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7) ABSTRACT

A novel reagent system for use with automated and semi-
automated hematology analyzers including an essentially
isotonic blood diluting reagent, a blood cell lysing and
hemoglobin conversion reagent, and a second lysing reagent
for differentiating white blood cells into classes by size and
functional characteristics. The diluent reagent enhances
properties for counting and sizing blood specimens, while
stabilizing cellular volume and cellular integrity for many
hours. The blood cell lysing reagent removes red blood cells
and enables subsequent enumeration of white blood cells
and simultaneous determination of hemoglobin without use
of the toxic cyanide anion. The third lysing reagent and a
companion quenching differentiates blood cells into classes
by size and functional characteristics, based on d.c. imped-
ance volume, conductivity/opacity and light scatter mea-
surements. The companion quenching reagent adjusts pH
and conductivity of the final measurement solution to match
the analyzer system requirements. Novel methods for use of
the reagents with automated and semi-automated hematol-
ogy analyzers are also provided.
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MULTI-PURPOSE REAGENT SYSTEM AND
METHOD FOR ENUMERATION OF RED BLOOD
CELLS, WHITE BLOOD CELLS AND
THROMBOCYTES AND DIFFERENTIAL
DETERMINATION OF WHITE BLOOD CELLS

BACKGROUND OF THE INVENTION
[0001]

[0002] The invention relates to a multi-purpose reagent
system and method for enumeration of red blood cells, white
blood cells and thrombocytes and differential determination
of white blood cells.

[0003]

[0004] The art recognizes that the ability to resolve the
various populations of blood cells into their constituent
classes, particularly those of the leukocytes, provides an
invaluable diagnostic aid in the study, diagnosis and treat-
ment of various diseases. As is further appreciated, the
greater the number of sub-populations that are identifiable
and enumeratable, the more accurate and reliable the iden-
tification of any single sub-population is likely to be.

[0005] Previous scientific publications and patents have
described reagents and methods for enumerating these cell
types by a variety of mechanisms. U.S. Pat. No. 4,485,175
(to Ledis, et al.) describes a reagent system comprising a
multipurpose blood diluent and a lysing reagent, and a
method for utilizing same to produce a hemoglobin mea-
surement and differentiation of white blood cells into at least
one and up to three sub-populations of leukocytes. U.S. Pat.
No. 5,731,206 (to Ledis, et al)) describes a lytic reagent
composition, a kit of a lytic reagent system and a method for
isolating, identifying and analysis of at least one and up to
five sub-populations of leukocytes from a whole blood
sample. Other representative patent references pertinent to
this field include U.S. Pat. Nos. 3,874,852; 4,286,963;
4,346,018; 4,528,274 and 4,751,179. All are hereby incor-
porated by reference in their entirety.

1. Field of the Invention

2. Description of the Prior Art

SUMMARY OF THE INVENTION

[0006] This invention concerns certain novel composi-
tions of matter (reagents) and novel methods of use of a set
of reagents designed and matched for electronic enumera-
tion and sizing of blood cells, utilizing automated and
semi-automated hematology analyzers for the multiple pur-
poses of counting and sizing red blood cells; counting, sizing
and differentiating white blood cells according to their
subtype; counting and sizing platelets in whole blood; and
the photometric measurement of hemoglobin concentration.
Effective measurement of the formed elements of a whole
blood sample requires multiple steps, including counting
and sizing of the red blood cells and platelets, followed by
addition of a red blood cell hemolyzing reagent, thus per-
mitting the enumeration and sizing of the remaining white
blood cells.

[0007] Use of the present invention enhances the ability to
resolve the various populations of blood cells into their
constituent classes, particularly those of the leukocytes, and
provides an invaluable diagnostic aid in the study, diagnosis
and treatment of various diseases. As may be further appre-
ciated, the greater the number of sub-populations that are
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identifiable and enumeratable, the more accurate and reli-
able the identification of any single sub-population is likely
to be.

[0008] The diluent reagent of the present invention com-
prises an aqueous solution of chemical salts providing an
electrically conductive solution to which a blood sample can
be added to dilute the red blood cells, white blood cells and
platelets to enable electronic counting, sizing and evaluation
by d.c. impedance, rf conductivity or opacity (a normaliza-
tion of the rf signal divided by the d.c. signal) and/or light
scatter at one or more angles to the incident light beam. In
order to separate the complex electrical signals emanating
from such a dilute mixture, a first red blood cell lysing
reagent is added to rupture (stromatolyse) the red blood cells
and dissolve their membrane particles (stroma), such that the
red blood cells no longer register in any of the measurements
made by the analyzer system. The resulting solution may be
counted, sized and evaluated by electronic and mathematical
means to produce a volumetric representation of the remain-
ing white blood cells into at least one size population up to
three or more size populations. Simultaneously, the lysing
reagent also reacts with the hemoglobin liberated from the
lysed red blood cells, converts it chemically to a stable
oxyhemoglobin derivative, which is then measured photo-
metrically, and a hemoglobin concentration is calculated
from a previous known hemoglobin concentration used as a
standard.

[0009] 1In a second part of the invention, a lysing reagent
is reacted with a blood sample, similarly destroying the red
blood cells under acidic conditions of low osmolality and
conductivity with an acid active natural detergent present,
and resulting in the differentiation of white blood cells
(leukocytes) into at least one and up to five component
subtypes, specifically described by their morphology and
function as lymphocytes, monocytes, granulocytes, eosino-
phils and basophils. Addition of a third reagent, called a
quenching reagent, is required in order to adjust the pH to
approximately neutral (i.c., 6.5 to 7.5) and to adjust the
conductivity to about 18 to 20 milliSiemens per kilogram, as
is usual for isotonically diluted blood specimens. Simulta-
neous measurement of parameters, such as volume, conduc-
tance or opacity, and light scattering ability have been used
to differentiate white blood cell subtypes into at least one
and up to five different categories. While functional tests of
white blood cell subtypes are usually difficult to perform in
automated analyzers, these electronic and optical parameters
have been related to cellular function by scientific studies
designed to correlate cellular function with cell volume,
opacity and/or light scatter signals.

[0010] Although previous attempts to accomplish the fore-
going have permitted performance of similar cellular enu-
merations and differentiations more or less accurately, nev-
ertheless, the presence of hematological abnormalities and/
or aging of the blood specimen post-phlebotomy which
cause changes in the cellular response to chemical and
electrical stimuli as provided by the analyzer system, have
preclused prior compositions and methods from achieving
the results of the present invention. These changed cellular
responses usually result in changes in the chemical response,
and subsequently, the appearance of the histogram and
scattergram patterns of the cells. The subtypes are subse-
quently distorted from the usual presentation of fresh blood
cells within the analyzer’s output. This shifting or changing
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of the cellular response to measurement results in inaccu-
racies and possible misclassifications that may have medical
consequences. These shifts also may cause error flags to be
generated by the analyzer system that may further distort the
true analytical picture. Additionally, the presence of such
error flags requires the laboratorian to re-analyze the speci-
men by alternative means in order to provide a reliable result
to the physician. Such is not the result, however, in the
performance of the present invention.

[0011] The present invention overcomes and solves these
problems encountered in the prior art by treating the abnor-
mal and older, more fragile blood cells in a chemically more
gentle manner, from which they can be measured and
analyzed closer to their native, whole-blood state. Hemato-
logical analysis with better accuracy and fewer error flags is
much more desirable in the medical laboratory. Thus, the
clinician may receive more useful diagnostic information,
eliminating the potential for erroneous data.

[0012] The task of improving the reagent designs and the
analyzer system performance is made more difficult by the
design of current hematology analyzer systems, which usu-
ally have fixed counting and sizing thresholds, fixed math-
ematical treatments (algorithms) of the measured data, and
therefore, do not allow much leeway in the reagent chem-
istry for changes in cellular volumetric size and variant
responses to the instrument algorithms. Changes in the
analyzer’s positioning of various cell subtypes due to cel-
lular abnormalities and sample-age related changes in
chemical behavior generally have resulted in misidentifica-
tion or misclassification by the analyzer system in the past.
By the use of the present invention and the application of a
gentler, more cell-friendly chemistry within the analyzer
system, cell positioning and electrical response changes can
be reduced, thus, presenting a cell count and distribution
more nearly like that of fresh blood specimens.

[0013] Several different models of ¢lectronic blood cell
counting and sizing apparatus are useful in practicing the art
of blood cell analysis, including Beckman Coulter Models
MD, MD II, T Series analyzers (T540, T660, T890, ST, JT
1,JT 2 and JT 3), S Plus 4, 5 and 6, STKR, STKS, MAX-M
and Gene.S; and other representative analyzers, such as
Abbott Laboratories’ CD3000, CD3500 and others; and
TOA (Sysmex) Model 1600 and others.

[0014] Tt is an object of this invention to improve and
remedy the many known deficiencies of hematology analy-
sis systems, as discussed above, and additionally to simplify
the reagents, remove any toxic components, remove any
components that destabilize the hematology analysis system
and to increase the stability of the hematology analysis
system measurements, while reducing the sensitivity of the
analyzer system to the effects of sample age and physiologi-
cal abnormalities of the patient.

[0015] Tt is an additional object of this invention to pro-
vide a stable blood diluent environment for the analysis red
blood cells and platelets, both from fresh patient samples
and those that have aged since sample collection.

[0016] Tt is a further object of this invention to provide a
reagent for a chemical reaction with a whole blood sample,
whether freshly collected or aged since collection, that may
permit the enumeration of the total number of white blood
cells present, the differentiation of at least one and up to
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three sub-populations of leukocytes, and simultaneously
provide a stable hemoglobin chromagen for determination of
the hemoglobin concentration by photometric measurement,
without requiring the use of toxic compounds such as
cyanide to form said stable chromagen.

[0017] Ttisa still further object of this invention to provide
an additional reagent system that can further subdivide
leukocyte sub-populations of freshly collected or aged blood
specimens into at least one and up to five distinct classifi-
cations for use in differential determination of the relative
number of such cells in each sub-population by providing a
means to lyse the red blood cells, then to stabilize the
residual white blood cell mixture by addition of a quenching
reagent for subsequent analysis.

