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Autonomous Surveillance System

CROSS-REFERENCE TO RELATED PATENT APPLICATIONS

[(0001] This application claims priority to and the benefit of U.S. Provisional
Application No. 60/528,210, filed December 10, 2003, and incorporated by reterence

herein.

BACKGROUND OF THE INVENTION

[0002] The present invention relates generally to detection and identification of
bioaerosols and, more particularly, to a system for classifying a biological particle
prior to identifying the biological particle.

[0003] Infectious biological particles such as bacteria and viruses can be transferred
from one organism (e.g., a human or animal) to another via an airborne route. For
example, biological particles can inadvertently become aerosolized into bioaerosols
when a person speaks, coughs, or sneezes or during ceﬁain medical and dental
procedures that generate particle-containing droplets. Biological particles can also
exist, for example, in vaporized water from cooling towers, water faucets, and
humidifiers; in agricultural dust; and in other airborne organic materials.

[0004] In addition to bioaerosols that are produced inadvertently from common
sources, bioaerosols can be generated intentionally. For example, individuals bent on
harming others and disrupting society have demonstrated that hazardous biological
particles, such as anthrax in micron-sized particles, can be spread in envelopes
delivered through the postal system. Such particles can become airborne during
processing in postal facilities or when a contaminated envelope 1s opened. For
example, in October 2001, anthrax was discovered in mail processed by the United
States Postal Service in Washington, D.C., resulting in serious illness to postal
employees and at least two deaths. In October 2001, anthrax was also discovered 1n
the mail room and office buildings of the Unites States Capitol resulting in building
closure and quarantine. Other methods of intentionally distributing and aerosolizing
hazardous biological particles include, for example, dispersing particles through

ventilation systems or by explosive release.



CA 02548954 2006-06-09
WO 2005/078674 PCT/US2004/041099

[0005} In order to protect humans and animals from illness caused by inhalation of
hazardous bioaerosols, systems to monitor, detect, and identify bioaerosols exist. For
example, automated collection and identification systems that employ wet-walled
collectors or similar devices may be used. Another commonly used method employs
dry filter devices (e.g., air filters) to capture bioaerosol samples. The dry filter
devices are manually collected and then analyzed.

[0006] Procedures for analyzing bioaerosol samples captured by wet-walled
collectors and/or dry filter devices typically involve washing the collectors/filters
using physical agitation, generating a liquid sample, preparing the liquid sample for
analysis using a polymerase chain reaction (PCR) instrument, and viewing the liquid
sample with a detector to determine an identity of the bioaerosol.

[0007] One disadvantage of conventional identification systems is that the PCR
component of such systems has large multiplexing requirements. For example, to
1dentify the bioaerosol, PCR assays for all possible biological agents must be
executed, including assays for bacterial agents, fungal agents, viral agents, and toxic
agents. Thus, a significant number of tests must be performed, and large amounts of
reagents-and consumables are required. As a result, such systems are not adapted for
portability or real-time analysis and therefore are not well-suited for use by facility
security professionals, military forces, and first responders, such as firefighters,
police, emergency medical personnel, and HAZIMAT teams, to determine whether a

life threatening biohazard 1s present at locations on-site and in the field.

| SUMMARY OF THE INVENTION

[0008] According to an embodiment of the present invention, a detection system
includes a collector for capturing a first particle, a first device for determining a class
of a second particle, a second device for determining an identity of the first particle,
and a control system. The control system is configured to select a test to be
performed by the second device based on the class determined by the first device
[0009] According to another embodiment, a method for analyzing an airborne
particle includes sampling ambient air, capturing a first particle from the ambient air,
generating a liquid sample that includes the first particle, analyzing a second particle

from the ambient air to determine a class of the second particle, selecting a test to

-
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determine an identity of the first particle based on the class of the second particle, and
subjecting the liquid sample to the test.

[0010] It is to be understood that both the foregoing general description and the
following detailed description are exemplary and explanatory only, and are not

restrictive of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The accompanying drawings, which are incorporated in and constitute a part
of this specification, illustrate exemplary embodiments of the invention and, together
with the description, serve to explain principles of the imvention.

[(0012] FIG. 1 is a schematic illustration of an embodiment of a detection system

according to the present invention. |

[0013] FIG. 2 is a perspective view of a filtration device of an collector of the

detection system of FI1G. 1.

[0014] FIG. 3 is a perspective view of a substrate of a first device of the detection
system of FIG. 1.

[0015] FIG. 4 is a schematic view of an identification module and a detector of a
second device of the detection system ot FIG. 1.

[0016] FIG. 5 is a perspective view of an embodiment of a second device of a
detection system according to the present invention.

[0017] FIG. 6 is a perspective view of a test strip of an embodiment of a second
device of a detection system according to the present invention.

[0018] FIG. 7 is a top plan view of an identification module of an embodiment of a
second device of a detection system according to the present invention.

[0019] FIG. 8 is a perspective view of an enclosure of an embodiment of a detection

system according to the present imvention.

