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Description

Field of the Technology

[0001] The present disclosure relates generally to an-
alytical testing, and more particularly to improved detec-
tion of an analyte of an in-line delivery system.

Background

[0002] Reagent strips and films are often a helpful an-
alytical tool in the fields of clinical chemistry, analytical
medicine and food sanitation diagnostics. For example,
it is advantageous to determine or to test, through quan-
titative or qualitative methods, various matrices, includ-
ing body fluids such as serum and urine, and food, such
as meat products, fruit, vegetables, milk, honey and the
like. Such matrices can be tested for a variety of analytes
including a variety of chemicals, biochemicals and bio-
logical molecules such as bacteria, antibiotics, for exam-
ple, sulfa drugs, tetracyclines, beta-lactam drugs; toxins,
such as aflatoxin, zearalonone, ochratoxin, T-2, and
vomitoxin, pesticides such as organophosphates and
carbamates, and active metabolites, either in materials
or on the surface of materials or a combination thereof.
[0003] Generally, lateral flow assays are membrane-
based test devices in which a sample that is suspected
of containing the analyte of interest is placed at or near
one end of the membrane strip. The sample is carried to
the opposite end of the membrane strip by a mobile phase
that traverses the membrane strip, for example by cap-
illary action. While traversing the membrane strip, the
analyte in the test sample, if any, encounters one or more
reagents. The reagents can include binders for the ana-
lyte. Binders can be mobile and, therefore, flow with the
sample, or be immobilized on the test strip as a capture
agent. Depending on the test configuration, either the
analyte binder, the analyte itself, or some other reagent
in the test system will be captured by the immobilized
capture agent and, thereby, produce a detectable signal.
The signal can be generated by a label provided within
the assay. The detectable signal can be measured, such
as by an optical reader.

[0004] The presence and, in some cases, the concen-
tration, of an analyte on a reagent strip may be deter-
mined by measuring the optical reflectance from an area
of development on the strip. For example, the area of
development on the strip may be an area of color devel-
opment. Percent reflectance can be used to determine
the result.

[0005] US 2005/066750 A1 discloses a laboratory
wear and drag force testing system in a central controller
operably connected to a plurality of testing terminals. The
testing terminals allow for environmental isolation of the
drive mechanisms to allow a range of testing tempera-
tures. Both vertical and horizontal loads are measured
and recorded such that testing can be suspended or ter-
minated in response to predetermined thresholds.
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[0006] Testing commonly occurs in a controlled envi-
ronment, such as a laboratory, but testing in non-labora-
tory settings is also common. In some applications speed
and ease of use is particularly important. For example,
in food processing it would be advantageous for tests to
be run in non-laboratory settings because processors
must wait for results. Further, it would also be advanta-
geous for tests to be run on trucks during transport of the
items. For that reason, it would be advantageous to ac-
celerate the speed of testing, reduce the cost of equip-
ment and tests, improve the ruggedness of the appara-
tus, and enhance the ease of use and simplicity of oper-
ation. In addition, it is advantageous to have confidence
that test results are valid. Therefore, systems, methods
and devices herein also assist in preventing fraudulent
use of pre-run, known negative assays in place of true
samples or use of assays pre-marked to provide a neg-
ative result that does not reflect the true nature of the
sample. It is also desirable to increase the ruggedness
of the assays, systems and test procedures.

[0007] Therefore, Applicants desire systems and
methods for analyte detection and product delivery with-
out the drawbacks presented by traditional systems and
methods.

Summary

[0008] This disclosure provides improved analyte de-
tection and product delivery that is convenient, efficient,
and safe for the user, particularly when used to detect a
presence or absence of an analyte.

[0009] The invention is defined in claim 1. Further as-
pects and preferred embodiments are defined in the de-
pendent claims. Any aspects, embodiments and exam-
ples of the present disclosure which do not fall under the
scope of the appended claims do not form part of the
invention and are merely provided for illustrative purpos-
es.

[0010] In one example, the reader includes a hood to
removably receive a single-use rapid assay, and wherein
the hood comprises a puncture tip protruding to puncture
the assay. Further, the hood may include a sample supply
line in fluid communication with the sample feed to dis-
pense sample into the assay. For instance, the sample
feed may be aligned adjacent the puncture tip to dispense
sample into the assay at the puncture to increase rapid
testing.

[0011] In certain examples, the reader includes an in-
clined cavity having an elongated channel to receive and
maintain the assay in an inclined testing position. The
inclined cavity may include a proximate portion and an
opposing distal portion, wherein the distal portion posi-
tioned above the proximate portion at about a forty-five
degree, or similar, incline.

[0012] In particular examples, the reader generates a
definitive test result within about fifteen seconds to about
one minute, forinstance the reader generates a definitive
test result within about thirty seconds. In addition, the
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assembly may include an auto-sampler that is generally
in fluid communication with the sample feed. The sample
feed may be a closed loop recirculation system about the
supply of product. The assembly may include an auto-
sampler in fluid communication with the closed loop sys-
tem at a sample release valve, wherein the recirculation
loop being in fluid communication with the outlet and hav-
ing are-entry fluid communication with the supply of prod-
uct. At least a portion of the recirculation loop may be a
single use disposable conduit and/or a cleanable conduit.
[0013] In certain examples, the reader’s optical detec-
tor detects a first transmission of light on the assay and
detects at least a subsequent transmission of light on the
assay, and wherein incubation of the assay and detection
of the transmissions of light on the assay generates the
test result. Further, the reader may generate at least one
borderline test result.

[0014] In particular examples, the supply of product
includes a milk tank. The analyte may be toxins, antibi-
otics, chemicals, biochemical, pesticides, active metab-
olites, and a combination thereof. For instance, the an-
alyte may be mycotoxin, aflatoxin, zearalonone, ochra-
toxin, T-2, vomitoxin, and a combination thereof. The
reader may generate a definitive test result within about
fifteen seconds to about one minute, for instance within
about thirty seconds. In particular examples, the reader
generates a definitive mycotoxin test result within about
thirty seconds.

[0015] In some examples, the auto-sampler is aligned
in fluid communication with the recirculation loop. The
auto-sampler may be a drip sampler. The delivery supply
line may be aligned in fluid communication with the re-
circulation loop. The recirculation loop may include a clo-
sure valve. Therecirculation loop being adisposable con-
duit, a cleanable conduit, or the like. The recirculation
loop may include a pump. The assembly may include a
plurality of supplemental conduits.

[0016] In certain examples, the reader includes an in-
cubator. The reader may perform a diagnostic test on the
assay concurrently as the incubator incubates the assay.
The reader may generate at least one borderline test
result. The reader may perform one or more subsequent
continuous readings to generate the test result after per-
forming the first reading of the diagnostic test. The reader
may perform one or more subsequent continuous read-
ings and extends incubating of the assay to generate a
definitive test result after performing the first reading of
the diagnostic test.

[0017] Inthe disclosure, a method of in-line testing and
product delivery includes circulating a product from a
supply about a recirculation loop; receiving a sample of
the product and generating a test result from an assay
for detecting a presence or an absence of an analyte;
releasing the product when generating a negative test
result; and blocking a downstream delivery of the product
when generating a positive test result.

[0018] In particular examples, receiving the sample in-
cludes autosampling the product. The method may in-
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clude autosampling from the recirculation loop. The
method may include blocking the downstream delivery
of productincludes enabling a delivery valve closure. Re-
leasing the product may include enabling a recirculation
valve closure. Generating the test result may include in-
cubating the assay. Generating the test result may in-
clude reading a diagnostic test on the assay concurrently
as an incubator incubates the assay. Generating the test
result may include generating at least one borderline test
result. Generating the test result may include performing
one or more subsequent continuous reading of the diag-
nostic test. Generating the test result may include ex-
tending incubating of the assay after performing the first
reading of the diagnostic test. Generating the test result
may include extending incubating of the assay to gener-
ate a definitive test result after performing the firstreading
of the diagnostic test.

[0019] In certain examples, reading the diagnostic test
includes performing about a thirty second diagnostic
reading. Further, generating the test result may include
reading a predetermined difference between a reflect-
ance value on a control line and a reflectance value a
test line. Generating a definitive test result may include
reading a predetermined difference between a reflect-
ance value of a control line and a reflectance value of
test line, and a predetermined reflectance value on the
control line.

[0020] In particular examples, the method may include
monitoring a pre-test analysis on the assay and/or de-
coding a reference coding on the assay. For instance, to
activate a corresponding channel in a multichannel read-
er and activate an incubation of the assay. Further, the
method may include monitoring a pre-flow development
along the assay. The method may include signaling an
optical detector to perform continuing image detection of
the assay to generate atest result, wherein the test result
is a borderline test result. In addition, the method may
include developing a subsequent image detection of the
borderline test result to generate a definitive presence or
absence test result.

[0021] The disclosure also includes a method of ana-
lyzing a borderline test of an assay includes several im-
age detections of the assay to provide a definitive pres-
ence or absence test result. In one example, the method
includes incubating the assay in an incubation environ-
ment, aligning an optical detector in an optical path with
the assay, signaling the optical detector to perform a first
image detection, and signaling the optical detector to per-
form a second image detection. Typically, signaling the
optical detector to perform a first image detection of the
assay generates a borderline test result. Further, the
method typically includes signaling the optical detector
to perform at least a second subsequentimage detection
of the assay to generate a definitive presence or absence
test result. Other examples include a variety of subse-
quent image detections as shown and described herein.
[0022] The disclosure also includes a method of de-
tecting an analyte from an assay includes aligning an
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optical detector in an optical path with the assay; signal-
ing the optical detector to perform continuing image de-
tection of the assay to generate a definitive presence or
absence test result; and developing further image detec-
tion of the diagnostic test for a borderline test result. In
some examples, the method may include incubating the
assay in an incubation environment concurrently as the
optical detector performs continuing image detection of
the assay. In some exemplary embodiments, the method
includes signaling the optical detector to perform a one
minute image detection. Typically, detecting a definitive
presence test result includes deactivating the system.
Similarly, detecting a definitive negative test result in-
cludes deactivating the system.

[0023] The disclosure also includes a method of gen-
erating a definitive test result from an assay for detecting
the presence or absence of an analyte includes incubat-
ing the assay in an incubation environment; reading a
diagnostic test on the assay concurrently as an incubator
incubates the assay; and performing continuous reading
of the diagnostic test and incubating of the assay of a
borderline test result to generate the definitive test result.
In certain examples, reading the diagnostic test includes
performing a one minute diagnostic reading. Typically,
detecting the definitive positive test includes deactivating
the system. Similarly, detecting a definitive negative test
includes deactivating the system. Generating a definitive
test result may include reading a predetermined differ-
ence between a reflectance value on a control line and
a reflectance value a test line. Similarly, generating a
definitive testresult may include reading a predetermined
difference between a reflectance value of a control line
and areflectance value of test line, and a predetermined
reflectance value on the control line.

[0024] In other examples, the method includes moni-
toring a pre-test analysis on the assay. Further, the meth-
od may include decoding a reference coding on the as-
say. In addition, the method may include activating a cor-
responding channel in a multichannel reader and/or ac-
tivating an incubation of the assay. The method may also
include monitoring a pre-flow development along the as-
say.

[0025] The disclosure also includes an assay meas-
urement apparatus to generate a diagnostic test result
from an assay includes an optical detector and a micro-
processor. The optical detector may be aligned in an op-
tical path with the assay. The optical detector may be
adapted to acquire an image detection on the assay due
to an aberration on the assay. The microprocessor may
be in communication with the optical detector. The mi-
croprocessor may be adapted to signal the optical de-
tector to perform continuous image detection of the assay
to generate the diagnostic test result.

[0026] The optical detector may comprise a decoding
sensor that is adapted to align with the assay and decode
a reference coding on the assay. The reference coding
may activate a corresponding diagnostic test in the opti-
cal detector. The apparatus may include a multichannel
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reader and the reference coding may activate a corre-
sponding channel in the multichannel reader. The appa-
ratus may include an incubator and the reference coding
may activate a corresponding incubation temperature.
[0027] The decoding sensor may be a color sensor.
The color sensor may be a photodiode with sensitivity to
wavelengths chosen from red, blue, green and a combi-
nation thereof. The decoding sensor may be an RFID
reader. The decoding sensor may be a bar code reader.
[0028] In one example, the apparatus includes a light
source. The light source may be an array of discrete light
sources. For instance, the discrete light sources may
comprise one light emitting diode and/or multiple light
emitting diodes. The light emitting diodes may be colored
diodes chosen from red, green, blue and a combination
thereof. The light source may comprise an illumination
profile suitable for reflecting on a test strip assay. The
light source may be aligned with a light aperture, expos-
ing light from the light source on the assay. A first mirror
may be below the light aperture. A focusing lens may
receive light from the first mirror. A second mirror may
be positioned to direct light from the focusing lens to the
optical detector. A lighting processor may be adapted to
trigger the light source to emit light for a desired pattern.
The lighting processor may include data storage for the
desired light-emission pattern.

[0029] Inanother example, the optical detector will not
generate a test result until the decoding sensor decodes
the reference coding. The optical detector may be a light-
to-voltage sensor. The optical detector may comprise a
photodiode in the optical path with the assay coupled to
anintegrated circuit. The integrated circuit may be a mon-
olithicintegrated circuit. The optical detector may include
an amplifier. The amplifier may be a translucence ampli-
fier.

[0030] The apparatus may include a memory adapted
to store information corresponding to an imaging param-
eter for the image detection. The decoding sensor may
be chosen from a color sensor, a RFID reader, a bar code
reader and a combination thereof. The optical detector
may include an optical window that is adapted to block
debris from contact with the optical detector. The optical
detector may include an optics housing to enclose the
optical detector and that is adapted to block debris from
contactwith the optical detector. The optical detector may
monitor a diagnostic test progress. The optical detector
may monitor a pre-test parameter prior to generating a
diagnostic test result. The optical detector may monitor
at least one pre-test parameter after the optical detector
has acquired at least one image detection on the assay.
[0031] Thedisclosure alsoincludes, inan assay meas-
urement apparatus having an imaging detector and a mi-
croprocessor, a memory that is in communication with
the microprocessor and is adapted to store information
corresponding to an imaging parameter. The memory
may include an instruction for monitoring a pre-test anal-
ysis on the assay. The memory may include an instruction
for generating a diagnostic test result on the assay. The
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pre-test parameter may include a theoretical reflectance
value.

