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(57) Abstract: A method of distinguishing a control solution from a sample in an electrochemical test sensor is performed. The
method includes adding a control marker to the control solution. The control solution includes the control marker and analyte. The
& test sensor includes working and counter electrodes, and a reagent. A potential is applied to the test sensor to oxidize the control
& marker and the analyte. The resulting electrical current is measured. A potential is applied to the test sensor lower than the other

potential in which the potential is sufficient to oxidize the analyte and not the control marker. The resulting electrical current is
measured. Determining whether a control solution or a sample is present based on the measured electrical currents. To increase the
measured current, a salt may be added to the control solution in an amount sufficient to increase the electrical current by at least 5%
as compared to a control solution in the absence of a salt.
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CONTROL MARKERS FOR AUTO-DETECTION OF
CONTROL SOLUTION AND METHODS OF USE

FIELD OF THE INVENTION

[0001] The present invention generally relates to a method of using an
electrochemical test sensor. More specifically, the present invention generally relates to
using control markers for auto-detection of the control solution in electrochemical test

SCNSOrs.

BACKGROUND OF THE INVENTION

[0002] The quantitative determination of analytes in body fluids is of great
importance in the diagnoses and maintenance of certain physical conditions. For example,
lactate, cholesterol and bilirubin should be monitored in certain individuals. In particular, it
is important that individuals with diabetes frequently check the glucose level in their body
fluids to regulate the glucose intake in their diets. The results of such tests can be used to
determine what, if any, insulin or other medication needs to be administered. In one type of
blood-glucose testing system, test sensors are used to test a sample of blood.

[0003] The test sensor is adapted to receive fluid (e.g., blood) from a user. The
test sensor typically includes a base and a lid that is attached to the base. One type of test
sensor is an electrochemical test sensor that is adapted to test for an analyte (e.g., glucose).
Electrochemical test sensors typically include at least two electrodes to analyze the analyte
concentration of the sample. These electrodes of the test sensor are in electrical
communication with a meter or instrument that is configured to test for the analyte
concentration.

[0004] A potential is applied to the electrodes in contact with a biological sample
and reagents. The resulting current is measured while the analyte is reacting with the
reagents, and then correlated with the amount of an analyte in the sample. Such instruments
are referred to as amperometric, in contrast with coulometric instruments that measure the
total charge in coulombs produced from reaction of the sample by integrating the current
over the entire measurement time. The amperometric instruments are advantageous in that
they can use smaller samples and perform quicker tests. Specifically, amperometric
instruments do not need to wait for the entire volume of the analyte to be reacted, but rather
may take measurements of the analyte by sampling the reaction rate at a predetermined

time.
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[0005] To obtain more accurate measurements, control solutions containing
known amounts of glucose are used to verify that the instrument is operating properly.
Control solutions have been used that contain blood serum. Some control solutions have
been used that replace serum-based control solutions with solutions free of serum, since
serum-free solutions are more consistent and stable than those containing serum. Control
solutions may contain multiple fixed levels of an analyte concentration (e.g., two or three
fixed glucose concentrations) that are formulated to mimic blood serum in terms of fluidity.

[0006] Control solutions are used to check the functionality of the analyte
monitoring device or meter. Control solutions need to be identified and separated from the
readings of real whole blood samples. Specifically, there is a need to automatically detect
the control solution by the meter for several reasons. First, the temperature coefficients of
the control solution and whole blood may be different. Thus, it is desirable to compensate
the temperature effect on glucose readings with separate temperature coefficients. Second,
by automatically detecting the control solution and not recording its reading into the
memory of real blood-glucose readings assists to provide a more accurate average of blood-
glucose readings. Without eliminating the control-solution readings, control solutions will
be included in the history of the glucose measurements. Having incorrect historical
readings may lead to an incorrect interpretation of a patient’s diabetic condition.
Additionally, if a control solution is substituted for a whole blood sample, it may be
erroncously considered by a physician as indicating a need to change treatment. Third,
automatically detecting the control solution and not recording its reading into the memory
of blood-glucose readings may minimize the chance of faking the blood-glucose readings
by control solution.

[0007] Therefore, it would be desirable to have an improved control marker for
auto-detection of the control solution and method of using the same.

SUMMARY OF THE INVENTION

[0008] According to one method, a control solution is distinguished from a
sample during operation of an eclectrochemical test sensor measuring the amount of an
analyte in the control solution and in the sample. A control marker is added to the control
solution. The control marker is adapted to be electrochemically oxidized at a potential
higher than the potential needed to measure the oxidation of the analyte. The control
marker includes sodium iodide, tricthanolamine, tripropanolamine, tributanolamine, 2,5-

dihydroxybenzoic acid, xylenol orange, hydroquinone sulfonic acid, cresol red, 3-[4-
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(hydroxyphenyl)amino]-3-oxopropanoic acid, N-acetyl-5-aminosalicyclic acid, N-ethyl-N-
(3-sulfopropyl)-3-methylaniline (TOPS), 3-(N-ethyl-3-methylanilino)-2-
hydroxypropanesulfonic acid (TOOS), 8-anilino-1-naphthalenesulfonic acid, 8-anilino-1-
naphthalenesulfonic acid, 2-napthylamine 1-sulfonic acid, sodium diphenylamine-4-
sulfonate, N-ethyl-N-(2-hydroxy-3-sulfopropyl)-3,5-dimethylaniline (MAOS), or salts
thereof. The control solution, the control marker and a predetermined amount of the analyte
is introduced to the electrochemical test sensor. The test sensor includes a working
electrode, a counter electrode and a reagent. A potential is applied at least once to the test
sensor sufficient to oxidize the control marker and the analyte. The resulting electrical
current is measured. A potential is applied at least once to the electrochemical test sensor in
which the potential is sufficient to measure oxidation of the analyte and not sufficient to
oxidize the control marker. The resulting electrical current is measured. Determining
whether a control solution or a sample is present based on the measured electrical currents is
then performed.

[0009] According to one embodiment, a control solution for use in testing an
electrochemical system for measuring the amount of an analyte in a sample includes a
predetermined amount of the analyte and a predetermined amount of a control marker. The
control marker is adapted to be oxidized at a potential higher than the potential required to
oxidize the analyte. The control marker includes sodium iodide, tricthanolamine,
tripropanolamine, tributanolamine, 2,5-dihydroxybenzoic acid, xylenol orange,
hydroquinone sulfonic acid, cresol red, 3-[4-(hydroxyphenyl)amino]-3-oxopropanoic acid,
N-acetyl-5-aminosalicyclic acid, N-ethyl-N-(3-sulfopropyl)-3-methylaniline (TOPS), 3-(N-
ethyl-3-methylanilino)-2-hydroxypropanesulfonic acid (TOONS), 8-anilino-1-
naphthalenesulfonic acid, 8-anilino-1-naphthalenesulfonic acid, 2-napthylamine 1-sulfonic
acid, sodium diphenylamine-4-sulfonate, = N-ethyl-N-(2-hydroxy-3-sulfopropyl)-3,5-
dimethylaniline (MAOS), or salts thereof. The predetermined amount of the control marker
is proportional to the predetermined amount of analyte such that the presence of the control
marker is detectable.

[0010] According to another method, a control solution is distinguished from
a sample during operation of an electrochemical test sensor in which the electrochemical
test sensor measuring the information related to an analyte. A control solution is provided
including a control marker and a predetermined amount of analyte. The control marker has

a higher potential than the potential needed to measure the oxidation of the analyte. The
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control marker includes sodium iodide, tricthanolamine, tripropanolamine, tributanolamine,
2,5-dihydroxybenzoic acid, xylenol orange, hydroquinone sulfonic acid, cresol red, 3-[4-
(hydroxyphenyl)amino]-3-oxopropanoic acid, N-acetyl-5-aminosalicyclic acid, N-ethyl-N-
(3-sulfopropyl)-3-methylaniline (TOPS), 3-(N-ethyl-3-methylanilino)-2-
hydroxypropanesulfonic acid (TOOS), 8-anilino-1-naphthalenesulfonic acid, 8-anilino-1-
naphthalenesulfonic acid, 2-napthylamine 1-sulfonic acid, sodium diphenylamine-4-
sulfonate, N-ethyl-N-(2-hydroxy-3-sulfopropyl)-3,5-dimethylaniline (MAOS), or salts
thereof. An electrochemical sensor having a working electrode, a counter electrode and a
reagent is provided. The control solution is introduced to the electrochemical test sensor. A
potential is applied to the electrochemical test sensor sufficient to oxidize the control marker
and the analyte. The resulting electrical current is measured. A lower potential is applied to
the electrochemical test sensor in which the lower potential is sufficient to oxidize the
analyte and not sufficient to oxidize the control marker. The resulting electrical current is
measured. Determining whether a control solution or a sample is present based on the
measured electrical currents is then performed.

[0011] According to a further method, a control solution is distinguished from a
sample during operation of an eclectrochemical test sensor measuring the amount of an
analyte in the control solution and in the sample. A control marker is added to the control
solution. The control marker is adapted to be electrochemically oxidized at a potential
higher than the potential needed to measure the oxidation of the analyte. The control
solution, the control marker and a predetermined amount of the analyte are introduced to the
clectrochemical test sensor. The test sensor includes a working electrode, a counter
electrode and a reagent. The control solution includes a sufficient amount of anionic
polymer to increase the electrical current by at least 5% as compared to a control solution in
the absence of an anionic polymer. A potential is applied at least once to the test sensor
sufficient to oxidize the control marker and the analyte. The resulting electrical current is
measured. A potential is applied at least once to the electrochemical test sensor lower than
the previous potential. The potential is sufficient to measure oxidation of the analyte and
not sufficient to oxidize the control marker. The resulting electrical current is measured.
Determining whether a control solution or a sample is present based on the measured
electrical currents.

[0012] According to yet another method, a control solution is distinguished from a

sample during operation of an eclectrochemical test sensor measuring the amount of an
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analyte in the control solution and in the sample. The control marker is then added to the
control solution. The control marker is adapted to be electrochemically oxidized at a
potential higher than the potential needed to measure the oxidation of the analyte. The
control solution, the control marker and a predetermined amount of the analyte are
introduced to the electrochemical test sensor. The test sensor includes a working electrode,
a counter electrode and a reagent. The control solution includes a sufficient amount of salt
to increase the electrical current by at least 5% as compared to a control solution in the
absence of a salt to increase the measured current. A potential is applied at least once to the
test sensor sufficient to oxidize the control marker and the analyte. The resulting electrical
current is measured. A potential is applied at least once to the electrochemical test sensor
lower than the previous potential. The potential is sufficient to measure oxidation of the
analyte and not sufficient to oxidize the control marker. The resulting electrical current is
measured. Determining whether a control solution or a sample is present based on the
measured electrical currents is then performed.

