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(57) ABSTRACT 

The present invention provides systems, devices, and meth 
ods for point-of-care and/or distributed testing services. The 
methods and devices of the invention are directed toward 
automatic detection of analytes in a bodily fluid. The compo 
nents of the device can be modified to allow for more flexible 
and robust use with the disclosed methods for a variety of 
medical, laboratory, and other applications. The systems, 
devices, and methods of the present invention can allow for 
effective use of samples by improved sample preparation and 
analysis. 
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SYSTEMIS AND METHODS FOR SAMPLE 
USE MAXIMIZATION 

CROSS-REFERENCE 

0001. This application claims priority to U.S. Provisional 
Patent Application Ser. No. 61/435,250, filed Jan. 21, 2011, 
which application is entirely incorporated herein by refer 
CCC. 

BACKGROUND OF THE INVENTION 

0002 The discovery of a vast number of disease biomar 
kers, new therapies and the establishment of miniaturized 
medical systems have opened up new avenues for the predic 
tion, diagnosis and monitoring of treatment of diseases in a 
point-of-care or other distributed test settings. Point-of-care 
systems can rapidly deliver test results to medical personnel, 
other medical professionals and patients. Early diagnosis of a 
disease or disease progression and monitoring of therapy are 
often critical for treatment of deadly conditions such as cer 
tain cancers and infectious diseases. 
0003 Diagnosis and treatment of diseases can take advan 
tage of multiplexed biomarker measurements, which provide 
additional knowledge of the condition of a patient. For 
example, when monitoring the effects of a drug, three or more 
biomarkers can be measured in parallel. Typically, microtiter 
plates and other similar apparatuses have been used to per 
form multiplexed separation-based assays. A microtiter plate 
(for example, a 384 well microtiter plate) can perform a large 
number of assays in parallel. 
0004. In a Point-of-Care (POC) device, the number of 
assays that can be performed in parallel is often limited by the 
size of the device and the volume of the sample to be ana 
lyzed. In many POC devices, the number assays performed is 
about 1 to 10. A POC device capable of performing multi 
plexed assays on a small sample would be desirable. 
0005. A shortcoming of many multiplexed POC assay 
devices is the high cost of manufacturing the components of 
the device. If the device is disposable, the cost of the compo 
nents can make the manufacturing of a POC device imprac 
tical. Further, for multiplexed POC devices that incorporate 
all of the necessary reagents onboard of the device, if any one 
of those reagents exhibit instability, an entire manufactured 
lot of devices may have to be discarded even if all the other 
reagents are still usable. 
0006 Whena customer is interested in customizing a POC 
device to a particular set of analytes, manufacturers of mul 
tiplexed POC assay systems are often confronted with the 
need to mix and match the assays and reagents of the device. 
A multiplexed POC assay suitable to each customer can be 
very expensive, difficult to calibrate, and difficult to maintain 
quality control. 
0007. POC methods have proven to be very valuable in 
monitoring disease and therapy (for example, blood glucose 
systems in diabetes therapy, Prothrombin Time measurement 
in anticoagulant therapy using Warfarin). By measuring mul 
tiple markers, it is believed that complex diseases (such as 
cancer) for which multi-drug therapies are required can be 
better monitored and controlled. 
0008. There exists the need to use multiple sources of 
information for monitoring the health status or disease con 
dition of individuals as well as treatments of various diseases. 
Especially important is the measurement of concentrations of 
several selected analytes (biomarkers, antibodies, gene 

Dec. 6, 2012 

expression levels, metabolites, therapeutic drug concentra 
tions and the like) over time. To make this process convenient 
and maximally effective, technologies that enable measure 
ment of any and all needed analytes (of whatever types) using 
a small blood sample (blood drop obtained by finger-stick) or 
other suitable sample are particularly valuable. Such technol 
ogy will ideally be operable by non-technically trained users 
in distributed test settings, e.g., homes, clinics, doctor's 
offices, pharmacies, and retail shops. The present invention 
addresses these issues and allows for one to be able to make 
Such measurements routinely in patient's home or other non 
laboratory setting. 
0009. There also exists the need to make the greatest use of 
available samples, particularly in the instance where samples 
(e.g., blood samples) are limited by sample size. Blood 
samples are used for the great majority of medical/clinical 
tests. Blood cells have to be separated from plasma (or serum) 
prior to most types of analysis since the presence of cells 
would compromise the assay chemistries. For example, glu 
cose and cholesterol are often measured by color-forming 
chemistries which would be interfered with by the presence of 
formed elements, especially red cells, or hemoglobin (from 
lysed red cells). 
0010 Distributed test systems ideally require a small 
blood sample obtained by fingerstick methods. Such samples 
may be as Small as 20 microliters (ul) (one drop) or less. 
Larger Volume samples (say up to 200 uL) usually cannot be 
taken by fingerstick methods without repeated, inconvenient 
(“milking”) offingers. Alternatively venous samples of sev 
eral milliliters (mL) can be taken but this requires a medically 
trained phlebotomist. 
0011. It is usually very difficult to perform more than a 
single assay using Small blood sample with 20 uL or less. This 
is especially so when the blood sample has to be filtered to 
remove cells and the recovery of usable plasma from such 
small volumes is inefficient. Typically only about 5uIL or less 
of plasma can be recovered. Samples as large as 200u can be 
efficiently separated by automated POC systems (Abaxis, 
Biosite etc.) but this cannot be done routinely unless a tech 
nician is available to draw the sample. 

SUMMARY OF THE INVENTION 

0012. In view of the limitations of current methods, there 
is a pressing need for improved methods of automatically 
separating plasma and/or other materials from blood cells. 
There is also a need for improved accuracy of these measure 
ments on analyte concentration. In measurements of biomar 
kers and other components of blood for the purposes of moni 
toring therapy and diagnosis, it is important that the correct 
Volume of sample be used. In a laboratory setting, this is 
achieved by utilizing complex automated instruments and 
skilled professional staff members. In contrast in “point-of 
care settings Such as homes, retail pharmacies and shops, 
and the like, the methods and equipment used must enable 
non-technically trained people reliably to obtain and process 
samples. 
0013 The present invention addresses the aforementioned 
needs and provides related advantages. 
0014. In some embodiments, the present invention relates 
to point-of-care and/or point-of-service devices. In some 
embodiments, the present invention relates to systems, 
devices, user interfaces, and methods for assaying samples 
using a point-of-care and/or point-of-service device. 
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0015. In one aspect, the devices and methods disclosed 
herein are designed to identify the sample type (blood versus 
plasma and etc.) to measure the Volume of sample early 
enough in the assay procedure to ensure an appropriate 
sample is used is an intended assay. In another aspect, the 
present invention also allows for one to be able to correct for 
significant Volume errors that occur in performing an assay. 
0016. In yet another aspect, this invention allows for 
simultaneous measurements on several analytes of different 
types with high accuracy. 
0017. An aspect of the invention may be directed to an 
automated system for separating one or more components in 
a biological fluid. The automated system may comprise a 
pipette tip or closed tube adapted to engage with an aspirator 
wherein said pipette tip or tube comprises two opposingends, 
at least one of which is closed or sealable; and a centrifuge 
configured to receive said sealed pipette tip or closed tube to 
effect said separating of one or more components in a bio 
logical fluid. In an embodiment, the one or more components 
are selected from the group consisting of blood plasma, blood 
serum, blood cells, and particulates. In another embodiment, 
when the pipette tip is engaged with the aspirator to effect a 
draw of the biological fluid. In another embodiment, the 
pipette tip has an open end that forms an airtight seal with the 
aspirator. In another embodiment, the system further com 
prises an imaging device; and at least one other pipette tip 
dimensioned to allow dispensing of a liquid into the pipette 
tip or tube of (a) or to allow the aspiration of a liquid from the 
pipette tip or tube of (a). In another embodiment, the pipette 
tip or closed tube is oriented vertically when the centrifuge is 
at rest. In another embodiment, the pipette tip or closed tube 
is oriented horizontally when the centrifuge is spinning at a 
predetermined rotational velocity. 
0018. Another aspect of the invention may be a method for 
isolating components in a sample comprising one or more of 
the following steps: loading a sample into a pipette tip or a 
tube comprising two opposing ends, at least one of which is 
sealable or sealed; sealing the pipette tip on the at least one 
end of the pipette tip; centrifuging the sealed pipette tip, 
thereby forming an interfacial region that separates the 
sample into a Supernatant and a pellet; imaging the centri 
fuged pipette tip to determine the location of the interfacial 
region; and automatically aspirating the Supernatant based on 
the location of the interfacial region. In an embodiment, the 
method further comprises determining the location of the 
Supernatant by said imaging step and automatically aspirating 
the Supernatant based on the location of the Supernatant. In 
another embodiment, the determination occurs with the aid of 
a processor, and said processor provides instructions to an 
aspirating device which performs the automated aspiration 
step. In another embodiment, the imaging occurs by use of a 
camera that is configured to capture the image of the side 
profile of the pipette tip or the tube. In another embodiment, 
the supernatant includes one or more of the following: blood 
plasma or blood serum. In another embodiment, the pellet 
includes one or more of the following: blood cells or particu 
lates. 
0019. A computer-assisted method for characterizing an 
analyte suspected to be present in a sample may be provided 
in accordance with an additional aspect of the invention. The 
computer-assisted method may comprise obtaining a digital 
image of the sample, wherein the digital image comprises at 
least a two-dimensional array of pixels, and wherein each 
pixel comprises a plurality of intensity values, each of which 
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corresponds to a distinct detection spectral region; correlat 
ing, with the aid of a programmable device, the obtained 
intensity values with a predetermined set of values that define 
a dynamic range of each detection spectral region; and pre 
dicting the presence and/or quantity of said analyte in the 
sample based on said correlating of the obtained intensity 
values with a predetermine set of values. In an embodiment, 
the plurality of intensity values comprise intensity values for 
red, green, and blue detection spectral regions. In another 
embodiment, the method further comprises selecting an illu 
mination wavelength, and illuminating the sample with the 
selected illumination wavelength prior to and/or concurrently 
with obtaining the digital image. In another embodiment, the 
method further comprises, Subsequent to obtaining the digital 
image, (a) selecting another illumination wavelength; (b) illu 
minating the sample with the other selected illumination 
wavelength; (c) obtaining another digital image of the 
sample, wherein the digital image comprises at least a two 
dimensional array of pixels, and wherein each pixel com 
prises a plurality of intensity values, each of which corre 
sponds to a distinct detection spectral region; and (d) 
predicting the presence and/or quantity of said analyte in the 
sample based on the obtained intensity values from the digital 
image and said another digital image. 
0020. Also, an aspect of the invention may be directed to a 
method of measuring an analyte concentration in a sample 
fluid comprising providing the sample contained in a con 
tainer dimensioned with a plurality of distinct widths to per 
mit transmission of light along a plurality of varying path 
lengths that correspond to the plurality of distinct widths: 
illuminating the container along at least one of the plurality of 
path lengths; and imaging the container to measure a first light 
intensity transmitted across said at least one of the plurality of 
path lengths, for the determination of the concentration of the 
analyte based on the measured first light intensity. 
0021. In accordance with another aspect of the invention, 
a method of detecting the presence or concentration of an 
analyte in a sample fluid contained in a container (e.g., 
cuvette) may comprise illuminating the container along a first 
region having a first path length to yield a first measurement 
oflight intensity transmitted across the first path length; mov 
ing the sample fluid to another region in the container having 
another path length if the first measurement falls outside a 
predetermined dynamic range of transmitted light intensity; 
illuminating the container along the another region to yield 
another measurement of light intensity transmitted across the 
another path length; and optionally repeating second and 
third steps until a measurement of light intensity falls within 
the predetermined dynamic range, thereby detecting the pres 
ence or concentration of the analyte. In an embodiment, the 
method further comprises deconvoluting a line scan of the 
image, thereby detecting the presence or concentration of an 
analyte. In another embodiment, the sample is moved from a 
first region of the container having a first path length to a 
second region of the container having another path length by 
aspirating the sample. In another embodiment, an end of the 
container is attached to a pipette which is configured to aspi 
rate the sample. In another embodiment, the sample is moved 
up or down the length of the container. In another embodi 
ment, the container is a pipette tip. In another embodiment, 
the container is conically shaped. In another embodiment, the 
container has two open ends. In another embodiment, a first 
open end has a greater diameter than a second open end. In 
another embodiment, the container has a plurality of distinct 
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widths to permit transmission of light along a plurality of 
varying path lengths. In another embodiment, the container 
Volume is less than 100 microliters. In another embodiment, 
a plurality of distinct path lengths are imaged simultaneously. 
0022. A method may be provided as an additional aspect 
of the invention. The method may be provided for character 
izing an analyte Suspected to be present in a sample of bio 
logical fluid, said method comprising: providing said sample 
of biological fluid; allowing said analyte to react with one or 
more reagents that specifically react with said analyte to 
generate an optically detectable signal; and measuring said 
optically detectable signal with a plurality of detection spec 
tral regions, wherein the presence of said optically detectable 
signal within a dynamic range of at least one detection spec 
tral region is indicative of the concentration of said analyte in 
said sample of biological fluid. In an embodiment, the mea 
Suring is performed by an imaging device configured to mea 
Sure a plurality of detection spectral regions. In another 
embodiment, the imaging device is configured to measure the 
plurality of detection spectral regions simultaneously. In 
another embodiment, the imaging device is configured to 
measure the plurality of detection spectral regions sequen 
tially. 
0023. An aspect of the invention provides a method for 
increasing the accuracy of an assay comprising imaging a 
sample in a first tip to determine the volume of the first 
sample; imaging one or more reagents in a second tip to 
determine the Volume of the one or more reagents; mixing the 
sample and the one or more reagents to form a reaction 
mixture; imaging the reaction mixture; correcting a calibra 
tion based on said determined volumes of the sample and the 
one or more reagents; and calculating a concentration of an 
analyte using the corrected calibration. In an embodiment, the 
method further comprises imaging the reaction mixture to 
determine the volume of the reaction mixture. In another 
embodiment, the imaging of the sample in the first tip is 
conducted using a camera configured to capture a side profile 
of the first tip. In another embodiment, imaging of the one or 
more reagents in the second tip is conducted using a camera 
configured to capture a side profile of the second tip. In 
another embodiment, the height of the sample and the one or 
more reagents is calculated based on the captured profiles. In 
another embodiment, determining the Volume is based on the 
height of the sample and the one or more reagents and the 
known cross-sectional areas of the sample and the one or 
more reagents respectively. In another embodiment, the cali 
bration is also based on the determined volume of the reaction 
mixture. 

0024. Another aspect of the invention provides a setup, 
comprising: a vessel configured to accept and confine a 
sample, wherein the vessel comprises an interior Surface, an 
exterior Surface, an open end, and an opposing closed end; 
and a tip configured to extend into the vessel through the open 
end, wherein the tip comprises a first open end and second 
open end, wherein the second open end is inserted into the 
vessel, wherein the vessel or the tip further comprises a pro 
truding Surface feature that prevents the second open end of 
the tip from contacting the bottom of the interior surface of 
the closed end of the vessel. In an embodiment, the surface 
feature is integrally formed on the bottom interior surface of 
the vessel. In another embodiment, the surface feature com 
prises a plurality of bumps on the bottom interior surface of 
the vessel. In another embodiment, the protruding Surface 
feature is at or near the closed end. 
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0025. Another aspect of the invention provides a sample 
processing apparatus comprising a sample preparation sta 
tion, assay station, and/or detection station; a control unit 
having computer-executable commands for performing a 
point-of-service service at a designated location with the aid 
of at least one of said sample preparation station, assay station 
and detection station; and at least one centrifuge configured to 
perform centrifugation of a sample from a fingerstick. In an 
embodiment, the centrifuge is contained within the sample 
preparation station and/or the assay station. In another 
embodiment, the computer-executable commands are config 
ured to perform the point-of-service service at a site selected 
from the group consisting of a retailer site, the Subject's home, 
or a health assessment/treatment location. 

0026. Another aspect of the invention provides a method 
for dynamic feedback, said method comprising: taking an 
initial measurement of a sample within a container using a 
detection mechanism: based on said initial measurement, 
determining, using a processor, whether the sample concen 
tration falls into a desired range, and determining, using a 
processor, (a) a degree of dilution to be performed if the 
sample concentration is higher than the desired range or (b) a 
degree of concentration to be performed if the sample con 
centration is lower than the desired range; and adjusting the 
sample concentration according to the determined degree of 
dilution or the determined degree of concentration. In an 
embodiment, the method further comprises taking a Subse 
quent measurement of the sample within the container. In 
another embodiment, the method further comprises, based on 
the Subsequent measurement determining, using a processor, 
whether the sample concentration falls into a desired range. In 
another embodiment, the Subsequent measurement is made 
using the detection mechanism. In another embodiment, the 
method further comprises determining a characteristic of the 
sample based on the Subsequent measurement. In another 
embodiment, the characteristic is selected from one or more 
of the following: the presence or concentration of an analyte, 
the presence or concentration of a cell, and the morphology of 
the cell. In another embodiment, the Subsequent measure 
ment is made using a separate detection mechanism from the 
initial detection mechanism. In another embodiment, the ini 
tial measurement provides a crude cell concentration mea 
Surement of the sample. In another embodiment, the Subse 
quent measurement provides a measurement of cell 
concentration of the sample of greater resolution than the 
initial measurement. In another embodiment, the initial mea 
Surement is taken by imaging the sample. In another embodi 
ment, the adjusting of the sample concentration permits 
detection of analyte that would otherwise fall outside the 
desired range. 
0027. Another aspect of the invention provides a method 
for providing quality control, said method comprising cap 
turing an image of conditions under which a detection mecha 
nism measures a characteristic of a sample; and determining, 
using a processor, based on the image whether there are 
undesirable conditions under which the detection mechanism 
is operated. In an embodiment, the undesirable conditions 
includes the presence of one or more undesirable materials. In 
another embodiment, the undesirable materials includes one 
or more of the following: bubbles, particles, fibers, debris, 
and precipitates that interfere with the measurement of the 
characteristic of the sample. In another embodiment, the 
detection mechanism is a different mechanism from a mecha 
nism used to capture the image. In another embodiment, the 
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image is captured using a camera. In another embodiment, the 
method further comprises providing an alert if an undesirable 
condition is detected. In another embodiment, the method 
further comprises adjusting the sample if an undesirable con 
dition is detected. In another embodiment, the image includes 
an image of the sample. In another embodiment, the image 
includes an image of one or more of the following: the sample 
container or the detection mechanism. 

0028. Another aspect of the invention is an automated 
system for separating one or more components in a biological 
fluid comprising a centrifuge comprising one or more bucket 
configured to receive a container to effect said separating of 
one or more components in a fluid sample; and the container, 
wherein the container includes one or more shaped feature 
that is complementary to a shaped feature of the bucket. In an 
embodiment, the shaped feature of the bucket includes one or 
more shelf upon which a protruding portion of the container 
is configured to rest. In another embodiment, the bucket is 
configured to be capable of accepting a plurality of containers 
having different configurations, and wherein the shaped fea 
ture of the bucket includes a plurality of shelves, wherein a 
first container having a first configuration is configured to rest 
upon a first shelf, and a second container having a second 
configuration is configured to rest upon a second shelf. 
0029. Another aspect of the invention provides an assay 
unit comprising a first end and a second end; an outer Surface; 
and an inner Surface comprising one or more selected patterns 
each of which is immobilized thereon or therein with a cap 
ture reagent capable of capturing an analyte Suspected to be 
present in a biological sample, wherein the first end and the 
second end are of different dimensions. 

0030. Another aspect of the invention provides an assay 
unit comprising an identifier that is used to determine (a) the 
one or more capture reagents immobilized on the inner Sur 
face; and (b) source of the biological sample if the assay unit 
contains said sample. 
0031. Another aspect of the invention provides an assay 
unit comprising a plurality of selected patterns, each pattern 
of said plurality comprises a distinct capturing agent. 
0032. Other goals and advantages of the invention will be 
further appreciated and understood when considered in con 
junction with the following description and accompanying 
drawings. While the following description may contain spe 
cific details describing particular embodiments of the inven 
tion, this should not be construed as limitations to the Scope of 
the invention but rather as an exemplification of preferable 
embodiments. For each aspect of the invention, many varia 
tions are possible as Suggested herein that are known to those 
of ordinary skill in the art. A variety of changes and modifi 
cations can be made within the scope of the invention without 
departing from the spirit thereof. The various compounds/ 
devices disclosed herein can be used separately or conjunc 
tively in any combination, for any methods disclosed herein 
alone or in any combinations. 

