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(57) ABSTRACT 

An autonomous monitoring apparatus for monitoring air, 
Water, soil, or other substance for bioagents. A collector 
gathers a quantity of the air, Water, soil, or other substance 
being monitored. A sample preparation system prepares a 
sample of the selected potential bioagent particles. The 
sample is analyzed by a system for detecting said bioagents. 
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SYSTEM FOR AUTONOMOUS MONITORING OF 
BIOAGENTS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a Continuation-in-Part of US. 
patent application Ser. No. 10/643797 ?led Aug. 19, 2003 
and titled, “System for Autonomous Monitoring of Bioag 
ents” Which claims the bene?t of US. Provisional Patent 
Application No. 60/406159 ?led Aug. 26, 2002 titled “Sys 
tem for Autonomous Monitoring of Bioagents.” US. patent 
application Ser. No. 10/643797 ?led Aug. 19, 2003 and US. 
Provisional Patent Application No. 60/406159 ?led Aug. 26, 
2002, both titled, “System for Autonomous Monitoring of 
Bioagents,” are incorporated herein by this reference. 

[0002] The United States Government has rights in this 
invention pursuant to Contract No. W-7405-ENG-48 
betWeen the United States Department of Energy and the 
University of California for the operation of LaWrence 
Livermore National Laboratory. 

BACKGROUND 

[0003] 1. Field of Endeavor 

[0004] The present invention relates to bioagents and more 
particularly to monitoring bioagents. 

[0005] 2. State of Technology 

[0006] There exists a critical need to develop distributed 
biothreat agent sensor netWorks that can operate in civilian 
applications. To operate in “Detect to Protect/Warn” type 
detection architectures, these platforms need to have several 
key properties. They need to be capable of detecting patho 
gens Within a 1-2 hour time WindoW, alloWing for enough 
time to respond to an event. They need to be extremely loW 
cost to maintain, since continuous monitoring is essential for 
many applications. These platforms need to have suf?cient 
sensitivity to cover a broad geographical area (limiting the 
necessary number of sensors) and have suf?cient selectivity 
to virtually eliminate false positives. Currently available 
bioWeapons detection systems are designed primarily for 
military use on the battle?eld. These systems are often 
expensive to deploy and ultimately unsuited for civilian 
protection. 
[0007] In an article titled, “U.S. Is Deploying a Monitor 
System for Germ Attacks,” by Judith Miller in The NeW 
York Times on Jan. 22, 2003, it Was reported, “To help 
protect against the threat of bioterrorism, the Bush admin 
istration on Wednesday Will start deploying a national sys 
tem of environmental monitors that is intended to tell Within 
24 hours Whether anthrax, smallpox and other deadly germs 
have been released into the air, senior administration offi 
cials said today. The system uses advanced data analysis that 
of?cials said had been quietly adapted since the September 
11 attacks and tested over the past nine months. It Will adapt 
many of the Environmental Protection Agency’s 3,000 air 
quality monitoring stations throughout the country to regis 
ter unusual quantities of a Wide range of pathogens that 
cause diseases that incapacitate and kill . . . . The neW 

environmental surveillance system uses monitoring technol 
ogy and methods developed in part by the Department of 
Energy’s national laboratories. Samples of DNA are ana 
lyZed using polymerase chain reaction techniques, Which 
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examine the genetic signatures of the organisms in a sample, 
and make rapid and accurate evaluations of that organism . 
. . . Of?cials Who helped develop the system said that tests 

performed at DugWay Proving Ground in Utah and national 
laboratories shoWed that the system Would almost certainly 
detect the deliberate release of several of the most dangerous 
pathogens. ‘Obviously, the larger the release, the greater the 
probability that the agent Will be detected,’ an of?cial said. 
‘But given the coverage provided by the EPA. system, even 
a small release, depending on Which Way the Wind Was 
bloWing and other meteorological conditions, is likely to be 
picked up.”’ 