[0013] According to another method, the concentration of an analyte in a fluid
sample is determined. The fluid sample is introduced to a test sensor. At least transferring
one clectron from the analyte in the sample to a mediator in the test sensor. A pulse
sequence is applied to the sample. The pulse sequence includes at least two duty cycles
within 180 seconds. At least one of the duty cycles having a first potential in a first
excitation period and a first relaxation period. After one of the duty cycles, providing a
second potential to the sample. The second potential is greater than the first potential. The
second potential is supplied after a second relaxation period. The second relaxation period
is less than the first relaxation period. Analyzing a current responsive to the excitation of
the measurable species. Determining whether a control solution or a sample is present

based on the measured electrical currents is then performed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. la is a test sensor according to one embodiment.
[0015] FIG. 1b is a side view of the test sensor of FIG. 1a.

[0016] FIG. 2 is one plot of potential versus time for a burn period.
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[0017] FIG. 3 is one plot of current versus time for the potential applied as
FIG. 2.

[0018] FIG. 4 is a plot of current versus time using gated amperometry
according to one method.

[0019] FIG. 5 is a cyclic voltammogram described in Example 1.

[0020] FIG. 6 is a cyclic voltammogram described in Example 2.

[0021] FIG. 7 is a cyclic voltammogram described in Example 3.

[0022] FIG. 8 is a cyclic voltammogram described in Example 4.

[0023] FIG. 9 is a cyclic voltammogram described in Example 5.

[0024] FIG. 10 is a plot of current versus time obtained in Example 6.

[0025] FIG. 11 are cyclic voltammograms described in Example 7.

[0026] FIG. 12 is a cyclic voltammogram described in Example 8.

[0027] FIG. 13 is a cyclic voltammogram described in Example 9.

[0028] FIG. 14 is a cyclic voltammogram described in Example 10.

[0029] FIG. 15 is a cyclic voltammogram described in Example 11.

[0030] FIG. 16 is a cyclic voltammogram described in Example 12.

[0031] FIG. 17 is a plot of NaCl with a control marker described in Example
14.

[0032] FIGs. 18a, 18b are plots of control solutions and blood solutions
described in Example 15.

[0033] FIG. 19 is a cyclic voltammogram described in Example 16.

DETAILED DESCRIPTION OF ILLUSTRATED EMBODIMENTS

[0034] The present invention is directed to a control marker (also referred to as
an internal reference) and a method of using the same. A control marker is an additive to a
liquid control solution. The control marker is configured to generate a distinctive current
profile using a detection algorithm. By having a distinctive current profile, the meter or
instrument can automatically distinguish a control test from an analyte-fluid test (e.g., a
glucose blood sample).

[0035] The control marker is used in an clectrochemical test sensor that is
adapted to assist in determining information related to an analyte, such as an analyte
concentration. The electrochemical test sensors are adapted to receive a fluid sample and be

analyzed using an instrument or meter. The electrochemical test sensor assists in
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determining information related to the analytes such as analyte concentrations. Analytes
that may be measured include glucose, cholesterol, lipid profiles, microalbumin, urea,
creatinine, creatine, fructose, lactate, or bilirubin. It is contemplated that other analyte
concentrations may be determined. The analytes may be in, for example, a whole blood
sample, a blood serum sample, a blood plasma sample, other body fluids like ISF
(interstitial fluid) and urine, and non-body fluids.

[0036] The test sensors described hercin are clectrochemical test sensors.
Meters used with the electrochemical test sensors may have optical aspects so as to detect
the calibration information and electrochemical aspects to determine the information related
to the analyte (e.g., analyte concentration of the fluid sample). One non-limiting example of
an electrochemical test sensor is shown in FIG. la. FIG. la depicts a test sensor 10
including a base 11, a capillary channel, and a plurality of electrodes 16 and 18. A region
12 shows an area that defines the capillary channel (e.g., after a lid is placed over the base
11). The plurality of electrodes includes a counter electrode 16 and a working (measuring)
electrode 18. The electrochemical test sensor may also contain at least three electrodes,
such as a working electrode, a counter electrode, a trigger electrode, or a hematocrit
electrode. The working electrode employed in electrochemical test sensors according to the
embodiments of the present invention may vary, with suitable electrodes including, but not
limited to, carbon, platinum, palladium, gold, ruthenium, rhodium and combinations
thereof.

[0037] The electrodes 16, 18 are coupled to a plurality of conductive leads or
traces 15a,b, which, in the illustrated embodiment, terminates with larger areas designated
as test-sensor contacts 14a,b. The capillary channel is generally located in a fluid-receiving
arca 19. It is contemplated that other electrochemical test sensors may be used with the
control markers discussed in the present invention.

[0038] The fluid-receiving area 19 includes at least one reagent for converting
the analyte of interest (e.g., glucose) in the fluid sample (e.g., blood) into a chemical species
that is electrochemically measurable, in terms of the electrical current it produces, by the
components of the electrode pattern. The reagent typically includes an analyte-specific
enzyme that reacts with the analyte and with an electron acceptor to produce an
electrochemically measurable species that may be detected by the electrodes. Enzymes that
may be used with glucose include glucose oxidase and glucose dehydrogenase. If

information of another analyte is desired, an appropriate enzyme is selected to react with the
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analyte. One non-limiting example in detecting glucose includes using an enzyme of
glucose oxidase, a mediator of a ferricyanide salt and buffer to maintain a pH of from about
5 to about 7. Another non-limiting example in detecting glucose includes using an enzyme
of glucose dehydrogenase, a co-factor such as pyrroloquinoline quinone (PQQ), and a
buffer to maintain a pH of from about 6 to about 8.

[0039] The reagent typically includes a mediator that assists in transferring
electrons between the analyte and the electrodes. The reagent may include binders that hold
the enzyme and mediator together, other inert ingredients, buffers or combinations thercof.

[0040] A fluid sample (e.g., blood) may be applied to the fluid-receiving area
19. The fluid sample reacts with the at least one reagent. After reacting with the reagent
and in conjunction with the plurality of electrodes, the fluid sample produces electrical
signals that assist in determining the analyte concentration. The conductive leads 15a,b
carry the electrical signal back toward a second opposing end 42 of the test sensor 10 where
the test-sensor contacts 14a,b transfer the electrical signals into the meter.

[0041] Referring to FIG. 1b, a side view of the test sensor 10 of FIG. 1a is
shown. As shown in FIG. 1D, the test sensor 10 of FIG. 1b further includes a lid 20 and a
spacer 22. The base 11, the lid 20, and the spacer 22 may be made from a variety of
materials such as polymeric materials. Non-limiting examples of polymeric materials that
may be used to form the base 11, the lid 20, and the spacer 22 include polycarbonate,
polyethylene terephthalate (PET), polyethylene naphthalate (PEN), polyimide, and
combinations thereof. It is contemplated that other materials may be used in forming the
base 11, lid 20, and/or spacer 22.

[0042] To form the test sensor 10 of FIGs. 1a, 1b, the base 11, the spacer 22,
and the lid 20 are attached by, for example, an adhesive or heat sealing. When the base 11,
the lid 20, and the spacer 22 are attached, the fluid-receiving area 19 is formed. The fluid-
receiving area 19 provides a flow path for introducing the fluid sample into the test sensor
10. The fluid-receiving area 19 is formed at a first end or testing end 40 of the test sensor
10. Test sensors of the embodiments of the present invention may be formed with a base
and a lid in the absence of a spacer, where the fluid-receiving area is formed directly in the
base and/or the lid.

[0043] It is also contemplated that the electrochemical test sensor may be

formed in the absence of a spacer. For example, the electrochemical test sensor may
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include a base and a lid such that a channel (e.g., capillary channel) is formed when the base
and the lid are attached to each other.

[0044] The base, spacer and lid may be made from a variety of materials such
as polymeric materials. Non-limiting examples of polymeric materials that may be used to
form the base, spacer and lid include polycarbonate, polyethylene terephthalate (PET),
polystyrene, polyimide, and combinations thereof. It is contemplated that the base, spacer
and lid may be independently made of other materials. Depending on the selected control
solutions, the electrode pattern may be made from a variety of conductive materials
including, but not limited to, gold, platinum, rhodium, palladium, ruthenium, carbon or
combinations thereof. Carbon electrodes may be desirable depending on the seclected
control solution.

[0045] In one method, an electrochemical test sensor for measuring an analyte
in a fluid (e.g., glucose in a whole blood sample), the working and counter electrodes are
coated with reagent by, for example, co-printing or co-depositing. The reagent typically
includes some polymers and the reactive ingredients. Some reactive ingredients include an
enzyme that oxidizes the analyte (e.g., glucose) in the fluid sample and a mediator, which is
a redox compound that re-oxidizes the enzyme after it has been reduced by oxidizing
analyte. The reduced mediator carries electrons from the enzymatic reaction of glucose
oxidation to the working electrode and is re-oxidized at the electrode surface. The applied
voltage differential between the two electrodes results in the mediator passing electrons to
the working electrode, creating a measurable current that is proportional to the amount of
glucose in the sample. The test sensor also may comprise single or multiple reagent layers,
or may comprise different single or multiple reagent layers at each electrode, working and
counter electrodes.

[0046] Electrochemical test sensors and, more specifically, amperometric test
sensors apply a fixed potential across the electrodes and the current produced is measured
over a predetermined period of time (e.g., 5 or 10 seconds) to correct for the bias that may
be present due to premature reduction of the mediator. In one system, a potential is applied
for two periods of time, separated by a resting period. A typical plot of the potential versus
time for the first or “burn period” is presented in FIG. 2. FIG. 3 shows a typical plot of
current versus time. The current rises to a peak while the sample is rehydrating the reagent
layer, enabling the oxidation and reduction reactions to occur and then declines as diffusion

begins to control. After this brief period, the applied potential is removed or at least
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reduced during a resting period, while the oxidation of glucose and reduction of the
mediator continue. Then, the potential is reapplied for a second period and the current
measured over the “read” period (e.g., 10 seconds). Since reduced mediator is present as
the result of the concomitant oxidation of the enzyme, the current produced initially is high,
but then it declines rapidly and approaches a steady state diffusion-controlled condition.
The current recorded at the end of the short “read” period is used to determine the glucose
content of the blood sample, through a previously obtained correlation between the current
at the end of the read period and the glucose contained in test samples having known
concentrations.

