenoloxidase enzymatic cascade in the assay system, which
utilizes L-3,4-dihydroxyhenylalanine (DOPA) as a phenoloxidase substrate, which in turn may be measured as a colored
melanin end product. The colored melanin product is chromogenic and may be measured by visual inspection or through
an optical readout.

[0056] In certain embodiments, the pelleted platelets and any bacterial contaminants (natural or spiked) may be
collected by dilution with water and centrifugation. Pelleted platelets may be resuspended in water for testing in a silkworm
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larvae plasma (SLP) reaction. This assay method is referred to herein as Assay Method 2. A 100 p.l aliquot of the
resuspended platelets is assayed per reaction tube containing 200 wl of reconstituted SLP with substrate (as supplied
in the Wako SLP kit) in the presence or absence of 100 pl spiked bacteria. After a one hour incubation at 37°C, the
sample is divided into two 100 p.l aliquots and these are transferred to a standard 96 well ELISA plate and the absorbance
of each well is read at 450 or 490 nm in a standard microplate reader. A standard curve of peptidoglycan may be
constructed by serially diluting purified peptidoglycan from 500 to 15 pg/ml and treating each dilution as for the samples
described above, i. e., 100 wl of each dilution is incubated with 200 wl reconstituted SLP and incubated at 37°C for one
hour. The response of the samples may be interpolated from the peptidoglycan dose response curve, where the ab-
sorbance at 490 nm is directly proportional to the peptidoglycan concentration in the sample (Figure 1).

[0057] The foregoing exemplary method may be adapted with no more than routine experimentation for the detection
of fungi. In certain embodiments, -glucan may be detected on the cell wall of fungi. The detection of 3-glucan in a
platelet sample would indicate that the sample is contaminated with a fungus. In certain embodiments, purified or partially
purified B-glucan may serve as a control in the SLP test described herein.

4, Kits

[0058] Also provided herein are kits for detecting peptidoglycan or B-glucan in a sample comprising platelets. The kit
for detecting peptidoglycan or 3-glucan in a sample comprising platelets comprises a prophenoloxidase cascade system,
a phenoloxidase substrate that generates a quinone reaction product, and 3- methyl-2-benzothiazolinone hydrazone.
The prophenoloxidase cascade system may be obtained from insect plasma or hemolymph, and in exemplary embod-
iments, is obtained from silkworm larvae plasma. The prophenoloxidase cascade system used in the kit may comprise
prophenoloxidase activating enzyme, prophenoloxidase, and a serine proteinase cascade. The prophenoloxidase cas-
cade system may further comprise a peptidoglycan binding protein or a B-glucan binding protein. Still further the kit
comprises a phenoloxidase substrate that generates a quinone reaction product. The phenoloxidase substrate that
generates a quinone reaction product may be L-3,4-dihydroxyphenylalanine (DOPA), dopamine, or an other mono-or
di-phenol compound.

In certain embodiments, a kit for detecting peptidoglycan in a sample comprising platelets may further comprise a
peptidoglycan standard, wherein the peptidoglycan standard is isolated bacterial peptidoglycan, whole bacterial extract,
or inactivated whole bacteria.

[0059] In alternate embodiments, a kit for detecting B-glucan in a sample comprising platelets may further comprise
a B-glucan standard, wherein the B-glucan standard is isolated fungal B-glucan, whole fungal extract, or inactivated
whole fungi.

[0060] In further embodiments, a kit for detecting peptidoglycan or B-glucan in a sample comprising platelets may
comprise an extraction solution. The extraction solution may be an alkaline extraction solution. The kit may also comprise
a neutralization buffer. Alternatively, the kit may provide 3-methyl-2-benzothizolinone dissolved in a neutralization buffer.
The kit may further comprise a stop reagent, wherein the stop reagent is an acid reagent or an inhibitor of phenoloxidase
(e.g., phenyl-thiourea).

[0061] Infurther embodiments, a kit for detecting peptidoglycan or B-glucan in a sample comprising platelets may still
further comprise instructions for spectrophotometric detection or a color-coded scale for visual evaluation as well as a
sterile sample tube for performing the reaction.

[0062] Reagents in the kit may be provided in individual containers or as mixtures of two or more reagents in a single
container. Any of the reagents may be provided as a liquid or as a dry powder (e.g., lyophilized).

Exemplification

[0063] The invention, having been generally described, may be more readily understood by reference to the following
examples, which are included merely for purposes of illustration of certain aspects and embodiments of the present
invention, and are not intended to limit the invention in any way.

[0064] Inthe examples described below, the platelets that were used in this assay were recovered from 500 ml whole
blood donations from single donors or from apheresis and were leukoreduced in the blood bank according to standard
procedure. A mix of outdated (older than five days) platelets and fresh, in date, platelet units were used for assay
development.

Example 1: Bacteria Spiked Platelets
[0065] In order to assess the sensitivity of the assay, spiking studies were performed with the following bacteria

species: Proteus vulgaris, Yersinia enterocolitica, Serratia marcescens (S. marcescens), Enterobacter cloacae, Sta-
phylococcus epidermidis (S. epidermidis), Staphylococcus aureus (S. aureus), Klebsiella pneumoniae, Bacillus cereus,
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Escherichia coli (E. coli), Proteus mirabilis, Pseudomonas aeruginosa (P. aeruginosa), and Salmonella cholerae. All
ofthese species represent common skin flora. Bacteria species were obtained from the American Type Culture Collection.
[0066] Bacteria were cultured and quantified by reconstituting the bacteria according to the vendor’s instructions and
grown in Trypticase Soy Broth (Becton Dickinson) overnight at 37°C. Bacteria were washed twice by centrifugation in
sterile phosphate buffered saline (PBS) and resuspended in 5 ml sterile PBS. Serial 10-fold dilutions were prepared in
PBS by adding 100 p.l bacterial suspension to 900 .l PBS over 6 dilutions. Multiple Trypticase Soy Agar (TSA; Becton
Dickinson) plates were inoculated from dilutions 4 through 6 using a 10 p.l sterile inoculating loop, representing dilutions
of 1:10,000 through 1:1,000,000. Plates were incubated overnight at 37°C and the next day visible colonies were counted
manually. Colony forming units were calculated by multiplying average colonies counted by the inoculating loop volume
and the dilution factor of the bacterial suspension sampled.