[0008] In an article titled, “Biodetectors Evolving, Moni 
toring US. Cities,” by Sally Cole in the May 2003 issue of 
Homeland Security Solutions, it Was reported, “The anthrax 
letter attacks of 2001, and subsequent deaths of ?ve people, 
brought home the reality of bioterrorism to Americans and 
provided a Wake-up call for the US. government about the 
need for a method to detect and mitigate the impact of any 
such future attacks. Long before the anthrax letter attacks, 
scientists at tWo of the US. Department of Energy’s national 
laboratories, LaWrence Livermore National Laboratory 
(LLNL) and Los Alamos National Laboratory (LANL), 
Were busy pioneering a “biodetector” akin to a smoke 
detector to rapidly detect the criminal use of biological 
agents. This technology is noW expected to play a large role 
in the US. government’s recently unveiled homeland secu 
rity counter-terrorism initiative, Bio-Watch, Which is 
designed to detect airborne bioterrorist attacks on major US. 
cities Within hours. Announced back in January, Bio-Watch 
is a multi-faceted, multi-agency program that involves the 
US. Department of Energy, the Environmental Protection 
Agency (EPA), and the US. Department of Health and 
Human Services’ Centers for Disease Control and Preven 
tion (CDC). Many of the EPA’s 3,000 air-quality monitoring 
stations throughout the country are being adapted With 
biodetectors to register unusual quantities of a Wide range of 
pathogens that cause diseases that incapacitate and kill, 
according to the EPA. The nationWide netWork of environ 
mental monitors and biodetectors, Which reportedly Will 
eventually monitor more than 120 US. cities, is expected to 
detect and report a biological attack Within 24 hours. Citing 
security reasons, the EPA declined to disclose further details 
about the program at this time . . . . The Autonomous 

Pathogen Detection System (APDS) is a ?le-cabinet-siZed 
machine that sucks in air, runs tests, and reports the results 
itself. APDS integrates a How cytometer and real-time PCR 
detector With sample collection, sample preparation, and 
?uidics to provide a compact, autonomously operating 
instrument capable of simultaneously detecting multiple 
pathogens and/or toxins. The system is designed for ?xed 
locations, says Langlois, Where it continuously monitors air 
samples and automatically reports the presence of speci?c 
biological agents. APDS is targeted for domestic applica 
tions in Which the public is at high risk of exposure to covert 
releases of bioagents—subWay systems, transportation ter 
minals, large of?ce complexes, and convention centers . . . 

. APDS provides the ability to measure up to 100 different 
agents and controls in a single sample,’ Langlois says. ‘It’s 
being used in public buildings right noW.’ The latest evolu 
tion of the biodetector, APDS-II, uses bead-capture immu 
noassays and a compact ?oW cytometer for the simultaneous 
identi?cation of multiple biological simulants. Laboratory 
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tests have demonstrated the fully autonomous operation of 
APDS-II for as long as 24 hours.” 

SUMMARY 

[0009] Features and advantages of the present invention 
Will become apparent from the following description. Appli 
cants are providing this description, Which includes draW 
ings and examples of speci?c embodiments, to give a broad 
representation of the invention. Various changes and modi 
?cations Within the spirit and scope of the invention Will 
become apparent to those skilled in the art from this descrip 
tion and by practice of the invention. The scope of the 
invention is not intended to be limited to the particular forms 
disclosed and the invention covers all modi?cations, equiva 
lents, and alternatives falling Within the spirit and scope of 
the invention as de?ned by the claims. (0008) The present 
invention provides an autonomous monitoring apparatus for 
monitoring air, Water, soil, or other substance for bioagents. 
A collector gathers a quantity of the air, Water, soil, or other 
substance being monitored. The collector separates selected 
potential bioagent particles from the air, Water, soil, or other 
substance that is being collected. A sample preparation 
system prepares a sample of the selected potential bioagent 
particles. The sample is analyZed by a system for detecting 
said bioagents. 

[0010] One embodiment includes a Wash assay sample 
preparation system for preparing a sample of the selected 
potential bioagent particles. The Wash assay sample prepa 
ration system is operatively connected to the collector and 
prepares the sample from the air, Water, soil, or other 
substance gathered by the collector. The Wash assay sample 
preparation system includes optically-encoded beads, a 
number of reagents, a Washing buffer, and a detector for 
detecting any bioagents in the sample. 