[0047] As discussed above, it is highly desirable for the control solution to
provide accurate analyte readings and be distinguishable from a biological sample. The
present invention employs an oxidizable species (i.c., a control marker) that is oxidizable
only at voltages higher than those used for the analyte (e.g., glucose) measurements. This
means that at a low potential adequate to fully oxidize the analyte-related mediator, but not
the control marker, only the analyte will be measured. The term control marker is also
referred to as an internal reference. When the potential is high enough to oxidize the added
control marker, both the analyte and the control marker will be oxidized. Although the
analyte (e.g., glucose) is oxidized at the higher potential, the measurement made at a lower
voltage is already diffusion-limited and does not depend on the total amount of analyte
oxidized by the enzyme. It is feasible, therefore, to add such control markers to a control
solution and to use it to identify the solution as a control and not as a biological sample.

[0048] The control markers to be used include the following: sodium iodide,
tricthanolamine, tripropanolamine, tributanolamine, 2,5-dihydroxybenzoic acid, xylenol
orange, hydroquinone sulfonic acid, cresol red (C;;H;7NaOsS), and salts thereof.

[0049] Other non-limiting examples of control markers and their derivates
include 3-[4-(hydroxyphenyl)amino]-3-oxopropanoic acid, N-acetyl-5-aminosalicyclic acid,
N-ethyl-N-(3-sulfopropyl)-3-methylaniline (also referred to as TOPS), 3-(N-ethyl-3-
methylanilino)-2-hydroxypropanesulfonic acid (also referred to as TOOS), 8-anilino-1-
naphthalenesulfonic acid, 8-anilino-1-naphthalenesulfonic acid, 8-anilino-1-
naphthalenesulfonic acid, 2-napthylamine 1-sulfonic acid, sodium diphenylamine-4-
sulfonate, N-ethyl-N-(2-hydroxy-3-sulfopropyl)-3,5-dimethylaniline (also referred to as

MAOS), and salts thercof. It is desirable that the control markers and their derivatives
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thereof have sufficient stability and solubility in the control solution as well as having an
oxidizing potential in a desired range.

[0050] In one method, the sodium iodide may be used in combination with a
phenothiazine mediator or phenoxazine mediator such as, for example, 3-(2°,5°-
disulfophenylimino)-3H-phenothiazine mediator. It is also contemplated that the control
markers of 2,5-dihydroxybenzoic acid, xylenol orange, hydroquinone sulfonic acid and
cresol red may also be used with a phenothiazine mediator or phenoxazine mediator such as,
for example, 3-(2’,5’-disulfophenylimino)-3H-phenothiazine.  In one method, the
tricthanolamine may be used in combination with a ferricyanide-based mediator such as
potassium ferricyanide. It also contemplated that the control markers of tripropanolamine
and tributanolamine may be used in combination with a ferricyanide-based mediator such as
potassium ferricyanide. It is contemplated that the above-identified controls makers may be
used with other mediators.

[0051] In another method, 3-(2°,5’-disulfophenylimino)-3H-phenothiazine
may be used as a mediator with the following control markers: 3-[4-
(hydroxyphenyl)amino]-3-oxopropanoic acid, N-acetyl-5-aminosalicyclic acid, N-ethyl-N-
(3-sulfopropyl)-3-methylaniline (TOPS), 3-(N-ethyl-3-methylanilino)-2-
hydroxypropanesulfonic acid (TOOS), 8-anilino-1-naphthalenesulfonic acid, 8-anilino-1-
naphthalenesulfonic acid, 8-anilino-1-naphthalenesulfonic acid, 2-napthylamine 1-sulfonic
acid, sodium diphenylamine-4-sulfonate or N-ethyl-N-(2-hydroxy-3-sulfopropyl)-3,5-
dimethylaniline (MAOS), and salts thereof. It is contemplated that other compounds may
be used as a mediator for these control markers and their derivatives including, for example,
ferricyande, especially using the higher voltage potential compounds.

[0052] The difference between the currents measured at high and low voltages
may be compared to indicate the presence of the internal reference characteristic of the
control solution. In one non-limiting method, a Differential Index (DI) may be employed

following current components relating to the analtye (e.g., glucose) and the control marker:
DI = Inigh voltliow volt = (lint ref T glucoseylgtucose = 1 T Tint re/lghucose
where ihigh voit 8 the current measured at the higher voltage
Tiow volt 18 the current measured at the lower voltage
[0053] It follows that if the control marker is not present (such as in the blood

samples), iint rer should be zero and the ihign vor Will be substantially the same as ljow vor. Thus,
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the DI value will typically approach 1 when the control marker is not present. The DI value
in practice, however, may have values over 1 when the control marker is not present,
especially when a lower glucose concentration is measured during a change from a low
voltage to a higher voltage. In such a scenario, the control marker may have a higher DI
than 1.

[0054] When the control marker is present, the value of DI will be greater than
1, depending on the amount of the control marker relative to the amount of analyte. If the
amount of control marker added to the control solution provides a current similar to that
from oxidizing the analyte-related mediator, the DI value may be generally about two times
that from oxidizing the analyte-related mediator. The control marker may be included in an
amount suitable for control solutions corresponding to a high analyte concentration.

[0055] It is typical to use several control solutions corresponding to low,
normal, and high analyte concentration to test a glucose meter. If, for example, the amount
of the control marker is chosen so that the DI value is 1.75 or greater for the highest analyte
concentration in the control solution, the current from the control marker will be relatively
large compared to the current for the analyte in the lowest analyte control solution. Then
the same amount of the control marker used with a control solution having a low analyte
concentration will provide an even higher value of DI. Such high DI values will provide
higher confidence in the presence of a control solution, rather than a biological sample (e.g.,
whole blood). Clearly, a quantitative index such as the DI value has an advantage over the
more qualitative methods of relying on the shape of the current versus time curve in the
burn or read periods. The addition of a control solution oxidized at a higher voltage
provides a result that is independent of the enzymatic reaction and the composition of the
control solution.

[0056] In one embodiment, the amount of the control marker added to the
control solution is related to the amount of analyte present. That is, the amount of the
control marker in the control solution is proportional to the analyte concentration to
maintain an approximately constant DI value. One method uses enough control marker to
provide a DI of about 1.5 or higher when the maximum amount of an analyte (e.g., using
about 300 mg/dL of glucose) is used. Then, the amount of the control marker is reduced so
that control solutions containing lower analyte concentrations maintain a DI value of 1.5 or

higher.
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[0057] Adding a control marker to control solutions makes it possible to
readily distinguish between control solutions and biological samples, and provides
improved accuracy of the analysis. The above-identified control markers are oxidizable
electrochemically at a desirable potential. It is important to understand that not all
compounds oxidizable chemically are oxidizable electrochemically at an appropriate
potential or at any oxidizable potential.

[0058] Other additives may include buffers, polymers, salts, dyes, anti-
microbial agents, thickening agents, and surfactants. It is contemplated that other additives
may be used.

[0059] The pH of the control solution is an important factor in the reaction in
which glucose is oxidized by an enzyme, such as glucose oxidase. For the measurement of
glucose, a pH of about 5 to about 7 is desirable when glucose oxidase is used, while a pH of
about 6 to about 8 is preferred when glucose dehydrogenase used. A buffer is usually
provided to assure that the oxidation of glucose proceeds at the expected rate. It is
advantageous that the control marker and the buffer are separate components, with each
serving a different function, thus enabling the optimization of each function (buffer and
control marker) separately. The buffers may be chosen from those compatible with the
enzymatic reagent. Examples include, but are not limited to, citrate buffer, phosphate buffer
and amine-based buffers (e.g., HEPES, MOPS, TES, bis-Tris and Tris). It is contemplated
that other buffers may be used.

[0060] The polymeric materials used to mimic the blood’s fluidic properties
may include polyethylene oxide, polyhydroxyethyl methacrylate, polyvinylpyrrolidone
(PVP), Xanthan gum, in amounts of from about 0.5 or 1.0 to about 25 wt.%. The glucose is
typically present in control solutions in the amounts equivalent to about 30 to 400 mg/dL, a
range that spans the expected glucose content of blood samples.

[0061] It is contemplated that an anionic polymer may be added to the control
solution as an additive. When a control marker includes an anionic polymer, it generates a
much higher current signal than a non-ionic polymer. By having a higher current signal,
better differentiation of the control solution from the fluid sample (e.g., blood) is obtained.
Additionally, by having a higher current signal, the costs of the control solution is reduced
because less control marker is needed.

[0062] Some non-limiting examples of anionic polymers that may be used in a

control solution include carboxylic acids, sulfonic acids, phosphoric acids and salts of the
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same.  Non-limiting examples of carboxylic acids include polyacrylic acid (PAA),
polymaleic acid, carboxymethyl cellulose (CMC), an alternating methylvinylether/maleic
anhydride copolymer such as Gantrez® from International Specialty Products, copolymers
or salts thereof. Non-limiting examples of sulfonic acids include polystyrene sulfonic acid,
polyvinyl sulfonic acid (PVS), copolymers or salts thercof. Non-limiting examples of
phosphoric acids that may be used include polyvinylphosphoric acid, polyvinylphosphoric
sodium salt, polyvinylphosphoric potassium salt, copolymers and salts thercof.  The
amount of polymeric charge in the anionic polymer is related to the structure of the polymer
and also the amount of polymer in the control solution.

[0063] It is also contemplated that the anionic polymer may be included in the
reagent on the test sensor in addition to, or instead of, being located in the control solution.

[0064] It is contemplated that a salt may be added to the control solution in an
amount that increases the measured current of the control marker significantly. By
increasing the current of the control marker, the differentiation between the control solution
and the fluid sample (e.g., blood) is improved. Additionally, by increasing the current of
the control marker, the amount of the control marker needed is reduced, which reduces the
cost.

[0065] Some non-limiting examples of salts that may be contained in the
control solution include chloride salts, phosphate salts, nitrate salts and sulfate salts. Non-
limiting examples of chloride salts include sodium chloride, potassium chloride, ammonium
chloride and calcium chloride. Non-limiting examples of phosphate salts include sodium
phosphate, potassium phosphate, ammonium phosphate and calcium phosphate. Non-
limiting examples of nitrate salts include sodium nitrate, potassium nitrate, ammonium
nitrate and calcium nitrate. Non-limiting examples of sulfate salts include sodium sulfate,
potassium salt, ammonium salt and calcium sulfate. It is contemplated that other salts may
be used to increase the current of the control markers such as sodium acetate, sodium citrate
and sodium succinate.

[0066] The control solution includes a sufficient amount of anionic polymer to
increase the electrical current by at least 5% as compared to a control solution in the
absence of an anionic polymer. It is desirable for the control solution to include a sufficient
amount of anionic polymer to increase the electrical current by at least 10 or 20% as
compared to a control solution in the absence of an anionic polymer. It is even more

desirable for the control solution to include a sufficient amount of anionic polymer to
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increase the electrical current by at least 40 or 50% as compared to a control solution in the
absence of an anionic polymer.