[0032] In one example, the assay may include at least
one test line and at least one control line, and whereby
the theoretical reflectance value is a comparison be-
tween areflectance value atthe testline and areflectance
value at the control line. A reflectance value on the assay
that is inconsistent with the theoretical reflectance value
may indicate an inadequate flow on the assay. The in-
adequate flow may trigger a detectable signal to generate
ano-resultresponse. The reflectance value on the assay
that is inconsistent with the theoretical reflectance value
may indicate a prior analyte development on the assay.
The reflectance values may suggest prior analyte devel-
opment may trigger a detectable signal to deactivate the
assay measurement apparatus. The reflectance value
on the assay that is inconsistent with the theoretical re-
flectance value may indicate a contaminated optical path.
[0033] The contaminated optical path may trigger a de-
tectable signal to generate a no-result response. The in-
struction for generating a test result may correspond to
an image detection on the assay. The image detection
may be an optical reflectance value or a transmission
value. The assay may include at least one test line and
at least one control line, and whereby the optical reflect-
ance value is a comparison between a reflectance value
at the test line and a reflectance value at the control line.
The apparatus may be adapted to perform a continuous
image detection of the assay. The assay may be a lateral
flow assay. The assay may also be a lateral, capillary-
flow, elongated test strip.

[0034] The test result may be determined within about
thirty seconds of optical detector activation. The test re-
sult may be determined within about sixty seconds of
optical detector activation. The apparatus may include a
power source. The power source may be a vehicle bat-
tery. Further, the optical detector may be in communica-
tion with an onboard vehicle system.

[0035] The disclosure also includes an assay meas-
urement apparatus to generate a test result from an as-
say may include an imaging detector and a microproc-
essor with an associated memory in communication with
the microprocessor. The imaging detector may be adapt-
ed to decode a reference coding on the assay and to
acquire an image detection on the assay due to an ab-
erration on the assay. The microprocessor may be adapt-
ed to signal the imaging detector to generate the test
result. The memory may be in communication with the
microprocessor and may be adapted to store information
corresponding to a plurality of imaging parameters. The
memory may include a parameter for monitoring a pre-
test analysis on the assay. The memory may include a
parameter for generating the diagnostic test result from
the assay.

[0036] A reference coding may activate a correspond-
ing diagnostic test in the optical detector. A multichannel
reader and the reference coding may activate a corre-
sponding channel in the multichannel reader. The appa-
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ratus may include an incubator and the reference coding
may activate a corresponding incubation temperature.
[0037] The imaging detector may be adapted to de-
code the test reference coding and comprise a decoding
sensor. The decoding sensor may be a color sensor. The
color sensor may be a photodiode with sensitivity to
wavelengths chosen from red, blue, green and a combi-
nation thereof. The decoding sensor may be an RFID
reader. The decoding sensor may also be a bar code
reader.

[0038] Typically, the apparatus includes a light source.
The light source may be an array of discrete light sources.
The discrete light sources may comprise light emitting
diodes. The light emitting diodes may be colored diodes
chosen from red, green, blue and a combination thereof.
The light source may comprise an illumination profile suit-
able for reflecting on a test strip assay. The light source
may be aligned with a light aperture exposing the light
source on the assay. The light source may include a first
mirror below the light aperture. A focusing lens may re-
ceive light from the first mirror. A second mirror may be
positioned to direct light from the focusing lens to the
optical detector. A lighting processor may be adapted to
trigger the light source to emit light for a desired pattern.
The lighting processor may include data storage for the
desired light-emission pattern. The optical detector may
not generate a test result, or even initiate reading of the
test, until the decoding sensor decodes the reference
coding.

[0039] The optical detector may be a light-to-voltage
sensor. The optical detector may comprise a photodiode
coupled to an integrated circuit in the optical path with
the assay. The integrated circuit may be a monolithic
integrated circuit. The optical detector may include an
amplifier. The amplifier may be a translucence amplifier.
The optical detector may include an optical window that
is adapted to block debris from contact with the optical
detector. The optical detector may also include an optics
housing to enclose the optical detector and that is adapt-
ed to block debris from contact with the optical detector.
[0040] In some examples, the optical detector may
monitor a diagnostic test progress. The optical detector
may monitor a pre-test parameter prior to generating a
diagnostic test result. Further, the optical detector may
monitor at least one pre-test parameter after the optical
detector has acquired at least one image detection on
the assay. The pre-test parameter may include a theo-
retical reflectance value. The assay may include at least
one test line and at least one control line, and whereby
the theoretical reflectance value is a comparison be-
tween areflectance value atthe testline and areflectance
value at the control line. Theoretical reflectance values
may also be a pre-set preset parameter value for the
control line or the test line. For instance, the control line
may be the theoretical reflectance value. A reflectance
value on the assay that is inconsistent with the theoretical
reflectance value may indicate an inadequate flow on the
assay. The inadequate flow may trigger a detectable sig-
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nal to generate a no-result response. Further, a reflect-
ance value on the assay that is inconsistent with the the-
oretical reflectance value may indicate a prior analyte
development on the assay. The prior analyte develop-
ment may trigger a detectable signal to generate a no-
result response. Yet further, a reflectance value on the
assay that is inconsistent with the theoretical reflectance
value may indicate a contaminated optical path. The con-
taminated optical path may trigger a detectable signal to
get a no-result response reading, and/or deactivate the
assay measurement apparatus.

[0041] An instruction for generating a test result may
correspond to an image detection on the assay. The im-
age detection may be an optical reflectance value. The
assay may include at least one test line and at least one
control line, and whereby the optical reflectance value is
a comparison between a reflectance value at the testline
and a reflectance value at the control line. The apparatus
may be adapted to perform a continuous image detection
of the assay. The assay may be a lateral flow assay. For
instance, the assay may be a lateral, capillary-flow, elon-
gated test strip. Further, the apparatus may include a
means for a power source.

[0042] Thedisclosurealsoincludes alateralflow assay
for the detection of an analyte and having a test zone
and a control zone, a surface having a reflectance profile
includes at least one flow reference and at least one test
result reference. The at least one flow reference area
may be adapted to enable monitoring of a pre-flow de-
velopment along the assay. The at least one test result
reference area may be adapted to enable monitoring a
pre-test detection of the analyte on the assay.

[0043] Thereflectance profile mayinclude a theoretical
light reflectance measurement. The theoretical light re-
flectance measurement may comprise a no-flow devel-
opment theoretical value. The no-flow development val-
ue may be a reflectance value of about 85. A reflectance
value of greater than about 85 may generate a signal to
deactivate the detection of the analyte. The flow refer-
ence area may include at least one downstream flow ref-
erence line. The downstream flow reference line may in-
clude a theoretical reflectance value after the flow refer-
ence line receives reagent flow thereon. The flow refer-
ence area may include both an intermediary flow refer-
ence line and a downstream flow reference line. The in-
termediary flow reference line may include a theoretical
reflectance value after the flow reference line receives
reagent flow thereon. The theoretical light reflectance
measurement may comprise a no-analyte pre-testdevel-
opment theoretical value. The flow reference may also
be the control zone.

[0044] The test result reference area may include at
least one test line having a theoretical reflectance value.
The test result reference area may include at least one
control line having a theoretical reflectance value. The
test result reference area may include at least one test
line having a theoretical reflectance value and at least
one control line having a theoretical reflectance value. A
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pre-set difference between the at least one test line’s
theoretical reflectance value and the at least one control
line’s theoretical reflectance value may activate a test
result. Further, a pre-set difference between the at least
one test line’s theoretical reflectance value and the at
least one control line’s theoretical reflectance value may
trigger an error. The error may withhold a test result.
[0045] The disclosure also includes a lateral, capillary-
flow elongated test strip includes a test zone, a control
zone and a surface having a reflectance profile. The lat-
eral, capillary-flow elongated test strip may have at least
one reagent for the detection of at least one analyte in a
sample. The test zone may include immobilized thereon
a test zone capture agent that is adapted for capturing
the at least one reagent. The control zone may include
at least one control zone capture agent having a different
binding affinity for the at least one reagent. The reflect-
ance profile may be adapted to enable monitoring of the
test strip continuously until the detection of the analyte.
Typically, the test strip generates a detectable signal for
detecting the analyte in the sample. In some examples,
inadequate control line development, for instance ac-
cording to reflectance and/or transmission at the control
line, may trigger an error. In these examples, the error
may trigger a signal to generate a no-result response.
[0046] The test strip may comprise a coding system
having at least one reference code with a corresponding
testing sequence. The testing sequence may include at
least one temperature adjustment parameter. Further,
the testing sequence may include an optical reader test
parameter. The optical reader test parameter may in-
clude areader channel selection. The reader test param-
eter may include an associated feature chosen from a
standard curve, a does-response curve and a combina-
tion thereof. The reader test parameter may include at
least one associated positive control point and at least
one associated negative control point. The coding sys-
tem may include a color matrices. The color matrices
may include a color chosen from red, blue, green and
combination thereof. The color matrices may be associ-
ated with a corresponding diagnostic test. The coding
system may include a bar code. The coding system may
include an RFID tag.

[0047] The test strip may include a first end having a
sample absorbing material. The test strip may include a
peel strip to introduce sample onto the sample absorbing
material. The peel strip may include a peel tab at one
end of the peel strip to facilitate movement of the peel
strip. The sample absorbing material may be adapted to
receive about 0.1 to about 1.0 mL of a fluid. The sample
absorbing material may comprise a dry cellulosic mate-
rial. Further, the test strip may include an opposed sec-
ond end having a reactor detector material. The test strip
may include a releasing area having a mobile phase re-
ceptor for the at least one analyte. The test strip may be
sized and adapted to be enclosed within a test strip cavity.
Further, the test strip may be sized and adapted to be
enclosed within a test strip cavity of a removable incu-
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bation module. Typically, the test strip is adapted for se-
lecting the detection of a diagnostic test group chosen
from an antibiotic analyte, toxic analyte, analyte class, a
combination thereof and the like.

[0048] The test zone may include at least one analyte
reference line having a theoretical reflectance value. The
theoretical reflectance value may be associated with a
flow parameter on the test strip. The test zone surface
may include a first analyte reference line having a first
theoretical reflectance value and a second analyte ref-
erence line having a second theoretical reflectance val-
ue. The control zone surface may include at least one
control line having a theoretical reflectance value. For
instance, the theoretical reflectance value may be an op-
tical reflectance value. The control zone may include a
firstcontrol line having a first theoretical reflectance value
and a second control line having a second theoretical
reflectance value. In some examples, the reflectance pro-
file is adapted to enable monitoring of the test strip prior
to the detection of the analyte. Further, the test result
may be detected within about thirty to about sixty sec-
onds.

[0049] The disclosure also includes a lateral, capillary-
flow elongated test strip includes a test zone including
immobilized thereon a test zone capture agent adapted
for capturing at least one binder, a control zone including
atleast one control zone capture agent having a different
binding affinity for the at least one binder, a surface hav-
ing a reflectance profile adapted to enable monitoring of
the test strip and a coding system having at least one
coding signal, for instance a coding to correspond to a
testing sequence to characterize the test strip. The re-
flectance profile may include at least one flow reference
area adapted to enable monitoring of a flow development
along the assay, and at least one monitor reference area
adapted to enable monitoring of detection of the analyte
on the assay.

[0050] The testing sequence may include at least one
temperature adjustment parameter. The testing se-
quence may include an optical reader test parameter.
The optical reader test parameter may include a reader
channel selection. The optical reader test parameter may
include an associated feature chosen from a standard
curve, adoes-response curve and a combination thereof.
Further, the optical reader test parameter may include at
least one associated positive control point and at least
one associated negative control point. The coding sys-
tem may include a color matrix. The color matrices may
be associated with a corresponding diagnostic test. The
coding system may include a bar code. The coding sys-
tem may include an RFID tag.

[0051] In some examples, the test strip may include a
first end having a sample absorbing material. The test
strip may include a peel strip to introduce sample onto
the sample absorbing material. The peel strip may in-
clude a peel tab at one end of the peel strip to facilitate
movement of the peel strip. The sample absorbing ma-
terial may be adapted to receive about 0.1 to about 1.0
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mL of a fluid. The sample absorbing material may com-
prise a dry cellulosic material. The test strip may include
an opposed second end having a reactor detector mate-
rial. The test strip may include a releasing area having a
mobile phase receptor for the at least one analyte. The
test strip may be sized and adapted to be enclosed within
a test strip cavity. Further, the test strip may be sized and
adapted to be enclosed within a test strip cavity of a re-
movable incubation module. Typically, the test strip is
adapted for selecting the detection of a diagnostic test
group chosen from an antibiotic analyte, toxic analyte,
analyte class, a combination thereof and the like, either
quantitatively, qualitatively or both.

[0052] The test zone may include at least one analyte
reference line having atheoretical reflectance value. Typ-
ically, the theoretical reflectance value is associated with
a flow parameter on the test strip. The test zone may
include a first analyte reference line having a first theo-
retical reflectance value and a second analyte reference
line having a second theoretical reflectance value. The
control zone may include at least one control line having
a theoretical reflectance value. The theoretical reflect-
ance value may be an optical reflectance value. A control
zone may include a first control line having a first theo-
retical reflectance value and a second control line having
a second theoretical reflectance value. The theoretical
light reflectance measurement may comprise a no-flow
developmenttheoretical value. The no-flow development
value may be a reflectance value of about 85. The re-
flectance value of greater than about 85 may generate a
signal to deactivate the detection of the analyte.

