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Description

BACKGROUND

[0001] According to the CDC, smoking is the leading
cause of preventable death in the United States. The first
published studies on the harmful effects of smoking on
health were retrospective analysis of the smoking habits
of patients suffering from lung cancer in 1950. Since, the
major harmful effects attributed to smoking include but
are not limited to heart disease, stroke, chronic obstruct-
ed pulmonary disease, and numerous cancers. While in-
itially attributed to primary smoking activities, the harmful
effects on the health of an individual extend to those ex-
posed passively to tobacco smoke from the environment.
These health consequences of tobacco use substantially
increase the cost of healthcare. In 2014, the US Depart-
ment of Health and Human Services issued a report titled
"Health Consequences of Smoking - 50 Years of
Progress. A Report of the Surgeon General" estimating
the economic costs resulting from lost productivity as a
consequence from both early mortality and associated
health care costs. Lost productivity across all demo-
graphics and disease states for adults 35 to 79 between
the years 2005 and 2009 was estimated to be $151 bil-
lion. Aggregate health care expenditures attributable to
cigarette smoking for adults 35 and older in 2012 alone
was estimated to be $175.9 billion. Tobacco cessation
initiatives have been created by both employer-based
health care systems and public health systems to curb
these economic losses and improve public health. How-
ever, monitoring for adherence to these cessation initia-
tives often relies on self-reporting. Literature reviews of
the effectiveness of self-reporting screening for a wide
variety of risk factors, including tobacco use, consistently
finds significant under reporting, decreasing opportuni-
ties for interventions.
[0002] Tobacco exposure determination relies on the
detection of substances directly or indirectly associated
with the tobacco use. Tobacco contains numerous struc-
turally similar alkaloids with the principle alkaloid, nico-
tine, making up about 95% of the total alkaloid content.
Nicotine is the primary addictive substance in tobacco
resulting in strong physical and psychological depend-
ence, making nicotine replacement therapy (NRT) the
leading choice in cessation activities, as it assists the
individual to reduce nicotine intake without exposure to
tobacco.
[0003] Current tests available for detection of tobacco
are carbon monoxide, nicotine, and cotinine in varying
matrices, such as urine, blood, breath, and/or saliva.
However, plasma nicotine and carbon monoxide have
short half-lives that may allow a person to stop smoking
for a short time and test as a non-smoker. Cotinine, the
major metabolite of nicotine, has been the metabolite of
choice, as it the most abundant. It can be measured via
a central lab in urine, saliva, or plasma. Point-of-care or
near-patient setting is currently limited to qualitative tests

from urine and saliva, complicating sampling collection
and sample processing. However, objectively differenti-
ating between active smokers and those who are trying
to quit tobacco by using nicotine replacement therapy
(NRT) is a current challenge.
[0004] Objectively detecting exposure to tobacco,
eliminating the need for self-reporting, can be achieved
by detecting substances directly absorbed by the body
from tobacco or the metabolites and/or catabolites of
these substances instead of the more traditional cotinine
or nicotine, or carbon monoxide testing. Detectable to-
bacco alkaloids include nicotine, anabasine, and anat-
abine with numerous metabolites, only a few of which
possess pharmacokinetics and pharmacokinetics char-
acteristics that are desirable as indicators of tobacco ex-
posure. The primary characteristics indicative of an ef-
fective indicator of tobacco exposure are long half-lives
and overall abundance of the substance in the applicable
matrix (i.e., urine, whole blood, plasma, saliva, etc.).
[0005] Thus, there is a need in the art to develop testing
methods for the tobacco alkaloids cotinine, anabasine,
anatabine, and/or myosamine to assess compliance for
tobacco use status and compliance to tobacco cessation
programs.