[0011] Another embodiment includes a no-Wash assay 
sample preparation system for preparing a sample of the 
selected potential bioagent particles. The no-Wash assay 
sample preparation system is operatively connected to the 
collector for preparing the sample from the air, Water, soil, 
or other substance gathered by the collector. The no-Wash 
assay sample preparation system includes optically-encoded 
beads, a number of reagents, and a detector for detecting any 
bioagents in the sample. 

[0012] Another embodiment of the present invention pro 
vides an apparatus for sampling air and collecting sample 
particles of a predetermined particle siZe range from the air 
for autonomous monitoring air, Water, soil, or other sub 
stance for bioagents. A loW pass section has an opening for 
gathering said air. A prescreen unit is positioned in the 
opening that prevents large particles from blocking the 
opening. 
[0013] The invention is susceptible to modi?cations and 
alternative forms. Speci?c embodiments are shoWn by Way 
of example. It is to be understood that the invention is not 
limited to the particular forms disclosed. The invention 
covers all modi?cations, equivalents, and alternatives falling 
Within the spirit and scope of the invention as de?ned by the 
claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] The accompanying draWings, Which are incorpo 
rated into and constitute a part of the speci?cation, illustrate 
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speci?c embodiments of the invention and, together With the 
general description of the invention given above, and the 
detailed description of the speci?c embodiments, serve to 
explain the principles of the invention. 

[0015] FIG. 1 is a block diagram illustrating an embodi 
ment of an autonomous pathogen detection system con 
structed in accordance With the present invention. 

[0016] FIG. 2 is a block diagram illustrating another 
embodiment of an autonomous pathogen detection system 
constructed in accordance With the present invention. 

[0017] FIG. 3 is a block diagram illustrating a speci?c 
embodiment of the invention designated as an AUTONO 
MOUS PATHOGEN DETECTION SYSTEM (APDS). 

[0018] FIGS. 4A and 4B are illustrations that shoW the 
aerosol collection system. 

[0019] FIGS. 5A and 5B are illustrations that shoW the 
cap section limiting the larger particulate siZe range entering 
the collector. 

[0020] FIG. 6 is an illustration that shoWs the virtual 
impactor section. 

[0021] FIG. 7 shoWs the multistage, Wetted-Wall cyclone 
collector section. 

[0022] FIGS. 8A, 8B, and 8C shoW details of a speci?c 
embodiment of the aerosol collection system. 

[0023] FIG. 9 is an illustration that shoWs another 
embodiment of the aerosol collection system. 

[0024] FIG. 10 illustrates a system for sample preparation 
and detection. 

[0025] FIGS. 11, 12, and 13 illustrate the liquid-array 
based multiplex immunoassay detection system. 

[0026] FIG. 14 is a block diagram illustrating the multi 
plex ampli?cation and detection system. 

[0027] FIG. 15 illustrates one speci?c embodiment of the 
in-line nucleic acid ampli?cation and detection system. 

[0028] FIG. 16 is a block diagram illustrating another 
embodiment of an autonomous pathogen detection system 
constructed in accordance With the present invention. 

[0029] FIG. 17 is a block diagram illustrating another 
embodiment of an autonomous pathogen detection system 
constructed in accordance With the present invention. 

