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ABSTRACT

A method for determining the presence and/or amount of an analyte in a sample of
whole blood comprises the step of treating the sample with a nonlytic hypertonic salt COmpo-'
sition to reduce the hematocrit by reducing the size of the red blood cells. In optical detection
systems, the smaller red blood cells create greater scatter, which allows a more accurate cor-
rection to be applied 1n a dUal-wavclength detection system. In electrochemical detection
systems, as well as in optical detection systems, the smaller red blood cells provide less ob-

struction to the diffusion of analyte and reagents in the sample, to facilitate the reactions

thereof.
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METHOD FOR REDUCING EFFECT OF HEMATOCRIT
' ON MEASUREMENT OF AN ANALYTE IN WHOLE BLOOD,
AND TEST KIT AND TEST ARTICLE USEFUL IN THE METHOD

Background of the Invention

[0001] This invention relates to a method for measuring the presence and/or an' amount of
analyte in a sample of blood with improized accuracy and precision by reducing the effect of
hematocrit on the measurement. The invention further relates to a test article useful in per-

forming the method, and test kits comprising the test article.

[0002] It has become increasingly imp'ortant to medical science to be able to quantify the ”
chemical and biochemical components in whole blood. Such ability'is important 1n testirig
~for exposure to. hazardous materials, intoxicants, and therapeutic drugs, and 1n diagnbstics. In
- some applications, it 1s important for a lay person to be able to perform the test outside a labo-
' fatory environment, with rapid and accurate results. For example, diabetics must test samples
of their own blood for glucose éeveral times a day to modérate their diet and medication. The
test results must bé both rapidly available and accurate. Assays for glucose in either plasma
or whole blood can employ either oxidative or reductive‘ chemistries that employ either col-
brimetric ot, electrochemical detection sys_tems. Other analytes of interest in blood include
cholesterol, triglycerides, ethanol, lactic acid, beta-hydroxy butyrate',' ketone bodies, and

fructosamine.

[0003] Test kits for the determination of glucose and other analytes in blood are well known
in the art. Such test kits usually involve a test article such as a test strip or microfluidic de-
- vice impregnated, éoated, deposited, or printed with one or more chemicals that react in the

pre'sence of glucose to cause a dose-dependent response that may be measured by electro-
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chemical or optical methods, or any combination thereof. Optical measurements can include
transmittance, absorbance, and reflectance methods. Electrochemical measurements can in-

clude amperometric or coulometric methods.

[0004] It is well known that variations in hematocrit between whole blood sémples used in
diagnostic tests can interfere w1th accurate measurement of an analyte. Whole blood hemato-
crit (abbreviated hct) 1s a méasure of the percentage of whole blood volume occupied by the
red blood cells. It is also referred to as the packed cell volume, or the proportion of red blood
cells to p}asmﬁ. The interference caused by ‘ the hematocﬁt variation can arise from at least
three factors: 1)interference with the detection of an optical signal uSed in analyte measure-
ment by reflectance, absorbance or scatter of light; 2) interference with ﬂie rate of the chemi-
cal réaction by obstructing the diffusion of analyte w1thm a whole blood sample; and 3) inter-
ference by reducing the. amount of fluid available in a sainplé for adeqﬁate rehydration of a
drieci reagent on a test strip or other test article. Thus sbmé test kits of the prior art require fhe
user to dilute the sample, or require that the red blood cells be filtered out of the sample or
lysed prior to applying the samplé to é test .devi‘ce, or are designed such that these funétiohs

are carried out by the device itself without user. intervention.

[0005] One series of patents relating to reducing hematocrit interference in the colorimetric

determination of glucose in blood inciudes U.S. 4,935,346, U.S. 5,049,487, U.S. 5,049,394?,
U.S. 5,179,005, and U.S. 5,304,468, all assigned to Lifescan, Inc. of Mountam View, Califbr-
nia .' The method disclc;sed therein

involves taking a reflectance reading from one surface of an inert two-sided porous matrix.
The matrix 1s impre gnate& with a reagent that will 'interaét with th_e analyte to pro duce a light-

ab éorbing reaction product when the fluid being analyzed is applied to the first surface and
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migrates through the matrix to the second surface. Reflectance measurements of the second
surface are made at two separate wavelengths in order to eliminate interferences, end a timing
circuit is triggered by an initial decrease in reflectance by the wetting of the second surface by
the fluid which passes through the inert matrix. The method does. not require the separation

of red blood cells from serum or plasma.