BRIEF SUMMARY

[0006] In one embodiment, a system for determining
a level of Cotinine and Anabasine in a sample includes
a test strip configured to receive a sample; and an ana-
lyzer configured to receive the test strip, the analyzer
configured to read the test strip and detect a level of a
first nicotine metabolite and a second nicotine metabolite.
In one alternative, the analyzer is configured and exe-
cuting code to determine whether the sample is from an
individual who consumed tobacco products or an individ-
ual who consumed cessation products based on the level
of the first nicotine metabolite and the level of the second
nicotine metabolite. In another alternative, the first nico-
tine metabolite is Anabasine and the second nicotine me-
tabolite is Cotinine . Optionally, the test strip includes an
Ab-particle Conjugate Stripe, the Ab-particle Conjugate
Stripe including Ab-particle Conjugates for binding with
one of Anabasine and Cotinine. Alternatively, the test
strip includes an Ab-particle Conjugate Stripe, the Ab-
particle Conjugate Stripe including microparticles com-
bined with a Cotinine antibody and microparticles com-
bined with an Anabasine antibody. In one configuration,
the test strip includes a first test site and a second test
site, the first test site including compounds to bind with
the microparticles combined with a Cotinine antibody and
the second test site including microparticles combined
with an Anabasine antibody. In another configuration, the
microparticles are fluorescent. Optionally, the micropar-
ticles have reflective properties. In one alternative, the
microparticles have properties that provide for the ab-
sorption of light. In another alternative, the analyzer
measures a level of absorption at the first test site to
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determine the level of Cotinine, and the analyzer meas-
ures a level of absorption at the second test site to de-
termine the level of Anabasine. Optionally, the analyzer
measures a level of reflection at the first test site to de-
termine the level of Cotinine, and the analyzer measures
a level of reflection at the second test site to determine
the level of Anabasine. Alternatively, the analyzer meas-
ures a level of fluorescence at the first test site to deter-
mine the level of Cotinine, and the analyzer measures a
level of fluorescence at the second test site to determine
the level of Anabasine.
[0007] In one embodiment, a test strip for determining
a level of Cotinine and Anabasine in a sample includes
an Ab-particle Conjugate Stripe, the Ab-particle Conju-
gate Stripe including Ab-particle Conjugates for binding
with one of Anabasine and Cotinine. Optionally, the Ab-
particle Conjugates include microparticles combined with
a Cotinine antibody and microparticles combined with an
Anabasine antibody. Alternatively, the microparticles are
fluorescent. Optionally, the microparticles have reflective
properties. In one alternative, the microparticles have
properties that provide for the absorption of light. In an-
other alternative, the test strip is configured to provide
for a meter that measures a level of absorption at the first
test site to determine the level of Cotinine, and the meter
measures a level of absorption at the second test site to
determine the level of Anabasine. Alternatively, the test
strip is configured to provide for a meter that measures
a level of reflection at the first test site to determine the
level of Cotinine, and the meter measures a level of re-
flection at the second test site to determine the level of
Anabasine. Optionally, the test strip is configured to pro-
vide for a meter that measures a level of fluorescence at
the first test site to determine the level of Cotinine, and
the meter measures a level of fluorescence at the second
test site to determine the level of Anabasine.
[0008] In one embodiment, a method of determining a
level of Cotinine and Anabasine in a sample includes
providing a test strip configured to receive a sample and
providing a meter configured to receive the test strip, and
the meter is configured to read the test strip and detect
a level of Anabasine and Cotinine. The method further
includes placing a sample on the test strip; laterally flow-
ing the sample on the test strip; and reading the test strip
with the meter. In one alternative, the test strip includes
an Ab-particle Conjugate Stripe, the Ab-particle Conju-
gate Stripe including microparticles combined with a Coti-
nine antibody and microparticles combined with an Ana-
basine antibody; and the test strip includes a first test site
and a second test site, the first test site including com-
pounds to bind with the microparticles combined with a
Cotinine antibody, and the second test site including mi-
croparticles combined with an Anabasine antibody. The
method includes binding at least a portion of Anabasine
and Cotinine with microparticles combined with the Coti-
nine antibody and microparticles combined with the Ana-
basine antibody, respectively. The method further in-
cludes binding at least a portion of the microparticles

combined with the Cotinine antibody and microparticles
combined with the Anabasine antibody to the first test
site and the second test site, respectively. The reading
of the test strip includes detecting at the first test site to
determine the level of Cotinine and detecting at the sec-
ond test site to determine the level of Anabasine.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009]

Fig. 1 shows a top view of one embodiment of a
lateral flow test strip for detecting Cotinine and Ana-
basine; and

Fig. 2 shows a prospective view of the test strip of
Fig. 1 in three different conditions.