[0053] In other examples, the flow reference area may
include at least one downstream flow reference line. The
downstream flow reference line may include a theoretical
reflectance value after the flow reference line receives
reagent flow thereon. The flow reference area may in-
clude an intermediary flow reference line and a down-
stream flow reference line. The intermediary flow refer-
ence line may include a theoretical reflectance value after
the flow reference line receives reagentflow thereon. The
theoretical light reflectance measurement may comprise
ano-analyte pre-test development theoretical value. The
test result reference area may include at least one test
line having a theoretical reflectance value. The test result
reference area may include at least one control line hav-
ing a theoretical reflectance value. The test result refer-
ence area may include at least one test line having a
theoretical reflectance value and at least one control line
having a theoretical reflectance value. A pre-set differ-
ence between the at least one test line’s theoretical re-
flectance value and the at least one control line’s theo-
retical reflectance value may activate a test result. Fur-
ther, a pre-set difference between the at least one test
line’s theoretical reflectance value and the at least one
control line’s theoretical reflectance value may trigger an
error. Typically, the error withholds a test result, including
generating a no-result response.

[0054] The disclosure also includes, in an assay sys-
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tem having an incubator and a reader to generate a test
result from an assay, a sensor may be adapted to con-
tinuously monitor the assay while the incubator incubates
the assay and the reader generates the test result. The
sensor may be adapted to deactivate the incubator when
the sensor detects an aberration on the assay. The sen-
sor may be an optical detector. The optical detector may
be adapted to detect a reflectance value. The assay may
include at least one test zone and at least one control
zone, and whereby the reflectance value is a comparison
between a reflectance value at the test zone and a re-
flectance value at the control zone. Further, if the reader
and/or incubator hood is opened during incubation or
reading, a signal may generate a no-result response. Ad-
ditionally, if the assay is removed before a test result is
generated, a signal may generate a no-result response.
[0055] In some examples, the incubator may be deac-
tivated when the sensor detects a reflectance value on
the assay that is inconsistent with a predetermined the-
oretical reflectance value on the assay. For instance, a
reflectance value on the assay that is inconsistent with
the theoretical reflectance value may indicate an inade-
quate flow on the assay. Further, a reflectance value on
the assay that is inconsistent with the theoretical reflect-
ance value may indicate a prior analyte development on
the assay. Similarly, a reflectance value on the assay
that is inconsistent with the theoretical reflectance value
may indicate a contaminated optical path.

[0056] In other examples, the sensor may be adapted
to deactivate the reader when the sensor detects an ab-
erration on the assay. The sensor may be an optical de-
tector. The optical detector may be adapted to detect a
reflectance value. The assay may include at least one
test zone and at least one control zone, and whereby the
reflectance value is a comparison between a reflectance
value at the test zone and a reflectance value at the con-
trol zone. A no-result response may be generated when
the sensor detects a reflectance value on the assay that
is inconsistent with a predetermined theoretical reflect-
ance value onthe assay. A reflectance value on the assay
that is inconsistent with the theoretical reflectance value
may indicate an inadequate flow on the assay. Further,
reflectance value on the assay that is inconsistent with
the theoretical reflectance value may indicate a prior an-
alyte development on the assay. Likewise, a reflectance
value on the assay thatis inconsistent with the theoretical
reflectance value may indicate a contaminated optical
path.

[0057] The sensor may be a decoding sensor. The de-
coding sensor may be chosen from a color sensor, a
RFID reader, a barcode reader and a combination there-
of. Typically, the sensor is triggered with an activation
element chosen from a hood sensor, an incubator sen-
sor, a trigger switch and a combination thereof.

[0058] The apparatus may include a housing that is
adapted to substantially enclose the reader and the in-
cubator. The housing may include insulation adapted to
withstand deformation during the incubation. The hous-
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ing may also include a cavity adapted to secure the assay
and receive light from the reader. The cavity may include
an optical aperture to receive light from the reader. The
cavity may include an adjustable fastener adapted to po-
sition the cavity in an optical path with the reader. The
cavity may include insulation adapted to withstand de-
formation during an incubation period. The assay may
be a lateral, capillary-flow test strip. And thereby the
housing may include a removable optical window adapt-
ed to block debris from the sensor. The removable optical
window may include a handle. The removable optical
window may be cleanable. Similarly, the removable op-
tical window may be disposable. Additionally, the remov-
able optical window may be slide-mounted. The housing
may include an air opening. The air opening may include
a cap.

[0059] In particular examples, the system may include
a user interface. The user interface may include an inte-
grated circuit board, for example to support a display
board. The user interface may also be adapted to view
flow development. Similarly, the user interface may be
adapted to view the test result, including a no-result re-
sponse. The user interface may also be adapted to view
flow development after the reader has detected at least
one flow development on the assay.

[0060] The disclosure alsoincludes alateral flow assay
system to generate a test result from an assay includes
an incubator that is adapted to incubate the assay and a
reader that is adapted to read a diagnostic test on the
assay. The assay may undergo a change when contact-
ed with a sample to generate the test result

[0061] In some examples, the system includes a re-
movable assay module. The removable assay module
may include an assay cavity adapted to align the assay
with the reader. The assay may be a lateral flow test strip.
Thereby, the assay cavity may be sized to receive the
lateral flow test strip. The removable assay module may
include a hood. The hood may enclose the assay in a
closed testing position and expose the assay in an open
access position.

[0062] Further, the removable assay module may in-
clude a bottom face adapted to align with at least one
lightaperture on the reader. The bottom face may include
an adjustment fastener adapted to secure the assay cav-
ity in an optical alignment with the reader. The bottom
face may also include an engagement lip to position the
bottom face with the reader. The removable assay mod-
ule may include at least one optical window. The remov-
able assay module may be adapted to be removed from
the system and cleaned from debris.

[0063] In some examples, the incubator includes an
insulated base. The incubator may be a temperature ad-
justable incubator. The temperature adjustable incubator
may include at least one temperature control. Thereby,
the temperature adjustable incubator may include local-
ized temperature variations. For instance, the incubator
may compensate for localized temperature variations.
The incubator may compensate for localized tempera-
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ture variations with an analog, proportional circuit. In oth-
erexamples, the incubator may compensate for localized
temperature variations with a digital control circuit, for
instance by utilizing a PID algorithm or PID controller.
Further, the temperature adjustable incubator may in-
clude an embedded temperature sensor. The tempera-
ture adjustable incubator may include a potentiometer.
The incubator may include a heater. The heater may be
chosen from a ceramic heater, a resister heater element
and the like. Similarly, the incubator may include a cooling
system. In yet other examples, the incubator incubates
the assay in a means for creating an incubation environ-
ment.

[0064] The reader may perform continuous image de-
tection of the assay to generate the test result. The con-
tinuous image detection may include monitoring a pre-
flow development along the assay, including monitoring
for excessive flow and inadequate flow along the assay.
The reader may include a light source oriented in a pre-
determined pattern with respect to the assay. The light
source may include a first mirror below the light source.
The light source may include a focusing lens adapted to
receive light from the first mirror. Further, the light source
may include a second mirror positioned to direct light
from the focusing lens to the reader.

[0065] In particular examples, the reader may include
a sensor. The sensor may be an optical detector that is
aligned with a light source for detecting transmission of
light through the assay. For instance, transmission em-
bodiments herein may include analysis of refracted light
from the assay. The sensor may be a decoding sensor.
The decoding sensor may be adapted to decode at least
one reference code having a corresponding testing se-
quence on the assay. Further, the reader may include
multiple channels. Each of the channels may include an
associated feature chosen from a standard curve, a
does-response curve, a positive cutoff value, a negative
cutoff value and the like.

[0066] The disclosure also includes a method of gen-
erating a test result from an assay includes incubating
the assay in an incubation environment and reading a
diagnosticteston the assay concurrently as the incubator
incubates the assay. The method may include sensing
the assay continuously while the incubator is incubating
the assay. The method may include deactivating the in-
cubator when sensing an aberration on the assay. The
method may include removing a removable assay mod-
ule, for example for cleaning debris, or the like, from the
assay module. The method may include adding a test
sample to a test medium to create the assay. The method
may also include enclosing the test medium within the
reader. The method may include positioning a sensor
relative to the test medium so that a change on the test
medium is detectable by the sensor. The method may
include decoding a reference coding on the assay. There-
by, the method may include selecting a channel in the
reader corresponding to the reference coding on the as-
say. Further, the method may include incubating the as-
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say within the incubator according to the reference cod-
ing on the assay.

[0067] The disclosure also includes a method for man-
aging test data includes generating a test result from a
testing instrumentreader; linking an application on a part-
ner device to the testing instrument, thereby enabling
test result output communication between the testing in-
strument and the partner device; subscribing a first test
result output from the instrument to the partner device;
and transmitting at least one second result output asso-
ciated with the first output and selected from the group
consisting of an operator identification, a sample identi-
fication, a lot number, a geographical location, a geo-
graphical coordinate, a sample note, and a test result
note.

[0068] In particular examples, the method includes es-
tablishing authorized connection between the instrument
and the partner device. Further, the partner device ap-
plication may scan for an enabled testing instrument. The
method may include real time exporting of the result out-
puts from the testing instrument. In certain examples, the
method includes relaying result outputs from the partner
device to an external storage configuration.

[0069] The disclosure also includes a method for re-
laying test data generated from a sample on a testing
instrument includes performing a diagnostic test on the
testing instrument; interfacing the testing instrument with
a mobile partner device having a corresponding data
communication interface to establish enabled data com-
munication with the testing instrument; transforming the
test result into a result output format suitable for trans-
mission, and establishing data communication exchange
of the result output between the testing instrument and
the partner device; and relaying the result output from
the partner device to an external storage configuration.
In certain examples, the testing instrument may include
one or more of the following: a housing, a receiving port
to receive the sample on a sample apparatus, a reading
device to generate a test result from the sample appara-
tus, and a data communication interface.

[0070] In particular examples, the method includes es-
tablishing data communication between the testing in-
strument and the partner device, for instance linking an
application on the partner device to the testing instru-
ment. The partner application may scan for an enabled
testing instrument. The partner application may sub-
scribe data from the testing instrument. The method may
include real time exporting of the result output from the
testing instrument for logging a plurality of subsequent
sample result outputs. Further, the method may include
merging the plurality of sample result outputs and asso-
ciated geographical locations, and mapping the plurality
of result outputs. And in particular examples, the method
may include generating a map display indicative of a toxin
mapping outbreak. The method may include establishing
authorized wireless connection between the testing in-
strument and the partner device, for instance with a Blue-
tooth® Low Energy (BLE), dongle, or similar system. The
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method may include establishing a host IP address con-
nection between the partner device to the external stor-
age configuration.

[0071] In some examples, performing the diagnostic
test includes receiving a test strip sample apparatus and
imaging the test strip sample apparatus to generate the
test result. In some examples, performing the diagnostic
testincludes receiving a plate sample apparatus and im-
aging the plate, for instance a peel plate, sample appa-
ratus to generate the test result. In some examples, per-
forming the diagnostic test includes receiving a swab
sample apparatus and analyzing the swab sample ap-
paratus to generate the test result. In some examples,
performing the diagnostic test includes incubating the
sample apparatus. In certain examples, the method in-
cludes transmitting at least one sample identifier corre-
sponding to an individual sample test result selected from
the group consisting of an operator identification, a sam-
ple identification, a lot number, a geographical location,
a geographical coordinate, a sample note, and a test re-
sult note. In particular examples, relaying to the external
storage includes transmitting to a remote host website.
Further, in particular examples, relaying to the external
storage includes transmitting to a remote host server. In
certain examples, the partner device comprises a smart
phone having a data processing program as a download-
able application program. The partner device may have
an indicator, and when activated providing a pairing sig-
nal, and wherein the indicator providing a visual indicia
of pairing to the testing instrument. The method may also
include establishing a secondary messaging data com-
munication exchange between the testing instrument
and the partner device.

[0072] The disclosure also includes a method for use
with a testing instrument and a host site adapted to sup-
port test result data includes connecting to an enabled
testing instrument having a first mode of operation to per-
form at least one teston a sample, and in a second mode
the instrument having a data communication interface
communicating a result output transmission; receiving
authorized result output transmissions; and transforming
a plurality of the result outputs into a data display.
[0073] In certain examples, the method includes stor-
ing the plurality of result output data in a first database.
Establishing the result output communication may first
include establishing data communication with a partner
device. For instance, the partner device may be a mobile
phone, a tablet, a general purpose computer, a PDA, a
digital media player, a digital camera, a wireless infor-
mation device, and the like. In some examples, the data
may insure that properly tested food products are deliv-
ered most efficiently to an assigned destination depend-
ing on test results. In other examples, the data may be
collected from a multiplicity of sites and sources and com-
bined, for illustrative purposes only, into a single data-
base using low cost tools and existing test instruments.
[0074] The disclosure also includes a central station
external storage configuration, for instance a central sta-
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tion to be a Web Hosted external storage configuration.
In particular examples, the external storage configuration
is assigned a public, static IP address to which any of
the available, deployed instruments transmit test data,
when available.

[0075] The disclosure also includes an integrated sys-
tem of data handling with minimal operator intervention.
In some examples, setup at the instrument requires
downloading and installing the app on the smart-phone,
attaching the blue-tooth adapter to a power source, pair-
ing the Bluetooth® device, or the like device, to the smart-
phone and then launching the app. Real time display of
the test data on the smart-phone may provide the user
that the test data was properly transmitted to the phone
and allows for notes to be appended to the test data as
shown and described herein.

[0076] In certain examples, with GPS enabled in the
smartphone, the test data may contain the latitude and
longitude where the test was performed. In these meth-
ods, once the test data packet has been collected to the
phone, the app handles communication with the host
central station attempting transfers when adequate sig-
nal strength is available. Integrated communication pro-
tocol insures that the data remains buffered in the phone
until a signal from the host indicates successful collec-
tion.

[0077] The above summary was intended to summa-
rize the present disclosure. Embodiments will be set forth
in more detail in the figures and description of embodi-
ments below. It will be apparent, however, that the de-
scription of embodiments is not intended to limit the
presentinventions, the scope of which should be properly
determined by the appended claims.

