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[N THE UNITED STATES DISTRICT COURT
FOR THE DISTRICT OF NEBRASKA

STRECK, INC.,
a Nebraska corporation,

Plaintiff,

Case No. - GCU L;Sg

V.

RESEARCH & DIAGNOSTIC SYSTEMS,
INC., a Minnesota corporation; and
TECHNE CORPORATION, a Minnesota
corporation,

JURY TRIAL DEMANDED

D T i

Defendants,

COMPLAINT FOR PATENT INFRINGEMENT

NOW COMES Plaintiff, Streck, Inc. (“Streck”), through its attomeys, and for its
Complaint for Patent Infringement states as follows:

JURISDICTION AND VENUE

1. This is an action for patent infringement arising under the Patent Laws of the
United States, Title 35, United States Code § 1 et seq. Subject matter jurisdiction is proper under
28 U.S.C. §§ 1331 and 1338.

2. Venue is proper in this Court under 28 U.S.C. §§ 1391(b), (c), and 1400(b).

PARTIES

3. Streck is a corporation organized under the laws of Nebraska, having a place of
business at 7002 South 109th Street, La Vista, NE 68128.

4. On information and belief, Defendant Research & Diagnostic Systems, Inc.,
(“R&D™) is a corporation organized under the laws of Minnesota, having a principal place of

business at 614 McKinley Place N.E., Minneapolis, MN 55413.
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5. On information and belief, Defendant Techne Corporation (“Techne”) and is a
corporation organized under the laws of Minnesota having a principal place of business at 614
McKinley Place N.E., Minneapolis, MN 55413.

BACKGROUND

6. Plaintiff Streck is a leader in the development of hematology control products.
Hematology controls are used to assist in the calibration, operation and accumulation of quality
control data for automated blood cell counting instruments. More particularly, controls are
utilized to determine whether the parameters measured by these instruments (such as red blood
cell count, white blood cell count, and platelet count) are reliable. Over a number of years,
hematology instruments have improved, allowing more types of blood components to be
analyzed in a single instrument. Improvements in hematology controls have mirrored instrument
improvements, with many of today’s control products containing particles corresponding to one
or more of the following blood components: red blood cells, white blood cell, nucleated red
blood cells, platelets, and reticulocytes. Hematology controls containing 2 number of different
blood components are sometimes referred to in the industry as “complete” or “integrated”
controls. Streck makes and sells integrated hematology controls for use in a variety of
hematology instruments.

7. Recognizing the value of Streck’s hematology control technology, Defendants
have made, vsed, sold, and offered for sale integrated hematology control products (e.g., the
“CBC-XE” and the “CBC-4K Plus Retics” hematology controls) in this judicial district in

violation of Streck’s patent rights.
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CAUSES OF ACTION FOR PATENT INFRINGEMENT

8. On March 13, 2001 United States Patent No. 6,200,500 B1 (the ‘500 patent),
entitled “Hematology Control and System for Multi-Parameter Hematology Measurements”, was
duly and legally issued to Streck. A copy of said patent is attached as Exhibit A.

9. On April 24, 2001, 1993, United States Patent No. 6,221,668 B1 (the ‘668 patent),
entitled “Hematology Control and System for Multi-Parameter Hematology Measurements”, was
duly and legally issued to Streck. A copy of said patent is attached as Exhibit B.

10. On June 4, 2002, United States Patent No. 6,399,388 B1 (the ‘388 patent), entitled
“Hematology Control and System for Multi-Parameter Hematology Measurements”, was duly
and legally issued to Streck. A copy of said patent is attached as Exhibit C.

11.  Streck is the sole and lawful owner of the aforementioned patents of Exhibits A-C
by assignment from the inventor(s).

12. Streck has placed the required statutory notice on all control products it
manufactures or sells under the ‘500, ‘688 and/or ‘388 patents.

13.  Defendants do not have any license or other right to practice the claims of the

‘500, ‘668, and ‘388 patents.
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COUNT 1

14.  Streck hereby incorporates by reference paragraphs 1-13 as if fully set forth
herein.

15.  On information and belief, Defendants have infringed and continue to infringe
one or more claims of the ‘500 patent by at least making, using, selling, and offering for sale
certain integrated hematology control products (e.g., the “CBC-XE” and the “CBC-4K Plus
Retics” hematology controls), and will continue to do so unless enjoined by this Court.

16.  Upon information and belief, Defendants have infringed one or more of the
claims of the ‘500 patent by at least inducing others and contributing to infringement by others.

17.  Defendants’ acts of infringement of the ‘500 patent, upon information and belief,
have been carried out in deliberate and willful disregard of Streck’s patent rights.

COUNT 11

18.  Streck hereby incorporates by reference paragraphs 1-13 as if fully set forth
herein.

19. On information and belief, Defendants have infringed and continue to infringe
one or more claims of the ‘668 patent by at least making, using, selling, and offering for sale
certain integrated hematology control products (e.g., the “CBC-XE” and the “CBC-4K Plus
Retics” hematology controls), and will continue to do so unless enjoined by this Court.

20. Upon information and belief, Defendants have infringed one or more of the
claims of the ‘668 patent by at least inducing others and contributing to the infringement by
others,

21.  Defendants’ acts of infringement of the ‘668 patent, upon information and belief,

have been carried out in deliberate and willful disregard of Streck’s patent rights.
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COUNT HI

22. Streck hereby incorporates by reference paragraphs 1-13 as if fully set forth
herein.

23. On information and belief, Defendants have infringed and continue to infringe
one or more claims of the ‘388 patent by at least making, using, selling, and offering for sale
certain integrated hematology control products (e.g., the “CBC-XE” and the “CBC-4K Plus
Retics” hematology controls), and will continue to do so unless enjoined by this Court.

24.  Upon information and belief, Defendants have infringed one or more of the
claims of the ‘388 patent by at least inducing others and contributing to infringement by others.

25.  Defendants’ acts of infringement of the ‘388 patent, upon information and belief,
have been carried out in deliberate and willful disregard of Streck’s patent rights.

PRAYER FOR RELIEF

Wherefore, Streck respectfully requests this Court:

a. enter judgment for Streck that Defendants have infringed Streck’s <500, ‘668, and

‘388 patents by acts constituting direct, inducing and/or contributory infringement.

b. enter a preliminary and permanent injunction to enjoin Defendants and those in
privity with, or acting in concert with, Defendants from further infringement of the patents-in-

suit during the remainder of the terms for which the patents have been granted;

c. award Streck compensatory and exemplary damages, not less than a reasonable
royalty, resulting from Defendants’ infringement, including allowance of multiplied damages

based on Defendants’ willful and deliberate infringement;
d. award to Streck interest, costs, and attorneys’ fees; and

e. award such other and further relief as this Court shall deem just and proper.
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JURY DEMAND

Pursuant to Rule 38(b), Fed. R. Civ. P., Streck hereby demands a trial by jury of all issues

so triable, and requests that the trial be held in Omaha, Nebraska.

Respectfully submitted

June 29, 2006 By: MM
Roglr L. Shiffermfifér, #19127

Email: Shiffermiller@FraserStryker.com
FRASER, STRYKER, MEUSEY,
OLSON, BOYER & BLOCH, P.C.
409 South 17th Street
Omaha, NE 68102-2663
Telephone: (402) 341-6000
Facsimile: {402) 241-8290

Floyd R. Nation

Email: NationF@howrey.com
Melinda L. Patterson

Email: PattersonM(@howrey.com
Merritt D. Westcott

Email: WestcottM@howrey.com
HOWREY LLP
1111 Louisiana, 25" Floor
Houston, TX 77002
Telephone: (713) 787-1400
Facsimile: (713) 787-1440

Attorneys for Plaintiff Streck, Inc.
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HEMATOLOGY CONTROL AND SYSTEM
FOR MULTI-PARAMETER HEMATOLOGY
MEASUREMENTS

FIELD} OF THE INVENTION

The present invenlion relales generally to hemalology
control compositions and systems and, more particularly, to
a hematology control composition and system used (o mea-
sure 4 plurality of parameters in a sample of blood with a
multi-parameter automated hemaiology instrument.

BACKGROUND OF THE INVENTION

Hematology centrols for various autemated instruments
that measure, for example, red and white blood cell counts
and platelel counts, are known in the art and are described
in the following U.S. Pat. Nos.: 3,558,522; 3873467,
4,179,398, 4,219,440; 4,299,726; 4,324,687, 4,358,394, and
4,436,821 (incorporated by reference berein). Currenily,
blood analysis requires the use of one or more of several
dilferent instruments and, subsequently, different blood
samples and blood sample preparations to analyze the vari-
ous components of blood. Several hematolagy instruments,
however, now have the capability of measuring various
paramelers of blood without requiring separate sample
preparation for each parameter being tested. Such instru-
ments inchide the Beckman Coulter STKS or (ien-3
Svstems, the Abbott Cell-Dyan 4000 Hematology System,
Bayer ADVIA 120, and the Sysmex XE2100 System. These
improved automated instruments can measure one or MOre
of: 1) reticulocytes, 2} red blood cells, 3) nucleated red blood
cells, 4) platelets, 5) reticulated plalelets, 6) white blood
cells, including lymphocytes, monocyltes, neutrophils,
cosinophils, basophils, and 7) white blaod cells with all
picnotypes. It would thus be desirable to provide a hema-
tology control composition that could be used as a control in
connection with these instruments.

In the preferred embodiment, a hematology control com-
pusition for use with a muiti-parameter automalted hematol-
ogy instrument includes a liquid suspension of particulates
that has characteristics like whole blood. The control com-
position includes on¢ or more blood cell componenis (ie.
components handled or treated to simulate such a compo-
nent as found in whole blood), or their analogs, that may or
may nol be fixed, stabilized, or prepared by other treatment
priar ta final suspension. In different embodiments, the
blood cell components or antlog materials may be derived
from a source that will exhibit the size, shape or other
characteristics of human, animal, or other whole blood. By
way of cxamples, U8, Pal. Nos. 4,198,206; 4,436,821,
5,008,021, 5,262,327; 5,270,208; 5,432,089, 5,672,474; and
5,731,205, which are each hereby incorporated by reference,
each contain cxamples of these types of blood cell compo-
nents or analogs. The control has one or more blood com-
ponent or analog Lo resemble comesponding components in
whole blood when measured by the multi-parameter auto-
maled hematology instrument. When so measured, the con-
trol composition would assist in the calibration, operation,
and accumulation of quality assurance data for the multi-
parameter aufomated hematology instrument.

SUMMARY OF THE INVENTION

A hematology control and system for multi-parameter
hematology measurement is provided. The hematology con-
tra] provides valucs for the various componcnts of blood that
the multi-parameter hematology instrument is capable of
measuring. The hematology control composition comprises
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components for simulating reticulocyte, white blood cell,
red blood cell, nucleated red blood cell, platelet or reticu-
lated platelet constituents of whole blood.

Methods of making and using the hematology control
composition of the present invention are also provided
herein.

The systern of the present nvention includes a hematoi-
ogy instrument, a control, and may further include output or
readout devices. In one embodiment the system inctudes
other peripheral devices, such as a device for tracking
samples and associating them with particular data, such as a
bar-code scanoer system.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The hemataology control composition of the present inven-
tion comprises components for simulating one or more of
the [ollowing constituents of whole blood: reliculocytes,
white blood cells, red blood cells, nucleated red blood cells,
platelets, or reticulated platelets. In one embodiment the
compeonents are suspended in an isotonic medium. The
hematology conitrol composition of the present invention
provides values for varicus constiluents of blood that a
hematology instrument, such as 2 mulii-parameter hematol-
ogy instrument, is capable of measuring. Examples of mulu-
parameter hematology instruments include those available
commercially without limitation, under the designations
Beckman Coulier STKS or Gen-S Systems, the Abbott
Cell-Dyn 4000 Hematology System, Bayer ADVIA 120
System, the Sysmex XE2100 System, or the like.

In one embodiment of the present invention, the reticu-
locyle component of the control composition comprises
reticulocytes (that is, immature amucleate red bloed cells
containing some ribonucleic acid) or an analog thereof. For
the present invention, the reticulocyle component is pre-
pared in any suitable manner. By way of example, see U.S.
Pat. No. 5,432,089, incorporated by refercnce. Among pos-
sible embodiments, the reticulocyte compaonent may com-
prise true mammalian reticulocytes prepared for instance by
mamalian (e.g. human) red blood <ell encapsulation or by
isolation from whole blood.

The white blood cell component of the hematology con-
tro] composition comprises a blood cell (e.g. while blood
cell) or analog thereof, selected from the group consisting of
white blood cells for various cellular types, white blood cells
for all phenotypes, and mixtures thereof. Among the pos-
sible embodiments, the white blood cell component may
comprise white blood cells that are fixed with a suitable
agent, preferably with an aldebyde; and more preferably
giutaraldehyde, with glutaraldehyde and [ormaldebyde, or
with 20% NuoSept 145, US. Pat. Nos. 3,270,208 and
5,262,327, incorporated herein by reference, provide
examples of a suilable white blood cell component. Of
course, the skilled artisan will appreciate that the subject
inventioa is not limited to white blood cell components
prepared from only white blood cells. Analogs prepared
from any of a variety of other sources are possible, including
but not limited to red blood cells from birds, reptiles,
maminals, ¢ic.

The red blood cell component comprises red blood cells
or an analog thecreof. Among aother possible methods of
preparation, the red blood cells may be washed free of all
other cellular matcrial, such as by using a magnesium
gluconate difuent.

When employed, the nucleated red blood cell component
of the control composition of the present inveanticn com-




8:06-cv-00458-JFB-FG3 Doc# 1 Filed: 06/29/06 Page 9 of 33 - Page ID #9

US 6,200,500 B1

3

prises nucleated red blood cells or an analog thereot, such as
avian red blood cells, e.g., turkey or chicken red blood cells.

In another embodiment of the present invention, the
hematology cenirol compesition additicnally provides a
platelet component, preferably a simulated platelet compo-
nent. Among other possible types, the platelel component
may comprise stabilized human platelets or plateleis simu-
lated from goat, bovine or porcine blood cells. In one
embodiment, they are prepared from red blood cells. See,
1.5, Pat. Nos. 4,160,644 and 4,198,206, incorporated herein
by reference, disclose an example of a suitable plateler
reference control and methods of preparation. The skilled
artisan will appreciate a number of other techniques for
preparing simulated platelets.

In another embodiment of the present invention, the
control composition comprises a reticulated platelet com-
penent. To illustrate, without limitation, goat red blood cells
with encapsulated nucleic acids would constitute one
example of a reticulated platelet component usefuf for the
present invention.

The components of the control preferably are suspended
in a suitable suspension medium that permits the control 1o
be processed through the aulomated instrument. By way of
example, among the possible embodiments of the present
inveation, the isotonic suspension medium may comprise a
magnesium  gluconate/cthylene diamine tetraacetic acid
(EDTA)/phospate buffer with nucleated red blood cells; the
same buffer with the additives HDL, sulfasalazine and alpha
tocopherol; or the same buffer with 3% albumin.