[0067] In a one series of experiments, using Assay Method 1, a one ml aliquot of spiked platelet suspension was
centrifuged for five minutes at 14,000 rpm in a standard laboratory microcentrifuge. The supernatant was removed and
the pellet containing platelets and any bacterial contamination was resuspended in 100 wl extraction solution (0.1 N
NaOH). The platelets and any contaminating bacteria were incubated at 80°C for 6 minutes, then 100 pl neutralization
buffer (80 mM MES/10 mM MBTH) was added. The entire sample (200 wl) was transferred to a reaction tube containing
silkworm larvae plasma (SLP) with substrate, as supplied by the vendor. After a one hour incubation at 37°C, the reactions
were stopped by the addition of 100 p.l of 10 mM 1-phenyl-2-thiourea and the samples were monitored for a color change
visually and spectrophotometrically.

[0068] To spike the platelet suspension, serial two-fold dilutions of bacteria were added directly to 1 ml aliquots of
platelets such that the final concentration of bacteria in the platelet sampel was between 156 and 5000 CFU/ml, and
assayed immediately according Assay Method 1 described above. Platelets were also assayed without added bacteria
as a negative control or with the addition of 1 ng/ml purified peptidoglycan as a positive control. The dose response
curve of platelets spiked with Serratia marcescens is shown in Figure 2.

[0069] Further dose response testing was performed using several bacteria species including E. coli, P. aeruginosa,
S. epidermidis, and S. marcescens or purified peptidoglycan spiked into platelets. Bacteria were spiked into platelets
at a 156, 313, 625, 1250, 2500 and 5000 CFU/ml final concentration. Purified peptidoglycan was spiked into platelets
at a concentration of 0, 0.156, 0.313, 0.625, 1.25, 2.5, 5 and 10 ng/ml. Assay Method 1 was used and the reaction was
monitored both visually in single reaction tubes and spectrophotometrically after the reaction tube contents were trans-
ferred to assay plates. OD values at 490 nm, corrected for background read at 650 nm (OD 490-650) provide quantitative
results. All bacteria species were detected visually at 156 CFU/ml.

[0070] Inasecond series of experiments, following Assay Method 2, two milliliters of platelets were aseptically removed
from a platelet unit and centrifuged for five minutes at 14,000 rpm in a standard laboratory microcentrifuge. The super-
natant was removed and the platelets were resuspended in 2 ml sterile deionized water. The platelets were subsequently
centrifuged again and resuspended in 1 ml deionized water. 100 p.l of platelets were assayed per reaction tube (200 pl
of reconstituted silkworm larvae plasma (SLP) with substrate, as supplied by the vendor), in the presence or absence
of 100 wl spiked bacteria, at 1000 CFU/ml. After a one hour incubation at 37°C, the sample is divided into two 100 pl
aliquots and these are transferred to a standard 96 well ELISA plate and the absorbance of each well is read at 490 nm
in a standard microplate reader. In the presence of platelets, all species were detected at 1000 colony forming units
(CFU) per ml (Figure 3).

[0071] S. aureus and P. aeruginosa were detected at concentrations as low as 100 CFU/mI, under the experimental
conditions according to Assay Method 2 (Figures 4-6). At concentrations of 100 CFU/ml, 1000 CFU/ml and 10,000
CFU/ml at an absorbance of 490 mm, S. aureus and P. aeruginosa were detected above the negative control. In Figure
7, platelet units were spiked with 10 CFU/ml S. aureus or attime zero (T=0). Aliquots of 100 wl were assayed as described
above at 20 and 48 hours post-inoculation. Data points are a mean of four replicate readings.

Example 2: Time Course Study of Bacterial Growth in Platelets

[0072] In a different approach to assessment of assay sensitivity, a time course study of bacterial growth in platelets
was performed using Assay Method 2. In this series of experiments, assay results vs. CFU/ml were determined at
increasing times following inoculation of a platelet bag with bacteria. Platelets from two units were removed from platelet
bags and placed in sterile 50 ml conical tubes for ease of sampling over time. At time zero, one unit was spiked with 10
CFLT/ml of S. aureus (indicated as SA in Figure 8), and the other was spiked at 10 CFU/ml of P. aeruginosa (indicated
as PA in Figure 8). Immediately after spiking, one ml samples were taken from each. Following incubation for 20 hours
and 48 hours, one ml samples were taken from each. Immediately upon harvest, samples were placed at 4°C to inhibit
further bacterial growth until the time of assay. All samples were processed in parallel as follows: one ml of each was
centrifuged at 14,000 rpm in a standard laboratory microcentrifuge. The supernatant was collected and discarded and
the platelets were resuspended in one ml of sterile deionized water. After subsequent centrifugation, the platelets were
resuspended in one ml of sterile deionized water. Two 100 .l aliquots were assayed per collection point. In less than
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24 hours both bacteria species, S. aureus and P. aeruginosa, were detected in the assay, with good precision. The time
point coefficients of variation were generally less than 10% (Figure 8).

[0073] A similar experiment was also performed with S. epidermidis. In this experiment, at time zero, platelets were
spiked with S. epidermidis at 10 CFU/ml. At 0, 7, 22, and 48 hours, one ml samples were removed and stored at 4°C
to inhibit further bacterial growth until the time of assay. Following the last time point, all samples were assayed in parallel.
Simultaneously, samples were plated onto TSA plates with a 10 pl sterile inoculating loop. All samples were processed
according to Assay Method 1. As shown quantitatively in Figure 9, growth of S. epidermidis can be detected within 7
hours post-inoculation of platelets, at a density of 100 CFU/ml.

Example 3: Specificity of the Assay for Peptidoglycan

[0074] In order to demonstrate the specificity of the assay for peptidoglycan, a dose response curve was constructed
by serially diluting purified peptidoglycan at concentrations from 10 ng/ml to 150 pg/ml into extracted and neutralized
platelets as described in Assay Method 1. The absorbance at 490 nm, corrected for background read at 650 nm, is
proportional to the peptidoglycan concentration (Figure 10). A lower limit of 156 pg/ml peptidoglycan was visually de-
tectable.

Example 4: Extraction Step of the Detection Assay

[0075] To evaluate the effect of extraction as performed in Assay Method 1, bacteria were added to the platelet sample
before or after the extraction step. All samples were assayed as described. The extraction step was found to enhance
sensitivity approximately 10-fold for E. coli and 2-3 fold for S. aureus (Figure 11).