[0018] Tt is yet another additional object of this invention
to provide a novel reagent system for effective use in
separating and differentiating white blood cell sub-popula-
tions, whether freshly collected or aged since collection, for
the purpose of measurement by purely physical, electrical
and light scattering means, and by immunological and
immunochemical means by use of additional reagents com-
prising antibodies or antisera specific for one or more
marker molecules on the surface or within the cellular
contents of said sub-populations.

[0019] Tt is a further object of this invention to provide a
method for the performance of these analyses, including: a)
the counting and sizing of red blood cells and platelets from
a fresh or aged blood sample, b) the removal of red blood
cells and the subsequent measurement of at least one up to
three sub-populations of white blood cells from freshly
collected or aged blood samples, c) the conversion of the
liberated hemoglobin to a stable derivative for photometric
measurement, d) the differential determination of at least one
and up to five sub-populations of leukocytes from freshly
collected or aged blood samples by measurement of physi-
cal, electrical and light scatter properties, and ¢) measure-
ment of the immunochemical or immunological response of
any such sub-populations to antibodies or antiserum specific
for one or more marker molecules on the surface or within
the cellular contents of said sub-populations.

[0020] Other and further objects and advantages of the
present invention will become more apparent from the
detailed description of the preferred embodiments as set
forth in the following when taken together with the draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021]

[0022] FIG. 2A is a scattergram of Example II, volume v.
light scatter, using a 5 part differential lysing reagent.

[0023] FIG. 2B is a scattergram of Example II, volume v.
opacity scatter, using a 5 part differential lysing reagent.

[0024] FIG. 3A is a scattergram like FIG. 2A using
known reagents.

FIG. 1 is a WBC histogram of Example I.

[0025] FIG.3B is a scattergram like FIG. 2B using known
reagents.
[0026] FIG. 4A is a scattergram of Example III, volume v.

light scatter, using a low acidity lysing reagent.
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[0027] FIG. 4B is a scattergram of Example III, volume v.
opacity scatter, using a low acidity lysing reagent.

[0028] FIG. 5A is a scattergram of Example I'V, volume v.
light scatter, using glutaric acid lyse.

[0029] FIG. 5B is a scattergram of Example IV, volume v.
opacity scatter, using glutaric acid lyse.

[0030] FIG. 6 shows the analysis reported by use of CDS
Hematology Diluent and CDS 3-Part Differential Lyse
Reagent on a blood specimen analyzed by an automated
hematology analyzer.

[0031] FIG. 7 shows Beckman Coulter diluent and CDS
3-Part Differential Lyse Reagent to produce substantially the
same result as shown in FIG. 6 on the same blood specimen
analyzed by the same automated hematology analyzer. FIG.
8 shows the CDS Hematology Diluent and Beckman Coulter
3-Part Differential Lysing Reagent on the same blood speci-
men analyzed by the same automated hematology analyzer
producing a somewhat truncated WBC distribution pattern,
but substantially the same numerical results.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS OF THE INVENTION

[0032] The present invention concerns compositions of
matter and methods used to obtain medical diagnostic infor-
mation from a whole blood specimen utilizing techniques
and measurement parameters built into existing commercial
hematology analyzer systems. Specifically, a 1.6 uL volu-
metrically measured sample of whole blood specimen is
precisely diluted and suspended in 10 mL (1:6,259 dilution)
of a hematology diluent reagent is prepared for the red blood
cell and platelet count. This reagent is designed to maintain
blood cell sizes, shapes and chemical reaction responses
near to the native state of said blood cells in whole blood for
at least the period of time required for analysis, about one to
about three minutes. After this appropriate dilution, the
analyzer can count and size the red blood cell and thromb-
ocyte populations of the whole blood sample, and store the
results in an electronic memory within the analyzer system
in a more advantageous manner.

[0033] In a further processing, one part of the novel first
dilution of the whole blood specimen is reacted with an
amount of a novel red blood cell lysing reagent to simulta-
neously dissolve the red blood cell membranes without also
destroying the white blood cells. Specifically, a 27 ul
sample of additional whole blood specimen is diluted with
an additional 6.0 mL (1:224 dilution) of hematology diluent
reagent followed by the addition of 1.0 mL of strong lysing
reagent for white blood cell counting and differentiation, and
hemoglobin determination. This step simultaneously dis-
solves the red blood cell membranes without also destroying
the white blood cells. The hemoglobin contained within each
red blood cell is converted chemically into a stable hemo-
globin complex for photometric analysis in an optical cham-
ber of the hematology analyzer instrument, containing a
light source, an optical path of constant and known length
and a light detector. The remaining white blood cells in this
dilution and suspension are counted and sized by d.c.
impedance electronic aperture detection, resulting in total
count of white blood cells and some information about the
size distribution in a more advantageous manner. Certain
sub-populations of white blood cells larger than a pre-
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determined electronic size threshold, which includes only
lyse-resistant red blood cell and white blood cell popula-
tions, may be enumerated and differentiated in this manner.
This count is analyzed to report total cell counts and average
cell sizes of the larger formed cells within a blood specimen,
specifically nucleated red cells and white blood cells.

[0034] In certain hematology analyzer systems so
equipped, such as Beckman Coulter Models STKS,
MAX-M and Gene.S analyzer systems, a second group of
measurement sensors and a flowcell detection chamber,
often equipped with a laser or other highly focussed light
source, is used to measure more accurate sub-populations of
white blood cells from a separate blood specimen. Specifi-
cally, about 31 uL of volumetrically measured blood speci-
men is added to about 1,070 uL of a second, weak lytic
reagent, which also destroys the red blood cells in a brief
amount of time (about 10 seconds). This novel reagent
removes the more numerous red blood cells, but permits the
separate observation of the white blood cell components as
a group of subpopulations based on their native volume,
conductivity (opacity) and light scattering ability, which is
correlated with their biological function.

[0035] About 196 uL of another novel reagent, called a
quenching reagent is added. This novel quenching reagent is
designed to rebalance the suspension pH to about 6.5 to
about 7.5 and to simultaneously rebalance the conductivity
and osmolality of the suspension to about 18.0 to 20.0
milliSiemens/cm and to about 250 to 350 milliosmole/kg,
respectively. Measurements of d.c. impedance volume, light
scattered by the cells within the sample suspension and
electrical conductivity and a normalized parameter known as
opacity (rf. conductivity divided by d.c. impedance) are
recorded. Based on this more advanced chemistry method
and these physical and electronic sensors within the analyzer
system, at least one to as many as five different subpopula-
tions of white blood cells, based on the cellular structure and
function, may be produced in a more advantageous manner.
In this system, the subpopulations are separated and differ-
entiated into white blood cell sub-types according to their
volume, conductivity and light scatter signals. When com-
bined mathematically with the total white blood cell count,
as determined in the previous step, the analyzer is now
capable of reporting a white blood cell differential count
from one to as many as five different sub-types.

[0036] The above mentioned objects of the invention are
achieved by the novel specifically improved individual
reagent components that work together to improve system
function beyond the current art. These novel and improved
reagents will, in the various analyzer environments intended
to utilize reagent components of these types, provide a stable
dilution of red blood cells and platelets for counting and
sizing, and white blood cell suspensions suitably stable to be
selectively isolated, differentiated and identified into at least
one and up to five sub-populations.

[0037] The diluent reagent is designed to suspend and
dilute red blood cells, platelets and white blood cells in a
manner suitable for individual cell counting and sizing,
without causing significant changes in their respective sizes,
shapes or internal constituents. This novel diluent reagent
consists essentially of a single alkali metal salt, which
dissociates into individual ions, establishing the majority of
the isotonicity, osmolality and conductivity of the reagent.
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Representative alkali metal salts include sodium chloride,
potassium chloride, sodium sulfate, potassium sulfate,
sodium nitrate and potassium nitrate.

[0038] Buffering means, comprising complex carboxylic
acids, such as, for example, 1,2-ethanedioic acid (oxalic
acid); 1,3-propanedioic acid (malonic acid); cis-2-butene-
dioic acid (maleic acid); 1,3-butanedioic acid (succinic
acid); 2,3-dihydroxy-1,4-butanedioic acid (tartaric acid),
2-hydroxyethane-2-carboxylic acid (lactic acid), 2-hydroxy-
1,2,3-propane tricarboxylic acid (citric acid), 2,3,4,5,6-pen-
tahydroxy-2,3-hexenecarboxylic acid-4-lactone (ascorbic
acid) and other complex carboxylic acids, and the sodium
salts thereof, serve to control the pH of the diluent reagent.
Additionally, disodium ethylene dinitrilo-tetraacetic acid
(EDTA) is incorporated to complex transition and heavy
metals, such as iron and lead, which are frequently impuri-
ties in salt preparations, to prevent precipitation of com-
plexes of these materials. Also included are various germi-
cides and anti-bacteriostatic compounds to prevent the
growth of microorganisms in the diluent reagent.

[0039] The salts influence the changes in size and shape of
all of the cellular constituents of whole blood, especially the
red blood cells and the lyse-treated white blood cells. Use of
a single salt in the diluent reagent provides significantly
better predictability of blood cell behavior after suspension
and prior to counting and sizing. Control of the salt’s
concentration provides: a) consistent osmotic pressure on
the cell membrane; b) consistent conductivity resulting in
predictable signal responses of the cells to the direct currents
(d.c.) and radio frequency/alternating currents (rf/a.c.) used
for measurement; and c) consistent optical indices of refrac-
tion resulting in stable light scattering measurements. Use of
a single salt represents an improvement over the multi-salt
compositions of other, previous diluent reagents. Minor
variations in the salt composition ratios, as well as, uniden-
tified contaminating salt ions, lead to variations in cell
response to the sensing systems in common usage in hema-
tology analyzers. Rf/a.c. sensing is particularly sensitive to
changes in ionic composition, due to changes in the solution
conductivity, and corresponding changes in cellular conduc-
tivity. Opacity, a calculated parameter derived from normal-
izing the conductivity by dividing it by the d.c. volume, is
used to locate and enumerate the basophil population by
plotting its position in a different reference frame as a single,
separated sub-population.