DETAILED DESCRIPTION

[0010] Certain terminology is used herein for conven-
ience only and is not to be taken as a limitation on the
embodiments of the systems and methods for distin-
guishing Cotinine from Anabasine in a point-of-care test-
ing device.
[0011] In one embodiment, a system and method is
offered for distinguishing Cotinine and Anabasine in a
sample of bodily fluid such as blood, urine, or saliva. Coti-
nine is the primary metabolite of nicotine, a psychoactive
substance found in tobacco products. Cotinine is known
to result from nicotine whether or not the source is tobac-
co. In contrast, Anabasine primarily results from the phys-
ical contact with tobacco products where the source is
solely from tobacco exposure. Therefore, a point-of-care
test strip that detects Cotinine and Anabasine in a bodily
fluid would be useful for detecting compliance in individ-
uals using nicotine replacement therapy. Alternatively, a
test strip may be created that provides testing for Anat-
abine instead of Anabasine. Anatabine is another tobac-
co alkaloid that results primarily from exposure to tobac-
co. Alternatively, the test strip may provide for the detec-
tion of any combination of one or more of Cotinine, Ana-
basine, Anatabine, and Nicotine. In such an alternative,
the detection of Anabasine and/or Anatabine will tend to
indicate the usage of tobacco products without bias to
the use of NRT-based cessation products.
[0012] In one embodiment, a system makes use of one
more lateral flow test strips to detect the amount of Ana-
basine and Cotinine present in biological fluid. As one of
ordinary skill will understand, Anatabine may also be de-
tected in addition to Anabasine. Detection will occur by
the inhibition of antibody binding by the presence of the
target analyte in the sample. The higher the concentra-
tion of analyte in the sample, the less a microparticle
coupled to an antibody binds to the conjugate zones on
the strip. The amount of particle present in the conjugate
zones will be quantified by one or more optical methods
(fluorescence, reflectance, chemiluminesence, and/or
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absorbance). The depiction of a combination strip for
both Cotinine and Anabasine (Anatabine) are shown in
Figs. 1 and 2.
[0013] Fig. 1 shows a top view of one embodiment of
a lateral flow test strip for detecting Cotinine and Anaba-
sine. Test strip 100 includes an Ab-particle Conjugate
Stripe 110 (also known as an antibody bonded to a de-
tectable microparticle). As noted above, the microparticle
bound to the antibody may be a florescent particle, a
particle that provides for a significant amount of reflect-
ance of one or more wavelengths of light or other radia-
tion, or a particle that provides for a significant amount
of reflectance of one or more wavelengths of light, or a
particle that provides for another detectable property. In
some embodiments, the properties of the particle actively
exhibit its detectable property whether or not the antibody
portion is in a bound condition with a conjugate; and, in
other embodiments, the particle may only exhibit its de-
tectable property when the antibody portion is in a bound
condition. The Ab-particle Conjugate Stripe 110 includes
antibodies that will bind to both Cotinine and antibodies
that will bind to Anabasine. In alternative configurations,
any combination of analytes may be included that are
related to nicotine including cotinine, anabasine, and
anatabine.
[0014] In an alternative, the Ab-particle Conjugate
Stripe 110 may be omitted and the sample may undergo
a premix step, where it is exposed to an Ab-particle con-
jugate, prior to being applied to test strip 100. This is
thought to be suboptimal, since it will require another step
for the user, but it is a possible embodiment.
[0015] Test zone 1 (115) includes sites that will bind
to the Ab-particle Conjugates from Ab-particle Conjugate
Stripe 110, but only those that will bind with Cotinine.
Test zone 2 (120) includes sites that will bind to the Ab-
particle Conjugates from Ab-particle Conjugate Stripe
110, but only those that will bind with Anabasine. As is
apparent, this order and arrangement is purely exempla-
ry and may be modified or reversed such that the test
areas are located in different positions.
[0016] A sample of a bodily fluid (in this case likely
blood, but urine, saliva, or other bodily fluids are possible)
is applied to the test strip 100 at area 105 either in their
native format or after a pretreatment of the sample re-
sulting in chemical or matrix modifications. The bodily
fluid then flows through Ab-particle Conjugate Stripe 110.
The amount of Ab-particle Conjugate in Ab-particle Con-
jugate Stripe 110 typically is equal to the amount of con-
jugates in test zone 1 (115) and test zone 2 (120) but can
be optimized for variations in conjugates, antibodies, or
materials used in construction of the device. If there is
Cotinine in the sample, then it will bind with available Ab-
particle Conjugates. If there is Anabasine in the sample,
then it will bind with available Ab-particle Conjugates.
Based on the binding, there is then less Ab-particle Con-
jugate to bind to test zone 1 (115) and test zone 2 (120),
respectively. If little to no binding occurs, then there is no
color, reflectance, fluorescence, or associated optical

