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ABSTRACT 

This invention is in the ?eld of medical devices. Speci?cally, 
the present invention provides ?uidic systems having a 
plurality of reaction sites surrounded by optical barriers to 
reduce the amount of optical cross-talk between signals 
detected from various reaction sites. The invention also 
provides a method of manufacturing ?uidic systems and 
methods of using the systems. 
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FLUIDIC MEDICAL DEVICES AND USES 
THEREOF 

CROSS-REFERENCE 

[0001] This application claims the bene?t of US. Provi 
sional Application No. 60/678,801, ?led May 9, 2005 and 
US. Provisional Application No. 60/705,489, ?led Aug. 5, 
2005 and US. Provisional Application No. 60/717,192, ?led 
Sep. 16, 2005, and US. Provisional Application No. 60/721, 
097, ?led Sep. 28, 2005 Which are incorporated herein by 
reference in their entirety. 

BACKGROUND OF THE INVENTION 

[0002] Point-of-Care (POC) testing systems and ?uidic 
devices or cartridges are becoming more common because 
of the advancement in microfabrication technology such as 
MEMS technology, Which enables the fabrication of reliable 
and inexpensive ?uidic based cartridges. Generally, such 
systems use microvalves, micropumps, microneedles, etc. 
for moving the ?uids through the ?uidic system. A common 
system contains a reagent reservoir, a mixing chamber, an 
analytical chamber and Waste chamber. Fluids must there 
fore be moved from one chamber to another. Some chal 
lenges in moving such ?uids in a ?uidic device include 
mixing the reagents With the sample, and Washing unbound 
reagents from a detection site. One of the common chal 
lenges is Washing the unbound conjugates after the incuba 
tion period, particularly removing conjugates that remain 
stuck to the edges of the reaction site Walls. US. Pat. No. 
5,600,993 provides a good summary of such exemplary 
problems. 
[0003] Various approaches that have been described to 
cause ?uid movement in a ?uidic device include electrical, 
osmotic, and capillary. US. Pat. No. 6,440,725 describes 
different ?uid motive sources for moving liquids through the 
chambers. One such example uses a ?uid inside a sealed 
pouch Wherein the ?uid is converted to gas by an electrical 
current. This action pressuriZes and expands the ?uid pouch. 
This sealed pumping pouch, or e-pump, is positioned against 
a reagent pouch and forces the contents of the reagent pouch 
into the ?uidic circuit as the pumping pouch expands. The 
’725 patent also describes various other ?uid motive sources 
such as pressure or vacuum source, or using a solenoid or 

stepper motor to provide a force to press against a reagent 
pouch. 
[0004] US Patent Application No. 20050130292 describes 
using mechanical energy to move ?uids Within a ?uidic 
device. In this application the inventors describe minimal or 
no external poWer to force the ?uid through various cham 
bers. A sample is loaded on to a biochip and this biochip is 
inserted into a custom designed socket. The Work done in 
inserting the socket is converted to the energy required for 
the ?uidic ?oW. Subsequent steps of directing the sample to 
the desired chamber, mixing it, and assaying it are, accord 
ing to the inventors, accomplished With minimal poWer 
consumption. Such a device has several valves and pumps, 
even if the pumps are not driven by external electrical 
energy, Which are di?icult to include in a small disposable 
?uidic system. 

[0005] Generally, reagents in a POC system are stored in 
a dry state to improve shelf-like. Buffers are generally stored 
separately until the assay is to be performed, at Which time 
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the reagents are hydrated. HoWever, dry reagents may 
become Wet or hydrated before they are intended to do so. 
Buffers may leak from their holding areas and mix With the 
dry reagents. It may thus be bene?cial to keep the dry 
reagents in a dry state until the assay is initiated. 

[0006] Cartridge or ?uidic based POC systems may handle 
small volumes of ?uids. Nanoliter or even picoliter amounts 
of ?uids are sometimes forced to ?oW Within ?uidic chan 
nels. Either during the sample introduction or a venting 
process, there is a substantial likelihood that a bubble Will be 
introduced into the micro?uidics system. A bubble intro 
duced into the system can cause an inaccurate measurement 
if the bubble is located in the detection site during the 
detection step. 

[0007] Current ?uidic devices may experience optical 
cross-talk When there are multiple reaction sites adjacent to 
one another. When assays With different luminescent inten 
sities are run in adjacent reaction Wells or chambers, photons 
(representing the signal generated) can travel from one Well 
to others comprising the accuracy of measurement from 
each Well. The photons can travel through construction 
materials of the Wells and through the ?uidic channels that 
connect the Wells. This problem may become Worse the 
longer the incubation time of the assay. Thus, there remains 
a considerable need for neW designs of ?uidic cartridges 
With reduced optical interference from adjacent reaction 
sites. The present invention satis?es this need and provides 
related advantages as Well. 