The present invention further relates to a method of using
the hematology control composition as set forth above in the
analysis of whole blood. In addition, the present invention
relates to a method of making a hematology control com-
position for use with mulli-parameter systems, comprising
the step of mixing one or more of a reticulocyte (retic)
component, a white bioad cell companent, a red blood cell
component, a nucleated red blood celi component, a platelet
componeni, and a reticulated platelet componeni in an
isotonic suspension medium,

It will be appreciated that the term “control composition™
as used herein means one or more blood components and
includes naturally occurring blood components as well as
analogs thereof, which when combined or used alone, suf-
ficiently simulate the relevant characteristics of whole blood
for which the instrument tests. The following examples
address the preparation of various of the constituent com-
ponents. The control of the present invention contemplates
an admixture of two or more of the components.

SPECIFIC EXAMPLE 1
The following example describes the preparation of a
preferred control composition of the present invention.

Stock volumes of the constituent components are pre-
pared in the following approximale concentrations:

RBC: 6.0 x 10%mm?

WEC: 150,200/mm*

Platelets: 10 % 10%mm®

Retics: 50% of 5.5 x 10/mm? red count
NRRBC: 0.5 x 10%mm®

To prepare the final control composition, for cxample, in a
5 liter volume, stock volumes of the constituent components
are combined as follows:
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Approximate Approximate

Target Count Volume Stock
RBC: 4.5 % 10%mm’ 3,750 ml
WEC: 8.0 x 10%mm’ 266 ml
Plt (platelets) 225 x 10%/mm* 112 ml
Retice (%) 3% 370 ml
NRBC 0.01% 4.5 ml

The combined constituents are brought fo a final total
volume of 5 liters by adding final diluent including
SUPERTRAIE, prepared according to U.S. Pat. No. 5,262,
327, incorporated herein. The skilled artisan will appreciate
that there are other means and procedures to prepare this and
other embodiments of the present invention.

SPECTFIC EXAMPLE 2

The following example describes the preparation of a
preferred white blood cell component of the present inven-
tion.

In a preferred embodiment of the present invention, the
white blood cells for cellular types comprise one or more of
lymphocytes, monocytes, neutrephils, eosinophils and baso-
phils. When preparing the white blood cell component for
the control composition of the preseat invention, the cells
are obtained by standard separation from whole blood or
from portion of previousty fractionated whole blood con-
taining the desired cell population. The cells are
resuspended, for instance, in a phosphate buffered solution
containing polyethylene glycol 20,000 (PEG), EDTA and
magnesium ginconate with 2% bovine serum albumin, The
osmolarity of this solution is preferably sufhcient to swell
the white blood cells prior to fixation (.g. about 215 mosm).
The cells may then be stored in this solution, e.g. at about 6°
C. for 1 hour.

The cells are fixed in a suitable media in order preferably
to denature the surface or otherwise accomplish preserving
the cell morphology. To illustrate, in one embodiment, in a
solution of distilled water containing 5 g/1 sorbitol, 7.4%
formaldehyde and 0.125% ghuaraldehyde. Of course, other
suitable fixing agenis may be used in suitable amounts. In a
highly preferred embodiment, the white blood cells and the
fix solution are maintained at a temperature sufficieat to
provide a proper white blood cell position (e.g. between
about 4° C. and 12° C.). The [ixative is added (o the cells at
a suitabie ratio. For example, in one embodiment, a ratio of
between 10 ml of cell suspension to 24 ml of fix solution is
used. The distilled water in the fix solution swells the white
blood cells further, while the fixative stabilizes the cell
membrane. The cells are thus left in the fixative for 2 days
al TOOM tempCratire.

After fixation, the cells preferably are washed. In one
aspect, theyv are washed in a phosphate buffered solution.
One such solution contains PEG, EDTA, magnesium glu-
conate and bovine serum albumin. Lipoprotein concentrate
is added at 150 mg/dl HDL to store the cells prior to use in
order to improve the stability of the scattergram position
while the white blood cells are waiting to be added to the
other components of the control composition.

White blood cells prepared as described in TS, Pat. No.
5,459,073 (incorporated herein by reference) for flow
cytometry may be employed for phenotyping. By mixing the
two types of white cclls, both requirements can be met, i.e.,
white blood cells for various cellular types and phenotypes,
as the celis prepared for phenotyping generally should not
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interfere with the position of other white blood cells on the
histograms/scattergrams. For additional processing
guidelines, see also U.S. Pat. Nos. 5,270,208, and 5,262,327,
incorporated by reference herein. Of course analogs may be
prepared from suitable red cells as the skilled artisan would
appreciate.

SPECIFIC EXAMPLE 3

The following example describes the preparation of a
preferred red blood cell component of the present invention.

In general, concentraled red blood cells are provided,
separated from associated supernatant, and concentrated
human red blood cell packs are suspended in a solution (e.g.
phosphate buffered solution containing PEG (MW=20,000))
and allowed to settle overnight. The supernatant is then
removed and 0.5% NaCl with PEG is added in an equal
volume to the packed red blood cells and allowed to set at
room lemperature for 4-5 hours. The supernatant is again
removed and the cells are resuspended in the NaCl solution
and stored at 6° C. overnight. The packs are further checked
for excessive hemolysis and removed from the inventory,
The remaining packs are pooled into batches bascd on the
{(MCV’8), wherein twelve to fourteen packs are combined to
make a batch. The batches are again resuspended in the NaCl
solution for about 4-5 hours at room temperature. Of course,
other times and lemperatures may be employed.

Lach batch is resuspended into a phosphate buffered
solution containing PEG, EIYI'A and magnesium glucenate,
The cells are allowed to settle, the supernatant is removed
and the cells are resuspended in the above solution with
lower PEG concentrations for storage up to 90 days at 6° C.

One diluent efficient in slabilizing the red blood cells on
the Coulter STKS includes a phosphate buffered solution
containing PEG, Na2EDTA, magnesium gluconate and
suifasalazine, wherein the sullasalazine is added as an
antioxidan! to preven! hemolysis when the lipoprofein is
added to the control composition of the present invention.
The final diluent also contains 2% bovine serum albumin to
improve the position of the white blood cells. After the cells
have been washed into this diluent, trypsin inhibitor from
soybeans is added at (.06% to the total volume of red blood
cells to give added stability to the MCV'S,

Whilc thc BSA in the diluent improves the white hlood
cell position on the scattergram, lipoprotein is also prefer-
ably used to provide a scattergram that represenis whole
blooad. See U.S. Pat. Nos. 5,270,208 and 5,262,327 incor-
porated by reference. A lipoprotein source consisting of
mostly HDL is added at about 100-175 mg/d! to the control
composition and a-locopherol is further added to the lipo-
protein source to reduce peroxides produced by the oxida-
tion of the lipoproteins. I the lipoprotein source is added to
the ted blood cells without an antioxidant such as sulfasala-
zine or a-Tocopherol, the peroxides may cause hemolysis of
the red bleod cells in the present control composition.

SPECIFIC EXAMPLE 4

The following example describes the preparation of a
nicleated red blood cell component of the present invention.

Turkey red blood cells are washed into a phosphate
buffered solution and set to a count of about 1x106/mm3.
The cells are fixed with 2 phosphate solution (volume equal
fo the cell volume)+0.4% v/ glutaraldehyde, at room tem-
perature for onc day and then washed inlo a phosphate
buffet.

The fixed turkey red blood cells are added to the control
composition of the present invention to yield a cell count
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equal to at least 10% of the white blood cell count in order
to produce NRBC flags on the Coulter STKS or the Cell-
Dyvne 4000 manufactured by Abbott Laboratories. Though
the present example conternplates the use of turkey cells,
¢ells from other cell sources may be emploved as the skilled
artisan will appreciate.

SPECIFIC EXAMPLE 5

The following cxample describes the preparation of a
simulated platelet component of the present invention.

Goat red blood cells are separated from other constituents
of goat whaole blood. For instance, cells are washed into PBS
three times to remove the plasma and whitc cells. The
concentration is adjusted to 8x10%mm3 and fixed with a
volume of PBS equal to the cells that contain 0.224-0.320%
glutaraldehvde, providing the amount of protection needed
to allow proper lysis during the shrinkage step. The cells are
incubaled at 30° C. for one hour and ceatrifuged at 1200
RPM for 15 minutes. The supernatant is removed and the
cell volume is adjusted to one-fourth of fixed volume.

An ammonium chloride solution is added to the celis to
equal the original volume of fixed cells. The armmonium
chloride solution creates holes in the membrane to allow
bemoglobin to exit to the cells, while the glutaraldehyde
prolects from total lysis. The cells are monitored for hemo-
globin loss based on (MPV} decreases on the H-1. When the
MPV is at 108 on the H-1, the cells are diluted with a
phosphate buffered solution and centrifuged at 1800 RPM
for 20 minutes. The supernatant is rcemoved and the cells are
washed to remove the free hemoglobin and shrink the
membrane around the hemoglobin to produce an MPV of
approximately 10fl on impedance instruments, such as the
S+1V, manufaciured by Beckman Coulter.

In a more preferred embodiment, 1o prevent further loss of
hemoglobin and shrinkage of the membrane, the cells are
fixed mare than once, for instance, with 0.04% glutaralde-
hyde in a volume of phosphate buffered solution equal to the
cell volume at a count of 1x10°%/mm3. The cells are left at
room temperature overnight and then washed. Though the
present example contemplates the use of goal cells, cells
from other cell sources may be employed (such as stabilized
human platelets) as the skilled artisan will appreciate.

SPECIFIC EXAMPLE 6

The following example describes the preparation of a
reticulated platelet component of the present invention.

Preferably, reticulated platelets for the control cornposi-
tion of the present invention are prepared by washing goat
red blood cells into 0.9% NaCl and concentrated to 70-80%
HCT. Equal volumes of concentrated red blood cells and 4%
RNA solution (20 mls of cach) adjusted to 300 mosm with
KC1 are mixed together and dialyzed against 500 mls of a
hypolonic soluticn containing glycerol (esm=90-100) for %0
minutes at 6° C. Dialysis is required to slowly change the
osmolarity without damaging the cells. The resulting osmo-
larity change in the red blood cell selution is from about 300
mosm Lo about 150 mosm. This process creates holes in the
cell membrane to allow the RNA in the red blood cell
solution to enter the red binod cells.

The osmolarity is brought back to isotonicity by dialyzing
the red blood cells containing RNA against an isotonic
solution, This dialysis is af room temperature for 30 minutes
and the final osmolarity of the cells is about 260 mosm. This
process reseals the holes that were created by the hypotonic
dialysis, thus trappisg the RNA inside the cells.
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Eighty milliliters of the resealing diluent containing 0.1%
Nuosept 101 is added to the encapsulated red blood cells and
the mixture is heated at 37° C. for 3 hours. This heating step
helps to lyse the weakened cells from the encapsulation
process and anneals the membranes of the encapsulated red
bicod cells.

SPECIFIC EXAMPLE 7
The following example describes a method using the
control composition to determine the accuracy and repro-
ducibility of the operation of a mulli-parameter automaled
hemalology instrument. By way of example, a multi-

parameter automated hematology instrument, such as a
Beckman Coulier STKS or Gen-S§ Systems, the Abbou

Cell-Dyn 4000 Hematology System, Bayer ADVIA 120, and

the Sysmex XE2100 System, is provided, optionally with a
slide preparation module. The claimed control composition
is obtained or prepared which includes, by way of example,
a treated stabilized huaan red blood cell component and a
reticulocyte component with quality control values in an
appropriate range, for example, 1.0%, 2.5%, and 2.0%,
respectively. It is refrigerated prior to use. At in the begin-
ning of testing, the control composition is allowed 1o warm
to room temperature for about fifteen minutes, mixed
manually, and checked for resuspension of contents.

The control composition is prepared and analyzed by the
same standard method as test samples which may be tested
in batch quantities by the vse of a suitable cassette having
apertures for receiving test vials. After preparation, the
controj composition and test samples are analyzed hy count-
ing the population number of each subject component type
with a multi-parameter automated hematology instrument,
which will yield a visual display of the data.

For a Coulter System, the automated test instrument may
employ technology known generatly as VCS Technology (as
marketed by Beckman Coulter). VCS generally analyzes
cell samples in view of simultaneous volume conductivity
and Scatter measurcments. Ordinarily, a starting sample is
employed in combination with snitable reagents (which may
comprise a component of a kit) and physical agitation for
lysing and cell measuring by way of flow cytometry.

Accordingly, the sample may be tesied by the Coulter
Principle of (DC) Impedance to measure the cell volume in
an isotonic suspension.

Conductivity may be employed, for instance, by applying
alternating current in the radio frequency range. Energy can
penetrate the cell by short circuiting the cell membrane’s
bipolar lipid layer.

Information about the cclls is also possible with fight
scatter techniques, such as from the scatter characteristics
detected from cells in response 10 a coberent light source,
e.g. a laser beam.

Of course, by no means is the mode of sample testing
limited to the above. As mentioned other principles may be
used,

The respective population counts obtained from the analy-
sis are compared either to known reference value for each
componen! type in the control composition, or by compari-
son of the pepulation counts for each component types in the
test sample with the corresponding values of componeats in
the control composition. Data relating o the measurement of
componenis in control composition and lest samples is
collected, monitored, stored, compared and anralyzed by
clectronic means, such as a computer programmed with
appropriate software and containing appropriate data file
structure,
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The foregoing discussion discloses and describes merely
exemplary embodiments of the present invention. One
skilled in the art will readily recognize from such discussion
and from the accompanying drawings and claims, that
various changes, modifications and variations can be made
therein without departing from the spirit and scope of the
mvention as defined in the following claims.

All palents and other publications cited herein are
expressly incorporated by reference.

What is claimed is:
1. A hematology control composition comprising:

a) a reticulocyte component;

) a white blood celi component;

<) a red blood cell component;

d} a nucleated red blood cell component,

€} a platelet component; and

f) a reticelated platelet component, mixed in an isotonic

suspensicn medium.

2. The control composition of claim 1, wherein the
reticulocyte component comprises relicnlocytes or an analog
thercof.

3. The control compasition of claim 2, wherein the
reticulocyte component comprises reticulocyles prepared by
human red blood cell encapsulation.

4. The control composition of claim 2, wherein the
reticulocyte component comprises reticulocyles prepared by
isolation from whole blood.

5. The control composition of claim 1, wherein the white
blood cell component comprises a member s¢lected from the
group consisting of white blood cells for cellular types,
white blood cells for all phenotypes and mixtures thereof.

6. The control composition of claim §, wherein the white
blood cell component comprises a member selected from the
group consisting of white blood cells that are stabilized with
glutaraldehyde; with glutaraldchyde and formaldehyde; or
with 20% NuoSept 145.

7. The control composition of claim 5, wherein the white
biood cells for cellular types comprise:

a) lymphocytes;

b) monocytes;

¢) neulrophils;

d} cosinophils; and

¢) basophils.

8. The control composition of claim 1, wherein the red
blood cell component comprises human red bicod cells.

9. The control composition of claim 1, wherein the
mucleated red blood cell component comprises nucleated
avian red blood cells.