Example 5: Detection Assay using Expired Platelet Units

[0076] In order to assess assay specificity, 17 units of outdated or expired leukoreduced platelet concentrates were
processed according to Assay Method 2. Briefly, one ml of each unit was centrifuged, washed with sterile deionized
water and resuspended in one ml sterile deionized water. Each one ml aliquot was assayed in 100 pl duplicates in the
assay. Each assay reaction was subsequently read in duplicate in a 96 well plate at 490 nm. Figure 12 is a histogram
showing the distribution of optical density (OD) values from 17 platelet donors. The OD values for all 17 donors were
very low, indicative of a negative sample, and may be easily discriminated from positive samples with a higher OD value.
All units were negative in the assay, with the intra-unit absorbance CVs (coefficient of variation) of less than 5% and the
inter-unit absorbance CVs of less than 16%. Intra-unit CV refers to variation between duplicate measurements for each
platelet unit and inter-unit CV refers to variation between different platelet units.

Example 6: Comparison methods for detection of phenoloxidase activity based on melanin formation and
MBTH procedure

[0077] A comparison of tyrosinase DOPA/melanin and DOPA/MBTH tests was performed. Mushroom tyrosinase
(Sigma) was serially diluted into wells of a microplate containing 0.1M MOPSO buffer, pH 6.5 with a starting concentration
of 5 pg/ml and was incubated at 37°C with 1 mM DOPA or 1 mM DOPA/6 mM MBTH. Reactions were stopped after 25
minutes by adding an equal volume of 10 mM phenyl-thiourea. Absorbance at 490 nm was measured. Data shown in
Figure 13 demonstrates that approximately an 8-fold lower concentration of tyrosinase in the DOPA/MBTH test provided
the same OD values as the DOPA/melanin protocol.

[0078] A comparison of DOPA/melanin and DOPA/MBTH SLP tests was also performed. SLP reagent (Wako) con-
taining DOPA was reconstituted in 100 .l diluent (Wako), then added to a 100 pl sample containing peptidoglycan at
various concentrations. For testing using the DOPA/melanin protocol, 40 wl 0.1 MOPSO buffer, pH 6.5 was added into
all vials. Samples were incubated at 37°C for 30 minutes and reactions were stopped by adding 50 .| 10 mM PTU. For
testing using the DOPA/MBTH protocol, 40 pl 0.1 M MOPSO buffer, pH 6.5 containing 50 mM MBTH was added into
all vials and mixtures were incubated at 37°C for 30 minutes. Reaction was stopped by adding 50 pl 10 mM PTU. All
stopped samples were transferred into microplates for reading at 490 nm.

[0079] A comparison of dopamine/melanin and depamine/MBTH tests was also performed. Lyophilized SLP reagent
(Wako single reagent) without DOPA substrate was reconstituted into diluent (1.5 ml/vial) and dispensed into sterile
tubes (50 pl /tube). PG solutions in diluent and a diluent only control were added (50 pl /tube). 100 pl substrate solution
containing 3 mM dopamine or 100 pl dopamine/MBTH solution (3 mM/12mM) was added to each tube with a subsequent
incubation at 37°C for 30 minutes. Reactions were stopped and absorbency at 490 nm was measured as described
above. Figure 14A shows a significant advantage of the DOPA/MBTH procedure over the DOPA/melanin procedure for
detection of spiked peptidoglycan in SLP reagent containing DOPA as a substrate. Figure 14B shows a significant
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improvement in sensitivity for detection of peptidoglycan in the SLP test using dopamine as substrate in a dopamine/
MBTH protocol.

[0080] A comparison of sensitivity for detection of PG spiked into platelets using Melanin and MBTH procedures was
alsomade. Platelets were prepared for testing by diluting platelet preparation 5 times using sterile water with centrifugation
for 5 minutes at 14,000 rpm. Platelet pellets were carefully rinsed with water to remove plasma components, and platelets
were resuspended in water to the original volume. PG was added into platelet suspension and prepared at various
dilutions. Lyophilized SLP reagent (without substrate) was reconstituted in 1.5 ml of diluent. Lyophilized DOPA substrate
was reconstituted in 1.5 ml of diluent. Dopamine substrate was prepared at concentration 6 mM in diluent. A mixture of
DOPA/Dopamine substrates was prepared by mixing equal volumes of reconstituted DOPA solution and 6mM Dopamine
in diluent.

[0081] Reaction mixtures were prepared by adding into sterile tubes 50 pl platelets with PG, 25 pl SLP reagent, and
25 pl substrate solution. For testing using the MBTH protocol, 1.87 pl of 160 mM MBTH in 25% DMFA was added.
Tubes were incubated at 37°C for 60 minutes and the reaction was stopped by adding 50 wl of 10 mM PTU solution.
Stopped reaction mixtures were transferred into microplates for reading at 490 nm.

[0082] A comparison of sensitivity for detection of bacteria spiked into platelets using Melanin and MBTH protocols
was also made. Platelets were prepared using the water washing procedure described above. Platelets were spiked
with a small volume of S. aureus cells and diluted with platelet suspension to the desired concentration. Single SLP
reagents containing DOPA substrate was reconstituted into 100 pl diluent. 1 mM dopamine substrate was prepared in
Wako diluent. Reaction mixtures for the DOPA/Melanin test were prepared using a vial with SLP reagent reconstituted
in 100 pl diluent, and 100 wl platelet with spiked bacteria or control without bacteria added to the vial. The DOPA/MBTH
test was performed similar to the DOPA/Melanin test, but 6.25 wl of 160 mM MBTH solution was also added into the
reaction mixture. For the DOPA/Dopamine/MBTH tests, vials with SLP reagents were reconstituted in 100 wl of 1 mM
Dopamine. Platelets with bacteria and MBTH were added to the SLP reagents containing Dopamine. All mixtures were
incubated at 37°C for 50 minutes and stopped with 50 pl 10 mM PTU. Absorbance at 490 nm was measured after
transfer of stopped reaction products into microwells.

[0083] Figure 15 demonstrates the advantage of the DOPA/MBTH procedure for detection of PG in the presence of
platelets. A significant increase in sensitivity is observed when Dopamine or DOPA/Dopamine are used as substrates
instead of DOPA. Figure 16 demonstrates the advantage of the DOPA/MBTH procedure for detection of bacteria spiked
into platelets and also shows that the DOPA/Dopamine substrate mixture provides higher sensitivity than DOPA alone.