INCORPORATION BY REFERENCE 

0033 All publications, patents, and patent applications 
mentioned in this specification are herein incorporated by 
reference to the same extent as if each individual publication, 
patent, or patent application was specifically and individually 
indicated to be incorporated by reference. 

Dec. 6, 2012 

BRIEF DESCRIPTION OF THE DRAWINGS 

0034. The novel features of the invention are set forth with 
particularity in the appended claims. A better understanding 
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 prin 
ciples of the invention are utilized, and the accompanying 
drawing(s) of which: 
0035 FIG. 1 shows a side view of a centrifuge. 
0036 FIG. 2 shows a face on view of a centrifuge. 
0037 FIG. 3 shows a perspective view of the back of a 
centrifuge. 
0038 FIG. 4 shows a top view of a sample tip. 
0039 FIG. 5 shows a side view of a sample tip. 
0040 FIG. 6 shows a cross-sectional view of a sample tip. 
0041 FIG.7 shows a diagram of a sample tip positioned in 
a sample above a plasma/packed cell interface. 
0042 FIG. 8 shows a graph of centrifugation time as a 
function of revolutions per minute. 
0043 FIG. 9 shows a graph of centrifugation time as a 
function of the radius of the centrifuge rotor. 
0044 
0045 FIG. 11 shows a capped sample tip containing a 
sample of a bodily fluid, e.g., blood. 
0046 FIG. 12 shows a capped sample tip containing a 
sample of about 23% hematocrit blood after centrifugation. 
0047 FIG. 13 shows a capped sample tip containing a 
sample of about 31% hematocrit blood after centrifugation. 
0048 FIG. 14 shows a capped sample tip containing a 
sample of about 40% hematocrit blood after centrifugation. 
0049 FIG. 15 shows a capped sample tip containing a 
sample of about 52% hematocrit blood after centrifugation. 
0050 FIG. 16 shows a capped sample tip containing a 
sample of 68% hematocrit blood after centrifugation. 
0051 FIG. 17 shows a comparison of hematocrit mea 
Sured using by digitally imaging system a centrifuged sample 
(“hematocrit, % reported') and hematocrit measured by stan 
dard microhematocrit apparatus (“hematocrit, % target”) 
0.052 FIG. 18 shows a diagram of a tip used for reactions 
and a tip used for blood/plasma (dimensions shown in mm). 

FIG. 10 shows an empty capped sample tip. 

0053 FIG. 19 shows a cylindrical capillary containing a 
sample. 
0054 FIG. 20 shows angles and dimensions for calculat 
ing Volumes within a conical container, e.g. a capillary. 
0055 FIG. 21 shows angles and dimensions for calculat 
ing Volumes within a conical container, e.g., a capillary. 
0056 FIG. 22 shows angles and dimensions for calculat 
ing Volume of a spherical cap. 
0057 FIG. 23 shows dimensions for calculating the vol 
ume of a sample contained within a cylindrical tip, where the 
sample has a single meniscus. 
0.058 FIG. 24 shows dimensions for calculating the vol 
ume of a sample contained within a cylindrical tip, where the 
sample has two menisci. 
0059 FIG. 25 shows dimensions for calculating the vol 
ume of a sample contained within and/or associated with a 
cylindrical tip, where the sample has two menisci and one of 
which is external to the cylindrical tip. 
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0060 FIG. 26 shows dimensions for calculating the vol 
ume of a sample contained within a cylindrical tip, where 
there is a bubble in the sample. 
0061 FIG. 27 shows dimensions for calculating the vol 
ume of a sample contained within a cylindrical tip, where 
there is a bubble in the sample that spans the width of the 
cylindrical tip. 
0062 FIG. 28 shows dimensions for calculating the vol 
ume of a sample contained within and/or associated with a 
cylindrical tip, where the sample includes a pendant droplet 
of sample outside the cylindrical tip. 
0063 FIG. 29 shows dimensions for calculating the vol 
ume of a residual sample contained within a cylindrical tip. 
0064 FIG. 30 shows a blood sample within a tip prior to 
being mixed with a magnetic reagent. 
0065 FIG. 31 shows a blood sample being mixed with a 
magnetic reagent. 
0066 FIG. 32 shows a blood sample mixed with a mag 
netic reagent. 
0067 FIG. 33 shows a blood sample mixed with a mag 
netic reagent contained within a tip. 
0068 FIG. 34 shows a blood sample mixed with a mag 
netic reagent moved to a selected position within a tip. 
0069 FIG.35 shows a magnetic force applied by a magnet 
(M) to a blood sample mixed with a magnetic reagent. 
0070 FIG. 36 shows a blood sample that has been sepa 
rated into a redcell componentanda plasma component using 
magnetic force. 
(0071 FIG. 37 shows a well positioned beneath a tip con 
taining a blood sample that has been separated into a red cell 
component and a plasma component. 
0072 FIG. 38 shows a depiction of blood plasma being 
transferred from a tip to a well. 
0073 FIG. 39 shows a tip after dispensing of blood plasma 
to a well. 
0074 FIG. 40 shows a high contrast image of a cylindrical 

tip containing a liquid with low absorbance. 
0075 FIG. 41 shows an image of a conical tip containing 
a liquid with high absorbance. 
0076 FIG. 42 shows a tip with a high absorbance liquid 
showing two menisci within the tip. 
0077 FIG. 43 shows a tip with a sample liquid and large 
bubbles that span the diameter of the tip. 
0078 FIG. 44 shows a tip containing water showing a 
clear upper meniscus in a transparent tip or capillary. 
007.9 FIG. 45 shows a graph of computed Protein-C con 
centration as a function of sample Volume. 
0080 FIG. 46 shows an image of a sample transfer device 
with a capillary, housing, plunger, groove, and raised feature. 
The raised feature may help locate the plunger in the housing. 
0081 FIG.47 shows a sample contained with the capillary 
of a sample transfer device. 
0082 FIG. 48 shows a sample transfer device after a 
sample has been ejected by a plunger. 
I0083 FIG. 49 shows a sample transfer device after a 
sample has been incompletely ejected. 
0084 FIG. 50 shows a conical tip containing a sample, 
with the position L3 indicated by the arrow shown. 
I0085 FIG. 51 shows a graph of the ratio of the distance 
between L2 and L1 and the distance between L3 and L1 as a 
function of sample Volume. 
0.086 FIG. 52 shows a schematic of a chemical reaction 
that produces a colored product. 
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0087 FIG. 53 shows a schematic of a chemical reaction 
that produces a colored product from cholesterol. 
0088 FIG. 54 shows a schematic of a chemical reaction 
that uses reducing equivalents to produce a colored product. 
I0089 FIG. 55 shows an example of a compound that 
changes color upon being complexed with a metal ion. 
0090 FIG. 56 shows a series of images of tips with two 
fold decreasing concentration of albumin from right to left, 
except for the left-most tip, which has no albumin. 
(0091 FIG. 57 shows a series of images of tips with two 
fold decreasing concentration of cholesterol from right to left, 
except for the left-most tip, which has no cholesterol. 
0092 FIG. 58 shows a series of hemispherical wells 
machined from a block of white opaque plastic, which each 
well having two-fold decreasing concentration of analyte 
from right to left, except for the left-most well, which has no 
analyte. In some embodiments, the analyte may be calcium. 
(0093 FIG. 59 shows a series of hemispherical wells 
machined from a block of white opaque plastic, which each 
well having two-fold decreasing concentration of analyte 
from right to left, except for the left-most well, which has no 
analyte. In some embodiments, the analyte may be magne 
S1. 

(0094 FIG. 60 shows a series of hemispherical wells 
machined from a block of white opaque plastic, which each 
well having two-fold decreasing concentration of analyte 
from right to left, except for the left-most well, which has no 
analyte. In some embodiments, the analyte may be urea. 
0.095 FIG. 61 shows a series of tips containing bromophe 
nol blue solutions. 

0096 FIG. 62 is an illustration of tips having a plurality of 
distinct optical path lengths. 
0097 FIG. 63 shows a light path through a rectangular 
CuVette. 

0.098 FIG. 64 shows a light path through a microtiter well. 
0099 FIG. 65 shows a light path through a conically 
shaped cuvette. 
0100 FIG. 66 shows a graph of light intensity as a function 
of location as measured on tips containing samples with vary 
ing concentration of bromophenol blue Solutions for red, 
green, and blue color channels. 
0101 FIG. 67 shows an image of the tips that were ana 
lyzed in FIG. 66. 
0102 FIG. 68 shows a graph of signal as a function of 
bromophenol blue concentration as measured by red, green, 
and blue color channels. The optical density may be measured 
at 589 mm. 

0103 FIG. 69 shows a log scale graph of signal response 
as a function of bromophenol blue concentration as measured 
by blue (diamonds) and red (squares) color channels. 
0104 FIG. 70 shows a graph of concentration measured 
by color analysis of digital images as a function actual con 
centration. 

0105 FIG. 71 shows a graph of signal response as mea 
Sured by red (squares), green (diamonds), and blue (triangles) 
color channels as a function of albumin concentration. 

0106 FIG. 72 shows three graphs of signal response as 
measured for green, red, and blue color channels for polysty 
rene latex particles. 
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0107 FIG. 73 shows tips that each separately contain 
reagents NADH, WST-1, PMS, and two tips containing a 
mixture of the reagents. 
0108 FIG. 74 shows a digital image of tips containing 
two-fold decreasing concentration of lactate dehydrogenase 
(LDH) from left to right. 
0109 FIG. 75 shows a graph of optical density measured 
at 450 nm as a function of LDH. 
0110 FIG. 76 shows solutions of potassium chloride 
added to potassium assay strips. 
0111 FIG. 77 shows tips containing blood samples mixed 
with blood typing reagents for Anti-A, Anti-B, Anti-D, and 
Control (from left to right). 
0112 FIG. 78 shows measured signals for signal as a 
function of position for red (left column), green (middle 
column), and blue (right column) for samples mixed with 
Anti-A, Anti B, Anti-D, and Control reagents. 
0113 FIG. 79 shows normalized signal as a function of 
relative concentration measured for narrow and wide path 
lengths using red, green, and blue color channels. 
0114 FIG. 80 shows a graph of log of measured concen 

tration as a function of actual concentration, illustrating the 
accuracy of the measurement algorithm. 
0115 FIG. 81 shows a fluorescence image of assay prod 
ucts in tubes. 
0116 FIG. 82 shows an image of reaction products in tips. 
0117 FIG. 83 shows an image of reaction products in tips. 
0118 FIG. 84 shows an image of reaction products in tips. 
0119 FIG. 85 shows an image of reaction products in tips. 
0120 FIG. 86 shows an image of reaction products in tips. 
0121 FIG. 87 shows an image of reaction products in tips. 
0122 FIG. 88 shows a background color image obtained 
for calibration. 
0123 FIG. 89 shows a fluorescence image of reaction 
products in tips. 
0.124 FIG. 90 shows red and blue color channel response 
and fluorescence response as a function of DNA copy num 
ber. 
0.125 FIG.91 shows graph of transformed 3-color signal 
as a function of fluorescence signal. 
0126 FIG. 92 shows a graph of green channel signal 
response as a function of pixel position. 
0127 FIG.93 shows an image of tips containing solutions 
of bromophenol blue and water. 
0128 FIG.94 shows an image of additional tips that may 
contain solutions of bromophenol blue and water. 
0129 FIG. 95 shows an schematic of a tip containing 
reaction mixtures to perform multiple assays. 
0130 FIG.96 shows an image of tips containing solutions 
of bromophenol blue and water. 
0131 FIG. 97 shows a graph of signal response for 
sample, water, and control in multiple standards. The samples 
may be acqueous calibrators containing known concentrations 
of analyte. 
(0132 FIG.98 shows tips containing assays for both Ca" 
(upper region of the tip) and Mg" (lower region of the tip). 
0.133 FIG.99 shows four tips with various types of serum 
samples: hemolyzed (reddish in color), lipemic (gray), icteric 
(yellow in color), and normal (from left to right). 
0134 FIG.100 shows a schematic of a camera and optical 
components. 
0135 FIG. 101 shows a cross-sectional view of a camera 
and optical components including a white light source, an 
aperture, and a sensor. 
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0.136 FIG. 102 shows a schematic of an optical setup for 
measuring light signal using (A) a sensor that is positioned to 
detect light at a perpendicular angle to an excitation beam, 
and (B) a sensor that is positioned in line with an excitation 
beam. 

0.137 FIG. 103 shows images taken using (A) an excita 
tion beam perpendicular to a sensor and (B) an excitation 
beam that is in line with a sensor. 

0.138 FIG. 104 shows an array of printed dyes that can be 
used to calibrate the optical setup. 
0.139 FIG. 105 shows a graph of signal as a function of 
sample Volume. Series 1-5 may correspond to different ana 
lyte concentrations, such as 0, 20, 40, 60, and 80 respectively. 
0140 FIG. 106 shows a graph of signal as a function of 
sample Volume. Series 1-5 may correspond to different ana 
lyte concentrations, such as 0, 20, 40, 60, and 80 respectively. 
0141 FIG. 107 shows a graph of signal as a function of 
sample Volume. Series 1-5 may correspond to different ana 
lyte concentrations, such as 0, 20, 40, 60, and 80 respectively. 
0.142 FIG. 108 shows a graph of measured analyte con 
centration as a function of actual analyte concentration. 
0.143 FIG. 109 shows a graph of measured analyte con 
centration as a function of actual analyte concentration. 
014.4 FIG. 110 schematically illustrates an exemplary 
method for an ELISA assay. 
0145 FIG. 111 shows an example of a rotor at rest with 
buckets vertical. 

0146 FIG. 112 shows an example of a rotorata speed with 
buckets at a small angle to horizontal. 
0147 FIG. 113 shows an example of a bucket configura 
tion. 
0148 FIG. 114 shows an example of a centrifugation ves 
sel mated with the bucket. 

014.9 FIG. 115 shows an example of another centrifuga 
tion vessel that can be mated with the bucket. 
0150 FIG. 116 shows an example of a centrifugation ves 
sel. 

0151 FIG. 117 shows an example of an extraction tip. 
0152 FIG. 118 provides an example of how the centrifu 
gation vessel and extraction tip may mate. 
0153 FIG. 119 is an image that was taken of the original 
reaction mixture prior to centrifugation. 
0154 FIG. 120 is another image that was taken of the 
original reaction mixture prior to centrifugation 
0155 FIG. 121 is an additional image that was taken of the 
original reaction mixture prior to centrifugation 
0156 FIG. 122 shows results as distance of the interface 
from the plasma meniscus. 
0157 FIG. 123 provides an example of a fluorescence 
micrograph showing labeled leukocytes. 
0158 FIG. 124 provides an example of intracellular pat 
terns using darkfield images. 
0159 FIG. 125 provides an example of multi-parameter 
acquisition of data from labeled cell samples. 
0160 FIG. 126 provides an example of brightfield images 
of human whole blood. 
0.161 FIG. 127 provides an example of quantitative multi 
parametric data acquisition and analysis. 
(0162 
(0163 

FIG. 128 shows variation in light distribution. 
FIG. 129 shows data from five assays. 
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0164 FIG. 130 shows a parameter plotted against concen 
tration of the analyte, as well as graphs relating to accuracy, 
precision, and predicted concentration. 
0.165 FIG. 131 shows images collected by a digital cam 
Ca. 

0166 FIG. 132 illustrates examples of images taken of 
reaction product. 
0167 FIG. 133 provides examples of images that were 
analyzed before spinning in the centrifuge, and after spinning 
in the centrifuge. 
0168 FIG. 134 illustrates examples of images taken of 
reaction product. 
(0169 FIG. 135 illustrates spectra of several serum 
samples. 
0170 FIG. 136 illustrates an example detection process of 
the invention using an array. 
0171 FIG. 137 illustrates an example detection process of 
the invention using beads. 
0172 FIG. 138 illustrates an example detection process of 
the invention using tagged aptamers. 
(0173 FIG. 139 illustrates detection of aptamer binding to 
a complementary probe. 
0.174 FIG. 140 illustrates absence of binding between 
aptamer and a non-complementary probe. 
0175 FIG. 141 illustrates binding specificity of aptamers 
on an array. 
0176 FIG. 142 shows a more detailed view of analyte 
detection on an array. 
(0177 FIG. 143 shows an example array. 
0.178 FIG. 144 shows a plot of chemiluminescence 
against concentration for a vitamin Dassay. 
(0179 FIG. 145 shows a plot of chemiluminescence 
against concentration for an estradiol assay. 
0180 FIG. 146 shows a spectrophotometric measurement 
of WBC concentration. 
0181 FIG. 147 shows plots of turbidity as a function of 
time. 
0182 FIG. 148 is a plot of inflection points for three 
experiments at 800 copies/ul, and 80 copies/ul. 
0183 FIG. 149 is a plot of an example in which magnetic 
beads are used for the analysis of proteins and Small mol 
ecules via ELISA assays. 
0184 FIG. 150 is a plot of an example in which magnetic 
beads are used for the analysis of proteins and Small mol 
ecules via ELISA assays. 

DETAILED DESCRIPTION OF THE INVENTION 

0185. While preferable embodiments of the invention 
have been shown and described herein, it will be obvious to 
those skilled in the art that such embodiments are provided by 
way of example only. Numerous variations, changes, and 
substitutions will now occur to those skilled in the art without 
departing from the invention. It should be understood that 
various alternatives to the embodiments of the invention 
described herein can be employed in practicing the invention. 
0186 The invention provides mobile applications for sys 
tem and methods for sample use maximization. Various 
aspects of the invention described herein may be applied to 
any of the particular applications set forth below or for any 
other types of diagnostic or therapeutic applications. The 
invention may be applied as a standalone system or method, 
or as part of an integrated pre-clinical, clinical, laboratory or 
medical application. It shall be understood that different 
aspects of the invention can be appreciated individually, col 
lectively, or in combination with each other. 
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0187. The devices and systems herein can provide an 
effective means for real-time detection of analytes present in 
a bodily fluid from a subject. The detection methods may be 
used in a wide variety of circumstances including identifica 
tion and quantification of analytes that are associated with 
specific biological processes, physiological conditions, dis 
orders or stages of disorders. As such, the systems have a 
broad spectrum of utility in, for example, drug screening, 
disease diagnosis, phylogenetic classification, parental and 
forensic identification, disease onset and recurrence, indi 
vidual response to treatment versus population bases, and/or 
monitoring of therapy. The Subject devices and systems are 
also particularly useful for advancing preclinical and clinical 
stage of development of therapeutics, improving patient com 
pliance, monitoring ADRs associated with a prescribed drug, 
developing individualized medicine, outsourcing blood test 
ing from the central laboratory to the home or on a prescrip 
tion basis, and/or monitoring therapeutic agents following 
regulatory approval. The Subject devices and system can be 
utilized by payors outsourcing blood tests from a central 
laboratory. The devices and systems can provide a flexible 
system for personalized medicine. Using the same system, a 
device can be changed or interchanged along with a protocol 
or instructions to a programmable processor of the systems to 
perform a wide variety of assays as described. The systems 
and devices described herein, while being much smaller and/ 
or portable, embody novel features and offer many functions 
of a laboratory instrument. 
0188 In an aspect, a system of the invention comprises a 
device comprising assay units and reagent units, which 
include reagents, e.g., both liquid and/or Solid phase reagents. 
In some embodiments, at least one of the whole device, an 
assay unit, a reagent unit, or a combination thereof is dispos 
able. In a system of the invention, the detection of an analyte 
with the Subject device is typically automated. Such automa 
tion can be effected by a built-in protocol or a protocol pro 
vided to the system by the manufacturer. 
0189 The devices and systems as described herein can 
offer many features that are not available in existing POC 
systems or integrated analysis systems. For example, many 
POC cartridges rely on a closed fluidic system or loop to 
handle small volumes of liquid in an efficient manner. The 
fluidic devices such as cartridges described herein can have 
open fluid movement between units within a given cartridge. 
For example, a reagent can be stored in a unit, a sample stored 
in a sample collection unit, a diluent stored in a diluent unit, 
and the capture Surface can be in an assay unit, where in one 
state of cartridge, none of the units are influid communication 
with any of the other units. The units can be movable relative 
to each other in order to bring some units into fluid commu 
nication using a fluid transfer device of the system. For 
example, a fluid transfer device can comprise a head that 
engages an assay unit and brings the assay unit in fluidic 
communication with a reagent unit. In some cases, the head is 
a pipette head that moves the assay unit (e.g., tip) in fluid 
communication with a reagent unit. 
0190. Accordingly, in an embodiment, the present inven 
tion provides a method of detecting and/or measuring the 
concentration of an analyte in a bodily fluid or tissue sample, 
the method typically comprises the steps of providing a 
sample (e.g., blood, urine, saliva, tissue) to a device or system 
of the invention, allowing the sample to react within at least 
one assay unit of the device, and detecting the detectable 
signal generated from the analyte in the blood sample. 