[0020] FIG. 9 is a block diagram of an embodiment of a method according to the

present invention.
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DETAILED DESCRIPTION

[0021] FIGS. 1-4 show an embodiment of a detection system 10 according to the
present invention. The detection system 10 includes a collector 20, a first device 30, a
‘second device 40, and a control system S0.

[0022] The collector 20 1s configured to sample ambient air (e.g., environmental air)
and to capture airborne (e.g., aecrosolized) particles in the ambient air. For example,
as shown in FIG. 1, a portion of an air sample 5 may be drawn into or forced through
the collector 20 (e.g., by a fan or air pump) as a flow of air F;. As the air sample 5
passes through the collector 20, acrosolized particles in the air sample 5 become
entrained in the collector 20. The air sample 5 1s then exhausted from the collector 20
as a flow of air F».

[0023] The collector 20 includes a filtration device 22 capable of collecting the
particles. In one embodiment, the filtration device 22 is a dry filter device (shown in
FIG. 2). The dry filter device may be, for example, an air filter. The dry filter device
may be made of any material capable of capturing micron-sized particles, including
biological particles such as cells, spores, pollen, mold, bacteria, viruses, toxins,
funguses, and microorganisms. For example, the dry filter device may be a polyester
felt filter, a porous membrane filter, or a glass fiber filter. The dry filter device may
be configured as a single use filter or a continuous filter disposed, for example, on a
roll of material that is dispensed from a canister, as described, for example, in U.S.
Patent Application Serial No. 10/962,477, filed October 13, 2004, and U.S. Patent
Application Serial No. 10/962,480, filed October 13, 2004, which are incorporated by
reference herein. In another embodiment, the filtration device 22 of the collector 20 1s

a wet concentrator. Any commercially available wet concentrator may be used such

as, for example, the SpinCon® Advanced Air Sampler from Sceptor Industries, Inc.
[0024] As shown in FIG. 2, when the filtration device 22 is exposed to the flow of
air F1, aerosolized particles 5a in the air sample 5 become entrained in the filtration
device 22. A sampling rate for the flow of air F; through the collector 20 may be, for
example, in a range of approximately 400 to 500 liters per minute. A sampling
duration for the flow of air F; through the collector 20 may be, for example, in a range

of approximately 30 minutes to 8 hours. The duration of the sampling period may be

4.
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set by software parameters in the control system 50. In an exemplary embodiment,
the sampling rate is approximately 400 liters per minute, and the sampling duration is
approximately 3 hours. Additionally, a pore size of the filtration device 22 may be
adapted to capture particles that are capable of being respirated by humans and/or

animals (i.e., respirable particles). For example, the filtration device 22 may be
adapted to collect particles having a size of approximately 1 pm to approximately
10pum.

[0025] The captured particles Sa may be recovered from the filtration device 22

into a liquid sample L, by washing. Any known manual or automatic washing

method may be used to recover the particles 5a. For example, in one embodiment, the
filtration device 22 of the collector 20 is a wet concentrator (e.g., the SpinCon®

Advanced Air Sampler from Sceptor Industries, Inc.), which collects airborne
particles and automatically concentrates the particles in a liquid sample L;. In another
embodiment, a collection fluid F; (e.g., water) may be supplied (e.g., by pumping) to
the collector 20 (e.g., via external piping and/or channels in the detection system 10)
until the filtration device 22 (e.g., a dry filter) is submerged in the collection fluid Fe.
In this embodiment, washing of the filtration device 22 may be accomplished by any
known method such as mechanical agitation, sonication, or percolation (i.e., bubbling
or percolating a gas through the filtration device 22), as described, for example, In
U.S. Patent Application Serial Nos. 10/962,477 and 10/962,480. As a result of the
washing, the particles 5a are dislodged from the filtration device 22 and are
iransferred to the collection fluid thereby generating the liquid sample L;. The liquid
sample L; may then be transferred to the second device 40.

[0026] The first device 30 may also be configured to sample ambient air.
Additionally, the first device 30 may be adapted to classify aerosolized particles in the
ambient air into a class or category. For example, as shown in FIG. 1, the air sample
5 may be drawn into or forced through the first device 30 (e.g., by a fan or air pump)
as a flow of air F3. As the air sample 5 passes through the first device 30, aerosolized
particles 5b are collected onto a substrate 32 as shown in FIG. 3. The substrate 32
may be, for example, a sensor surface. The substrate 32 may also be any suitable

filtration medium such as, for example, any of the filtration devices discussed above

5.
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in connection with the collector 20. The first device 30 may also include a virtual
impactor to improve concentration of the particles 5b on the substrate 32. The air
sbample 5 is exhausted from the first device 30 as a flow of air F4, which may be
exhausted directly to the ambient environment or may be combined with the flow of
air F, flowing into the collector 20. A sampling rate for the flow of air F3 through the
first device 30 may be, for example, in a range of approximately 1 to 10 liters per
minute. In an exemplary embodiment, the first detector 30 is operated continuously
to provide real-time to near-real-time analysis of particulates. The collected sample
may be retained on the substrate 32 or washed into a liquid sample by any of the
methods discussed above. :