SUMMARY OF THE INVENTION 

[0008] The present invention provides an apparatus for 
detecting an analyte in a biological ?uid of a subject. The 
apparatus comprises a sample collection unit for introducing 
a biological ?uid in ?uid communication With a plurality of 
reaction sites, a plurality of reactant chambers carrying a 
plurality of reactants in ?uid communication With said 
reaction sites Wherein said plurality of reaction sites com 
prise a plurality of reactants bound thereto for detecting said 
analyte, and a system of ?uidic channels to alloW said 
biological ?uid and said plurality of reactants to ?oW in said 
apparatus, Wherein at least one channel located betWeen said 
plurality of reaction sites comprises an optical barrier to 
reduce the amount of optical cross-talk betWeen said plu 
rality of said reaction sites during detection of said analyte. 

[0009] In one aspect, the apparatus further comprising a 
plurality of Waste chambers in ?uid communication With at 
least one of said reaction sites. In another aspect, each 
channel located betWeen said plurality of reaction sites 
comprises an optical barrier. 

[0010] The present invention also proivdes an apparatus 
for detecting an analyte in a biological ?uid of a subject 
comprises a sample collection unit for introducing a bio 
logical ?uid in ?uid communication With a plurality of 
reaction sites, Wherein said plurality of reaction sites com 
prise a plurality of bound reactants for detecting said ana 
lyte, a plurality of reactant chambers carrying a plurality of 
reactants in ?uid communication With said reaction sites, 
and a system of ?uidic channels to alloW said biological ?uid 
and said plurality of reactants to ?oW in said apparatus 
Wherein said bound reactants in at least one reaction site are 
unevenly distributed. 
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[0011] The present invention further provides a method of 
manufacturing a ?uidic device for detecting an analyte in a 
biological ?uid of a subject. The method comprises provid 
ing a plurality of layers of a ?uidic device, and ultrasonically 
Welding said layers together such that a ?uidic netWork 
exists betWeen a sample collection unit, at least one reactant 
chamber, at least one reaction site, and at least one Waste 
chamber. 

INCORPORATION BY REFERENCE 

[0012] All publications and patent applications mentioned 
in this speci?cation are herein incorporated by reference to 
the same extent as if each individual publication or patent 
application Was speci?cally and individually indicated to be 
incorporated by reference. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] The novel features of the invention are set forth 
With particularity in the appended claims. A better under 
standing of the features and advantages of the present 
invention Will be obtained by reference to the folloWing 
detailed description that sets forth illustrative embodiments, 
in Which the principles of the invention are utiliZed, and the 
accompanying draWings of Which: 

[0014] FIG. 1 illustrates exemplary multiple components 
of the present system. 

[0015] FIG. 2 shows different layers of an exemplary 
?uidic device prior to assembly. 

[0016] FIGS. 3 and 4 illustrate the ?uidic netWork Within 
an exemplary ?uidic device. 

[0017] FIG. 5 shoWs a top, side, and bottom vieW of 
exemplary reagent chambers of the present invention. 

[0018] FIG. 6 illustrates an exemplary side vieW of a 
reagent chamber in ?uidic communication With a ?uidic 
device. 

[0019] FIG. 7 illustrates exemplary reagent chambers 
being ?lled With reagents. 

[0020] FIGS. 8 and 9 illustrate a side vieW of an exem 
plary ?uidic device in combination With actuating elements 
of the reader assembly. 

[0021] FIG. 10 illustrates a tWo-step assay and a com 
petitive binding assay. 

[0022] FIG. 11 shoWs an exemplary tWo-step chemilumi 
nescence enZyme immunoassay. 

[0023] FIG. 12 illustrates the increased sensitivity of the 
tWo-step chemiluminescence enZyme immunoassay. 

[0024] FIGS. 13A-C illustrate exemplary ?uidic channels 
betWeen reaction sites. 

[0025] FIGS. 14A and 14B illustrate reaction sites to 
reduce the signal from unbound conjugates remaining in 
reaction sites. 

[0026] FIG. 15 shoWs an exemplary bubble trapper or 
remover to prevent bubbles from entering the reaction sites. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0027] One aspect of the present invention is a system for 
detecting an analyte in a sample of bodily ?uid. The subject 
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system has one or more of the folloWing components: a) a 
sample collection unit for introducing a biological ?uid in 
?uid communication With a plurality of reaction sites, b) a 
plurality of reactant chambers carrying a plurality of reac 
tants in ?uid communication With said reaction sites Wherein 
said plurality of reaction sites comprise a plurality of reac 
tants bound thereto for detecting said analyte, and c) a 
system of ?uidic channels to alloW said biological ?uid and 
said plurality of reactants to ?oW in said apparatus, Wherein 
at least one channel located betWeen said plurality of reac 
tion sites comprises an optical barrier to reduce the amount 
of optical cross-talk betWeen said plurality of said reaction 
sites during detection of said analyte. 