[0040] Whereas use of sulfate salts, such as sodium sul-
fate, as a constituent in a multi-component salt composition
for a diluent reagent has been reported to benefit hematology
analyzer systems by its ability to solubilize abnormal blood
plasma proteins, especially immune globulins, thus prevent-
ing them from precipitating from solution, nevertheless, the
use of only one sulfate is novel. Elevated WBC counts also
have been reported to interfere with accurate hemoglobin
measurements due to physical turbidity of the analysis
solution by the elevated white blood cells, causing photo-
metric measurements to be inaccurately biased to higher
readings. Concentrations of sulfate in the diluent reagent
solution greater than about 1% render these turbidity-caus-
ing cells more transparent in the photometric measurement,
thus reducing that interference.

[0041] Preservatives can be added to these formulations to
prevent the growth of microorganisms, yeasts and molds that
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would interfere with the ability of the analyzer system to
count and size blood cells. These are traditional additives,
comprising water-soluble compounds, such as methyl para-
ben, propyl paraben, and commercial antimicrobials, such as
Proclin 150 and Proclin 300 (Supelco, Bellefonte, Pa.),
Germall II (ISP Technologies, Chattam, N.J.) and Bronidox
L (Henkel, Emery Group, Cincinnati, Ohio) and other simi-
lar agents. The concentrations of such additives must be
controlled to levels low enough to be compatible with the
primary purpose of the functional components of the system,
while retaining effectiveness against expected levels of
microbial contamination.

[0042] A strong lytic reagent, capable of stromatolysing
red blood cells and of reducing platelets to volumes below
the threshold of detectability by the analyzer’s counting and
sizing measurement, produces a total white blood cell count
and 3-part white blood cell differential. This reagent must be
designed with a balance of lysing agent strengths to avoid
reducing the volume of all white blood cell subtypes into one
population at minimal terminal cell volume. Lymphocytes
are the most sensitive to lysing reagents containing quater-
nary ammonium salts, while granulocytes are the least
sensitive to these types of reagents. Monocytes, eosinophils
and basophils are intermediate in sensitivity to these types of
quaternary ammonium salt lysing reagents. Balancing vari-
ous chain lengths of quaternary ammonium salt compounds
to provide terminal volume lysis of lymphocytes, without
appreciable cellular destruction, and with intermediate and
low volume-shrinkage lysis of the other cellular subtypes, is
a difficult process with many compromises between high
and low lytic strength quaternary ammonium salts. Reagent
that is too strong results in collapse of the cellular volume
distribution to a restricted range of volumes, resulting in
reduced ability to discern different cell subtypes. Reagent
that is too weak will not adequately lyse all RBCs, which
will contaminate or even obliterate the white cell distribu-
tions entirely. The commonly used trimethyl long-chain
quaternary ammonium salts (C,, or dodecyl, C,, or tetrade-
cyl and C,4 or hexadecyl) have lytic effects on all of the
white cell subtypes, increasing in lytic strength with increas-
ing carbon chain length, but decreasing in water (polar)
solubility. These compounds all affect lymphocytes strongly,
and the other subpopulations moderately to strongly,
increasing in strength with carbon chain length. The dodecyl
salt has the most moderate effect on monocytes, eosinophils
and granulocytes of any of these three compounds. Use of a
diluent reagent made predominantly of sodium sulfate and
having a higher conductivity also contributes to protecting
the monocytes, eosinophils and granulocytes, moderating
the strong effects of quaternary ammonium salt reactivity.

[0043] The current invention combines the use of tet-
raalkylammonium halide salts, such as dodecyltrimethylam-
monium halide salts, tetradecyltrimethylammonium halide
salts, dioctyldimethylammonium halide salts, didecyldim-
ethylammonium halide salts and didodecyldimethylammo-
nium halide salts, as the major lytic component. These
compounds have relatively weaker lytic action on the non-
lymphocyte components. In addition, another class of qua-
ternary ammonium compounds with unexpectedly mild but
thorough lysing action have been identified to moderate the
cellular populations almost independently to provide a con-
trollable histogram of white cell subtypes. Quaternary
ammonium salt compounds with three shorter (Cy_;,) carbon
chains and one methyl group, such as trioctylmethylammo-
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nium halide salts, tridecylmethylammonium halide salts and
tridodecylmethylammonium halide salts unexpectedly pro-
vide strong enough lytic action to contribute separation
between the granulocyte population and the monocyte/
eosinophil population without exerting lytic action that is
too strong. Increasing the concentration of this material
provides increasing separation up to a limiting concentra-
tion, and then all cell populations begin to collapse to lower
volumes. Addition of yet a third quaternary ammonium salt
compound having more polar (water-soluble) characteris-
tics, such as 2-hydroxycetyl-2-hydroxyethyldimethylammo-
nium halide salts, provides significant moderation to lytic
strength, especially towards the granulocyte subtype, when
mixed with alkyltrimethylammonium and dialkyldimethy-
lammonium halide salts, together with trialkylmethylammo-
nium halide salts. The hydroxyl groups are thought to render
the material more polar in aqueous environments, and,
therefore, less soluble in non-polar environments, such as
the lipid components of the white blood cell membrane
structure. Together with the effects of the sulfate ion from
the diluent reagent, a white cell subtype histogram is pro-
vided that independently reduces the lytic effect on granu-
locyte subtypes, while maintaining minimum terminal vol-
ume shrinkage of the lymphocyte subtype cells. This results
in an exceptional separation of white blood cell subtypes for
differentiation and enumeration by the analytical system.

[0044] Hemoglobin concentrations deriving from the total
hemoglobin content of the red blood cells is also sequen-
tially measured in the lysis solution. After the white blood
cell counting and sizing is complete, the remaining solution
is subjected to photometric measurement in a standard
optical cell, comprising a transparent fluid passage with an
orthogonal light source, filtered to a narrow band of wave-
lengths, and an electronic light detector. Previously, hemo-
globin measurements have been performed by reacting the
lysing solution containing released hemoglobin with cya-
nide anion to cause formation of the very stable cyanohe-
moglobin derivative. With automatic hematology analysis
apparatus, hemoglobin is generally measured at approxi-
mately the same time in the analysis cycle for every speci-
men. Thus, time control affords very stable results even
when the hemoglobin derivative may not be considered
stable for long periods of time.

[0045] 1In the present invention, lysis of the red blood cells
yields a white blood cell suspension and a hemoglobin
complex with the quaternary ammonium salts, which is then
oxygenated by dissolved oxygen in the solution. This oxy-
hemoglobin complex is quite stable enough with respect to
the time required by the analyzer’s measurement cycle to be
accurately measured by the hemoglobin photometer.

[0046] In hematology analyzer systems so equipped, a
much more gentle lytic reagent is added separately to a
second blood specimen to achieve stromatolysis of the red
blood cells and platelets, while preserving the white blood
cells in a near native state with respect to their original size
(d.c. impedance volume), a.c. electrical conductivity and
light scattering ability. Lysis action is accomplished by
chemical interaction of hypo-osmotic solution conditions,
controlled quantities of acid or acid-like compounds and a
mild detergent. Lytic reagent solutions with osmolality less
than 150 milliosmoles per kilogram are effective as hypo-
osmotic lysing solutions. Several types of acid compounds
have been found to be effective, especially carboxylic acids

Jul. 25,2002

of more complex chemical structure than the unsubstituted
C, to C; alkanoic acids. Particularly effective as acid sources
are, for example, 2-chloro- and 2-fluoroacetic acids, 2-hy-
droxyacetic acid (glycolic acid), 2,3-dihydroxypropanoic
acid (glyceric acid), 1,5-pentandioic acid (glutaric acid) and
2,3,4,5,6-pentahydroxyhexanoic acid (gluconic acid). Sur-
prisingly, there are some inorganic mineral acid-forming
compounds that are particularly effective as acid sources for
this lytic reaction, including sodium pyrosulfate, sodium
hydrogen sulfate (bisulfate), potassium pyrosulfate and
potassium hydrogen sulfate (bisulfate). Additionally, there
are some salts of alkylsulfonic acids that surprisingly yield
cffective results, such as 1-butanesulfonic acid sodium salt.
This material is only slightly acidic in aqueous solution (pH
about 5.0 to about 5.5), and yet it produces exceptionally
debris-free white blood cell differentials, comprising at least
one up to five sub-populations of white blood cell sub-types.
Further additionally, a mixture of a weak organic acid, such
as glutaric acid, together with a small amount of a mineral
acid, such as hydrochloric acid, also surprisingly yield
effective results, apparently due to the slow shifts in acid
equilibrium, producing acid ions continuously but at rela-
tively low concentrations.

[0047] A mild detergent material, such as the natural
detergent “saponin”, which is derived from the bark of
quillaja trees, has been found to be effective is removing red
blood cells and platelets, while sparing white blood cells
from destruction. Use of saponin at appropriately low con-
centrations prevents the detergent from attacking the more
robust white blood cells. The preferred concentration of
saponin found effective in the present invention is from
about 0.06% to about 0.15% when mixed with acid-forming
reagents and in hypo-osmotic solution less than 150 mil-
liosmoles per kilogram.

[0048] This lytic reagent may also contain other traditional
additives, such as antimicrobial, antiyeast and antimold
preservative compounds, such as methyl paraben, propyl
paraben, Proclin 150 and Proclin 300 (Supelco, Bellefonte,
Pa.), Germall II and Germaben (mixture of Germall II and
methyl and propyl parabens) (ISP Technologies, Chattam,
N.J.) and other effective preservative means. The concen-
trations of such additives must be controlled to levels low
enough to be compatible with the primary purpose of the
functional components of the system, while retaining effec-
tiveness against expected levels of microbial contamination.