US 2012/0309636A1 

0191) One aspect of the invention provides for analyzing 
samples using a point-of-care device that is configured to 
maximize sample utilization. For example, more than about 
15, 25, 50, 75, or 100 assays can be performed on a sample 
having a volume of less than about 1, 20, 50, 100, or 500 uL. 
The sample can be a blood sample taken from a finger prick. 
The sample can be collected in a sealable capillary or tip. The 
sample can be prepared for one or more assays by Subjecting 
the sample to a separation (e.g., centrifugation) and/or dilu 
tion process. The one or more assays can be prepared by 
combining the sample, which may have been separated and 
diluted, with one or more reagents in a reaction chamber. The 
reaction chamber can be a pipette tip, Vial, a sample transfer 
device, and/or a cuvette. The one or more assays can be 
configured such that an optical signal can be measured which 
is indicative of the concentration of one or more analytes in 
the sample. The reaction chamber can contain a plurality of 
assays, which may be spatially separated. A plurality of opti 
cal signals can be generated within a single reaction chamber 
from one assay, or from a plurality of spatially separated 
assays. The one or more optical signals can be measured by a 
digital imaging camera that can measure a plurality of detec 
tion spectral regions or detection bands, e.g., red, green and 
blue. The optical signal can be measured on the assay reaction 
product in the reaction chamber, which can be a pipette tip or 
other sample containers. The systems, devices, and methods 
can be fully automated or semi-automated by programmable 
logic. 
0.192 Another aspect of the invention provides for sys 
tems, devices, and methods for preparing samples for analy 
sis. Samples can be prepared for analysis by one or more 
separation devices. For example, a sample can be prepared for 
analysis by centrifugation within a centrifuge. Other separa 
tions based on charge, size, hydrophobicity/hydrophilicity, 
and/or Volatility can also be implemented. 
0.193) One aspect of the invention provides for sample and 
reaction product analysis using image-based analysis. The 
system can include a camera that can measure an optical 
signal using one or more detection spectrum regions. For 
example, a camera can measure an optical signal using red, 
green, and blue detection spectrum regions. The measured 
signal can include three measured values that can be inter 
preted using one or more algorithms described herein. The 
use of more than one detection spectrum region can increase 
the dynamic range of an assay and can increase the accuracy 
of a measurement as compared to measurements using a 
single detection spectrum region. 
0194 The invention also provides for systems, devices, 
and methods for performing optical measurements on 
samples and assay reaction products that are contained within 
reaction chambers, each with a plurality of distinct path 
lengths. The reaction chambers can have a plurality of distinct 
path lengths such that a greater or lower amount of light 
absorbance is observed. The plurality of distinct path lengths 
(such as, for example, through the sample and/or reaction 
chamber) allows for an increase in the dynamic range of a 
selected assay protocol. The image of the reaction chamber 
can be analyzed as described herein to obtain information on 
the sample or the assay reaction products. The combination of 
utilizing the plurality of available path lengths within a single 
reaction chamber and the use of three channel detection spec 
trum regions greatly enhances the dynamic range of a given 
assay. 
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0.195 A system for performing sample preparation and 
analysis can include instrumentation, disposable compo 
nents, and reagents. The system can accept samples and auto 
matically performs a plurality of assays without user inter 
vention. Where desired, the instrumentation can include a 
graphical user interface, a mechanism for introducing car 
tridges, which may be disposable, a motorized stage, which 
may have mobility in three dimensions, one or more single 
head liquid handling devices, one or more multi-head liquid 
handling devices, one or more devices for performing sample 
preparation, optical sensors, which can include a PMT and/or 
an imaging device, temperature controllers, and communica 
tion devices. The disposable component can include a dispos 
able cartridge that contains sample tips, tip seals, and 
reagents. In some embodiments, the disposable cartridge may 
also contain neutralizing assemblies configured to absorb and 
neutralize liquid assay products. 
0196. The instrumentation, disposable components, and 
reagents can be housed within a closeable environment, Such 
as a case or a cabinet. In some embodiments, the case has a 
cross-sectional area less than about 4 m, 2 m, 1 m, 0.5 m, 
0.1 m, 0.05 m, or lower. The invention provides for a dis 
tributed test system, Such as a point-of-care device, which can 
include one or more of the following aspects: 
0.197 1. Efficient (centrifugal) separation of blood and 
recovery of the separated plasma 
0198 2. Dilution of the plasma sample to one or more 
levels (for example 1:10, 1:100, 1:1000) so that each assay 
can be performed at an optimal dilution 
0199 3. Optimized distribution of sample to several dif 
ferent assays which may involve several different methodolo 
gies 
0200. 4. Optimal assay protocols 
0201 5. Use of open-ended circular section cuvettes for 
sample analysis, mixing with reagents, incubation and pre 
sentation to optical systems 
0202 6. Analysis of assays using imaging technology 
(scanning and/or photography, and/or microscopy) 
0203. In one embodiment, the device of the invention is 
self-contained and comprises all reagents, liquid- and solid 
phase reagents, required to perform a plurality of assays in 
parallel. Where desired, the device is configured to performat 
least 2,3,4,5,6,7,8,9, 10, 20, 30, 40, 50, 100, 200,500, 1000 
or more assays. One or more control assays can also be 
incorporated into the device to be performed in parallel if 
desired. Calibrators can also be provided for assay system 
calibration. Some examples of dried controls and calibrators 
useful for assay system calibration can include aqueous solu 
tions of analytes, serum, or plasma samples with known levels 
of analytes, known quantities of such calibrators and controls 
can also be dried by lyophilization, vacuum drying, and other 
manufacturing processes (and dissolved during the assay). 
0204. By incorporating these components within a point 
of-care system, a patient or user can have a plurality of ana 
lytes, for example more than about 10, 20, 30, 50, 75, 100, 
150, or 200 analytes, quantified within less than about 0.5, 1, 
2, 3, 4, 5, 10, 20, 30, 60, 120, 180, 240, 480 or 600 minutes. 
0205 The subject devices and systems can be utilized for 
conducting quantitative immunoassays, which can be com 
pleted in a short period of time. Other assay type can be 
performed with a device of the invention including, but not 
limited to, measurements of nucleic acid sequences and mea 
surements of metabolite, such as cholesterol or electrolytes 
Such as magnesium and chloride ions. In some embodiments, 
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the assay is completed in no more than one hour, preferably 
less than 120, 60, 30, 15, 10, 5, 4, 3, 2, or 1 minute. In other 
embodiments, the assay is performed in less than 5 minutes. 
The duration of assay detection can be adjusted accordingly 
to the type of assay that is to be carried out with a device of the 
invention. For example, if needed for higher sensitivity, an 
assay can be incubated for more than one hour or up to more 
than one day. In some examples, assays that require a long 
duration may be more practical in other POC applications, 
Such as home use, than in a clinical POC setting. 
0206. In other embodiments of the invention the reagent 
units of a Subject device are configured to be a set of mix 
and-match components. A reagent unit typically stores liquid 
or Solid reagents necessary for conductinganassay that detect 
a given analyte. The assay units can sometimes (or optionally 
not always) comprise at least one capture Surface capable of 
reacting with an analyte from the sample of bodily fluid. The 
assay unit may be a tubular tip with a capture Surface within 
the tip. Examples of tips of the invention are described herein. 
Each individual assay and reagent unit can be configured for 
assay function independently. To assemble a device, the units 
can be assembled in a just-in-time fashion for use in an 
integrated device, which can take the format of cartridge. 
0207. A housing for a device of the invention can be made 
of a polymeric material, a metallic material or a composite 
material. Such as, e.g., aluminum, polystyrene or other mold 
able or machinable plastic, and can have defined locations to 
place assay units and reagent units. The housing may include 
a metal or any other material. The housing may partially or 
entirely enclose the assay units and/or reagent units. The 
housing may support the weight of the assay units and/or 
reagent units. In an embodiment, the housing has means for 
blotting tips or assay units to remove excess liquid. The 
means for blotting can be a porous membrane, such as cellu 
lose acetate, or a piece bibulous material Such as filter paper. 
0208. In some embodiments, at least one of the compo 
nents of the device may be constructed of polymeric materi 
als. Non-limiting examples of polymeric materials include 
polystyrene, polycarbonate, polypropylene, polydimethysi 
loxanes (PDMS), polyurethane, polyvinylchloride (PVC), 
polysulfone, polymethylmethacrylate (PMMA), acryloni 
trile-butadiene-styrene (ABS), and glass. 
0209. The device or the subcomponents of the device may 
be manufactured by variety of methods including, without 
limitation, stamping, injection molding, embossing, casting, 
blow molding, machining, welding, ultrasonic welding, and 
thermal bonding. In an embodiment, a device in manufac 
tured by injection molding, thermal bonding, and ultrasonic 
welding. The subcomponents of the device can be affixed to 
each other by thermal bonding, ultrasonic welding, friction 
fitting (press fitting), adhesives or, in the case of certain Sub 
strates, for example, glass, or semi-rigid and non-rigid poly 
meric Substrates, a natural adhesion between the two compo 
nentS. 

0210. A system as described can run a variety of assays, 
regardless of the analyte being detected from a bodily fluid 
sample. A protocol dependent on the identity of the device 
may be transferred from an external device where it can be 
stored to a reader assembly to enable the reader assembly to 
carry out the specific protocol on the device. In some embodi 
ments, the device has an identifier (ID) that is detected or read 
by an identifier detector described herein. The identifier can 
enable two-way communication between the device and a 
sensor or receiving system. The identifier detector can com 
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municate with a communication assembly via a controller 
which transmits the identifier to an external device. Where 
desired, the external device sends a protocol stored on the 
external device to the communication assembly based on the 
identifier. The protocol to be run on the system may comprise 
instructions to the controller of the system to perform the 
protocol, including but not limited to a particular assay to be 
run and a detection method to be performed. Once the assay 
is performed by the system, a signal indicative of an analyte in 
the bodily fluid sample is generated and detected by a detec 
tion assembly of the system. 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 concentration in 
the sample. 
0211 Systems, devices and methods for performing 
sample analysis using point-of-care devices and tips that can 
function as reaction chambers are described in U.S. Patent 
Publication No. 2009/0088336 and U.S. Provisional Appli 
cation No. 60/997,460, each of which is incorporated herein 
by reference in its entirety for all purposes. 
0212 
0213 Samples, reagents, and assembled assays described 
herein can be handled and contained by a variety of reaction 
chamber types. A sample handing device and a reaction 
chamber can be a well, a tube, or an open ended tip, which 
may also be a cuvette. As used herein, a tip can also referred 
to as a sample tip, a cuvette tip, a reaction chamber, a cuvette, 
a capillary, a sample handing device, or a sample transfer 
device. Samples may be collected from a source into a tip or 
a tube. The tips may be sealed. Such seals may be permanent 
or reversible. Diluted samples can be combined with one or 
more reagents and mixed (as described in previous applica 
tions) within “assay elements' such as tips (open-ended 
cuvettes) or open or covered wells. Once the assay is ready for 
reading, the assay element can be presented to the optical 
system for image analysis or other types of reading. Alterna 
tively, assay reaction mixtures can be transferred from one 
type of element to another. For example, assays incubated in 
tips can be blotted onto an absorbent or bibulous medium or 
assays incubated in wells can be aspirated into tips. Many 
assays can be processed in parallel. Assay readout can be 
serial or simultaneous depending on the assay protocol and/or 
incubation time. For assays involving measurement of a rate 
of change, the assay element can be presented to the optical 
system more than once at different times. 
0214 
0215. A fluid transfer device can be part of a system. The 
fluid transfer device can comprise a plurality of heads. Any 
number of heads as is necessary to detect a plurality of ana 
lytes in a sample is envisioned for a fluid transfer device of the 
invention. In an example, a fluid transfer device has about 
eight heads mounted in a line and separated by a distance. In 
an embodiment, the heads have a tapered nozzle that engages 
by press fitting with a variety of tips, such as assay unit or 
sample collection units as described herein. The tips can have 
a feature that enables them to be removed automatically by 
the instrument and disposed into in a housing of a device as 
described after use. In an embodiment, the assay tips are clear 
and transparent and can be similar to a cuvette within which 
an assay is run that can be detected by an optical detector Such 
as a photomultiplier tube or camera sensor. 

Sample Handling and Reaction Chambers 

Fluid and Material Transfer Devices 



US 2012/0309636A1 

0216. In an example, a programmable processor (e.g., cen 
tral processing unit, CPU) of a system can comprise or be 
configured to accept (such as, e.g., from a memory location) 
instructions or commands and can operate a fluid transfer 
device according to the instructions to transfer liquid samples 
by either withdrawing (for drawing liquid in) or extending 
(for expelling liquid) a piston into a closed air space. The 
processor can be configured to facilitate aspiration and/or 
dispensing. Both the volume of air moved and the speed of 
movement can be precisely controlled, for example, by the 
programmable processor. 
0217 Mixing of samples (or reagents) with diluents (or 
other reagents) can be achieved by aspirating components to 
be mixed into a common tube and then repeatedly aspirating 
a significant fraction of the combined liquid Volume up and 
down into a tip. Dissolution of reagents dried into a tube can 
be done is similar fashion. Incubation of liquid samples and 
reagents with a capture Surface on which is bound a capture 
reagent (for example an antibody) can be achieved by draw 
ing the appropriate liquid into the tip and holding it there for 
a predetermined time. Removal of Samples and reagents can 
be achieved by expelling the liquid into a reservoir or an 
absorbent pad in a device as described. Another reagent can 
then be drawn into the tip according to instructions or proto 
col from the programmable processor. 
0218. A system can comprise a holder or engager for mov 
ing the assay units or tips. An engager may comprise a 
vacuum assembly oranassembly designed to fit Snugly into a 
boss of an assay unit tip. For example, a means for moving the 
tips can be moved in a manner similar to the fluid transfer 
device heads. The device can also be moved on a stage 
according to the position of an engager or holder. 
0219. In an embodiment, an instrument for moving the tips 

is the same as an instrument for moving a Volume of sample, 
such as a fluid transfer device as described herein. For 
example, a sample collection tip can be fit onto a pipette head 
according to the boss on the collection tip. The collection tip 
can then be used to distribute the liquid throughout the device 
and system. After the liquid has been distributed, the collec 
tion tip can be disposed, and the pipette head can be fit onto an 
assay unit according to the boss on the assay unit. The assay 
unit tip can then be moved from reagent unit to reagent unit, 
and reagents can be distributed to the assay unit according to 
the aspiration- or pipette-type action provided by the pipette 
head. The pipette head can also perform mixing within a 
collection tip, assay unit, or reagent unit by aspiration- or 
Syringe-type action. 
0220. In another embodiment, tips containing liquids 
including assay reaction mixtures can be disconnected from 
the pipetting device and “parked at specific locations within 
the instrument or within a disposable unit. If needed, tips can 
be capped using a seal (as used in the centrifuge) to prevent 
liquids from draining out. In some embodiments, the seal can 
be a vinyl seal. 
0221 Exemplary Sample Tips 
0222. A variety of container shapes can be utilized as 
sample tips, reaction chambers, and cuvettes. For example, a 
cuvette can be circular, cylindrical, square, rectangular, cubi 
cal, conical, pyramidal, or any other shape capable of holding 
a sample of fluid. Rectangular cuvettes where a light beam 
impinges at right angles to the cuvette Surfaces as shown in 
plan and section views in FIG. 63 can be employed. In such 
rectangular cuvettes, the liquid sample that is illuminated is 
also rectangular and is defined by the cuvette. Cuvettes with 
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circular cross-sections can also be used. For example, some 
types of microtiter plates where the illuminated sample vol 
ume is in part defined by the samplemeniscus as shown below 
in plan and section view in FIG. 64. 
0223 Variable pathlength cuvettes can be used to optimize 
and extend the assay response and minimize the Volume of 
sample required to measure the assay. Cuvettes can be longer 
in relation to their cross-section in at least one region. In some 
cases, the pathlength of a cuvette can be selected based on 
cuvette geometry and/or material. Different cuvettes can be 
selected for different assays. 
0224. In the present invention, one preferred version of the 
assay cuvette has a circular cross-section in the direction of 
the light beam as shown in FIG. 65. The use of a cuvette with 
a circular cross-section has several advantages, including, but 
not limited to the following: 
0225 1. The optical pathlength can be precisely defined. 
Dimensional precision of injection-molded parts have been 
found to be better than 1-2% CV. In conventional microtiter 
plates the unconstrained liquid meniscus can introduce 
imprecision in pathlength. 
0226 2. The open-ended character and circular section of 
the tips confers excellent fluid handling characteristics, mak 
ing aspiration of liquids very precise. 
0227 3. The optical image of the tips provides for the 
ability to identify the tip location and boundaries of the liquid 
column and to locate very precisely the center of the tip where 
the signal is maximal. 
0228 4. More than one liquid sample can be incubated and 
analyzed in the same tip. This is because in the narrow part of 
the tip, very little material transfer occurs (in the axial direc 
tion) between adjacent “slugs” of liquid. 
0229. An exemplary tip may have the following general 
features: 
0230 Tip length: 0.5-4 cm 
0231 Tip OD: 0.2-1.0 cm 
0232 Tip ID: 0.1-0.5 cm 
0233. Tip capacity for liquids: 5-50 uI. 
0234 Tip dimensional precision: generally better than 2% 
or +/-0.001 cm 

0235 Tip configuration: The tip will generally have a fea 
ture that engages with a pipette (cylindrical) So as to form a 
fluid tight seal. There is a region generally cylindrical or 
conical which is used for imaging. Generally the optical part 
of the tip will have at least two different sections with differ 
ent pathlengths. The lower end of the tip will typically be 
narrow so as to aid in retention of vertical liquid columns 
undergravity 
0236 Tip material: Clear or uniformly specular plastic 
(polystyrene, polypropylene etc.) (transmission of light in the 
visible >80%) 
0237 For imaging purposes, the tip can generally be clear 
or translucent, but the tips do not have to be clear to work well 
as assay cuvettes when three-color analysis is used. Tip 
cuvettes which appear "cloudy' may function similarly to 
clear tips. The cloudy tips are made in injection molds with 
non-polished or textured Surfaces or by adding some light 
scattering material to the plastic used to fabricate the tips. The 
light scattering intensity of such cloudy tips may be chosen to 
be not so great as to obscure the colored liquid to be measured. 
In general, the impact of light scattering on transmitted light 
can be selected to be less than 10, (20, and 30%) relative to the 
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impact of the colored material. The light scattering effect can 
be selected such that the light scattering of the cloudy tips is 
uniform. 