[0067] It is contemplated that an anionic polymer may be used with the salts in
the control solution to increase the measured current of the control marker significantly.

[0068] By introducing a control marker oxidizable at a higher voltage than is
used to oxidize the analyte-related mediator, it is necessary to apply the higher voltage at
some point during the measurement protocol. Where two periods are used as described
above in connection with FIGs. 2 and 3 (the “burn” and ‘“read” periods), various
combinations of potential steps within and across the burn and read periods may be used to
provide both a DI value identifying the control solution and a current from which the
analyte content of the control solution could be determined. In one method, a high voltage
is applied during the burn period and a low voltage is applied during the read period. Thus,
the Differential Index is:

DI = iburn/iread

[0069] When the control marker is present, the current measured during the
burn period includes the current resulting from oxidization of the control marker plus the
current resulting from oxidizing the analyte-related mediator. The current measured during
the read period results only from oxidation of the analyte, since the voltage would be too
low to oxidize the control marker. Thus, the ratio of burn current to read current reflects the
value of the control marker current against the current of the analyte measurement.

[0070] Alternatively, both high and low voltages may be applied during the
burn period to detect the presence of the control marker, while only a low voltage is used
during the read period. This combination of potential steps still maintains the working
principle of taking the ratio of the current from a high voltage to that from a low voltage. A
distinct change in the current would be seen when a change is made from a low voltage to a
high voltage, or vice versa. The low voltage need not be identical with that used in the read
period to measure analyte. The comparative voltage may be merely lower than needed to
oxidize the control marker. Since the burn period corresponds to a time when the sample is
hydrating the reagents, the current may change during the burn period, as suggested in the
generic diagram of FIG. 3. Consequently, it may be advantageous to make more than one
excursion between high and low voltages to assure that the DI values are not affected by

changes in the reagent availability during the burn period.
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[0071] In another alternative method, a high voltage (i.e., one that oxidizes the
control marker) is used during a portion of the read period. Thus, the DI may be determined
during the read period by measuring the high and low currents only during the read period.
This method may be advantageous in that any variation in reagent availability seen in the
burn period is avoided. Again, using more than one excursion between low and high
voltages may be advantageous.

[0072] In another method, frequent cycling of potential between high and low
voltages is used to affect the shape of the current versus time during the read period, which
is shown generically in FIG. 3. The curve typically shows a rapid decay of the current
caused by the depletion of the reduced mediator at and near the electrode surface. Thus, the
total analyte (e.g., glucose) content is determined by correlation with the diffusion-limited
current, rather than measuring the total analyte in the control solution. It is evident that the
time chosen as a measure of the glucose is important if consistent and accurate
measurements are to be obtained.

[0073] The control solutions of the present invention include a control marker
that is oxidized electrochemically at a potential greater than that needed to oxidize the
analyte and also includes a predetermined amount of analyte. Since, for example, oxidation
of the glucose-related mediator (e.g., potassium ferricyanide) requires a potential of 200mV
relative to the potential at the counter electrode of ferricyanide, the oxidation potential for
the control marker should be at least 200mV and more desirably at least 300mV greater
relative to the same counter electrode.

[0074] One method of examining the effect of adding a control marker to
control solutions is using cyclic voltammetry. Instead of applying a fixed potential, a
varying voltage is used, sweeping from negative to positive relative to the counter electrode.

[0075] Another method of examining the effect of adding a control marker to
control solutions is gated amperometry that uses pulses. The use of a gated amperometric
pulse sequence may include multiple duty cycles that may provide improved accuracy and
precision to an analysis, while reducing the completion time of the analysis.

[0076] One especially desirable gated amperometric method that may be used
with the control markers identified above -- sodium iodide, triethanolamine,
tripropanolamine, tributanolamine, 2,5-dihydroxybenzoic acid, xylenol orange,
hydroquinone sulfonic acid and cresol red -- is shown in relation to FIG. 4. It is

contemplated that this gated amperometric method may be used with other control markers
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identified above such as 3-[4-(hydroxyphenyl)amino]-3-oxopropanoic acid, N-acetyl-5-
aminosalicyclic acid, N-ethyl-N-(3-sulfopropyl)-3-methylaniline (TOPS), 3-(N-cthyl-3-
methylanilino)-2-hydroxypropanesulfonic acid (TOOS), 8-anilino-1-naphthalenesulfonic
acid, 8-anilino-1-naphthalenesulfonic acid, 8-anilino-1-naphthalenesulfonic acid, 2-
napthylamine 1-sulfonic acid, sodium diphenylamine-4-sulfonate, N-ethyl-N-(2-hydroxy-3-
sulfopropyl)-3,5-dimethylaniline (MAOS), and salts thereof.

[0077] FIG. 4 shows one non-limiting example of such a desirable gated
amperometric method. Specifically, in this method, at the end of the assay, a high voltage is
raised at the end of the assay potential sequence. For example, FIG. 4 shows a high voltage
segment 210 (600mV) connected to a normal voltage pulse 220 (200mV). Before this high
voltage is raised, a separate short delay or relaxation period 230 for the control marker.
This is shown at a time of from about 6 to about 7 seconds in FIG. 4. By having a separate
short delay or relaxation period, this assists in reducing the likelihood to consume the
reduced form of the mediator, which may result in the control markers having a lower
current than expected. By having this relaxation period, the current of the control solution
will have desirably higher currents that will better assist in differentiating the control
solution and the actual analyte readings.

[0078] FIG. 4 depicts pulse sequences that include an initial cycle 240
followed by four duty cycles 250, 260, 270, 220 having the same excitation and open circuit
delay times in addition to a terminal read pulse of longer duration that increases in voltage
after a very short relaxation period. A duty cycle is defined herein as having a relaxation
period followed by voltage pulse. The increased voltage of this terminal read pulse
provides the ability to detect a species having a higher oxidation potential.

[0079] In this particular gated amperometric method, the analyte is measured
by (a) applying a first potential sufficient to oxidize the analyte for a first predetermined
period of time, followed by (b) applying pulsed second potentials insufficient to oxidize the
analyte and lower than the first potential for a second predetermined period of time, and
followed by (c) applying a third potential higher than the second potential and sufficient to
oxidize the analyte for a third predetermined period of time. This third potential is applied
after a very short relaxation period after, for example, one of the second potentials was
applied.

[0080] Thus, in the FIG. 4 method, each duty cycle includes an excitation that

may be provided at a relatively constant voltage. Each duty cycle also includes a relaxation
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period 280 that may be provided by an open circuit. The pulse sequences may reduce the
time required for analysis by eliminating the need for additional delays and pulses, such as
“incubation” delays to provide reagent rchydration, “burn-off” pulses to renew the
electrodes and mediator regeneration pulses to renew the oxidation state of the mediator,
thus reducing analysis time.

[0081] Even with shorter analysis times, the inventive gated amperometric
pulse sequence may improve accuracy and/or precision in relation to conventional methods.
In one aspect, errors in performance accuracy introduced by the hematocrit effect and
precision introduced by varying cap-gap volume may be reduced with the assistance of the
inventive pulse sequence. In another aspect, errors otherwise resulting from a non-steady-
state sensor condition and/or mediator background may be reduced. The gated pulse
sequences also may allow the determination of transient current and contour profiles that
simulate a steady-state condition. The transient current profiles may be used to provide a
plurality of sets of calibration constants, under-fill detection, and the ability to determine the
temperature of the sample, instead of relying on the temperature from the measuring device.

[0082] The duty cycles may vary in the inventive gated amperometric pulse
sequence. In one method, 3 to 18 or from 3 to 10 duty cycles are applied within about 30
seconds or less. In another method, from 3 to 8 duty cycles are applied within 3 to 16
seconds.

[0083] The potential applied during the excitation portion of the duty cycle is
desirably applied at a substantially constant voltage and polarity throughout its duration.
This directly contrasts to conventional read pulses where the voltage is changed or “swept”
through multiple voltage potentials and/or polarities during data recordation. In one aspect,
the duration of the excitation is at most 4 or 5 seconds, and desirably less than 3, 2, 1.5, or 1
second. In another aspect, the duration of the excitation is from 0.01 to 3 seconds, from
0.01 to 2 seconds, or from 0.01 to 1.5 seconds. More desirably, the duration of the
excitation is from 0.1 to 1.2 seconds.

[0084] After the excitation period, the measuring device may open the circuit
through the sensor strip, thus allowing the system to relax. During the relaxation period, the
current present during the excitation period is substantially reduced by at least one-half,
preferably by an order of magnitude, and more desirably to zero. Desirably, a zero current

state is provided by an open circuit or other method known to those of ordinary skill in the
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art to provide a substantially zero current flow. At least 3 relaxations may be provided
during the duty cycles of the pulse sequence.

[0085] In one aspect, the relaxation period is at least 10, 5, 3, 2, 1.5, 1, or 0.5
seconds in duration. In another aspect, the relaxation period is from 0.1 to 3 seconds, from
0.1 to 2 seconds, or from 0.1 to 1.5 seconds in duration. More desirably, the relaxation
period is from 0.2 to 1.5 seconds in duration and provided by an open circuit.

[0086] During the relaxation period, the ionizing agent may react with the
analyte to generate additional measurable species without the effects of an electric potential.
Thus, for a glucose-sensor system including glucose oxidase and a ferricyanide mediator as
reagents, additional ferrocyanide (reduced mediator) responsive to the analyte concentration
of the sample may be produced without interference from an electric potential during the
relaxation period.

[0087] According to another method, a control marker differentiation method
is based on both DI discussed above and the current of the control marker. As discussed

above, DI is as follows:
DI = 1high voltHow volt = (lint ref + 1glucose)/lglucose =1+ Lint ref/ 1glucose
where ihigh voit 8 the current measured at the higher voltage

Tiow volt 18 the current measured at the lower voltage

The benefit of using both DI and the current of the control marker is to obtain better
differentiation of the control solution and the fluid sample (e.g., blood sample) with very
low glucose concentrations. Because blood samples with low glucose have a higher DI,
they are more difficult to differentiate from the control marker when only DI is used.

[0088] In this method, the control current is checked after a certain time period
(c.g., after 5 seconds at a current of 0.6V), which may be referred to as Inign vorr. 1f the
g

current is less than a selected value (e.g., 12,000 nA), then the sample is blood. If the
current is greater than the selected value, DI is calculated. If DI is above a certain number
(e.g., 1.3), then the sample being tested is a control solution and, if not, the sample is a
blood sample. The DI uses a current measurement at a higher voltage and a lower voltage.
At the lower voltage, only the current from the mediator being reduced is measured. At the
higher voltage, the current from both the control marker and the mediator is measured.