[0030] FIG. 18 illustrates another embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0031] Referring noW to the draWings, to the folloWing 
detailed description, and to incorporated materials, detailed 
information about the present invention is provided includ 
ing the description of speci?c embodiments. The detailed 
description and the speci?c embodiments serve to explain 
the principles of the invention. The invention is susceptible 
to modi?cations and alternative forms. The invention is not 
limited to the particular forms disclosed. The invention 
covers all modi?cations, equivalents, and alternatives falling 
Within the spirit and scope of the invention as de?ned by the 
claims. 
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[0032] Terrorists sending anthrax-contaminated packages. 
Militant organizations obtaining potassium cyanide. Reli 
gious cult members poisoning local residents to ?X an 
election. Sadly, these scenarios are not the plots of the three 
latest bestsellers, but rather, very real incidents With a very 
real danger. By the mid-1990s, the Us. Congress began to 
assess the vulnerability of the Us. civilian population to 
biological terrorism and found us considerably lacking in 
our ability to cope With even a small-scale biological event. 
Initial thinking Was that Department of Defense technology 
could be readily transferred to the civilian arena. HoWever, 
upon further re?ection, it Was concluded that although there 
Was overlap betWeen military and civilian defense needs, in 
the case of a biological threat, there are marked differences: 
(1) the soldier is trained and equipped With protective gear 
so he may respond to a threat quickly enough to prevent a 
lethal dose; (2) military intelligence usually reduces the 
potential threat to a relatively small number of biological 
agents; and, (3) military battle?eld tactics are designed to 
minimiZe the density of soldiers. The civilian population, 
hoWever, is neither trained nor equipped, is vulnerable to 
any conceivable pathogen and often gathers in large croWds 
(special events, sporting venues, etc.) Where a small release 
could potentially infect thousands. In response to these 
differences, federal agencies, including Department of 
Energy, have recently begun funding directed research 
efforts to reduce civilian biological terrorist vulnerabilities. 

[0033] At present there are more than 30 pathogens and 
toXins on various agency threat lists. Public health personnel 
rarely see most, of the pathogens so they have dif?culty 
identifying them quickly. In addition, many pathogenic 
infections aren’t immediately symptomatic, With delays as 
long as several days, limiting options to control the disease 
and treat the patients. The lack of a practical monitoring 
netWork capable of rapidly detecting and identifying mul 
tiple pathogens or toXins on current threat lists translates into 
a major de?ciency in the United States ability to counter 
biological terrorism. 

[0034] Referring noW to FIG. 1, an embodiment of an 
autonomous pathogen detection system constructed in 
accordance With the present invention is illustrated by a 
block diagram. The autonomous pathogen detection system 
is designated generally by the reference numeral 100. The 
autonomous pathogen detection system 100 provides col 
lection 101, sample preparation 103, and detection 105. The 
collection 101 includes gathering air, Water, soil or other 
substance to provide an air sample, Water sample, soil 
sample or a sample of other substances. 

[0035] After the collection 101, the sample is transferred 
as shoWn by arroW 102 for sample preparation 103. The 
sample preparation 103 provides an automated sample, an 
immunoassay sample, and/or a nucleic acid assay sample. In 
sample preparation 103 the sample may be concentrated, 
puri?ed, lysed, pulveriZed or otherWise made to have 
smaller particulates, miXed, and/or ampli?ed. 

[0036] After sample preparation 103, the sample is trans 
ferred as shoWn by arroW 104 for detection. In one embodi 
ment of the autonomous pathogen detection system 100, the 
detection is by a multipleX immunoassay detector. In another 
embodiment of the autonomous pathogen detection system 
100, the detection is by a multiplex PCR detector. The 
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detection may also be performed in the same location as the 
sample preparation, in Which case the transfer arroW 104 is 
not required. 

[0037] The autonomous pathogen detection system 100 
provides an apparatus and method for monitoring air, Water, 
soil, or other substance for particles containing bioagents. 
The autonomous pathogen detection system 100 comprises 
a collector for gathering the air, Water, soil, or other sub 
stance being monitored; sample preparation system for 
preparing a sample from the air, Water, soil, or other sub 
stance gathered by the collector; and a detector for detecting 
any bioagents in the sample. In one embodiment the col 
lector is an aerosol collector. In other embodiments the 
collector gathers Water, soil, or other substances. The col 
lector in one embodiment includes separator system for 
separating the particles of interest from other particles. The 
particles of interest are of a predetermined siZe range. 

[0038] In one embodiment the collector is an aerosol 
collector that collects air and includes a system for separat 
ing the air into a bypass air ?oW that does not contain the 
particles of a predetermined particle siZe range and a product 
air ?oW that does contain the sample particles of a prede 
termined particle siZe range. AWetted-Wall cyclone collector 
receives the product air How and traps and concentrates the 
particles of a predetermined particle siZe range in a liquid. 