Brief Description of the Drawings

[0078] Embodiments ofthe disclosure will be better un-
derstood by a reading of the Description of Embodiments
along with a review of the drawings, in which:

Figure 1 is a front perspective view of one example
of a lateral flow assay system, with an open hood
illustrating cavity and base components;

Figure 2 is a front perspective view of the lateral flow
assay system example of Figure 1, with the hood in
a substantially closed position;

Figure 3 is a front perspective view of the example
of Figure 1, illustrating examples of cavity and ad-
justment components;

Figure 4 is anisolated side perspective view of assay
base module elements;

Figure 5is atop view of the lateral flow assay system
example of Figure 1 in a closed position;

Figure 6 is a sectional view of the lateral flow assay
system example of Figure 1 taken along lines 6-6,
showing circuit board components;

Figure 7 is a front perspective view of one example
of a lateral flow assay system and assay compo-
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nents;

Figure 8 is a front perspective view of the example
of Figure 7 in a closed position;

Figure 9 is a partial cross-section of one example of
the example introduced in Figure 7 taken along 9-9;
Figure 10 is a front perspective view of one example
of a lateral flow assay system and assay compo-
nents;

Figure 11 is a front perspective view of one example
of a lateral flow assay system and assay compo-
nents;

Figure 12 is an isolated view of the assay illustrated
in Figure 11, showing one example of a prior analyte
development before testing triggering an error;
Figure 13 is a front perspective view of one example
of a lateral flow assay system with debris on the im-
aging detector;

Figure 14 is a front perspective view of one example
of a lateral flow assay system having a removable
assay module;

Figure 15 is a flowchart of a diagnostic testing se-
quence of one example of the disclosure;

Figure 16 is a flowchart of a one minute diagnostic
testing sequence according to one example of the
disclosure;

Figure 17 is another flowchart of a diagnostic testing
sequence according to one example of the disclo-
sure, including the step of decoding an assay refer-
ence;

Figure 18 is yet another flowchart of a diagnostic
testing sequence according one example of the dis-
closure;

Figure 19 is a schematic of one embodiment of an
in-line testing assembly and method;

Figure 19a is a schematic of another embodiment of
an in-line testing assembly and method;

Figure 20 is a partial schematic of a positive-result
system flow embodiment introduced in Figure 19,
with elements removed for clarity;

Figure 21 is a partial schematic of a negative-result
system flow embodiment introduced in Figure 19,
with elements removed for clarity;

Figure 22 is a side view of an isolated lateral flow
assay system introduced in Figure 19, with elements
removed for clarity;

Figure 22a is a front perceptive view of an isolated
lateral flow assay system introduced in Figure 19,
with elements removed for clarity; and

Figure 23 is a side perspective view of an isolated
alternative inclined cavity, with elements removed
for clarity.

Description of Embodiments

[0079] In the following description, like reference char-
acters designate like or corresponding parts throughout
the several views. Also in the following description, it is
to be understood that such terms as "forward," "rear-

10

15

20

25

30

35

40

45

50

55

1"

ward," "left," "right," "upwardly," "downwardly," and the
like are words of convenience and are not to be construed
as limitingterms. It will be understood that the illustrations
are for the purpose of describing embodiments of the
disclosure and are not intended to limit the disclosure or
any invention thereto.

[0080] In some examples, the testing instrument is a
lateral flow assay system configured to receive an assay
sample apparatus and analyze the assay to generate a
diagnostic test result. Typically, the assay sample appa-
ratus is a capillary-flow test strip. However, it is within the
spirit of this disclosure for any of the assay apparatuses
herein to be assays other than capillary-flow test strips.
[0081] As introduced in Figure 1, a lateral flow assay
system 1 is shown embodied according to the present
disclosure. Lateral flow assay system 1 includes a com-
bined reader 100 and incubator 102. Reader 100 typically
includes an imaging detector, such as a sensor, while
incubator 102 typically includes an insulated base 4. In
some examples, the insulated base is aremovable assay
module 104. Typically, reader 100 first monitors an assay
for one, or more, monitoring values, including flow rate,
prior analyte development and debris. In various exam-
ples, if a proper monitoring value is detected by system
1, incubator 102 incubates the assay and reader 100
generates a test result. However, if an inconsistent mon-
itoring value is detected, system 1 may generate a no-
result response.

[0082] As shown in Figure 1, lateral flow assay system
1is configured toreceive an assay and analyze the assay
to generate a diagnostic test result. Typically, the assay
is a capillary-flow test strip. However, it is within the sprit
of this disclosure for any of the assays herein to be other
lateral flow assays.

[0083] Figure 1 shows a housing enclosing the reader
100 and incubator 102 as an integral diagnostic unit. Oth-
er examples include a housing that partially encloses
components of lateral flow assay system 1. Typically, the
reader includes cavity 3 to receive the assay, and a hood
2toenclose the assay. The housing may have an exterior
and interior, and may be opened, for instance hood 2, to
receive an assay into cavity 3. As illustrated in Figure 1,
hood 2 may be lifted and the assay inserted into a heating
cavity such as a metallic, for example aluminum, cavity
within incubator 102. Typically, cavity 3 is surrounded by
insulating material, such as a plastic material, for exam-
ple a thermoplastic such as polyoxymethylene, known
as Delrin (DELRIN is a registered trademark of DuPont)
to insulate cavity 3, and does not deform when heated
to the temperatures required for generating a test result.
[0084] As shown in Figures 1, 19a, and 22a, hood 2,
402, 502 may be opened into an access position to re-
ceive and/or remove an assay within cavity 3, 403 of in-
sulated base 4. Hood 2, 402, 502 may also be configured
to substantially seal cavity 3 to enclose the assay in a
closed testing position. Openings 25, 26 and 27, in hood
2,402, 502 allow access to adjustment fasteners 11, 12
and 13 (see Figure 8), including screws and the like, when
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hood 2, 402, 502 is in a closed position. In other exam-
ples, adjustment fasteners may also be accessed when
hood 2,402, 502 is positioned in an open access position.
Typically, adjustment fasteners align cavity 3 in relation
to optics, for instance an imaging detector described
hereinafter, so that changes on the assay may be detect-
ed. For example, test strips may have multiple line de-
velopments in various areas on the test strip, as de-
scribed hereinafter and introduced in Figure 7. By allow-
ing fine cavity adjustment with the adjustment fasteners
through openings 25, 26 and 27, costly and cumbersome
system recalibration may be minimized, or avoided. For
instance, depending on a particular assay, flow, test and
control lines may be in a variety of different position along
the assay, as explained below, which may trigger an un-
expected reflection, or transmission, value if cavity 3, 403
is not properly adjusted.

[0085] Asintroduced above, cavity 3, 403 may be con-
figured to receive the assay, such as a lateral flow test
strip, to position and maintain the assay in an optical
alignment with reader 100. In some examples, cavity 3
is shaped with an elongated channel, for instance to re-
ceive a lateral, capillary-flow test strip.

[0086] Some examples of reader 100 are optical anal-
ysis readers, which often include a light source and an
imaging detector, for example a sensor, that is aligned
such that the light from the light source shines onto the
assay and is then reflected onto the imaging sensor. An
example of optical reader components useful in exam-
ples herein is described in U.S. patent No. 6,124,585
(Apparatus for measuring the reflectance of strips having
non-uniform color), issued September 26, 2000. Typical-
ly, the presence and, in some cases, the concentration,
of an analyte on an assay may be determined by meas-
uring, for instance, the optical reflectance from an area
ofdevelopment on the assay. In some examples, percent
reflectance may be used to determine the result. In other
examples, transmission may be used to detect the result.
For instance, the assay may be transparent and include
a surface having a transmission profile, similar to the re-
flectance profile discussed below. This structure and
function described inthat patent may be adapted by those
of ordinary skill in the art in accordance with the disclo-
sure herein to obtain a functioning unit.

[0087] Reader 100 may comprise a variety of light
sources, including an incandescent bulb, a fluorescent
tube, a light emitting diode or the like. In some examples,
the light source may be an array of discrete light sources,
for instance colored light emitting diodes chosen from
red, green, blue and a combination thereof. In yet other
examples, the light source may be an individual light
source, for instance a singular diode. Typically, the light
source is configured and current driven to emit an illumi-
nation pattern suitable for reflecting onto the assay, for
instance along an elongated test strip. As shown in Figure
1, light can be directed to the assay, for example through
aperture 5 in cavity 3, and then reflected off the assay,
back through the cavity aperture 5 and directed to an
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optical detector.

[0088] In one example, an optics circuit board 31 (see
Figure 6) may have a plurality of light emitting diodes
(LEDs) mounted thereon, forinstance in a predetermined
pattern around light-emitting aperture 5. The LEDs may
be mounted on one side of optics circuit board 31. An
optical detector array may be mounted to the reverse
side of the same optics circuit board 31. Further, a first
mirror may be positioned below the light-emitting aper-
ture at a pre-determined angle, for instance about three
hundred and fifteen degrees, to circuit board 31. A sec-
ond mirror may be positioned beneath the optical detec-
tor, for instance at an angle of about two-hundred and
twenty degrees to circuit board 31, such that a substan-
tially 90-degree angle exists between first and second
mirrors. A focusing lens may be positioned between the
first and second mirrors. Thereby, the light emitted from
the LED array may illuminate an assay and then light is
reflected therefrom through light-emitting aperture 5, for
instance to the first mirror, from the first mirror through
the focusing lens to the second mirror, and from the sec-
ond mirror onto the optical detector. In that respect, the
light striking the optical detector may cause the optical
detector to generate a measurable voltage. In some ex-
amples, the optical detector can output a data stream
that can be converted, for example by an on onboard
central processing unit, into a series of 128 distinct one-
dimensional numeric readings. The 128 readings can be
taken multiple separate times and averaged.

[0089] In additional examples, a light processor may
be coupled to the light source to actuate the light source
and provide each light with the appropriate current to
generate the desired emission pattern. The light proces-
sor may be used to read and store data from the optical
detector. The light processor may also be used to adjust
the output of an array of discrete light sources such that
the emission pattern striking the light detector array has
a uniform intensity. The lighting processor may include
data storage for the desired light-emission pattern.
[0090] Further, the light source may be an LED light
source, includingared, green, blue LED deviceinasingle
package. For instance, the LED light source for the color
sensor can also be three discrete LEDs. Similarly, a sin-
gle white LED and three discrete photodiodes, with nar-
row bandwidth responses at the red, green and blue
wavelengths, can be used as a detector front-end.
[0091] In yetother examples, one LED is used with an
optional feedback loop. The feedback loop can use a
photodiode to sense light output variation from the single
LED. If light output changes, a signal is sent so that an
appropriate adjustment can be made, for example, an
increase or decrease in current to the LED. Reflectance
changes can be the result of the binding of a label, in-
cluding color particles such as gold beads. Reflectance
changes may also be a result of contaminants and inter-
ferences in the optical path.

[0092] As seen in Figures 2, optical window 8 may be
positioned between the assay and reader 100, for in-
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stance between a test strip and a sensor. Typically, op-
tical window 8 blocks debris from the assay from con-
taminating the imaging detector itself, or other system
parts used with the sensor, such as lenses and mirrors.
In some examples, optical window 8 is clear and includes
ahandle so that optical window 8 is removable from read-
er 100 for cleaning. In other examples, the removable
optical window may be disposable. In one example, the
window material includes clear polyvinyl chloride (PVC)
plastic. Window 8 may be mounted on a slide and insert-
ed into reader 100 between cavity 3 and the sensor. The
figures show only one removable and cleanable window
to block debris, however, other examples include addi-
tional optical windows covering to protect portions of the
optics and/or incubator 102 components.

[0093] Regardless of the presence of an optical win-
dow, it is possible that dust and debris will infiltrate into
reader 100, for example the optical sensor mechanism.
To provide an additional cleaning option, air inlet 6 can
be provided for compressed air. Air inlet 6 may be cov-
ered with a tethered cap 10. In use, clear, optical window
8 is removed, and tethered cap 10 is detached. Com-
pressed air is then blown through reader 100, so that
debris collected on, or near, the reader sensor is blown
out through the opening previously occupied by window
8.

[0094] Some examples of reader 100 are programmed
with multiple channels, each of which may have separate
parameters associated with a related diagnostic test.
Each channel selection parameter may include a stand-
ard curve, a does-response curve and the like.

[0095] Figure 3 shows cavity adjustment fastener 13
in cavity 3, and base adjustment fasteners 11 and 12 in
insulated base 4. Openings 25, 26 and 27, in hood 2
allow access to adjustment fasteners 11, 12 and 13, in-
cluding screws and the like, when hood 2 is in a closed
position. In other examples, adjustment fasteners may
also be accessed when hood 2 is positioned in an open
access position. Typically, cavity adjustment fastener 13
aligns cavity 3 inrelation to optics, forinstance animaging
detector described hereinafter, so that changes on the
assay may be detected.

[0096] Figure 4 shows one example of insulated base
4 and hood 2 in an opened access position. As shown,
the bottom face of base 4 includes openings for cavity
adjustment fastener 13, openings for base adjustment
fasteners 11 and 12 and light-emitting aperture 5.
[0097] Figure 5 shows a top view of lateral flow assay
1 with hood 2 in closed testing position. Window 8 is
positioned on the side of the housing to allow the user to
remove window 8 for cleaning. As introduced above, air
may be inserted through air inlet 6 to further clean debris
from optic components.

[0098] Figure 6 is a bottom schematic view showing
optics board 30, circuit board 31 and display board 32.
As shown, LEDs may be mounted on one side of optics
circuit board 31. Further, as shown throughout the vari-
ous figures, lateral flow assay system 1 may include user
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interface 7. User interface 7 includes an integrated circuit
board 31 supporting a display board 32. In one example,
user interface 7 allows a user to view flow development.
Further, user interface 7 may allow a user to monitor a
subsequent flow development after reader 100 has al-
ready detected at least one flow development on the as-
say. Similarly, user interface 7 may display a final test
result, including a no-result response.