[0028] Where desired, the system may further comprise a 
reader assembly and a communication assembly. The sample 
collection unit typically alloWs a sample of bodily ?uid 
collected from a subject to react With reactants contained 
Within the assay assembly for generating a signal indicative 
of the presence of the analyte of interest. The reader assem 
bly detects the signal, Which is then transmitted via the 
communication assembly to an external device for further 
processing. 

[0029] Any bodily ?uids suspected to contain an analyte 
of interest can be used in conjunction With the subject 
system or devices. Commonly employed bodily ?uids 
include but are not limited to blood, serum, saliva, urine, 
gastric and digestive ?uid, tears, stool, semen, vaginal ?uid, 
interstitial ?uids derived from tumorous tissue, and cere 
brospinal ?uid. In a preferred embodiment, the bodily ?uids 
are used directly for detecting the analytes present therein 
With the subject ?uidic device Without further processing. 
Where desired, hoWever, the bodily ?uids can be pre-treated 
before performing the analysis With the subject ?uidic 
devices. The choice of pre-treatments Will depend on the 
type of bodily ?uid used and/or the nature of the analyte 
under investigation. For instance, Where the analyte is 
present at loW level in a sample of bodily ?uid, the sample 
can be concentrated via any conventional means to enrich 
the analyte. Methods of concentrating an analyte include but 
are not limited to drying, evaporation, centrifugation, sedi 
mentation, precipitation, and ampli?cation. Where the ana 
lyte is a nucleic acid, it can be extracted using various lytic 
enZymes or chemical solutions according to the procedures 
set forth in Sambrook et al. (“Molecular Cloning: A Labo 
ratory Manual”), or using nucleic acid binding resins fol 
loWing the accompanying instructions provided by manu 
factures. Where the analyte is a molecule present on or 
Within a cell, extraction can be performed using lysing 
agents including but not limited to denaturing detergent such 
as SDS or non-denaturing detergent such as thesit, sodium 
deoxylate, triton X-lOO, and tween-20. 

[0030] The volume of bodily ?uid to be used With a ?uidic 
device of the present invention is generally less than about 
500 microliters, typically betWeen about 1 to 100 microli 
ters. Where desired, a sample of l to 50 microliters or 1 to 
10 microliters can be used for detecting an analyte using the 
subject ?uidic device. 

[0031] A bodily ?uid may be draWn from a patient and 
brought into the ?uidic device in a variety of Ways, including 
but not limited to, lancing, injection, or pipetting. In one 
embodiment, a lancet punctures the skin and draWs the 
sample into the ?uidic device using, for example, gravity, 
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capillary action, aspiration, or vacuum force. The lancet may 
be part of the ?uidic device, or part of a reader assembly, or 
as a stand alone component. Where needed, the lancet may 
be activated by a variety of mechanical, electrical, electro 
mechanical, or any other knoWn activation mechanism or 
any combination of such methods. In another embodiment 
Where no active mechanism is required, a patient can simply 
provide a bodily ?uid to the ?uidic device, as for example, 
could occur With a saliva sample. The collected ?uid can be 
placed in the sample collection unit Within the ?uidic device. 
In yet another embodiment, the ?uidic device comprises at 
least one microneedle Which punctures the skin. The micron 
eedle can be used With a ?uidic device alone, or can puncture 
the skin after the ?uidic device is inserted into a reader 
assembly. 

[0032] In some embodiments a microneedle is about the 
siZe of a human hair and has an integrated microreservoir or 
cuvette. The microneedle may painlessly penetrate the skin 
and draW a small blood sample. More preferably, the 
microneedle collects about 0.01 to about 1 microliter, pref 
erably about 0.05 to about 0.5 microliters and more prefer 
ably about 0.1 to about 0.3 microliters of capillary blood. In 
some embodiments a microneedle may be constructed out of 

silicon and is about 10 to about 200 microns in diameter, 
preferably about 50 to about 150 microns in diameter, and 
mo st preferably about 100 microns in diameter, making their 
application to the skin virtually painless. To ensure that a 
capillary is actually struck by a needle, a plurality of 
microneedles may be used for sample collection. Such 
microneedles may be of the type marketed by Pelikan (Palo 
Alto, Calif.) and/or Kumetrix (Union City, Calif.). US. Pat. 
No. 6,503,231 discloses microneedles Which may be used 
With the present invention. 