[0049] After a suitable reaction time, a second reagent,
called a quenching reagent, is added to reduce the acidity by
adjusting the pH to about 6.5 to about 7.5, and to moderate
the hypo-osmotic condition by adding salt ions to adjust the
osmolality of the solution to about 285 to about 350 mil-
liosmoles/kg and to adjust the conductivity of the solution to
about 18 to about 20 milliSiemens/cm. The preferred com-
position of this quenching reagent is comprised of a single,
simple salt, such as sodium chloride, sodium sulfate, sodium
carbonate, sodium bicarbonate and the potassium salts of
these same anions. This salt provides the majority of anions
and cations to readjust the osmolality of the lytic solution to
a range compatible with the d.c. impedance and a.c. con-
ductivity requirements of the analyzer. Additionally, this
quenching reagent contains a buffering means, in effective
amounts as required to adjust the pH to about 6.5 to about
7.5, as required by the white blood cells to remain stable.
Many buffering compounds have been found to be effective,
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but N-(2-hydroxyethyl)piperazine-N'-ethanesulfonic acid
(HEPES) and its sodium salt, members of the Good’s family
of organic buffers, has been found to be the most effective.
This reagent stops the lysing actions and results in a sus-
pension of white blood cells, which is then subjected to
simultancous measurement of d.c. impedance (cell volume),
a.c. conductivity and opacity (conductivity divided by d.c.
volume) and scattering angles of monochromatic light,
measured at low angles to the incident light beam (0 to 25°)
in a specially equipped flow cell. The data collected from
these three sensors is mathematically processed and plotted
in 3-axis space to give data clusters corresponding to the
various sub-types of white blood cells, including, lympho-
cytes, monocytes, granulocytes, eosinophils and basophils.

[0050] The quenching reagent may also contain other
traditional additives, such as antimicrobial, antiyeast and
antimold preservative compounds, such as methyl paraben,
propyl paraben, Proclin 150 and Proclin 300 (Supelco,
Bellefonte, Pa.), Germall I and Germaben (mixture of
Germall I and methyl and propyl parabens) (ISP Technolo-
gies, Chattam, N.J.) and other effective preservative means.
The concentrations of such additives must be controlled to
levels low enough to be compatible with the primary pur-
pose of the functional components of the system, while
retaining effectiveness against expected levels of microbial
contamination.

[0051] The reagent system of this invention comprise
aqueous solutions in amounts necessary to suspend and
dilute blood cells for hematology analyzer counting and
sizing, and for the differential lysis of red blood cells and
platelets to produce white blood cell and hemoglobin sus-
pensions suitable for hematology analysis. The diluent
reagent of this invention is preferably described as a water-
soluble mixture of a single alkali metal salt, a buffer and
preservatives, suitable to simultaneously produce an osmo-
lality of about 285 to about 335 milliosmoles per kilogram,
a conductivity of about 18 to about 20 milliSiemens per
centimeter at 25° C. and a pH of about 7.0 to about 7.2. The
preferred alkali metal salt is sodium chloride or sodium
sulfate, and most preferably sodium sulfate. In its preferred
embodiment, the sodium sulfate will range in concentration
from 1.5 to 1.8%, and most preferably from 1.5t0 1.6%. The
buffering means preferably comprises a balanced solution of
citric acid and sodium citrate, such that the resulting pH of
the entire solution is about 7.0 to about 7.2. In its preferred
embodiment, the citric acid will range in concentration from
about 0.1 to about 0.3%, and most preferably from about
0.18 to 0.20%, with sodium citrate, formed in situ from
sodium hydroxide to produce a buffer salt couple with a final
pH value preferably between 6.8 and 7.4, and most prefer-
ably between 7.0 and 7.2. The diluent reagent may option-
ally contain antimicrobial preservative compounds, as
required to prevent the growth of microorganisms. It may
contain preferably one or more of: a) about 0.001 to about
0.004% , and most preferably about 0.002 to about 0.003%
of Bronidox-L (Henkel, Emery Group, Cincinnati, Ohio); b)
preferably about 0.02 to about 0.07%, and most preferably
about 0.04 to about 0.06% of Proclin 150 (Supelco, Belle-
fonte, Pa.); c) preferably about 0.01 to about 0.05%, and
most preferably about 0.03 to about 0.04 % of Proclin 300
(Supelco, Bellefonte, Pa.); and/or d) about 0.05 to about 0.4,
and most preferably about 0.1 to about 0.25% of Germall I
(ISP Technologies, Chattam, N.J.).
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[0052] The strong stromatolysing reagent of this invention
can be described as a water-soluble mixture of quaternary
ammonium salt compounds, balanced for chemical lytic
strength against whole blood cells to be strong enough to
remove red blood cells and platelets, without destroying or
significantly damaging the remaining white blood cells. A
preferred embodiment of the strong lytic reagent comprises
a solution of dodecyltrimethylammonium chloride, prefer-
ably from about 2.5 to 3.5% by weight, and most preferably
from about 2.8 to about 3.0%. Additionally, the strong lytic
reagent contains a short chain alkyl quaternary ammonium
salt, comprising trioctylmethylammonium chloride (Adogen
464, Witco, Janesville, Wis.), preferably about 0.05 to about
0.15%, and most preferably from about 0.08 to about 0.12%
by weight; and a third component, 2-hydroxycetyl-2-hy-
droxyethyidimethylammonium chloride (Dehyquart E, Hen-
kel, Emery Group, Cincinnati, Ohio), preferably from about
0.05 to about 0.3% and most preferably from about 0.15 to
about 0.25% by weight.

[0053] Example I shows one possible composition of the
diluent reagent and the strong lytic reagent, and is illustra-
tive of a composition of matter to practice this invention.

EXAMPLE I

[0054] A hematology diluent reagent, as described above,
was prepared from standard National Formulary, United
States Pharmacopoeia or American Chemical Society grade
chemicals, containing:

[0055] 1.57% (w/v) sodium sulfate, anhydrous
[0056] 0.19% (w/v) citric acid, anhydrous

[0057] 0.13% (w/v) sodium hydroxide (approximate)
[0058] 0.1% (w/v) disodium EDTA dihydrate
[0059] 0.011% (w/v) procaine hydrochloride

[0060] 0.0025% (w/v) Bronidox-L (Henkel, Emery

Group, 5-bromo-5-nitro-1,3-dioxane)

[0061] 0.05% (w/v) Proclin 150 (Supelco antimicro-
bial mixture)

[0062] 0.2% (w/v) Germall II (ISP Technologies,
diazolidinyl urea)

[0063] Diluted to 1 liter with deionized water and filtered
through a 0.2 micron filter to remove small particulates.

[0064] The pH was about 7.0 to 7.2, the osmolality was
about 295 to about 325 milliosmoles/kg and the conductivity
was about 19.4 to about 19.7 milliSiemens/cm.

[0065] A three-part differential lysing reagent was pre-
pared from standard, commercial grade quaternary ammo-
nium salt compounds containing:

[0066] 5.8% (w/v) dodecyltrimethylammonium chlo-
ride (Akzo Nobel, Arquad12-50)

[0067] 0.1% (w/v) tri(Cg-C o)methyl ammonium
chloride (Witco, Adogen 464)

[0068] 0.2% (wjv) 2-hydroxycetyl-2-hydroxyeth-
yldiemthylammoynium chloride (Henkel, Emery
Group Dehyquart E)
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[0069] Diluted to 1 liter with deionized water and
filtered through a 0.2 micron filter to remove small
particulates.

[0070] A28 uLsample of whole blood is mixed with 6 mL
of hematology diluent reagent and 1 mL of the lysing
reagent is added. After about 5 seconds of mixing, the
solution is analyzed by a d.c. impedance signal through a
100 micron diameter aperture. The resulting electrical pulses
are recorded and sorted into discrete electronic channels
based on the integration area of each pulse. These processed
data are plotted versus numbers of events to obtain a
histogram, such as that shown in FIG. 1.

[0071] Mathematical algorithms within the analyzer
instrument are utilized to separate these histogram curves
into three discrete subpopulations of lymphocytes, mono-
cytes/eosin-ophils and granulocytes. The sub-populations in
FIG. 1 are spread well to the right-hand end of the histogram
plot, while the margin of low counts between the left-hand
“Y” axis and the counting threshold at channel 45 is
enhanced. These factors provide the analyzer instrument
with a greater degree of subpopulation separation, giving
rise to a more accurate expression of the true differential
distribution. In addition, the low count level at channel 45
also provides a much better total WBC count, since none of
the smallest subpopulation of cells fall below the threshold
at channel 45. Confluence of the data set at the right-hand
end of the histogram to reach the baseline ensures that all
white blood cells are detected in the histogram, resulting in
accurate measurements of total white blood cell count, as
well as inclusion of all cells in the histogram differential.

[0072] The current invention of a 5-part differential
reagent set, comprising a moderate strength lytic reagent and
a quenching reagent, has also provided enhanced advantages
in separating white cell subpopulations to a greater degree
and in a more definable manner than that of existing reagent
technologies. Previous 5-part differential reagent sets (con-
sisting of an hypotonic, acidic lysing agent, followed by a
stabilizing or quenching reagent that functions to rebalance
the pH and the salt concentration—and concurrently, the
solution conductivity) acted as acid-enhanced, detergent-
enhanced “hypotonic” lytic agents, inducing red cell mem-
branes to become porous by the action of low tonicity and
subsequent acid attack of any membrane channels that
formed. After poration, the fluid contents of the cell leak out
into the solution environment, while the membrane enve-
lopes are reduced into small, non-interfering pieces.
Removal of the red cell component without undue harm to
the white cell component allows enumeration and sizing or
other differentiation of this component. This Iytic reagent
comprises a weak, aqueous solution of a natural detergent
called saponin and a low concentration of an acid-forming
compound, such as a substituted short chain aliphatic acid,
a complex organic carboxylic acid, a mineral acid half salt
or an alkyl sulfonic acid sodium salt.

[0073] This reagent is characterized by a low osmolality
(usually 100 milliosmoles/kg or less) compared to an iso-
tonic solution of 285 milliosmoles/kg or more. The lytic
reagent comprises an aqueous solution of potassium pyro-
sulfate, preferably at a concentration from about 0.02 to
about 0.06%, and most preferably from about 0.03 to about
0.05% by weight. Additionally, the lytic reagent also con-
tains a differential effective amount of a natural detergent,
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such as saponin, preferably at a concentration from about
0.05 to about 0.15%, most preferably from about 0.07 to
about 0.09% by weight. The lytic reagent has a pH of about
1.8 to about 4.0, preferably from about 1.9 to about 3.8 and
most preferably from about 2.5 to about 3.5, and an osmo-
lality of about 5 to about 50 milliosmoles per kilogram,
preferably from about 10 to about 25 milliosmoles per
kilogram.