[0039] In one embodiment the sample preparation system 
is automated. In one embodiment the sample preparation 
system provides an immunoassay sample. In another 
embodiment the sample preparation system provides a 
nucleic acid assay sample. In another embodiment the 
sample preparation system includes concentration of the air, 
Water, soil, or other substance. In another embodiment the 
sample preparation system includes puri?cation of the air, 
Water, soil, or other substance. In another embodiment the 
sample preparation system includes lysis of the air, Water, 
soil, or other substance. In another embodiment the sample 
preparation system includes miXing of the air, Water, soil, or 
other substance. In another embodiment the sample prepa 
ration system includes ampli?cation. 

[0040] In one embodiment of the autonomous pathogen 
detection system 100, the detector is a multipleX immunoas 
say detector. In one embodiment of the autonomous patho 
gen detection system 100, the detector is a multipleX PCR 
detector. 

[0041] The primary focus of the autonomous pathogen 
detection system 100 is the protection of civilians from 
terrorist attacks; hoWever, the system also has a role in 
protecting military personnel from biological Warfare 
attacks. The autonomous pathogen detection system 100 
also has uses in medical facilities and research and devel 
opment facilities. The autonomous pathogen detection sys 
tem 100 has uses in medical monitoring. There are a variety 
of medical applications Where monitoring for biological 
pathogens Would be useful. A good eXample of this is 
monitoring in hospitals and clinics for highly infectious 
agents such as tuberculosis or nosocomial diseases that can 
threaten the Well being of patients and health care profes 
sionals. The autonomous pathogen detection system 100 
also has uses in environmental monitoring, that is, any 
application that Would bene?t from environmental monitor 
ing of biological species. One eXample is continuous aerosol 
monitoring of bacterial and other pathogens that could affect 
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the health of livestock (such as the recent hoof and mouth 
disease outbreak). Another example is continuous aerosol 
monitoring of viruses that could affect the health of large 
portions of the population (such as the recent SARS out 
break). 
[0042] Referring noW to FIG. 2, another embodiment of 
an autonomous pathogen detection system constructed in 
accordance With the present invention is illustrated by a 
block diagram. This embodiment of the autonomous patho 
gen detection system is designated generally by the refer 
ence numeral 200. The autonomous pathogen detection 
system 200 provides collection 201, sample preparation 203, 
detection 205, and con?rmation 207. The collection 201 
includes gathering air, Water, soil or other substance to 
provide an air sample, Water sample, soil sample or a sample 
of other substances. 

[0043] After the collection 201, the sample is transferred 
as illustrated by arroW 202 for sample preparation 203. The 
sample preparation 203 provides an automated sample, an 
immunoassay sample, and/or a nucleic acid assay sample. In 
the sample preparation 203 the sample may be concentrated, 
puri?ed, lysed, pulveriZed or otherWise made to have 
smaller particulates, mixed, and/or ampli?ed. 

[0044] After sample preparation 203, the sample is trans 
ferred as illustrated by arroW 204 for detection. In one 
embodiment of the autonomous pathogen detection system 
200, the detection is by a multiplex immunoassay detector. 
In another embodiment of the autonomous pathogen detec 
tion system 200, the detection is by a multiplex PCR 
detector. 

[0045] After sample preparation 203 and detection 205 
When a pathogen has been detected, a sample is transferred 
from sample preparation 203 to the con?rmation module 
207. This is illustrated by arroW 206 in FIG. 2. In one 
embodiment, the system for con?rmation of a bioagent in 
the sample is a multiplex immunoassay detector. In one 
embodiment of the autonomous pathogen detection system 
200, the system for con?rmation of a bioagent in the sample 
is a multiplex PCR detector. In one embodiment of the 
autonomous pathogen detection system 200, the system for 
con?rmation of a bioagent in the sample is a real-time PCR 
detector. The detection may also be performed in the same 
location as the sample preparation, in Which case the transfer 
arroWs 204 and/or 206 are not required. 