- [0006] U.S. 5,789,255; kalso assigned toLifescan, Inc.,

is entitled "Blood Glucose Strip Having Reduced S‘ensit.ivity to Hematocrit." This patent dis-
cleses a reegent strip comprising an anisotropic membrane having a sample side with rela-
| tively large pores and a testing side with relatively small pores, such that a test sample 1s ap-
plied to the sampie side and passes threugh the i:ﬁembrane toward th'e testing side, while the
- relatively large fed blood cells are ’ﬁlter_ed out of the blood eample. The membrane is im-
- pregnated with a testing agent comprising a .cemponent that reacts with glueose and oxygen to
ereate hydro gen peroxide, a color indicator that reacts w1th the hydrogen peroxide; and an
acrylic ac‘id_ polym‘er that reduces the effect ef the red blood cells on the glucose concentration

‘measurement.

[0007] International I;ublicatien Number WO 01/57239 A2 entitled “Reagent test strip for
analyte determination” and assigned to Lifescan, Inc. describes the use of hemolyzing agents
to lyse the .red blood. cells SO thet seperation of the cells from plasma is not necessary. As
stated therein, “The rea;gent‘ test Stn'pS of the subject‘ invention are characterized by having at
least 'oee of the fo‘llof)v\ing eomponents: a pofous matrix, one or more mernbers of an analyte

oxidation signal producing system, and at least one hemolyzing agent.”
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[0008] ' Japanese quai Patent Application No. HEI 1[1989]-262470, entitled “Dry Type
Whole-Blood Analytical Elément,” related to Japanese Abstract JP 01262470 eﬁtitled' “Dry
process total blood analytical element - used esp. for detecting a high concn. of glucosé in to-
tal blood,” assigned to Fuji Photo Film Co. Ltd., discloses an eleinent for determining a given
component in blood containing erythrocytes. The element coinprises a reagént layer and a
porous developing layer, both layers being water permeable. One of the; layers éontains a
substance capable of forming an optically detectable substance in the presence of an anzilyte :
The porous developing layei‘ develops additional liquid from red blood ceils to wet the cher

layers of the test system. The porous developing layer contains at least 5 g/m* of either NaCl

or KCl.

[0009] A journal article by Pegg, D.E., “Red Cell Volume in glycerol/sodium chlo-
ride/water*rnixtures, Cryobiology, (1984), 21 (2), 234-9, discloses methods for maintaining

red blood cell volume in relation to cryopreservation of cells.

[0010] It is thus one object of the invention to provide a method of analyzing a sample I0f'

whole blood for an analyte that does not require separation of the red blood célls from the

whole blood sample, and a test kit and an articl'e useful in the method.

- [0011] It is yet another object of the invention to provide a method for analyzing a sample
of whole blood for an analyte that reduces interferences caused by variations 1n hematocrit

among the various blood samples analyzed, and a test kit and an article useful in the method.

[0012] It is another object of the invention to provide a method for analyzing a sample of
whole blood for an analyte that does not require blood to be lysed to reduce interference by

variations in hematocrit, and a test kit and an article useful in the method.
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[0013] It 1s another object of the invention to provide a method for analyzing a sample of
. whole blood for an analyte that does not require blood to be diluted to reduce interference by

variations in hematocrit, and a test kit and an article useful in the method.

Summary of the Invention

[0014] These and ofher objects of the inyention are met by the method of the instant inven-;
tion, in which the hematocrit of a blood sample is adjusted before an analyte reading 1s made
by treating' the sample with a nonlytic hypertonic salt composition to reduce the mean cell
volume of the blood cells in the sample. In particular, the method comprises the steps of
(a) providing a sample of blood for qualitative or quantitative determination of an analyte,
(b) treating the sample with a hypertqnic salt composition to adj ﬁst the hematocrit of the sam-

ple, and (c) determining the presence and/or amount of analyte in the sample. |

Description of the Figures

[0015] Figs. 1 A-E are photomicrographs illustrating the effects of various concentrations of

'hypertbnic buffer salt compositions on red \blood cell morphology.

[0016] Fig.2i1sa graph showing the change in hematocrit of 20, 40, and 60 percént Initial

hematocrit whole blood samples at various buffer salt concentrations.