signal to measure at test zone 1 (115) and test zone 2
(120). The measurable level of color, reflectance, or flu-
orescence at test zone 1 (115) and test zone 2 (120) will
be proportional to the amount of Ab-particle Conjugates
bound to the zones, with a high level of measurable color,
reflectance, or fluorescence indicating a low amount of
the analyte in the sample. An analyzer is used in most
embodiments to measure the level of color, reflectance,
or fluorescence. The analyzer may include a calibration
curve and software for generating a level of analyte based
on past measurement of samples with known analyte
levels. Herein, the terms "analyzer" and "meter" are used,
and the usage of one may be substituted for the other.
[0017] In alternative embodiments, additional test
zones for each Anabasine and Cotinine may be included
with a corresponding and proportional increase in the Ab-
particle Conjugate available. In such a scenario, depend-
ing on how many additional test zones are added, addi-
tional resolution may be added to the system. This is
because the first zones encountered will experience a
complete color change, until the color change in the final
zone provides for more resolution, since it has a more
sensitive color change.
[0018] Fig. 2 shows a prospective view of the test strip
100 in three different conditions. Test strip 210 shows
the test strip prior to the addition of a sample. Here, mi-
croparticles combined with a Cotinine antibody 220 and
microparticles combined with an Anabasine antibody 215
are shown in Ab-particle Conjugate Stripe 110. After a
sample is added as shown in test strip 230, if there is no
Cotinine or Anabasine in the sample, all of the Cotinine
antibody 220 and microparticles combined with an Ana-
basine antibody 215 are available to bind at test zone 1
(115) and test zone 2 (120). In such a scenario, the level
of detectable signal will be high. Test strip 230 is shown
in a condition after the sample has completed lateral flow
to the end of the strip. Test strip 240 shows a condition
where the sample includes Cotinine 250 and Anabasine
260. In such a scenario, some portion (to a possible all
portions) of the Cotinine antibody 220 and microparticles
combined with an Anabasine antibody 215 will bind to
the Cotinine 250 and Anabasine 260, respectively.
Therefore, less or no Cotinine antibody 220 and micro-
particles combined with an Anabasine antibody 215 will
be available to bind at test zone 1 (115) and test zone 2
(120). Instead, the Cotinine antibody 220 and micropar-
ticles combined with an Anabasine antibody 215 bound
to the Cotinine 250 and Anabasine 260, respectively, also
depicted as bound Anabasine 270 and bound Cotinine
280, will travel to the end of the strip. In such a scenario,
the level of detectable signal will be low. As noted above,
similar strips for nicotine or Anatabine may be added or
substituted into the embodiments of Figs. 1 and 2.
[0019] In many embodiments, parts of the system are
provided in devices including microprocessors. Various
embodiments of systems and methods described herein
may be implemented fully or partially in software and/or
firmware. This software and/or firmware may take the
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form of instructions contained in or on a non-transitory
computer-readable storage medium. Those instructions
then may be read and executed by one or more proces-
sors to enable performance of the operations described
herein. The instructions may be in any suitable form such
as, but not limited to, source code, compiled code, inter-
preted code, executable code, static code, dynamic
code, and the like. Such a computer-readable medium
may include any tangible non-transitory medium for stor-
ing information in a form readable by one or more com-
puters such as, but not limited to, read only memory
(ROM); random access memory (RAM); magnetic disk
storage media; optical storage media; a flash memory,
etc.
[0020] Further examples of the invention will be listed
below:

1. A system for determining a level of nicotine me-
tabolites, in a sample, comprising:

a test strip configured to receive a sample; and

an analyzer configured to receive the test strip
wherein the analyzer is configured to read the
test strip and detect a level of a first nicotine
metabolite and a second nicotine metabolite.

2. The system of example 1, wherein the analyzer
is configured and executing code to determine
whether the sample is from an individual who con-
sumed tobacco products or an individual who con-
sumed cessation products based on the level of the
first nicotine metabolite and the level of the second
nicotine metabolite.

3. The system of example 1, wherein the first nicotine
metabolite is Anabasine and the second nicotine me-
tabolite is Cotinine.

4. The system of example 3, wherein the test strip
includes an Ab-particle Conjugate Stripe, the Ab-
particle Conjugate Stripe including Ab-particle Con-
jugates for binding with one of Anabasine and Coti-
nine.