10. The control composition of claim 9, wherein the
rucleated avian red blood cells comprise turkey red blood
cells.

11. The control composition of claim 1, whercin the
platelet component comprises simulated platelets.

12. The conirol composition of claim 11, wherein the
simulated platelets comprise goat red blood cells.

13. The control composition of claim 1, wherein the
platelet component comprises human platelets.

14. The contral composition of claim 1, wherein ihe
reticulated platelet component comprises goat red blood
cells.
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15. A method of using the control composition of claim 1
to determine the accuracy and reproducibility of the opera-
tion of a multiparameter automated bematology instrument
comprising the steps of:

a) providing the hematology control composition of claim

1 with a known reference value for each component
type;

b) providing a multi-parameter automated hematology

nstrument;

¢) counting the population number per component type in

the hematology control composition with the multi-
parameter automaled hematology instrument; and

d) comparing the population number per component type

obtained from step ¢} above with the known reference
value for each component type.

16. A method of using the control composition of claim 1
in the analysis of whole blood comprising the steps of:

a) providing the hematology control composition of claim

1 with a known reference value for each component
Lype;

b) providing a multi-paramcter automated hematology

instrument;

¢) providing one or more samples of whole blood;

d) counting the population number per component type in
the hematology conlrol composition with the multi-
parameter automated hematology instrument;

¢) counting the population nurnber per component type in

the whole blood sample with the multi-parameter auto-
mated hematology instrument; and

f) comparing the population number per component in the

hematology control composition obtained from step d)
above with the population number per component in
the whole blood sample obtained from step e) above.

17. The methods of claim 15 or 16, including means to
collect, monitor, store, compare, and analyze data generated
from the comparison of such control composition or test
samples.

18. A method of making a hematology control composi-
tion for use with mulii-parameter hematology measuring
sysiems, comprising the step of mixing a reticulocyte
component, 4 white blood cell component, a red blood cell
component, a nucleated red blood cell compaonent, a platelet
component and a reticulated platelet component in an iso-
tonic suspension medium,

19. The method of claim 18, wherein the reticulocyte
component comprises reticulocytes or an analog thereof

20. The method of claim 18, wherein the white biood cell
component comprises a member selected from the group
consisting of white blood cells for ceilular types, white
bload cells for all phenotypes and mixtures thereof,

21. The method of claim 20, wherein the white blood cells
for cellular types comprise:
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a) lymphocytes;

b) monocytes;

¢) neutraphils;

d) eosinophils; and

¢} basophils.

22. The method of claim 18, wherein the red blood cell
component comprises human red blood cells,

23, The method of claim 18, wherein the nucleated red
blood cell component comprises nucleated avian red blood
cells,

24, 'The method of claim 23, wherein the nucleated avian
red blood cetls comprise turkey red blood cells.

25. The method of claim 18, wherein the platelet com-
ponent comprises simulated platelets.

26. The method of claim 25, wherein the simulated
platelets comprise goat red blood cells.

27, The method of claim 18, wherein the reticulated
platelet component comprises goat red blood cells,

28. A hematology control composition, comprising:

1) a reticulocyte component;

) a white blood cell componeni inclnding components

corresponding with:
1. lymphocyles;

ii. monocytes;

iil. neutrophils;

iv. cosinophils; and
v. hasophils;

<) a red blood cell component;

d) a plaielet component; and

¢) an isotonic suspension medium, wherein each of said

components (2)~{d) is present in sufficient arnounts to
be measurable with an automated hematology instru-
ment employing cell volume conductlivity and scalter
measarements to vield a readout that corresponds sub-
stantially with that of buman whole blood.

29, A hematology control composition, comprising:

a) a reticulocyte component;

by a white blood cell component;

¢) a red blood cell component;

d) a platelel component; and

¢) an isotonic suspension medium, wherein each of said

components (a)}{d} is present in sufficient amounts to
be measurable with an automated hematology instru-
ment and 1o yield a readout that corresponds substan-
tially with that of human whole blocd.

39. The control composition of claim 29 further compris-
ing a reticulated platelet component.

31. The control composition of claim 30 further compris-
ing a nucleated red blood cell component.

32, The control composition of claim 30 further compris-
ing a source of lipoprotein.

* ok K ok *
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HEMATOLOGY CONTROL AND SYSTEM
FOR MULTEPARAMETER HEMATOLOGY
MEASUREMENTS

CLAIM OF BENEFIT OF EARLIER FILING
DATE

The present invention is a contineation-in-part of
commonly-owned, co-pending U.S. patent application Ser.
No. 09/378,608, filed Aug. 20, 1999, hereby expressly
incorporated by relerence. Applicants hereby claim the
benefit of the filing date of such application for all purposes
and to the extent permitted in accordance with 35 U.S.C.
Section 120.

FIELD OF THE INVENTION
The present inveniion relates generatly to hematology
contrel compositions and systems and, more particularly, to
a hematology control composition and system used 10 mea-

sure a plurality of parameters in a sample of biood with a
moulti-parameter aulomated hematology instrument.

BACKGROUND OF THE INVENTION

Hematology controls for various automated instruments
thal measure, for example, red and white blood cell counts
and platelet counts, are known in the art and are described
in the following U.S. Pat. Nos.: 3,558,522; 3,873,467,
4,179,398; 4,219,440; 4,299,726; 4,324,687; 4,358,39%4; and
4,436,821 (incorporated by reference herein). Currently,
blood analysis requires the use ol onc or more of several
different instruments and, subsequemtly, different blood
samples and blood sample preparations to analyze the van-
ous components of blood. Several hematology instruments,
however, now have the capability of measuring various
paramelers of blood without requiring separate sample
preparation for each parameter being tested. Such instru-
ments include the Beckman Coulter STKS or Gen-S
Systems, the Abbotl Cell-Tdyn 4000 Hematology Syslem,
Bayer ADVIA 120, and the Sysmex XL2100 System. These
improved automated instruments can measure one or more
of: 1y reticulocytes, 2) red blood cells, 3) nucleated red blood
cells, 4) platelets, 5) reticulated platelets, 6) white blood
cells, including lymphocyles, monocyles, neutrophils,
eosinophils, basophils, and 7) white hlood ceils with all
phenotypes. It would thus be desirable to provide a hema-
tology conlrol composition that could be used as a conirel in
connection with these instruments.

In the preferred embodiment, a hematology control com-
position for use with a multi-parameter automated hematol-

ogy instrument includes a liquid suspension of particulates s

that has measureable charactenistics like whole blood. The
control composition includes one or more blood cells {ie.
cells handled or weated to simulate such a component as
found in whole bluod) or iheir analogs (collectively referred
to as blood cell components), that may or may not be fixed,
stabilized, or prepared by other treatment prior to final
suspension. In different embodiments, the blood cell com-
ponents may be derived from a source that will exhibit the
size, shape or other measurable characteristics of human,
animal, or other whole bload. By way of examples, U.S, Pat.
Nos. 4,198,206; 4,436,821; 5,008,021; 5,262,327, 5,270,
208; 5,432,089; 5,460,797, 5,672.474; 5,677,145, 5,731,
205; 5,811,099 and 5,981,282, which are each hereby incor-
porated by reference, ¢ach contain examples of these types
of blood cell components. Fhe control has one or mare blood
component to resemble corresponding components in whole
blood when measured by the multi-parameter automated
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hematology instrument. When so measured, the coatrol
composition would assist in the calibration, operation, and
accumulation of quality assurance data for the multi-
parameter automated hematology instrument.

Also of potential interest may be U.S. Pat. No. 5,888,790
and “Improved Isolation of Normal Human Reticulocytes
via Lxploitation of Chloride-Dependent Potassium
Transport,” Sorette et al., Blood, Vol. 80, No. 1 (Jul. 1),
1992: pp. 249-254, hereby incorporated by reference.

SUMMARY OF THE INVENTION

A hematology control and system for multi-parameter
hematology measurement is provided. The hematology con-
trol provides valves for the various constituents of blood that
the multi-parameter hematology instument is capable of
measuring. The hematology control composition comprises
components for simulating reticulocyte, white blood cell,
red blood cell, nucleated red blood celi, platelet or reticu-
lated platelet constituents of whole blood.

Methods of making and using the hematology control
composition of the present invention are also provided
herein.

The system of the present invention also includes a
hematology instrument, a control, and may further include
cutpul or readout devices. In one embodiment the system
includes other peripheral devices, such as a device for
tracking samples and associating them with particular data,
such as a bar-code scanner system.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The hematology control composition of the present inven-
tion comprises components for simulating one or more of
the following constituents of whole blood: reticulocytes,
white blood cells, red blood cells, nucleated red blood cells,
platelets, or reticulated platelets. In one embodiment the
components are suspended in an isotonic medium, prefer-
ably including lipoprotein. The hemalology control compo-
sition of the preseat Invention provides values for various
constituents of bload that a hematology instrument, such as
4 mulli-parameler hematology instrumeni, 1s capable of
measuring. Examples of mulii-parameter hematology instru-
ments include those available commercially without
limitation, under the designations Beckman Coulter STKS
o1 Gen-S Systems, the Abbott Cell-Dyn 4000 Hematolagy
System, Baver ADVIA 120 System, the Sysmex XE2100
Svstem, or the like.

The present discussion includes multiple approaches to
making a control in accordance with the present invention,
it being recognized that one highly preferred embodiment
contemnplates a control having components that simulate the
characteristics of whole blood for purposes of obtaining
readouts on a Beckman Coulter GEN-S instrument for red
blood cells, the five populations of white blood cells, reticu-
locytes and platelets. Thus, a suspension is provided that
includes a plurality of particles that exhibit similar light
scattering, conductivity, impedance, optical (including
fluorescence), photometric, or other property responses
detceted hy the instrument in operation, as would the cor-
responding components of whole blood.

It will be appreciaied that the term “control composition”™
as used herein means one or more blood components (i.e.,
blood constituents as well as analogs thercof), which when
combined or used alone, sufficiently simulate the relevant
characteristics of whole blood for which the instrument
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tests. The following addresses the preparation of various of
the constituent components. The control of the present
inveniion contemplates an admixture of two or more bicod
components, and preferably a reticulocyte component and a
component simulating at least three, and preferably five
subpopulations of white blood cells. Percentages are by
volume valess otherwise indicated.

Reticulocyte Component

The reticulocyte component of the control composition
includes a component that ¢xhibils the relovant characteris-
tics for detection of reticulocytes using a hematology instru-
ment in accordance with the present invention. Accordingly,
the control may suitably contain stabilized reticulocytes
(that is, immature anucleate red blood cells containing some
ribonucleic acid) or un analog thereol. For example, among
possible embodiments, the reticulocyte companent may
comprise true mammalian reticulocytes prepared for
inslance by mammalian (e.g. human) red blood cell encap-
sulation or by isolation from whole blood. The reticulocyte
component is prepared in any suitable manner. See, e.g.,
U.S. Pal. No. 5,432,089, incorporated by reference.
Alternatively, it is possible to obtain suitable reticulocytes
by obtaining blood from an anemic animal (e.g., a pig, goat,
rabbit or the like).

In one particularly preferred embodiment, the reticulocyte
component is prepared by an encapsulation method, using
non-reticulocyte blood cells, such as red blood ceils from a
human or other source. The red blood cells are encapsulated
and stabilized. By way of illustration, in one embodiment,
red blood cells having, a relatively high MCV (e.g., abowt 85
to about 95 f1., and more preferably about 88 to about 92 f1.)
are provided.

The cells are washed in a suitable dituent (e.g., about 0.15
M NaCl) in one or more washing, steps. The cells are then
concentrated to a desired hematoerit value, e.g., greater than
about 50%, and more preferably greater than about 70%.

The celis are then encapsulated with RNA. By way of
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example, RNA is encapsulated into the red blood cells by a 4

suilable lysis step, e.g£., by hypotonic lysis. This may be done
in a number of ways, including by mixing red blood ceils
with a solution of RNA haviag an appropriate pH and
asmolarity. For instance the solution may contain a minor
amount of RNA {more preferably about 1%), and has a pH
between about 7 and 8 (more preferably about 7.6). The
solutien is adjusted (e.g. with NaCl) to obtain an osmolarity
of about 40 mOsm.

The red blood cells are mixed with the RNA solution in
a suitable proportion, which may vary as desired. In a
present preferred embodiment, the volume ratio of packed
red blood cells to RNA solution is about (L8 to about 1.2:
about 1 to about 2, and more preferably is about 1:1.4.
Before lysing, or at an early stage of the lysing, the red blood
cells and the RNA solution are pre-incubated, such as by
heating to above room temperature (e.g., about 37 degrees
C.). The cells are lysed in the admixture, and thereafier, the
red blood cells are re-scaled. By way of example, the red
blood cells are re-sealed by introducing them to a sait
solution and then heating above rovm temperature (c.g.,
adding about 0.15 volume of about 12% NaCl solution, and
then heating or annealing the cells to about 37 degrees C. for
about one hour).

The resulting mixture is poured into a separatory funnel
and allowed to incubate for a suitable time, ¢.g., for at least
about 18 hours at room temperature. Thereafter, cells from
the bottom portion of the funnel are collected (e.g., from
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about the bottom 70% or lower). The cells are washed with
a suilable diluent, such as the diluent from Table 1 or 4.
Optionally, about 0.5 1o about 5.0 % and more preferably
about 0.75% of Streck Laboratories product number 233301,
also known as STA-CELL (avaitable from Streck Labora-
tories (Omaha, Nebr)} is added. In the present illustrated
embodiment, the cells are thus treated in a manner that
would make them susceptible to a detection stain (e.g.,
methylene blue).

In another embodiment, the reticulocyte component is
fixed (such as with an aldebyde or other suitable fixztive) in
a lactose or other suitable diluent. A like diluent absent the
fixative may also be employed for washing.

White Blood Cell Component

1o the present embodiment, the component ol the control
that is to simulate the characteristics of whiie blood cells in
whole blood is prepared from a biclogical material. More
specifically, the material is a cellular biological material, and
preferably the material includes human white blood cells
(although blood cells from any suitable animal may be
employed). In a preferced embodiment of the present
invention, the white blood cell component includes materi-
als For replicating the relevani measurable characteristics for
some ar all of each of the five white blood cell types, namely,
lymphocytes, monocytes, neutrophils, eosinophils and
basophils, and they in turn are provided at their art-disclosed
levels (see, e.g., Table 6).

The while blood cell component of the hematology con-
trol composition comprises a blood cell (e.g. white blood
cell} or analog thereof, selected from the group consisting of
white blood cells for various cellular types, white blood cells
for all phenotypes, and mixtures thereof. U.S. Pat. Nos.
5,270,208 and 5,262,327, incarporated herein by reference,
provide examples of a suitable white blood cell component
(see also U.S. Pat. No. 5,529,933, hereby incorporated by
reference). Of course, the skilled artisan will appreciate that
the subject invention is not limited to white blood cell
components prepared from only white blood cells. Analogs
prepared from any of a variety of other souces are possible,
including but not limited to red blood cells from birds,
reptiles, mammals, etc.

The cells are provided in packs (e.g., 2 to 3 packs per
bottle). The cells are treated by a series of sleps for selec-
tively lysing any undesired blood cells present in the mate-
rial as provided; for washing the cells; and for fixing or
otherwise stabilizing the cells.