[0074] Alternatively, the lytic reagent may comprise an
aqueous solution of 1-butanesulfonic acid, sodium salt,
preferably at a concentration of about 0.1 to about 0.5%, and
most preferably at a concentration of about 0.15 to about
0.25% by weight. Additionally, the lytic reagent also con-
tains a differential effective amount of a natural detergent,
such as saponin, preferably at a concentration from about
0.06 to about 0.2%, most preferably from about 0.1 to about
0.15% by weight. The lytic reagent has a pH of about 5.0 to
about 6.0, and preferably from about 5.2 to about 5.5; and an
osmolality of about 10 to about 150 milliosmoles per
kilogram, preferably from about 15 to about 100 millios-
moles per kilogram.

[0075] A second, balancing solution, called a quenching
reagent, is also required for white cell differential analysis,
to increase the osmolality to near isotonic (about 285 to
about 325 milliosmoles per kilogram), to raise the conduc-
tivity to a range acceptable to the analyzer measurement
sensor requirements, and to increase the pH to near neutral
for final measurement. This process is frequently flawed by
insufficient separation of the white cell subpopulations,
especially with respect to merging of the granulocyte, mono-
cyte and lymphocyte populations into a continuum of signal
that 1s difficult to separate into distinet cell subtypes. Addi-
tionally, adequate quenching of the lytic reaction is required
to reduce cellular debris and resulting conductivity noise in
the scattergram, to prevent such noise from unduly influ-
encing the mathematical calculations by reducing the num-
ber of statistically valid events counted in the measurement
cycle.

[0076] In the present invention, it is believed that the rate
at which the acid (H") ion is released into the lysing reaction
is a critical factor in separating the cell subpopulations into
distinct clusters for accurate measurement. Use of the weak
detergent saponin in low osmolality solution is retained as a
design feature to aid in the dispersion of the red blood cell
and platelet membranes and membrane remnants. The acid
source may be an inorganic acid anhydride that generates the
half salt of a strong acid in solution, thus providing acid ions
only upon hydrolysis. Alternatively, a weak organic acid
with pK_>3.8 may be used, together with a small amount of
mineral acid such as hydrochloric acid, to adjust the reagent
pH to about 3.0. This reagent also releases acid ions slowly
into solution: after the mineral acid H" ion has been con-
sumed, the dissociation equilibrium of the weak organic acid
responds by releasing additional acid, repeating the equilib-
rium process until the reaction does not require any further
acid ions. Weak organic acids are noted for their slow
equilibrium Kinetics, and subsequent slow release of acid
ions.

[0077] Example II shows one possible composition of the
weak lytic reagent and the quenching reagent, and is illus-
trative of a composition of matter to practice this invention.
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EXAMPLE II
[0078] The 5-population lysing agent of this invention was

prepared from standard National Formulary, United States
Pharmacopoeia or American Chemical Society grade chemi-
cals. A lysing solution containing 0.085% (w/v) of saponin
and 0.04% (w/v) of potassium pyrosulfate was prepared in
deionized water, and filtered through a 0.2 micron filter to
remove all particulates. The pH of this solution was about
2.9. A 27 ul.sample of whole blood was added to 1,072 ul.
of lytic reagent and gently mixed for about 5 seconds at
ambient room temperature (~23° C.). After this lysing time,
196 4L of a quenching reagent, containing 6.4% (w/v) of
sodium sulfate and 0.16% (w/v) of N-(2-Hydroxyethyl)-
piperazine-N'-ethanesulfonic acid, sodium salt (“sodium
HEPES”) in deionized water was added. The pH of this
quenching reagent was about 9.75. The lysing and quench-
ing reagents are chemically balanced to yield a final pre-
pared blood sample with a pH of about 6.5 to 7.2, an
osmolality of about 300 to 335 mos/kg, and a conductivity
of about 18.8 to 19.8 mS/cm. After an additional 5 to 10
seconds, the sample was aspirated into a flow cytometry
flow cell equipped for differential white blood cell analysis
with a helium/neon or LED laser light source and silicon
diode detectors for measuring scattered light at one or more
angles to the incident beam, a radio frequency ocillator and
fluid cavity for measuring cellular conductivity, and an
electrical impedance volume sensor set to record data from
the flow cell aperture. The three measurement sensors are
respectively designed to record pulses generated by inter-
action of each blood cell passing through the sensing zone
and plot said pulses along mathematical axes orthogonal to
pulses from the d.c. impedance volume sensor. When imped-
ance volume data are plotted against light scatter data, four
distinct subpopulations are identified and quantitated. A fifth
subpopulation (basophils) may be determined by plotting
impedance volume data versus opacity (conductivity data
divided by the d.c. volume). The scattergrams generated
from the sample are shown as FIGS. 2 A and B. Comparable
results from the Coulter reagent system are shown as FIGS.
3 A and B. The current invention provides a much more
well-delineated scattergram, containing separate subpopula-
tions for each subtype of white blood cell.

EXAMPLE III

[0079] The lysing reagent similar to that from Example I
is modified by deleting the potassium pyrosulfate and sub-
stituting 2.0 g/L. 1-butanesulfonic acid, sodium salt, and by
increasing the saponin concentration to about 1.2 g/I, giving
a lysing solution with a pH of about 5.2 to 5.35. The
quenching reagent was prepared with a chemically balanced
amount of 0.8 g/L. of HEPES sodium salt, in order to yield
a final blood sample solution having a pH of about 6.5t0 7.5,
an osmolality of about 300 to 335 mos/kg and a conductivity
of about 18.8 to 19.8 mS/cm. As in the previous example, a
27 uL sample of whole blood was added to 1,072 uL of lytic
reagent and gently mixed for about 5 seconds at ambient
room temperature (~23° C.), then 196 uL. of the modified
quenching reagent was added and mixed gently for about 10
seconds more. The sample was then subjected to analysis as
in Example II. The data are plotted and displayed as
described in Example II. These results are very similar to
those shown in FIG. 2 and indicate that the strong acid
component of the lysing reagent is not required for complete
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lysis and separation of the leukocyte subpopulations. These
results are shown as FIGS. 4 A and B.

EXAMPLE IV

[0080] Another lysing reagent containing 0.085% (w/v)
saponin and 0.05% (w/v) of glutaric acid was acidified with
0.009% hydrochloric acid to give a pH of about 3.2, then
diluted to volume with deionized water and filtered through
2 0.2 micron filter. The quenching solution of example I was
used without modification. A 27 ul. sample of whole blood
was added to 1,072 uL of this lytic reagent and gently mixed
for about 5 seconds at ambient room temperature (~23° C.),
then 196 uL of quenching reagent from Example II was
added and mixed gently for about 10 seconds. The sample
was then subjected to analysis as in Example II, and the data
were plotted and displayed. These results were very similar
to those of previous examples II and III. They are shown as
FIGS. 5 A and B. Significantly lower amounts of available
acid gave the same analytical results as Example II, with
only moderately more debris pulses in the lowest box of the
scattergram.

[0081] Acidification of a solution of a weak organic acid
with strong mineral acid, such as hydrochloric acid, results
in the suppression of ionization of the proton associated with
the organic acid. Requirements for acid by the lytic reaction
are supplied by consumption of the free hydrogen ions in
solution, followed by a relatively slow disassociation of the
suppressed organic acid to supply additional hydrogen ion
for completion of the lysis and separation of the leukocyte
subpopulations.

[0082] In practice, these examples demonstrate that sub-
stantial amounts of acid are not required to enhance the lytic
reaction, as claimed in U.S. Pat. No. 5,731,206 (Ledis, et al.)
and others. Even salts of weak organic acids can hydrolyze
at a very slow rate in solutions of higher pH, giving rise to
limited and therefore regulated amounts of acidity, sufficient
to enhance the lysing action of the saponin component,
while avoiding damage to the leukocyte components by
larger amounts of strong acid. Significant control of the
delivery of hydrogen ions into the sample lysing solution is
apparently the most important requirement of this reaction,
in order to produce significantly undamaged white blood cell
subpopulations for efficient and accurate differentiation and
quantification.

[0083] This combination of reagent formulations unex-
pectedly provides scattergrams of the white blood cell
subpopulations for each cell subtype, well delineated and
confined to the individual subtype data ranges calibrated into
the analyzer software.

[0084] An unexpected benefit of the use of these reagents
of the present invention, in addition to the improved preci-
sion of results afforded by cleaner separation of the cell
subtype populations, was that the analyzer’s flagging algo-
rithms are not triggered as often, especially as “high level”
flags that require operator intervention or further testing by
manual methods in order to resolve potentially erroneous
data that might result in mis-diagnosis or mis-treatment of a
patient. The analyzer equipped with the reagents of this
invention generally reported no error flags or only “low
level” error flags, and therefore less serious instrument
errors. Low level instrument error flags do not usually
require resolution by independent methods. These follow-up
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methods are time-consuming and therefore expensive to
perform, often delaying the timely reporting of laboratory
results to the physician.

[0085] The advantages of these new reagents and the
methods of using them are most apparent in the analyses of
abnormal and aged blood specimens, in which the current
Coulter reagent system usually displays poor separation and
inaccurate enumeration of white blood cell subpopulations,
in addition to “higher” levels of error flagging.

[0086] In a further development of this invention alterna-
tive means are provided for simplifying the manufacture of
the reagents, for removing or further reducing the concen-
trations of toxic components, and to further increase the
stability of hematology analysis system measurements.

[0087] In this further development of this invention a
chemical reagent is provided for reaction with whole blood
samples, whether freshly collected or aged since collection,
that may permit the total enumeration and subsequent dif-
ferentiation of white blood cells present into at least one and
up to three sub-populations of leukocytes, and to simulta-
neously provide a stable hemoglobin chromagen for deter-
mination of the hemoglobin concentration by photometric
means, without requiring use of toxic and reactive com-
pounds, such as cyanide and formaldehyde to form a stable
chromagen.