[0033] Microfabrication processes that may be used in 
making the microneedles disclosed herein include Without 
limitation lithography; etching techniques such as Wet 
chemical, dry, and photoresist removal; thermal oxidation of 
silicon; electroplating and electroless plating; diffusion pro 
cesses such as boron, phosphorus, arsenic, and antimony 
di?fusion; ion implantation; ?lm deposition such as evapo 
ration (?lament, electron beam, ?ash, and shadoWing and 
step coverage), sputtering, chemical vapor deposition 
(CVD), epitaxy (vapor phase, liquid phase, and molecular 
beam), electroplating, screen printing, and lamination. See 
generally Jaeger, Introduction to Microelectronic Fabrica 
tion (Addison-Wesley Publishing Co., Reading Mass. 1988); 
Runyan, et al., Semiconductor Integrated Circuit Processing 
Technology (Addison-Wesley Publishing Co., Reading 
Mass. 1990); Proceedings of the IEEE Micro Electro 
Mechanical Systems Conference 1987-1998; Rai 
Choudhury, ed., Handbook of Microlithography, Microma 
chining & Microfabrication (SPIE Optical Engineering 
Press, Bellingham, Wash. 1997). Alternatively, micron 
eedles may be molded in silicon Wafers and then plated 
using conventional Wire cutting techniques With nickel, 
gold, titanium or various other biocompatible metals. In 
some embodiments microneedles can be fashioned from 
biopolymers. In some embodiments microneedles may be 
fabricated and employed for the claimed devices according 
to the methods of Mukerjee et al., Sensors and Actuators A: 
Physical, Volume 114, Issues 2-3, 1 Sep. 2004, Pages 
267-275. 
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[0034] In preferred embodiments a microneedle is only 
used once and then discarded. In some embodiments a 

mechanical actuator can insert and WithdraW the micron 
eedle from the patient, discard the used needle, and reload a 
neW microneedle. The mechanical technologies developed 
and manufactured in very high volumes for very small disk 
drives have a similar set of motion and loW cost require 
ments. In preferred embodiments the actuator is a MEMS 
(micro machined electromechanical system) device fabri 
cated using semiconductor-like batch processes. Such actua 
tors include Without limitation nickel titanium alloy, neu 
matic, or pieZo electric devices. In some embodiments the 
microneedles are about 1 micron to about 10 microns in 
thickness, preferably about 2 microns to about 6 microns in 
thickness, and most preferably about 4 microns in thickness. 
In some embodiments the microneedles are about 10 
microns to about 100 microns in height, preferably about 30 
microns to about 60 microns in height, and most preferably 
about 40 microns in height. 

[0035] FIG. 1 illustrates an exemplary system of the 
present invention. As illustrated, a ?uidic device provides a 
bodily ?uid from a patient and can be inserted into a reader 
assembly. The ?uidic device may take a variety of con?gu 
rations and in some embodiments the ?uidic device may be 
in the form of a cartridge. An identi?er (ID) detector may 
detect an identi?er on the ?uidic device. The identi?er 
detector communicates With a communication assembly via 
a controller Which transmits the identi?er to an external 
device. Where desired, the external device sends a protocol 
stored on the external device to the communication assem 
bly based on the identi?er. The protocol to be run on the 
?uidic device may comprise instructions to the controller of 
the reader assembly to perform the protocol on the ?uidic 
device, including but not limited to a particular assay to be 
run and a detection method to be performed. Once the assay 
is performed on the ?uidic device, a signal indicative of an 
analyte in the bodily ?uid sample is generated and detected 
by a detection assembly. The detected signal may then be 
communicated to the communications assembly, Where it 
can be transmitted to the external device for processing, 
including Without limitation, calculation of the analyte con 
centration in the sample. 

[0036] FIG. 2 illustrates exemplary layers of a ?uidic 
device according to the present invention prior to assembly 
of the ?uidic device Which is disclosed in more detail beloW. 
FIGS. 3 and 4 illustrate the ?uidic netWork Within an 
exemplary ?uidic device. The different layers are designed 
and assembled to form a three dimensional ?uidic channel 
netWork. A sample collection unit 4 provides a sample of 
bodily ?uid from a patient. As Will be explained in further 
detail beloW a reader assembly comprises actuating elements 
(not shoWn) can actuate the ?uidic device to start and direct 
the ?oW of a bodily ?uid sample and assay reagents in the 
?uidic device. In some embodiments actuating elements ?rst 
cause the ?oW of sample in the ?uidic device 2 from sample 
collection unit 4 to reaction sites 6, move the sample upWard 
in the ?uidic device from point G' to point G, and then to 
Waste chamber 8. The actuating elements then initiate the 
?oW of reagents from reagent chambers 10 to point B', point 
C', and point D', then upWard to points B, C, and D, 
respectively. The reagents then move to point A, doWn to 
point A', and then to Waste chamber 8 in a manner similar to 
the sample. 
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[0037] A sample collection unit 4 in a ?uidic device 2 may 
provide a bodily ?uid sample from a patient by any of the 
methods described above. If necessary, the sample may ?rst 
be processed by diluting the bodily ?uid in a dilution 
chamber, and or may be ?ltered by separating the plasma 
from the red blood cells in a ?ltration chamber. In some 
embodiments the sample collection unit, diluting chamber, 
and ?ltration chamber may be the same component, and in 
some embodiments they may be different components, or 
any tWo may be the same component and the other may be 
a separate component. In some embodiments there may be 
more than one sample collection unit in the ?uidic device. 