[0017] 'Fig. 3is a graph showing the difference in percent reflectance for a whole blood

sample at 60% hct and a corresponding plasma sample, each at various levels of NaHEPES

buffer concentration.
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Detailed Description of the Invention

[0018] In accordance with the in\}ention, a method is provided for determination of an ana- -
lyte in a sample of blood, in which method the mean cell volume of a sample of blood 1s i‘e-‘ |
dut_:ed to diminish the interfering effects of hematocrit on the accuracy of the determination.
In accordance with the inventive method, the mean cell volume of the sample 18 reduced by
treating the sample with a nonlytic hypertonic sé.lt composition at some pqint during thé di-
agnostic procedure. The term © hypertoni'c salt composition” as used in this patent means a
composition of any organic or inorganic salt or salts of mixtures thereof, which composition
is sufficient to create in a blood sample an osmotic pressure greater than that of an isotonic
ﬂuid.‘ The term "nonlytic” as uéed in this patent means that the -c'ornposition will not induce

substantial lysis of the red blood cells in a sample undergoing analysis by the present method.

[0019] More particularly, the method of the invention comprises the steps of (a) providing a
sample of blood for qualitative or quantitative determination of an analyte, -(b),treating the
‘sample with a nonlytic hypertonic salt composition to adjust the hémétocﬁrit of the sample, and

(c) determining the presence and/or amount of analyte in the sample.

[0020] The step of treating the sample with a nonlytic hypertonic salt composition can be
. accomplished, for eXample, by adding- a pre-determined amount of a nonlytic hypertonic sal-t
composition \to the sample. Preferably, however, this step is aécompli"shed by depositing the
sample (or é portion thereof) on a test article that is already provided with an appropriate

amount of the nonlytic hypertonic salt composition.

[0021] The instant invention also comprises an article useful for carrying out the inventive

method, which article has been treated with a hypertonic salt composition. Such an article -
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ean be in the form of a test strip that has .been treated with a nonlytic hypertonic salt compo-
sition reagent, such as by impregnating, coatjng, depositing or prihting. When a sample of
blood is,placed on the test strip, the salt composition will adjust the hematocrit of the sample,
allowing an accurate determination of the analyte. Alternatively, such an article can be in the
form of a microﬂuidie device having a well or chamber for receiving a samplef ~The nonlytic
~hypertonic salt composifion can be either pre-deposited m the well or chamber such as during
the manufaetere thereof, or the nonlytio hypertonic salt composition can be carried to the well
or chamber via a microchannel either from another well or chamber in the microfluidic device
or from another source such as an external pump. Instruments for reading such test strips or -
microfluidic devices are well-known in the analytical arts and are eommercially available.

Such instruments are described, for example, in the previously men_tioned U.S. 5,304,468.

[0022] The invention further relates to test kits comprising such a test strip or microfluidic
device. A test kit usetul for carrying out the method of the invention will comprise one or
more of the articles as described,elong with lances or other means to extracf a blood sample
from e patient, and optionally any reagents' or solutions necessary for conducting the analysis
of the particular analyie- being determined. The inventien can be used 1n kits intended for ei-

ther home use or laboratory use, such as in a clinic or hospital.

[0023] This invention reduces the interference by red cells in the accurate determinatien of .
analytes within whole blood by reducing the size of t_he red blood cells. The reduction of red
cell size in the method of the invention 1s believed to reduce interference by red cells by at
least two meehanisms. First, in optical deteetior_l systems, the smaller red cells cause an in-
ereaee n li‘gh;t' scatter. While hght scattered by red cells can be a source of interference, one

can compensate for this interference by measuring the scattered light at a wavelength different
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from the wavelength at which the analyte is measured, and compensating for the measured
interference. Smaller particles scatter more light than larger paﬁcles. In the method of the
invention, the signal of thé smaller interfering red cells is increased over native red cells. The
increased scattering signal makes the measurement of the interference by the red cells more
accurate, thus making the compensation for the interference by the red cells more accurate, SO

that the final analyte determination is more-accurate.

[0024] For test kits used in optical detenninafions of an analyte, readings will be taken ét
both a first wavelength chosen for the analyt'e measurement and at a second wavelength that
has little or no overlap with the analyte measurement wavelength. At the analyte_' meésure-
ment wavelength, the reading is a function of bofh the amount of analyte and the hematocrit
by Way of the induced scatter of the red blood cells present. At the ‘second, ﬁon—émalyte
wavelength, the reading is a function of the hematbcrit- by way of the induced scatter of the
red blood cells, and not substantially a function of the analyté. - The reading at the seco'nd,
non-analyte wﬁvelength allows the determinatidn-of the hematocrit of thésaniple. The read-
ing taken at the analyte wavelengfh caﬁ then be corrected to account for the hematocrit of the
sample, to determine the amount of analyte in the sample'. | The accuraéy of the analyte deter-
mination thus depends on the accuracy of the hematocrt determ_ination. Whi-l.e most diag-
nostic tests try to decrease scatter and thus decrease the effect of hematocrit on a measure-
ment, the applicant herein has found that, surprisingly, an increase in the amount of scatter
and/or reflectance can be used in accordance with the invenﬁve m_ethod to aéhieve a more ac-
curate determination of the hematocrit in the measurement. This alloWs for a more accurate
correction to be‘ applied to the measurement made at the analyte wavelength, and therefore a \