[0088] Also, alternative reagent systems are provided that
can further subdivide leukocyte sub-populations of freshly
collected or aged blood specimens into at least one and up
to five distinct classifications for use in differential deter-
mination of the relative number of such cells in each
sub-population by providing a means to lyse the red blood
cells, to reduce the interfering cellular debris, and to stabi-
lize the white blood cell mixture by addition of a quenching
reagent for subsequent analysis.

[0089] Other and further objects and advantages of this
further development of the present invention will become
more apparent from the detailed description of preferred
embodiments specific to this further development as set
forth in the following when taken together with the draw-
ings, particularly FIGS. 6-8.

[0090] Accordingly, this further development of the
present invention relates to improvements in compositions
of matter and methods used to obtain medical diagnostic
information from a whole blood specimen utilizing tech-
niques and measurement parameters built into existing com-
mercial hematology analyzer systems. In brief, a specific,
volumetrically measured aliquot of a whole blood specimen
is precisely diluted and suspended in a defined aliquot of a
hematology diluent reagent, in preparation for red blood cell
and platelet counting and sizing. This reagent is designed to
maintain blood cell sizes, shapes and chemical reaction
responses as near to the native state of said blood cells in
whole blood for at least the period of time required for
analysis, approximating one to three minutes.

[0091] In a further processing step, one part of the novel
first dilution of the whole blood specimen is reacted with an
amount of a novel red blood cell lysing reagent to simulta-
neously dissolve the red blood cell membranes without also
destroying the white blood cells. A specific, volumetrically
measured aliquot of the first dilution of the whole blood
specimen is further diluted with an additional aliquot of
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hematology diluent reagent, followed by the addition of a
strong lysing reagent for white blood cell counting and
differentiation, and for hemoglobin determination. This step
simultaneously dissolves the red blood cell membranes
without also destroying the white blood cells. The hemo-
globin contained within the red blood cells is released into
solution and converted chemically into a stable hemoglobin
chromagen for photometric analysis in an optical chamber of
the hematology analyzer system, containing a light source,
an optical path of constant and known length and a light
detector.

[0092] In certain hematology analyzer systems so
equipped, such as Beckman Coulter Models STKS,
MAX-M and Gen.S, Abbott Models 3000 and 3500, and
similar models of other manufacturers, a second group of
measurement sensors and a flowcell detection chamber,
often equipped with a laser or other highly focused light
source, is used to measure more accurate sub-populations of
white blood cells from a separate aliquot of the whole blood
specimen. Specifically, a volumetrically measured aliquot of
the whole blood specimen is added to a volumetrically
measured aliquot of a weak lytic reagent, which also
destroys red blood cells in a brief amount of time (about 10
seconds). This novel reagent permits the separate observa-
tion of the white blood cell components as a group of
sub-populations based on their near-native volume, conduc-
tivity (opacity) and light scattering ability, which is corre-
lated with their biological function.

[0093] As a second step, another novel reagent, called a
quenching reagent is added to stop the lytic reaction by
rebalancing the pH, conductivity and osmolality of the blood
cell suspension to near normal values, approximating pH
about 6.5 to about 7.5, conductivity about 18.0 to about 20.0
milliSiemens/cm and osmolality about 250 to about 350
milliosmoles/kilogram. Measurements of d.c. impedance
volume, light scattered by the cells within the sample
suspension and electrical conductivity and a normalized
parameter known as opacity (r.f. conductivity divided by d.c.
impedance) are recorded. The results of this measurement
permit the separation and enumeration of at least one to as
many as five different sub-populations of white blood cells,
based on their cellular structure, function and size.

[0094] Alternatively to the procedures and compositions
described previously in this application, a diluent reagent
may be constructed by use of additional forms of the
compounds described. The diluent may consist essentially of
a single alkali metal salt, which dissociates into individual
ions, establishing the majority of isotonicity, conductivity
and osmolality of the reagent. Optionally, the conductivity
may be adjusted by use of a lower concentration of one
alkali metal salt and a small concentration of a second alkali
metal salt, used only for its conductivity value. Represen-
tative alkali metal salts are selected from the class consisting
of sodium chloride, potassium chloride, sodium sulfate,
potassium sulfate, sodium nitrate and potassium nitrate.
Molar ratios of the first (major) alkali metal salt to the
second (minor) alkali metal salt of 8:1 to 10:1 may be useful
in maintaining osmolality approximately constant, while
simultaneously reducing or increasing the conductivity, as
desired.

[0095] Buffering means, comprising complex carboxylic
acids, as described in the application may be combined with
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sources of alkalinity other than sodium hydroxide to produce
a workable buffering system. For example, citric acid may
be combined with the alkaline salt ethylenediamine tetraace-
tic acid, tetrasodium (tetrasodium EDTA) to achieve the
same end pH value for the hematology diluent reagent. In
addition, various new germicides and antibacteriostatic
compounds have been discovered that are also alkaline in
nature, and that may be utilized to produce the desired buffer
result.

[0096] Preservatives can be added to these formulations to
prevent the growth of microorganisms, yeasts and molds that
would interfere with the ability of the analyzer system to
count and size blood cells. Short chain alkyl aryl esters, such
as methyl, ethyl or propyl benzoates, parabens (p-hydroxy-
benzoate), and other similarly substituted benzoates, and
certain substituted s-triazines, such as hexahydro-1,3,5-
tris(2-hydroxyethyl)-s-triazine (Surcide-P, Surety Laborato-
ries, Cranford, N.J.) may be used alone or in combination,
and in combination with the additives described in the
application. The concentrations of such additives must be
controlled to levels low enough to be compatible with the
primary purpose of the functional components of the system,
while retaining effectiveness against expected levels of
microbial contamination.

[0097] A strong lytic reagent, as described previously in
the application, may be modified for better performance of
the hemoglobin parameter within the hematology analyzer
system, as well as better shelf stability, by the addition of
one or more of certain short chain alkyl aryl ester preser-
vative compounds, such as methyl, ethyl or propyl ben-
zoates, methyl, ethyl or propyl parabens (p-hydroxyben-
zoate), and methyl 24-dihydroxybenzoate, ethyl 2,4-
dihydroxybenzoate, or propyl 2,4-dihydroxybenzoate and
similar compounds. These compounds have the unexpected
result of increasing the specific absorbance of the hemoglo-
bin complexes formed by the lytic reagent, with and without
cyanide, without the addition of other hemoglobin complex-
ing agents, such as azide, fluoride, bisulfite and other coun-
terions. The use of methyl paraben is preferred due to its
increased water-solubility.

[0098] Changes, such as these in the composition of the
hematology reagent system, provide improved antimicrobial
effectiveness, and allow similar or identical performance in
the hematology analyzer system when compared to the
hematology diluent described earlier in the application. The
improved formulation simultaneously reduces or eliminates
sources of formaldehyde and cyanide in the reagent, which
may lead to contamination of the environment during waste
treatment.

EXAMPLE V

[0099] A hematology diluent reagent, as described above,
was prepared from standard National Formulary, United
States Pharmacopoeia or American Chemical Society grade
chemicals, containing:

[0100] 1.52% (w/v) sodium sulfate, anhydrous
[0101] 0.07% (w/v) sodium chloride

[0102] 0.084% (w/v) citric acid, anhydrous
[0103] 0.1% (w/v) tetrasodium EDTA dihydrate
[0104] 0.012% (w/v) procaine hydrochloride
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[0105] 0.025% (w/v) Bronidox-L (Cognis, 5-bromo-
5-nitro-1,3-dioxane)

[0106] 0.1% (w/v) Surcide-P (Surety Labs, hexahy-
dro-1,3,5-tris(2-hydroxyethyl)-s-triazine),

[0107] diluted to 1 liter with deionized water and
filtered through a 0.2 micron filter to remove small
particulates.

[0108] The pH was about 6.9 to 7.1, the osmolality was
about 292 to about 302 milliosmoles/kg and the conductivity
was about 19.1 to about 19.5 milliSiemens/cm.

[0109] A strong 3-part differential lysing agent was pre-
pared from standard commercial grade quaternary ammo-
nium salt compounds and commercial grade chemicals
containing:

[0110] 7.5% (w/v) dodecyltrimethylammonium chlo-
ride (Akzo Nobel, Arquad 12-50)

[0111] 0.075% (w/v) 2-hydroxycetyl-2-hydroxyeth-
yldimethylammonium chloride (Cognis, Dehyquart
E)

[0112] 0.04% (w/v) tri(Cg4-C,,)methylammonium
chloride (Witco, Adogen 464)

[0113] 0.2% (wjv) cocoalkyltrimethylammonium
chloride (Witco, Adogen 461)

[0114] 0.03% (w/v) methyl paraben,

[0115] diluted to 1 liter with deionized water and
filtered through a 0.2 micron filter to remove small
particulates.

[0116] A28 ul sample of whole blood is mixed with 6 mL
of hematology diluent reagent and 1 mL of the lysing
reagent is added. After about 5 seconds of mixing, the
solution is analyzed by a d.c. impedance signal measured
through a 100 micron diameter aperture. The resulting
electrical pulses are recorded and sorted into discrete elec-
tronic channels based on the integration area of each pulse.
These processed data are plotted versus numbers of events
to obtain a histogram, such as that shown in FIG. 6.

EXAMPLE VI

[0117] The 5-population gentle lytic reagent, as described
above, was prepared as described in Example II, containing:

[0118] 0.1% (w/v) saponin
[0119] 0.04% (w/v) potassium pyrosulfate
[0120] 0.04% (w/v) p-nonylphenolpolyethoxylate

(40) (Trycol 6970, Cognis, surfactant)

[0121] 0.05% (w/v) Proclin 150 (Supelco, antimicro-
bial mixture), diluted to 1 liter with deionized water
and filtered through a 0.2 micron filter to remove
small particulates.

[0122] The pH of this solution was about 2.9. A 27 ul
sample of whole blood was added to 1,072 uL of lytic
reagent and gently mixed for about 5 seconds at ambient
room temperature. After this lysing time, 196 ul of a
quenching reagent, containing:

[0123] 6.32% (w/v) sodium sulfate, anhydrous

[0124] 0.16%  N-(2-hydroxyethyl)-piperazine-N'-
ethanesulfonic acid, sodium salt (HEPES sodium)
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[0125] 0.05% (w/v) Proclin 150 (Supelco, antimicro-
bial mixture),

[0126] diluted to 1 liter with deionized water and
filtered through a 0.2 micron filter to remove small
particulates.