[0099] Figure 7 illustrates one example of hood 2 in
open access position with assay 21 secured within test
strip enclosure 20, which is adapted to be received by
cavity 3. Examples of assay elements for particular di-
agnostic tests having components useful for eaxmlpes
herein include those described in U.S. Patent Nos.:
7,410,808, issued August 12, 2008; 7,097,983, issued
August 29, 2006; 6,475,805, issued November 5, 2002;
6,319,466, issued November 20, 2001; 5,985,675, is-
sued November 16, 1999 and U.S. Patent Application
11/ 883,784, filed August 6, 2007.

[0100] Generally, lateral flow assay 21 is membrane-
based test device, in which a sample that is suspected
of containing the analyte of interest is placed at or near
one end of the membrane strip. The sample is carried to
the opposite end ofthe membrane strip by a mobile phase
that traverses the membrane strip, for example by cap-
illary action. While traversing the membrane strip, the
analyte in the test sample, if any, encounters one or more
reagents. The reagents can include binders for the ana-
lyte. Binders can be mobile and, therefore, flow with the
sample or be immobilized on the test strip as a capture
agent. Depending on the test configuration, either the
analyte binder, the analyte itself, or some other reagent
in the test system, will be captured by the immobilized
capture agent and, thereby, produce a detectable signal.
The signal can be generated by a label provided within
the assay. The detectable signal can be measured, such
as by optical reader 100. As shown and described herein,
Applicant has unexpectantly discovered the advantage
of aligning the assay in an inclined position to minimize
impact of in-line sample delivery, including dripage and
the like, during mobile phase traversing along the assay.
[0101] Assay 21 may include at least one test line 40
in a test zone and at least one control line 42 in a control
zone. A theoretical reflectance value may be a compar-
ison between a reflectance value at test line 40 and a
reflectance value at control line 42. A pre-set difference
between a theoretical reflectance value at test line 40
and a theoretical reflectance value at control line 42 may
activate lateral flow assay system 1, including reader
100, to generate a test result. Further, a separate pre-
set difference between a theoretical reflectance value at
test line 40 and a theoretical reflectance value at control
line 42 may trigger an error. Triggering of the error may
cause the microprocessor to withhold a test result, in-
cluding generating a no-result response, or deactivating
reader 100 and/orincubator 102. Other examplesinclude
a comparison between a transmission value at test line
40 and a reflectance value at control line 42.
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[0102] Rapidresult assays are beneficial for any of the
in-line testing examples and embodiments shown and
described herein. For instance, rapid result assays pro-
vide a definitive test result within about fifteen seconds
to about one minute, including a definitive test result with-
in about thirty seconds. To increase the speed of a test
result, Applicant has unexpectantly discovered optimiz-
ing the overlap of a binder application area over a nitro-
cellulose membrane on the assay allows a definitive test
result beneficial for any of the in-line testing processes
and embodiments shown and described herein. In one
example, a three millimeter overlap of the binder appli-
cation area over the nitrocellulose membrane optimizes
contact surface area between the binder application area
and the nitrocellulose membrane to increase flow and
release of the sample to meet the thirty second test here-
in. In particular embodiments, the binder application area
can be, for example, POREX® (POREX is a registered
trademark of Porex Technologies Corp, Georgia USA),
attached to a solid support. In addition, in certain embod-
iments the nitrocellulose membrane may be optimized
to meet the thirty second rapid test herein, for instance
the nitrocellulose membrane may ensure sample prop-
erly wicks efficiently and rapidly quickly across the mem-
brane to generate the rapid test result analysis shown
and described herein. However those skilled in the art
having the benefit of this disclosure will recognize addi-
tional binder application area materials and/or spacing
of the binder application area about the nitrocellulose
membrane.

[0103] Further, Applicant has unexpectantly discov-
ered optimizing the length of an absorbent pad at the
distal portion of the assay enhances capillary action to
adjust the speed of sample flow to meet the demands of
the in-line testing, forinstance the thirty-second rapid test
herein. In one example, a thirty-one millimeter length ab-
sorbent pad optimizes sample flow along the assay.
[0104] A reflectance value on the assay that is incon-
sistent with the theoretical reflectance value may indicate
an inadequate flow in the mobile phase on the assay.
For instance, assay 21 may have a flow line 44 with a
corresponding theoretical light reflectance measure-
ment. A no-flow development value may be a reflectance
value of about 85 on a reflectance scale. Such an inad-
equate flow may trigger a detectable signal to generate
a no-result response. Additional examples include deac-
tivating the lateral flow assay system 1, including deac-
tivating reader 100 and/or incubator 102. In other exam-
ples, the flow reference area may include both an inter-
mediate flow reference line 46 with a corresponding the-
oretical reflectance value and a flow reference line 44.
[0105] Similarly, a reflectance value on the assay that
is inconsistent with the theoretical reflectance value may
also indicate a prior analyte development on the assay.
Such a prior analyte development may trigger a detect-
able signal to generate a no-result response. Further, if
the assay is removed prior generating a test result, sys-
tem 1 may generate a no-response result.
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[0106] In some embodiments, assays 21 also include
a coding reference component with a corresponding test-
ing sequence for lateral flow assay system 1. The coding
may be, for example, a color coding, a bar code, an RFID
tag or the like, and may be positioned anywhere along
the assay so that decoder sensor can decode the refer-
ence code, for example on the assay’s surface. For in-
stance, in some examples, the coding reference is posi-
tioned along the distal end of assay 21. Depending on
the type of coding on the test strip, reader 100 may require
an integrated decoding sensor for example, a bar code
reader, an RFID decoder or a color sensor.

[0107] Typically, the testing sequence is at least one
temperature adjustment parameter within incubator 102
and/or a channel selection of reader 100. Further, the
reader test parameter may include an associated feature
chosen from a standard curve, a does-response curve
and the like. Other embodiments include a variety of test-
ing sequence parameters for the associated diagnostic
test being run on the assay.

[0108] In some examples, a color matrix, or matrices,
reference coding, including a color chosen fromred, blue,
green and combination thereof, may be associated with
a corresponding diagnostic test parameter. When a color
coding is used on assay 21, the color can be read by the
reader either by a separate optical reading system or the
same system that reads the test result. That is, the assay
can include a color portion that, after enclosure within
the system and test initiation, will be read by the color
sensor to determine the reader channel and/or the ap-
propriate incubator temperature. For example, a photo-
diode with a wide dynamic range of sensitivity to red,
green and blue wavelengths can be used as the detector.
Red, green and blue LEDs can be used as the light
source. Each LED can be turned on sequentially and the
detector used to determine the reflectance of each of the
colors. A black surface (totally absorbent as containing
no color) will produce no reflectance of the given LEDs
wavelength and, therefore, the detector will produce low
output readings. A white surface will produce maximum
reflectance of all three LEDs. Various colors (depending
on its content in the surface measured) will produce out-
put from the detector at varying levels.

[0109] Such color sensor component may be config-
ured as a separate sensing component within reader 1,
or depending on the sensor used to read the test strip
result, a singular component that detects both develop-
ment on the test strip and color coding. In various exam-
ples, assays may be coded with a color that defines the
test being run. For example, a red color can indicate a
test strip to be used to detect beta-lactam antibiotics.
Various matrices can also be delineated by the color sys-
tem. In the red example, after system 1 detects the red
color on the test strip, reader 100 and/or incubator 102
may be automatically configured for that specific assay
21, for example by temperature adjustment of incubator
100 and selection of appropriate reflectance test param-
eters within reader 102. Therefore, in some examples,
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system 1 may an integral diagnostic test unit that is trig-
gered by specific reference codings on the assay.
[0110] In other examples, the coding reference may
comprise a radio frequency identification (RFID) tag.
Such radio frequency signal transmits a signal from the
tag to a decoding RFID sensor module. This signal can
be used to start the analytic testing sequence, event,
channel, temperature or the like in the reader and/or in-
cubator. Similarly, the reference coding may be a bar
code, wherein the bar code is placed on the assay and
a bar code reader decodes the reference coding and as-
sociated testing sequence information.

[0111] Figure 8 shows assay 21 and assay enclosure
20 positioned within the reader, with hood 2 in a closed
position. As shown, hood 2 is pivoted down in a closed
testing position, wherein a sensor in the reader is in an
optical alignment with assay 21 to generate a test result
or a no-result response.

[0112] Intheclosedtesting position, incubator 102 may
incubate assay 21 in an incubation environment. For in-
stance, incubator 102 may heat and/or cool assay 21 to
provide the proper incubation environment for a corre-
sponding assay and diagnostic test. Typically, incubator
102 is in communication to the cavity 3 and is capable
of maintaining a consistent temperature within cavity 3
either by heating or cooling at a pre-defined rate. In some
examples, incubator 102 includes insulated base 4. In
other examples, incubator 102 incubates removable as-
say module 104, as described hereinafter. The incubator
may be a temperature adjustable incubator. In these ex-
amples, the temperature adjustable incubator may in-
clude a temperature control. In additional example, the
temperature adjustable incubator may allow for localized
temperature changes.

[0113] Incubator 102 may include a heater. The heater
may be a ceramic heater, a resister heater element and
the like. Typically, cavity 3 is designed to be small so that
the heater need only draw minimum current. In that way,
heating only essential areas and providing insulation
around those areas minimizes power requirements. Use
of various heating algorithms can be useful. Forexample,
a proportional integrated derivative (PID) can be used.
In other examples, incubator 102 may compensate for
localized temperature variations from the selected target
temperature, for instance a target temperature according
a corresponding testing sequence. Incubator 102 may
also compensate for localized temperature variations
with an analog, proportional control circuit. In other ex-
amples, incubator 102 may also compensate for local-
ized temperature variations with a digital control circuit,
for instance by utilizing a PID algorithm or a PID control-
ler. Further, those of ordinary skill would recognize that
Pl1, PD, P or | controllers, and/or algorithms, do not pre-
clude any of the inventions herein. For instance, temper-
ature adjustable incubator may include a digitally con-
trolled potentiometer to allow the microprocessor selec-
tion of temperature. In other examples, algorithms are
particularly useful when test results are affected by small
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temperature variations. examples include incubator con-
trol systems that eliminate the need for manual adjust-
ment by use of embedded, digital temperature sensors
and digital potentiometer that provides both accurate
temperature reporting and a mechanism by which a mi-
cro-controller can adjust a stand-alone, analog, incubator
control circuit.

[0114] Inadditional examples, cooling might be advan-
tageous to reduce the incubation environment tempera-
ture, for example to stabilize the environment of a test
medium and/or sample prior to incubation.

[0115] As shown in Figure 9, test strip 21 may include
a first end having a sample absorbing material 23. Fur-
ther, as introduced in Figure 10, test strip 21 may have
apeel strip 50 to introduce sample onto sample absorbing
material 23. Peel strip 50 may include a peel tab at one
end of peel strip 50 to facilitate movement of the peel
strip 50. Sample absorbing material 50 may be sized and
configured to receive about 0.1 to about 1.0 mL of a fluid.
Further, sample absorbing material 50 may be composed
a dry cellulosic material. Other examples include other
materials of sample absorbing material 50.

[0116] Typically, assay 21 also includes an opposed
second end having a reactor detector material. Assay 21
may support a releasing area having a mobile phase re-
ceptor for the at least one analyte. Further, assay 21 may
be sized and adapted to be enclosed within test strip
cavity 3. Similarly, assay 21 is typically sized and adapted
to be enclosed, for example enclosed tightly, within an
assay cavity 3 of a removable incubation module 104,
as seen in Figure 14. Typically, assay 21 is adapted for
selecting the detection of a diagnostic test group chosen
from an antibiotic analyte, toxic analyte, analyte class, a
combination thereof and the like.

[0117] Reader 100 may include a sensor to monitor a
test progress, for example on a lateral flow assay, and/or
determine a test result from the lateral flow assay. The
sensor is positioned relative toassay 21, sothata change
on assay 21 can be detected by the sensor. Typically,
the sensor is activated when the lateral flow assay is both
positioned within cavity 3 and exposed to the consistent
temperature within cavity 3 from incubator 102. For ex-
ample, the sensor can be activated by closing hood 2
that encloses cavity 3. The sensor may include an optical
detector and a microprocessor. Typically, the optical de-
tector is aligned in an optical path with the assay and is
adapted to acquire an image detection on the assay and
is performing a continuous image detection acquisition
of the assay.

[0118] The sensor may be a single photodiode, multi-
ple photodiodes, a linear photodiode array, a charged
couple device, a complementary metal oxide semicon-
ductor and a combination thereof. Therefore, at the same
time as incubation and flow, or before, or after incubation
and flow is complete, the optical sensors can monitor the
assay and compare optical readings, such as reflectance
and/or transmission readings, to determine various as-
pects including sample flow, interference with the optical
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path such as by debris in the optical path, line develop-
ment and test result. When the assay and line develop-
ment falls within preset parameters, the test can continue
to completion and provide a final result. Checking of the
assay by the optical sensor prior to test completion can
provide the user with additional confidence that the test
was processed properly.

[0119] Typically, the output may be a voltage, current
or a digital output proportional to light intensity as deter-
mined by signal conditioning circuitry. Some examples
of reader 100 include the TSL12T and TSL13T sensors
available from TAOS (Texas Advanced Optolectronic
Solutions). The TSL12T and TSL13T sensors are cost-
optimized, highly integrated light-to-voltage optical sen-
sors, each combining a photodiode and a transimped-
ance amplifier (feedback resistor = 80 MQ and 20 MQ
respectively) on a single monolithic integrated circuit. The
photodiode active area is 0.5 mm X 0.5 mm and the
sensors respond to light in the range of 320 nm to 1050
nm. Output voltage is linear with light intensity (irradi-
ance) incident on the sensor over a wide dynamic range.
[0120] In some examples, the microprocessor may be
in communication with the optical detector, and in partic-
ular with the sensor. In other examples, the optical de-
tector outputs to other logic means. Further, the micro-
processor may be adapted to signal the optical detector
to perform continuous image detection of the assay to
generate the diagnostic test result. The microprocessor
may include, or have associated, memory to store infor-
mation corresponding to an imaging parameter. The
memory may include instructions for monitoring a pre-
test analysis on the assay and for generating a diagnostic
test result on the assay.