0238. The tips and reaction chambers described hereincan 
be comprised of a cylindrical (or conical) shaft about 2 cm in 
length and having an inner diameter of about 1-5 mm corre 
sponding to a capacity of about 10-50 u. 
0239. In one example, at the upper end of the cylinder is a 
truncated cylindrical “boss' fluidically connected to the cyl 
inder and adapted so as to be able to engage with the tapered 
feature of a pipetter. The lower end of the tip may be narrowed 
to provide a feature that enables the tip to hold its liquid 
contents when oriented vertically and not attached to the 
pipetter. The tip may be a pointed tip. The external shape of 
the lower end of the tip is typically also somewhat pointed 
with the diameter being reduced from the main part of the 
cylindrical shaft toward the end so as to be capable of being 
fluidically sealed with a flexible (vinyl) cap into which the tip 
end is press fit. Tips are usually made of molded plastic 
(polystyrene, polypropylene and the like). The tips can be 
clear or translucent such that information about the sample 
can be acquired by imaging. 
0240 FIG.4, FIG. 5, and FIG. 6 show an example of a tip. 
The tip is configured with (1) an upper feature that can engage 
to form an air tight seal with a pipette head, (2) a basically 
cylindrical (actually conical with a very slight draft angle) 
shaft and a narrow, pointed lower tip. This tip can form a 
liquid-tight seal with a cap. The pointed shape aids in getting 
good conformance with the cap under moderate force. The 
material used is injection-molded polystyrene. The overall 
dimensions are: 32 mm long, about 7.6 mm largest outer 
diameter, useful capacity about 20 uL. The dimensions of the 
tip can be scaled to a larger volume. For example, for a 50 ul 
sample, the IDs can be increased by about 1.6-fold. 
0241 Sealing can be achieved using a cap made of vinyl or 
other materials which is easily press-fit to the narrow end of 
the sample containment means using force generated by 
motion of the instrument stage in the z-direction. A bubble of 
air can become trapped within the tip when the tip is capped. 
A centrifugation step can be used to drive the bubble to the top 
of the column of blood so as to eliminate the effects of the 
bubble. The dimensions of the tip and/or the dimensions of 
the tip holderina centrifuge can be matched such that a tip can 
be secured for centrifugation. 
0242 Sample Preparation 
0243 The invention provides for systems, methods, and 
devices for the processing and analysis of samples can be 
collected from a variety of Sources. For example, the sample 
can be collected from patients, animals, or the environment. 
The sample can be a bodily fluid. Any bodily fluids suspected 
to contain an analyte of interest can be used in conjunction 
with the system or devices of the invention. Commonly 
employed bodily fluids include but are not limited to blood, 
serum, saliva, urine, gastric and digestive fluid, tears, stool, 
semen, vaginal fluid, interstitial fluids derived from tumorous 
tissue, and cerebrospinal fluid. 
0244. In some embodiments, the bodily fluid is a blood 
sample from a human patient. The blood source can be col 
lected from a fingerprick and have a Volume of less than about 
0.5, 1, 5, 10, 20, 50, 100, 200, 300, 400, 500, or 1000 uL. 
0245. A bodily fluid may be drawn from a patient and 
provided to a device in a variety of ways, including but not 
limited to, lancing, injection, or pipetting. 
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0246. As used herein, the terms “subject' and “patient” are 
used interchangeably herein, and refer to a vertebrate, pref 
erably a mammal, more preferably a human. Mammals 
include, but are not limited to, murines, simians, humans, 
farm animals, sport animals, and pets. 
0247. In one embodiment, a lancet punctures the skin and 
withdraws a sample using, for example, gravity, capillary 
action, aspiration, or vacuum force. The lancet may be part of 
the device, or part of a system or a stand-alone component. 
Where needed, the lancet may be activated by a variety of 
mechanical, electrical, electromechanical, 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 fluid to the 
device, as for example, could occur with a saliva sample. The 
collected fluid can be placed in the sample collection unit 
within the device. In yet another embodiment, the device 
comprises at least one microneedle which punctures the skin. 
0248. The volume of bodily fluid to be used with a device 
can be less than about 500 microliters, typically between 
about 1 to 100 microliters. Where desired, a sample of 1 to 50 
microliters, 1 to 40 microliters, 1 to 30 microliters, 1 to 10 
microliters or even 1 to 3 microliters can be used for detecting 
an analyte using the device. In an embodiment, the Volume of 
bodily fluid used for detecting an analyte utilizing the subject 
devices or systems is one drop of fluid. For example, one drop 
of blood from a pricked finger can provide the sample of 
bodily fluid to be analyzed with a device, system or method 
described herein. 

0249. A sample of bodily fluid can be collected from a 
subject directly into a tip of the described herein, or can be 
later transferred to a tip. 
(0250) Sample Dilution 
0251. In some instances, the configuration of the proces 
sor to direct fluid transfer effects a degree of dilution of the 
bodily fluid sample in the array of assay units to bring signals 
indicative of the plurality of analytes being detected within a 
detectable range. Such that said plurality of analytes are 
detectable with said system. In an example, the bodily fluid 
sample comprises at least two analytes that are present at 
concentrations that differ by at least 1, 2, 5, 10, 15, 50, 100, 
500, 1000, 10,000, 10, 10, 107, 10, 10, or 10' fold. In an 
example the bodily fluid sample is a single drop of blood. In 
an embodiment, the concentrations of at least two analytes 
present in a sample differs by up to 10 orders of magnitude 
(for example, a first analyte is present at 0.1 pg/mL and a 
second analyte is present at 500 ug/mL). In another example, 
Some protein analytes are found at concentrations of greater 
than 100 mg/mL, which can extend the range of interest to 
about twelve orders of magnitude. In the case of measurement 
of nucleic acid analytes such as DNA and RNA using expo 
nential amplification methods such as polymerase reaction, 
the number of copies of analyte can be increased by a billion 
fold prior to measurement. 
(0252) Where desired, a degree of dilution of the bodily 
fluid sample can bring the signals indicative of the at least two 
analytes within the detectable range. 
0253) As described, the systems and devices herein can 
enable many features of the flexibility of laboratory setting in 
a POC environment. For example, samples can be collected 
and manipulated automatically in a table top size or Smaller 
device or system. A common issue in POC devices is achiev 
ing different dilution ranges when conducting a plurality of 
assays, wherein the assays may have significantly different 
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sensitivity or specificity. For example, there may be two ana 
lytes in a sample, but one analyte has a high concentration in 
the sample and the other analyte has a very low concentration. 
As provided, the systems and devices herein can dilute the 
sample to significantly different levels in order to detect both 
analytes. Alternatively, a sample may be split into two or more 
samples, which may enable individual analytes to be detected 
at various levels of dilution. 
0254 For example, if the analyte is in a high concentra 

tion, a sample can be serially diluted to the appropriate detec 
tion range and provided to a capture Surface for detection. In 
the same system or device, a sample with an analyte in a low 
concentration may not need to be diluted. In this manner, the 
assay range of the POC devices and systems provided herein 
can be expanded from many of the current POC devices. 
0255. In POC assay systems using disposable cartridges 
containing the diluent there is often a practical limit to the 
extent of dilution. For example, if a small blood sample is 
obtained by fingerstick (for example, about 20 microliters) is 
to be diluted and the maximum volume of diluent that can be 
placed in a tube is 250 microliters, the practical limit of 
dilution of the whole sample is about 10-fold. In an example 
herein, a system can aspirate a smaller Volume of the sample 
(for example about 2 microliters) making the maximum dilu 
tion factor about 100-fold. For many assays, such dilution 
factors are acceptable but for an assay like that of CRP (as 
described in the examples herein) there is a need to dilute the 
sample much more. Separation-based ELISA assays can have 
an intrinsic limitation in the capacity of the capture surface to 
bind the analyte (for example about a few hundred ng/ml for 
a typical protein analyte). Some analytes are present in blood 
at hundreds of micrograms/ml. Even when diluted by 100 
fold, the analyte concentration may be outside the range of 
calibration. In an exemplary embodiment of a system, device, 
and fluid transfer device herein, multiple dilutions can be 
achieved by performing multiple fluid transfers of the diluent 
into an individual assay unit or sample collection unit. For 
example, if the concentration of an analyte is very high in a 
sample as described above, the sample can be diluted multiple 
times until the concentration of the analyte is within an 
acceptable detection range. The systems and methods herein 
can provide accurate measurements or estimations of the 
dilutions in order to calculate the original concentration of the 
analyte. 
0256 Sample Separation 
0257. In some embodiments of the invention, a sample can 
be prepared for analysis by an initial separation step. For 
example, if the assay is to analyze DNA, a DNA separation 
step can be employed to eliminate or reduce contaminants or 
unwanted source material. The separation step can utilize 
chromatography, centrifugation, liquid-liquid extraction, 
Solid-liquid extraction, affinity binding, or any other mecha 
nisms known to one skilled in the art. 

0258. In some embodiments, a blood sample to be ana 
lyzed is first processed by separating the plasma component 
from the blood sample. This step can be performed using a 
variety of techniques, such as filtration, centrifugation, and 
affinity binding. Centrifugation can be an efficient method for 
separation of blood sample components, and can be 
employed in the present invention. 
0259 Plasma Separation 
0260 Blood can be introduced into a close ended or seal 
able tip in a variety of ways, for example samples can be 
provided in a tube and a sealable tip can receive the sample 
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from the tube via capillary action or via pneumatic force. One 
preferred means of introduction is the use of capillary action. 
Alternatively, container used to hold the sample for centrifu 
gal separation can be configured with only one opening as in 
a conventional centrifuge. 
0261 The tip, once filled with blood, can be moved auto 
matically to a location in a disposable cartridge where there is 
a sealing element. The sealing element can be a small 'cup' 
made of a deformable (pliant) material (vinyl, silicone or the 
like) conformed to fit on the lower end of the tip and to seal it. 
The tip is pressed into the seal by the instrument thus forming 
a liquid-tightjunction. The sealed tip is then moved to a small 
centrifuge (typically located in and forming part of the instru 
ment) and press-fit into a positioning feature in the centrifuge 
rotor such that the lower (sealed) end of the tip butts up to a 
rigid shelf that will Support the tip during the centrifugation 
step. 
0262 The centrifuge rotor can be circular having about 10 
cm in diameter. The mass of the blood-containing tip is either 
(1) Small relative to the rotor or (2), where desired, balanced 
by a counter weight located on the opposite part of the rotor 
Such that any vibration during the centrifugation step is mini 
mized. One exemplary orientation of the centrifuge rotor is 
vertical (axis of rotation horizontal). The rotor is mounted in 
a drive shaft with is driven by an electric motor. 
0263 Centrifugation can beachieved by spinning the rotor 
at about 15,000 rpm for 5 minutes. During this process, the 
particular elements in the blood (red cells and white cells) 
sediment to the sealed end of the tip and form a closely packed 
column with cell free plasma separated at the part of the tip 
distal from the seal. 
0264. The tip containing the separated sample can then be 
placed vertically in a location accessible to a fluid handling 
device comprised of a narrow pipette tip ('sample acquisition 
tip") mounted on a pipetting device in turn mounted on an 
X-y-Z Stage. 
0265 Plasma can now be efficiently recovered from the 
centrifuged sample. This is achieved by moving the sample 
acquisition tip vertically along the axis of the centrifuge tip so 
that it comes into fluid contact with the plasma and can draw 
the plasma upwards using, e.g., pneumatic means. 
0266 Optionally, this operation can be monitored using a 
camera or other imaging device which can be used both to 
measure the sample hematocrit and to provide information as 
to the location of the plasma/red cell boundary to the stage/ 
pipetter controller. With the aid of imaging the separated 
blood, a narrow pipette tip fitted to a pipette is slowly moved 
vertically down, such that the tip is directed axially down the 
sample containment means until it contacts the plasma. The 
tip is then moved further until it is close (within less than 
about 3, 2, 1, 0.5, or 0.1 mm) of the packed cell interface. At 
the same time, plasma is aspirated into the narrow pipette tip 
under computer control. The plasma can be aspirated simul 
taneously while moving the narrow pipette tip into the plasma 
column so that the plasma does not become displaced into the 
upper part of the sample containment means. The aspiration 
can be controlled to avoid air being aspirated during the 
plasma removal step. 
0267 In general, a pipette tip with a very narrow end, such 
as those used to apply samples to an electrophoresis system, 
can be used to aspirate the plasma from the centrifuged 
sample tip. The narrow tip is typically conical or tapered and 
has dimensions 1-3x0.1-0.5 cm (lengthxdiameter) and made 
of any of a variety of materials (polypropylene, polystyrene 
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etc.). The material can be clear or translucent in the visible. 
One end of the tip engages with a pipetting device. The other 
is very narrow (0.05-0.5 mm OD) such that it can move into 
the sample tip without touching the inner Surface of the 
sample tip. Even if there is contact between the plasma aspi 
ration tip and the sample tip, plasma aspiration is not hin 
dered. 
0268 A schematic of the plasma aspiration process at the 
stage where the plasma aspiration tip is located just above the 
plasma-packed cell interface during the aspiration step is 
shown in FIG. 7. 
0269. In this way we have found that almost all of the 
plasma can be removed leaving as little as e.g. 1 u, in the 
centrifuged sample tip. This corresponds to about 11 uL of 
plasma (90% recovery) from 20 uL of blood with a 40% 
hematocrit. Additionally the quality of the plasma sample 
(with respect to hemolysis, lipemia and icteria) can be deter 
mined from an image of the centrifuged sample. 
0270. The aspirated plasma can be moved to other loca 
tions for dilution and mixing with assay reagents so that 
assays for analytes industry but not limited to metabolites, 
electrolytes, protein biomarkers, drugs and nucleic acids may 
be performed. 
(0271 Separation of White Blood Cells 
0272. A further use of the invention is to isolate and con 
centrate the white cells from blood. In one aspect of the 
invention, the blood sample is first Subject to a process which 
lyses the red cells (and optionally fixes the white cells) by 
adding a reagent (For example, BD PharmlyseTM 555899 or 
BD FACSTM Lysing Solution 349202) to the blood and mix 
ing. Following a brief incubation, the lysed sample is subject 
to centrifugation as described above such that the white cells 
are concentrated at the sealed end of the blood tip. The lysed 
red cell solution can then be removed by aspiration. Recovery 
of the white cells is achieved by either (1) addition of a small 
amount of a buffer solution and repeated up and down aspi 
ration to re-suspend the cells followed by displacement into a 
receptacle or (2) removal of the seal and downward displace 
ment of the packed cells into a receptacle using air pressure. 
0273. An alternate scheme allows recovery of white cells 
without lysis of the red cells. After centrifugation of blood (as 
is well known) the white cells form a layer on top of the 
packed red cells known as the Buffy Coat. Following removal 
of most of the plasma (as above) the white cells can be 
efficiently recovered by (1) optionally adding a small volume 
(e.g. about 5 uL) of isotonic buffer, or (2) using the residual 
plasma and re-suspending the white cells by repeated aspira 
tion and/or mechanical stirring using the sample acquisition 
tip. Once suspended, the resulting mixture of white cells 
together with a small proportion of red cells also re-sus 
pended can be acquired by aspiration for analysis of the white 
cells. In this way most of the white cells (typically all) can be 
recovered with only a small (contaminating) quantity of red 
cells (typically less than 5% of the original). 
(0274 Centrifuges 
(0275 FIG. 1, FIG. 2, and FIG.3 show scale perspectives 
of a centrifuge (FIG.1—side view, FIG. 2 front face view, 
FIG.3 rear view) that can be integrated into the system. The 
centrifuge may contain an electric motor capable of turning 
the rotor at 15,000 rpm. One type of centrifuge rotor is shaped 
Somewhat like a fan blade is mounted on the motor spindle in 
a vertical plane. Affixed to the rotor is an element which holds 
the sample holding means (tip) and provides a ledge or shelf 
on which the end of the tip distal to the motor axis rests and 
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which provides Support during the centrifugation so that the 
sample cannot escape. The tip may be further supported at its 
proximal end by a mechanical stop in the rotor. This can be 
provided so that the force generated during centrifugation 
does not cause the tip to cutthrough the soft vinyl cap. The tip 
can be inserted and removed by standard pick and place 
mechanisms but preferably by a pipette. The rotor is a single 
piece of acrylic (or other material) shaped to minimize vibra 
tion and noise during operation of the centrifuge. The rotor is 
(optionally) shaped so that when it is oriented in particular 
angles to the vertical, other movable components in the 
instrument can move past the centrifuge. The sample holding 
means are centrifugally balanced by counter masses on the 
opposite side of the rotor such that the center of rotational 
inertia is axial relative to the motor. The centrifuge motor may 
provide positional data to a computer which can then control 
the rest position of the rotor (typically vertical before and 
after centrifugation). 
0276. As may be seen from the two graphs in FIG. 8 and 
FIG. 9, to minimize centrifugation time (without generating 
too much mechanical stress during centrifugation) according 
to published standards (DIN 58933-1; for the U.S. the CLSI 
standard H07-A3 “Procedure for Determining Packed Cell 
Volume by the Microhematocrit Method”; Approved Stan 
dard Third Edition) convenient dimensions for the rotor are 
in the range of about 5-10 cm spinning at about 10-20 thou 
sand rpm giving a time to pack the red cells of about 5 min. 
0277. An exemplary equation for calculating centrifuga 
tion force is shown below: 

RCF = r(27tw)? 
g 

0278. Where: 
0279 g is earth's gravitational acceleration, 
0280 r is the rotational radius, 
0281 N is the rotational speed, measured in revolutions 
per unit of time. 
0282. Where: 
0283 r is the rotational radius measured in centimeters 
(cm). 
0284 N is rotational speed measured in revolutions 
per minute (RPM). 