[0127] The pH of this quenching reagent was about 9.75.
The lysing and quenching reagents are chemically balanced
to yield a final prepared blood sample with a pH of about 6.5
to 7.2, an osmolality of about 285 to about 320 milliosmoles/
kg and a conductivity of about 18.0 to 19.2 milliSiemens/
cm. After an additional 5 to 10 seconds, the sample was
aspirated into a flow cytometry flow cell equipped for
differential white blood cell analysis with a helium/neon or
laser diode light source and silicon diode detectors for
measuring scattered light at one or more angles to the
incident beam, a radio frequency oscillator and fluid cavity
for measuring cellular conductivity, and an electrical imped-
ance volume sensor set to record data from the flow cell
aperture. The three measurement sensors are respectively
designed to record pulses generated by interaction of each
blood cell passing through the sensing zone and plot said
pulses along mathematical axes orthogonal to pulses from
the d.c. impedance volume sensor. When impedance volume
data are plotted against light scatter data, four distinct
subpopulations are identified and quantitated. A fifth sub-
population (basophils) may be determined by plotting d.c.
impedance data versus opacity data (obtained by dividing
conductivity signals by d.c. impedance signals). The scat-
tergrams generated from the sample, would be like those
shown in FIGS. 2A and 2B. Comparable results from a
Beckman Coulter reagent system are shown in FIGS. 3A
and 3B. The present invention better matches the current
hematology diluent reagent, described above, providing a
much more well-delineated scattergram containing less elec-
tronic noise signal, and resulting in a better separation of the
sub-populations of each of the white blood cell types.

[0128] Following is information concerning the utility of
the described hematology diluent with another lytic reagent
to provide substantially the same hematology analysis
results for white blood cell differentiation. All of FIGS. 67
and 8 were obtained using the same blood specimen, and
analyzed within the same time period using CDS diluent and
CDS 3-part lyse (FIG. 6), Coulter diluent and CDS 3-part
lyse (FIG. 7) and CDS diluent with Coulter 3-part lyse
(FIG. 8). The term “CDS” refers to the compositions of the
present invention as described herein.

[0129] The diluent and lyse only affect the WBC distri-
bution. As is apparent from FIGS. 6 and 7, both diluents
appear to work very similarly with the CDS 3-part diff lysing
reagent. FIG. 8, however, shows that the Beckman Coulter
3-part diff lyse does not work quite the same as the CDS
3-part diff lyse when used with the CDS diluent. The
Beckman Coulter 3 part diff lyse is stronger than the CDS
iyse, resulting in an overall shift of the right hand end of the
histogram to the left (smaller volume).

[0130] The hematology diluent reagent and the 3-part
differential lysing reagent described herein, have been
designed arid adjusted to work mutually together with all
types of blood specimens in an automated hematology
analyzer to provide an optimal presentation of white blood
cell population distribution data. The analyzer may then
interpret and calculate the white blood cell differential
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analysis. However, use of the diluent described herein with
other lysing reagents is possible, the diluent serving as a
blood cell stabilizing, diluting and suspension medium,
independent of subsequent treatments with other reagents.
Likewise, use of the 3-part differential lysing reagent of the
present invention together with other diluent reagents is also
possible, giving similar data.

[0131] FIGS. 6, 7 and 8 are examples of the same blood
specimen analyzed by an automated hematology analyzer.
As noted, FIG. 6 shows the analysis reported by use of CDS
Hematology Diluent and CDS 3-Part Differential Lyse
Reagent. FIG. 7 shows Beckman Coulter diluent and CDS
3-Part Differential Lyse Reagent to produce substantially the
same result as shown in FIG. 6. FIG. 8§ shows the CDS
Hematology Diluent and Beckman Coulter 3-Part Differen-
tial Lysing Reagent producing a somewhat truncated WBC
distribution pattern, but substantially the same numerical
results.

[0132] Although the invention has been described in terms
of preferred embodiments, nevertheless changes and modi-
fications will be evident to those skilled in the art. Such
changes and modifications are deemed to come within the
purview of the invention as claimed.

What is claimed is:

1. Astromatolysing reagent for use in the determination of
at least two leukocyte populations in blood, two such
populations being lymphoid and myeloid, the blood being
processed through a blood cell analyzer using the Coulter
Principle of operation, which employs a leukocyte sensing
zone, the blood having been first diluted with an electrically
conductive isotonically balanced diluent, wherein said stro-
matolysing reagent comprises an aqueous solution of a
tetraalkylammonium halide salt where the alkyl group is
selected from the class consisting of dodecyl, tetradecyl and
hexadecyl and a trialkylammonium halide salt where the
alkyl group is selected from the class consisting of alkyl
radicals having 8-12 carbons having surface active proper-
ties, said salts being present in sufficient amounts for posi-
tioning said leukocyte populations relative to one another
and relative to a blood cell volume reference point, within
the time constraints of said blood cell analyzer.

2. A stromatolysing reagent according to claim 1 wherein
there is included in the aqueous solution a further quarter-
nary ammonium salt having the characteristics of a 2-hy-
droxycetyl-2-hydroxyethyldimethylammonium halide salt.

3. A stromatolysing reagent according to claim 1 wherein
there is included in the aqueous solution a 2-hydroxycetyl-
2-hydroxyethyldimethylammonium halide salt.

4. Amethod of determining leukocytes and hemoglobin in
blood comprising using a lysing agent containing an aque-
ous solution of a tetraalkylammonium halide salt where the
alkyl group is selected from the class consisting of dodecyl,
tetradecyl and hexadecyl and a trialkylammonium halide salt
where the alkyl group is selected from the class consisting
of alkyl radicals having 8-12 carbons having surface active
properties to stromatolyze erythrocytes and platelet cells and
to convert hemoglobin to a chromagen.

5. A method according to claim 4 wherein the aqueous
solution further includes a quarternary ammonium salt hav-
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ing the characteristics of a 2-hydroxycetyl-2-hydroxyeth-
yldimethylammonium halide salt.

6. A method according to claim 4 wherein the aqueous
solution further includes a 2-hydroxycetyl-2-hydroxyeth-
yldimethylammonium halide salt.

7. A kit of a lytic reagent system for selective chemical
treatment of a whole blood sample comprising:

(a) a lytic reagent composition comprising saponin and a
lytic reagent, wherein said lytic reagent is composed of
an acid compound selected from the class consisting of
2-chloro- and 2-fluoroacetic acids, 2-hydroxyacetic
acid (glycolic acid), 2,3-dihydroxypropanoic acid
(glyceric acid), 1,5-pentandioic acid (glutaric acid),
2,3,4,5,6-pentahydroxyhexanoic acid (gluconic acid),
sodium pyrosulfate, sodium hydrogen sulfate (bisul-
fate), potassium pyrosulfate, potassium hydrogen sul-
fate (bisulfate), 1-butanesulfonic acid sodium salt, and
mixtures thereof; wherein the relative concentration of
the lytic reagent composition is in an effective amount
to effect partitioning of a whole blood sample into a
lysed red cell fraction and a leukocyte fraction by (i)
causing rapid and essentially complete hemolysis of red
blood cells in the blood sample and, (ii) inducing
changes in leukocytes in said blood sample to enhance
the ability of instrumentation to perform differential
analysis and identification of at least five sub-popula-
tions of leukocytes, and

(b) a quench reagent, said quench reagent being present in
sufficient concentration to retard the lytic activity of the
lytic reagent composition and restore the physiological
environment of the leukocytes within the sample.

8. A kit of a lytic reagent system for selective chemical
treatment of a whole blood sample comprising:

(a) a differentiation effective amount of a lytic reagent and
saponin, wherein said lytic reagent is composed of an
acid compound selected from the class consisting of
2-chloro- and 2-fluoroacetic acids, 2-hydroxyacetic
acid (glycolic acid), 2,3-dihydroxypropanoic acid
(glyceric acid), 1,5-pentandioic acid (glutaric acid),
2,3,4,5,6-pentahydroxyhexanoic acid (gluconic acid),
sodium pyrosulfate, sodium hydrogen sulfate (bisul-
fate), potassium pyrosulfate, potassium hydrogen sul-
fate (bisulfate), 1-butanesulfonic acid sodium salt, and
mixtures thereof; and wherein the differentiation effec-
tive amount of said lytic reagent, when added to a
whole blood sample, effecting (i) a decrease in the pH
of the sample from its physiological level to a pH in the
range of from about 1.8 to about 6.0 while maintaining
the osmolality of the fluid at less than about 150 mOs,
(i1) rapid and essentially complete hemolysis of the red
blood cell fraction in the blood sample, and (iii)
changes in the leukocyte cell fraction of the blood
sample to enhance the ability of instrumentation to
perform differential analysis and identification of at
least five sub-populations of leukocytes; and

(b) a quench reagent, said quench reagent being present in
sufficient concentration to retard the lytic activity of the
lytic reagent composition and restore the physiological
environment of the leukocytes within the sample.
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9. A kit of a lytic reagent system for white blood cell
differential analysis comprising:

(a) a lytic reagent composition for selective chemical
treatment of a whole blood sample, said composition
comprising saponin and a lytic reagent, wherein said
Iytic is a reagent acid compound selected from the class
consisting of 2-chloro- and 2-fluoroacetic acids, 2-hy-
droxyacetic acid (glycolic acid), 2,3-dihydroxypro-
panoic acid (glyceric acid), 1,5-pentandioic acid (glu-
taric  acid), 2,3,4,5,6-pentahydroxyhexanoic  acid
(gluconic acid), sodium pyrosulfate, sodium hydrogen
sulfate (bisulfate), potassium pyrosulfate, potassium
hydrogen sulfate (bisulfate), 1-butanesulfonic acid
sodium salt, and mixtures thereof; wherein the relative
concentration of the lytic reagent composition is in an
effective amount to effect partitioning of a whole blood
sample into a lysed red cell fraction and an essentially
intact leukocyte fraction in such a state as to allow
differential analysis of at least five populations of such
leukocytes; and

(b) a quench reagent, said quench reagent being present in
sufficient concentration to retard the lytic activity of the
Iytic reagent composition and restore the physiological
environment of the leukocytes within the sample.