[0027] The first device 30 may also include a detector. The detector may be any
suitable detector for detecting biological particles. In one embodiment, the detector 1s
a spectrometer that utilizes, for example, fluorescence spectroscopy. In this
embodiment, the detector is adapted to induce fluorescence of molecules (e.g.,
receptor molecules) in the collected sample. The detector reads the induced
fluorescence and determines the class of the particles 5b based on the reading. In one
embodiment, the class is used to broadly categorize the particles 5b. For example, the
class may include the following classifications: “bacteria,” “fungus,” “toxin,” and
“virus.” In another embodiment, the class may include a null designation such as
“non-biological” or “interferent.” The null designation indicates, for example, that
the particles 5b are not a potential biohazard h(e. g., mold, pollen, other common
interferents). Alternatively, the first device 30 may be configured so that particles 5b
that are not a potential biohazard are not registered (i.e., are ignored) by the first
device 30. In this manner, the first device 30 preliminarily classifies the particles Sb
thereby narrowing the possible identities of the particles 5b. For example, 1f the first
device 30 classifies the particles 5b as toxin, all bacteria, funguses, and viruses are
eliminated from consideration.

[0028] In an exemplary embodiment, the first device 30 is the Biological Detection
System (BDS) with “smart trigger” technology developed by Echo Technologies,
Inc. The BDS utilizes optical sensors adapted to detect and distinguish broad classes

of agents including bacteria, spores, toxins, and viruses. Aerosol samples are
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impacted directly onto a sensor surface, and sensor chemistry is based on reactions
between biological agents and fluorescent receptor molecules. The BDS may be
operated without user intervention, and, because the aerosol samples are impacted
directly onto the sensor surface, fluidics are not required.

- [0029] The first device 30 may be connected to or integrated with other components
of the detection system 10, such as the collector 20, the second detector 40, and/or the
control system 50, in any known manner. Alternatively, the first device 30 may be a
separate unit connected to the control system 50 by wiring or wireless remote control.
In an exemplary embodiment the first device 30 is adapted to be handheld. For
example, the first device 30 may have a height of approximately 2 inches, a width of
approximately 2 inches, and a length of approximately 8 inches. The detection
system 10 may also include multiple first devices 30 and/or multiple second devices
40 that can each be deployed in a different location so that the detection system 10
provides coverage for a broad area.

[0030] The first device 30 may be configured to classify the particles 5b in real-!:ime
or near-real-time. For example, the first device 30 and/or the control system 50 may
include software algorithms and/or databases that enable the first device 30 to detect
and classify the particles 5b in approximately 2 minutes or less. Thus, the first device
30 may be adapted to provide rapid preliminary genetic detection. Moreover, because
the first device 30 determines a broad class to which a particle belongs (rather than
determining whether the particle is a specific organism or agent), the first device 30 is
well suited for environments that include unknown or genetically modified airborne
particles (e.g., bioaerosols), which could be missed by sensors designed to detect a
specific organism or agent. Further, the classification provided by the first device 30
reduces multiplexing requirements for tests performed by the second device 40. For
example, if the first device 30 detects a bacterial agent (i.e., “bacteria™), only tests
(e.g., PCR tests) for bacterial aéents will be performed by the second device 40.
Accordingly, the number of analyses performed by the second device 40 is reduced
thereby reducing the amount of consumables required for testing, the analysis time,

and the operational cost.
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[0031] The second device 40 may be configured to determine an identity of the
particles 5a contained in the liquid sample L; (e.g., reaction mixture) generated by the
collector 20. In one embodiment, the second device 40 receives the liquid sample L,
from the collector 20 and prepares the liquid sample L, for analysis (e.g., by lysing,
purifying, and/or adding reaction fluids R, to the liquid sample L;). The second
device 40 then analyzes the liquid sample L; to determine an identity of the particles
Sa. For example, the second device 40 may be adapted to test the liquid sample L; for
bacterial agents (e.g., Bacillus anthracis (anthrax), Vibrio cholerae (cholera),
Burkholderia mallei (glanders), Yersinia pestis (plague), Francisella tularensis
(tularemia), Salmonella typhi (typhoid fever)); viral agents (e.g., variola virus (the
virus that causes smallpox), Venezuelan equine encephalitis (VEE) virus, western
equine encephalitis (WEE) virus, eastern equine encephalitis (EEE) virus, Ebola
virus); toxic agents (e.g., ricin, staphylococcal enterotoxin B (SEB), botulinum toxin,
trichothecene mycotoxins); and/or fungal agents. Fungal agents (e.g., spores) are
common in ambient conditions and typically contribute to false alarms. Accordingly,
incorporating a fungal agent class (or channel) in the first device 30 may reduce false
alarms and therefore reduce overall system lifecycle costs. In this manner, the second
device 40 may be used to identify the particles 3a.