RCF-1.118x10 rNP, 

0285. In some embodiments, a centrifuge may be a hori 
Zontally oriented centrifuge with a Swinging bucket design. In 
some preferable embodiments, the axis of rotation of the 
centrifuge is vertical. In alternate embodiments, the axis of 
rotation can be horizontal or at any angle. The centrifuge may 
be capable of simultaneously spinning two or more vessels 
and may be designed to be fully integrated into an automated 
system employing computer-controlled pipettes. In some 
embodiments, the vessels may be close-bottomed. The 
Swinging bucket design may permit the centrifugation vessels 
to be passively oriented in a vertical position when stopped, 
and spin out to a fixed angle when spinning. In some embodi 
ments, the Swinging buckets may permit the centrifugation 
vessels to spin out to a horizontal orientation. Alternatively 
they may spin out to any angle between a vertical and hori 
Zontal position (e.g., about 15, 30, 45, 60, or 75 degrees from 
Vertical. The centrifuge with Swinging bucket design may 
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meet the positional accuracy and repeatability requirements 
of a robotic system a number of positioning systems are 
employed. 
0286 A computer-based control system may use position 
information from an optical encoder in order to spin the rotor 
at controlled slow speeds. Because an appropriate motor 
could be designed for high-speed performance, accurate 
static positions need not be held using position feedback 
alone. In some embodiments, a cam in combination with a 
solenoid-actuated lever may be employed to achieve very 
accurate and stable stopping at a fixed number of positions. 
Using a separate control system and feedback from Hall 
Effect sensors built into the motor, the velocity of the rotor 
can be very accurately controlled at high speeds. 
0287 Because a number of sensitive instruments must 
function simultaneously within the assay instrument system, 
the design of the centrifuge preferably minimizes or reduces 
vibration. The rotor may be aerodynamically designed with a 
Smooth exterior—fully enclosing the buckets when they are 
in their horizontal position. Also, vibration dampening can be 
employed in multiple locations in the design of the case. 
0288 Rotor 
0289. A centrifuge rotor can be a component of the system 
which may hold and spin the centrifugation vessel(s). The 
axis of rotation can be vertical, and thus the rotor itself can be 
positioned horizontally. However, in alternate embodiments, 
differentaxes of rotation and rotor positions can be employed. 
There are two components known as buckets positioned sym 
metrically on either side of the rotor which hold the centrifu 
gation vessels. Alternative configurations are possible in 
which buckets are oriented with radial symmetry, for example 
three buckets oriented at 120 degrees. Any number ofbuckets 
may be provided, including but not limited to 1, 2, 3, 4, 5, 6, 
7, 8, or more buckets. The buckets can be evenly spaced from 
one another. For example, if n buckets are provided where n is 
a whole number, then the buckets may be spaced about 360/n 
degrees apart from one another. In other embodiments, the 
buckets need not be spaced evenly around one another or with 
radial symmetry. 
0290 When the rotor is stationary, these buckets, influ 
enced by gravity, may passively fall such as to position the 
vessels vertically and to make them accessible to the pipette. 
FIG. 111 shows an example of a rotor at rest with buckets 
Vertical. In some embodiments, the buckets may passively fall 
to a predetermined angle that may or may not be vertical. 
When the rotor spins, the buckets are forced into a nearly 
horizontal position or to a predetermined angle by centrifugal 
forces. FIG. 112 shows an example of a rotor at a speed with 
buckets at a small angle to horizontal. There can be physical 
hard stops for both the vertical and horizontal positions acting 
to enforce their accuracy and positional repeatability. 
0291. The rotor may be aerodynamically designed with a 
disk shape, and as few physical features as possible in order to 
minimize vibration caused by air turbulence. To achieve this, 
the outer geometry of the bucket may exactly match that of the 
rotor Such that when the rotor is spinning and the bucket can 
be forced horizontal the bucket and rotor can be perfectly 
aligned. 
0292 To facilitate plasma extraction, the rotor may be 
angled down toward the ground relative to the horizon. 
Because the angle of the bucket can be matched to that of the 
rotor, this may enforce a fixed spinning angle for the bucket. 
The resulting pellet from Such a configuration could be 
angled relative to the vessel when placed upright. A narrow 
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extraction tip may be used to aspirate plasma from the top of 
the centrifugation vessel. By placing the extraction tip near 
the bottom of the slope created by the angle pellet, the final 
volume of plasma can be more efficiently extracted without 
disturbing the sensitive buffy coat. 
0293. A variety of tubes designs can be accommodated in 
the buckets of the device. In some embodiments, the various 
tube designs may be closed ended. Some are shaped like 
conventional centrifuge tubes with conical bottoms. Other 
tube designs may be cylindrical. Tubes with a low ratio of 
height to cross-sectional area may be favored for cell process 
ing. Tubes with a large ratio (>10:1) may be suitable for 
accurate measurement of hematocrit and other imaging 
requirements. However, any height to cross-sectional area 
ratio may be employed. The buckets can be made of any of 
several plastics (polystyrene, polypropylene), or any other 
material discussed elsewhere herein. Buckets have capacities 
ranging from a few microliters to about a milliliter. The tubes 
may be inserted into and removed from the centrifuge using a 
"pick and place' mechanism. 
0294 Control System 
0295. Due to the spinning and positioning requirements of 
the centrifuge device, a dual control system approach may be 
used. To index the rotor to specific rotational orientations, a 
position based control system may be implemented. In some 
embodiments, the control system may employ a PID (Propor 
tional Integral Derivative) control system. Other feedback 
control systems known in the art can be employed. Positional 
feedback for the position controller may be provided by a 
high-resolution optical encoder. For operating the centrifuge 
at low to high speeds, a Velocity controller may be imple 
mented, while employing a PID control system tuned for 
velocity control. Rotational rate feedback for the velocity 
controller may be provided by a set of simple Hall-Effect 
sensors placed on the motor shaft. Each sensor may generate 
a square wave at one cycle per motor shaft rotation. 
0296 Stopping Mechanism 
0297 To consistently and firmly position the rotor in a 
particular position, a physical stopping mechanism may be 
employed. In one embodiment, the stopping mechanism may 
use a cam, coupled to the rotor, along with a solenoid-actu 
ated lever. The cam may be shaped like a circular disk with a 
number of “C” shaped notches machined around the perim 
eter. To position the centrifuge rotor, its rotational Velocity 
may first be lowered to, at most, 30 RPM. In other embodi 
ments, the rotational velocity may be lowered to any other 
amount, including but not limited to about 5 rpm, 10 rpm, 15 
rpm, 20 rpm, 25 rpm, 35 rpm, 40 rpm, or 50 rpm. Once the 
speed is sufficiently slow, the lever may be actuated. At the 
end of the lever is a cam follower which may glide along the 
perimeter of the cam with minimal friction. Once the cam 
follower reaches the center of a particular notch in the cam, 
the force of the solenoid-actuated lever can overcome that of 
the motor and the rotor may be brought to a halt. At that point 
the motor may be electronically braked, and, in combination 
with the stopping mechanism a rotational position can be very 
accurately and firmly held indefinitely. 
0298 Centrifuge Buckets 
0299 The centrifuge swing-out buckets may be config 
ured to accommodate different type of centrifuge tubes. In 
preferable embodiments, the various tube types may have a 
collar or flange at their upper (open) end. This collar or flange 
feature may rests on the upper end of the bucket and Support 
the tube during centrifugation. As shown in FIGS. 113, 114, 
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and 115, conical and cylindrical tubes of various lengths and 
volumes can be accommodated. FIGS. 113, 114, and 115 
provide examples ofbuckets and other bucket designs may be 
employed. For example, FIG. 113, shows an example of a 
bucket configuration. The bucket may have side portions that 
mate with the centrifuge and allow the bucket to swing freely. 
The bucket may have a closed bottom and an opening at the 
top. FIG. 114 shows an example of a centrifugation vessel 
mated with the bucket. As previously mentioned, the bucket 
may be shaped to accept various configurations of centrifu 
gation vessels. The centrifugation vessel may have one or 
more protruding member that may rest upon the bucket. The 
centrifugation vessel may be shaped with one or more feature 
that may mate with the centrifugation bucket. The feature 
may be a shaped feature of the vessel or one or more protru 
sion. FIG. 115 shows an example of another centrifugation 
vessel that can be mated with the bucket. As previously 
described, the bucket can have one or more shaped feature 
that may allow different configurations of centrifugation Ves 
sels to mate with the bucket. 
0300 Centrifuge Tubes and Sample Extraction Means: 
0301 The centrifuge tube and extraction tip may be pro 
vided individually and can be mated together for extraction of 
material following centrifugation. The centrifugation tube 
and extraction tip may be designed to deal with complex 
processes in an automated system. FIG. 116 shows an 
example of a centrifugation vessel. FIG. 117 shows an 
example of an extraction tip. FIG. 118 provides an example of 
how the centrifugation vessel and extraction tip may mate. 
Any dimensions are provided by way of example only, and 
other dimensions of the same or differing proportions may be 
utilized. 
0302) The system can enable one or more of the following: 
0303 1. Rapid processing of small blood samples (typi 
cally 5-50 uL) 
0304 2. Accurate and precise measurement of hematocrit 
0305 3. Efficient removal of plasma 
(0306 4. Efficient re-suspension of formed elements (red 
and white blood cells) 
0307 5. Concentration of white cells (following labeling 
with fluorescent antibodies and fixation plus lysis of red cells) 
0308 6. Optical confirmation ofred cell lysis and recovery 
of white cells 
0309 Centrifugation Vessel and Extraction Tip Overview 
0310. A custom vessel and tip may be used for the opera 
tion of the centrifuge in order to satisfy the variety of con 
straints placed on the system. The centrifugation vessel may 
be a closed bottom tube designed to be spun in the centrifuge. 
In some embodiments, the centrifugation vessel may be the 
vessel illustrated in FIG. 116 or may have one or more fea 
tures illustrated in FIG. 116. It may have a number of unique 
features enabling the wide range of required functionality 
including hematocrit measurement, RBC lysing, pellet re 
suspension and efficient plasma extraction. The extraction tip 
may be designed to be inserted into the centrifugation vessel 
for precise fluid extraction, and pellet re-suspension. In some 
embodiments, the extraction tip may be the tip illustrated in 
FIG. 117 or may have one or more features illustrated in FIG. 
117. Exemplary specifications for each tip are discussed 
herein. 
0311 Centrifugation Vessel 
0312. The centrifugation vessel may be designed to handle 
two separate usage scenarios, each associated with a different 
anti-coagulant and whole blood volume. 
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0313. A first usage scenario may require that 40 uL of 
whole blood with Heparin be pelleted, the maximum volume 
of plasma be recovered, and the hematocrit measured using 
computer vision. In the case of 60% hematocrit or below the 
volume of plasma required or preferable may be about 40 
uL*40%=16 u. 
0314. In some embodiments, it will not be possible to 
recover 100% of the plasma because the buffy coat must not 
be disturbed, thus a minimum distance must be maintained 
between the bottom of the tip and the top of the pellet. This 
minimum distance can be determined experimentally but the 
volume (V) sacrificed as a function of the required safety 
distance (d) can be estimated using: V(d)-dit1.25 mm. For 
example, for a required safety distance of 0.25 mm, the sac 
rificed volume could be 1.23 u. for the 60% hematocrit case. 
This volume can be decreased by decreasing the internal 
radius of the hematocrit portion of the centrifugation vessel. 
However, because in some embodiments, that narrow portion 
must fully accommodate the outer radius of the extraction tip 
which can be no smaller than 1.5 mm, the existing dimensions 
of the centrifugation vessel may be close to the minimum. 
0315. Along with plasma extraction, in some embodi 
ments it may also be required that the hematocrit be measured 
using computer vision. In order to facilitate this process the 
total height for a given volume of hematocrit may be maxi 
mized by minimizing the internal diameter of the narrow 
portion of the vessel. By maximizing the height, the relation 
ship between changes in hematocrit Volume and physical 
change in column height may be optimized, thus increasing 
the number of pixels that can be used for the measurement. 
The height of the narrow portion of the vessel may also be 
long enough to accommodate the worst-case scenario of 80% 
hematocrit while still leaving a small portion of plasma at the 
top of the column to allow for efficient extraction. Thus, 40 
uL*80%–32 uL may be the required volume capacity for 
accurate measurement of the hematocrit. The volume of the 
narrow portion of the tip as designed may be about 35.3 ul. 
which may allow for some volume of plasma to remain, even 
in the worst case. 
0316 A second usage scenario is much more involved, 
and may require one, more, or all of the following: 
0317 whole blood pelleted 
0318 plasma extracted 
0319 pellet re-suspended in lysing buffer and stain 
0320 remaining white blood cells (WBCs) pelleted 
0321) supernatant removed 
0322 WBCs re-suspended 
0323 WBC suspension fully extracted 
0324. In order to fully re-suspend a packed pellet, experi 
ments have shown one can physically disturb the pellet with 
a tip capable of completely reaching the bottom of the vessel 
containing the pellet. A preferable geometry of the bottom of 
the vessel using for re-suspension seems to be a hemispheri 
cal shape similar to standard commercial PCR tubes. In other 
embodiments, other vessel bottom shapes may be used. The 
centrifugation vessel, along with the extraction tip, may be 
designed to facilitate the re-suspension process by adhering 
to these geometrical requirements while also allowing the 
extraction tip to physically contact the bottom. 
0325. During manual re-suspension experiments it was 
noticed that physical contact between the bottom of the ves 
sel, and the bottom of the tip may create a seal that prohibits 
fluid movement. A delicate spacing may be used in order to 
both fully disturb the pellet, while allowing fluid flow. In 
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order to facilitate this process in a robotic system, a physical 
feature may be added to the bottom of the centrifugation 
vessel. In some embodiments, this feature may comprise four 
small hemispherical nubs placed around the perimeter of the 
bottom portion of the vessel. When the extraction tip is fully 
inserted into the vessel and allowed to make physical contact, 
the end of the tip may rest on the nubs, and fluid is allowed to 
freely flow between the nubs. This may result in a small 
amount of Volume (~0.25 uL) lost in the gaps. 
0326. During the lysing process, in Some implementa 

tions, the maximum expected fluid volume is 60 uL, which, 
along with 25 uIl displaced by the extraction tip may demand 
a total Volume capacity of 85 ul. A design with a current 
maximum volume of 100 u may exceed this requirement. 
Other aspects of the second usage scenario require similar or 
already discussed tip characteristics. 
0327. The upper geometry of the centrifugation vessel 
may be designed to mate with a pipette nozzle. Any pipette 
nozzle described elsewhere herein or known in the art may be 
used. The external geometry of the upper portion of the vessel 
may exactly match that of a reaction tip which both the 
current nozzle and cartridge may be designed around. In some 
embodiments, a small ridge may circumscribe the internal 
Surface of the upper portion. This ridge may be a visual 
marker of the maximum fluid height, meant to facilitate auto 
matic error detection using computer vision system. 
0328. In some embodiments, the distance from the bottom 
of the fully mated nozzle to the top of the maximum fluid line 
is 2.5 mm. This distance is 1.5 mm less than the 4 mm 
recommended distance adhered to by the extraction tip. This 
decreased distance may be driven by the need to minimize the 
length of the extraction tip while adhering to minimum Vol 
ume requirements. The justification for this decreased dis 
tance stems from the particular use of the vessel. Because, in 
Some implementations, fluid may be exchanged with the ves 
sel from the top only, the maximum fluid it will ever have 
while mated with the nozzle is the maximum amount of whole 
blood expected at any given time (40 uL). The height of this 
fluid may be well below the bottom of the nozzle. Another 
concern is that at other times the volume of fluid in the vessel 
may be much greater than this and wet the walls of up to the 
height of the nozzle. In some embodiments, it will be up to 
those using the vessel to ensure that the meniscus of any fluids 
contained within the vessel do not exceed the max fluid 
height, even if the total Volume is less than the maximum 
specified. In other embodiments, other features may be pro 
vided to keep the fluid contained within the vessel. 
0329. Any dimensions, sizes, volumes, or distances pro 
vided herein are provided by way of example only. Any other 
dimension, size, Volume or distance may be utilized which 
may or may not be proportional to the amounts mentioned 
herein. 

0330. The centrifugation vessel can be subjected to a num 
ber of forces during the process of exchanging fluids and 
rapidly inserting and removing tips. If the vessel is not con 
strained, it is possible that these forces will be strong enough 
to lift or otherwise dislodge the vessel from the centrifuge 
bucket. In order to prevent movement, the vessel should be 
secured in Some way. To accomplish this, a small ring cir 
cumscribing the bottom exterior of the vessel was added. This 
ring can easily be mated with a compliant mechanical feature 
on the bucket. As long as the retaining force of the nub is 
greater than the forces experienced during fluid manipula 
tions, but less than the friction force when mated with the 
nozzle then the problem is solved. 
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0331 Extraction Tip 
0332 The Extraction Tip may be designed to interface 
with the centrifugation vessel, efficiently extracting plasma, 
and re-suspending pelleted cells. Where desired, its total 
length (e.g., 34.5 mm) may exactly match that of another 
blood tip including but not limited to those described in U.S. 
Ser. No. 12/244,723 (incorporated herein by reference) but 
may be long enough to physically touch the bottom of the 
centrifugation vessel. The ability to touch the bottom of the 
vessel may be required in some embodiments, both for the 
re-suspension process, and for complete recovery of the white 
cell Suspension. 
0333. The required volume of the extraction tip may be 
determined by the maximum Volume it is expected to aspirate 
from the centrifugation vessel at any given time. In some 
embodiments, this Volume may be approximately 60 uL. 
which may be less than the maximum capacity of the tip 
which is 85ul. In some embodiments, a tip of greater volume 
than required volume may be provided. As with the centrifu 
gation vessel, an internal feature circumscribing the interior 
of the upper portion of the tip may be used to mark the height 
of this maximum volume. The distance between the maxi 
mum volume line and the top of the mated nozzle may be 4.5 
mm, which may be considered a safe distance to prevent 
nozzle contamination. Any sufficient distance to prevent 
nozzle contamination may be used. 
0334. The centrifuge may be used to sediment precipitated 
LDL-cholesterol. Imaging may be used to verify that the 
supernatant is clear, indicating complete removal of the pre 
cipitate. 
0335. In one example, plasma may be diluted (e.g., 1:10) 
into a mixture of dextran Sulfate (25 mg/dL) and magnesium 
sulfate (100 mM), and may be then incubated for 1 minute to 
precipitate LDL-cholesterol. The reaction product may be 
aspirated into the tube of the centrifuge, capped then and spun 
at 3000 rpm for three minutes. FIGS. 119, 120, and 121 are 
images that were taken of the original reaction mixture prior 
to centrifugation (showing the white precipitate), following 
centrifugation (showing a clear Supernatant) and of the LDL 
cholesterol pellet (after removal of the cap), respectively. 
0336. Other examples of centrifuges that can be employed 
in the present invention are described in U.S. Pat. Nos. 5,693, 
233, 5,578.269, 6,599,476 and U.S. Patent Publication Nos. 
2004/0230400, 2009/0305392, and 2010/0047790, which are 
incorporated by reference in their entirety for all purposes. 

Example Protocols 

0337. Many variations of protocol may be used for cen 
trifugation and processing. For example, a typical protocol 
for use of the centrifuge to process and concentrate white cells 
for cytometry may include one or more of the following steps. 
The steps below may be provided in varying orders or other 
steps may be substituted for any of the steps below: 

0338 1. Receive 10 ul, blood anti-coagulated with 
EDTA (pipette injects the blood into the bottom of the 
centrifuge bucket) 

0339 2. Sediment the red and white cells by centrifu 
gation (<5 minx 10,000 g). 

0340. 3. Measure hematocrit by imaging 
0341. 4. Remove plasma slowly by aspiration into the 
pipette (4 uL corresponding to the worst case scenario 
60% hematocrit) without disturbing the cell pellet. 
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0342 5. Re-suspend the pellet after adding 20 uL of an 
appropriate cocktail of up to five fluorescently labeled 
antibodies' dissolved in buffered saline+BSA (1 
mg/mL) (total reaction volume about 26 uL). 
"Concentration will be adjusted appropriately to deal with the different 
volume ratio relative to standard laboratory method (specifically about 
5x lower) 
*If necessary, this volume can be bigger to have optimal staining but not 
more than 50 uL. 

0343 6. Incubate for 15 minutes at 37 C. 
0344 7. Prepare lysing/fixative reagent by mixing red 
cell lysing solution (ammonium chloride/potassium 
bicarbonate) with white cell fixative reagent (formalde 
hyde). 

0345 8. Add 30 ul lysing/fixative reagent (total reac 
tion volume about 60 uI). 

0346 9. Incubate 15 minutes at 37 C 
(0347 10. Sediment the white cells by centrifugation (5 
min, 10,000 g). 

0348 11. Remove the supernatant hemolysate (about 
57 uL). 

0349 12. Re-suspend the white cells by adding 8 ul 
buffer (isotonic buffered saline). 

0350 13. Measure the volume accurately. 
0351. 14. Deliver sample (c 10 ul) to cytometry. 

0352. The steps may include receiving a sample. The p y 9. p 
sample may be a bodily fluid, Such as blood, or any other 
sample described elsewhere herein. The sample may be a 
Small Volume, such as any of the Volume measurements 
described elsewhere herein. In some instances, the sample 
may have an anti-coagulant. 
0353 A separation step may occur. For example, a den 
sity-based separation may occur. Such separation may occur 
via centrifugation, magnetic separation, lysis, or any other 
separation technique known in the art. In some embodiments, 
the sample may be blood, and the red and white blood cells 
may be separated. 
0354. A measurement may be made. In some instances, 
the measurement may be made via imaging, or any other 
detection mechanism described elsewhere herein. For 
example, the hematocrit of a separated blood sample may be 
made by imaging. Imaging may occur via a digital camera or 
any other image capture device described herein. 
0355 One or more component of a sample may be 
removed. For example, if the sample is separated into Solid 
and liquid components, the liquid component may be moved. 
The plasma of a blood sample may be removed. In some 
instances, the liquid component, such as plasma, may be 
removed via a pipette. The liquid component may be removed 
without disturbing the Solid component. The imaging may aid 
in the removal of the liquid component, or any other selected 
component of the sample. For example, the imaging may be 
used to determine where the plasma is located and may aid in 
the placement of the pipette to remove the plasma. 
0356. In some embodiments, a reagent or other material 
may be added to the sample. For example, the solid portion of 
the sample may be resuspended. A material may be added 
with a label. One or more incubation step may occur. In some 
instances, a lysing and/or fixative reagent may be added. 
Additional separation and/or resuspending steps may occur. 
As needed, dilution and/or concentration steps may occur. 
0357 The volume of the sample may be measured. In 
Some instances, the Volume of the sample may be measured in 
a precise and/or accurate fashion. The Volume of the sample 
may be measured in a system with a low coefficient of varia 
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tion, such as coefficient of variation values described else 
where herein. In some instances, the Volume of the sample 
may be measured using imaging. An image of the sample may 
be captured and the volume of the sample may be calculated 
from the image. 
0358. The sample may be delivered to a desired process. 
For example, the sample may be delivered for cytometry. 
0359. In another example, a typical protocol that may or 
may not make use of the centrifuge for nucleic acid purifica 
tion may include one or more of the following steps. The 
system may enable DNA/RNA extraction to deliver nucleic 
acid template to exponential amplification reactions for 
detection. The process may be designed to extract nucleic 
acids from a variety of samples including, but not limited to 
whole blood, serum, viral transfer medium, human and ani 
mal tissue samples, food samples, and bacterial cultures. The 
process may be completely automated and may extract DNA/ 
RNA in a consistent and quantitative manner. The steps below 
may be provided in varying orders or other steps may be 
substituted for any of the steps below: 
0360) 1. Sample Lysis. Cells in the sample may be lysed 
using a chaotropic-salt buffer. The chaotropic-salt buffer may 
include one or more of the following: chaotropic salt Such as, 
but not limited to, 3-6 M guanidine hydrochloride or guani 
dinium thiocyanate; sodium dodecyl sulfate (SDS) at a typi 
cal concentration of 0.1-5% V/vi, ethylenediaminetetraacetic 
acid (EDTA) at a typical concentration of 1-5 mM, lysozyme 
at a typical concentration of 1 mg/mL, proteinase-K at a 
typical concentration of 1 mg/mL, and pH may be set at 7-7.5 
using a buffer such as HEPES. In some embodiments, the 
sample may be incubated in the buffer at typical temperature 
of 20-95°C. for 0-30 minutes. Isopropanol (50%-100% v/v) 
may be added to the mixture after lysis. 
0361) 2. Surface Loading. Lysed sample may be exposed 
to a functionalized surface (often in the form of a packed bed 
of beads) Such as, but not limited to, a resin-Support packed in 
a chromatography style column, magnetic beads mixed with 
the sample in a batch style manner, Sample pumped through a 
Suspended resin in a fluidized-bed mode, and sample pumped 
through a closed channel in a tangential flow manner over the 
surface. The surface may be functionalized so as to bind 
nucleic acids (e.g. DNA, RNA, DNA/RNA hybrid) in the 
presence of the lysis buffer. Surface types may include silica, 
and ion-exchange functional groups such as diethylaminoet 
hanol (DEAE). The lysed mixture may be exposed to the 
Surface and nucleic acids bind. 