Example 7: Comparison of various phenoloxidase substrates for detection of PG using SLP reagent and the
MBTH test

[0084] Lyophilized SLP reagent without substrate was reconstituted in 1.5 ml diluent. PG dilutions were prepared in
diluent. Substrate/MBTH mixtures were prepared in diluent at concentration of 3 mM for substrates and 6 mM for MBTH.
The following diphenols were used as substrates: DOPA, Dopamine, 3,4-Dihydroxyphenyl acetic acid (DhyAcA), 3,4-
Dihydrohyphenyl propionic acid (DhyPrA), and catechol. Reaction mixtures were prepared with 50 wl PG solution, 25
pl substrate/MBTH solution and 25 | SLP reagent. Incubation at 37°C for 60 minutes Reactions were stopped by adding
100 pl 10 mM PTU. Figure 17 shows that Dopamine is the substrate which provides the highest sensitivity in MBTH test.

Example 8: Determination of optimal MBTH concentration in the DOPA/MBTH test

[0085] SLP reagent with DOPA was reconstituted in diluent at 100 pl per vial. PG solution (50 wl) containing 10 ng
PG was added into sterile tubes. 50 pl SLP reagent was added into each tube, followed by 10 pl MBTH solutions
containing 2.5% DMFA (100 mM, 75 mM, 50 mM, 30 mM, 20 mM, and 10 mM). Mixtures were incubated at 37°C for 30
min and stopped with 10 wl of 10 mM PTU solution. Figure 18 shows that a concentration of MBTH around 5 mM is
optimal for the DOPA substrate used in the WAKO SLP reagent.

Example 9. Analysis of the distribution of inhibitory factors between platelet pellet and plasma fraction of
platelet preparation

[0086] An aliquot of platelet preparation was centrifuged at 14,000 rpm for 5 min, and the supernatant was removed
and kept for testing. The platelet pellet was resuspended in volume of diluent equal to the original volume of platelet
preparation, and centrifugation was repeated. The second supernatant was likewise separated from the pellet and saved.
The pelletwas again resuspended in original diluent volume. PG solution was added into portions of each non-fractionated
platelet preparation, first supernatant, second supernatant, and resuspended pellet, to concentration 1 ng/ml. 100 pl of
each fraction with and without spiked PG was mixed with 100 pl SLP reagent containing DOPA and 5 pl of 100 mM
MBTH solution was added into each mixture. Tubes were incubated at 37°C for 50 minutes and the reaction was stopped
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with 50 wlof 10 mM PTU. Stopped mixtures were transferred into microwells for reading at 490 nm. Figure 19 demonstrates
that only a small signal is present in non-fractionated platelets with spiked PG and in the first supernatant containing the
plasma fraction of platelet preparations. Spiked PG can be easily detected in the second supernatant and the washed
platelet pellet, which contains only trace amount of plasma.

Example 10. Effect of short high temperature treatment on activity of inhibitory factors in platelet preparation.

[0087] One aliquot of platelet preparation was incubated at 80°C for 5 minutes. A second aliquot was diluted 10 times
with water and centrifuged. Platelet pellets were resuspended in original volume of diluent. PG was added into tubes
containing whole non-fractionated platelets, heat-treated platelets, and platelet pellets to concentrations of 1 ng/ml.
Samples with spiked PG and appropriate control (100 wl) were mixed with 100 wl reconstituted SLP reagent containing
DOPA. 10 ul MBTH solution (100 mM in 2.5% DMFA) was added. Reaction mixtures were incubated at 37°C for 60
minutes and stopped with 50 wl 10 mM PTU. The data presented in Figure 20 shows that spiked PG can be detected
only in the washed platelet pellet. Whole non-fractionated platelets containing plasma with or without short high temper-
ature treatment contain inhibitory activity, which inhibits the reaction of PG with SLP.

Example 11. Effect of temperature and time on efficacy of alkaline extraction procedure for detection of bacteria
in diluent

[0088] S. aureus cells were diluted in diluent to a concentration of 10(7), 10(6) and 10(5) cells/ml. 100 pl of each
sample was mixed with 100 pl 0.2N sodium hydroxide. As a control, we tested the effect of alkaline extraction and added
sodium hydroxide/MES buffer pH 6.8 into a set of tubes with spiked bacteria. Tubes with added sodium hydroxide were
incubated at 56°C for 10 minutes or at 70°C for 5 minutes. After heat treatment neutralizing solution containing 0.2 M
MES was added. The final pH of neutralized samples was between 6.8-7.2. 100 pl neutralized samples and non-treated
controls were transferred into tubes containing 100 pl reconstituted SLP reagent with DOPA and incubated at 37°C for
60 minutes. Reactions were stopped by adding 50 wl 10 mM PTU. Figure 21 shows that both alkaline extraction procedures
performed at 56°C for 10 minutes and 70°C for 10 minutes increased sensitivity for detection of bacteria in diluent. Higher
temperature (70°C) provided a significant increase in the sensitivity.

Example 12. Optimization of alkaline extraction procedure for platelet pellet

[0089] S. aureus cells were spiked into platelet preparations to concentration 10(6) cells/ml. Platelet pellets were
collected from 1 ml original undiluted platelet preparations and platelets with spiked bacteria were collected by centrif-
ugation at 14,000 rpm for 5 minutes. In parallel, S. aureus cells were spiked into diluent to the same concentration, 10
(6)cells/ml. 100 wl sodium hydroxide solution was added into all tubes containing diluent with cells or platelet pellets.
Tubes were incubated at various conditions, 70°C for 5 minutes, 70°C for 20 minutes, 80°C for 5 minutes and 80°C for
10 minutes. 48 ul 0.2 M MES was added to neutralize extracted samples. 50 pl neutralized samples were transferred
into sterile tubes with 50 wl reconstituted SLP reagent containing DOPA. 10 !l 50 mM MBTH solution was added to
each tube. Mixtures were incubated at 37°C for 45 minutes and reactions were stopped with 10 pnl 10 mM PTU for
reading in microwells. Figure 22 shows that extraction at higher temperature (80°C) or for longer periods of time provides
increased sensitivity for extraction of bacterial cells in diluent in the absence of platelets as well as for the extraction of
bacteria in the presence of large amounts of platelets. The data also demonstrates that presence of concentrated platelet
in samples does not dramatically change the sensitivity of the SLP test. The signal was identical for bacteria spiked into
platelets, which are 10 times more concentrated than in original platelet preparations, and was only slightly less than
signal from the same amount of bacterial cells spiked into diluent.