[0032] The second device 40 may be adapted to receive the liquid sample L; from
the collector 20. The liquid sample L; may be transferred to the second device 40, for
example, through microfluidic channels in the detection system 10 under the force of
a pump. Alternatively, the liquid sample L; may be transferred to a reaction vessel or
sample holder that is configured to be inserted into or installed in the second device
40. The sample holder may be any known sample holder such as, for example, the
sample holders described in U.S. Patent Application Serial No. 10/737,037, filed
December 4, 2003, and U.S. Patent Application Serial No. 10/852,684, filed May 25,
2004, which are incorporated by reference herein. The second device 40 may also be
configured to store at least a portion of the liquid sample for archival purposes. For
example, the second device 40 may include storage chambers 48 for independent
archival storage of liquid samples from previous sample periods. In an exemplary

embodiment, the second device 40 includes storage capacity for samples from the



CA 02548954 2006-06-09
WO 2005/078674 PCT/US2004/041099

previous five days of operation (e.g., approximately 40 samples). Additionally, the
second device 40 may include waste chambers 49, which may be periodically purged
and/or cleaned either manually or automatically in any known manner.

[0033] The liquid sample L; may be processed in any known manner either prior to
or after being transferred to the second device 40. For example, reaction fluids R,
such as reagents, buffers, and/or primers may be added to the liquid sample L. The
liquid sample may also be subjected to a lysis process to recover nucleic acid from the
particles Sa in'the liquid sample L;. The particles 5a may be lysed in any known
manner such as by sonication, mechanical agitation, homogenization, or percolation.
In one embodiment, the collector 20 includes a sonicator, a mechanical agitator, or a
percolator as described, for example, in U.S. Patent Application Serial No.
10/962.,480. In another embodiment, the second device 40 includes a sonication
module for cell lysis. The sonication module may be, for example, a low-power,
microfluidic sonicator capable of lysing bacterial spores in 1 ml samples in
approximately 60 seconds. Any suitable commercial sonication module may be used
such as a sonication module produced by MicroFluidic Systems, Inc. or Pacific
Northwest National Laboratories.

[0034] After the lysis process liberates the nucleic acids from the particles Sa, the
nucleic acids may optionally be purified (concentrated) in any known manner into a
second liquid sample (a concentrated sample) to improve sensitivity. In one
embodiment, the collector 20 includes a second filtration device for purification of the
nucleic acids as described, for example, in U.S. Patent Application Serial No.
10/962,477. In another embodiment, the second device 40 includes a purification
module for capturing, washing, and eluting small volumes of highly concentrated
nucleic acids. The purification module may include, for example, a purification chip
having a micromachined silicon structure consisting of micropillars, which create a
high surface area within a chamber (e.g., a 12 ul chamber). Sample concentration
improves sensitivity and permits the detection system 10 to use smaller amounts of
sample and reagent(s) for each test.

[0035] The second device 40 may be adapted for handling and processing the liquid

sample L; (or the concentrated liquid sample) and other fluids such as reagents,
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buffers, primers, and waste. For example, the second device 40 may include
microfluidic manifolds and pumps for fluid handling and chambers for fluid mixing,
processing, and analysis. The second device 40 may utilize any known fluid
processing and handling system such as, for example, the system described in U.S.
Patent No. 6,374,684, incorporated by reference herein. The second device 40 may
also include a thermal cycler for testing the liquid sample L; and/or for amplifying the
nucleic acids 1n the liquid sample L;. The thermal cycler may be any known thermal
cycler, such as the thermal cycler described, for example, in U.S. Patent Application
Serial No. 10/837,745, filed May 4, 2004, and incorporated by reference herein. In an
exemplary embodiment, the second device 40 includes an array of thermal cyclers
disposed in parallel so that multiple tests can be performed (independently or
simultaneously) on aliquots of the liquid sample.

[0036] The second device 40 may be configured to test the liquid sample L; (or the
concentrated liquid sample) to determine an identity of the particles 5a in the liquid
sample. For example, as shown in FIG. 4, the second device 40 may include an
identification module 42 for testing the liquid sample and an imaging source or
detector 44 configured to read the results of the test. The second device 40 may
include a single identification module 42. Alternatively, the second device 40 may
include an array 46 of identification modules 42, which may be disposed in parallel
and adapted to operate independently or simultaneously. Thus, the array 46 enables
the second device 40 to analyze multiple aliquots of the liquid sample independently,
at different times, or at the same time. In an exemplary embodiment, the second
device 1ncludes an array of at least twenty identification modules 42 to enable
simultaneous analyses for at least twenty biological agents. Similarly, the detector 44
may 1nclude multiple detectors 44 so that the results of multiple tests may be read
simultaneously. Alternatively, a single detector 44 adapted to read single and/or
multiple test results may be used. Thus, the second device 40 may be adapted to
conduct tests and analyze test results for several different biological agents
simultaneously to thereby reduce the time required to identify the particles 5a.