0362. 3. Wash. The solid surface is washed with a salt 
solution such as 0-2 M sodium chloride and ethanol (20-80% 
V/v) at pH 7.0–7.5. The washing may be done in the same 
manner as loading. 
0363 4. Elution. Nucleic acids may be eluted from the 
surface by exposing the surface to water or buffer at pH 7-9. 
Elution may be performed in the same manner as loading. 
0364. Many variations of these protocols or other proto 
cols may be employed by the system. Such protocols may be 
used in combination or in the place of any protocols or meth 
ods described herein. 
0365. In some embodiments, it is important to be able to 
recover the cells packed and concentrated by centrifugation 
for cytometry. In some embodiments, this may beachieved by 
use of the pipetting device. Liquids (typically isotonic buff 
ered saline, a lysing agent, a mixture of a lysing agent and a 
fixative or a cocktail of labeled antibodies in buffer) may be 
dispensed into the centrifuge bucket and repeatedly aspirated 
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and re-dispensed. The tip of the pipette may be forced into the 
packed cells to facilitate the process. Image analysis aids the 
process by objectively verifying that all the cells have been 
re-Suspended. 
0366 Use of the Pipette and Centrifuge to Process 
Samples Prior to Analysis: 
0367. In accordance with an embodiment of the invention, 
the system may have pipetting, pick-and-place and centrifu 
gal capabilities. Such capabilities may enable almost any type 
of sample pretreatment and complex assay procedures to be 
performed efficiently with very small volumes of sample. 
0368 Specifically, the system may enables separation of 
formed elements (red and white cells) from plasma. The 
system may also enable re-suspension of formed elements. In 
Some embodiments, the system may enable concentration of 
white cells from fixed and hemolysed blood. The system may 
also enable lysis of cells to release nucleic acids. In some 
embodiments, purification and concentration of nucleic acids 
by filtration through tips packed with (typically beaded) solid 
phase reagents (e.g. silica) may be enabled by the system. The 
system may also permit elution of purified nucleic acids fol 
lowing Solid phase extraction. Removal and collection of 
precipitates (for example LDL-cholesterol precipitated using 
polyethylene glycol) may also be enabled by the system. 
0369. In some embodiments, the system may enable affin 

ity purification. Small molecules such as vitamin-D and sero 
tonin may be adsorbed onto beaded (particulate) hydrophobic 
Substrates, then eluted using organic solvents. Antigens may 
be provided onto antibody-coated substrates and eluted with 
acid. The same methods can be used to concentrate analytes 
found at low concentrations such as thromboxane-B2 and 
6-keto-prostaglandin F1C. Antigens may be provided onto 
antibody or aptamer-coated Substrates and then eluted. 
0370. In some embodiments, the system may enable 
chemical modification of analytes prior to assay. To assay 
serotonin (5-Hydroxytryptamine) for example, it may be 
required to convert the analyte to a derivative (such as an 
acetylated form) using a reagent (such as acetic anhydride). 
This may be done to produce a form of the analyte that can be 
recognized by an antibody. 
0371 Liquids can be moved using the pipette (vacuum 
aspiration and pumping). The pipette may be limited to rela 
tively low positive and negative pressures (approximately 
0.1-2.0 atmospheres). A centrifuge can be used to generate 
much higher pressures when needed to force liquids through 
beaded solid phase media. For example, using a rotor with a 
radius of 5 cm at a speed of 10,000 rpm, forces of about 
5,000xg (about 7 atmospheres) may be generated, sufficient 
to force liquids through resistive media Such as packed beds. 
Any of the centrifuge designs and configurations discussed 
elsewhere herein or known in the art may be used. 
0372 Measurement of hematocrit with very small vol 
umes of blood may occur. For example, inexpensive digital 
cameras are capable of making good images of Small objects 
even when the contrast is poor. Making use of this capability, 
the system of the present invention may enable automated 
measurement of hematocrit with a very small volume of 
blood. 
0373 For example, 1 uL of blood may be drawn into a 
microcap glass capillary. The capillary may then be sealed 
with a curable adhesive and then subject to centrifugation at 
10,000xg for 5 minutes. The packed cell volume may be 
easily measured and the plasma meniscus (indicated by an 
arrow) may also be visible so hematocrit can be accurately 
measured. This may enable the system to not waste a rela 
tively large Volume of blood to make this measurement. In 
some embodiments, the camera may be used “as is without 
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operation with a microscope to make a larger image. In other 
embodiments, a microscope or other optical techniques may 
be used to magnify the image. In one implementation, the 
hematocrit was determined using the digital camera without 
additional optical interference, and the hematocrit measured 
was identical to that determined by a conventional microhe 
matocrit laboratory method requiring many microliters of 
sample. In some embodiments, the length of the sample col 
umn and of that of the column of packed red cells can be 
measured very precisely (+/-(0.05mm). Given that the blood 
sample column may be about 10-20 mm, the standard devia 
tion of hematocrit may be much better than 1% matching that 
obtained by standard laboratory methods. 
0374. The system may enable measurement of erythrocyte 
sedimentation rate (ESR). The ability of digital cameras to 
measure very Small distances and rates of change of distances 
may be exploited to measure ESR. In one example, three 
blood samples (15 uL) were aspirated into “reaction tips'. 
Images were captured over one hour at two-minute intervals. 
Image analysis was used to measure the movement of the 
interface between red cells and plasma. FIG. 122 shows 
results as distance of the interface from the plasma meniscus. 
0375. The precision of the measurement may be estimated 
by fitting the data to a polynomial function and calculating the 
standard deviation of the difference between the data and the 
fitted curve (for all samples). In the example, this was deter 
mined to be 0.038 mm or <2% CV when related to the dis 
tance moved over one hour. Accordingly, ESR can be mea 
sured precisely by this method. Another method for 
determination of ESR is to measure the maximum slope of the 
distance versus time relationship. 
0376 Assay Preparation 
0377. In some embodiments, tips can be designed to 
accommodate a plurality of reactions or assays. Simultaneous 
measurement of several different assay mixtures and one or 
more controls or one or more calibrators can be made within 
one tip of the present invention. In doing this we exploit the 
ability to sample several liquid Sources by sequential aspira 
tion of liquids into the same tip. Effective segmentation and 
separation of the liquids is greatly improved by aspirating in 
sequence a small Volume of air and a small Volume of a wash 
Solution which cleans the Surface of the tips prior to aspiration 
of the next liquid of interest. 
0378. As described above, tips can have conical shapes. In 
Some embodiments, an assay can require oxygen as a reac 
tant. In Such reactions, increasing availability of oxygen 
within a reaction can be achieved by moving the sample 
and/or assay mixture to a wide part of tip to increase Surface 
area to Volume ratio. 

0379. In FIG. 93 and FIG. 94, solutions of bromphenol 
blue were aspirated into tips. The uppermost segments (aspi 
rated first) 6 uL are from a two-fold dilution series (highest 
concentration (0.0781 mg/mL) to the right of the image, with 
the exception of the left-most tip which is a water blank). 
Then air (2 uI), wash solution (2 uL) respectively were aspi 
rated followed by a 6 uL volume of a fixed concentration 
control solution (0.625 mg/mL). 
0380. Using this approach several alternative assay con 
figurations can be achieved, for example: 
0381 1. Simultaneous measurement of reagent and/or 
sample blank and assay 
0382 2. Simultaneous measurement of sample, blank and 
control 
(0383. 3. Within-tip calibration of assay 
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0384 The table below illustrates some “multiplex types” 
in which preferred combinations of assays, controls and cali 
brators are assembled within a tip. 
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in the same assay cuvette can be performed. Simultaneous 
evaluation of several assays in the same assay cuvette can be 
also performed. 

Zone # 

1 11 
Multiplex Type Top 2 3 4 5 6 7 8 9 10 Bottom 

Assay with controls Air Controll Air Wash Air Assay Air Wash Control2 
Three assays Air Assay1 Air Wash Air Assay2 Air Wash Air Assay3 Air 
Calibration series Air Cal1 Air Wash Air Ca2 Air Wash Air Cal3 Air 
Assay with blank Air Assay Air Wash Air Blank Air 

0385 Case 2 is shown in FIG.95. 
0386 Serial measurements of blank solutions, sample, 
controls and calibrators can also be made with single tips. In 
this scenario, the tip is filled with the first solution, read then 
emptied. The tip can then be re-filled and read with other 
samples etc. in sequence. The impact of "carry-over of col 
ored product from one sample to the next is minimized by 
either or both: 
0387 1. Reading the liquid column in the middle portion 
well away from that part that first comes into contact with the 
preceding sample 
0388 2. Washing the tip between samples. 
0389. In order to measure the extent of “carry-over” from 
one liquid segment to the next, the following procedure was 
be performed. A Small amount (e.g. 6 uL) of a high concen 
tration of bromphenol blue (e.g. 0.625 mg/mL) was aspirated 
into tips, followed by 2 ul of air and 2 ul of wash solution. 
Finally 6 uL of serial two-fold dilutions of bromphenol blue 
is aspirated with the following results (highest concentration 
(0.0781 mg/mL) to the right; left most tip is a water blank). 
0390. As can be seen from the images shown in FIG.96 
and the 3-color analysis shown in FIG. 97, measurable 
amounts of the high concentration Solution is transferred into 
the wash solution. 
0391 Average carry-over (from high concentration con 

trol to the water wash) is calculated at 1.4%. Since, in effect, 
the leading Zone (proximal to the earlier slug) of a later slug 
of liquid acts as second wash step and the color reading is 
taken at a location remote from this leading Zone (typically at 
a central Zone of the slug), the effective carryover from one 
slug to the next is typically much less than 1% and therefore 
generally insignificant. When the dilution series is measured 
using only dilution series samples to fill the tips, results are 
identical with those obtained above. The above represents a 
“stress test designed to evaluate the extent of carry-over. 
0392 FIG.98 shows a tip containing reaction products for 
two commercially available assays for ionized calcium, Ca2+ 
(upper segment) and magnesium Mg2+ (lower segment) that 
were aspirated into tips for measurement. Ca2+ concentra 
tions used in this experiment are 0, 2.5, 5, 10, 20, and 40 
mg/dL: Mg2+ concentrations are 0, 1.25, 2.5, 5, 10, 20 
mg/dL. Assay reaction mixtures (6 uIl Ca2+ and 4 ul 
Mg2+) are well separated using 2 uI of air, 3 ul of wash and 
a further 4 uL of air. Results for each assay read in this way are 
essentially identical to those measured having only one assay 
reaction mixture per tip. 
0393 As noted above, the present invention allows for 
simultaneous evaluation of a plurality of assays. Images can 
be made of many assay cuvettes in the same field of view. 
Specifically, simultaneous evaluation of assays and controls 

0394 Reaction Environment 
0395. A system can comprise a heating block for heating 
the assay or assay unit and/or for control of the assay tem 
perature. Heat can be used in the incubation step of an assay 
reaction to promote the reaction and shorten the duration 
necessary for the incubation step. A system can comprise a 
heating block configured to receive an assay unit of the inven 
tion. The heating block can be configured to receive a plural 
ity of assay units from a device of the invention. For example, 
if 8 assays are desired to be run on a device, the heating block 
can be configured to receive 8 assay units. In some embodi 
ments, assay units can be moved into thermal contact with a 
heating block using the means for moving the assay units. The 
heating can be performed by a heating means known in the 
art 

0396 Protocol Optimization 
0397 Assay protocols for analyzing samples can be opti 
mized in a variety of manners. When multiple assays are to be 
run on a sample, all protocols can be optimized to the most 
stringent reaction conditions, or each assay protocol can be 
optimized based on the desired performance of a particular 
assay. 

0398. In some embodiments, a single protocol that can be 
designed to meet the test requirements under all possible use 
cases. For example, on a multiplex cartridge, a single protocol 
may be specified based on the case when all tests on the 
cartridge are to be performed (i.e., the limiting case). This 
protocol can be designed to meet the minimal test require 
ments, such as the precision and dynamic range for each test 
on the cartridge. However, this approach can be suboptimal 
for alternate use cases, for example, when only a Subset of 
tests on the cartridge is to be performed. In these cases, by 
using more sample, Some assays can achieve improved per 
formance interms of sensitivity and precision. There can be a 
trade-off between how much sample is allocated to an assay 
and assay sensitivity. For example, an assay which has a 
sensitivity of 1 unit/mL when the sample is diluted 1:100 may 
be able to detect 0.1 unit/mL if the dilution factor is increased 
to 1:10. One downside of using a lower dilution factor in a 
multiplexed assay system with restricted sample Volume can 
be that the fraction of the sample required for this assay is 
increased by 10-fold even when using the minimal volume to 
perform the assay. Likewise, assay precision may be 
improved by using a higher sample concentration. For 
example, an assay which results in a signal of (say) 0.1 absor 
bance+/-0.02 (20% signal imprecision) at its limit of detec 
tion can be improved by use of 10 times the sample concen 
tration Such that the signal produced is 10 times greater giving 
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a signal of 0.1+/1 0.02 OD at an analyte concentration ten 
times lower and at signal of 1.0, +/-0.02 the imprecision is 
now only 2%. The reason this is the case is that typically assay 
signal (at the lower range of analyte concentrations) is 
directly proportional to the analyte concentration (and there 
fore to the sample concentration) whereas the signal impre 
cision can be typically related to the square root of the signal 
and so increases as the square root of analyte concentration 
(and sample concentration). Thus, the coefficient of variation 
(CV) of the signal can be inversely proportional to the square 
root of the signal; Such that a 10-fold increase in signal cor 
responds to approximately three-fold decrease in signal CV. 
Since concentration CV is typically directly related to signal 
CV, the concentration CV will decrease with increased 
sample concentration (decreased dilution). 
0399 Protocols can be optimized to specific use cases 
rather than the typical one-size fits all approach described 
above. For example, the protocol may be optimized to 
enhance the precision of each test being performed in the 
multiplex device. Moreover, some tests may be prioritized 
relative to other tests for optimization. Protocol optimization 
can be pre-computed for use cases that are known a priori. 
Protocol optimization can also be performed in real-time for 
new use cases not known a priori. System validation can be 
performed to span the Suite of use cases. 
0400. One example of protocol optimization is described 
below comparing two uses cases. For both use cases, 8 ul of 
undiluted sample is available to run the required tests. In this 
example, the multiplex cartridge has 20 tests onboard, where 
5 of the tests require 1:5 dilution and 15 of the tests require 
1:25 dilution. 
04.01. In the first use case, all tests are required to be run on 
the sample. The protocol in this use case (Use-case B) is as 
follows: 
04.02 1) Prepare 1:5 dilution (8 uIl sample+32 u diluent) 
0403. 2) Prepare 1:25 dilution (15 uL 1:5 sample+60 uL 
diluent) 
0404 3) For each test (n=20), mix 5 uL of appropriately 
diluted sample with 10 uL of the reagent This protocol results 
in concentration imprecision of 10% CV for all 20 tests, 
meeting the minimal requirements. The sample usage is 1 u, 
for each 1:5 dilution assay and 0.2 uL for each 1:25 dilution 
assay (for a total of 5*1+15*0.2=8 uI, using all the available 
sample). 
0405. In the second use case (Use-case “B”) with the same 
cartridge type, only 10 tests are required to be run for the 
sample, not all 20. Moreover, all these 10 tests would be 
performed at the 1:25 dilution level in use-case A. The pro 
tocol is optimized for this use case to maximize precision for 
all the tests by using a lower dilution (1:5). The optimized 
protocol for this specific use case is as follows: 
0406 1) Prepare 1:5 dilution (8 uIl sample+32 u diluent) 
04.07 2) For each test (n=10), mix 4 uL of diluted sample 
with 11 uI of reagent 
0408 Sample usage is 0.8 uL undiluted sample per assay 
for a total of 8 ul. Since the sample concentration in the assay 
is increased by 5-fold relative to that for use-case A, the assay 
sensitivity is improved by a factor of 5 and the assay impre 
cision is reduced by about 2.4 (50.5) fold to about 4.5%. 
04.09. By re-optimizing the protocol, in use case B 
employs 5-times as much original sample for each test, 
thereby improving overall performance. Note that the above 
discussion does not account for any imprecision due to errors 
in metering of Volumes but only addresses errors due to 
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imprecision in measurement of optical signal. Use-case B 
would have a lower imprecision due to imprecision in Vol 
umes since it uses fewer pipetting steps. For example if the 
Volume imprecision introduces 5% imprecision in the 
reported analyte concentration in both use cases there would 
be a total analyte imprecision of 11.2% (102+52) 0.5 in 
use-case A compared with 6.5% (4.52+52) 0.5 in use-case 
B (assuming, as is generally true, that factors causing impre 
cision in assays aggregate as the square root of the sum of 
squares of each Source of imprecision). 
0410 The effects illustrated above can more easily be seen 
in the case of luminescence-based assays where the assay 
signal is expressed as a number of photons emitted per unit 
time. As is the case for counting of radioactive emissions in 
for example radioimmunoassay, the signal imprecision is 
equal to the square root of the signal and thus the signal CV is 
100/(square root of signal). For example, a signal of 10,000 
counts will have a CV of 1%. In many assays which produce 
photons (for example chemiluminescence immunoassays, 
the signal is almost exactly proportional to analyte concen 
tration, at least at the lower concentration range). Thus the 
measured analyte imprecision scales with 1/(square root of 
signal) for concentrations significantly above the limit of 
detection. In assays which utilize dilution of the sample, the 
measured analyte imprecision will therefore scale as 
1/(sample dilution). For example, an assay using a 1:100 
dilution of sample will have signal and concentration CVs 
about 3.2 fold (100.5) higher than an assay using a dilution 
1:10 (and will also have a sensitivity about 10-times higher). 
0411 
0412. A variety of assays may be performed on a fluidic 
device according to the present invention to detect an analyte 
of interest in a sample. Where a label is utilized in the assay, 
one may choose from a wide diversity of labels is available in 
the art that can be employed for conducting the Subject 
assays. In some embodiments labels are detectable by spec 
troscopic, photochemical, biochemical, electrochemical, 
immunochemical, or other chemical means. For example, 
useful nucleic acid labels include the, fluorescent dyes, elec 
tron-dense reagents, and enzymes. A wide variety of labels 
Suitable for labeling biological components are known and 
are reported extensively in both the scientific and patent lit 
erature, and are generally applicable to the present invention 
for the labeling of biological components. Suitable labels 
include, enzymes, fluorescent moieties, chemiluminescent 
moieties, bioluminescent labels, or colored labels. Reagents 
defining assay specificity optionally include, for example, 
monoclonal antibodies, polyclonal antibodies, aptamers, pro 
teins, nucleic acid probes or other polymers such as affinity 
matrices, carbohydrates or lipids. Detection can proceed by 
any of a variety of known methods, including spectrophoto 
metric or optical tracking of fluorescent, or luminescent 
markers, or other methods which track a molecule based upon 
size, charge or affinity. A detectable moiety can be of any 
material having a detectable physical or chemical property. 
Such detectable labels have been well-developed in the field 
of gel electrophoresis, column chromatography, Solid Sub 
strates, spectroscopic techniques, and the like, and in general, 
labels useful in such methods can be applied to the present 
invention. Thus, a label includes without limitation any com 
position detectable by spectroscopic, photochemical, bio 
chemical, immunochemical, nucleic acid probe-based, elec 
trical, optical thermal, or other chemical means. 