more accurate determination of the amount of analyte in the blood sample.
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[ﬁ02 S] Second, in both optical and electrochemical systems, smaller red cﬁells also provide
. shorter diffusion paths for analyte particles to move around red cells to reach reactive areas in
the 'analytical device; thfs is of partiéuiar Importance in electrochemical analyﬁcal devices.
' Reduction in both the mean cell volume and the raﬁge of packed cell volumes ambng samples

of differing native hematocrits reduces the interference by decreasing these diffusion paths.

[0026] The use of nonlytic hypertonic salt solution reduces the mean cell volume of the
sample by reducing the particle size of the red bloqd cellé. This can be seen in FIGS. 1 a-e,
which sho'Q red blood cell morphology in samples of whole blood having hematocrif levels of -
'about 40% treé,tedwith solutions of 'NaHEPES. at concentration lévels of 0 mM, 50 mM, 100
mM, 200 mM, and 400 mM, respectively. ‘Five .hundred .micr'oliter ‘aliquots of NaHEPES
buffer prepared at 50, 100, 200, and 400 mM were added to 1..5 ml microfuge tubes and the
- liquid was evapo;ated using a SpeedVac cohcentrator (Savant Instruments, Inc.) at 30°C.
' Each aliquot of dried buffer salt was then reconstituted with whole blood samples prepared at
various hématocrits. The sam'pies of 20, '40, and 60% hematocrit whole blo_od were targeted
" and prepared by mixing packed célls and plasma. A small sample of each aliquot was used to -
prepare a blood smear on a glass‘ microscope slide so that the morphology of the regl blood -
cells could be observed under the microscope. | ‘It may be seen that at higher buffer concentra-

tions the red blood cells take up a substantially smaller volume of the sample. These smaller

red blood cells increase the scatter of light from the .sarnple.

[0027] Figure 1 below illustrates the effectf of a hypertonic buffer salt, NaHEPES, on the.
hematocrit (packed cell volume). ‘The data represent hematocrit readings taken after mixing

whole blood at différe’nt‘ hematocrit levels with different concen;rations of NaHEPES buffer.

The hematocrit level of each sample both before and after adding to the salt was checked us-
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Ing a Cbmpur M-1100 micro-capillary reader instrument to measure the packed cells. The
aaw in Figure 2 demonstrate that, as the cell size decfeases with increasing buffer
salt concentration, the packed cell volume decreases, thus decreasing 'ghe hematocrit. The
theqretical trend lines shdwn in Figure 2 demons&ate what the expected hematocrit would be
due to the volume displaced by the salt. It may be seen that the effect on thé hematocrit is
substantially greater than theoretically expected, and, at higher hct levels, the effect of in-

creased buffer salt concentrations is substantially greater for higher hct levels than for lower

hct levels.

[0028] Figure 3 shows the effect of hypertonic buffer salt concentration on measured re-
flectance at 940 nm which was chosen as an example Wavelehgﬂl for the hematocrit correc-
tion using red blood cell scatter. In the graph, the vertical axis represénts the difference be-
tween percent reflectance measured for plasma samples and for whole bldod samples initially
having 60% hct, each sample having the indicated buffer concentration. The data were cél-
lected by measﬁring reflectance of the mixture obtained after adding the blood samples to ali-

quots of glucose reagent buffered at the specified: concentrations with NaHEPES, pH 7.5.

These data demonstrate the significant effect that increased buffer concentration

has on the reflectance of a sample with high hct.

[0029] The method of the instant invention is also useful in non-optical determinations,
such .as electrochemical determinations. The smaller red blood cells pose less of an obstruc-
tion to 'the diffusion of analyte and reagents in a whole blood Saniple, such that the chemical

reactions ‘necessary for analyte determination can proceed more readily, which will yield a

more accurate resuit.
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[0030] Accordingly, the method of the instant invention comprises the steps of (a) provid-
ing a sample of blood for qualitative or quantitative determination of an analyte, (b) treating
the \sam\ple with a nonlytic hypertonic salt composition to adjust the hematocrit of the sam-

ple, and (c) determining the presence and/or amount of analyte in the sample.
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The embodments of the present invention for which an exclusive property or privilege 1s claimed are
defined as follows:

1. A method for determining the presence or amount of an analyte in a sample of whole
blood, the method comprising the acts of (a) providing a sample of whole blood for qualitative or
quantitative determination of an analyte, (b) treating the whole blood sample with a nonlytic
hypertonic salt composition, and (c) determining the presence or amount of analyte in the whole blood

sample by measuring the treated whole blood sample.