[0037] According to one embodiment, the identification module 42 may include a

polymerase chain reaction (PCR) module 42a, as shown in FIG. 5. In an exemplary

-10)-
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embodiment, the PCR module 42a incorporates the above-described thermal cycler.
The PCR module 42a may be configured to perform any known PCR test for
determining the identity of the particles 5a. For example, the test performed by the
PCR module 42a may be a lateral flow antibody assay. In one embodiment, the
lateral flow antibody assay is performed using a lateral flow strip (shown in FIG. 6) as
is well known. In operation, the liquid sample is applied to the lateral flow strip in
any known manner. For example, the liquid sample may be placed in contact with an
absorbent pad disposed on the lateral flow strip and wicked onto the strip. After a
predetermined test interval (e.g., 20 minutes), the detector 44 reads the lateral flow
strip to determine whether a specific biological agent is present in the liquid sample.
The detector 44 may be any suitable detector such as, for example, a photomultiplier
tube and/or a CCD camera.

[0038] According to another embodiment, the identification modljlle may be
configured to perform a competitive antibody-antigen assay, and the detector 44 may
be a luminometer configured to read a result of fhe competitive antibody-antigen
assay. :

[0039] The identification module 42 is not limited to the above-described tests but
may be configured to perform any suitable test or assay, such as an assay for the
detection of any bacteria, fungus, toxin, or virus. In one embodiment, the assay is an
Immuno-PCR (I-PCR) assay developed by Smiths Detection Inc., which provides
assays for the detection of toxins such as, for example, ricin, SEB, and botulinum
toxin. The I-PCR assay may be modified to provide assays for various toxins by
replacing an identification antibody (e.g., ricin) in the I-PCR assay with a different
antibody (e.g., SEB or botulinum).

10040] " According to another embodiment, the identification module 42 of the
second device 40 may include a surfaée plasmon resonance (SPR) chip 42b, as shown
in FIG. 7. In operation, the liquid sample is flowed over the SPR chip so that the
liquid sample contacts receptors immobilized on the SPR chip. After a predetermined

test interval (e.g., 20 minutes), the detector 44 reads the SPR chip to determine

whether a specific biological agent is present in the liquid sample. The detector 44

-11-
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may be any suitable detector such as, for example, a surface plasmon resonance
detector.

10041] In an éxemplary embodiment, the test(s) performed by the second device 40
are selected by the control system 50 based on the class provided by the first device
30. Thus, the control system 50 determines whether the second device 40 performs
tests for bacterial agents, viral agenté, fungal agents, or toxic agents on the particles
Ja depending on the classification of the particles 5b. For example, if the first device
30 classifies the particles 5b as bacteria, the control system 50 instructs the second
device 40 to perform only tests for bacterial agents on the particles 5a. Similarly, if
the first device 30 classifies the particles 5b as virus, the control system 50 instructs
the second device 40 to perform only tests for viral agents. If the first device 30
classifies the particles 5b as fungus, the control system 50 instructs the second device
40 to perform only tests for fungal agents. If the first device 30 classifies the particles
5b as toxin, the control system 30 instructs the second device 40 to perform only tests
for toxic agents. In another embodiment, if the first device 30 classifies the particles
Sb as non-biological, interferent, and/or harmless, the control system 50 instructs the
second device 40 not to test the particles Sa.

[0042] The second device 40 may be configured to determine the identity of the
particles 5a in a relatively short time. For example, the second device 40 and/or the
control system 50 may include software algorithms and/or databases that enable the
second device 40 to detect and classify the particles 5a in approximately one hour or

less after the particles 5a are captured by the collector 20. In an exemplary

embodiment, the second device includes a configuration of the BIO-SEEQ®

developed by Smiths Detection Inc. The BIO-SEEQ® (shown in FIG. 5) is a hand-
held mnstrument that may be configured to utilize PCR to identify biological agents.
In one embodiment, the instrument can analyze six independent samples for the

presence of harmful pathogens, weighs approximately 6.5 Ibs (including

commercially available batteries), and has a size of less than approximately 1 ft3. In
another embodiment, the second device 40 incorporates an automated, microfiuvidic

platform developed by MicroFluidic Systems, Inc.
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[0043] The control system 50 may be configured (e.g., programmed) to monitor and
control operation of the detection system 10 and to analyze data obtained from the
first device 30 and the second device 40. In an exemplary embodiment, the control
system 50 includes software that enables the control system 50 to select the test(s) to
be performed by the second device 40 based on the class provided by the first device
30 as described above. The control system 50 may also be programmed to initiate
testing 1n the second device 40 after the first device 30 determines the classification of
the particles 5Sb. Additionally, the control system 50 may be adapted to perform
general control functions such as, for example, controlling the intake of air into the
collector 20 and the first device 30; controlling delivery of the collection fluid F, to
the collector 20 and washing of the filtration device 22; controlling transfer of the
liquid sample L; from the collector 20 to the second device 40; controlling processing
and analysis of the liquid sample L; in the second device 40; and/or controlling any
other operational functions.