Sclective lysing mav be accomplished in any suilable
manner, for instance, by contacting the undesired blood cells
with a lysing agent. Any suitable lysing agent may be
employed. Buffered halides, such as ammonium chloride
and Trizma Based (e.g., about 7.5 g ammoanium chloride and
2 g Tris per liter), illusirates one suilable class of lysing
agents, where the undesired cells include red blood cells.
Lysing is accomplished through a series of consecutive
washing steps with the lysing agent. Optionally, before the
lysing, 1he cells are subjected to a preliminary fixing step,
such as by contacting them with a suitable fixing agent,
heating them or both, For instance, the cells are contacted
with a buffered antimicrobial saline solution {optionally
including a diluent as described in Table 4) including a
suitable amount of a fixative (e.g., abowt 0.11%
formaidehyde).

The lysing may he done in a single step or a plurality of
steps (¢.g., for about one hour, then for about 25 minutes),
where after each step, the lysing agent is removed and fresh
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agent is introduced. After lysing, the cells are washed to
remove the lysing agent. Any suitable wash composition and
technique may be employed. Tor instance, the aforenoted
buffered antimicrobial saline solution (absent a fixing agent)
may be employed. Using this selution the cells are washed
in at least one step and preferably two steps, wherein the
cells are centrifuged at a suilable rate (e.g. about 900 rpm for
about 10 minutes) {c.g., about 200xg).

Prior lo fixing, it may be preferable (o further pre-treat the
cells in an albumin-containing diluent, such as about 2%
BSA in a diluent such as that of Table 1. Preferably the
diluent hus a pH of aboul 8 and an osmolarity of about 175
to about 300 (e.g. aboul 215). Any suitable period of
pre-treatment may be emploved, e.z., about one hour, when
maintained at about 6 degrees C.

The celis are fixed in any suitable manner sufficient to
denature the protein on the cell surface. The cells may be
heated, contacted with a fixing agent or both. The skilled
artisan will recognize that, though the preferred fixing agent
is an aldehyde, any suitable agent (preferably in a hypotonic
solution) may be used, including for instance, those con-
taining an aldehyde, an alcohol, a heterocyclic urea (e.g.,
diazolidinyl urea (known as DU), imidazolidinyl urea
(known as IDU) or a mixture thereol) or a mixture thereof.
Among the suitable fixing agents, one particularly effective
alcohol-containing agent is 30% by volume— 1-methyl-2-
(5-methyl-3-oxazolidinyl}-¢thoxy Jmethoxy]methanol (¢.g.,
NUOSEPT 145, from HULS America, Inc.), or a mixture
therof. En one present preferred embodiment, the aldehyde is
selected from the group consisting of formaldehyde,
glutaraldehyde, and mixtures thereof.

By way of illustration, a fixing admixture is prepared to
include about 10 parts cells, about 20 parts distilled water,
an agent for ephancing osmolarity across the cell membrase,
for aiding in the (ormation of cluslers in scallergram popu-
lation readouts or both (e.g., about 5 g/l of a sugar, such as
sorbitol), an agent for helping to stabilize the readout of
monocytes {e.g., about 4% DU), and a fixing agent, such as
about about 4 parts formaldehyde, and about 0.1 parts
glutaraldehyde. Fixing is performed lor a suitable amount of
time and at a suitable temperature. Using this fixing agent,
for example, fixing is performed for about 2 to about 3 days
at about 22 degrees C. (i.c., warmed prior to fixing after
refrigeration).

Fixed cells are washed with a suitable rinse materiai (e.g.,
a cell stabilizer in a diluent) to remove the fixing agent. By
way of illustration, two washes are made during centrifu-
galion at about 900 rpm for about 10 minutes (e.g., about
200xg), in a solution including a metal halide (¢.g., about
5% NaF) cell stabilizer in a diluent (e.g. a diluent having the
composition as outlined in Table 2).

In another illustrative embodiment, when preparing the
white blood cell component for the control composition of
the present invention, the cells are obtained by standard
separation from whole blood or from portion of previously
fractionated whole blood containing the desired cell popu-
lation. The cells are resuspended, for instance, in a phos-
phate buffered solution containing polyethylene glycol
20,0001 (PEG), ethylencdiamine tetraacetic acid (EDTA) and
magnesium gluconate with 2% bovine serum albumin. The
asmolarily of this solution is preferably sufficient to swell
the white blood celis prior to fixation {e.g. about 215 mosm).
The cells may then be stored in this solution, e.g. at about 6°
C. for 1 hour.

The cells are fixed in a suitable media in order preferably
10 denature the surface or otherwise accomplish preserving
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the cell morphology. To illusirate, in one embodiment, in a
solution of distilled water containing 5 g/1 sorbitol, 7.4%
formaldehyde and 0.125% glutaraldehyde. Of course, other
suitable fixing agents may be used in suitable amounts. In a
highly preferred embodiment, the while blood cells and the
fix solution are maintained at a temperature sufficient to
provide a proper white blood cell position (e.g. between
about 4° C. and 12° C.). The fixative is added to the cells at
a suitable ratio, For example, in one embodiment, a ratio of
between 10 ml of cell suspension to 24 mi of fix solution is
used. The distilled water in the fix solution swells the white
blood cells further, while the fixative stabilizes the cell
membrane. The cells are thus left in the fixative [or 2 days
al room temperature.

After fixation, the cells preferably are washed. In one
aspect, they are washed in a phosphate buffered solution.
One such solution contains polyethylene glycol, (PEG),
ethylenediaminetetraactic acid (EDTA), magnesium glucon-
ate and bovine serum albumin, Lipoprotein concentrate is
added al 150 mg/dl HDL to store the cells prior to use in
order to improve the stability of the scattergram position
while the white blood cells are wailing to be added 1o the
other companents of the contral compasition.

It will be appreciated that white blood cells prepared as
deseribed in U.S. Pat. No. 5,459,073 (incorporated herein by
reference) for flow cytometry may be employed for pheno-
typing. By mixing the two 1ypes of white cells, both require-
ments can be met, i.e., white blood cells for various cellular
types and phenotypes, as the cells prepared for phenotyping
gencrally should not interfere with the pesition of other
white biood cells on the histograms/scattergrams.

In controls for certain instruments, white blood cells may
need to be diluted or concentrated, for example, for the
Cell-Dyn instruments a dilution to a count of 10,000 is
preferred.

Red Blood Cell Component

In the present embodiment, the component of the control
that is o simualale the characteristics of red blood cells in
whole blood is prepared from a bio-compatible material.
More specifically, the material is a cellular biological
material, and preferably the material includes human red
blocd cells (although analog bleod cells from any suitable
animal may be employed).

The cells as provided are separated from the liquid
medium or supernatant in which it is supplied through any
suitable separation technique, including but not kimited to
centrifugation, filiration, or the like. The cells are washed in
a sertes of one or more {e.g., 3) consecutive washing steps,
pursnant to which cxcess supernatant is removed. The cells
preferably are washed in a (e.g. such as the diluent of Table
2) and optiopally ooe or more addilional componcnls
selected from the group consisting of a cell stabilizer, an
albumin, an agent for reducing the likelihood of cell hemoly-
sis in the presence of oxypen, and mixtures thereof. In a
more preferred aspect, the additional components are
selected from the group coasisting of a metal halide cell
stabitizer, bovine serum albumen (BSA), an antioxidant and
mixtures thereof. In still a more preferred embodiment, the
diluent is one such as that of Table 4, and it will include
about 0.003 to about 0.010 (and more preferably about
0.005%) NaF, about 2% BSA, about 0.005 to about 0.020
(and more preferably sbout 0.010%) sullasalizine. The dilu-
ent of Table I likewise may be used as desired.

Optionally, depending upon the end use and commercial
considerations, one or more agents for reducing the rate of
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degradation is employed in a suitable amount; for example,
about 0.25 to about 2.0%, and more preferably about 0.75%
of a material available from Streck Laboratories (Omaha,
Nebr.) under the product number 233301 or the designation
STA CELL (which material may also be suitably added for
one or more of the other components). Further, opticnally,
the cells preferably are prepared in an environment substan-
tially free of glucose. In yet another optional emhodiment,
the cells are fixed {e.g., by a suitable protein denaturation
step, such as by glutaraldehyde fixing) after washing and
then further washed.

The cells may be washed for any suitable period of time,
and resuspended (in the same wash or a different one, ¢.g.,
one having a higher concentration) any suitable number of
times.

The skilled artisan will appreciate that the red blood cells
may be washed free of all other cellular material, such as by
using a magnesium gluconate diluent.

By way of further illustration, in another embediment,
concentrated red blood cells are provided, separated from
associaled supernatant, and concentrated human red blood
cell packs are suspended In a solution (¢.g. phosphate
buffered solution containing PEG (MW=20,000)) and
allowed to setle overnight. The supernatant is then removed
and 0.5% NaCl with PLG is added in an equal volume to the
packed red blood cells and allowed to set at room tempera-
ture for 45 hours. The supernatant is again removed and the
cells are resuspended in the NaCl solution and stored at 6°
C. overnight. The packs are further checked [or excessive
hemolysis and removed from the inventory. The remaining
packs are pooled into batches based on the MCV’s, wherein
twelve to fourteen packs are combined to make a batch. The
batches are again resuspended in the NaCl solution for about
4-5 hours at room temperature. Of course, other times and
temperaluzcs may be cmployed.

Each batch is resuspended into a phosphate buffered
solution containing PEG, EDTA and magnesium gluconale.
The cells are allowed to setile, the supernatant is removed
and the cells are resuspended in the above solution with
lower PEG concentrations [ur storage up (o 90 days at 6° C.

One diluent efficient in stabilizing the red blood cells an
the Coulter STKS includes a phosphate buffered solution
containing PEG, Na,EDTA, magnesium gluconate and an
antioxidani (e.g., sulfasalazine or o-{ocopherol), wherein the
antioxidant is added to prevent hemolysis when the lipo-
protein is added to the control composition of the present
invention. The final diluent also contains about 2% bovine
scrum albumin to improve the position of the white biood
cells. After the cells have been washed into this dilvent,
STA-CELL from Streck Laboratories (Omaha, Nebr) is
added at 0.75% to the 1otal volume of red blood cells to give
adked stability to the MCV’S,

Optionally, in certain applications, it may be desirable to
fix the red blood cells, after removing excess red blood cells,
such as by a slow centrifugation. By way of example, for
such an embodiment, the diluent of Table 1 is emploved.
Cells are washed and resuspended in the diluent to a suitable
conceniration {e.g. about 4x10%mm?). Preferably the pH is
about 7 and there is no glucose in the suspension. Approxi-
malely one to one proportions of the cells are admixed with
the dilueni and a snitable amount of a fixative (e.g., aboul
0.007% to about 0.01% ghtaraldehyde (by count)) for a
suitable period and at a suitable temperature (e.g., 22
degrees C. for about one or two days). The resulting cells are
then washed a plurality of times (e.g., about 3 to about 8) in
a like diluent {preferably at a pH of between 7 and 8). The
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cells are centrifuged at about 1500 for about 15 minutes.
Decanting and sonication is performed as needed. Moreover,
the cells may be further treated as desired by the addition of
a suitable amount of STA-CELL (e.g., about 0.75%) from
Sireck Laboratories, Inc. (Omaha, Nebr.).

Nucleated Red Blood Cell Component

When employed, the nucleated red blood cell component
of the control composition of the present invention com-
prises nucleated red blood cells or an analog thereot, such as
avian red blood cells, ¢.¢., turkey or chicken red blood cells.
For example, turkey red blood cells are washed into a
phosphate buffered solution and set to a count of about
1x10%mm3. The cells are fixed with a phosphate solution
(volume equal to the cell volume) +0.4% v/v glutaraldehyde,
al room temperalure for one day and then washed into a
phasphate buffer.

The fixed turkey red blood cells are added to the control
compasition of the present invention to yield a cell count
equal to at least 10% of the white blood cell count in order
to produce NRBC flags on the Coulter STKS or the Cell-
Dyvne 4000 manufactured by Abbott Laberatories. Though
the present example contemplales the use of turkey cells,
cells from other cell sources may be employed as the skilled
artisan will appreciate.

Platelel Component

In a preferred embodiment of the present invention, the
hematology control composition additiopally provides a
platelet compoeneni, preferably a simulated platelet compo-
nent. Among other possible types, the platelet component
may comprise stabilized human platelets or platelets simu-
lated from goat, bovine or porcine blood cells. In one
embodiment, they arc prepared from red blood cells. See,
U.S. Pat. Nos. 4,160,644 and 4,198,206, incorporated herein
by reference, disclose an example of a suitable platelet
reference control and methods of preparation. The skilled
artisan will appreciate a number of other techniques for
preparing simulated platelets,

In peneral, how the platelets are prepared may depend
upon the source of the cells (i.e., whether they are animal
blocd cells to be shrunken, swollen or otherwise sized or
shaped to resemble platelets, or whether they are platelets
from blood). [n general, the cells are washed, optionally
pre-fixed, sized and shaped, and then fixed or otherwise
stabilized in terms of size and shape, and neutralized.

By way of cxample, the platelet component is prepared
from animal blood cells, such as goat red blood cells. The
cells are washed one or more times (e.g., about three times)
in a suitable buffered solution such as a buffered saline
solution {e.g., phosphate buffered saline solution). The solu-
lion may also include a suilable amount of a chelating agent
(c.£., about 1% ethylene diamine tetraacetic acid (EDTA)).

The cells optionally arc prefixed in a suitable manner to
aid in the step of sizing and shaping them. By way of
iliustration, the cells are comacted with a suitable pre-fix
solution {{e.g., on¢ 1o one in the initial wash solution haviag
a fixative (e.g., about 0.0085% of glutaraldehyde)). The
amoumt of such fixing agent of course may be suitably
adjusted as needed to control the sizing rate (¢.g., the
shrinkage rate). Preferably the pre-fix solution is warmed to
an elevated temperature (e.g., about 30 degrees CJ), and
prefixing is performed for a sufficient time at such tempera-
ture {c.g., about 90 minutes). After the pre-fix step, the
supernatant is removed, such as by centrifuging, aspirating
or both.
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In instances where the sizing and shaping is performed to
shrink the cells and form a simulated platelet structure, the
cells preferably are lysed in a spitable manner (e.g., using a
Iytic agent such as ammonium chloride tris). During lysing,
the cell size and shape may be monitored using a suilable
instrument such as the H3 by Bayer Corporation {a hema-
tology analyzer with a laser optical detection system). The
cells are then washed one or more times with a suitable
diluent (e.g., the diluent of Table 3)

Like with the aforenoted blood cells, the simulated plate-
lets are fixed in any suitable manner, preferably one that will
denature the protein on the cell surface. In a particularly
preferred cmbodiment, the cells are fixed in a one to one
solution with a diluent such as that of Table 3 and abom
(+.1% formaldehyde. Preferably the temperature of the fixing
solution is elevated (e.g. about 37 degrees () for a sutiable
period of time (e.g., about 3 days).