[0046] The autonomous pathogen detection system 200 
provides an apparatus and method for monitoring air, Water, 
soil, or other substance for particles containing bioagents. 
The autonomous pathogen detection system 200 comprises 
a collector for gathering the air, Water, soil, or other sub 
stance being monitored; sample preparation system for 
preparing a sample from the air, Water, soil, or other sub 
stance gathered by the collector; a detector for detecting a 
bioagents in the sample; and a system for con?rmation of a 
bioagent in the sample. In one embodiment the collector is 
an aerosol collector. In other embodiments the collector 
gathers Water, soil, or other substances. The collector in one 
embodiment includes separator system for separating the 
particles of interest from other particles. The particles of 
interest are of a predetermined siZe range. 

[0047] In one embodiment the collector is an aerosol 
collector that collects air and includes system for separating 
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the air into a bypass air ?oW that does not contain the 
particles of a predetermined particle siZe range and a product 
air ?oW that does contain the sample particles of a prede 
termined particle siZe range. AWetted-Wall cyclone collector 
receives the product air How and traps and concentrates the 
particles of a predetermined particle siZe range in a liquid. 

[0048] In one embodiment the sample preparation system 
is automated. In one embodiment the sample preparation 
system provides an immunoassay sample. In another 
embodiment the sample preparation system provides a 
nucleic acid assay sample. In another embodiment the 
sample preparation system includes concentration of the air, 
Water, soil, or other substance. In another embodiment the 
sample preparation system includes puri?cation of the air, 
Water, soil, or other substance. In another embodiment the 
sample preparation system includes lysis of the air, Water, 
soil, or other substance. In another embodiment the sample 
preparation system includes mixing of the air, Water, soil, or 
other substance. In another embodiment the sample prepa 
ration system includes ampli?cation of the sample. 

[0049] In one embodiment of the autonomous pathogen 
detection system 200, the detector 205 is a multiplex immu 
noassay detector. In one embodiment of the autonomous 
pathogen detection system 200, the detector 205 is a mul 
tiplex PCR detector. 

[0050] In one embodiment of the autonomous pathogen 
detection system 200, the system 207 for con?rmation of a 
bioagent in the sample is a multiplex immunoassay detector. 
In one embodiment of the autonomous pathogen detection 
system 200, the system 207 for con?rmation of a bioagent 
in the sample is a multiplex PCR detector. In one embodi 
ment of the autonomous pathogen detection system 200, the 
system 207 for con?rmation of a bioagent in the sample is 
a real-time PCR detector. 

[0051] Referring noW to FIG. 3 through FIG. 12 a spe 
ci?c embodiment of the invention designated as an 
AUTONOMOUS PATHOGEN DETECTION SYSTEM 
(APDS) is shoWn. The APDS is designated generally by the 
reference numeral 300. The APDS 300 integrates a How 
cytometer and PCR detector With sample collection, sample 
preparation, and ?uidics to provide a compact, autono 
mously operating instrument capable of simultaneously 
detecting multiple pathogens and/or toxins. The APDS 300 
is designed for locations Where it continuously monitors air 
samples and automatically reports the presence of speci?c 
biological agents. Plague and anthrax are tWo of the patho 
gens the APDS 300 identi?es, along With a host of others. 
The APDS 300 includes the potential to measure up to 100 
different agents and controls in a single sample. 

[0052] The APDS 300 provides a stand-alone pathogen 
detection system capable of rapid, continuous, loW cost 
environmental monitoring of multiple airborne biological 
threat agents. The system 300 provides a “Detect to Protect/ 
Warn” system With a number of key properties. The system 
300 is capable of detecting pathogens Within a 1-2 hour time 
WindoW, alloWing for enough time to respond to an event. 
The system 300 is extremely loW cost to maintain, since 
continuous monitoring is essential for many applications. 
The system 300 has suf?cient sensitivity to cover a broad 
geographical area (limiting the necessary number of sensors) 
and has suf?cient selectivity to virtually eliminate false 
positives. 




