[0044] The control system 50 may include any known computer hardware and/or
software, including, for example, a microprocessor. The control system 50 may also
include a graphical user interface for displaying information and user input devices,
such as a keyboard and/or a mouse, to enable a user to interact with the control system
50. The control system 50 may be sized for portability and may include, for example,
a iaptop computer and/or a handheld personal data assistant. The control system 50
may also include a wireless communication system so that the detection system 10
may be controlled remotely. The control system 50 may additionally include a power
source, which may be any known power source such as, for example, battery or may
utilize line voltage.

[0045] According to one embodiment, the control system 50 is configured to collect
data from each sensor system included in the detection system 10. For example, the
control system 50 may be adapted to receive information (e.g., the class of the
particles 5b) from the detector in the first device 30 and information (e.g., the identity
of the particles 5a) from the detector 44 in the second device 40. Based on the
information received, the control system 50 may be programmed to trigger an alarm

and/or to initiate monitoring and/or tests at any other system. For example, when the
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control system 50 receives a signal from the first device 30 that the category is
“bacteria,” the control system 50 may issue a command to the second device 40 to test
the liquid sample L; for bacterial agents. In one embodiment, a first aliquot of the
liquid sample may be subjected to a test for a first bacterial agent (e.g., anthrax), a
second aliquot of the liquid sample may be subjected to a test for a second bacterial
agent (e.g., cholera), and a third aliquot of the liquid sample may be subjected to a test
for a third bacterial agent (e.g., plague).

[0046] The control system 50 may be configured for normal operation during which
sampling and analyses are conducted on a predetermined schedule. Alternatively,
normal operating conditions may include continuously operating the collector 20
concurrently with the first device 30. If the ﬁrstg device 30 detects a possible hazard,
the collector 20 may be instructed to transfer the liquid sample to the second device
40 for analysis. If a possible hazard is not detected by the first device 30, the
detection system 10 continues under normal operating conditions. Upon detection of
a potentially harmful class of particle (i.e., a presumptive positive result), the control
system 50 may command all surrounding systems (e.g., the detectors 44 in the second
device 40) to initiate testing. Thus, the control system 50 may be adapted to
automatically respond to perceived threats thereby reducing the time to identify the
perceived threat and to notify first responders of the threat. As a result, contaminated
areas may be effectively evacuated and dispersion of harmful bioaerosols may be
reduced.

[0047] In an exemplary embodiment, the control unit 50 includes a communication
network based on the SensorView™ platform developed by Ricciardi Technologies,
Inc. (RTT), which enables full remote operation of the detection system 10. The
SensorView™ platform is a command, control, and monitoring system for
management of distributed sensors. For example, the SensorView™ platform may be
adapted to provide plug and play capability to connect a variety of sensor types over
different interfaces including RS-232, RS-422, RS-485, and Ethernet. The platform
enables a user to command, control, and monitor (locally and remotely) multiple
sensors of various types and may also include GPS and meteorological sensor options

to provide real-time location and meteorological data associated with a detected
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incident. The SensorView™ platform may additionally provide secure, encrypted
wireless communications and secure web access.
[0048]  The detection system 10 may be configured to be portable and/or mobile so
that the detection system 10 may be transported from one location to another. For
example, a size of the detection system 10 may be approximately 6 cubic feet or less.
Additionally, a weight of the detection system 10 may be in a range of about 40
pounds to about 60 pounds. In an exemplary embodiment, the weight is about 50
pounds or less. Thus, the device 10 may be configured to have a physical size and
weight that enable a user to transport the device 10 to various locations. For example,
the detection system 10 may be mounted on a vehicle, such as a military vehicle,
police car, fire truck, ambulance, or HAZMAT vehicle. The detection system 10 may
also be installed on a dolly having casters and/or wheels so that a user may roll the
detection system 10 from one location to another. Alternatively, the detection system
10 may be installed at a stationary location such as, for example, an internal or
external location of a building, rail station, or metropolitan transportation system or in
an external (out of doors or outside) location such as a military field location,
amusement part, or urban sector.
[0049] The detection system 10 may also include an enclosure 60. As shown in

~ FIG. 8, the enclosure 60 houses at least a portion of the detection system 10. For
example, in one embodiment the first device 30 and the second device 40 are housed
within the enclosure 60, while the collector 20 is mounted external to the enclosure
60. In an exemplary embodiment, all components of the de’Fection system 10 are
housed in the enclosure 60. The size of the enclosure 60 may be varied depending on
the number of components that will be housed in the enclosure. For example, a width
of the enclosure 60 may be in a range of approximately 24 to 36 inches: a depth of the
enclosure 60 may be in a range of approximately 24 to 36 inches; and a height of the
enclosure 60 may be in a range of approximately 24 to 36 inches. Additionally, the
enclosure 60 may be sealed by any known means including caulking, insuiation, and
other sealing mechanisms. The enclosure 60 may include multiple enclosures to
house the various components of the detection system 10. For example, when the

components of the detection system 10 are distributed in various locations (e.g.,
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multiple first devices 30 and/or multiple second devices 40 each disposed at a
different location), each distributed component may be housed in a separate
enclosure. In an exemplary embodiment, the enclosure 60 is a NEMA-4 rated
environmental enclosure.