[0121] In some examples having assays with coding
references, as discussed herein, the optical detector may
have a decoding ability to decode a reference code on
the assay. Thereby, the decoding sensor may thereby
active a corresponding diagnostic test in reader 100. For
instance, the decoding sensor may activate a corre-
sponding channel in a multichannel reader 100 and/or
activate a corresponding incubation temperature profile
within incubator 102.

[0122] The decoding sensor may be a color sensor.
For example, the color sensor may be a photodiode with
sensitivity to wavelengths chosen from red, blue, green
and a combination thereof. In such an example, a color
reading an arrangement of photodiodes, each with a spe-
cific color filter, is used as the decoding sensor and a
white LED (which provides a wide spectrum of light
through the 3 bandwidths (Red, Green and Blue)) is used
as the light source. When the LED is turned on, the output
from each of the photodiodes is obtained to determine
the reflectance of that specific color. The decoding sen-
sor may also be an RFID reader or a bar code reader.
[0123] Although reference is often made herein to op-
tical reflectance, and optical reflectance readers, a vari-
ety of readers may be usefully employed including, for
example, transmittance reader, fluorometers, luminom-
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eters, bar code readers, radiation detectors (such as
scintillation counters), UV detectors, infrared detectors,
electrochemical detectors or optical readers, such as
spectrophotometers, charged coupled device (CCD) or
complimentary metal oxide semiconductor (CMOS) can
be used as an image sensor. An optical reflectance read-
er can be programmed to analyze the test strip through
two-dimensional readings, rather than through the one
dimensional, 1X128, readings. For example, a 5X128
or 512 X 492 matrix of "pixels." Such a 2-dimensional
reading widens the reflectance capture area to capture
reflectance directly from the sides of the test strip.
[0124] Inotherexamples, atransmittance reader, such
as an ultraviolet Visible Near-Infra red (UV-Vis-NIR)
spectroscopy may provide a characterization of the ab-
sorption, transmission, and/or reflectivity of the assay.
For instance, such an analytical technique may measure
the amount of light absorbed on the assay at a given
wavelength. Those of ordinary skill in the art would ap-
preciate that a molecule, or part of a molecule, can be
excited by absorption. Typically, organic chromophores
which absorb strongly in the UV or visible portions of the
spectrum nearly always involve multiple bonds, such as
C=C, C=0 or C=N. This molecular excitation energy may
be dissipated as heat, for instance kinetic energy, by the
collision of the excited molecule with another molecule,
e.g., a solvent molecule, as the molecule returns to the
ground state. In other examples, the excitation energy
may be dissipated by the emission of light in via fluores-
cence. Regardless of the process, an excited molecule
may possess any one of a set of discrete amounts of
energy, for instance as described by the laws of quantum
mechanics. In examples herein, the major energy levels
may be determined primarily by the possible spatial dis-
tributions of the electrons, and to a lesser extent by vi-
brational energy levels, which arise from the various
modes of vibration of the molecule.

[0125] Therefore, in particular examples herein, ab-
sorbance measurements may be determined by the con-
centration of a solute on the assay. For instance, the
progress of such a chemical reaction may be followed
using a spectrophotometer in reader 100 to measure the
concentration of either a reactant or a product over time.
In other examples, a transmission spectroscopy may be
used for solid, liquid, and gas sampling. Typically, light
is passed through the assay and compared to light that
has not. The resulting spectrum may depends on the
pathlength or sample thickness, the absorption coeffi-
cient of the sample, the reflectivity of the sample, the
angle of incidence, the polarization of the incident radi-
ation, and, for particulate matter, on particle size and ori-
entation.

[0126] In some examples, the sensor monitors assay
21 for prior analyte development before generating a test
result. As shown in Figure 12, prior analyte development
on test line 40 and control line 42 indicates an error. For
instance, assay 21 may have a theoretical reflectance
value that is a comparison between a reflectance value
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at test line 40 and a reflectance value at control line 42.
A reflectance value on assay 21 that is inconsistent with
the theoretical reflectance value may indicate a prior an-
alyte development on assay 21, including a pre-run as-
say, contaminated assay or the like. The prior analyte
development may trigger a detectable signal to generate
a no-result, for instance a no-run, response and/or de-
activate assay system 1. Other outputs may be indicative
of the detected condition and are also within the scope
of these inventions.

[0127] Further, the sensor may monitor flow develop-
ment along assay 21 to assess whether an inadequate
sample volume has been applied to assay 21, or that
excess volume has been applied. For instance, prior to
determining the test result, the sensor may monitor the
flow progress on assay 21 along flow line 44. In other
examples, the sensor will monitor flow progress at both
flow line 44 and along the assay, for instance at interme-
diary flow line 46. The sensor may be configured to sense
whether an adequate flow of areagent occurred on assay
21, while assay 21 was within cavity 3, and/or whether
one or morelines, i.e. reflectance or transmission values,
were present on assay 21 prior to contact of assay 21
with the sample to be tested.

[0128] Inaddition, the sensor may be configured to de-
tect whether dirt/debris is contaminating the optical path.
Forinstance, the sensor may monitor the optical path for
interference such as by debris. To determine that a test
has run properly, or that the assay is free of dirt/debris,
predetermined optical measurements, such as reflect-
ance values or transmission values, may be stored elec-
tronically. The preset values, or preset parameters, can
include a theoretical reflectance, or transmission, value
from an unused assay (prior to receiving reagents). Pre-
set values may also include values may be one or more
theoretical test lines and/or one more theoretical control
lines on the assay, and may also include a difference
between the theoretical reflectance values for the one or
more control lines and the theoretical value for the one
or more test lines.

[0129] Figure 13 shows one example of lateral assay
system 1, with debris 60 over light aperture 5. In use, a
reflectance value on an assay that is inconsistent with
the theoretical reflectance value may indicate a contam-
inated optical path, such as debris 60 as shown here.
Lateral assay system 1 may be adapted to generate a
no-run response and/or deactivate reader 100 and/or in-
cubator 102 when the sensor detects such an aberration.
[0130] In other examples, the optical detector may
monitor at least one pre-test parameter after the optical
detector has already acquired at least one image detec-
tion on the assay. Similarly, optical detector generates a
test result from assay 21, for instance by a comparison
between at least two lines on the assay, for examples
lines 40 and 42 of the test strip depicted in Figure 7. As
indicated above and in the references, optical detector
may compare changes in reflectance values of two lines
on the assay, for instance at least one test line 40 and
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at least one control line 42.

[0131] Particular examples include configuring the lat-
eral flow assay system to allow concurrent incubation
and reading of assay 21. The combination allows sensors
to be used to detect not only test results, but also to check
parameters that might indicate whether or not flow has
occurred on the assay and that such flow caused a proper
test result. That is, while sample, including the potential
analyte, or analytes, of interest, is flowing on assay 21
and binding is occurring in a mobile phase and on assay
21, the assay is being incubated. By combining reader
100 and incubator 102 into such an integral diagnostic
unit 1, results can be achieved quicker than when assays,
such as test strips or other test medium, are incubated
in one device and then moved to a separate device for
reading. For instance, speed-to-result can be enhanced,
for example to as little as less than about 60 seconds or
even less than about 30 seconds. Generally, such a com-
bined system can be dynamic, sensing changes in the
assay as they occur by looking for areas of decreased
reflectance and/or transmission anywhere on the unused
or not-fully developed assay.

[0132] A level of protection is provided to prevent pre-
run assays from being read (for example, reader 100 will
determine if line development, for instance at flow line
44, intermediary flow line 44, test line 40 and/or control
line 42 occurred prior to the time when sample flow could
have reached such line) and to preventincorrectreadings
caused by debris, or similar interference with system op-
tics.

[0133] Various triggers may initiate assay analysis of
system 1. For example, closing of hood 2 may initiate
test operation, including optical measurement. Alterna-
tively a separate switch can be used to initiate test oper-
ation after hood 2 is closed. In either case, a first reading
may determine whether a proper assay is correctly po-
sition in the system. If assay 21 is detected, a reading
sequence is initiated. For example, optical measure-
ment, such as to detect light reflected off assay 21, can
utilize values, such as average reflectance values, in cer-
tain areas of assay 21. Initially system 1 may analyze the
assay to determine if the optical path is clear of interfer-
ence, such as from debris. Debris can be in any number
of locations in the optical path including on assay 21 or
assay container 22. Concurrently with analyzing the op-
tical path for debris, or subsequent thereto, the system
can analyze the assay to determine if line development
has already occurred. That is, whether a proper assay
has been inserted into cavity 3. For example, test strips
configured to develop within certain areas, such as a test
line and control line, should have no development in
those areas before the analyte and mobile phase have
had adequate time to reach them.

[0134] In some examples, lines configured to develop
a change in reflectance, and/or transmission, when con-
tacted by reagents and sample should not develop until
flow of sample and reagents has arrived and binding has
occurred. That flow will not have arrived at the time of an
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initial, for example about three second, read. As such, if
line development is detected at the initial assay analysis,
then an error message will be delivered to the user and
further readings, for example further optical measure-
ments, can be aborted. In this way, this mechanism can
detect the use of pre-run (known negative) assay or pre-
marked assays. Generally, when reflectance is reduced
on an unused assay, either by the presence of line de-
velopment or other darkening of the assay away from
baseline, the reduction in reflectance can inform the user
that something has occurred either on the assay or in the
optical path, so that the result should not be accepted.
[0135] Afterinitial optical readings are found satisfac-
tory and appropriate reader parameters and incubator
temperatures are selected, either manually or automat-
ically, further optical readings, for example approximately
fifteen seconds after sample has been applied, can be
used to determine whether adequate flow has occurred.
For example, optical readings can determine whether or
not reagents have flowed between a sample application
region and a downstream line such as a test line.
[0136] The presence of label, such as colored parti-
cles, for example gold sol beads, flowing in the mobile
phase, and the resulting reflectance changes on the as-
say between the sample application area and a first test
line, can inform the user that flow is occurring and return
an error message if no flow is detected. An assay lacking
predictable reflectance changes might either have had
no sample flow, or inadequate sample flow. Certain
measurements can also indicate whether excessive flow
has occurred, as in the case where too great a volume
of sample has been applied to a test strip and possible
reflectance change due to reagents is overwhelmed by
the excessive sample volume. Reflectance changes be-
tween the sample application area and result detection
areas, such as testline and control line, can be temporary
and disappear as the mobile phase flows. If optical meas-
urements are taken such temporary/non-permanent
changes can be detected.

[0137] If an assay, including a test strip or other assay
type, has passed the preliminary readings, system 1 may
initiate readings to generate a test result. For example,
after approximately thirty seconds test line and control
line analysis can begin. When there is enough differen-
tiation, for example percent reflectance difference, be-
tween the test and control, a result can be provided. Typ-
ically, negative results and more extreme results can be
provided sooner and results closer to threshold levels
will take longer. For example, in the case of a testin which
the reflectance value on the test line relates inversely to
the amount of analyte, if the test line reflectance is re-
duced to a certain level then a negative result can be
called. In some examples, if hood 2 is opened while read-
er 100 is reading the assay, a signal may generate a no-
result response.

[0138] Reader 100 and/or incubator 102 may be pow-
ered by a power source. In some examples for on-site
analysis, for instance in rugged environments, the power
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source may be a vehicle battery. Further, reader 100 may
be in communication with an onboard vehicle system.
[0139] As introduced in Figure 14, lateral flow assay
system 1 may include removable assay module 104 to
be removed from system 1 and cleaned from debris. Typ-
ically, removable assay module104 includes a similar as-
say cavity as described above, to align assay 21 with
optics of reader 100 while in a closed testing position. In
some examples, the assay is a lateral flow test strip and
the assay cavity within removable assay module 104 is
sized to receive the lateral flow test strip.

[0140] As discussed above, removable assay module
104 may include a hood. The hood may enclose the as-
say in a closed testing position and be opened to clean
away debris in an open maintenance position when re-
movable assay module104 is removed from system 1.
In some examples, if the hood of removable assay mod-
ule 104 is opened while reader 100 is reading the assay,
a signal may generate a no-result response. Further, re-
movable assay module 104 may have a bottom face hav-
ing a window 108 to slide in between reader 100 and the
assay in a manner so that at least one light aperture 5
aligns with the assay in a closed testing position. Window
108 may be removable and cleanable as discussed
above, and further the bottom face may include holes to
receive an adjustment fastener to secure removable as-
say module 104 into an optical alignment with reader
100. In other examples, bottom face 108 may include
engagement lip 106 to position bottom face 108 securely
with reader 100.

[0141] Figure 15 illustrates a flowchart of one testing
sequence of the combined reader 100 and incubator 102.
As shown in Figure 15, the diagnostic test may begin with
providing an assay 21. For instance, providing an assay
21 may include adding a test sample to a test medium,
such as a lateral flow test strip, e.g. including any of the
test strip examples previously shown or described. Typ-
ically, the test medium is configured to provide a detect-
able test result after, and/or during, incubation with the
test sample. Next, the assay 21 is positioned to an optical
sensor, e.g. including any of the sensor examples previ-
ously shown or described. The assay 21 then undergoes
diagnostic testing concurrently with incubation, as de-
scribed herein for the detection of the presence or ab-
sence of a particular analyte or plurality of analytes.
[0142] In some examples as shown in Figure 15, a
clear positive or clear negative testresult, i.e. a definitive
presence or definitive absence detection of an analyte
will end the testing sequence. However, a borderline re-
sult, i.e. a non-definitive presence or a non-definitive ab-
sence result, will trigger a further development in the test-
ing sequence to achieve the definitive test result. A de-
finitive test result may include a variety of results and
testing sequences, depending on the particular diagnos-
tic application. For instance, a definitive test result may
be determined when the difference between the reflect-
ance value of the control line 42 and the reflectance value
of the test line 41 reaches a predetermined parameter.
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Therefore, the predetermined parameter may be any of
the theoretical reflectance values described herein, and
for example the predetermined parameter is typically a
comparison between a reflectance value at test line 40
and a reflectance value at control line 42. In other exam-
ples, a definitive testresult may occur when the difference
between the reflectance value of the control line 42 and
the reflectance value of the test line 40 reaches a prede-
termined parameter and the reflectance value on the con-
trol line 42 achieves a predetermined level. In this exam-
ple, the definitive test result confirms that the test was
fully developed. In yet another example, a definitive test
may be achieved when the control line 42 and/or the test
line 40 individually obtains a predetermined parameter
as described herein.