EXAMPLES



WO 2009/076302 PCT/US2008/085903

20

[0089] The following examples illustrate the concept and application of
control markers and its method for auto-detection of control solutions.
Example 1

[0090] FIG. 5 showed the current plotted versus the potential as the potential
difference was cycled between —300mV and +800mV at 25mV/sec using carbon electrodes.
The testing was performed on an electrochemical work station of CH Instrument Co.

[0091] As shown in FIG. 5, Traces 1-4 represented the cyclic voltammograms
of sodium iodide (Nal) from a solution running at the 3-(2°,5’-disulfophenylimino)-3H-
phenothiazine-based sensor. This sensor had the above mediator deposited on both the
working and counter electrodes. When there is no Nal in the solution feeding to the sensor,
the cyclic voltammogram resulted from the mediator. Otherwise, the cyclic voltammogram
was the sum of both the mediator (appears at lower potential) and the control marker Nal.

[0092] Trace 1 included 0 mg/dl of glucose, while Trace 2 used 350 mg/dl of
glucose. There were no control markers used in Traces 1 and 2. As shown in FIG. 5, there
were no additional oxidation peaks in Traces 1 and 2 after the initial oxidation started at
about 0 volts. Traces 3 included 0 mg/dL of glucose and S0mM Nal as the control marker,
while Trace 4 used 350 mg/dl of glucose and 50mM Nal. Traces 3 and 4 represented the
oxidation wave of Nal in the solution. Both of the measured currents peaked in the
potential range between about 500 and 600mV for Traces 3 and 4. As shown in FIG. 5,
there was no oxidation current from the Nal in the potential range of 100 to 300mV. Thus,
a low voltage at a potential in the range of about 200 to 300mV for the mediator (3-(2°,5-
disulfophenylimino)-3H-phenothiazine) and a high voltage at a potential range in the range
of about 500 to 600mV for the control marker (Nal) may be applied such that there is no
overlap between the mediator’s oxidation and the control marker’s oxidation.

Example 2

[0093] FIG. 6 showed the current plotted versus potential as the potential
difference was cycled between —400mV and +1,000mV at 25mV/sec using carbon
clectrodes. The testing was performed on an electrochemical work station of CH
Instrument Co.

[0094] As shown in FIG. 6, Trace 1 and 2 represented cyclic voltammograms
of tricthanolamine (TEA) and ferricyanide in a potassium ferricyanide-based glucose
mediator. The sensor with ferricyanide mediator was manufactured with deposition of

mediator ferricyanide, enzyme, polymer and other ingredients. Trace 1 included 75 mg/dl
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of glucose, but did not use a control marker. As shown in FIG. 6, there was an apparent
peak in Trace 1 around OmV, but no oxidation peak at 600mV. In addition to the 75 mg/dL
of glucose, Trace 2 further included 50 mM triethanolamine as the control marker or the
internal reference. In contrast to Trace 1, Trace 2 with the triethanolamine had a cyclic
voltammogram that displayed oxidation currents of various magnitudes of 400mV and
greater. See FIG. 6. Thus, since the peak at OmV is well separated from the currents using
tricthanolamine, a low voltage having a potential in the range of about 200mV to 300mV
for the mediator (potassium ferricyanide) and a high voltage at a potential of about 600mV
for the control marker (tricthanolamine) may be applied such that there is no overlap
between the mediator’s oxidation and the control marker’s oxidation.

Example 3

[0095] FIG. 7 shows the current plotted versus potential as the potential
difference was cycled between —400mV and +1,000mV at 25mV/sec using carbon
clectrodes. The testing was performed on an electrochemical work station of CH
Instrument Co.

[0096] As shown in FIG. 7, Traces 1-3 represented cyclic voltammograms of
three control markers from a solution running at the 3-(2°,5’-disulfophenylimino)-3H-
phenothiazine-based sensor. This sensor has the above mediator deposited on both the
working and counter electrodes from manufacturing. Each trace contained the oxidation of
both the reduced mediator and the control marker. Trace 1 further included 50mM of 2,5-
dihydroxybenzoic acid at pH 7 as the control marker. Trace 2 further included 50mM of
xylenol orange at pH 7 as the control marker. Trace 3 further included 50mM of
hydroquinone sulfonic acid at pH 7 as the control marker.

[0097] Referring still to FIG. 7, the small redox waves near 0OmV corresponded
with the oxidation of the 3-(2’°,5’-disulfophenylimino)-3H-phenothiazine mediator in the
electrochemical test sensors. This was also shown in Traces 1 and 2 of FIG. 5 that were
discussed above. Referring back to FIG. 7, the oxidation potentials of each of the three
chemical species (2,5-dihydroxybenzoic acid, xylenol orange and hydroquinone sulfonic
acid) were about 400 to 600mV higher as shown in FIG. 7 by respective Traces 1-3. Thus,
a low voltage at a potential of about 200mV for the mediator (3-(2°,5’-disulfophenylimino)-
3H-phenothiazine) and a high voltage at a potential in the range of about 600 to 800mV for

the control markers (2,5-dihydroxybenzoic acid, xylenol orange and hydroquinone sulfonic
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acid) may be applied such that there is no overlap between the mediator’s oxidation and the
control marker’s oxidation.
Example 4

[0098] FIG. 8 shows the current plotted versus potential as the potential
difference was cycled between —400mV and +1,000mV at 25mV/sec using carbon
clectrodes. The testing was performed on an electrochemical work station of CH
Instrument Co.

[0099] As shown in FIG. 8, Trace 1 represented the cyclic voltammogram of
tripropanolamine (TPA) and ferricyanide in the potassium ferricyanide-based sensor. The
sensor with ferricyanide mediator was manufactured with deposition of mediator
ferricyanide, enzyme, polymer and other ingredients. The small redox waves near OmV
indicated that the oxidation of ferrocyanide and the reduction of ferricyanide in the sensor.
This was also shown in Trace 1 of FIG. 6 that was discussed above. Referring back to FIG.
8, the oxidation potential of the chemical species (tripropanolamine) was about 600 to
700mV higher than ferricyanide as shown in FIG. 8 by Trace 1. Thus, a low voltage at a
potential of about 200mV for the mediator (ferricyanide) and a high voltage at a potential in
the range of about 600 to 700mV for the control marker (tripropanolamine) may be applied
such that there is no overlap between the mediator’s oxidation and the control marker’s
oxidation.

Example 5

[00100] FIG. 9 shows the current plotted versus potential as the potential
difference was cycled between —400mV and +1,200mV at 25mV/sec using carbon
clectrodes. The testing was performed on an electrochemical work station of CH
Instrument Co.

[00101] As shown in FIG. 9, Traces 1 and 2 represented cyclic voltammograms
of Cresol Red from a solution running at the 3-(2°,5’-disulfophenylimino)-3H-
phenothiazine-based sensor. This sensor has the above mediator deposited on both the
working and counter electrodes from manufacturing. When there is no Cresol Red in the
solution feeding to the sensor, the cyclic voltammogram resulted from the mediator.
Otherwise, the cyclic voltammogram is the sum of both the mediator (appears at lower
potential) and the control marker Cresol Red. Trace 1 included 3-(2°,5'-

disulfophenylimino)-3H-phenothiazine mediator, but did not include a control marker or
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internal reference.  Trace 2 included 3-(2’,5’-disulfophenylimino)-3H-phenothiazine
mediator and included 100mM of cresol red.

[00102] Referring still to FIG. 9, the small redox waves near OmV corresponded
with the oxidation of the 3-(2’°,5’-disulfophenylimino)-3H-phenothiazine mediator in the
electrochemical test sensors. This was also shown in Traces 1 and 2 of FIG. 5 that were
discussed above. Referring back to FIG. 9, the oxidation potential of the cresol red was
about 400 to 600mV higher as shown in FIG. 9 by comparing respective Traces land 2.
Thus, a low wvoltage at a potential of about 200mV for the mediator (3-(2’,5'-
disulfophenylimino)-3H-phenothiazine) and a high voltage at a potential in the range of
about 400 to 600mV for the cresol red may be applied such that there is no overlap between
the mediator’s oxidation and the control marker’s oxidation.

Example 6

[00103] Referring to FIG. 10, a plot of current (in nA) versus time (in seconds)
is shown with a solution including a control marker and a solution that does not include
control marker. An aqueous solution containing 350 mg/dl glucose (Plot 1) was compared
with another solution containing 350 mg/dL glucose and 50 mM sodium iodide (Nal) as the
control marker (Plot 2). Each of the solutions contained 100mM of (2°,5'-
disulfophenylimino)-3H-phenothiazine mediator. This mediator was located on both of the
counter and working electrodes of the test sensors.

[00104] The current applied in FIG. 10 was the same cyclic voltammetry
method described as described above with respect to FIG. 4. Specifically, an initial voltage
of 400mV was applied at time 0. This was following by three separate normal pulses of
200mV was applied at times of about 2.2, 3.5 and 4.8 seconds. At the end of the assay, a
high voltage is raised at the end of the assay potential sequence. A normal voltage pulse of
200mV was applied at about 6.2 seconds following by a very short delay or relaxation
period before a high voltage of 600mV was applied at about 6.3 seconds.

[00105] As shown in FIG. 10, the current sequence at the end of the assay
showed a much high current for Plot 2 (with sodium iodide) than with Plot 1 (without a
control marker). Compare current of 25000 nA of Plot 2 with current of about 11000nA of
Plot 1 at time 6.2 seconds Thus, the use of the control marker of Nal can be differentiated

from a solution without the control marker Nal.

Example 7
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[00106] FIG. 11 shows the current plotted versus potential as the potential
difference was cycled between —400mV and +1,000mV at 25mV/sec using carbon
clectrodes. The testing was performed on an electrochemical work station of CH
Instrument Co.

[00107] As shown in FIG. 11, Trace 1 represented the cyclic voltammogram of
50mM 3-[4-(hydroxyphenyl)amino]-3-oxopropanoic acid. The sensor with a (2°,5-
disulfophenylimino)-3H-phenothiazine ferricyanide mediator was manufactured with
deposition of the (2°,5’-disulfophenylimino)-3H-phenothiazine mediator, enzyme, polymer
and other ingredients. The redox waves near and below OmV indicated that the oxidation
and reduction of the mediator in the sensor. The oxidation potential of the chemical species
(3-[4-(hydroxyphenyl)amino]-3-oxopropanoic acid) was about 600 to 800mV higher than
the (2°,5’-disulfophenylimino)-3H-phenothiazine as shown in FIG. 11 by Trace 1. Thus, a
low voltage at a potential of about 200mV for the mediator and a high voltage at a potential
in the range of about 600 to 700mV for the control marker (3-[4-(hydroxyphenyl)amino]-3-
oxopropanoic acid) may be applied such that there is no overlap between the mediator’s
oxidation and the control marker’s oxidation.