[0038] In some embodiments it may be desirable to detect 
the presence of analytes on a cell surface, Within a cell 
membrane, or inside a cell. The di?iculty of detecting such 
analytes is that cells and other formed elements are particu 
late and components of cells do not readily interact With 
traditional assay chemistries Which are designed to operate 
on analytes in solution. Cell-surface analytes react sloWly 
and ine?iciently With surface bound probes, and analytes 
inside the cell can not react at all With bound probes. To 
alloW the detection of such analytes, in some embodiments 
the ?uidic device may include a lysing assembly to lyse cells 
present in the bodily ?uid sample. The lysing assembly may 
be incorporated With the sample collection unit, a dilution 
chamber, and/ or a ?ltration chamber. In some embodiments 
the sample collection unit, dilution chamber, and lysing 
component are Within the same element in the ?uidic device. 
In some embodiments the lysing component may be incor 
porated With an assay reagent described beloW. 

[0039] Where desired, lysing agents may be impregnated 
and then dried into porous mats, glass ?ber mats, sintered 
frits or particles such as Porex, paper, or other similar 
material. Lysing agents may be dried onto ?at surfaces. 
Lysing agents may also be dissolved in liquid diluents or 
other liquid reagents. In preferred embodiments porous 
materials are used to store the lysing agents because they can 
store a lysing agent in dry form likely to be very stable. They 
also facilitate the mixing of the bodily ?uid sample With the 
lysing agent by providing a tortuous path for the sample as 
it moves through the porous material. In preferred embodi 
ments such porous materials have a disc shape With a 
diameter greater than its thickness. In some embodiments 
lysing agents may be dried onto porous materials using 
lyophiliZation, passive evaporation, exposure to Warm dry 
?oWing gas, or other knoWn methods. 

[0040] A variety of lysing agents are available in the art 
and are suitable for use in connection With the subject ?uidic 
device. Preferred lysing agents are non-denaturing, such as 
non-denaturing detergents. Non-limiting examples of non 
denaturing detergents include thesit, sodium deoxylate, tri 
ton X-lOO, and tween-20. The agents are preferably non 
volatile in embodiments Where the agents are impregnated 
into a solid porous materials. In some embodiments lysing 
agents are mixed together. Other materials may be mixed 
With the lysing agents to modify the lytic elfects. Such 
exemplary materials may be, Without limitation, bu?fers, 
salts, and proteins. In preferred embodiments lysing agents 
Will be used in amounts that are in excess of the minimum 
amount required to lyse cells. In some embodiments lysing 
agents Will be used that can lyse both White and red cells. 

[0041] One of the advantages of the present invention is 
that any reagents necessary to perform an assay on a ?uidic 

Nov. 23, 2006 

device according to the present invention are preferably 
on-board, or housed Within the ?uidic device before, during, 
and after the assay. In this Way the only inlet or outlet from 
the ?uidic device is preferably the bodily ?uid sample 
initially provided by the ?uidic device. This design also 
helps create an easily disposable ?uidic device Where all 
?uids or liquids remain in the device. The on-board design 
also prevents leakage from the ?uidic device into the reader 
assembly Which should remain free from contamination 
from the ?uidic device. 

[0042] In a preferred embodiment there is at least one 
reagent chamber. In some embodiments there may be tWo, 
three, four, ?ve, six, or more, or any number of reagent 
chambers as are necessary to ful?ll the purposes of the 
invention. A reagent chamber is preferably in ?uid commu 
nication With at least one reaction site, and When the ?uidic 
device is actuated as described herein, reagents contained in 
said reagent chambers are released into the ?uidic channels 
Within the ?uidic device. 

[0043] Reagents according to the present invention 
include Without limitation Wash bu?fers, enZyme substrates, 
dilution bu?fers, conjugates, enZyme-labeled conjugates, 
DNA ampli?ers, sample diluents, Wash solutions, sample 
pre-treatment reagents including additives such as deter 
gents, polymers, chelating agents, albumin-binding 
reagents, enZyme inhibitors, enzymes, anticoagulants, red 
cell agglutinating agents, antibodies, or other materials 
necessary to run an assay on a ?uidic device. An enZyme 
conjugate can be either a polyclonal antibody or monoclonal 
antibody labeled With an enZyme that can yield a detectable 
signal upon reaction With an appropriate substrate. Non 
limiting examples of such enZymes are alkaline phosphatase 
and horseradish peroxidase. In some embodiments the 
reagents comprise immunoassay reagents. 

[0044] In some embodiments a reagent chamber contains 
approximately about 50 ul to about 1 ml of ?uid. In some 
embodiments the chamber may contain about 100 pl of ?uid. 
The volume of liquid in a reagent chamber may vary 
depending on the type of assay being run or the sample of 
bodily ?uid provided. In some embodiments the reagents are 
initially stored dry and liqui?ed upon initiation of the assay 
being run on the ?uidic device. 