[0143] Asshownin Figure 15, a preliminary non-defin-
itive test result leads to further development, i.e. contin-
ued optical sensing, and in many examples concurrent
incubation. In exemplary eaxmples, further development
is performed until a clear positive or clear negative test
result is detected. This definitive presence or definitive
absence detection of an analyte typically ends the testing
sequence. However, those of ordinary skill in the art hav-
ing this disclosure will recognize other examples include
a variety of further development testing sequences.
[0144] Figure 16 illustrates a flowchart of another test-
ing sequence. As shown in Figure 16, the diagnostic test
sequence is similar to the steps introduced in Figure 15;
however, the reader 100 is programmed to perform about
a one minute diagnostic test read. Other examples in-
clude about thirty seconds, about two minutes and similar
reads. Again, a clear positive or clear negative detection
of an analyte will end the testing sequence, but a border-
line result will trigger further development in the testing
sequence. In some examples, the second, or additional,
diagnostic testing, e.g. any of the testing previously de-
scribed herein, may also be one minute diagnostic reads.
However, those of ordinary skill in the art having this dis-
closure will recognize other examples include a variety
of testing lengths and sequences to meet a particular
application or test result.

[0145] Figure 17 shows another testing sequence ex-
ample with an initial decoding of a reference on the assay
21.Forinstance, the optical sensor may decode an assay
reference, e.g. any of the reference examples previously
shown or described, to initially set-up the system in a
predetermined format for the particular testing applica-
tion. For instance, the optical sensor may decode the
assay reference to initiate a particular diagnostic test,
incubation environment or the like.

[0146] Figure 18 illustrates yet another testing se-
quence of the present disclosure. Again, the diagnostic
test sequence typically begins with creating an assay 21.
For instance, creating the assay 21 may include adding
a test sample to a test medium, such as a lateral flow
test strip, e.g. including any of the test strip examples
previously shown or described. Typically, the test medi-
um is configured to provide a detectable test result after
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incubation with the test sample. Next, the assay 21 is
positioned to an optical sensor, e.g. including any of the
sensor examples previously shown or described. The op-
tical sensor is generally capable of reading reflectance,
refractance, and the like from the test medium. The op-
tical sensor may additionally decode an assay reference,
e.g. any of the reference examples previously shown or
described. Further, a preset parameter may be monitored
to determine whether adequate flow of reagents occurred
on the test strip and whether one or more test lines are
present on the test strip prior to being contacted by the
test sample.

[0147] Theassay21thenundergoes diagnostic testing
concurrently with incubation as described herein for the
definitive detection of an analyte. As indicated in Figure
18, the assay 21 may be continuously analyzed during
the testing sequence. For instance, the optical sensor
may continuously sense reflectance values on the assay
21 as described herein. Any aberration or flow error, e.g.
any of the error messages described herein, may deac-
tivate a testing sequence. However, a proper testing se-
quence, e.g. with no aberrations or flow errors, will pro-
ceed to the detection of a presence or absence of an
analyte. A definitive test result can be determined by a
comparison between changes, such as reflectance
changes, in a first line, for example a test line, and a
second line, for example a control line, on the test strip.
Again, a clear positive or clear negative test result, i.e. a
definitive presence or a definitive absence, detection of
an analyte will typically end the testing sequence. How-
ever, a borderline result will trigger a further development
in the testing sequence. Typically, the further develop-
ment includes continued optical sensing of the assay 21
with concurrent incubation. When a borderline prelimi-
nary resultis detected, further development is performed
until a clear positive or clear negative test result is de-
tected. This definitive presence or definitive absence de-
tection of an analyte typically ends the testing sequence.
Those of ordinary skill in the art having the benefit of this
disclosure will recognize additional examples of analyz-
ing a borderline test result to generate a definitive test
result, i.e. any of the presence or absence test results
shown and described herein.

[0148] Figures 19-23illustrate particular embodiments
of an in-line testing assembly for testing/delivery from
supply 302, for instance a milk tank, about a recirculation
loop 304 to a downstream delivery 324. As shown, the
supply 302 generally includes at least one outlet for ac-
cess to delivery supply line 308, that may be in fluid com-
munication with the recirculation loop 304. The assembly
may include an autosampler 306 to deliver a sample, i.e.
any of the samples shown and described herein, to a
reader 100, i.e. any of the reader examples shown and
described herein. The assembly generally includes clo-
sures, including valves, cutoffs, alternative delivery sys-
tems, and the like. As shown, the assembly includes at
least one valve closure 312 for blocking access to deliv-
ery output 322. Further shown is at least one valve clo-
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sure 310 for blocking access to recirculation loop 304.
The assembly may additionally include a plurality of sup-
plemental conduits 350, 350’; as well as pumps, for in-
stance to drive flow about the recirculation loop 304.
[0149] Inone embodiment, an in-line testing and prod-
uct delivery process includes a supply tank supporting a
dairy batch supply adapted for mixing into a homogenous
mixture via mechanical devices and/or blades, turbu-
lence, and the like. As shown, supply tank 302 includes
an outlet to receive the homogenous mixture in fluid com-
munication with recirculation loop 304 and a downstream
delivery output 322. A delivery output valve is aligned
between the outlet and delivery output 322. In an open
position, delivery output valve releases supply from tank
302 through delivery output 322 to a downstream delivery
324. In a closed position, delivery output valve blocks
supply from tank 302 to delivery output 322. As shown
and described herein, the various test result readings
trigger opening and closing of the delivery output valve.
For instance, a positive test result generated by any of
the reader examples herein enables closure of delivery
output valve, i.e. blocking access to downstream delivery
324. While a negative test result generated by any of the
reader examples herein opens delivery output valve to
release supply through delivery output 322, and in certain
examples to downstream delivery 324.

[0150] In certain embodiments, a recirculation loop
valve is aligned between the tank outlet and recirculation
loop 304. In an open position, recirculation loop valve
allows supply from tank 302 to enter the recirculation loop
304. A pump, gravity fed system, or the like may maintain
constant pressure of supply within recirculation loop 304
when recirculation loop valve is open. As shown and de-
scribed herein, recirculation loop 304 may thereby be a
closed loop system in fluid communication with the tank
outlet and the supply in tank 302. In a closed position,
recirculation loop valve blocks supply from tank 302 into
the recirculation loop 304. In particular embodiments, a
user interface activates the recirculation loop valve to
bypass the recirculation loop 304, autosamplers, and/or
any of the readers shown and described herein, for in-
stance forisolated testing of supply using any of the read-
ers and assay analysis shown and described herein.
[0151] A sample valve may be positioned in the recir-
culation loop 304 to release a supply sample from the
recirculation loop 304 to a testing sequence. In particular
examples, sample valve may be an autosampler and the
like. For instance, autosampler 306 may deliver a prede-
termined volume of sample, i.e. any of the samples
shown and described herein, to a reader 100, 300, 400,
i.e. any of the reader examples shown and described
herein. Flow from the recirculation loop 304, for instance
through autosampler 306, may be triggered by closure
of hood 402, 502, activated by a user, or otherwise au-
tomated. The autosampler 306 may deliver 320 any vol-
ume of sample, including, but not limited to, about 0.3
mL to any of the assays shown and described herein. In
one example, autosampler 306 may deliver 320 sample
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through entry portal 454 protruding through hood 402,
502, to the reader for rapidly detecting a presence or
absence of an analyte. As illustrated in Figure 19a, op-
posing entry portal 454 may be a puncture tip 452 pro-
truding from hood 402, 502 to puncture any of the assays
shown and described herein to expedite delivery of sam-
pleinto the assay forrapid testing. In particular examples,
a syringe tip, for instance via a luer lock syringe, delivers
sample into the assay, however those skilled in the art
having the benefit of this disclosure will recognize addi-
tional other tip and syringe alternatives. As further shown
in Figure 19, in one closed flow example an air line 320°
may run parallel sample delivery line 320 into air entry
464 of hood 402, 502 and exit 450 as shown and de-
scribed herein. In addition, in certain examples the proc-
esses and assemblies herein reduce, or even eliminate,
cross-contamination by in-line cleaning along the sample
and product flow path, including in-line cleaning of any
of the elements and components shown and described
herein. Further, in certain examples any of the elements
and components herein may be disposable, removable
from the flow path, and the like to minimize, or eliminate
cross-contamination.

[0152] Figure 20 illustrates one embodiment of a pos-
itive test result loop activated by a positive test result
reading 330, i.e. any of the positive test result examples
and embodiments shown and described herein. Figure
21 illustrates one embodiment of a negative test result
loop activated by a negative test result reading 340, i.e.
any of the negative test result examples and embodi-
ments shown and described herein.

[0153] As shown in Figure 23, one embodiment of lat-
eral flow assay system 500 includes an elongated chan-
nel configured to receive and maintain an assay in an
inclined position to minimize impact of sample drippage,
and the like, from in-line sample testing along the assay
while generating any of the diagnostic test result shown
and described herein. As illustrated, lateral flow assay
system 500 includes aninclined cavity 504 having a prox-
imate portion to receive a capillary-flow test strip and an
opposing distal portion aligned above the proximate por-
tion. In certain examples, the inclined cavity 504 may be
aligned between about twenty degrees to about sixty de-
grees, including, but not limited to, about forty-five de-
grees from the horizontal to position and maintain the
assay in an optical alignment with the reader. As shown,
light can be directed to the assay, for example through
an aperture in the inclined cavity 503, and then reflected
off the assay, back through the inclined cavity aperture
and directed to an optical detector.

[0154] In certain embodiments, software applications,
instrumentation, systems, and assemblies may provide
real time data collection of test data, including but not
limited to field data, using data communication exchange,
including Bluetooth® Interface and the like, adapters and
widely utilized phone, and similar personal device, tech-
nologies. Forinstance, one instrumentrelay embodiment
may include generating a test result on any of the testing
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instrument readers shown and described herein; com-
municating the test result to a partner device module;
and relaying a test result output to an external host mod-
ule. Further, any of the testing instrument readers herein
may interface directly with the external storage configu-
ration. In particular examples, the partner device is a
smart phone, however other partner devices may include
a tablet, a general purpose computer, a PDA, a digital
media player, a digital camera, a wireless information
device, and the like.

[0155] The partner device may connect to the external
storage configuration in a variety of modes. In a remote
access mode, the partner device links to an available
testing instrument and allows the system to deliver test
data to the external storage configuration. The partner
device may have an indicator, and when activated pro-
viding a pairing signal, and wherein the indicator provid-
ing a visual indicia of pairing to the testing instrument
reader.

[0156] In particular embodiments, a partner device is
in a local data communication, such as wireless Blue-
tooth® transmission/receipt, with a testing instrument.
Further, the partner device is in host exchange commu-
nication, including any mobile telecommunications com-
munication technology such as Wi-Fi, 3G/4G/5G connec-
tivity, with an external host. In certain modules, the testing
instrument interfaces with a mobile partner device having
a corresponding data communication interface, thereby
establishing enabled, i.e. approved, authorized, and/or
available, data communication with the testing instru-
ment. In particular examples, the module may include
linking an application, for instance a downloadable pro-
gram application, on the partner device to the testing in-
strument. Further, the module may include establishing
data communication exchange of a result output between
the testing instrument and the partner device. Still further,
the module may include establishing a secondary mes-
saging data communication, including but not limited to
email, text, and the like, secondary message exchange
between the testing instrument and the partner device.

[0157] Typically, the partner device relays result out-
puts to an external storage configuration. In particular
examples, relaying to the external storage configuration
includes transmitting to a remote host website. In other
examples, relaying to the external storage includes trans-
mitting to a remote host server. In yet other examples,
relaying to the external storage includes transmitting to
two or more host providers for data storage and man-
agement.

[0158] In certain embodiments, the testing instrument
interfaces with a mobile partner device having a corre-
sponding data communication interface, thereby estab-
lishing enabled, i.e. approved, authorized, and/or avail-
able, data communication with the testing instrument. In
particular examples, the module may include linking an
application, for instance a downloadable program appli-
cation, on the partner device to the testing instrument.
Further, the module may include establishing data com-

10

15

20

25

30

35

40

45

50

55

21

munication exchange of a result output between the test-
ing instrument and the partner device. Still further, the
module includes establishing a secondary messaging
data communication, including but not limited to email,
text, and the like, secondary message exchange be-
tween the testing instrument and the partner device. The
partner device may relay result outputs to an external
storage configuration. In particular examples, relaying to
the external storage configuration includes transmitting
to a remote host website. In other examples, relaying to
the external storage includes transmitting to a remote
host server. In yet other examples, relaying to the exter-
nal storage includes transmitting to two or more host pro-
viders for data storage and management.