[00108] Having a voltage about 0.6V 1is highly desirable because this
differentiates from the mediator’s oxidation while still having a lower oxidation potential
that reduces the likelihood of oxidizing other components in the fluid (e.g., blood). In other
words, the higher the potential, the more likelihood that other components in the fluid will
be oxidized.

[00109] Still referring to FIG. 11, Trace 2 represented the cyclic voltammogram
of 30mM N-acetyl-5-aminosalicyclic acid (AAS) and the mediator (2°,5°-
disulfophenylimino)-3H-phenothiazine.  The sensor included the mediator, enzyme,
polymer and other ingredients. The small redox waves near 0mV indicated the oxidation
and reduction of the mediator in the sensor. The oxidation potential of the chemical species
(N-acetyl-5-aminosalicyclic acid) was about 600 to 800mV higher than the mediator as
shown in FIG. 11 by Trace 2. Thus, a low voltage at a potential of about 200mV for the
mediator and a high voltage at a potential in the range of about 600 to 700mV for the
control marker (N-acetyl-5-aminosalicyclic acid) may be applied such that there is no

overlap between the mediator’s oxidation and the control marker’s oxidation.

Example 8
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[00110] FIG. 12 shows the current plotted versus potential as the potential
difference was cycled between —400mV and +1,000mV at 25mV/sec using carbon
clectrodes. The testing was performed on an electrochemical work station of CH
Instrument Co.

[00111] As shown in FIG. 12, Trace 1 represented the cyclic voltammogram of
50mM N-ethyl-N-(3-sulfopropyl)-3-methylaniline (TOPS) and the mediator (2°,5'-
disulfophenylimino)-3H-phenothiazine.  The sensor included the mediator, enzyme,
polymer and other ingredients. The small redox waves near 0mV indicated the oxidation
and reduction of the mediator in the sensor. The oxidation potential of the chemical species
(N-ethyl-N-(3-sulfopropyl)-3-methylaniline) was about 400 to 800mV higher than the
mediator as shown in FIG. 12 by Trace 1. Thus, a low voltage at a potential of about
200mV for the mediator and a high voltage at a potential in the range of about 400 to
800mV for the control marker (N-ethyl-N-(3-sulfopropyl)-3-methylaniline) may be applied
such that there is no overlap between the mediator’s oxidation and the control marker’s
oxidation.

Example 9

[00112] FIG. 13 shows the current plotted versus potential as the potential
difference was cycled between —400mV and +1,000mV at 25mV/sec using carbon
clectrodes. The testing was performed on an electrochemical work station of CH
Instrument Co.

[00113] As shown in FIG. 13, Trace 1 represented the cyclic voltammogram of
50mM 3-(N-ethyl-3-methylanilino)-2-hydroxypropanesulfonic acid sodium salt (TOOS)
and the mediator (2’°,5’-disulfophenylimino)-3H-phenothiazine. The sensor was
manufactured with deposition of the mediator, enzyme, polymer and other ingredients. The
redox waves near OmV indicated the oxidation and reduction of the (2°,5°-
disulfophenylimino)-3H-phenothiazine in the sensor. The oxidation potential of the
chemical species (3-(N-ethyl-3-methylanilino)-2-hydroxypropanesulfonic acid sodium salt)
was about 400 to 800mV higher than the mediator as shown in FIG. 13 by Trace 1. Thus, a
low voltage at a potential of about 200mV for the mediator and a high voltage at a potential
in the range of about 400 to 800mV for the control marker (3-(N-ethyl-3-methylanilino)-2-
hydroxypropanesulfonic acid sodium salt) may be applied such that there is no overlap

between the mediator’s oxidation and the control marker’s oxidation.

Example 10
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[00114] FIG. 14 shows the current plotted versus potential as the potential
difference was cycled between —400mV and +1,000mV at 25mV/sec using carbon
clectrodes. The testing was performed on an electrochemical work station of CH
Instrument Co.

[00115] As shown in FIG. 14, Trace 1 represented the cyclic voltammogram of
50mM 8-anilino-1-naphthalenesulfonic acid and the mediator (2°,5’-disulfophenylimino)-
3H-phenothiazine. The sensor was manufactured with deposition of the mediator, enzyme,
polymer and other ingredients. The large redox waves near OmV indicated the oxidation
and reduction of the mediator in the sensor. The oxidation potential of the chemical species
(8-anilino-1-naphthalenesulfonic acid) was about 250 to 400mV higher than the mediator as
shown in FIG. 14 by Trace 1. Thus, a low voltage at a potential of about 150mV for the
mediator and a high voltage at a potential in the range of about 350 to 400 mV for the
control marker (8-anilino-1-naphthalenesulfonic acid) may be applied such that there is no
overlap between the mediator’s oxidation and the control marker’s oxidation.

Example 11

[00116] FIG. 15 shows the current plotted versus potential as the potential
difference was cycled between —400mV and +1,000mV at 25mV/sec using carbon
clectrodes. The testing was performed on an electrochemical work station of CH
Instrument Co.

[00117] As shown in FIG. 15, Trace 1 represented the cyclic voltammogram of
50mM 2-napthylamine 1-sulfonic acid and the mediator (2’°,5’-disulfophenylimino)-3H-
phenothiazine. The sensor was manufactured with deposition of the mediator, enzyme,
polymer and other ingredients. The large redox waves near OmV indicated that the
oxidation and reduction of the mediator in the sensor. The oxidation potential of the
chemical species (2-napthylamine 1-sulfonic acid) was about 600 to 800mV higher than the
mediator as shown in FIG. 15 by Trace 1. Thus, a low voltage at a potential of about
200mV for the mediator and a high voltage at a potential in the range of about 600 to
800mV for the control marker (2-napthylamine 1-sulfonic acid) may be applied such that
there is no overlap between the mediator’s oxidation and the control marker’s oxidation.
Example 12

[00118] FIG. 16 shows the current plotted versus potential as the potential

difference was cycled between —400mV and +1,000mV at 25mV/sec using carbon
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clectrodes. The testing was performed on an electrochemical work station of CH
Instrument Co.
[00119] As shown in FIG. 16, Trace 1 represented the cyclic voltammogram of
50mM sodium diphenylamine-4-sulfonate and the mediator (2°,5’-disulfophenylimino)-3H-
phenothiazine. The sensor was manufactured with deposition of the mediator, enzyme,
polymer and other ingredients. The large redox waves near OmV indicated the oxidation
and reduction of the mediator in the sensor. The oxidation potential of the chemical species
(sodium diphenylamine-4-sulfonate) was about 600 to 800mV higher than the mediator as
shown in FIG. 16 by Trace 1. Thus, a low voltage at a potential of about 300mV for the
mediator and a high voltage at a potential in the range of about 600 to 800mV for the
control marker (sodium diphenylamine-4-sulfonate) may be applied such that there is no
overlap between the mediator’s oxidation and the control marker’s oxidation.
Example 13
[00120] Various examples showing the effect of current measurements with
anionic polymers are discussed below. Specifically, the addition of an anionic polymer was
shown to increase the current generated by the control solution. First and second solutions
of 75 mM 3-(N-ethyl-3-methylanilino)-2-hydroxypropanesulfonic acid sodium salt (TOOS)
included a non-ionic polymer -- polyvinylpyrrolidone (PVP). A third solution included 11.6
mM of TOOS was included with the anionic polymer polyacrylic acid (PAA). The
percentages of the polymers were selected to generally mimic the viscosity of the blood.

The voltage was applied in on-off pulse sequences in which the testing period concluded

with the voltage being raised to 0.6V.

Table 1
Solution # Control Solution Polymer Current
@ 0.6V (nA)
1 75 mM TOOS 1.7% PVP 10K 16,518
2 75 mM TOOS 6% PVP 6K 17,867
3 11.6 mM TOOS 18.7% PAA 3K 21,597
[00121] As shown in Table 1, despite having a TOOS concentration over 6

times greater, Solutions 1 and 2 without an anionic polymer had a lower current than
Solution 3, which included the anionic polymer PAA.
[00122] Table 2 below shows various currents that were measured at 0.6V (nA)

with various solutions. The voltage was applied in on-off pulse sequences in which the
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testing period concluded with the voltage being raised to 0.6V. The pulse sequences were
the same for the testing of each of the solutions. Solutions 4 and 5 included a non-ionic
polymer — polyvinyl alcohol (PVA) and polyvinylpyrrolidone (PVP), respectively.
Solutions 6 and 7, on the other hand, included an anionic polymer -- polyvinyl sulfonic acid
(PVS) and polyacrylic acid (PAA), respectively. The percentages of the polymer were
selected to generally mimic the viscosity of the blood. Solutions 4-7 each included 10mM

of 3-(N-ethyl-3-methylanilino)-2-hydroxypropanesulfonic acid sodium salt (TOOS).

Table 2
Solution # Control Solution Polymer Current
@ 0.6V (nA)
4 10mM TOOS 6% PVA 6K 8,500
5 10mM TOOS 2.3% PVP 55K 7,000
6 10mM TOOS 17.6% PVS 15,500
7 10mM TOOS 18.7% PAA 3K 16,000
[00123] As shown in Table 2, using the same amount of TOOS, Solutions 6 and

7 with an anionic polymer had much higher currents than Solutions 4 and 5, which did not
include an anionic polymer. Compare 15,500 and 16,000 nA of Solutions 6 and 7 with
8,500 and 7,000 nA of Solutions 4 and 5.

[00124] Table 3 below shows various currents that were measured at 0.8V (nA)
with various solutions. The voltage was applied in on-off pulse sequences in which the
testing period concluded with the voltage being raised to 0.8V. The pulse sequences were
the same for the testing of each of the solutions. Solutions 8-10 included non-ionic
polymers — polyvinylpyrrolidone (PVP), 50mM HEPES buffer, and polyvinyl alcohol
(PVA), respectively. Solutions 11 and 12, on the other hand, included an anionic polymer --
polyvinyl sulfonic acid (PVS) and polyacrylic acid (PAA), respectively. The voltage was
applied in on-off pulse sequences in which the testing period concluded with the voltage
being raised to 0.8V. Solutions 8-12 each included 10mM of sodium diphenylamine-4-
sulfonate (SDPAS).