2. The method of claim 1 where said analyte is selected from the group consisting of

glucose, cholesterol, triglycerides, ethanol, lactic acid, beta-hydroxy butyrate, ketone bodies, and
fructosamine.

3. The method of claim 1 wherein the presence or amount of analyte in the

sample is determined by an optical detection method.

4. The method of claim 3 wherein said optical detection method 1s selected from
the group consisting of reflectance, absorbance, and transmuttance.

. The method of claim 3 wherein a first optical measurement is made at a
wavelength at which the reading is a function of the analyte and the hematocrit, a second optical
measurement is made at a wavelength at which the reading is not substantially a function of the
analyte, and the reading of the first measurement is corrected in accordance with the reading

of the second measurement.

6. The method of claim 1 wherein the presence or amount of analyte in the

sample is determined by an electrochemical method.

7. The method of claim 6 wherein said electrochemical method is selected from

the group consisting of amperometric and coulometric methods.

8. The method of claim 1 wherein said hypertonic salt composition comprises

one or more organic salts, or one or more inorganic salts, or any combination thereot.

0. The method of claim 1 wherein treating the sample with a nonlytic hypertonic
salt composition includes depositing a sufficient amount of nonlytic hypertonic salt

composition on a test article and contacting the sample with the test article.
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10. The method of claim 1 wherein treating the sémple with a nonlytic hypertonic

salt composition includes depositing a sufficient amount of nonlytic hypertonic salt

composttion in a microfluidic device including a well or chamber and contacting the sample 1n the

well or chamber.

11.  The method of claim 1 wherein the nonlytic hypertonic salt composition 1s
NA-HEPES.

12.  The method of claim 1 wherein the nonlytic hypertonic salt composition 1s

prepared at at least 100 mM.

13. The method of claim 1 wherein the hypertonic salt composition comprises one

Or more orgamic salts.

14, The method of claim 1 wherein the hypertonic salt composition comprises one

Or more 1norganic salts.

15. A method for determining the presence or amount of an analyte in a sample of
whole blood, the method comprising the acts of (a) providing a sample of whole blood for qualitative
or quantitative determination of an analyte, (b) treating the whole blood sample with a nonlytic
hypertonic salt composition prepared at at least 200 mM to adjust the hematocrit of the whole

blood sample, and (¢) determining the presence or amount of analyte in the whole blood sample.

16. The method of claim 15 where said analyte 1s selected from the group
consisting of glucose, cholesterol, triglycerides, ethanol, lactic acid, beta-hydroxy butyrate,

ketone bodies, and fructosamine.
17. The method of claim 16 where said analyte 1s glucose.

18.  The method of claim 15 wherein the presence or amount of analyte 1n the

whole blood sample is determined by an optical detection method.

19.  The method of claim 15 wherein the presence or amount of analyte in the

whole blood sample is determined by an electrochemical method.

20.  The method of claim 15 wherein the nonlytic hypertonic salt composition 1s

prepared at at least 400 mM.

21. A method for determining the presence or amount of an analyte in a sample of
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whole blood, the method comprising the acts of (a) providing a sample of whole blood for
qualitative or quantitative determination of an analyte, (b) treating the whole blood sample
with a nonlytic hypertonic salt composition to adjust the hematocrit of the whole blood
sample in the absence of performing a separation act, and (c¢) determining the presence or

amount of analyte in the whole blood sampile.

22.  The method of claim 21 wherein the nonlytic hypertonic salt composition 1s

prepared at at least 200 mM and the analyte 1s glucose.

23.  The method of claim 22 wherein the nonlytic hypertonic salt composition i1s
prepared at at least 400 mM.
24. A method for determining the presence or amount of an analyte 1n a sample of

whole blood, the method comprising the acts of (a) providing a sample of whole blood tor
qualitative or quantitative determination of an analyte, (b) treating the whole blood sample
with a nonlytic hypertonic salt composition to modify the effect of the hematocrit of the
whole blood sample, and (c) determining the presence or amount of analyte in the whole blood

sample by measuring the treated whole blood sampile.

25.  The method of claim 24 wherein the nonlytic hypertonic salt composition 1s
prepared at at least 200 mM and the analyte 1s glucose.

26.  The method of claim 25 wherein the nonlytic hypertonic salt composition 1s
prepared at at least 400 mM.
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FIG. 3
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