[0050] The enclosure 60 may also include sensors, such as temperature and
humidity sensors, and an environmental control system. The environmental control
system may be any known heating, ventilation, and air conditioning (HVAC) unit
such as, for example, a heater, an air conditioner (cooling unit), a humidifier, a
dehumidifier, and/or a particulate filtration unit, such as an environmental control
system supplied by Thermoelectric Cooling America Corporation. The control unit
50 may be configured to monitor and control an environment in the enclosure 60. For
example, when data from a temperature sensor (e.g., thermistor, thermocouple, RTD)
indicates that a temperature in the enclosure 60 has fallen below a predetermined
value, a heating unit may be activated. Similarly, when data from the temperature ;
sensor indicates that the temperature in the enclosure 60 exceeds a predetermined

value, a cooling unit may be activated. The control unit 50 may be configured to
maintain the temperature in the enclosure in a range of approximately 10 °C to 30 °C.

In an exemplary embodiment, the temperature in the enclosure is maintained at

approximately 18 °C.
[0051] In operation, according to an embodiment of the present invention, a method
for analyzing an aerosolized particle using the detection system 10 includes the
following steps, which are shown in FIG. 9. In step S1, ambient air is sampled by the
collector 20 and the first device 30. In step S2, a first particle (e.g., a particle 5a) is
captured by the collector 20. In step S3, the collector 20 generates a liquid sample
that includes the first particle. In step S4, the first device 30 analyzes a second
particle (e.g., a particle 5b) from the ambient air to determine a classification of the

. second particle. For example, the classification may include “bacteria,” “fungus,”
“virus,” or “toxin.” In step S5, the control system 50 selects a test to determine an
identity of the first particle based on the classification of the second particle. For
example, in step S5a, if the classification is “bacteria,” a PCR assay for a bacterial

agent is selected. In step S5b, if the classification is “fungus,” a PCR assay for a
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fungal agent is selected. In step S5c, if the classification is “virus,” a PCR assay for a
viral agent is selected. In step S5d, if the classification is “toxin,” a PCR assay for a
toxic agent is selected. In step S6, the device 40 subjects the liquid sample to the
selected test.

[0052] Thus, the above-described embodiments provide a detection system and
method for collecting, analyzing, and identifying unknown airborne particles. The
detection system may be configured to reduce test multiplexing requirements by
classifying collected particles prior to initiating a test to identify the collected
particles. As a result, fewer tests are performed and smaller amounts of reagents and
consumables are required. Accordingly, the detection system may be adapted for
portability and/or real-time analysis and therefore is well-suited for use by facility
security professionals, military forces, and first responders to determine whether a life
threatening biohazard is present at locations on-site and in the field.

[0053] Given the disclosure of the present invention, one versed in the art would
appreéiate that there may be other embodiments and modifications within the scope of
the invention. Accordingly, all modifications attainable by one versed in the art from
the present disclosure within the scope of the present invention are o be included as
further embodiments of the present invention. The scope of the present invention is to

be defined as set forth in the following claims.
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WHAT IS CLAIMED IS:

1. A detection system, comprising:

a collector for capturing a first particle contained in an aerosol;

a first device for determining a class of a second particle contained in the
aerosol;

a second device for determining an identity of the first particle; and

a control system conﬁgﬁred to select a test to be performed by the second

device based on the class determined by the first device.

2. The detection system of claim 1, wherein the second device is configured to

select the class from the group consisting of bacteria, fungus, toxin, and virus.

3. The detection system of claim 1, wherein the first and second particles are

biological particles.

4. The detection system of claim 1, wherein the detection system is configured to
be portable.
J. The detection system of claim 1, wherein the detection system is configured to

be mounted to a vehicle.

6. The detection system of claim 1, wherein the detection system 1s a handheld

detection system.

7. The detection system of claim 1, wherein the detection system is configured to

be mounted to a stationary object.

8. The detection system of claim 1, wherein the detection system is configured to

be installed in a building.
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9. The detection system of claim 1, wherein the detection system 1is configured to

be installed in an out of doors location.

10.  The detection system of claim 1, wherein a size of the detection system is

approximately 6 cubic feet or less.

11.  The detection system of claim 1, wherein the collector 1s conﬁgured to sample

ambient air.

12.  The detection system of claim 1, wherein the collector is configured to capture

respirable particles.

13.  The detection system of claim 1, wherein the collector is configured to collect

particles having a size in a range from approximately 1 um to approximately 10um.