The ¢ells are then washed with a suitable wash (o remove
the fixative, preferably also taking measures 1o neutralize
any unreacted fixative that has not bound to the celi surface.
To illustrate, preferably where the fixative is an aldehyde, a
suitable amount of a glycing solution is employed in the
wash, One or more additional washing steps may be
performed, using one or more additjonal washes, as desired.
For instance, subsequent washing steps may be employed
using the wash composition of Table 3, Table 4 or a mixture
thereof.

It will be appreciated that the platelet component can be
made from human blood, using any suitable process. T3y way

of example, without limitation, human blood is provided -

(preferably in a diluent baving a fixative (e.g., a diluent such
as that of Table 4 with about 0.10% formaldehyde).
Optionally, red blood cells are removed, and the resulting
cells are admixed with fixed cells. For instance, the red cells
are centrifuged in quantities of abowt 400 ml per container
for about 10 minutes at about 900 rpm).

As-provided cells are placed in a fixative (e.g., about ane
to one proportions in a diluent such as that of Table 3 with
a suilable amoum of a fixative (e.g., aboul 0,075%
glutaraldehyde)). Tixing is done at about 22 degrees C. for
about 2 days. Following fixation, centrifugation is per-
formed at about 1800 rpm for about 20 minutes (for 400 ml
container). The two separate collections of cells are brought
together and washed (such as in a 1xdiluent kke that of Table
1), and then centrifuged (c.g. at about 1800 rpm for about 20
minutes). Optionally, the platelets are decanted from
residual red blood cells. Sonication may be used as desired
to address platelet clumping. Decantation may also be used
as desired to assure debris and red blood cells are removed.

Resulting materials are then resuspended o a diluent, An
example of a suitable diluent would be that of Table 1 having
no glucose and a pH of about 7.

Reticulated Platelet Component

In another embodiment of the present invention, the
coniral composition comprises a reticulated platelet cam-
ponent. To llustrate, without limitation, goat red blood cells
with cncapsulated nucleic acids would coustitute one
example of a reticulated platelet component useful for the
present invenlion. Other analogs may be used as well,

By way of further illustration, in another embodiment,
reticulated platelets for the control composition of the
present invention are prepared by inducing a porous blood
cell membrane to permit entry of RNA, into a cell, hemo-
globin to leave, or both. The then cells are sized or shaped
and stablizied. To illustrate, goat red bloed cells are placed
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in a Selution of about 0.9% NaCl and concentrated to
J0-80% hematocrit (HC1). Equal volumes of concentrated
red blood cells and 4% RNA solution (20 mls of each)
adjusted to 300 mosm with a suitable salt (e.g., KCI) are
mixed together and dialyzed against 500 mls of a hypotonic
solution, such as one containing glycerol {osm=90-100), for
90 minutes at 6° C. Dialysis is required to slowly change the
osmolarity without damaging the cells. The resulting osmo-
larity change in the red blood cell solution is from about 300
mosm to about 150 mosm. This process creates holes in the
cell membrane to allow the RNA in the red blood cell
solution to enter the red bloed cells.

The osmeolarity is brought back to isotenicity by dialyzing
the red blood cells containing RNA against an isotonic
salution. This cdialysis is at room temperature for 30 minutes
and the final osmolarity of the cells is about 260 mosm. This
process reseals the hales that were created by the hypotonic
dialysis, thus trapping the RNA inside the cells.

Eighty milliliters of the resealing diluent containing 0.1%
Nuosept 101 is added to the encapsulated ted blood cells and
the mixture is heated at 37° C. for 3 hours. This heating step
helps 1o lyse the weakened cells from the encapsuiation
process and anneals the membranes of the encapsulated red
blood cells.

To ilustrate, goat red blood cells are separated from other
constituents of goat whole blood. For instance, cells are
washed into PBS three times to remove the plasma and white
cells. The concentration is adjusted to 8x10%/mm3 and fixed
with a volume of PBS equal 1o the cells that contain
0.2244.320% glutaraldehyde, providing the amount of pro-
tection needed to allow proper lysis during the shrinkage
step. The cells are incubated at 30° C. for one hour and
centrifuged at 1200 RPM for 15 minutes. The supernatant is
removed and the cell volume is adjusted to one-fourth of
fixed volume.

An ammonium chloride solution is added to the cells to
equal the original volume of fixed cells. Without intending
io be bound by theory, the ammonium chloride sclution
creates holes in the membrane 1o allow hemoglobin to exit
to the cells, while the glutaraldehyde protects from tosal
lysis. The cells are monitored for hemoglobin loss based on
{MPV) decreases on a Bayer H-1. When the MPV is at 10
fl on the Bayer H-1, the cells are diluted with a phosphate
buffered solution and centrifuged at 1800 RPM for 20
minutes. The supernatant is removed and the cells are
washed to remove the free hemoglobin and shrink the
membrane around the hemoglobin to produce an MPV of
approximately 10 fl on impedance instruments, such as the
S+IV, manufactured by Beckman Coulter.

When the MPV is at 10 11 on the H-1, the cells are dilinled
with a phosphate buffered solution and centrifuged at 1800
RPM for 20 minutes. The supernalant is removed and the
cells are washed to remove the free hemoglobin and shrink
the membrane around the hemoglobin to produce an MPV of
approximately 10 fl on impedance instruments, such as the
8+IV, manufactured by Beckman Coulter.

In a more preferred embodiment, to prevent further loss of
hemoglobin and shrinkage of the membrane, the cells are
fixed more than once, for instance, with 0.04% glutaralde-
hyde in a volume of phosphate buffered solution equal to the
cell volume at a count of 1x10%mm3. The cells are left at
room temperatuee overnight and then washed. Though the
present example contemplates the use of goat cells, cells
from other cell sources may be employed (such as stabilized
human platelets) as the skilled artisan will appreciate.

Suspension Medium

‘The present invention relates to a method of making a
hematology control composition for use with malti-
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parameter systems, comprising the step of mixing one or
more of a reticulocyte (retic) component, 2 white blood cell
compenent, a red blood cell component, a nucleated red
blood cell component, a platelet component, and a reticu-
lated platelet component in an selonic suspension medium,
The componenis of the control preferably are suspended
in appropriate concentrations a suitable suspension medium
that permits the control to be processed through the auto-
maled instrument. The suspension medium thus has a pH of
about 6.5 to about 8.5 and is isotonic. By way of example,
among the possible embodiments of the present invention,
the isotonic suspension medium may comprise a buffer,
antioxidant, protein or a mixture thereof, e.g., magnesium
gluconate/ethylene diamine letraacetic acid (EDTA)/
phospate buffer with nucleated red blood cells; the same
buffer with the additives HDL, sulfasalazine and alpha
tocopherol; or the same buffer with 3% albumin.

Lipoprolein

While BSA in any diluent present improves the white
blood cell position on the scattergram, lipoprotein is also
preferably used in an amount effective to provide a scatter-
gram ihal represents whole blood, including the proper
positioning of the five subpopulations of white blood cells.
See U.S. Pat. Nos. 5,270,208 and 5,262,327 incorporated by
referenice. A lipoprotein source, preferably one consisting
essentially of high-density lipoprotein (i.e., HDL) is added
at about 0.5 to about 8.0% by volume of the control, and
more preferably at abour 100-17% mgddl to the control
composition and a-Tocopherol is further added to the lipo-
prolein source to reduce peroxides produced by the oxida-
tien of the lipoproteins. An example of a snitable commer-
cially available form of lipoprotein 1s SUPERTRATE
(available from Bayer),

Admixing Components

Stock volumes of the constituent components are pre-
pared in the following approximale concenirations:

RBC: 6.0x10%mm?®

WBC: 150,000/mm”

Platelets: 10x10%mm*

Retics: 50% of 5.5x10/mm"® red count

NRBC: 0.5%10%mm*

To prepare the final control composition, for example, in
a 5 hier volume, stock volumes of the constiluent compo-
nents are combined as follows:

Approximate Approximale

Target Count Volume Stock
RBC: 4.5 % 10%mm* 3,750 ml
WEBC: 8.0 % 10 mm? 266 ml
Pl {platelets) 225 % 107 mm? 112 ml
Retic (%) 3% 370 ml
NRBC 0.01% 4.5 ml

The combined constituents are brought to a final total
volume of 5 liters by adding a suitable final diluent {e.g.,
prepared according to U.S. Pat. No. 5,262,327, incorporated
herein by reference (preferably including SUPERTRATE or
a like substance)). The skilled artisan will appreciate that
there are other means and procedures to prepare this and
other cmbodiments of the present invention. Marcover,
concentraiions can be varied to provide controls having
predetermined abnormal readings when tested.
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Using Control

The following discusses examples of methods of using the
control composition to determine the accuracy and repro-
ducibility of ihe operation of a multi-parameter automated
hematolegy instrument. By way of example, a multi-
parameter automaled hemalology instrument, such as a
Beckman Coulter STKS or Gen-S Systems, the Abbott
Cell-Dyn 4000 Hematology System, Baver ADVIA 120, and
the Sysmex XE2100 System, is provided, optionally with a
slide preparation medule. The claimed control composition
is obtained or prepared which includes, by way of example,
a treated stabilized human red blood cell component and a
reticulocyte component with qualily control values in an
appropriate range, for example, 1.0%, 2.5%, and 9.0%,
respectively. It is refrigerated prior to use. At the beginning
of testing, the control composition is allowed to warm to
room temperaturc for ahout fifteen minutes, mixed
manually, and checked for resuspension of contents.

The control composition is prepared and analyzed by the
same standard method as test samples which may be tesied
in batch quantities by the use of a suitable cassette having
apertures for receiving test vials. Afier preparation, the
control composition and test samples are analyzed by count-
ing the population number of each subjecs component tvpe
with a multi-parameter automated hematology instrument,
which will yield a visual display of the data.

For a Coulter System, the automated test instrument may
employ technology known penerally as VCS Technology (as
marketed by Beckman Coulter). VCS generally analyzes
cell samples in view of simultancous volume conductivily
and Scatter measurements. Ordinarily, a starting sample is
employed in combination with suitable reagents (which may
comprise a component of a kit) and physical agitation for
lysing and cell measuring by way ol flow cytometry.

Accordingly, the sample may be tested by the Coulter
Principle of (DC) Impedance to measure the cell volume in
an isotonic suspeasion,

Conductivity may be employed, for instance, by applying
alternating current in the radio frequency range. Energy can
penetrate the cell by short circuiting the cell membrane’s
bipolar lipid layer.

Informalicn sbout the cells is also possible with light
scatter technigues, such as from the scatter characteristics
detected from cells in response to a coherent light souree,
c.g. a lascr beam.

Of course, by no means 1s the mode of sample testing
limited to the above. As mentioned other principles may be
used.

The respective population counts obtained from the analy-
sis are compared either 1o known reference value for each
component type ia the control composition, or by compari-
son of the population counts for each component typesin the
test sample with the corresponding values of components in
the control composition. Data relating to the measurcment of
components in control composition and fest samples is
collected, monitored, stored, compared and analvzed by
electronic means, such as a computer programmed wilh
appropriaic software and containing appropriate data file
structure.
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TABLE 1 TABLE 4-continued
Reagenls Most Preferred Concentration Reagents Most Preferred Concentration
Distilled Water 0.9 liter 5 Sodium Fluoride .05 gl
Methyl Paraben 0.40 g1 Bovine Serum Albumin 20 gl
PEG 20,000 300 g Sulfasalazine 010 g/
EDTA, Discdium Sajt 704 g Chloramphenicol 015 gl
Megussium Gluconaw 392 gl
Sodium Phosphate Dibasic Anhydrous 2.68 gl *Chclestral Supertrate containing o-Tocopherol is added to the product at
Glucose 6,0 g/l 10 the time of combining the various cell rypes. The cholestrol superirate is
Sedium Hydroxide peliets 0.8 gl added (2-3%) to make the a-Tocopherel concentration about 53 mg % in
Aclenosine 0.25 g/l the product.
Inosine 0.25 gl
Neomyein Sulfale 040 gl The skilled artisan will appreciale that a number of the
Chloramphenicol w15 gl . . i N
15 ingredients have heen disclosed by way of specific example,
*gs. lo 1 Liter but that any of a2 aumber of alternative ingredients at the
5 i o suggested or different concentration, may be suitably sub-
Concentrated bovine serum albumin is added to the product %gt a1 hi dients. Th f,ll Y Tahl Sy'll
at the time of combining the various cell types to make the stituted for such ingredients. The lollowing fable 5 ilus-
protein conceniration 3% of the liquid portion of the prod-  rates examples of various alternatives, and also includes a
uct. 20 brief discussion of the commonly employed concentration
ranges when employed in the dituents of Tables 1-4. Though
TABLE 2 the ingredients are described by reference to a particular
R p function, it should be appreciated that such discussion is
eagents Most P Ted tratt . . .

& B reerfer oncepenon 2 presented without intending to be bound by theory. In some
Distilled Waler 0.9 liter inslances, the inpgredient will perform a different or an
Methyl Paraben 04 gl s : - : . _
PEG 20,000 300 g/ aFldluonal fl.!.ncnon._Moreover, the skllled.artlsa.m will appre
FDTA, Disodium Salt 1173 g ciate that reference in Table 5 to the functions, in the context
2’1“;5““::1 G'}:]C‘ml{l;f; - Anhed 2»23 qul of the present preferred embodiments, could be made to
Sodium osphate Dasic An rous X I - - - -
Glacose i ¥ 10 é‘ﬂ 30 select additional alternatives. Thus, there is no intention to
Sodium Hydroxide pellets 1.40 gl be bound to the breadth of any specific illustrative ingredient
fl‘li?};’sme ggg gﬁ or concentration, where il is apparenl lhat others may be

ine 3 . e .
Neomycin Salfate 0.40 g1 advantagcously be employed in addition to or as a subslitute
Sedium Fluotide 0.05 g/l for such ingre.dicn[,

Chloramphenicol 0.15 gl 35
Likewise, as desired, ingredients may be deleied from the
4. 101 Liter dilucnt. Thus, 2 combination of sume of the ingredicnts may
be suitably employed o achieve desired results.
TABLE 3 Preferably, the diluent includes ane or more agents that
40 - ’ N
N ] Most Preferred. C i function as a surfactant, hemolysis inhibitor, red blood cell
Eagents OSL FreTerse oncentration e . B

i settler, MCV stabilizer, buffer, metabolite, osmolarity
Distilled Water 0.9 liter adjuster, antimicrobial, antifungal, protein source, positioner
Methyl Paraben 04 gl F i : Ey— :
PEG 20,000 200 g1 of white bloo.d cell subpoputation, antioxidant, debris
EDTA, Disodium Salt 16.75 gl 435 reducer or a mixture thereof.