Table 3
Solution # Control Solution Polymer Current
@ 0.8V (nA)
8 10mM SDPAS 2.3 PVP 55K 7,312
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Solution # Control Solution Polymer Current
@ 0.8V (nA)
9 10mM SDPAS 50mM HEPES 9,603
buffer
10 10mM SDPAS 6% PVA 10,552
11 10mM SDPAS 17.6% PVS 21,500
12 10mM SDPAS 18.7% PAA 3K 21,600
[00125] As shown in Table 3, Solutions 11 and 12 with an anionic polymer had

much higher currents than Solutions 8-10, which did not include an anionic polymer.
Compare 21,500 and 21,600 nA of Solutions 11 and 12 with 7,312, 9,603 and 10,552 nA of
Solutions 8-10.

[00126] Table 4 below shows various currents that were measured at 0.6V (nA)
with various solutions. The voltage was applied in on-off pulse sequences in which the
testing period concluded with the voltage being raised to 0.6V. The pulse sequences were
the same for the testing of each of the solutions. Solution 13 included a non-ionic polymer
— polyvinylpyrrolidone (PVP).  Solution 14, on the other hand, included an anionic
polymer -- polyacrylic acid (PAA). The voltage was applied in on-off pulse sequences in
which the testing period concluded with the voltage being raised to 0.6V. Solutions 13 and

14 each included 50mM of HEPES.

Table 4
Solution # Control Solution Polymer Current
@ 0.6V (nA)
13 15mM TOOS 16% PVP 2. 4K 9,480
14 15mM TOOS 18.7% PAA 2K 20,788
[00127] As shown in Table 4, Solution 14 with an anionic polymer had a much

higher current than Solution 13, which did not include an anionic polymer. Compare
20.788 nA of Solution 14 with 9,480 nA of Solution 13. Thus, anionic polymers, including
PAA, increase the control marker current not because of its high polymer concentration, but
rather because of the nature of its polymeric charge.

Example 14

[00128] Referring to FIG. 17, the current (in nA) was plotted against a control
solution including several concentrations on sodium chloride (NaCl). The tested control

solution included 50mM of 3-(N-ethyl-3-methylanilino)-2-hydroxypropanesulfonic acid
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sodium salt (TOOS), 2.3 % of polyvinylpyrrolidone and a buffer of 50mM HEPES at a pH
of 7. The current was taken at 5.3 seconds in an on-off pulse sequence with the voltage
being 0.6V. Specifically, there were six different solutions of NaCl that were tested — OM,
0.1IM,03M,05M,0.7Mand 1 M. As shown in FIG. 17, the measured current increased
significantly as the amount of sodium chloride was increased in the control solution.
Example 15

[00129] Referring to FIGs. 18a, 18b, using the same data, control solution and
blood samples with different glucose concentrations were plotted. Specifically, the control
solution included 8-anilino-1-napthalenesulfonic acid and the polymer polyvinyl sulfonic
acid (PVS). The control solutions also included three different concentrations of glucose.
The blood samples had 40% hematocrit with glucose concentrations that varied between 20
and 1,200 mg/dL.

[00130] In FIG. 18a, the differential indexes (DI) of the control solutions and
the blood samples were plotted against the glucose (in mg/dL). As shown in FIG. 18a, at
very low glucose concentrations levels in the blood, it may be difficult to use only the

differential index (DI) to differentiate between a control solution and a blood solution.
Referring to FIG. 18D, the control solution, has current values (inigh vort) Well above 15,000

nA. Thus, if the current is less than a predetermined value (e.g., 12,000nA), then a blood
sample is being measured as shown in FIG. 18b. If the current is greater than 12,000nA,
then the DI is used as shown in FIG. 18a to determine if a control solution or a blood
sample is being tested. At currents greater than 12,000 nA, the glucose concentrations of
the blood samples are high (see FIG. 18a with the concentrations exceeding about 600
mg/dL). As shown in FIG. 18a, if the DI is greater than, for example, about 1.5 or 2.0, then
the control solution is being tested. If the DI is less than about 1.5, then a blood sample is
being tested since the DI values at high glucose concentrations are below this number.
Example 16

[00131] FIG. 19 shows the current plotted versus potential as the potential
difference was cycled between —400mV and +1,000mV at 25mV/sec using carbon
clectrodes. The testing was performed on an electrochemical work station of CH
Instrument Co.

[00132] As shown in FIG. 19, Trace 1 represented the cyclic voltammogram of
50mM MAOS N-ethyl-N-(2-hydroxy-3-sulfopropyl)-3,5-dimethylaniline, sodium salt
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(MAOS) and the mediator (2°,5’-disulfophenylimino)-3H-phenothiazine. The sensor was
manufactured with deposition of the mediator, enzyme, polymer and other ingredients. The
large redox waves near 0mV indicated the oxidation and reduction of the mediator in the
sensor. The oxidation potential of the chemical species (MAOS) was about 400 to 700mV
higher than the mediator as shown in FIG. 19 by Trace 1. Thus, a low voltage at a potential
of about 200mV for the mediator and a high voltage at a potential in the range of about 400
to 700mV for the control marker (MAOS) may be applied such that there is no overlap
between the mediator’s oxidation and the control marker’s oxidation.

[00133] While the present invention has been described with reference to one or
more particular embodiments, those skilled in the art will recognize that many changes may
be made thereto without departing from the spirit and scope of the present invention. Each
of these embodiments, and obvious variations thereof, is contemplated as falling within the

spirit and scope of the invention.
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What Is Claimed Is:

1. A method of distinguishing a control solution from a sample during
operation of an electrochemical test sensor measuring the amount of an analyte in the
control solution and in the sample, the method comprising the acts of:

(a) adding to the control solution a control marker, the control marker being
adapted to be electrochemically oxidized at a potential higher than the potential needed to
measure the oxidation of the analyte, the control marker including sodium iodide,
tricthanolamine, tripropanolamine, tributanolamine, 2,5-dihydroxybenzoic acid, xylenol
orange, hydroquinone sulfonic acid, cresol red, 3-[4-(hydroxyphenyl)amino]-3-
oxopropanoic  acid, N-acetyl-5-aminosalicyclic acid, N-ethyl-N-(3-sulfopropyl)-3-
methylaniline  (TOPS),  3-(N-cthyl-3-methylanilino)-2-hydroxypropanesulfonic  acid
(TOOS), 8-anilino-1-naphthalenesulfonic acid, 8-anilino-1-naphthalenesulfonic acid, 2-
napthylamine 1-sulfonic acid, sodium diphenylamine-4-sulfonate, N-ethyl-N-(2-hydroxy-3-
sulfopropyl)-3,5-dimethylaniline (MAOS), or salts thereof;

(b) introducing the control solution, the control marker and a predetermined
amount of the analyte to the electrochemical test sensor, the test sensor including a working
electrode, a counter electrode and a reagent;

(©) at least once applying a potential to the test sensor sufficient to oxidize the
control marker and the analyte, and measuring the resulting electrical current;

(d) at least once applying a potential to the electrochemical test sensor lower
than the potential of (c), the potential being sufficient to measure oxidation of the analyte
and not sufficient to oxidize the control marker, and measuring the resulting electrical
current; and

() determining whether a control solution or a sample is present based on the

measured electrical currents.

2. The method of claim 1 wherein the analyte is glucose and the sample is
whole blood.

3. The method of claim 1 wherein the control marker is sodium iodide.

4. The method of claim 1 wherein the control marker is triethanolamine.

5. The method of claim 1 wherein the control marker is 3-(N-ethyl-3-

methylanilino)-2-hydroxypropanesulfonic acid or a salt thereof.
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6. The method of claim 1 wherein the control marker is sodium diphenylamine-
4-sulfonate.
7. The method of claim 1 wherein the control marker is cresol red.
8. The method of claim 1 wherein the potential of (c) is applied before the

potential of (d) is applied.

9. The method of claim 1 wherein the potential of (d) is applied before the
potential of (c).

10. The method of claim 1 wherein the control marker is sodium iodide,
tricthanolamine, tripropanolamine, tributanolamine, 2,5-dihydroxybenzoic acid, xylenol
orange, hydroquinone sulfonic acid, cresol red, or a salt thereof.

11. The method of claim 1 wherein the control marker is 3-[4-
(hydroxyphenyl)amino]-3-oxopropanoic acid, N-acetyl-5-aminosalicyclic acid, N-ethyl-N-
(3-sulfopropyl)-3-methylaniline (TOPS), 3-(N-ethyl-3-methylanilino)-2-
hydroxypropanesulfonic acid (TOOS), 8-anilino-1-naphthalenesulfonic acid, 8-anilino-1-
naphthalenesulfonic acid, 2-napthylamine 1-sulfonic acid, sodium diphenylamine-4-
sulfonate, N-ethyl-N-(2-hydroxy-3-sulfopropyl)-3,5-dimethylaniline (MAOS), or a salt
thereof.

12. A control solution for use in testing an electrochemical system for measuring
the amount of an analyte in a sample, the control solution comprising:

(a)  apredetermined amount of the analyte; and

(b)  a predetermined amount of a control marker, the control marker being
adapted to be oxidized at a potential higher than the potential required to oxidize the
analyte, the control marker including sodium iodide, tricthanolamine, tripropanolamine,
tributanolamine, 2,5-dihydroxybenzoic acid, xylenol orange, hydroquinone sulfonic acid,
cresol red, 3-[4-(hydroxyphenyl)amino]-3-oxopropanoic acid, N-acetyl-5-aminosalicyclic
acid, N-ethyl-N-(3-sulfopropyl)-3-methylaniline (TOPS), 3-(N-ethyl-3-methylanilino)-2-
hydroxypropanesulfonic acid (TOOS), 8-anilino-1-naphthalenesulfonic acid, 8-anilino-1-
naphthalenesulfonic acid, 2-napthylamine 1-sulfonic acid, sodium diphenylamine-4-
sulfonate, N-ethyl-N-(2-hydroxy-3-sulfopropyl)-3,5-dimethylaniline (MAOS), or salts
thereof, the predetermined amount of the control marker being proportional to the
predetermined amount of analyte such that the presence of the control marker is detectable.

13.  The control solution of claim 12 wherein the analyte is glucose and the

sample is whole blood.
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14.  The control solution of claim 12 wherein the control marker is sodium
iodide.

15. The control solution of claim 12 wherein the control marker is
tricthanolamine.

16. The control solution of claim 12 wherein the control marker is 3-(N-ethyl-3-
methylanilino)-2-hydroxypropanesulfonic acid or a salt thereof.

17. The control solution of claim 12 wherein the control marker is 2,5-
dihydroxybenzoic acid or a salt thereof.

18.  The control solution of claim 12 wherein the control marker is sodium
diphenylamine-4-sulfonate.

19.  The control solution of claim 12 wherein the control marker is cresol red.

20.  The control solution of claim 12 wherein the control marker is sodium
iodide, tricthanolamine, tripropanolamine, tributanolamine, 2,5-dihydroxybenzoic acid,
xylenol orange, hydroquinone sulfonic acid, cresol red, or a salt thereof.