Example 13. Demonstration that alkaline-extraction procedure eliminates effect of inhibitory factors in platelet
preparations

[0090] Aliquots of platelet preparation, 200 wl, 400 wl, and 600 wl were diluted 10 times with water and centrifuged at
14,000 rpm for 5 minutes. The same volumes of platelet were centrifuged in parallel without dilution with water. Platelet
pellets were resuspended in 140 pl diluent. A small volume of S. aureus suspension was added into appropriate tubes
to concentration 10(6) cells/ml. For extraction, 42 pl 10.2N sodium hydroxide was added and tubes were incubated at
70°C for 10 minutes. Extraction was stopped with 48 pl 10.2M MES. 50 pl neutralized samples were transferred into
tubes with 50 wl reconstituted SLP reagent containing DOPA. 10 wl 50 mM MBTH solution was added into each tube
and incubated at 37°C for 60 minutes. Reactions were stopped by adding 50 pl 10 mM PTU. Figure 23 shows that
alkaline extraction procedure worked well for extracting various amounts of platelets at concentrations which significantly
exceed the concentration in the original platelet preparation. Removal of plasma from platelet preparation before ex-
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traction using centrifugation of diluted platelets does not improve detection indicating that the extraction efficiently elim-
inates activity of plasma inhibitory factors.

Claims

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

A kit for detecting peptidoglycan or B-glucan in a sample comprising platelets, the kit comprising:
(a) a prophenoloxidase cascade system,
(b) a phenoloxidase substrate that generates a quinone reaction product, and
(c) 3-methyl-2-benzothiazolinone hydrazone.

The kit of claim 1, wherein the prophenoloxidase cascade system is obtained from insect plasma or hemolymph.

The kit of claim 2, wherein the prophenoloxidase cascade system is obtained from silkworm larvae plasma or tobacco
hornworm hemolymph.

The kit of claim 3, wherein the prophenoloxidase cascade system is present in tobacco hornworm hemolymph.

The kit of any one of claims 1-4, wherein the prophenoloxidase cascade system comprises prophenoloxidase
activating enzyme, prophenoloxidase, and a serine proteinase cascade.

The kit of any one of claims 1-5, further comprising, when detecting peptidoglycan, a peptidoglycan binding protein
or, when detecting -gtucan, a -glucan binding protein.

The kit of any preceding claim, wherein the phenoloxidase substrate that generates a quinone reaction product is
L-3,4-dihydroxyphenylalanine or dopamine.

The kit for detecting peptidoglycan as claimed in claim 1, further comprising a peptidoglycan standard.

The kit of claim 8, wherein the peptidoglycan standard is isolated bacterial peptidoglycan, whole bacterial extract,
or inactivated whole bacteria.

The kit for detecting -glucan as claimed in claim 1, further comprising a -glucan standard.

The kit of any preceding claim, further comprising instructions for spectrophotometric detection or a colour coded
scale for visual evaluation.

The kit of any preceding claim, further comprising a sterile sample receptacle, an extraction solution, a neutralization
buffer, or a stop reagent or any combination thereof.

The kit of claim 12, wherein the extraction solution is an alkaline extraction solution.

The kit of claim 12, wherein the kit comprises a neutralization buffer and component (c) is dissolved in the neutral-
ization buffer.

The kit of claim 12, wherein the stop reagent is an acid reagent or a phenoloxidase inhibitor.

The kit of any preceding claim, wherein the sample is a platelet unit.

The kit of any preceding claim, which is capable of identifying bacteria in the sample at a level as low as 100 CFU/
ml, at alevel between 600-1,000 CFU/ ml, at alevel between 1,000-2,500 CFU/ ml, or at a level between 5,000-10,000
CFU/ ml.

A method for detecting peptidoglycan or 3-glucan in a sample comprising platelets, the method comprising:

(a) incubating the sample with a prophenoloxidase cascade system, a phenoloxidase substrate that generates
a quinone reaction product, and 3-methyl-2-benzothiazolinone hydrazone; and,
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(b) detecting the formation of a coloured phenoloxidase reaction product,
wherein formation of the reaction product indicates the presence of peptidoglycan or B-glucan in the sample.

The method of claim 18, wherein formation of the reaction product indicates the presence of bacteria or fungi in the
sample.

The method of claim 18 or claim 19, wherein the sample is a hydration fluid, nutrient fluid, blood, blood product,
vaccine, anaesthetic, pharmacologically active agent, an imaging agent, or a platelet unit.

The method of any one of claims 18-20, wherein the sample is a suspension or a liquid.

The method of claim 21, wherein the sample is processed by centrifugation and bacteria or fungi present in the
sample are pelleted during centrifugation.

The method of any one of claims 18-22, wherein the prophenoloxidase cascade system comprises prophenoloxidase
activating enzyme, prophenoloxidase, and a serine proteinase cascade.

The method of any one of claims 18-23, wherein the system further comprises, when detecting peptidoglycan, a
peptidoglycan binding protein, or, when detecting B-glucan, a B-glucan binding protein.

The method of any one of claims 18-24, wherein the prophenoloxidase cascade system is obtained from insect
plasma or hemolymph.

The method of claim 25, wherein the prophenoloxidase cascade system is obtained from silkworm larvae plasma
or tobacco hornworm hemolymph.

The method of claim 26, wherein the prophenoloxidase cascade system is presentin tobacco hornworm hemolymph.

The method of any one of claims 18-27, wherein the phenoloxidase substrate that generates a quinone reaction
product is L-3,4-dihydroxyphenolalanine or dopamine.

The method of any one of claims 18-28, further comprising the step of exposing the sample to an extraction solution
at elevated temperature and/or a neutralization buffer, prior to incubating the sample with the prophenoloxidase
cascade system, the phenoloxidase substrate that generates a quinone reaction product, and 3-methyl-2-benzo-
thiazolinone hydrazone.