Msagnesium Gluconate 5.33 gl
Sodium Phosphate Dibasic Anhydrous 6.39 gl
Sodium Hydrexide Pellets 204 gl IABLE 5
Adenosing 0.25 gl
- Preferred
::t::;eiu Sulfate gifsJ 8': Concen- Range of
A S0 (o i i
Chlosamphenicol 0.5 g “ompaonent tration concentration Others
N N Polyethylene Glycol 300 g1 1.00-10.00 g1 PEG 8000, F68
9. lo 1 Liter (PEG MW 20,000)
Disodium EDTA 1175 g 7.00-17.00 gl  Tetrasodium
EDTA
TABLE 4 55 Magnesium 6.50 gl 3.5-95 gl Laclose
Glucenate
Reagents Moast Preferred Concentration Sodinm Phosphale 4.50 gl 2.5-8.5 gl Cilrate, Bomle,
Trizma Base
Distilled Water 1 liter Sodinm
Melhyi Paraben 0.40 gl Bicarhonale
PEG 20,000 300 g1 o Glucose 10.00 g =10 g/t Other sugsrs
EDTA, Disodium Sait 11.73 g1 Adenosine 0.25 gt 31-1.0 gl [nosine
Magnesium Giuconate 6.53 g/l Neomycin suifate 0.40 gil 2.1-0.8 gl  strepto-,kana-
Sodium Phosphate Dibasic Anhydrous 4,47 git mycin
Glucose 10 g1 Chloramphenicol 0.15 gl 0.1-0.4 g1  Piperacillin
Sodium Hydroxide peliets 140 gl Melhyl Paraben 0.40 gl 0.20-1.20 gl Other
Adenosine 0.25 gl antifungals
Inosine 0.25 gl 85 Bovine Serum 300 gl 0.0-60.0 g/ Other protein
Neomycin Sulfate 0.40 gn Alhumin SOULCES
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TABLE 5-continued

16
concentration of 0.037% glutaraldehyde). After a 22° C.
incubation, the cells are again washed in the diluent and are
ready for use. The same procedure can be used for bovine or

Preferred d
Concen- Range of 5 por<ine.
Componenl tration concenlzation  Others
P—— r— P p—— The reticulocyles are prepared by encapsulation of yeast-
Supertene i T e, RNA as described in U.S. Pat. No. 5,432,089, incorporated
Cholesteral by reference.
HDL
Supertrate 10 The white blood cell component may be sel up with red
Cholesterol .. . . e
{all available blood cells for achieving differential stability, such as by
thraugh Bayer) maintaining them at about 22° C. for aboul 20 days.
Sadium Fl_uoride 0.05 gtl] 0.0-0.50 g/l Other halides
Sulfssalazine 0.0 gl 0.0-0.50 g Other The final control contains the following cellular concen-
anhioxidants 15 - Tabhl hibit hist iscalt fil
o-Tocopherol 005 gl 0.0-0.30 g1 Ascorbic acid, trations (Table 7), exhibits a histogram/scattergram profile
(Vitamin E) BIT, that includes a praperly positioned five-part differential of
chcfl"’“m‘m white blood cells and reticulocyles, substantially approxi-
P;i{]:; Ratin mating whole blood and is stable for 200 days or more. ‘This
control provides such results for the Cell Dyn series, the
Bayer H-3, and the Sysmex SF instruments.
TABLE 7
Values WBC %N %L %M %E %B RBC RBCe HCT MCV MCHC RDW %R IRF FLTo PLIi MPV
Low 365 431 417 110 194 232 382 380 308 806 345 131 538 212 676 694 102
Normal 792 559 310 104 131 150 501 497 428 855 350 130 279 184 1790 1960 990
High 192 599 233 148 185 213 551 536 486 BR2 338 164 .736 150 3810 4430 102
30
Accordingly, the foregoing discussion discloses and
TABLE 6 describes merely exemplary embodiments of the present
- ; - iavention. One skilled in the art will readily recognize from
Cell Range (approsimate % of while bloed cells) such discussion and from the accompanying drawings and
Lymphocytes 20 to 45% ¥ (laims, thal various changes, modificalions and variations
21;’:?;3';‘3;5 43 :” _]’ gz can be made therein without departing from the spirit and
Eosmoghﬂ i ig 6% seope of the invention as defined in the following claims. All
Bascphils Upto 1% patents and other publications cited herein are expressly
4 incorporated by reference.
Further Alternative Exemplary Embodiment We claim: -, L
: 1. A hematology control compaosition comprising:
For the red blood cell component, a diluent containing Mg o i
Gluconate and EDTA (e.g., about 3.92 g/l Mg Giuconate; a) 4 stahilized reticulocyte component; and
7.04 g/1 EDTA-Disodium; 2.68 g/ NAHPO,; glucose 6 g/l; 45 b} a fixed and stabilized white blood cell component
and antimicrobials (pH of 7.1 and osmolarity using KC1 of capable of exhibiling a five-part differential.
about 300)) stabilizes red cells so that red cell parameters arc 2. The control composition of claim 1, wherein the
stable for 200 days. reticulocyte component comprises reticulacytes or an analog
The white blood cell component is prepared from fresh thereof.
humaa white blood cells. The cells are washed free of red 0 3. The control composition of claim 2, wherein the
blood cells and platelets using the above dilucat. The cells reticulocyte componeni comprises reticulocyles prepared by
are suspended in phosphate buffered saline with an osmo- human red blood celtl encapsulation.
larity of 280 and'pH gf 7.2. Asolution of 20% Nuosept 145 4. The control compositien of claim 2, wherein the
(Il[uls America) is mixed with the white blood cells 1:1 10 reliculocyte compaonent comprises reticulocyies prepared by
give a final concentration of about 10% (e.g., .11%). The 35 isolation from whole blood.
mixture is placed at a temperature of about 37° C. 1o about 5. The control composition of claim 1, wherein the white
50° C. for six days or more. Thereafter, the cells are washed  hload cell component comprises a member selected from the
one of more Lmes (6.2, 3 times) in a suitable diluent, e.g.,  group consisting of white blood cells for cellular types,
a diluwent such as Table 1, centrifuged (c.g., about 900 ;pm  white blood cells for all phenotypes and mixtures thercof.
for 10 minutes) aud resuspended in a diluent such asin Table 60 6. The control composition of claim 5, wherein the white
1 {having no glucose and a pH of about 7). blood cell component comprises a member selected from the
The plalelet component is prepared by washing human proup consisting of white blood cells that are stabilized with
plaielets free from whole blood components by low speed glutaraldehyde; with glutaraldebyde and formaldehyde; or
centrifugation (900 RPM for 10 min.). The platelets are then  with 20% NuoSept 145,
stabilized by addition of a low level of glutaraldehyde. The 65 7. The control composition of claim 5, wherein the white

platelets are stabilized by mixing 1:1 with the magnesium
gluconate diluent containing 0.075% glutaraldehyde (final

blood cell component includes fixed cells exhibiting char-
acteristics of each of:




8:06-cv-00458-JFB-FG3 Doc # 1

Filed: 06/29/06 Page 22 of 33 - Page ID # 22

US 6,221,668 Bl

17

a) lvmphocytes in an amount of about 20 to 45% of said

white blood cell component;

b) monocytes in an amount of about 2 to 10% of said

white blood cell component;

¢) neutrophils in an amount of about 40 10 aboul 75% of

said white blood cell component;

d) ensinophils in an amount of about 1 io 6% of said white

blood celi component; and

¢) basophils in an amount up to about 1% of said white

blood cell component.

8. The control composition of claim 1, further comprising
a red blood cell component.

9. The control composition of claim 1, further comprising
a nucleated red blood cell component.

I0. The conwwol composition of claim 9, wherein the
nucleated red blood cell components comprise avian red
blood cells.

11. The control composition of claim 1, further compris-
ing a platelet component that comprises simulated platelets,

12. The control composition of claim 11, wherein the
simulaled platelets comprise goat red blood cells.

13. The conirol composition of claim 1, further compris-
ing a platelet component.

14. The control composition of claim 1, further compris-
ing a reticulated platelet component.

15. A methad of analysis of whole blood comprising the
steps of:

a) providing a blood control composition including a

reticulocyte component; and a white blood cell com- 3

ponent capable of exhibiting at least a three-part dif-
lerential;
b} providing a multi-parameter automated hematology
instrument;
<) providing a sumple of patient blood;
d) analyzing said blood control compesition in said instru-
ment for white blood cell and reticulocyte readings;
¢) analyzing said sample of patient blood in suid iustru-
ment for white blood cell and reticulocyte readings.
16. A method of making a hematology control composi-
tion for usc with multi-paramcicr hematology measuring
systems, comprising the step of mixing a reticulocyte
component, a white blood cell component and a lipoprotein
in an isotonic suspension medium.
17. The method of claim 16, wherein the reticulocyte
component comprises reticulocytes or an analog thereof.
18. The method of claim 16, wherein the white blood cell
component comprises a member selected from the group
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consisting of white blood cells for cellular types, white
blood cells for all phenotypes and mixtures thereof.

19. The method of claim 18, wherein the white blood cells
for cellular types comprise:

a) lymphocyles;

b) monocytes;

¢) neutrophils;

d) eosinophils; and

€) basophils.

20. The method of claim 16, further comprising a red
bleod cell component,

21. The method of claim 16, [erther comprsing a nucle-
ated red blood cell component.

22. The method of claim 21, wherein the nucleated red
blood cell component comprises avian red blood cells.

23. The methed of claim 16, farther comprising a platelet
component.

24. The method of claim 23, wherein said platelets
component includes goat red blood cells.

25. The method of claim 24, further comprising a reticu-
lated platelet component that comprises goat red blood cells.

26. A system for measuring components of bload, com-
prising:

(a) an automatcd 1est instrument, and

(b) a control for use in said test instrument, said conirol

comprising:

1. u white blood cell component;

2. an isotonic suspension medium having an agent
therein for assuring a properly positioned five-part
scattergram 1 obtained of the white blood cell sub-
populations;

3. a component selecied from the group consisting of a
red blnad cell component; a nucleated red bload ccll
component; a platelet component; a reticulated plate-
let component and mixtures thereof; and

4. a 1eticulocyte component.

27. The system of claim 26, further comprising a device
for visually displaying the results of a test using said sysiem.

28. 'The system of claim 26, further comprising of a bar
code scanger.

29. The system of claim 26, wherein said instrument
detects cells using the Coulter principle.

30. The system of claim 26, wherein said instrument is a
STKS instrumeant.

31. The system of claim 26, wherein said instrument is a
Gen-8 instrument.
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57 ABSTRACT

Hematology control compositions and systems used to mea-
sure a piurality of parameters in a blood sample are pro-
vided. The hematology control compositions are particularly
useful as a control for multi-parameter, automated instru-
ment sysiems. The control compositions comprise a relicu-
locyte component, a white blead cell component, a red
blood ¢ell component, a nucleated red blood cell component,
a platelet component and a reticulated platelet component.
Methods of making and using the control compositions are
also provided.
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HEMATOLOGY CONTROL AND SYSTEM
FOR MULTI-PARAMETER HEMATOLOGY
MEASUREMENTS

CLAIM OF BENEFIT OF EARLIER FILING
DATE

This application is a coatinuation of application number
Ser. Na. 09/504,816 filed on Feb. 16, 2000, now U.S. Pat.
No. 6,221,668, which is a continuation-irt-part of application
Ser. No, 09/378,608, filed on Aug. 20, 1999, now U.S. Pat.
No. 6,200,500.

FIELD OF THE INVENTION

The present invention relates generally o bematology
control compositions and systems and, more particularly, to
a hematology control composition and system used to mea-
sure a plurality of parameters in a sample of blood with
multi-parameter automated hematology instrument.

BACKGROUND GF THE INVENTION

Hematology controls for various automated instruments
that measure, for example, red and white blood cell counts
and platelet counts, are known in the artl and are described
in the following U.S. Pat. Nos.: 3,558,522; 3,873,467,
4,179,398, 4,219,440; 4,299,726, 4,324,687; 4,358,394; and
4,436,821 (incorporated by reference herein). Currently,
blood analysis requires the use of one or more of several
different instruments and, subsequenily, different blood
samples and blood sample preparations 1o analyze (he vari-
ous components of blood. Several hematology instruments,
however, now have the capability of measuring various
parameters of blood without requiring separate sample
preparation for each parameter being tested. Such instru-

ments include the Beckman Coulter STKS or Gen-S 3

Systems, the Abbou Cell-Dyn 4000 Hematology System,
Bayer ADVIA 120, and the System XE2100 System. These
impraved automated instruments can measie one Or more
of: 1) reticulocytes, 2) red blood cells, 3) nucleated red blood
cells, 4) platelets, 5) reticulated platelets, 6) white blood
cells, including lymphocyles, monocytes, neutrophils,
eosinophils, basophils, and 7) white blood cells with all
phenotypes. It would thus be desirable (o provide a hema-
tologv control composition that could be used as a control in
connection with these instruments.

In the preferred embodiment, a hematology control com-
position for use with a multi-parameter automated hematal-
ogy instrument includes a liquid suspension of particulates
that has measureable characteristics like whole blood. The
control composition includes one or more blood cells (ie.
cells handled or treated to simulate such a component as
found in whole blood) or their analogs (collectively referred
to as blood cell components), that may or may not be fixed,
siabilized, or prepared by other treatment prior to final
suspension. In different embodiments, the blood cell com-
ponents may be derived from a source that will exhibit the
size, shape or other measurable characteristics of human,
animal, or other whole blood. By way of exampies, U.S. Pat.
Nos. 4,198,206, 4,430,821; 5,008,021; 5,262,327, 5,270,
208, 5,432,089, 5460,797; 5672,474; 5,677,145; 5,731,
205; 5,811,099 and 5,981,282, which are each hereby incor-
poraicd by reference, each contain examples of these types
of blood cell components. The control has one or more blood
component 10 resemble corresponding components in whole
blood when measured by the multi-parameicr automated
hematology instrument. When so measured, the control
composition would assist in the calibration, operation, and
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accunulation of quality assurance data for the multi-
parameter automated hematology instrument.

Also of potential interest may be U.S. Pat. No. 5,888,790
and “Improved Isolation of Normal Human Reticulocyies
via Exploitation of Chloride-Dependent Potassium
Transport,” Sorette et al., Blood, Vol. 80, No. 1 (Jul. 1),
1992: pp. 249-254; hereby incorporated by reference.

SUMMARY OF THE INVENTION

A hematology control and system for mulii-parameter
hematology measurement is provided. The hematclogy con-
trol provides values for the various constituents of blood that
the muiti-parameter hematolopy instrument is capable of
measuring. The hematology control composition comprises
components for simulating reticulocyte, white blood cell,
red blood cell, nucleated red blood cell, platelet or reficu-
lated platelet constituents of whole blood.

Methods of making and using the hematology control
composition cf the present invention are also provided
herein.

The system of the present invention also includes a
hematology instrurnent, a control, and may further include
output or readout devices. In one embodiment the system
includes other peripheral deviees, such as a device for
tracking samples and associaling them with particular data,
such as a bar-code scanner system.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The hematology control composition of the present inven-
tion comprises components for simulating one or more of
the following constituents of whole blood: reticulocytes,
white blood cells, red blood cells, nucleated red blood cells,
platelets, or reticulated platelets. In one embodiment the
components are suspended in an isofonic medium, prefer-
ably including lipoprotein. The hematology control compo-
sition of the present invention provides values for varions
constituents of blood thal a hematology instrument, such as
a multi-parameter hematology instrument, is capable of
measuring. Examples of multi-parameter hematology instmi-
ments include those available commercially without
limitation, under the designations Beckman Coulter STKS
or Gen-S Systems, the Abbott Cell-Diyn 4000 Hematology
System, Bayer ADVIA 120 System, the System XE2100
System, or the like.