5. The system of example 4, wherein the test strip
includes an Ab-particle Conjugate Stripe, the Ab-
particle Conjugate Stripe including microparticles
combined with a Cotinine antibody and microparti-
cles combined with an Anabasine antibody.

6. The system of example 5, wherein the test strip
include a first test site and a second test site, the first
test site including compounds to bind with the micro-
particles combined with a Cotinine antibody, and the
second test site including microparticles combined
with an Anabasine antibody.

7. The system of example 6, wherein the micropar-
ticles are fluorescent.

8. The system of example 6, wherein the micropar-
ticles have reflective properties.

9. The system of example 6, wherein the micropar-
ticles have properties that provide for the absorption
of light.

10. The system of example 7, wherein the analyzer
measures a level of absorption at the first test site
to determine the level of Cotinine, and the analyzer
measures a level of absorption at the second test
site to determine the level of Anabasine.

11. The system of example 8, wherein the analyzer
measures a level of reflection at the first test site to
determine the level of Cotinine, and the analyzer
measures a level of reflection at the second test site
to determine the level of Anabasine.

12. The system of example 9, wherein the analyzer
measures a level of fluorescence at the first test site
to determine the level of Cotinine, and the analyzer
measures a level of fluorescence at the second test
site to determine the level of Anabasine.

[0021] While specific embodiments and examples
have been described in detail in the foregoing detailed
description and illustrated in the accompanying draw-
ings, it will be appreciated by those skilled in the art that
various modifications and alternatives to those details
could be developed in light of the overall teachings of the
disclosure and the broad inventive concepts thereof. It
is understood, therefore, that the scope of this disclosure
is not limited to the particular examples and implemen-
tations disclosed herein but is intended to cover modifi-
cations within the spirit and scope thereof as defined by
the appended claims and any and all equivalents thereof.

Claims

1. A test strip for determining a level of Cotinine and
Anabasine in a sample comprising:
an Ab-particle Conjugate Stripe, the Ab-particle Con-
jugate Stripe including Ab-particle Conjugates for
binding with one of Anabasine and Cotinine.

2. The test strip of claim 1, wherein the Ab-particle Con-
jugates include microparticles combined with a Coti-
nine antibody and microparticles combined with an
Anabasine antibody.

3. The test strip of claim 2, wherein the microparticles
are fluorescent.
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4. The test strip of claim 2, wherein the microparticles
have reflective properties.

5. The test strip of claim 2, wherein the microparticles
have properties that provide for the absorption of
light.

6. The test strip of any one of claims 1 to 5, wherein
the test strip is configured to provide for a meter that
measures a level of absorption at the first test site
to determine the level of Cotinine, and the meter
measures a level of absorption at the second test
site to determine the level of Anabasine.

7. The test strip of any one of claims 1 to 6, wherein
the test strip is configured to provide for a meter that
measures a level of reflection at the first test site to
determine the level of Cotinine, and the meter meas-
ures a level of reflection at the second test site to
determine the level of Anabasine.

8. The test strip of any one of claims 1 to 7, wherein
the test strip is configured to provide for a meter that
measures a level of fluorescence at the first test site
to determine the level of Cotinine, and the meter
measures a level of fluorescence at the second test
site to determine the level of Anabasine.

9. A method of determining a level of Cotinine and Ana-
basine in a sample comprising:

providing a test strip configured to receive a
sample;
providing a meter configured to receive the test
strip wherein the meter is configured to read the
test strip and detect a level of Anabasine and
Cotinine;
placing a sample on the test strip;
laterally flowing the sample on the test strip; and
reading the test strip with the meter.

10. The method of claim 9, wherein the test strip includes
an Ab-particle Conjugate Stripe, the Ab-particle Con-
jugate Stripe including microparticles combined with
a Cotinine antibody and microparticles combined
with an Anabasine antibody, and the test strip in-
cludes a first test site and a second test site, the first
test site including compounds to bind with the micro-
particles combined with a Cotinine antibody, and the
second test site including microparticles combined
with an Anabasine antibody, the method further com-
prising:

binding at least a portion of Anabasine and Coti-
nine with microparticles combined with the Coti-
nine antibody and microparticles combined with
the Anabasine antibody, respectively;
binding at least a portion of the microparticles

combined with the Cotinine antibody and micro-
particles combined with the Anabasine antibody
to the first test site and the second test site, re-
spectively;

wherein reading the test strip includes detecting at
the first test site to determine the level of Cotinine
and detecting at the second test site to determine
the level of Anabasine.
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