[0045] In a preferred embodiment there is at least one 
reagent chamber. In some embodiments there may be tWo, 
three, four, ?ve, six, or more, or any number of reagent 
chambers as are necessary to ful?ll the purposes of the 
invention. A reagent chamber is preferably in ?uid commu 
nication With at least one reaction site, and When the ?uidic 
device is actuated as described herein, reagents contained in 
said reagent chambers are released into the ?uidic channels 
Within the ?uidic device. 

[0046] Reagents according to the present invention 
include Without limitation Wash bu?fers, substrates, dilution 
bu?fers, conjugates, enzyme-labeled conjugates, DNA 
ampli?ers, sample diluents, Wash solutions, sample pre 
treatment reagents including additives such as detergents, 
polymers, chelating agents, albumin-binding reagents, 
enZyme inhibitors, enzymes, anticoagulants, red-cell agglu 
tinating agents, antibodies or other materials necessary to 
run an assay on a ?uidic device. An enZyme conjugate can 
be either a polyclonal antibody or monoclonal antibody 
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labeled With an enzyme, such as alkaline phosphatase or 
horseradish peroxidase. In some embodiments the reagents 
are immunoassay reagents. 

[0047] In some embodiments a reagent chamber contains 
approximately about 50 ul to about 1 ml of ?uid. In some 
embodiments the chamber may contain about 100 pl of ?uid. 
The volume of liquid in a reagent chamber may vary 
depending on the type of assay being run or the sample of 
bodily ?uid provided. In some embodiments the reagents are 
initially stored dry and liqui?ed upon initiation of the assay 
being run on the ?uidic device. 

[0048] FIG. 5 illustrate a different embodiment of a sealed 
reagent chamber. FIG. 5 shoWs a top, side, and bottom vieW 
of a reagent chamber. A top layer 11 contains a plurality of 
bubbles or pouches 13. A bottom layer 15 has a bottom 
surface that is bonded to the ?uidic device base 17 as shoWn 
in FIG. 6. The bottom layer 15 has a plurality of ?uidic 
channels 19 dispersed through the entire surface, Where each 
channel traverses the bottom layer 15. The ?uid in the 
reagent chamber is contained Within the chamber by pres 
sure burstable seal 21 betWeen the ?uidic channel 19 and the 
chamber 13. The burstable seal 21 is designed such that at 
a pre-determined pressure the seal bursts alloWing the ?uid 
in the chamber 13 to ?oW out into a ?uidic channel 19. 

[0049] FIG. 7 shoWs an exemplary process of ?lling the 
reagent chambers 13 With, for example, reagents. Reagent 
chambers 13 may be ?lled With ?uid using a ?ll channel and 
a vacuum draW channel. The process of ?lling the reagents 
involves ?rst removing all the air from the chamber. This is 
done by draWing a vacuum through the vacuum draW 
channel. Once the vacuum is draWn, a permanent seal is 
placed betWeen the ?ll channel and the vacuum draW 
channel. Next, required reagents are dispensed into the 
chamber through the ?ll channel. Then, a permanent seal is 
placed betWeen the chamber and the ?ll channel. This 
ensures that When the chamber is compressed, the ?uid can 
?oW in only one direction, toWards the burstable seal. If the 
compression imparts a pressure larger than the burst pres 
sure of seal, the seal bursts and the ?uid ?oWs into the ?uidic 
channel. 

[0050] FIGS. 8 and 9 illustrate an embodiment of a ?uidic 
device in operation With actuating elements as described 
herein. Fluidic device 2 contains a reagent chamber 10 and 
a layer of burstable foil 12 enclosing the reagent chamber. 
Above the burstable foil 12 is a portion of the micro?uidic 
circuit 14. A tough, but elastomeric top cover 16 acts as the 
top layer of the ?uidic device 2. The reader assembly 
includes a valve actuation plate 18. Securely attached to the 
plate 18 is a non-coring needle 20 such that When the plate 
is loWered, the sharp edge of the needle contacts the elas 
tomeric cover 16. The top cover could also be made of 
?exible silicone material that Would act as a moisture 
impermeable seal. This embodiment also provides a solution 
to liquid evaporation and leakage from a ?uidic device by 
isolating any liquid reagents in the ?uidic device from any 
dry reagents until the assay is initiated. 