10. A lytic reagent composition for selective chemical
treatment of a whole blood sample, said lytic reagent com-
position comprising saponin and a lytic reagent wherein said
lytic reagent is an acid compound selected from the class
consisting of 2-chloro- and 2-fluoroacetic acids, 2-hydroxy-
acetic acid (glycolic acid), 2,3-dihydroxypropanoic acid
(glyceric acid), 1,5-pentandioic acid (glutaric acid), 2,3,4,5,
6-pentahydroxyhexanoic acid (gluconic acid), sodium pyro-
sulfate, sodium hydrogen sulfate (bisulfate), potassium
pyrosulfate, potassium hydrogen sulfate (bisulfate), 1-bu-
tanesulfonic acid sodium salt, and mixtures thereof; and
wherein the relative concentration of the lytic reagent com-
position is in an effective amount to effect partitioning of a
whole blood sample into a lysed red cell fraction and an
essentially intact leukocyte fraction in such a state as to
allow differential analysis of at least five sub-populations of
such leukocytes.

11. A lytic reagent composition for selective chemical
treatment of a whole blood sample, said lytic reagent com-
position comprising saponin and a lytic reagent wherein said
lytic reagent is an acid compound selected from the class
consisting of 2-chloro- and 2-fluoroacetic acids, 2-hydroxy-
acetic acid (glycolic acid), 2,3-dihydroxypropanoic acid
(glyceric acid), 1,5-pentandioic acid (glutaric acid), 2,3,4,5,
6-pentahydroxyhexanoic acid (gluconic acid), sodium pyro-
sulfate, sodium hydrogen sulfate (bisulfate), potassium
pyrosulfate, potassium hydrogen sulfate (bisulfate), 1-bu-
tanesulfonic acid sodium salt, and mixtures thereof; and
wherein the relative concentration of the lytic reagent com-
position is in an effective amount to effect partitioning of a
whole blood sample into a lysed red cell fraction and a
leukocyte fraction by (i) causing rapid and essentially com-
plete hemolysis of red blood cells in the blood sample and.
(i1 inducing changes in leukocytes in said blood sample to
enhance the ability of instrumentation to perform differential
analysis and identification of at least five (5) sub-populations
of leukocytes.

12. A lytic reagent composition for selective chemical
treatment of a whole blood sample said lytic reagent com-
position comprising a differentiation effective amount of a
lytic reagent and saponin, wherein said lytic reagent is an
acid compound selected from the class consisting of
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2-chloro- and 2-fluoroacetic acids, 2-hydroxyacetic acid
(glycolic acid), 2,3-dihydroxypropanoic acid (glyceric acid),
1,5-pentandioic acid (glutaric acid), 2,3,4,5,6-pentahy-
droxyhexanoic acid (gluconic acid), sodium pyrosulfate,
sodium hydrogen sulfate (bisulfate), potassium pyrosulfate,
potassium hydrogen sulfate (bisulfate), 1-butanesulfonic
acid sodium salt, and mixtures thereof; and

wherein the differentiation effective amount of said lytic
reagent composition, when added to a whole blood
sample, effecting (i) a decrease in the pH of the sample
from its physiological level to a pH in the range of from
about 1.8 to about 6.0 while maintaining the osmolality
of the fluid at less than about 150 mOs, (ii) rapid and
essentially complete hemolysis of the red blood cell
fraction in the blood sample, and (iii) changes in the
leukocyte cell fraction of the blood sample to enhance
the ability of instrumentation to perform differential
analysis and identification of at least five (5) subpopu-
lations of leukocytes.
13. A process for identifying classes, or classes and also
selected subclasses of leukocytes, which process includes
the steps of:

treating a sample containing whole blood with a reagent
in which an acid compound selected from the class
consisting of 2-chloro- and 2-fluoroacetic acids, 2-hy-
droxyacetic acid (glycolic acid), 2,3-dihydroxypro-
panoic acid (glyceric acid), 1,5-pentandioic acid (glu-
taric  acid), 2,3,4,5,6-pentahydroxyhexanoic  acid
(gluconic acid), sodium pyrosulfate, sodium hydrogen
sulfate (bisulfate), potassium pyrosulfate, potassium
hydrogen sulfate (bisulfate), 1-butanesulfonic acid
sodium salt, and mixtures thereof, is an active ingre-
dient; and then identifying the treated leukocytes by at
least optical detection.

14. A multi-purpose isotonic diluent reagent comprising a
mixture of an aqueous solution of one or more alkali metal
salts which dissociate into individual ions for establishing
the majority of the isotonicity, osmolality and conductivity
of the reagent, and one or more additives comprising minor
amounts of a buffering agent, a chelating agent, an anesthetic
agent, and a germicidal agent, the diluent having a pH of 6.9
to 7.1, and osmolality of 292 to 302 milliosmoles/kg and a
conductivity 18 to 20 milliSiemens/cm.

15. A multi-purpose isotonic diluent reagent according to
claim 14 wherein the alkali metal salt is selected from the
class consisting of sodium chloride, potassium chloride,
sodium sulfate, potassium sulfate, sodium nitrate and potas-
sium nitrate.

16. A multi-purpose isotonic diluent reagent according to
claim 14 wherein the alkali metal salt is comprised of a
major alkali salt and a minor alkali metal salt with the ratio
of the major alkali metal salt to the minor alkali metal salts
being at least 8:1 to about 10:1.

17. A multi-purpose isotonic diluent reagent according to
claim 16 wherein the major alkali metal salt is sodium
sulfate and the minor alkali metal salt is sodium chloride.

18. A stromatolysing reagent for use in the determination
of at least two leukocyte populations in blood, two such
populations being lymphoid and myloid, the blood being
processed through a blood cell analyzer, which employs a
leukocyte sensing zone, the blood having been first diluted
with an electrically conductive, optically clear and isotoni-
cally balanced diluent, wherein said stromatolysing reagent
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comprises an aqueous solution of a tetraalkylammonium
halide salt, wherein the alkyl groups are selected from the
class of alkyl and modified alkyl groups, consisting of
methyl, dodecyl, tetradecyl, hexadecyl, 2-hydroxyhexadecyl
and 2-hydroxyethyl, and mixtures thereof, and a trialkylam-
monium halide salt wherein the alkyl group is selected from
the class consisting of alkyl radicals having 8-12 carbons
and having surface active properties, said salts being present
in sufficient amounts for positioning said leukocyte popu-
lations relative to one another and relative to a blood cell
volume reference point, within the time constraints of said
blood cell analyzer.

19. A stromatolysing reagent according to claim 18
wherein there is included in the aqueous solution one or
more compounds selected from the class methyl benzoate,
ethyl benzoate, propyl benzoate, methyl paraben (methyl
p-hydroxybenzoate), ethyl paraben, propyl paraben, methyl
2 4-dihydroxybenzoate, ethyl 2,4-dihydroxybenzoate, pro-
pyl 2,4-dihydroxybenzoate and similar compounds.

20. A stromatolysing reagent according to claim 18
wherein there is included in the aqueous solution methyl
paraben.

21. A method of determining leukocytes and hemoglobin
in blood comprising using a lysing agent containing an
aqueous solution of a tetraalkylammonium halide salt where
the alkyl group is selected from the class consisting of
methyl, dodecyl, tetradecyl, hexadecyl, 2-hydroxyhexadecyl
and 2-hydroxyethyl, and mixtures thereof, and a trialkylam-
monium halide salt wherein the alkyl group is selected from
the class consisting of alkyl radicals having 8-12 carbons
and having surface active properties to stromatolyse eryth-
rocytes and platelet cells and to convert hemoglobin to a
chromagen.

22. A method according to claim 21 wherein the aqueous
solution further includes one or more compounds selected
from the class methyl benzoate, ethyl benzoate, propyl
benzoate, methyl paraben (methyl p-hydroxybenzoate),
ethyl paraben, propyl paraben, methyl 2,4-dihydroxyben-
zoate, ethyl 2,4-dihydroxybenzoate, propyl 2,4-dihydroxy-
benzoate and similar compounds, for the purpose of increas-
ing the specific absorbance of the formed hemoglobin
chromogen.

23. A method according to claim 21 wherein the aqueous
solution further includes methyl paraben.

24. A method which comprises the steps of:

L. treating the blood sample with an isotonic diluent
comprising an aqueous solution of one or more alkali
metal salts which disassociate into individual ions for
establishing the majority of the isotonicity, osmolality
and conductivity of the reagent, and additives compris-
ing one or more minor amounts of a buffering agent, a
chelating agent, an anesthetic agent, and a germicidal
agent, the diluent being at a pH of 6.9 to 7.1, an
osmolality of 292 to 302 milliosmoles/kg and a con-
ductivity 18 to 20 milliSiemens/cm, and

II. lysing with a reagent comprising a mixture of an
aqueous solution of a tetraalkylammonium halide salt
where the alkyl group is selected from the class con-
sisting of methyl, dodecyl, tetradecyl, hexadecyl, 2-hy-
droxyhexadecyl and 2-hydroxyethyl, and mixtures
thereof, and a trialkyl ammonium halide salt wherein
the alkyl group is selected from the class consisting of
alkyl radicals having 8-12 carbons and having surface
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active properties, said salts being present in a concen- class methyl benzoate, ethyl benzoate, propyl benzoate,
tration range which is effective to give a differential methyl paraben (methyl p-hydroxybenzoate), ethyl paraben,
determination of lymphoid and myeloid populations of ~ propyl paraben, methyl 2,4-dihydroxybenzoate, ethyl 2,4-
leukocytes followed by determination of hemoglobin dihydroxybenzoate, propyl 2,4-dihydroxybenzoate and
values, particularly in automatic particle counting sys- similar compounds for the purpose of increasing the specific
tems. absorbance of the formed hemoglobin chromogen.
25. The method of claim 24 wherein the lysing reagent
further includes one or more compounds selected from the ® ok k& #
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