14.  The detection system of claim 1, wherein the collector includes a wet
concentrator.

15.  The detection system of claim 1, wherein the collector includes a dry filter.
16.  The detection system of claim 15, further comprising a mechanism for

automatically washing the dry filter.

17.  The detection system of claim 1, wherein the collector is configured to

generate a liquid sample containing the first particle.

18.  The detection system of claim 17, wherein the collector is contigured to

provide the liquid sample to the second device.

19.  The detection system of claim 1, wherein the first device is configured to

sample ambient air.
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20.  The detection system of claim 1, wherein the first device is configured to
induce fluorescence of the second particle and to analyze the induced fluorescence to

determine the class of the second particle.

21.  The detection system of claim 1, wherein the first device is configured to

determine the class of the second particle in approximately 2 minutes or less.

22.  The detection system of claim 1, wherein the second device includes a

polymerase chain reaction module.

23.  The detection system of claim 22, wherein the control system is configured to
select a polymerase chain reaction test for bacterial agents when the first device
determines that the class of the second particle 1s bacteria, wherein the control system
1s configured to select a polymerase chain reaction test for fungal agents when the
first device determines that the class of the second particle 1s fungus, wherein the
control system is configured to select a polymerase chain reaction test for viral agents
when the first device determines that the class of the second particle is virus, and/or
wherein the control system 1s configured to select a polymerase chain reaction test for

toxic agents when the first device determines that the class of the second particle is

toxin.

24.  The detection system of claim 22, wherein one of the tests selected by the
control system includes a polymerase chain reaction test for bacterial agents, a
polymerase chain reaction test for fungal agents, a polymerase chain reaction test for

viral agents, and/or a polymerase chain reaction test for toxic agents.

25.  The detection system of claim 1, wherein the second device includes an array

of polymerase chain reaction modules.

=2()-



CA 02548954 2006-06-09
WO 2005/078674 PCT/US2004/041099

26.  The detection system of claim 25, wherein the polymerase chain reaction

modules are capable of operating simultaneously.

27.  The detection system of claim 25, wherein the polymerase chain reaction

modules are capable of operating independently.

28.  The detection system of claim 1, wherein the second device is configured to

perform a lateral flow antibody assay.

29.  The detection system of claim 28, wherein the second device includes a lateral
flow strip.
30.  The detection system of claim 29, wherein the second device includes an

imaging source configured to read the lateral flow strip.

31.  The detection system of claim 30, wherein the imaging source includes a

photomultiplier tube and/or a CCD camera. ;

32.  The detection system of claim 29, wherein the control system is configured to

select the lateral flow strip based on the class determined by the first device.

33.  The detection system of claim 1, wherein the second device is configured to

perform a competitive antibody-antigen assay.

34. The detection device of claim 33, wherein the second device includes a

luminometer configured to read a result of the competitive antibody-antigen assay.
35.  The detection system of claim 33, wherein the control system is configured to

select the competitive antibody-antigen assay based on the class determined by the

first device.
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36.  The detection system of claim 1, wherein the second device includes a surface

plasmon resonance chip.

37.  The detection system of claim 36, wherein the control system 1s configured to
select the surface plasmon resonance chip based on the class determined by the first

device.

38.  The detection system of claim 1, wherein the second device is configured to
determine the identity of the first particle in approximately one hour or less after the

first particle is captured by the collector.

39.  The detection system of claim 1, wherein the control system is configured to

control operation of the detection system.

40.  The detection system of claim 1, wherein the control system includes a

wireless communication system for remote control of the detection system.

41.  The detection system of claim 1, wherein the control system is configured to
initiate the test in the second device after the first device determines the class of the

second particle.

42.  The detection system of claim 1, further comprising an enclosure for enclosing

at least a portion of the detection system.

43.  The detection system of claim 42, wherein the control system is configured to

control a temperature in the enclosure.

44,  The detection system of claim 42, wherein the control system is configured to

maintain a temperature in the enclosure in a range of approximately 10 °C to 30 °C.
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45.  The detection system of claim 42, wherein the control system is configured to

maintain a temperature in the enclosure at approximately 18 °C.

46. A method for analyzing an airborne particle, comprising:

sampling ambient air;

capturing a first particle from the ambient air;

generating a liquid sample that includes the first particle;

analyzing a second particle from the ambient air to determine a class of the
second particle;

selecting'a test to determine an identity of the first particle based on the class
of the second particle; and

subjecting the liquid sample to the test.

47, The method of claim 46, wherein the class includes bacteria, fungus, virus,
and toxin. |
48.  The method of claim 47, further comprising performing a polymerase chain

reaction assay for a bacterial agent when the class is bacteria, performing a
polymerase chain reaction assay for a fungal agent when the class 1s fungus,
performing a polymerase chain reaction assay for a viral agent when the class 1s virus,
and performing a polymerase chain reaction assay for a toxic agent when the class 1s

toxin.
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