The method of claim 29, wherein the extraction solution is an alkaline extraction solution.
The method of claim 29, wherein the neutralization buffer contains 3-methyl-2-benzothiazolinone dissolved therein.
The method of any one of claims 18-31, further comprising the step of exposing the sample to a stop reagent.
The method of claim 32, wherein the stop reagent is an acid reagent or a phenoloxidase inhibitor.
The method of any one of claims 18-33, which is capable of identifying bacteria in the sample at a level as low as
100 CFU/ ml, at a level between 600-1,000 CFU/ ml, at a level between 1,000-2,500 CFU/ ml, or at a level between
5,000-10,000 CFU/ ml.
A method for detecting peptidoglycan or 3-glucan in a sample comprising platelets, the method comprising:
(a) extracting the sample in an alkaline extraction solution,
(b) incubating the sample with silkworm larvae plasma, L.-3.4-dihydroxyphenolalanine, and 3-methyl-2-benzo-
thiazolinone hydrazone, wherein the 3-methyl-2-benzothiazolinone hydrazone is dissolved in neutralization
buffer,

(c) stopping the reaction with phenyl-thiourea, and
(d) detecting the formation of a coloured prophenoloxidase reaction product,
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wherein the formation of the reaction product indicates the presence of peptidoglycan or B-glucan in the sample.

36. The method of claim 35, which is capable of identifying bacteria in the sample at a level as low as 100 CFU/ ml, at
a level between 600-1,000 CFU/ml, at a level between 1,000-2,500 CFU/ ml, or at a level between 5,000-10,000
CFU/ ml.

37. The method of claim 35 or 36, wherein the sample is a platelet unit.

Patentanspriiche

1. Kit zum Detektieren von Peptidoglykan oder B-Glukan in einer Probe, die Blutplattchen umfasst, wobei der Kit
umfasst:

(a) ein Prophenoloxidase-Kaskaden-System,
(b) ein Phenoloxidase-Substrat, das ein Chinon-Reaktionsprodukt produziert, und
(c) 3-Methyl-2-benzothiazolinon-Hydrazon.

2. Kit nach Anspruch 1, wobei das Prophenoloxidase-Kaskaden-System aus Insektenplasma oder -hd&molymphe er-
halten wird.

3. Kit nach Anspruch 2, wobei das Prophenoloxidase-Kaskaden-System aus Seidenraupenlarven-Plasma oder Ta-
bakschwéarmer-Hamolymphe erhalten wird.

4. Kit nach Anspruch 3, wobei das Prophenoloxidase-Kaskaden-System in der Hdmolymphe des Tabakschwarmers
vorhanden ist.

5. Kit nach einem der Anspruche 1 bis 4, wobei das Prophenoloxidase-Kaskaden-System Prophenoloxidase aktivie-
rendes Enzym, Prophenoloxidase und eine Serinproteinase-Kaskade umfasst.

6. Kit nach einem der Anspriiche 1 bis 5, weiters umfassend, wenn Peptidoglykan detektiert wird, ein Peptidoglykan
bindendes Protein oder wenn B-Glukan detektiert wird, ein B-Glukan bindendes Protein.

7. Kit nach einem vorhergehenden Anspruch, wobei das Phenoloxidase-Substrat, das ein Chinon-Reaktionsprodukt
produziert, L-3,4-dihydroxyphenylalanin oder Dopamin ist.

8. Kit zum Detektieren von Peptidoglykan nach Anspruch 1, weiters umfassend einen Peptidoglykan-Standard.

9. Kitnach Anspruch 8, wobeider Peptidoglykan-Standard isoliertes bakterielles Peptidoglykan, bakterielles VVollextrakt
oder inaktivierte ganze Bakterie ist.

10. Kit zum Detektieren von B-Glukan nach Anspruch 1, weiters umfassend einen (3-Glukan-Standard.

11. Kitnach einem vorhergehenden Anspruch, weiters umfassend Anweisungen zur spektrophotometrischen Detektion
oder eine farbkodierte Skala zur visuellen Evaluierung.

12. Kitnach einem vorhergehenden Anspruch, weiters umfassend ein steriles Probenbehéltnis, eine Extraktionsldsung,
einen Neutralisierungspuffer oder ein Stop-Reagens oder jedwede Kombination davon.

13. Kit nach Anspruch 12, wobei die Extraktionsldsung eine alkalische Extraktionslésung ist.

14. Kit nach Anspruch 12, der einen Neutralisierungspuffer umfasst, und wobei die Komponente (c) in diesem Neutra-
lisierungspuffer aufgeldst ist.

15. Kit nach Anspruch 12, wobei das Stop-Reagens ein saures Reagens oder ein Phenoloxidase-Inhibitor ist.

16. Kit nach einem vorhergehenden Anspruch, wobei die Probe eine Blutplattchen-Einheit ist.
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Kit nach einem vorhergehenden Anspruch, der in der Lage ist, Bakterien in der Probe in einer Menge von lediglich
100 KbE/ml, in einer Menge zwischen 600 und 1.000 KbE/ml, in einer Menge zwischen 1.000 und 2.500 KbE/ml
oder in einer Menge zwischen 5.000 und 10.000 KbE/ml zu identifizieren.

Verfahren zum Detektieren von Peptidoglykan oder 3-Glukan in einer Probe, die Blutplattchen umfasst, wobei das
Verfahren umfasst:

(a) Inkubieren der Probe mit einem Prophenoloxidase-Kaskaden-System, einem Phenoloxidase-Substrat, das
ein Chinon-Reaktionsprodukt produziert, und mit 3-Methyl-2-benzothiazolinon-Hydrazon; und

(b) Detektieren der Bildung eines geféarbten Phenoloxidase-Reaktionsprodukts, wobei die Bildung des Reakti-
onsprodukts die Anwesenheit von Peptidoglykan oder B-Glukan in der Probe indiziert.

Verfahren nach Anspruch 18, wobei die Bildung des Reaktionsprodukts die Anwesenheit von Bakterien oder Pilzen
in der Probe indiziert.

Verfahren nach Anspruch 18 oder 19, wobei die Probe ein Hydratationsfluid, ein Nahrfluid, Blut, ein Blutprodukt,
ein Vakzin, ein Anésthetikum, ein pharmakologisch aktives Mittel, ein Bildgebungsmittel oder eine Blutplattchen-
Einheit ist.

Verfahren nach einem der Anspriiche 18 bis 20, wobei die Probe eine Suspension oder eine Flissigkeit ist.

Verfahren nach Anspruch 21, wobei die Probe durch Zentrifugieren verarbeitet ist, und wobei die in der Probe
vorhandenen Bakterien und Pilze wéhrend des Zentrifugierens pelletisiert werden.

Verfahren nach einem der Anspriiche 18 bis 22, wobei das Prophenoloxidase-Kaskaden-System Prophenoloxidase
aktivierendes Enzym, Prophenoloxidase und eine Serinproteinase-Kaskade umfasst.