The present discussion includes multiple approaches to
making a control in accordance with the present invention,
it being recognized that onc highly preferred embodiment
contemplates a contral baving components that simulate the
characteristics of whole blood for purposes of obtaining
readouts on a Beckman Coulter GEN-S instrument for red
blood cells, the five populations of white blood cells, reticu-
locytles and plaiclets. Thus, a suspension is provided that
includes a plurality of particies that exhibit sinular light
scattering, conductivity, impedance, optical (including
fluorescence), photometric, or other properly responses
detected by the instrument in operation, as would the cor-
responding components of whole blood.

it will be appreciated that the term “contral composition™
as used hercin means one or more blood components (1.¢.,
blocd constituents as well as analogs thereof), which when
combined or used alone, sufficiently simulate the relevant
charactenstics of whale blood for which the instrument
tests, The following addresses the preparation of various of
the constituent components. The control of the present




8:06-cv-00458-JFB-FG3 Doc# 1 Filed: 06/29/06 Page 25 of 33 - Page ID # 25

US 6,399,388 Bl

3

invention contemplates an admixture of two or more blood
components, and preferably a reticulocyte component and a
component simulating at least three, and preferably five
subpopulations of white blood cells. Percentages are by
volume unless otherwise indicated.

Reticulocyte Component

The reticulocyte component of the control composition
includes a component that exhibits the relevant characteris-
tics for detection of reticulocytes using a hematology instru-
ment in aceordance with the present invention. Accordingly,
the control may suitably contain stabilized reticulocytes
(that is, immature anucleate red blood cells containing some
ribonucleic acid) or an analog thereof. For example, among
possible embodiments, the reticulocyte component may
comprise lrue mammalian reticulocyles prepared for
instance by mammalian (e.g. human) red blood cell encap-
sulation or by isolation from whole blood. The reticulocyte
component is preparcd in any suilable manncr. See, , US.
Pat. No. 5,432,089, incorporated by reference. Alternatively,
it is possible to obtain suitable reticulocytes by obtaining
blood [rom an anemic animal (¢.g., 2 pig, goat, rabbit or the
like).

In one particularly preferred embodiment, the reticulocyte
component is prepared by an encapsulation method, using
non-reticulocyte blood cells, such as red blood cells from a
human or other source. The red blood cells are encapsulated
and stabilized, By way of illustration, in one embodiment,
red blood cells having a relatively high MCV (e.g., about 85
to about 95 fT., and more preferably about 88 to about 92 1)
are provided.

The cells are washed in a suitable diluent (¢.g., about 0.15
M NaCl) in ane or more washing steps. The cells are then
concenirated to a desired hematocrit value, e.g., greater than
about 50%, and more preferably preater than aboul 709%.

The cells are then encapsulated with RNA. By way of
example, RNA is encapsulaled inlo the red blood cells by a
suilable lysis step, e.g., by hypotonic lysis. This may be done
in a number of ways, including by mixing red blood cells
with a solution of RNA having an appropriale pH and
osmolarity. For instance the solution may contain a minor
amount of RNA (more preferably about 1%), and has a pH
hetween about 7 and 8 (more preferably about 7.6). The
solution is adjusted (e.g. with NaCl) to obtain an osmolarity
of about 40 mOsm.

The red blood cells are mixed with the RNA salution in
a suitable proportion, which may vary as desired. In a
present preferred embodiment, the volume ratio of packed
red blood cells to RNA solution is about 0.8 to about
1.2:about 1 to about 2, and more preferably is about 1:1.4.
Befare lysing, or at an early stage of the lysing, the red bload
cells and the RNA sclution are pre-incubated, such as by
heating (o above Toom temperature (e.g., aboul 37 degrees
C). The cells are Iysed in the admixiure, and thereafter, the
red blood cells are re-sealed. By way of example, the red
blood celis are re-scaled by introducing them to a salt
sohlution and then heating above room temperature (e.g.,
adding about (.15 volume of about 12% NaCl solution, and
then heating or annealing the cells 1o about 37 deprees C for
about one hour).

The resulting mixiure is poured into & scparalory funnel
and allowed to incubate for a suitable time, e.g., for at least
about 18 hours at room temperature. Thereafter, cells from
the bottom portion of the funncl arc collected (e.g., from
about the bottom 70% or lower). 'The cells are washed with
a suitable diluent, such as the diluent from Table 1 or 4.
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Optionally, about (.5 to about 5.0% and more preferably
about 0.75% of Streck Laboratories product number 233301,
also known as STA-CELL (available from Streck Labora-
tories (Omaha, Nebr.)) is added. In the present iilustrated
embodiment, the cells are thus (realed in a manner that
would make them susceptible to z detection stain (e.g.,
methylene blue).

In another embodiment, the reticulocyte component is
fixed (such as with an aldehyde or other suitable fixative) in
a lactose or other suitable diluent. A like diluent absent the
fixative may also be employed for washing.

White Blood Cell Component

In the present embodiment, the component of the control
that is to simulate the characteristics of white blood cells in
whole bleod is prepared from a biological material. More
specifically, the material is a celiular biological material, and
preferably the material includes human white blood cells
(although blood cclls from any suitable animal may be
employed). In a preferred embodiment of the presenmi
inventton, the white blood cell component includes materi-
als for replicating the relevant measurable characteristics for
some ar all of each of the five white blood cell types, namely,
lymphocytes, monocytes, neutrophils, eosinophils and
basophils, and they in turn are provided at their art-disclosed
levels (sec e.g., Table 6).

The white blood cell component of the hematology con-
trol composition comprises a blood cell (e.g. white blood
cell) or analog thereof, selected from the group consisting of
white hlood cells for various cellular types, white bicod cells
for all phenotypes, and mixtures thereof. U.S. Pat. Nos.
5,270,208 and 5,262,327, incorporated berein by reference,
pravide examples of a suitable white blood cell component
(see also U.5. Pat. No. 5,529,933, hereby incorporated by
reference). Of course, the skilled artisan will appreciate that
the subject invention is not limited to white blood cell
components prepared from only white blood cells. Analogs
prepared from any of a variety of other sources are possible,
including but not limited to red blood cells from birds,
repliles, mammals, el

The cells are provided in packs (e.g., 2 to 3 packs per
bottle). The cells are treated by a series of steps for selec-
tively lvsing anv undesired blood cells present in the mate-
rial as provided; for washing the cells; and for fixing or
otherwise stabilizing the cells.

Selective lysing may be accomplished in any suitable
manner, for instance, by contacting the undesired blood cells
with a lysing agent, Any suitable Tysing agent may he
emptoyed. Buffered halides, such as ammonium chioride
and Trizina Based (e.g., about 7.5 g ammonivm chloride and
2 g Tris per liter), illustrates one suitable class of lysing
agents, where the undesired cells include red blood cells.
Lysing is accomplished through a series of consecutive
washing steps with the lysing agent. Optionally, before the
lysing, the cells are subjecied to a preliminary fixing step,
such as by contacting them with a suitable fixing apent,
heating them or both. For instance, the cells are contacted
with a buffered antimicrobial saline solution (optionally
including a diluent as described in Table 4) iocleding a
suitable amount of a fixative (e.g., about 0.11%
formaldehyde).

The lysing may be done in a single step or a plurality of
steps (e.g., for about one hour, then for about 25 minutes),
where aftcr cach step, the lysing agent is removed and fresh
agenl is introduced. Affer lysing, the cells are washed to
remove the lysing agent. Any suitable wash composition and
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technique may be employed. For instance, the aforenated
buffered antimicrobial saline solution (absent a fixing agent)
may be emploved. Using this solution the cells are washed
in at least one step and preferably two steps, wherein the
cells are centriluged al a suitable rale (e.g. about 900 rpm for
about 10 minutes} (¢.g., about 200xg).

Prior to fixing, it may be preferable to further pre-treat the
cells In an albumin-containing diluent, such as about 2%
BSA in a diluent such as that of Table 1. Preferably the
dilvent has a pH of about 8 and an osmolarity of about 175
to about 300 (c.g. about 213). Any sunitable period of
pre-lreaiment may be employed, ¢.g., aboul one hour, when
maintained at about 6 degrees C.

The cells are fixed in any svitable manner sufficient to
denature the protein on the cell surface. The cells may be
heated, contacted with a fixing agent or both. The skilled
artisan will recognize that, though the preferred fixing agent
is an aldehyde, anv suitable agent (preferably in a hypotonic
solution) may bec uscd, including for instance, those con-
taining an aldehyde, an alcohol, a heterocyclic urea (eg.,
diazolidinyl urea (known as DU), imidazolidinyl urea
(known as IDU) or a mixture thereof) or a mixture thereaf.
Among the suitable fixing agents, one particularly effective
alcohol-containing agenl is 50% by volume—{1-methyl-2-
(5-methyl-3-oxazolidinyl)-ethoxy JmethoxyJmethanol (e.g.,
NUOSEPT 145, from HULS America, Inc.), or 2 mixture
therof. In one present preferred embodiment, the aldehyde is
selected from the group consisting of formaidehyde,
glutaraldehyde, and mixtures thereof.

By way of illustration, a fixing admixture is prepared to

include about 10 parts cells, about 20 parts distilled water,
an agent [or enhancing osmolarity across the cell membrane,
for aiding in the formation of clusters in scallergram popu-
lation readouts or both (e.g., about 5 g/l of a sugar, such as
sorbitol), an agent for helping to stabilize the readow of
monocyles (e.g., about 4% DUY), and a fixing agent, such as
about about 4 parts formaldehyde, and about 0.1 parts
glutaraldehyde. Fixing is performed for a suitable amount of
time and al a suitable temperature. Using this fixing agent,
for example, fixing is performed for about 2 to about 3 days
at about 22 degrees C (i.e., warmed prior to fixing after
refrigeration).

Fixed cclls arc washed with a suitable rinse material {c.g.,
a cell stabilizer in a diluent} to remove the fixing agent. By
way of illustration, two washes are made during centrifu-
gation at about 900 rpm for about 10 minutes (¢.g., about
200=g), in a selution including a metal halide {e.g., about
5% NaF) cell stabilizer in a dilueni (e.g. a diluent having the
composition as outlined in Table 2).

In another iilustrative embodiment, when preparing ihe
white blood cell companent for the control composition of
the present invention, the cells are obtained by standard
separation from whaole blood or from portion of previously
fractionated whole blood containing the desired cell popu-
lation. The cells are resuspended, for instance, in a phos-
phatc buffercd solution containing polycthylenc ghycol
20,000 (PEG), ethylenediamine tetraacetic acid (LDTA) and
magaesium gluconate with 2% bovine serum albumin. The
osmolarity of this solution is preflerably sufficient to swell
the white blood cells prior to fixation (¢.g. about 215 mosm).
The cells may then be stored in this solulion, e.g. at about 6°
C. for 1 hour.

The cells are fixed in a suitable media in order preferably
to denature the surface or otherwise accomplish preserving
the cell morphology. To illustrate, in one embodiment, in a
solution of distilled water containing 5 g/ sorbitol, 7.4%
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formaldehyde and 0.125% glutaraldehyde. Of course, other
suitable fixing agents may be used in suitable amounts. In a
highly preferred embodiment, the white blood cells and the
fix solution are maintained at a temperature sufficient to
provide 4 proper white blood cell position (e.g. beiween
about 4° C. and 12° C.). The fixative is added to the cells at
a suitable ratio. For example, in one embodiment, a ratio of
between 10 m! of celt suspension to 24 ml of fix solution is
used. The distilled water in the fix solution swells the white
blood cells further, while the fixative stabilizes the cell
membrane. The cells are thus left in the fixative for 2 days
al room lemperature.

After fixation, the cells preferably are washed. In one
aspect, they are washed in a phosphate buffered solution.
Ome such solution contains polycthylene glycal, (PEG),
ethylenediaminetetraactic acid (EDTA), magnesium glucon-
ate and bovine serum albumin. Lipoprotein concentrate is
added at 150 mg/dl HDL to store the cells prior to use in
order to improve the stability of the scattergram position
while the white blood cells are waiting to be added to the
ather components of the control composition.

It will be appreciated that white blood cells prepared as
described in U.S. Pat. No. 5,459,073 (incorporated herein by
reference) for flow cytometry may be employed for pheno-
typing. By mixing the two types of white cells, both require-
ments can be met, i.e., white blood cells for various cellular
lypes and phenotypes, as the cells prepared [or phenotyping
generally should not interfere with the position of other
white blood cells on the histograms/scattergrams.

In controls for certain instruments, white blood cells may
need to be diluled or concentrated, for example, for 1he
Cell-Dyn instruments a dilution to a count of 10,000 is
preferred.

Red Blood Cell Component

In the present embodiment, the component of the control
that is to simulate the characteristics of red blood cells in
whole blood is prepared from a bio-compatible material.
More specifically, the material is a cellular biclogical
material, and preferably the material includes human red
bloed cells (although analog blood cells from any suitable
animal may be employed).

The cells as provided are separated from the liguid
medium or supernalant in which it is supplied through any
suitable separation technique, inchuding but not limited 1o
centrifugation, filtration, or the like. The cells are washed in
a series of one or more (e.g., 3} consecutive washing steps,
pursuant to which excess supernatant is removed. The cells
preferably are washed in a (e.g. such as the diluent of Table
2) and optionally one or more additional components
selected from the group consisting of a cell stabilizer, an
alburnin, an agent for reducing the likelihood of cell hemoly-
sis in the presence of oxypgen, and mixtures thereof, In a
more preferred aspect, the additional components are
selected from Lhe group consisting of a metal halide cell
stabilizer, bovine serum albumen (BSA), an antioxidant and
mixtures thereof. In still 2 more preferred embodiment, the
diluent is one such as that of Table 4, and it will include
about 0.003 to about 0.0L0 (and more preferably about
0.005%) NaF, about 2% BSA, about 0.005 to about 0.020
(and more preferably about 0.0109%) sulfasalizine. The dilu-
ent of Table 1 likewise may be used as desired.

Optionally, depending upon the end use and commercial
considerations, one or more agents for reducing the rate of
degradation is employed in a suitable amount; for example,
about 0.25 to about 2.0%, and mare preferably about 0.75%
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of a malerial available from Streck Laboratories (Omaha,
Nebr.) under the product number 233301 or the desigaation
STA CELL (which material may also be suitably added for
one or more of the other components). Further, optionally,
the cells preferably are prepared in an environment subslan-
tially free of glucose. In vet another optional embodiment,
the cells are fixed (e.g., by a suitable protein denaturation
step, such as by glutaraldehyde fixing) after washing and
then further washed.

The cells may be washed for any suitable period of time, !

and resuspended (in the same wash or a different one, e.g.,
one having a higher concentration) any suitable number of
times.

The skilled artisan will appreciate that the red blood cells
may be washed free of all other cetlular material, such as by
using a magnesium gluconate diluent.