Reaction Chemistries 
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0413. In some embodiments the label (such as a colored 
compound, fluor or enzyme) is coupled directly or indirectly 
to a molecule to be detected, according to methods well 
known in the art. In other embodiments, the label is attached 
to a receptor for the analyte (such as an antibody, nucleic acid 
probe, aptamer etc.). As indicated above, a wide variety of 
labels are used, with the choice of label depending on the 
sensitivity required, ease of conjugation of the compound, 
stability requirements, available instrumentation, and dis 
posal provisions. Non-radioactive labels are often attached by 
indirect means. Generally, a receptor specific to the analyte is 
linked to a signal-generating moiety. Sometimes the analyte 
receptor is linked to an adaptor molecule (such as biotin or 
avidin) and the assay reagent set includes a binding moiety 
(such as a biotinylated reagent or avidin) that binds to the 
adaptor and to the analyte. The analyte binds to a specific 
receptor on the reaction site. A labeled reagent can form a 
sandwich complex in which the analyte is in the center. The 
reagent can also compete with the analyte for receptors on the 
reaction site or bind to vacant receptors on the reaction site 
not occupied by analyte. The label is either inherently detect 
able or bound to a signal system, such as a detectable enzyme, 
a fluorescent compound, a chemiluminescent compound, or a 
chemiluminogenic entity Such as an enzyme with a lumino 
genic Substrate. A number of ligands and anti-ligands can be 
used. Where a ligand has a natural anti-ligand, for example, 
biotin, thyroxine, digoxigenin, and cortisol, it can be used in 
conjunction with labeled, anti-ligands. Alternatively, any 
haptenic or antigenic compound can be used in combination 
with an antibody. 
0414 Enzymes of interest as labels will primarily be 
hydrolases, particularly phosphatases, esterases and glycosi 
dases, or oxidoreductases, particularly peroxidases. Fluores 
cent compounds include fluorescein and its derivatives, 
rhodamine and its derivatives, dansyl groups, and umbellif 
erone. Chemiluminescent compounds include dioxetanes, 
acridinium esters, luciferin, and 2,3-dihydrophthalazinedi 
ones, such as luminol. 
0415 Methods of detecting labels are well known to those 
of skilled in the art. Thus, for example, where the label is 
fluorescent, it may be detected by exciting the fluorochrome 
with light of an appropriate wavelength and detecting the 
resulting fluorescence by, for example, microscopy, visual 
inspection, via photographic film, by the use of electronic 
detectors such as digital cameras, charge coupled devices 
(CCDs) or photomultipliers and phototubes, or other detec 
tion devices. Similarly, enzymatic labels are detected by pro 
viding appropriate Substrates for the enzyme and detecting 
the resulting reaction product spectroscopically or by digital 
imaging (the Subject of the present invention). Finally, simple 
colorimetric labels are often detected simply by observing the 
color associated with the label. For example, colloidal gold 
sols often appear pink, while various beads doped with dyes 
are strongly colored. 
0416) In some embodiments the detectable signal may be 
provided by luminescence sources. Luminescence is the term 
commonly used to refer to the emission of light from a Sub 
stance for any reason other than a rise in its temperature. In 
general, atoms or molecules emit photons of electromagnetic 
energy (e.g., light) when they transition from an excited State 
to a lower energy state (usually the ground state). If the 
exciting agent is a photon, the luminescence process is 
referred to as photoluminescence or fluorescence. If the excit 
ing cause is an electron, the luminescence process can be 
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referred to as electroluminescence. More specifically, elec 
troluminescence results from the directinjection and removal 
of electrons to form an electron-hole pair, and Subsequent 
recombination of the electron-hole pair to emit a photon. 
Luminescence which results from a chemical reaction is usu 
ally referred to as chemiluminescence. Luminescence pro 
duced by a living organism is usually referred to as biolumi 
nescence. If photoluminescence is the result of a spin allowed 
transition (e.g., a single-singlet transition, triplet-triplet tran 
sition), the photoluminescence process is usually referred to 
as fluorescence. Typically, fluorescence emissions do not per 
sist after the exciting cause is removed as a result of short 
lived excited States which may rapidly relax through Such 
spin allowed transitions. If photoluminescence is the result of 
a spin forbidden transition (e.g., a triplet-singlet transition), 
the photoluminescence process is usually referred to as phos 
phorescence. Typically, phosphorescence emissions persist 
long after the exciting cause is removed as a result of long 
lived excited States which may relax only through Such spin 
forbidden transitions. A luminescent label may have any one 
of the above-described properties. 
0417 Suitable chemiluminescent sources include a com 
pound which becomes electronically excited by a chemical 
reaction and may then emit light which serves as the 
detectible signal or donates energy to a fluorescent acceptor. 
A diverse number of families of compounds have been found 
to provide chemiluminescence under a variety of conditions. 
One family of compounds is 2,3-dihydro-1,4-phthalazinedi 
one. A frequently used compound is luminol, which is a 
5-amino compound. Other members of the family include the 
5-amino-6,7,8-trimethoxy- and the dimethylaminocabenz 
analog. These compounds can be made to luminesce with 
alkaline hydrogen peroxide or calcium hypochlorite and 
base. Another family of compounds is the 2,4,5-triphenylimi 
dazoles, with lophine as the common name for the parent 
product. Chemiluminescent analogs include para-dimethy 
lamino and -methoxy Substituents. Chemiluminescence may 
also be obtained with oxalates, usually oxalyl active esters, 
for example, p-nitrophenyl and a peroxide Such as hydrogen 
peroxide, under basic conditions. Other useful chemilumi 
nescent compounds that are also known include —N-alkyl 
acridinum esters and dioxetanes. Alternatively, luciferins 
may be used in conjunction with luciferase or lucigenins to 
provide bioluminescence. Especially preferred chemilumi 
nescent sources are “luminogenic' enzyme Substrates such as 
dioxetane-phosphate esters. These are not luminescent but 
produce luminescent products when acted on by phos 
phatases Such as alkaline phosphatase. The use of lumino 
genic Substrates forenzymes is particularly preferred because 
the enzyme acts as an amplifier capable of converting thou 
sands of substrate molecules per second to product. Lumines 
cence methods are also preferred because the signal (light) 
can be detected both very sensitively and over a huge dynamic 
range using PMTs. 
0418. The term analytes as used herein includes without 
limitation drugs, prodrugs, pharmaceutical agents, drug 
metabolites, biomarkers such as expressed proteins and cell 
markers, antibodies, serum proteins, cholesterol and other 
metabolites, electrolytes, metal ions, polysaccharides, 
nucleic acids, biological analytes, biomarkers, genes, pro 
teins, hormones, or any combination thereof. Analytes can be 
combinations of polypeptides, glycoproteins, polysaccha 
rides, lipids, and nucleic acids. 
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0419. The system can be used to detect and/or quantify a 
variety of analytes. For example, analytes that can be detected 
and/or quantified include Albumin, Alkaline Phosphatase, 
ALT, AST, Bilirubin (Direct), Bilirubin (Total), Blood Urea 
Nitrogen (BUN), Calcium, Chloride, Cholesterol, Carbon 
Dioxide (CO), Creatinine, Gamma-glutamyl-transpeptidase 
(GGT), Globulin, Glucose, HDL-cholesterol, Hemoglobin, 
Homocysteine, Iron, Lactate Dehydrogenase, Magnesium, 
Phosphorous, Potassium, Sodium, Total Protein, Triglycer 
ides, and Uric Acid. The detection and/or quantification of 
these analytes can be performed using optical, electrical, or 
any other type of measurements. 
0420 Of particular interest are biomarkers which are asso 
ciated with a particular disease or with a specific disease 
stage. Such analytes include but are not limited to those 
associated with autoimmune diseases, obesity, hypertension, 
diabetes, neuronal and/or muscular degenerative diseases, 
cardiac diseases, endocrine disorders, metabolic disorders, 
inflammation, cardiovascular diseases, sepsis, angiogenesis, 
cancers, Alzheimer's disease, athletic complications, and any 
combinations thereof. 

0421. Of also interest are biomarkers that are present in 
varying abundance in one or more of the body tissues includ 
ing heart, liver, prostate, lung, kidney, bone marrow, blood, 
skin, bladder, brain, muscles, nerves, and selected tissues that 
are affected by various disease, such as different types of 
cancer (malignant or non-metastatic), autoimmune diseases, 
inflammatory or degenerative diseases. 
0422. Also of interest are analytes that are indicative of a 
microorganism, virus, or Chlamydiaceae. Exemplary micro 
organisms include but are not limited to bacteria, viruses, 
fungi and protozoa. Analytes that can be detected by the 
Subject method also include blood-born pathogens selected 
from a non-limiting group that consists of Staphylococcus 
epidermidis, Escherichia coli, methicillin-resistant Staphyllo 
coccus aureus (MSRA), Staphylococcus aureus, Staphyllo 
coccus hominis, Enterococcus faecalis, Pseudomonas 
aeruginosa, Staphylococcus capitis, Staphylococcus warm 
eri, Klebsiella pneumoniae, Haemophilus influenzae, Staphy 
lococcus simulans, Streptococcus pneumoniae and Candida 
albicans. 

0423 Analytes that can be detected by the subject method 
also encompass a variety of sexually transmitted diseases 
selected from the following: gonorrhea (Neisseria gonor 
rhoeae), syphilis (Treponena pallidum), clamydia (Clamyda 
tracomitis), nongonococcal urethritis (Ureaplasm urealyti 
cum), yeast infection (Candida albicans), chancroid (Haemo 
philus ducreyi), trichomoniasis (Trichomonas vaginalis), 
genital herpes (HSV type I & II), HIV I, HIV II and hepatitis 
A, B, C, G, as well as hepatitis caused by TTV. 
0424. Additional analytes that can be detected by the sub 

ject methods encompass a diversity of respiratory pathogens 
including but not limited to Pseudomonas aeruginosa, methi 
cillin-resistant Staphylococcus aureus (MSRA), Klebsiella 
pneumoniae, Haemophilis influenzae, Staphylococcus 
aureus, Stenotrophomonas maltophilia, Haemophilis parain 
fluenzae, Escherichia coli, Enterococcus faecalis, Serratia 
marcescens, Haemophilis parahaemolyticus, Enterococcus 
cloacae, Candida albicans, Moraxiella catarrhalis, Strepto 
coccus pneumoniae, Citrobacter freundii, Enterococcus 
faecium, Klebsella Oxytoca, Pseudomonas fluorscens, Neise 
ria meningitidis, Streptococcus pyogenes, Pneumocystis 
carinii, Klebsella pneumoniae Legionella pneumophila, 
Mycoplasma pneumoniae, and Mycobacterium tuberculosis. 
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0425 Listed below are additional exemplary markers 
according to the present invention: Theophylline, CRP, 
CKMB, PSA, Myoglobin, CA125, Progesterone, TxB2,6- 
keto-PGF-1-alpha, and Theophylline, Estradiol, Lutenizing 
hormone, Triglycerides, Tryptase, Low density lipoprotein 
Cholesterol, High density lipoprotein Cholesterol, Choles 
terol, IGFR. 
0426 Exemplary liver markers include without limitation 
LDH, (LD5), Alanine-aminotransferase (ALT), Arginase 1 
(liver type), Alpha-fetoprotein (AFP). Alkaline phosphatase, 
Lactate dehydrogenase, and Bilirubin. 
0427 Exemplary kidney markers include without limita 
tion TNFa Receptor, Cystatin C, Lipocalin-type urinary pros 
taglandin D, synthatase (LPGDS), Hepatocyte growth factor 
receptor, Polycystin 2, Polycystin 1, Fibrocystin, Uromodu 
lin, Alanine, aminopeptidase, N-acetyl-B-D-glucosamini 
dase, Albumin, and Retinol-binding protein (RBP). 
0428 Exemplary heart markers include without limitation 
Troponin I (TnI), Troponin T (TnT), Creatine dinase (CK), 
CKMB, Myoglobin, Fatty acid binding protein (FABP), C-re 
active protein (CRP), Fibrinogen D-dimer, S-100 protein, 
Brain natriuretic peptide (BNP), NT-proBNP PAPP-A, 
Myeloperoxidase (MPO), Glycogen phosphorylase isoen 
Zyme BB (GPBB). Thrombin Activatable Fibrinolysis Inhibi 
tor (TAFI), Fibrinogen, Ischemia modified albumin (IMA), 
Cardiotrophin-1, and MLC-I (Myosin Light Chain-I). 
0429 Exemplary pancrease markers include without limi 
tation Amylase, Pancreatitis-Associated protein (PAP-1), and 
Regeneratein proteins (REG). 
0430 Exemplary muscle tissue markers include without 
limitation Myostatin. 
0431 Exemplary blood markers include without limita 
tion Erythopoeitin (EPO). 
0432 Exemplary bone markers include without limita 
tion, Cross-linked N-telopeptides of bone type I collagen 
(NTx), Carboxyterminal cross-linking telopeptide of bone 
collagen, Lysyl-pyridinoline (deoxypyridinoline), Pyridino 
line, Tartrate-resistant acid phosphatase, Procollagen type IC 
propeptide, Procollagen type I N propeptide, Osteocalcin 
(bone gla-protein), Alkaline phosphatase, Cathepsin K. 
COMP (Cartillage Oligimeric Matrix Protein), Osteocrin, 
Osteoprotegerin (OPG), RANKL, sRANK, TRAP5 (TRACP 
5), Osteoblast Specific Factor 1 (OSF-1, Pleiotrophin), 
Soluble cell adhesion molecules, sTfR, SCD4, SCD8, sGD44, 
and Osteoblast Specific Factor 2 (OSF-2, Periostin). 
0433. In some embodiments markers according to the 
present invention are disease specific. Exemplary cancer 
markers include without limitation PSA (total prostate spe 
cific antigen), Creatinine, Prostatic acid phosphatase, PSA 
complexes, Prostrate-specific gene-1, CA 12-5. Carcinoem 
bryonic Antigen (CEA), Alpha feto protein (AFP). hCG (Hu 
man chorionic gonadotropin), Inhibin, CAA Ovarian C1824, 
CA 27.29, CA 15-3, CAA Breast C1924, Her-2, Pancreatic, 
CA 19-9, CAA pancreatic, Neuron-specific enolase, 
Angiostatin DcR3 (Soluble decoy receptor 3), Endostatin, 
Ep-CAM (MK-1), Free Immunoglobulin Light Chain Kappa, 
Free Immunoglobulin Light Chain Lambda, Herstatin, Chro 
mogranin A, Adrenomedulin, Integrin, Epidermal growth 
factor receptor, Epidermal growth factor receptor-Tyrosine 
kinase, Pro-adrenomedullin N-terminal 20 peptide, Vascular 
endothelial growth factor, Vascular endothelial growth factor 
receptor, Stem cell factor receptor, c-kit/KDR, KDR, and 
Midkine. 
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0434 Exemplary infectious disease conditions include 
without limitation: Viremia, Bacteremia, Sepsis, and mark 
ers: PMN Elastase, PMN elastase/C1-PI complex, Surfactant 
Protein D (SP-D), HBVc antigen, HBVs antigen, Anti 
HBVc, Anti-HIV. T-supressor cell antigen, T-cell antigen 
ratio, T-helper cell antigen, Anti-HCV, Pyrogens, p24 anti 
gen, Muramyl-dipeptide. 
0435 Exemplary diabetes markers include without limi 
tation C-Peptide, Hemoglobin Alc, Glycated albumin, 
Advanced glycosylation end products (AGES), 1.5-anhydro 
glucitol, Gastric Inhibitory Polypeptide, Glucose, Hemoglo 
bin Alc, ANGPTL3 and 4. 
0436 Exemplary inflammation markers include without 
limitation Rheumatoid factor (RF), Antinuclear Antibody 
(ANA), C-reactive protein (CRP), Clara Cell Protein (Utero 
globin). 
0437 Exemplary allergy markers include without limita 
tion Total IgE and Specific IgE. 
0438 Exemplary autism markers include without limita 
tion Ceruloplasmin, Metalothioneine, Zinc, Copper, B6, B12, 
Glutathione, Alkaline phosphatase, and Activation of apo 
alkaline phosphatase. 
0439 Exemplary coagulation disorders markers include 
without limitation b-Thromboglobulin, Platelet factor 4, Von 
Willebrand factor. 

0440. In some embodiments a marker may be therapy 
specific. Markers indicative of the action of COX inhibitors 
include without limitation TxB2 (Cox-1), 6-keto-PGF-1-al 
pha (Cox 2), 11-Dehydro-TxB-1a (Cox-1). 
0441. Other markers of the present invention include with 
out limitation Leptin, Leptin receptor, and Procalcitonin, 
Brain S100 protein, Substance P 8-Iso-PGF-2a. 
0442. Exemplary geriatric markers include without limi 

tation, Neuron-specific enolase, GFAP, and S100B. 
0443 Exemplary markers of nutritional status include 
without limitation Prealbumin, Albumin, Retinol-binding 
protein (RBP), Transferrin, Acylation-Stimulating Protein 
(ASP), Adiponectin, Agouti-Related Protein (AgRP), 
Angiopoietin-like Protein 4 (ANGPTL4, FIAF), C-peptide, 
AFABP (Adipocyte Fatty Acid Binding Protein, FABP4), 
Acylation-Stimulating Protein (ASP), EFABP (Epidermal 
Fatty Acid Binding Protein, FABP5), Glicentin, Glucagon, 
Glucagon-Like Peptide-1. Glucagon-Like Peptide-2, Ghre 
lin, Insulin, Leptin, Leptin Receptor, PYY RELMs. Resistin, 
and sTfR (soluble Transferrin Receptor). 
0444 Exemplary markers of Lipid metabolism include 
without limitation Apo-lipoproteins (several), Apo-A1, Apo 
B, Apo-C-CII, Apo-D, Apo-E. 
0445 Exemplary coagulation status markers include with 
out limitation Factor I: Fibrinogen, Factor II: Prothrombin, 
Factor III: Tissue factor, Factor IV: Calcium, Factor V: Proac 
celerin, Factor VI, Factor VII: Proconvertin, Factor VIII: 
Anti-hemolytic factor, Factor IX: Christmas factor, Factor X: 
Stuart-Prower factor, Factor XI: Plasma thromboplastin ante 
cedent, Factor XII: Hageman factor, Factor XIII: Fibrin-sta 
bilizing factor, Prekallikrein, High-molecular-weight kinino 
gen, Protein C, Protein S, D-dimer, Tissue plasminogen 
activator, Plasminogen, a2-Antiplasmin, Plasminogenactiva 
tor inhibitor 1 (PAI1). 
0446. Exemplary monoclonal antibodies include those for 
EGFR, ErbB2, and IGF1R. 
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0447 Exemplary tyrosine kinase inhibitors include with 
out limitation Ab1, Kit, PDGFR, Src, ErbB2, ErbB4, EGFR, 
EphB, VEGFR1-4, PDGFRb, FLt3, FGFR, PKC, Met, Tie2, 
RAF, and TrkA. 
0448 Exemplary Serine/Threonine Kinase Inhibitors 
include without limitation AKT, Aurora A/B/B, CDK, CDK 
(pan), CDK1-2, VEGFR2, PDGFRb, CDK4/6, MEK1-2, 
mTOR, and PKC-beta. 
0449 GPCR targets include without limitation Histamine 
Receptors, Serotonin Receptors, Angiotensin Receptors, 
Adrenoreceptors, Muscarinic Acetylcholine Receptors, 
GnRH Receptors, Dopamine Receptors, Prostaglandin 
Receptors, and ADP Receptors. 
0450 Cholesterol 
0451 Measurement of metabolites can be performed by 
production of a colored product using oxidases (such as cho 
lesterol oxidase) (to make H2O2) and horse-radish peroxi 
dase plus a chromogen (such as N-Ethyl-N-(2-hydroxy-3- 
sulfopropyl)-3,5-dimethoxyaniline, sodium salt “DAOS' 
plus amino anti-pyrene to form a colored product such as a 
Trinder dye). One example of such chemistry is shown in 
FIG.S2 and FIG.S3. 