[0051] In preferred embodiments the reagent chamber and 
sample collection unit are ?uidly connected to reaction sites 
Where bound reactant can detect an analyte of interest in the 
bodily ?uid sample using the assay. A reaction site could 
then provide a signal indicative of the presence of the 
analyte of interest, Which can then be detected by a detection 
device described in detail herein beloW. 
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[0052] In some embodiments the reactions sites are ?at but 
they may take on a variety of alternative surface con?gu 
rations. The reaction site preferably forms a rigid support on 
Which a reactant can be immobiliZed. The reaction site 
surface is also chosen to provide appropriate light-absorbing 
characteristics. For instance, the reaction site may be func 
tionaliZed glass, Si, Ge, GaAs, GaP, SiO2, SiN4, modi?ed 
silicon, or any one of a Wide variety of gels or polymers such 
as (poly)tetra?uoroethylene, (poly)vinylidenedi?uoride, 
polystyrene, polycarbonate, polypropylene, or combinations 
thereof. Other appropriate materials may be used in accor 
dance With the present invention. 

[0053] A reactant immobiliZed at a reaction site can be 
anything useful for detecting an analyte of interest in a 
sample of bodily ?uid. For instance, such reactants include 
Without limitation nucleic acid probes, antibodies, cell mem 
brane receptors, monoclonal antibodies and antisera reactive 
With a speci?c analyte. Various commercially available 
reactants such as a host of polyclonal and monoclonal 
antibodies speci?cally developed for speci?c analytes can be 
used. 

[0054] One skilled in the art Will appreciate that there are 
many Ways of immobiliZing various reactants onto a support 
Where reaction can take place. The immobilization may be 
covalent or noncovalent, via a linker moiety, or tethering 
them to an immobilized moiety. These methods are Well 
knoWn in the ?eld of solid phase synthesis and micro-arrays 
(Beier et al., Nucleic Acids Res. 27:1970-1-977 (1999). 
Non-limiting exemplary binding moieties for attaching 
either nucleic acids or proteinaceous molecules such as 
antibodies to a solid support include streptavidin or avidin/ 
biotin linkages, carbamate linkages, ester linkages, amide, 
thiolester, (N)-functionaliZed thiourea, functionaliZed male 
imide, amino, disul?de, amide, hydraZone linkages, and 
among others. In addition, a silyl moiety can be attached to 
a nucleic acid directly to a substrate such as glass using 
methods knoWn in the art. 

[0055] In some embodiments there are more than one 
reaction sites Which can alloW for detection of multiple 
analytes of interest from the same sample of bodily ?uid. In 
some embodiments there are tWo, three, four, ?ve, six, or 
more reaction sites, or any other number of reaction sites as 
may be necessary to carry out the intent of the invention. 

[0056] In embodiments With multiple reaction sites on a 
?uidic device, each reaction site may contain a probe 
different from a probe on a different reaction site. In a ?uidic 
device With, for example, three reaction sites, there may be 
three different probes, each bound to a different reaction site 
to bind to three different analytes of interest in the sample. 
In some embodiments there may be different probes bound 
to a single reaction site if, for example, a CCD With multiple 
detection areas Were used as the detection device, such that 
multiple different analytes could be detected in a single 
reaction site. The capability to use multiple reaction sites in 
addition to multiple different probes on each reaction site 
enables the high-throughput characteristics of the present 
invention. 

[0057] The present invention alloWs for the detection of 
multiple analytes on the same ?uidic device. If assays with 
different luminescent intensities are run in adjacent reaction 
sites, photons (signals that emanate from the reactions) may 
travel from one reaction site to an adjacent reaction site, as 
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reaction sites may be constructed of materials that alloW 
photons to travel through the ?uidic channels that connect 
the sites. This optical cross talk may compromise the accu 
racy of the detected photons. FIGS. 13B and 13C illustrate 
different embodiments of this invention that can eliminate or 
reduce the amount of optical cross-talk. Non-linear channels 
22 Will not alloW photons (light) to pass through. Hence, 
embodiments such as those shoWn in FIGS. 13B and 13C 
Would not alloW signals from a reaction site to contaminate 
a signal produced from an adjacent site from Which a 
detection device may be detecting. Additionally, the edges or 
Walls of a reaction site may be constructed using optically 
opaque materials so that light Will not escape the Wells. In 
some embodiments the reaction sites are White or opaque. 

[0058] In one exemplary con?guration, the bound reac 
tants in the at least one reaction site are localiZed around the 
center of said reaction site. In another exemplary con?gu 
ration, an outer edge of the at least one reaction site is at a 
distance su?iciently far from said bound reactants to reduce 
signals unrelated to the presence of said analyte. Distancing 
the edge of the reaction site from the center area Where 
bound reactants are concentrated alloWs reduction of inter 
fering signals from the background that does not relate to the 
presence of the analyte of interest. 

[0059] At least one of these channels Will typically have 
small cross sectional dimensions. In some embodiments the 
dimensions are from about 0.01 mm to about 5 mm, pref 
erably from about 0.03 mm to about 3 mm, and more 
preferably from about 0.05 mm to about 2 mm. Fluidic 
channels in the ?uidic device may be created by, for example 
Without limitation, precision injection molding, laser etch 
ing, or any other technique knoWn in the art to carry out the 
intent of the invention. 