[0159] Particular methods for analyte analysisincludes
incubating the assay, e.g. including any of the embodi-
ments previously shown or described, and reading the
assay to generate a test result, e.g. including any of the
embodiments previously shown or described. In partic-
ular examples, a diagnostic test method for detecting an
analyte in a test sample includes adding a test sample
to atestmedium, such as alateral flow test strip, to create
an assay, the test medium configured to provide a de-
tectable test result after incubation with the test sample;
enclosing the test medium within a hood, the hood con-
figured to enclose a cavity, the cavity configured to re-
ceive the test medium and connected with a temperature
control source, the temperature control source capable
of maintaining a consistent temperature; positioning a
sensor, such as an optical sensor capable of reading
reflectance from the test medium, relative to the test me-
dium so that a change on the test medium is detectable
by the sensor; and activating the sensor, such as by clos-
ing the hood, the activation causing the sensor to com-
pare the test medium to a preset parameter. When the
test medium is not within the preset parameter, a test
resultis not provided, and wherein when the test medium
is within the preset parameter, the test result is deter-
mined from the test medium, the test result indicating
whether an analyte was detected in the test sample.
[0160] In other examples of the methods, a preset pa-
rameter can be used to determine either or both whether
an adequate flow of reagents occurred on the test strip
while the test strip was within the cavity and whether one
or more test lines are present on the test strip prior to
being contacted by the test sample. To do so the sensor
can be configured to continuously analyze changes on
the test medium until a test result occurs. The test result
can be determined by a comparison between changes,
such as reflectance changes, in a first line, for example
atest line, and a second line, for example a control line,
on the test strip.

[0161] A further example of the methods include using
preset parameters to compare the test strip, prior to sam-
ple flow thereon, including prior to sample application,
with the actual strip being used. For example, a blank
strip, prior to reagent flow or prior to sample application,
will have a theoretical reflectance profile within a predict-
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able range. If areas of reduced reflectance are detected,
that did not result from sample/reagent flow on the strip,
then it is possible not only that something untoward has
occurred with the test strip but also it is possible that the
optical path has become contaminated and requires
cleaning. Such contamination can be on the strip or within
the reader. Generally, an unused test strip should have
no areas of reduced reflectance. Any such areas can
indicate a problem, whether from dirt/debris, use of a test
strip that was already run, or otherwise. In any case, the
test result may not be valid.

[0162] Numerous characteristics and advantages
have been set forth in the foregoing description, together
with details of structure and function. Many of the novel
features are pointed out in the appended claims. The
disclosure, however, isillustrative only, and changes may
be made in detail, especially in matters of shape, size,
and arrangement of parts, within the principle of the dis-
closure, to the full extent indicated by the broad general
meaning of the terms in which the general claims are
expressed. It is further noted that, as used in this appli-
cation, the singular forms "a," "an," and "the" include plu-
ral referents unless expressly and unequivocally limited
to one referent.

Claims

1. An in-line testing and product delivery assembly,
said assembly comprising:

a. a supply (302) of product having at least one
outlet;

b. a sample feed in fluid communication with the
outlet of said supply (302) of product through a
delivery supply line (308);

c. a reader (100) to receive a sample from said
sample feed and generate a test result from an
assay (21) for detecting a presence or absence
ofan analyte, saidreader (100) having an optical
detector adapted to image at least a first trans-
mission of light on said assay (21) and an incu-
bator (102) adapted to incubate said assay (21);
and

d. said delivery supply line (308) in fluid commu-
nication with said outlet and having a delivery
output (322) and a delivery output valve (312)
arranged between the outlet and the delivery
output (322), and

wherein the assembly is configured such that a de-
tection of said analyte by the reader (100) triggers a
closure of said delivery output valve (312), and a
detection of an absence of said analyte by the reader
(100) triggers an opening of said delivery output
valve (312) to release supply (302) through said de-
livery output (322).
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The assembly of Claim 1, wherein said reader (100)
includes a hood (402) to removably receive a single-
use rapid assay (21), and wherein said hood (402)
comprises a puncture tip (452) protruding to punc-
ture said assay (21).

The assembly of Claim 2, wherein said hood (402)
includes a sample supply line (320) in fluid commu-
nication with said sample feed and adapted to dis-
pense sample into said assay (21).

The assembly of Claim 3, wherein said sample feed
aligned adjacent said puncture tip (452) and adapted
to dispense sample into said assay (21) at said punc-
ture.

The assembly of Claim 1, wherein said reader (100)
includes aninclined cavity (504) having an elongated
channel adapted to receive and maintain said assay
(21) in an inclined testing position.

The assembly of Claim 5, wherein said inclined cav-
ity (504) having a proximate portion and an opposing
distal portion, wherein said distal portion positioned
above said proximate portion at about a forty-five
degree incline.

The assembly of Claim 1, wherein said reader (100)
is arranged to generate a definitive test result within
about fifteen seconds to about one minute.

The assembly of Claim 7, wherein said reader (100)
is arranged to generate a definitive test result within
about thirty seconds.

The assembly of Claim 1, including an auto-sampler
in fluid communication with said sample feed.

The assembly of Claim 1, wherein said sample feed
being a closed loop recirculation system about said
supply (302) of product.

The assembly of Claim 10, including an auto-sam-
pler (306) in fluid communication with said closed
loop system at a sample release valve, wherein a
recirculation loop (304)is in fluid communication with
an outlet of the auto-sampler and having a re-entry
fluid communication with said supply (302) of prod-
uct.

The assembly of Claim 11, wherein at least a portion
of said recirculation loop (304) is a single use dis-

posable conduit.

The assembly of Claim 11, wherein said recirculation
loop (304) includes a pump.

The assembly of Claim 1, wherein said assay (21)
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comprises a single-use test strip.

Patentanspriiche

Inline-Pruf- und Produktabgabeanordnung, wobei
die Anordnung Folgendes umfasst:

a. einen Produktvorrat (302) mit mindestens ei-
nem Auslass;

b. eine Probenzufiihrung, die Uiber eine Abga-
bezufuhrleitung (308) mit dem Auslass des Pro-
duktvorrats (302) in Fluidverbindung steht;

c. eine Lesevorrichtung (100) zur Aufnahme ei-
ner Probe aus der Probenzufiihrung und zur Er-
zeugung eines Testergebnisses aus einem Test
(21) zum Nachweis des Vorhandenseins oder
der Abwesenheit eines Analyten, wobei die Le-
sevorrichtung (100) Folgendes aufweist: einen
optischen Detektor, der dafiir ausgelegt ist, min-
destens eine erste Lichtlibertragung auf den As-
say (21) abzubilden, und einen Inkubator (102),
der dafiir ausgelegt ist, den Assay (21) zu inku-
bieren; und

d. die Abgabezufuhrleitung (308), die in Fluid-
verbindung mit dem Auslass stehtund einen Ab-
gabeausgang (322) und ein Abgabeausgangs-
ventil (312) aufweist, das zwischen dem Auslass
und dem Abgabeausgang (322) angeordnet ist,
und

wobei die Anordnung so konfiguriert ist, dass der
Nachweis des Analyten durch die Lesevorrichtung
(100) ein SchlieBen des Abgabeausgangsventils
(312) ausldst, und eine Detektion einer Abwesenheit
des Analyten durch die Lesevorrichtung (100) ein
Offnen des Abgabeausgangsventils (312) auslost,
um den Norrat (302) durch den Abgabeausgang
(322) freizugeben.

Anordnung nach Anspruch 1, wobei die Lesevorrich-
tung (100) eine Haube (402) zur abnehmbaren Auf-
nahme eines Einweg-Schnelltests (21) aufweist, und
wobei die Haube (402) eine Einstichspitze (452) um-
fasst, die zum Einstich des Tests (21) vorsteht.

Anordnung nach Anspruch 2, wobei die Haube (402)
eine Probenzufuhrleitung (320) umfasst, die in Flu-
idverbindung mit der Probenzufiihrung steht und da-
fur ausgelegt ist, eine Probe in den Assay (21) ab-
zugeben.

Anordnung nach Anspruch 3, wobei die Probenzu-
fuhrung benachbart zur Einstichspitze (452) ausge-
richtet ist und daflir ausgelegt ist, die Probe an der
Einstichstelle in den Assay (21) abzugeben.

Anordnung nach Anspruch 1, wobei die Lesevorrich-
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tung (100) einen geneigten Hohlraum (504) mit ei-
nem langlichen Kanal aufweist, der zur Aufnahme
und zum Halten des Assays (21) in einer geneigten
Testposition geeignet ist.

Anordnung nach Anspruch 5, wobei der geneigte
Hohlraum (504) einen proximalen Abschnitt und ei-
nen gegenlberliegenden distalen Abschnitt auf-
weist, wobei der distale Abschnitt oberhalb des pro-
ximalen Abschnitts mit einer Neigung von etwa fiinf-
undvierzig Grad angeordnet ist.

Anordnung nach Anspruch 1, wobei die Lesevorrich-
tung (100) dafiir ausgelegt ist, innerhalb von etwa
finfzehn Sekunden bis etwa einer Minute ein end-
gliltiges Testergebnis zu erzeugen.

Anordnung nach Anspruch 7, wobei die Lesevorrich-
tung (100) dafiir ausgelegt ist, innerhalb von etwa
dreil3ig Sekunden ein endgiltiges Testergebnis zu
erzeugen.

Anordnung nach Anspruch 1, die einen automati-
schen Probenehmer enthalt, der in Fluidverbindung
mit der Probenzufiihrung steht.

Anordnung nach Anspruch 1, wobei die Probenzu-
fihrung ein geschlossenes Kreislaufsystem um den
Produktvorrat (302) ist.

Anordnung nach Anspruch 10, die einen Probenah-
meautomaten (306) enthalt, der an einem Proben-
abgabeventil in Fluidverbindung mit dem geschlos-
senen Kreislaufsystem steht, wobei eine Rezirkula-
tionsschleife (304) in Fluidverbindung mit einem
Auslass des Probenahmeautomaten steht und eine
Wiedereintrittsfluidverbindung mit dem Produktvor-
rat (302) aufweist.

Anordnung nach Anspruch 11, wobei mindestens
ein Teil der Rezirkulationsschleife (304) eine Ein-
wegleitung fiir den einmaligen Gebrauch ist.

Anordnung nach Anspruch 11, wobei der Ruickfih-
rungskreislauf (304) eine Pumpe enthalt.

Anordnung nach Anspruch 1, wobei der Test (21)
einen Einwegteststreifen umfasst.

Revendications

1.

Ensemble de test en ligne et de livraison de produit,
ledit ensemble comprenant :

a. une alimentation (302) de produit ayant au
moins une sortie ;
b. une alimentation d’échantillon en communi-



45

cation fluidique avec la sortie de ladite alimen-
tation (302) de produit a travers une ligne d’ali-
mentation de distribution (308) ;

c. un lecteur (100) pour recevoir un échantillon
de ladite alimentation d’échantillon et générer
un résultat de test a partir d’'un test (21) pour
détecter la présence ou I'absence d'un analyte,
ledit lecteur (100) ayant un détecteur optique
adapté pour imager au moins une premiere
transmission de lumiére sur ledit test (21) et un
incubateur (102) adapté pour incuber ledit test
(21); et

d. ladite conduite d’alimentation de distribution
(308) en communication fluidique avec ladite
sortie et ayant une sortie de distribution (322) et
une vanne de sortie de refoulement (312) agen-
cée entre la sortie et la sortie de distribution
(322), et

dans lequel 'ensemble est configuré de sorte qu’une
détection dudit analyte par le lecteur (100) déclenche
une fermeture de ladite vanne de sortie de distribu-
tion (312), et une détection d’'une absence duditana-
lyte par le lecteur (100) déclenche une ouverture de
ladite vanne de sortie de distribution (312) pour libé-
rer 'alimentation (302) a travers ladite sortie de dis-
tribution (322).

Ensemble selon la revendication 1, dans lequel ledit
lecteur (100) comprend un capot (402) pour recevoir
de maniere amovible un test rapide a usage unique
(21), et dans lequel ledit capot (402) comprend une
pointe de perforation (452) faisant saillie pour perfo-
rer ledit test (21).

Ensemble selon la revendication 2, dans lequel ledit
capot (402) comprend une conduite d’alimentation
d’échantillon (320) en communication fluidique avec
ladite alimentation d’échantillon et adaptée pour dis-
tribuer I'échantillon dans ledit test (21).

Ensemble selon la revendication 3, dans lequel la-
dite alimentation d’échantillon est alignée adjacente
a ladite pointe de perforation (452) et adaptée pour
distribuer un échantillon dans ledit test (21) au ni-
veau de ladite perforation.

Ensemble selon la revendication 1, dans lequel ledit
lecteur (100) comprend une cavité inclinée (504)
ayantun canal allongé adapté pour recevoir et main-
tenir ledit test (21) dans une position de testinclinée.

Ensemble selon la revendication 5, dans lequel la-
dite cavité inclinée (504) a une partie proximale et
une partie distale opposée, dans lequel ladite partie
distale est positionnée au-dessus de ladite partie
proximale a une inclinaison d’environ quarante-cinq
degrés.
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Ensemble selon la revendication 1, dans lequel ledit
lecteur (100) est agencé pour générer un résultat de
test définitif en environ quinze secondes a environ
une minute.

Ensemble selon la revendication 7, dans lequel ledit
lecteur (100) est agencé pour générer un résultat de
test définitif en environ trente secondes.

Ensemble selon la revendication 1, comprenant un
échantillonneur automatique en communication flui-
dique avec ladite alimentation d’échantillon.

Ensemble selon la revendication 1, dans lequel la-
dite alimentation d’échantillon est un systéme de re-
circulation en boucle fermée autour de ladite alimen-
tation (302) de produit.

Ensemble selon la revendication 10, comprenant un
échantillonneur automatique (306) en communica-
tion fluidique avec ledit systteme en boucle fermée
au niveau d’'une vanne de libération d’échantillon,
dans lequel une boucle de recirculation (304) est en
communication fluidique avec une sortie de I'échan-
tillonneur automatique et ayant une communication
fluidique de rentrée avec ladite alimentation (302)
de produit.

Ensemble selon la revendication 11, dans lequel au
moins une partie de ladite boucle de recirculation
(304) est un conduit jetable a usage unique.

Ensemble selon la revendication 11, dans lequel la-
dite boucle de recirculation (304) comprend une
pompe.

Ensemble selon la revendication 1, dans lequel ledit
test (21) comprend une bandelette de test a usage
unique.
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