0452 NADH or NADPH 
0453 Production or consumption of NADH or NADPH 
are frequently used in clinical assays. This is because these 
coenzymes are common Substrates for enzymes. For 
example, measurement of enzymes of clinical interest such as 
lactate dehydrogenase (LDH) can be measured by the rate of 
production of NADH. Since NADH absorbs light maximally 
at 340 nm and (1) polystyrene and other plastics transmit light 
poorly in the near UV, (2) White light sources produce little 
light in the near UV and (3) camera and scanner sensors have 
low sensitivity to near UV light, it is not practical to measure 
NADH by three color image analysis. To deal with this issue 
NADH can be converted to a colored product using tetrazo 
lium salts such as Water Soluble Tetrazolium (e.g. WST-1 
(Dojindo Molecular Technologies) plus an “electron media 
tor’ such as 1-Methoxyphenazine methosulfate (PMS). 
0454. In some embodiments, assays that produce or con 
sume NADH or NADPH can be paired with other reactions 
that allow for colorimetric measurement. For example, 
NADH or NADPH can be used to reduce compounds such as 
2-(4-Iodophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfophenyl)- 
2H-tetrazolium, monosodium salt (WST-1) to a colored 
formezan dye as shown below with the use of phenazine 
methosulfate as an electron mediator, as shown in FIG. 54. 
0455 As shown in FIG. 73, when NADH, WST-1 and 
PMS are combined at millimolar concentrations, a yellow 
product (shown in tips indicated as Mixture) is formed. 
0456. Using this chemistry, an assay for LDH was set up. 
Lactate (mM), NAD (mM) and LDH were combined and 
incubated at 37 C for 10 minutes before addition of WST-1 
and PMS. A good dose-response to LDH was obtained as 
shown in FIG. 74 for two-fold serial dilutions of LDH (1000 
IU/L) (left to right) corresponding to the OD 450 nm values 
shown in the graph in FIG. 75. 
0457 Alkaline Phosphatase 
0458 In other embodiments, assays utilizing enzymes 
Such as alkaline phosphatase can be measured using a chro 
mogenic Substrate such as p-nitrophenyl phosphate. The 
enzymatic reaction can make p-nitrophenol which is yellow 
in alkaline conditions. 
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0459 Metal Ions 
0460 Measurements can also be performed on assays that 
form colored complex, such as between a metalion a chelat 
ing dye which changes color on binding. For example, 
o-Cresolphthalein Complexone (shown in FIG. 55) forms a 
complex with calcium, which has a different color than the 
reagent. The general scheme of such assays is: Chelating dye 
(color 1)+MY" <-> Chelating dye. MY": (Color 2) 
0461 Optical signals can also be measured for metal ion 
assays using metal-dependant enzymes. For example, sodium 
ions can be determined enzymatically via Sodium dependent 
B-galactosidase activity with o-nitro-phenyl galactoside 
(ONPG) as the substrate. The absorbance at 405 nm of the 
product o-nitrophenol is proportional to the sodium concen 
tration. 
0462 ELISAs 
0463 Assays can be performed for analytes by color 
forming ELISAs. Many ELISA methods are known which 
generate color using enzymes such as horseradish peroxi 
dase, alkaline phosphatase and B-galactosidase with chro 
mogenic Substrates Such as o-phenylene diamine, p-nitrophe 
nyl phosphate, and o-nitrophenyl galactoside respectively. 
Such assays can be readily performed and read by the subject 
invention. 
0464 Luminogenic Immunoassays 
0465 Luminogenic immunoassays can also be performed. 
Assays can utilize chemiluminogenic entities such as an 
enzyme with a luminogenic Substrate. For example, chemi 
luminescent compounds include dioxetanes, acridinium 
esters, luciferin, and 2,3-dihydrophthalazinediones, such as 
luminol. 

0466 Furthermore, suitable chemiluminescent sources 
include a compound which becomes electronically excited by 
a chemical reaction and may then emit light which serves as 
the detectible signal or donates energy to a fluorescent accep 
tor. A diverse number of families of compounds have been 
found to provide chemiluminescence under a variety of con 
ditions. One family of compounds is 2,3-dihydro-1,4-ph 
thalazinedione. A frequently used compound is luminol, 
which is a 5-amino compound. Other members of the family 
include the 5-amino-6,7,8-trimethoxy- and the dimethy 
laminocabenz, analog. These compounds can be made to 
luminesce with alkaline hydrogen peroxide or calcium 
hypochlorite and base. Another family of compounds is the 
2,4,5-triphenylimidazoles, with lophine as the common name 
for the parent product. Chemiluminescent analogs include 
para-dimethylamino and -methoxy Substituents. Chemilumi 
nescence may also be obtained with oxalates, usually oxalyl 
active esters, for example, p-nitrophenyl and a peroxide Such 
as hydrogen peroxide, under basic conditions. Other useful 
chemiluminescent compounds that are also known include 
N-alkyl acridinum esters and dioxetanes. Alternatively, 
luciferins may be used in conjunction with luciferase or 
lucigenins to provide bioluminescence. 
0467. Nucleic Acid Amplification 
0468 Assays that can be performed also include nucleic 
acid amplification. Among these assays, isothermal amplifi 
cation and Loop-Mediated Isothermal Amplification Assays 
(LAMP) are examples. Nucleic acid amplification can be 
used to produce visibly turbid, fluorescent or colored assay 
reaction products for analytes such as nucleic acid targets 
(genes etc.). Nucleic acid amplification technology can be 
used for isothermal amplification of specific DNA and RNA 
targets. Additional information on isothermal nucleic acid 
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amplification is described in Goto et al., “Colorimetric detec 
tion of loop-mediated isothermal amplification reaction by 
using hydroxy naphthol blue'. BioTechniques, Vol. 46, No. 3, 
March 2009, 167-172. 
0469 Nucleic acid amplification can be used to measure 
DNA and, coupled with the use of reverse transcriptase, RNA. 
Once the reaction has occurred, the amplified product can be 
detected optically using intercalating dyes or chromogenic 
reagents that react with released pyrophosphate generated as 
a side product of the amplification. 
0470 The reaction can be visualized by changes (in 
creases) in color, fluorescence or turbidity. Very Small copy 
numbers of DNA can be detected in less than one hour. This 
technology can advantageously be read out in the present 
invention using three-color image analysis. As shown below, 
images of isothermal nucleic acid amplification assay reac 
tion products can be measured by (1) back lit-illumination 
(transmission optics) measuring absorbance of light, (2) 
images captured by a digital camera of light transmitted 
through a reaction product or (3) fluorescent light images 
generated by illumination of reaction products with a UV 
Source (or any other appropriate light source) captured by a 
digital camera. 
0471. The nucleic acid amplification assay is generally 
performed in a “one-pot' format where sample and reagents 
are combined in a sealed tube and incubated at elevated tem 
perature. In some formats, the reaction can be monitored in 
real time by changes in optical properties. In other assay 
formats the reaction is stopped and reaction products visual 
ized after adding a chromogenic or fluorogenic reagent. The 
present inventionallows for the reading of nucleic acid ampli 
fication assay products directly in the reaction vessel or after 
aspiration into the tips described herein. 
0472 Turbidity 
0473. The invention also provides for optical turbidimetric 
assays. For example, immunoassays can be set up by mea 
surement of the agglutination of small latex particles (50-300 
nm). In these assays the particles can be coated with an 
antigen and/or antibody and agglutination occurs when a 
binding counterpart in the sample such as antibody orantigen 
is added. Assays can be set up as direct (e.g. antibody on the 
particle reacting with a multi-epitope protein or biomarker) or 
the competitive mode (e.g. drug hapten on particle reacts with 
anti-drug antibody in competition with free drug in the 
sample). The dispersion of latex becomes more turbid and the 
turbidity can be measured as decreased transmission of light 
using 3-color optics. 
0474 Similarly, assays based on the agglutination of large 
latex particles (diameter about 1 um) or red blood cells can be 
measured. Assay configuration is similar to turbidimetric 
assays as disclosed above, but the measurement can be by 
image analysis (scanner or camera measurement) using soft 
ware to interpret the number and size of the agglutinates. 
0475 Reagents for performing reaction chemistries can be 
included in the cartridges described here, such as in pipette 
tips. The reagents can be stored as liquids or in dried, lyo 
philized, or glassy forms. 
0476 Localized Reagents 
0477. In some embodiments, the location and configura 
tion of a reaction site is an important element in an assay 
device. Most, if not all, disposable immunoassay devices 
have been configured with their capture Surface as an integral 
part of the device. 
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0478. In one embodiment, a molded plastic assay unit is 
either commercially available or can be made by injection 
molding with precise shapes and sizes. For example, the 
characteristic dimension can be a diameter of 0.05-3 mm or 
can be a length of 3 to 30 mm. The units can be coated with 
capture reagents using method similar to those used to coat 
microtiter plates but with the advantage that they can be 
processed in bulk by placing them in a large vessel, adding 
coating reagents and processing using sieves, holders, and the 
like to recover the pieces and wash them as needed. 
0479. The assay unit (e.g. encompassing the tip disclosed 
herein, tips, vessels, or any other containers) can offer a rigid 
Support on which a reactant can be immobilized. The assay 
unit is also chosen to provide appropriate characteristics with 
respect to interactions with light. For example, the assay unit 
can be made of a material. Such as functionalized glass, Si. 
Ge, GaAs, GaP. SiO2, SiN4, modified silicon, or any one of a 
wide variety of gels or polymers such as (poly) tetrafluoroet 
hylene, (poly)Vinylidenedifluoride, polystyrene, polycarbon 
ate, polypropylene, polymethylmethacrylate (PMMA), acry 
lonitrile-butadiene-styrene (ABS), or combinations thereof. 
In an embodiment, an assay unit comprises polystyrene. In 
Some embodiments, the assay unit may be formed from a 
homogeneous material, heterogeneous material, clad mate 
rial, coated material, impregnated material, and/or embedded 
material. Other appropriate materials may be used in accor 
dance with the present invention. A transparent reaction site 
may be advantageous. In addition, in the case where there is 
an optically transmissive window permitting light to reach an 
optical detector, the surface may be advantageously opaque 
and/or preferentially light scattering. In some embodiments, 
the assay unit may be formed from a transparent material. 
Alternatively, a portion of the assay unit may beformed from 
a transparent material. 
0480. The assay unit may have a reagent coated thereon 
and/or impregnated therein. In some embodiments, the 
reagent may be a capture reagent capable of immobilizing a 
reactant on a capture Surface. The reactant may be a cell 
and/or analyte, or any other reactant described elsewhere 
herein. In some embodiments, the reagent may be a molecule 
that may be a cell capture agent. A cell capture agent may 
anchor to the surface of desired cells during fluid transport. In 
Some embodiments, the capture reagents may be an antibody, 
peptide, organic molecule (e.g., which may have a lipid chain, 
lipophilic molecule), polymer matrix, protein, protein com 
posite, glycoprotein, that may interact with the cell mem 
brane. Capture reagents may be molecules, cross-linked mol 
ecules, nanoparticles, nanostructures, and/or scaffolds. In 
Some embodiments, microstructures may be provided that 
may become an analysis mechanism in a vessel. Capture 
reagents (which may include capture structures formed by the 
assay unit material) may allow cells to be tethered, bound, 
and/or trapped. 
0481. The capture reagents may immobilize a reactant, 
Such as a cell, during processing. Capture techniques may be 
chemical, physical, electrical, magnetic, mechanical, size 
related, density-related, or any combination thereof. In some 
embodiments, the capture reagents may be used to concen 
trate reactants, such as cells, at a desired location. For 
example, an assay unit may be coated with the capture 
reagents, which may cause cells to be captured at the assay 
unit Surface, thus concentrating the cells on the captured 
Surface. The capture reagents may keep the captured reactant 
immobilized on the cell Surface. This may aid in keeping the 
reactants (e.g., cells, analytes) stationary during imaging. 
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0482 Immobilizing the reactants may be useful for appli 
cations where there may be long acquisition times for reac 
tions and/or detection. For example, a number of imaging 
applications may require extended exposure times (~1 min) 
or imaging of Small objects (<1 um) which may have signifi 
cant Brownian motion. 
0483. In some embodiments, the capture reagents may be 
formed from materials that may provide little or no back 
ground for imaging. In some instances, the material of the 
assay unit may provide little or no background for imaging. 
The capture reagents may be selected so that they do not 
interfere with, or only have a small interference with, imaging 
and/or detection. 
0484 Areactant immobilized at the capture surface can be 
anything useful for detecting an analyte of interest in a sample 
of bodily fluid. For instance, such reactants include, without 
limitation, nucleic acid probes, antibodies, cell membrane 
receptors, monoclonal antibodies, antisera, and aptamers 
reactive with a specific analyte. Various commercially avail 
able reactants such as a host of polyclonal and monoclonal 
antibodies specifically developed for specific analytes can be 
used. 
0485 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. 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 maleimide, amino, disulfide, amide, hydra 
Zone 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. Surface immobilization 
can also be achieved via a Poly-L Lysine tether, which pro 
vides a charge-charge coupling to the Surface. 
0486 The assay units can be dried following the last step 
of incorporating a capture surface. For example, drying can 
be performed by passive exposure to a dry atmosphere or via 
the use of a vacuum manifold and/or application of clean dry 
air through a manifold or by lyophilization. 
0487. A capture surface may be applied to an assay unit 
using any technique. For example, the capture Surface may be 
painted on, printed on, electrosprayed on, embedded in the 
material, impregnating the material, or any other technique. 
The capture reagents may be coated to the assay unit material, 
incorporated in the material, co-penetrate the material, or 
may be formed from the material. For example, a reagent, 
Such as a capture reagent may be embedded in a polymer 
matrix that can be used as a sensor. In some embodiments, one 
or more Small particles, such as a nanoparticle, a micropar 
ticle, and/or a bead, may be coated and/or impregnated with 
reagents. In some embodiments, the capture reagents may be 
part of the assay unit material itself, or may be something that 
is added to the material. 
0488. In many embodiments, an assay unit is designed to 
enable the unit to be manufactured in a high Volume, rapid 
manufacturing processes. For example, tips can be mounted 
in large-scale arrays for batch coating of the capture Surface 
into or onto the tip. In another example, tips can be placed into 
a moving belt or rotating table for serial processing. In yet 
another example, a large array of tips can be connected to 
vacuum and/or pressure manifolds for simple processing. 
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0489. A capture reagent may be applied to an assay unit 
during any point in the process. For example, the capture 
reagent may be applied to the assay unit during manufactur 
ing. The capture reagent may be applied to the assay unit prior 
to shipping the assay unit to a destination. Alternatively, the 
capture reagent may be applied to the assay unit after the 
assay unit has been shipped. In some instances, the capture 
reagent may be applied to the assay unit at a point of use, Such 
as a point of service location. 
0490. In some embodiments, the capture reagent may 
cover an entire Surface or region of the assay unit. The capture 
reagent may be provided on an inner Surface of the assay unit. 
In some embodiments, the capture reagent may cover por 
tions or sections of an assay unit Surface. The capture reagent 
may be provided on a Surface in a pattern. A unit may have 
portions of the Surface that have a capture reagent applied 
thereon, and portions of the Surface that do not have a capture 
reagent applied thereon. For example, there may be coated 
and non-coated regions. A capture reagent may be applied in 
a surface in accordance with a geometric choice of how the 
capture reagent is to be applied. For example, the capture 
reagent may be applied in dots, rows, columns, arrays, 
regions, circles, rings, or any other shape or pattern. The 
capture reagents may be applied at desired positions on the 
Surface. 
0491. A plurality of capture reagents may optionally be 
applied to an assay unit. In some embodiments, the plurality 
of capture reagents may be applied so that the different cap 
ture reagents do not overlap (e.g., the different capture 
reagents are not applied to the same region or area). Alterna 
tively, they may overlap (e.g., the different capture reagents 
may be applied to the same region or area). Space without any 
capture reagents may or may not be provided between regions 
with different capture reagents. The different capture 
reagents may be used to immobilize different reactants. For 
example, different capture reagents may be used to immobi 
lize different cells and/or analytes on the capture surface. By 
using a plurality of capture reagents patterned in selected 
regions, a plurality of reactants may be detected from the 
same assay unit. In some embodiments, two or more, three or 
more, four or more, five or more, seven or more, ten or more, 
fifteen or more, twenty or more, thirty or more, forty or more, 
fifty or more, seventy or more, 100 or more, 150 or more, 200 
or more, or 300 or more different capture reagents may be 
applied to a surface of an assay unit. The different capture 
reagents may be applied in any pattern or shape. For example, 
different capture reagents may be applied as an array or series 
of rings on an inner Surface of an assay unit. For example, 
different capture reagents may be applied on an inner Surface 
of a tip, vessel, container, cuvette, or any other container 
described elsewhere herein. 

0492. The location of the different capture reagents on the 
assay unit may be known prior to detection of the captured 
reactants. In some embodiments, the assay unit may have an 
identifier that may indicate the type of assay unit and/or the 
pattern of capture agents therein. Alternatively the location of 
the different capture reagents of the assay unit may not be 
known prior to detection of the captured reactants. The loca 
tion of the different capture reagents may be determined 
based on detected patterns of captured reactants. 
0493. The capture reagents may be applied using anytech 
nique. Such as those described elsewhere herein. In some 
instances, masking or lithographic techniques may be used to 
apply different capture reagents. 

26 
Dec. 6, 2012 

0494. Any description herein of a capture reagent and/or 
coating applied to an assay unit may apply to any other units 
or containers described elsewhere herein, including but not 
limited to tips, vessels, cuvettes, or reagent units. 
0495 
0496. In many embodiments of the invention the reagent 
units are modular. The reagent unit can be designed to enable 
the unit to be manufactured in a high Volume, rapid manufac 
turing processes. For example, many reagent units can be 
filled and sealed in a large-scale process simultaneously. The 
reagent units can be filled according to the type of assay or 
assays to be run by the device. For example, if one user desires 
different assays than another user, the reagent units can be 
manufactured accordingly to the preference of each user, 
without the need to manufacture an entire device. In another 
example, reagent units can be placed into a moving belt or 
rotating table for serial processing. 
0497. In another embodiment, the reagent units are 
accommodated directly into cavities in the housing of a 
device. In this embodiment, a seal can be made onto areas of 
housing Surrounding the units. 
0498 Reagents according to the present invention include 
without limitation wash buffers, enzyme substrates, dilution 
buffers, conjugates, enzyme-labeled conjugates, DNA ampli 
fiers, sample diluents, wash solutions, sample pre-treatment 
reagents including additives such as detergents, polymers, 
chelating agents, albumin-binding reagents, enzyme inhibi 
tors, enzymes, anticoagulants, red-cell agglutinating agents, 
antibodies, or other materials necessary to run an assay on a 
device. An enzyme-labeled conjugate can be either a poly 
clonal 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 peroxi 
dase. In some embodiments, the reagents comprise immu 
noassay reagents. In general, reagents, especially those that 
are relatively unstable when mixed with liquid, are confined 
separately in a defined region (for example, a reagent unit) 
within the device. 

0499. In some embodiments, a reagent unit contains 
approximately about 5 microliters to about 1 milliliter of 
liquid. In some embodiments, the unit may contain about 
20-200 microliters of liquid. In a further embodiment, the 
reagent unit contains 100 microliters of fluid. In an embodi 
ment, a reagent unit contains about 40 microliters of fluid. 
The Volume of liquid in a reagent unit may vary depending on 
the type of assay being run or the sample of bodily fluid 
provided. In an embodiment, the Volumes of the reagents do 
not have to predetermined, but must be more than a known 
minimum. In some embodiments, the reagents are initially 
stored dry and dissolved upon initiation of the assay being run 
on the device. 

0500. In an embodiment, the reagent units can be filled 
using a siphon, a funnel, a pipette, a Syringe, a needle, or a 
combination thereof. The reagent units may be filled with 
liquid using a fill channel and a vacuum draw channel. The 
reagent units can be filled individually or as part of a bulk 
manufacturing process. 
0501. In an embodiment, an individual reagent unit com 
prises a different reagent as a means of isolating reagents 
from each other. Thereagent units may also be used to contain 
a wash Solution or a Substrate. In addition, the reagent units 
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