Verfahren nach einem der Anspriiche 18 bis 23, wobei das System, wenn Peptidoglykan detektiert wird, weiters
ein Peptidoglykan-Bindungsprotein oder wenn (-Glukan detektiert wird, weiters ein 3-Glukan-Bindungsprotein um-

fasst.

Verfahren nach einem der Anspriiche 18 bis 24, wobei das Prophenoloxidase-Kaskaden-System aus Insektenplas-
ma oder -hdmolymphe erhalten wird.

Verfahren nach Anspruch 25, wobei das Prophenoloxidase-Kaskaden-System aus Seidenraupenlarven-Plasma
oder Tabakschwarmer-Hamolymphe erhalten wird.

Verfahren nach Anspruch 26, wobei das Prophenoloxidase-Kaskaden-System in der Hamolymphe des Tabak-
schwarmers vorhanden ist.

Verfahren nach einem der Anspriiche 18 bis 27, wobei das Phenoloxidase-Substrat, das ein Chinon-Reaktionspro-
dukt produziert, L-3,4-dihydroxyphenylalanin oder Dopamin ist.

Verfahren nach einem der Anspriiche 18 bis 28, weiters umfassend den Schritt des Aussetzens der Probe gegeniiber
einer Extraktionsldsung bei erhdhter Temperatur und/oder gegentiber einem Neutralisierungspuffer vor Inkubieren
der Probe mit dem Prophenoloxidase-Kaskaden-System, dem Phenoloxidase-Substrat, das ein Chinon-Reaktions-
produkt generiert, und mit 3-Methyl-2-benzothiazolinon-Hydrazon.

Verfahren nach Anspruch 29, wobei die Extraktionsldsung eine alkalische Extraktionsldsung ist.

Verfahren nach Anspruch 29, wobei der Neutralisierungspuffer darin aufgeléstes 3-Methyl-2-benzothiazolinon ent-
halt.

Verfahren nach einem der Anspriiche 18 bis 31, weiters umfassend den Schritt des Aussetzens der Probe gegeniiber
einem Stop-Reagens.

Verfahren nach Anspruch 32, wobei das Stop-Reagens ein saures Reagens oder ein Phenoloxidase-Inhibitor ist.
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Verfahren nach einem der Anspriiche 18 bis 33, das in der Lage ist, Bakterien in der Probe in einer Menge von
lediglich 100 KbE/ml, in einer Menge zwischen 600 und 1.000 KbE/ml, in einer Menge zwischen 1.000 und 2.500
KbE/ml oder in einer Menge zwischen 5.000 und 10.000 KbE/ml zu identifizieren.

Verfahren zum Detektieren von Peptidoglykan oder 3-Glukan in einer Probe, die Blutplattchen umfasst, wobei das
Verfahren umfasst:

(a) Extrahieren der Probe in einer alkalischen Extraktionslésung,

(b) Inkubieren der Probe mit Seidenraupenlarven-Plasma, L-3,4-dihydroxyphenylalanin und 3-Methyl-2-benzo-
thiazolinon-Hydrazon, wobei das 3-Methyl-2-benzothiazolinon-Hydrazon in Neutralisierungspuffer aufgeldstist,
(c) Stoppen der Reaktion mit Phenyl-Thioharnstoff, und

(d) Detektieren der Bildung eines gefarbten Prophenoloxidase-Reaktionsprodukts, wobei die Bildung des Re-
aktionsprodukts die Anwesenheit von Peptidoglykan oder -Glukan in der Probe indiziert.

Verfahren nach Anspruch 35, das in der Lage ist, Bakterien in der Probe in einer Menge von lediglich 100 KbE/ml,
in einer Menge zwischen 600 und 1.000 KbE/ml, in einer Menge zwischen 1.000 und 2.500 KbE/ml oder in einer
Menge zwischen 5.000 und 10.000 KbE/ml zu identifizieren.

Verfahren nach Anspruch 35 oder 36, wobei die Probe eine Blutplattchen-Einheit ist.

Revendications

1.

10.

11.

Trousse pour détecter un peptidoglycane ou un B-glucane dans un échantillon comprenant des plaquettes, la trousse
comprenant :

(a) un systéme de cascade prophénoloxydase,
(b) un substrat de phénoloxydase qui génere un produit de réaction de quinone, et

(c) de la 3-méthyl-2-benzothiazolinone hydrazone.

Trousse selon la revendication 1, dans laquelle le systéme de cascade prophénoloxydase est obtenu a partir de
plasma d’'insecte ou d’hémolymphe.

Trousse selon la revendication 2, dans laquelle le systéme de cascade prophénoloxydase est obtenu a partir de
plasma de larves de ver a soie ou d’hémolymphe de sphinx du tabac.

Trousse selon la revendication 3, dans laquelle le systéeme de cascade prophénoloxydase est présent dans I'hé-
molymphe de sphinx du tabac.

Trousse selon I'une quelconque des revendications 1 a 4, dans laquelle le systeme de cascade prophénoloxydase
comprend une enzyme activant la prophénoloxydase, la prophénoloxydase, et une cascade sérineprotéinase.

Trousse selon I'une quelconque des revendications 1 a 5, comprenant en outre, lors de la détection du peptidogly-
cane, une protéine se liant au peptidoglycane ou, lors de la détection du-glucane, une protéine se liant au 3-glucane.

Trousse selon 'une quelconque des revendications précédentes, dans laquelle le substrat phénoloxydase qui génére
un produit de réaction de quinone est la L-3,4-dihydroxyphénylalanine ou la dopamine.

Trousse pour détecter le peptidoglycane selon la revendication 1, comprenant en outre un étalon de peptidoglycane.

Trousse selon la revendication 8, dans laquelle I'étalon de peptidoglycane est un peptidoglycane bactérien isolé,
un extrait bactérien complet, ou une bactérie compléte inactivée.

Trousse pour détecter le B-glucane selon la revendication 1, comprenant en outre un étalon de (-glucane.

Trousse selon I'une quelconque des revendications précédentes, comprenant en outre des instructions pour une
détection spectrophotométrique ou une échelle a code de couleur pour une évaluation visuelle.
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26.
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28.
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Trousse selon I'une quelconque des revendications précédentes, comprenant en outre un réceptacle a échantillon
stérile, une solution d’extraction, un tampon de neutralisation, ou un réactif d’arrét ou n'importe quelle combinaison
de ceux-ci.