[0060] One of the common problems encountered in a 
micro?uidic based assay system is the presence of air or gas 
bubbles. It is extremely di?icult to remove a bubble once it 
is trapped Within a ?uidic channel. Bubbles present any 
Where in the ?uidic circuit, particularly in the reaction sites 
can compromise the assay capabilities. Abubble may end up 
occupying part of all of the surface area of a reaction site. 
Consequently the reader may end up reading a muted signal 
or no signal at all. FIG. 15 illustrates an embodiment Where 
a bubble could be trapped in a ?lter 28 before it reaches a 
reaction site 6. A bubble trapper 28 can be positioned 
betWeen a sample collection unit 4 and reaction site 6. The 
bubble trapper can have such a geometry that the bubbles 
tend to migrate toWards the edges of this surface and remain 
stuck at that service, thereby not entering into the reaction 
sites. 

[0061] Manufacturing of the ?uidic channels may gener 
ally be carried out by any number of microfabrication 
techniques that are Well knoWn in the art. For example, 
lithographic techniques are optionally employed in fabricat 
ing, for example, glass, quartz or silicon substrates, using 
methods Well knoWn in the semiconductor manufacturing 
industries such as photolithographic etching, plasma etching 
or Wet chemical etching. Alternatively, micromachining 
methods such as laser drilling, micromilling and the like are 
optionally employed. Similarly, for polymeric substrates, 
Well knoWn manufacturing techniques may also be used. 
These techniques include injection molding or stamp mold 
ing methods Where large numbers of substrates are option 
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ally produced using, for example, rolling stamps to produce 
large sheets of microscale substrates or polymer microcast 
ing techniques Where the substrate is polymeriZed Within a 
micromachined mold. 

[0062] In some embodiments at least one of the different 
layers of the ?uidic device may be constructed of polymeric 
substrates. Non limiting examples of polymeric materials 
include polystyrene, polycarbonate, polypropylene, poly 
dimethysiloxanes (PDMS), polyurethane, polyvinylchloride 
(PVC), and polysulfone. 

[0063] The ?uidic device may be manufactured by stamp 
ing, thermal bonding, adhesives or, in the case of certain 
substrates, for example, glass, or semi-rigid and non-rigid 
polymeric substrates, a natural adhesion betWeen the tWo 
components. In some embodiments the ?uidic device is 
manufactured by ultrasonic or acoustic Welding. 

[0064] FIG. 2 shoWs one embodiment of the invention in 
Which ?uidic device 2 is comprised of seven layers. Features 
as shoWn are, for example, cut in the polymeric substrate 
such that When the layers are properly positioned When 
assembly Will form a ?uidic netWork. In some embodiments 
more or feWer layers may be used to construct a ?uidic 
device to carry out the purpose of the invention. 

[0065] One goal of the present invention is to prevent ?uid 
inside a ?uidic device from contacting the components of a 
reader assembly Which may need to remain dry and or 
uncontaminated, and also to prevent contamination to a 
detection device Within the reader assembly. A leak in the 
?uidic device could result in liquids, for example reagents or 
Waste, escaping from the ?uidic device and contaminating 
the reader. In other embodiments a liquid absorbing mate 
rial, such as polymeric materials found in diapers, could be 
placed Within a portion of the ?uidic channel or Waste 
chamber to absorb the Waste liquid. A non-limiting example 
of such a polymer is sodium polyacrylate. Such polymers 
can absorb ?uids hundreds of times their Weight. Hence, 
only minute quantities of such polymeric materials may be 
required to accomplish the goal of absorbing leaked ?uids. 
In some embodiments a Waste chamber is ?lled With a 
superabsorbent material. In some embodiments leaked liq 
uid may be converted into a gel or other solid or semi-solid 
form. 

[0066] FIGS. 8 and 9 illustrate an exemplary sequence to 
initiate the ?oW of a reagent Within the ?uidic device. An 
actuation plate 18 in the reader assembly comprises a 
non-coring needle or pin 20 Which When loWered ?exes the 
top cover 16, as it is preferably made of strong, ?exible 
elastomeric material. HoWever, the easily rupturable foil 12 
then ruptures due to the stress induced by the ?exing of top 
cover 16. Valves located doWnstream to the reagent chamber 
puncture different areas of foil in the ?uidic device and can 
then Work in tandem With a pump Within the reader assembly 
to create a vacuum force to pull the reagent out of the reagent 
chamber 6 into a ?uidic channel and then direct the ?oW of 
the reagent to a reaction site. At least one valve is preferably 
?uidically connected to a pump housed Within the reader 
assembly. The non-coring needle or pin 20 is removed from 
the ?uidic device When the device is removed from the 
reader assembly. One of the advantages of this embodiment 
is that no on-chip pump is required, Which, at least, 
decreases the siZe and cost of the ?uidic device, and alloWs 
the device to be disposable. 