21.  The control solution of claim 12 wherein the control marker is 3-[4-
(hydroxyphenyl)amino]-3-oxopropanoic acid, N-acetyl-5-aminosalicyclic acid, N-ethyl-N-
(3-sulfopropyl)-3-methylaniline (TOPS), 3-(N-ethyl-3-methylanilino)-2-
hydroxypropanesulfonic acid (TOOS), 8-anilino-1-naphthalenesulfonic acid, 8-anilino-1-
naphthalenesulfonic acid, 2-napthylamine 1-sulfonic acid, sodium diphenylamine-4-
sulfonate, N-ethyl-N-(2-hydroxy-3-sulfopropyl)-3,5-dimethylaniline (MAOS), or a salt
thereof.

22. A method of distinguishing a control solution from a sample during
operation of an electrochemical test sensor, the electrochemical test sensor measuring the
information related to an analyte, the method comprising the acts of:

providing a control solution including an control marker and a predetermined
amount of analyte, the control marker having a higher potential than the potential needed to
measure the oxidation of the analyte, the control marker including sodium iodide,
tricthanolamine, tripropanolamine, tributanolamine, 2,5-dihydroxybenzoic acid, xylenol
orange, hydroquinone sulfonic acid, cresol red, 3-[4-(hydroxyphenyl)amino]-3-
oxopropanoic acid, N-acetyl-5-aminosalicyclic acid, N-ethyl-N-(3-sulfopropyl)-3-
methylaniline  (TOPS),  3-(N-cthyl-3-methylanilino)-2-hydroxypropanesulfonic  acid

(TOOS), 8-anilino-1-naphthalenesulfonic acid, 8-anilino-1-naphthalenesulfonic acid, 2-
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napthylamine 1-sulfonic acid, sodium diphenylamine-4-sulfonate, N-ethyl-N-(2-hydroxy-3-
sulfopropyl)-3,5-dimethylaniline (MAOS), or salts thereof;

providing an electrochemical test sensor having a working electrode, a counter
electrode and a reagent;

introducing the control solution to the electrochemical test sensor;

applying a potential to the electrochemical test sensor sufficient to oxidize the
control marker and the analyte, and measuring the resulting electrical current;

applying a lower potential to the electrochemical test sensor, the lower potential
being sufficient to oxidize the analyte and not sufficient to oxidize the control marker, and
measuring the resulting electrical current; and

determining whether a control solution or a sample is present based on the measured
electrical currents.

23.  The method of claim 22 wherein the analyte is glucose and the sample is
whole blood.

24.  The method of claim 22 wherein the control marker is sodium iodide.

25.  The method of claim 22 wherein the control marker is triethanolamine.

26. The method of claim 22 wherein the control marker is 3-(N-ethyl-3-
methylanilino)-2-hydroxypropanesulfonic acid (TOOS) or a salt thereof.

27.  The method of claim 22 wherein the control marker is sodium
diphenylamine-4-sulfonate.

28.  The method of claim 22 wherein the control marker is cresol red.

29.  The method of claim 22 wherein the potential of (¢) is applied before the
potential of (d) is applied.

30.  The method of claim 22 wherein the potential of (d) is applied before the
potential of (c).

31. The method of claim 22 wherein the control marker is sodium iodide,
tricthanolamine, tripropanolamine, tributanolamine, 2,5-dihydroxybenzoic acid, xylenol
orange, hydroquinone sulfonic acid, cresol red, or a salt thereof.

32. The method of claim 22 wherein the control marker is 3-[4-
(hydroxyphenyl)amino]-3-oxopropanoic acid, N-acetyl-5-aminosalicyclic acid, N-ethyl-N-
(3-sulfopropyl)-3-methylaniline (TOPS), 3-(N-ethyl-3-methylanilino)-2-
hydroxypropanesulfonic acid (TOOS), 8-anilino-1-naphthalenesulfonic acid, 8-anilino-1-

naphthalenesulfonic acid, 2-napthylamine 1-sulfonic acid, sodium diphenylamine-4-



WO 2009/076302 PCT/US2008/085903

36

sulfonate, N-ethyl-N-(2-hydroxy-3-sulfopropyl)-3,5-dimethylaniline (MAOS), or a salt
thereof.

33. A method of distinguishing a control solution from a sample during
operation of an electrochemical test sensor measuring the amount of an analyte in the
control solution and in the sample, the method comprising the acts of:

(a) adding to the control solution a control marker, the control marker being
adapted to be electrochemically oxidized at a potential higher than the potential needed to
measure the oxidation of the analyte;

(b) introducing the control solution, the control marker and a predetermined
amount of the analyte to the electrochemical test sensor, the test sensor including a working
electrode, a counter electrode and a reagent, the control solution including a sufficient
amount of anionic polymer to increase the electrical current by at least 5% as compared to a
control solution in the absence of an anionic polymer;

(©) at least once applying a potential to the test sensor sufficient to oxidize the
control marker and the analyte, and measuring the resulting electrical current;

(d) at least once applying a potential to the electrochemical test sensor lower
than the potential of (c), the potential being sufficient to measure oxidation of the analyte
and not sufficient to oxidize the control marker, and measuring the resulting electrical
current; and

() determining whether a control solution or a sample is present based on the
measured electrical currents.

34.  The method of claim 33 wherein the control solution includes a sufficient
amount of anionic polymer to increase the electrical current by at least 10% as compared to
a control solution in the absence of an anionic polymer.

35.  The method of claim 34 wherein the control solution includes a sufficient
amount of anionic polymer to increase the electrical current by at least 20% as compared to
a control solution in the absence of an anionic polymer.

36.  The method of claim 35 wherein the control solution includes a sufficient
amount of anionic polymer to increase the electrical current by at least 40% as compared to
a control solution in the absence of an anionic polymer.

37.  The method of claim 33 wherein the anionic polymer is a carboxylic acid, a

carboxylic acid copolymer or a salt thereof.
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38.  The method of claim 37 wherein the carboxylic acid or the salt thercof
includes polyacrylic acid (PAA), polymaleic acid, carboxymethyl cellulose (CMC), an
alternating methylvinylether/maleic anhydride copolymer, copolymers thereof, or salts
thereof.

39.  The method of claim 33 wherein the anionic polymer is a sulfonic acid, a
sulfonic acid copolymer, or a salt thereof.

40.  The method of claim 39 wherein the sulfonic acid or the salt thereof includes
polystyrene sulfonic acid, polyvinyl sulfonic acid (PVS), copolymers or salts thereof.

41.  The method of claim 33 wherein the anionic polymer is a phosphoric acid, a
phosphoric acid copolymer, or a salt thereof.

42.  The method of claim 41 wherein the phosphoric acid or the salt thereof
includes polyvinylphosphoric acid or salts thereof.

43. A method of distinguishing a control solution from a sample during
operation of an electrochemical test sensor measuring the amount of an analyte in the
control solution and in the sample, the method comprising the acts of:

(a) adding to the control solution a control marker, the control marker being
adapted to be electrochemically oxidized at a potential higher than the potential needed to
measure the oxidation of the analyte,

(b)  introducing the control solution, the control marker and a predetermined
amount of the analyte to the electrochemical test sensor, the test sensor including a working
electrode, a counter electrode and a reagent, the control solution including a sufficient
amount of salt to increase the electrical current by at least 5% as compared to a control
solution in the absence of a salt to increase the measured current;

(©) at least once applying a potential to the test sensor sufficient to oxidize the
control marker and the analyte, and measuring the resulting electrical current;

(d) at least once applying a potential to the electrochemical test sensor lower
than the potential of (c), the potential being sufficient to measure oxidation of the analyte
and not sufficient to oxidize the control marker, and measuring the resulting electrical
current; and

() determining whether a control solution or a sample is present based on the

measured electrical currents.
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44.  The method of claim 43 wherein a sufficient amount of anionic polymer to
increase the electrical current by at least 10% as compared to a control solution in the
absence of an anionic polymer.

45.  The method of claim 44 wherein a sufficient amount of anionic polymer to
increase the electrical current by at least 20% as compared to a control solution in the
absence of an anionic polymer.

46.  The method of claim 45 wherein a sufficient amount of anionic polymer to
increase the electrical current by at least 40% as compared to a control solution in the
absence of an anionic polymer.

47.  The method of claim 43 wherein the salt is a chloride salt.

48.  The method of claim 43 wherein the salt is a nitrate salt.

49.  The method of claim 43 wherein the salt is a sulfate salt.

50.  The method of claim 43 wherein the salt includes phosphate salt.

51. A method of determining the concentration of an analyte in a fluid sample,
the method comprising the acts of:

introducing the fluid sample to a test sensor;

transferring at least one electron from the analyte in the sample to a mediator in the
test sensor;

applying a pulse sequence to the sample, the pulse sequence comprising at least two
duty cycles within 180 seconds, at least one of the duty cycles having a first potential in a
first excitation period and a first relaxation period, and after one of the duty cycles,
providing a second potential to the sample, the second potential being greater than the first
potential, the second potential being supplied after a second relaxation period, the second
relaxation period being less than the first relaxation period;

analyzing a current responsive to the excitation of the measurable species; and

determining whether a control solution or a sample is present based on the measured
electrical currents.

52.  The method of claim 51 wherein the analyte is glucose.

53.  The method of claim 51 wherein at least one of the first and second
relaxation periods use an open circuit.

54.  The method of claim 53 wherein the first and second relaxation periods use

an open circuit.
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55.  The method of claim 51 wherein each of the duty cycles uses the first
potential.

56. A method of determining the concentration of an analyte in a fluid sample,
the method comprising the acts of:

introducing the fluid sample to a test sensor;

transferring at least one electron from the analyte in the sample to a mediator in the
test sensor;

applying a higher voltage to the fluid sample;

measuring a first current value of the fluid sample at the higher voltage;

measuring a second current value of the fluid sample at a lower voltage;

comparing the first current value to a number so as to determine if the sample is
blood;

if the comparison using the first current value does not result in determining
whether the sample is blood, then using at least a first current value at the higher voltage
and a second current value at a lower voltage to determine whether a control solution or a
fluid sample is present.

57.  The method of claim 56 wherein the comparing the first current value to a
number so as to determine if the sample is blood includes determining whether the first
current value is less than the number and, if so, then determining that the sample is blood.

58.  The method of claim 56 wherein determining whether a control solution or a
fluid sample is present includes using a ratio of the first current value at the higher voltage

and a second current value at a lower voltage.
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