Trousse selon la revendication 12, dans laquelle la solution d’extraction est une solution d’extraction alcaline.

Trousse selon la revendication 12, dans laquelle la trousse comprend un tampon de neutralisation et le composant
(c) est dissous dans le tampon de neutralisation.

Trousse selon la revendication 12, dans laquelle le réactif d’arrét est un réactif acide ou un inhibiteur de phénoloxy-
dase.

Trousse selon I'une quelconque des revendications précédentes, dans laquelle I'échantillon est une unité de pla-
quettes.

Trousse selon I'une quelconque des revendications précédentes, qui est susceptible d’identifier les bactéries dans
I'échantillon & un taux aussi bas que 100 UFC/ml, & un taux compris entre 600 et 1000 UFC/ml, a un taux compris
entre 1000 et 2500 UFC/ml, ou & un taux compris entre 5000 et 10 000 UFC/ml.

Procédé pour détecter un peptidoglycane
ou un B-glucane dans un échantillon comprenant des plaquettes, le procédé comprenant :

() une incubation de I'’échantillon avec un systéme de cascade prophénoloxydase, un substrat phénoloxydase
qui génere un produit de réaction de quinone, et de la 3-méthyl-2-benzothiazolinone hydrazone ; et,

(b) la détection de la formation d’'un produit de réaction de phénoloxydase color€, dans lequel la formation du
produit de réaction indique la présence de peptidoglycane ou de B-glucane dans I'échantillon.

Procédé selon la revendication 18, dans lequel la formation du produit de réaction indique la présence de bactéries
ou de champignons dans I'échantillon.

Procédé selon la revendication 18 ou la revendication 19, dans lequel I'échantillon est un fluide d’hydratation, un
fluide de nutriment, du sang, un produit de sang, un vaccin, un anesthésiant, un agent pharmacologiqguement actif,
un agent d’'imagerie, ou une unité de plaquettes.

Procédé selon I'une quelconque des revendications 18 a 20, dans lequel I'échantillon est une suspension ou un
liquide.

Procédé selon la revendication 21, dans lequel I'échantillon est traité par centrifugation et les bactéries ou cham-
pignons présents dans I'échantillon sont agglomérés durant la centrifugation.

Procédé selon I'une quelconque des revendications 18 a 22, dans lequel le systeme de cascade prophénoloxydase
comprend une enzyme activant la prophénoloxydase, la prophénoloxydase, et une cascade sérine-protéinase.

Procédé selon I'une quelconque des revendications 18 a 23, dans lequel le systéme comprend en outre, lors de la
détection du peptidoglycane, une protéine se liant au peptidoglycane, ou, lors de la détection du B-glucane, une

protéine se liant au B-glucane.

Procédé selon I'une quelconque des revendications 18 a 24, dans lequel le systeme de cascade prophénoloxydase
est obtenu & partir de plasma d’insecte ou d’hémolymphe.

Procédé selon la revendication 25, dans lequel le systéme de cascade prophénoloxydase est obtenu a partir de
plasma de larves de ver a soie ou d’hémolymphe de sphinx du tabac.

Procédé selon la revendication 26, dans lequel le systéme de cascade prophénoloxydase est présent dans I'hé-
molymphe de sphinx du tabac.

Procédé selon I'une quelconque des revendications 18 & 27, dans lequel le substrat phénoloxydase qui génére un
produit de réaction de quinone est la L-3,4-dihydroxyphénylalanine ou la dopamine.
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Procédé selon I'une quelconque des revendications 18 & 28, comprenant en outre I'étape consistant & exposer
I’échantillon & une solution d’extraction a température élevée et/ou un tampon de neutralisation, avant d’'incuber
I’échantillon avec le systéme de cascade prophénoloxydase, le substrat phénoloxydase qui génére un produit de
réaction dé quinone, et la 3-méthyl-2-benzothiazolinone hydrazone.

Procédé selon la revendication 29, dans lequel la solution d’extraction est une solution d’extraction alcaline.

Procédé selon la revendication 29, dans lequel le tampon de neutralisation contient de la 3-méthyle-2-benzothia-
zolinone dissoute dans celui-ci.

Procédé selon 'une quelconque des revendications 18 a 31, comprenant en outre I'étape consistant a exposer
I'échantillon & un réactif d’arrét.

Procédé selonlarevendication 32, dans lequel le réactif d’arrét est un réactif acide ou un inhibiteur de phénoloxydase.

Procédé selon I'une quelconque des revendications 18 a 33, qui est susceptible d’identifier les bactéries dans
I'échantillon a un taux aussi bas que 100 UFC/ml, & un taux compris entre 600 et 1000 UFC/ml, a un taux compris
entre 1000 et 2500 UFC/ml, ou a un taux compris entre 5000 et 10 000 UFC/ml.

Procédé pour détecter un peptidoglycane
ou un B-glucane dans un échantillon comprenant des plaquettes, le procédé comprenant :

(a) I'extraction de I'échantillon dans une solution d’extraction alcaline,

(b) 'incubation de I'échantillon avec du plasma de larves de ver a soie, de la L-3,4-dihydroxyphénolalanine, et
de la 3-méthyl-2-benzothiazolinone hydrazone, dans lequel la 3-méthyl-2-benzothiazolinone hydrazone est
dissoute dans un tampon de neutralisation,

(c) l'arrét de la réaction avec de la phénylthio-urée, et

(d) la détection de la formation d'un produit de réaction de prophénoloxydase coloré, dans lequel la formation
du produit de réaction indique la présence de peptidoglycane ou de B-glucane dans I'échantillon.

Procédé selon la revendication 35, qui est susceptible d'identifier les bactéries dans I'échantillon a un taux aussi
bas que 100 UFC/ml, a un taux compris entre 600 et 1000 UFC/ml, a un taux compris entre 1000 et 2500 UFC/ml,
ou a un taux compris entre 5000 et 10 000 UFC/ml.

Procédé selon la revendication 35 ou 36, dans lequel I'échantillon est une unité de plaquettes.
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Figure 4
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Figure 5
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Figure 6
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Figure 8
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Figure 9
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Figure 12
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Figure 14A

OD 490nm

EP 1692 299 B1

16

14

1.2

0.8

0.6

04

0.2

A 4

L 4
iy

1.54

0.38 0.096 0.048
Peptidoglycan, ng/test

36

Control

Blank



Figure 14B
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Figure 15
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Figure 17
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