By way of further illustration, in another embodiment,
concentrated red blood cells are provided, separated from
associated supernatani, and concentrated human red blood
cell packs are suspended in a solution (¢.g. phosphate
bullered solution containing PEG (MW=20,000)} and
allowed to seitle overnight. ‘The supernataat is then removed
and 0.5% NaCl with PEG is added in an equal volume to the
packed red blood cells and allowed to set al toom tempera-
ture for 4-5 hours. The supernatant is again removed and the
cells are resuspended in the NaCl solution and stored at 6°
C. overnight. The packs are further checked for excessive
hemolysis and removed from the inventory. The remaining
packs are pooled into batches based on the MCV’s, wherein
twelve to fourteen packs are combined to make a batch. The
batches are again resuspended in the NaCl solution for about
4-5 hours at room temperature. Of course, other times and
temperatures may be employed.

Each batch is resnspended into a phosphate buffered
solution containing PEG, EDTA and magnesium gluconate.
The cells are allowed to settle, the supernatant is removed
and the cells are resuspended in the above solution with
lower PEG concentrations for storage up to 90 days at 6° C.

Onpe diluent efficient in stabilizing the red blood cells on
the Coulter STKS includes a phosphate buffered solution
containing PEG, Na,EDTA, magnesium gliconate and an
antioxidaat (e.g., sulfasalazine or a-tocopherol), wherein the
antioxidant is added to prevent hemolysis when the lipo-
protein is added to the control composition of the present
invention. The final diluent also contains about 2% bovine
serum albumin to improve the position of the white blood
cells. After the cells have been washed into this diluent,
STA-CELL from Sireck Laboratories (Omaha, Nebr) is
added at 0.75% to the total volume of red blood cells 1o give
added stability to the MCV’S,

Optionally, in certain applications, it may be desirable to
fix the red blood cells, after removing excess red blood cells,
such as by a slow centrifugation. By way of example, for
such an embodiment, the diluent of Table 1 is employed.
Cells are washed and resuspended in the diluent to a suitable
canceniration (c.g. about 4x10%mm™). Preferably the pH is
about 7 and there is no glucose in the suspension. Approxi-
mately one to one proportions of the cells are admixed with
the dilvent and a suitable amount of a fixative {(¢.g., about
0.007% to abowt 0.01% glutaraldehvde (by count)) for a
suilable period and al a suitable temperature (e.g., 22
degrees C for about one or two days). The resulting cells are
then washed a plurality of times (e.g., about 3 to about &) in
a like diluent (preferably at a pH of between 7 and 8). The
cells are centrifuged at about 1500 for about 15 minutes.
Decanting and sonication is performed as needed. Moreaver,
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the cells may be further treated as desired by the addition of
a suitable amount of STA-CELL (e.g., about 0.75%) from
Sireck Laboratories, Inc. (Omaha, Nebr.).

Nucleated Red Blood Cell Component

When employed, the nucleated red biood cell component
of the control composition of the present invention com-
prises nucleated red blood cells or an analog thereof, such as
avian red blood cells, e.g., turkey or chicken red blood cells.
For example, turkey red blood cells are washed into a
phosphate buffered solution and set to a count of about
%x10%mm3. The cells are fixed with a phosphate solution
(volume equal 1o the cell volume)+0.4% viv glutaraldehyde,
at Toom temperature for one day and then washed into a
phosphate buffer.

The fixed turkey red blood cells are added 1o the control
composition of the present invention (o vield a cell count
equal 10 at least 10% of the white biood cell couat in order
to produce NRBC flags on the Coulter STKS or the Cell-
Dyne 4000 manufactured by Abbott Laboratories. Though
the present example contemplates the use of lurkey cells,
cells from other cell sources may be emploved as the skilled
artisan will appreciate.

Platelet Component

In a preferred embodiment of the present invention, the
hematology control composition additionally pravides a
platelet component, preferably a simulated platelet compo-
neni. Among other possible types, the platelet component
may comprise stabilized human platelets or plaielets simu-
lated [rom goat, bovine or porcine blood cells. In one
embodiment, they are prepared from red blood cells. See,
U.S. Pat. Nos. 4,160,644 and 4,198,206, incorporated herein
by relerence, disclose an example of a suitable platelet
reference control and methods of preparation. The skilled
artisan will appreciale a number of other technigques for
preparing stmulated platelets.

In general, how the platelets are prepared may depend
upon the source of the cells (i.e., whether they are animat
blaod cells to be shrunken, swollen or otherwise sized or
shaped to resemble platelets, or whether they are platelets
[rom blood). In general, the cells are washed, optionally
pre-fixed, sized and shaped, and then fixed or otherwise
stabilized in terms of size and shape, and neutralized.

Ry way of example, the platelet component is prepared
from animal blood cells, such as goat red blood cells. The
cells are washed one or more times (e.g., about three times)
in a suitable buffered solution such as a buffered saline
solution (e.g., phosphate butlered saline solution). The solu-
tion may also include a suilable amount of a chelating agent
(e.g., about 1% ethylene diamine tetraacetic acid (EDTA)).

The cells optionally are prefixed o a suitable manner to
aid in the step of sizing and shaping them. By way of
itlustration, the cells are contacted with a suilable pre-fix
solution ((e.g., one to one in the initisl wash solution having
a fixative (e.g.. about 0.0085% of glutaraldehyde)). The
amount of such fixing agent of course may be suitably
adjusted as needed to control the sizing ratc (c.g., thc
shrinkage rate). Preferably the pre-fix solutien is warmed to
an elevated temperature (e.g., about 30 degrees C), and
prefixing is performed for a sufficient time at such tempera-
ture {e.g., about 90 minutes). After the pre-fix step, the
supermatant is removed, such as by centrifuging, aspirating
or both.

In instances where the sizing and shaping is performed to
shrink the cells and form a simulated platelet structure, the
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ceils preferably are lysed in a suitable manner (e.g., using a
lytic agent such as ammonium chloride tris). During lysing,
the cell size and shape may be monilored using a suitable
instrument such as the H3 by Bayer Corporation (2 hema-
welogy analyzer witl a laser optical detection sysiem). The
cells are then washed one or more times with a suitable
diluent (e.g., the diluent of Table 3)

Like with the aforenoted blood cells, the simulated plate-
lets are fixed in any suitable manner, preferably one that will
denature the protein on the cell surface. In a particularly
preferred embodiment, the cells are fixed in 2 one to one
solution with a diluent such as that of Table 3 and about
0.1% formaidehyde. Preferably the temperature of the fixing
solution is elevated {e.g. about 37 degrees C) for a suiiable
period of time (e.g., about 3 days).

The cells are then washed with a suilable wash to remove
the fixative, preferably also taking measures to neutralize
any unreacted fixative that has not bound to the cell surface.
To illustrate, preferably where the fixative is an aldehyde, a
suifable amount of a glvcine solution is employed in the
wash. One or more additional washing steps may be
performed, using one or more additional washes, as desired.
For instance, subsequent washing steps may be employved
using the wash composition of Table 3, Table 4 or a mixture
thereof.

It will be appreciated that the platelet component can be
made from human blond, using any suitable process. By way
of example, without limitation, human blood is provided
(preferably in a dilvent having a fixative (¢.g., a diluent snch
as that of Table 4 with about 0.10% formaldehyde).
Optionally, red blood cells are removed, and the resulting
cells are admixed with [ixed cells, For instance, the red cells
are centrifuged in quantities of about 400 ml pec container
for about 10 minutes at about 900 rpm).

As-provided cells are placed in a fixative (.., about one
to one proportions in a diluent such as that of Table 3 with
a suitable amount of a fixative (e.g., about 0.0753%
glutaraldehyde)). Fixing is done at about 22 degrees C for
about 2 days. Following fixation, centrifugation is per-
formed at about 1800 rpm for about 20 minutes (for 400 ml
container). The two separate collections of cells are brought
together and washed (such as in a 1xdiluent like that of Table
1), and then centrifuged (¢.g. at about 1800 rpm for about 20
minutes). Optionally, the platelets are decanted from
residual red blood cells. Sonication may be used as desired
1o address platelet clumping. Decantation may also be used
as desired 1o assure debris and red blood cells are removed.

Resulting materials are then resuspended in a diluent. An
example of a suitable diluent would be thal of Table 1 having
no glucose and a pH of about 7.

Reuculated Plalelet Component

In another embodiment of the present invention, the
control composition comprises a reticulaled platelet com-
ponent. 1o illusirate, without limitation, goat red blood cells
with encapsulated nucleic acids would constitute ane
example of a reticulated platelet component useful for the
present invention. Other analogs may be used as well.

By way of further illustration, in another embodiment,
reticulated platelets for the control composition of the
present invention are prepared by inducing a parous blooed
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cell membrane to permit entry of RNA inte a cell, hemo-
glohin to leave, or both. The then cells are sized or shaped
and stablizied. To illustrale, goal red blood cells are placed
in a solution of about 0.9% NaCl and concentrated to
70-80% hematocrit (HCT). Equal volumes of concentrated
red blood celis and 4% RNA solution (20 mls of each)
adjusted fo 300 mosm with a suitable salt {e.g., KCI) are
mixed together and dialyzed against 500 mls of a hypotonic
solution, such as one containing glycerol (osm=9%-100), for
90 minutes at 6° €. Dialysis is required to slowly change the
osmolarity without damaging the cells, The resulting osmo-
larity change in the red blood cell solution is from about 300
mosm to about 150 mosm. This process creates holes in the
cell membrane to allow the RNA in the red blood cell
solution to enfer the red blood cells.

The osmolarity is brought back to isotonicity by dialyzing
the red blood cells containing RNA against an isotonic
solution. This dialysis is at room temperature for 30 minutes
and the final osmolarity of the cells is about 260 mosm. This
process rescals the holes that were created by the hypotonic
dialysis, thus trapping the RNA inside the cells.

Eighty milliliters of the resealing diluent containing 0.1%
Muosept 101 is added to the encapsulated red blood cells and
the mixture is heated at 37° C. for 3 hours. This heating step
helps to lyse the weakened cells from the encapsulation
process and anneals the membranes of the encapsulated red
blood ceils.

To illustrate, goat red blood cells are separated from other
constituents of goat whole bloed. For instance, cells are
washed into PBS three times to remove the plasma and white
cells. The concentration is adjusted 1o 8x10%mm3 and fixed
with a volume of PBS equal to the cells that contain
0.224-0.320% glutaraldehyde, providing the amount of pro-
tection needed 1o allow proper lysis during the shrinkage
step. The cells are incubated at 30° C. for one hour and
centrifuged at 2200 RPM for 15 minules, The supernatant is
removed and the cell volume is adjusted to one-fourth of
fixed volume.

An ammonium chloride solution is added to the cells 1o
equal the original volume of fixed cells. Without intending
to be bound by theory, the ammonium chloride solution
creates holes in the membrane to allow hemoglobin 0 exit
to the cells, while the glutaraldebyde protects from total
lysis. The cells are monitored for hemoglobin loss based on
(MPV) decreases on a Bayer H-1. When the MPV is at 101
on the Bayer H-1, the cells are diluted with a phosphate
buffered solution and centrifuged at 1800 RPM for 20
minutes. The supernatant is removed and the cells are
washed to remove the free hemogiobin and shrink the
membrane around the hemoglobin to produce an MPV of
approximately 10 fl on impedance instruments, such as the
S+1V, manufactured by Beckman Coulter.

When the MPV is at 10l on the H-1, the cells are diluted
with a phosphate buffered solution and centrifuged at 1800
RPM for 20 minutes. The supernatant is removed and the
cells are washed to remove the free hemoglobin and shrink
the membrane arcund the hemoglobin to produce an MPV of
approximately 10 fl on impedance instruments, such as the
5+IV, manufactured by Beckman Coulter.

In a more preferred embodiment, to prevent further loss of
hemoglabin and shrinkage of the membrane, the cells are
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fixed more than once, for instance, with 0.04% gluaralde-
hyde in a volume of phosphate buffered solution equal 1o the
cell valume at a count of 1x10%mm3. The cells are left at
room temperature overnight and then washed. Though the
present example conternplates the use of goal cells, cells
from other cell sources may be employed (such as stabilized
human platelets) as the skilled artisan will appreciate.

Susgpension Medium

The present invention relates to a method of making
hematology conirol composition for use with multi-
parameter systems, comprising the step of mixing one or
more of a reticulocyte (retic) component, a white blood cell
component, a red blood cell component, a nucleated red
blood cell component, a platelet component, and a reticu-
lated platelet component in an isotonic suspension medium.

‘The components of the control preferably are suspended
in appropriate concentrations a suitable suspeasion medium
that permits the control to be processed through the auto-
mated irstrument. The suspension medium thus has a pH of
about 6.5 to about 8.5 and is isctonic. By way of example,
among the possible embodiments of the present invention,
the isolonic suspension medium may comprise a buffer,
antioxidant, protein or a mixtwie thereof, c.g., magnesium
gluconate/ethylene diamine tetraacetic acid (EDTA)/
phospate buffer with nucleated red blood cells; the same
buffer with the additives HDL, sulfasalazine and alpha
tocopherol; or the same buffer with 3% albumin.

Lipoprotein

While BSA in any diluent present improves the white
blood cell position on the scattergram, lipoprotein is also
preferably used in an amount effective ta provide a scatter-
gram that represents whele blood, including the proper
positioning of the five subpopulations of white blood cells.
See U.S. Pat. Nos. 5,270,208 and 5,262,327 incorporated by
reference. A lipoprotein source, preferably one consisting
essentially of high-density lipoprotein (i.e., HDL) is added
at ahout 0.5 to about 8.0% by volume of the control, and
more prelerably at about 100~175 mg/dl lo the control
composition and a-Tocopherol is further added to the lipo-
pratein source to reduce peroxides produced by the oxida-
tion of the lipoproleins. An example of a suitable commer-
cially available form of lipoprotein is SUPERTRATE
(available from Bayer).

Admixing Componeats

Stock volumes of the constiment components are pre-
pared in the following approximate concenlrations:

RBC: 6.0x10%mm®

WBC: 150,000/mm?

Platelets: 10x10%mm>

Retics: 50% of 5.5x%10/mm”> red count

NRBC: 0.5x10%/mm”

To prepare the final control composition, for example, in
a 5 liter volume, stock volumes of the constituent compo-
nents are combined as follows:

w

60

12

Approximete Approximate

‘larget Counl YVolume Stock
RBC: 4.3 x 10%mm? 3,750 ml
WBC: 8.0 % 10%mm’ 266 ml
Plt (platelets) 225 x 10%mm* 112 ml
Retic (%) 3% 370 ml
NRBC 0.01% 4.5 mi

The combined constituents are brought to a final total
volume of 5 liters by adding a suitable final diluent (e.g.,
prepared according to U.S. Pat. Neo. 5,262,327, incorporated
herein by reference (preferably including SUPERTRATE or
a like substance)). The skilled artisan will appreciate thai
there arc other means and procedures to prepare this and
other embodiments of the present invention. Moreover,
concentrations can be varied o provide controls having
predetermined abnormal readings when tested.

Using Control

The [ollowing discusses examples of methods of using the
control composition to determine the accuracy and repro-
ducibility of the operation of a multi-parameter automated
hematology instrument. By way of example, a multi-
parameter automated hematology instrument, such as a
Beckman Coulter STKS or Gen-S8 Systems, the Abbott
Cell-Dyn 4000 Hematology System, Bayer ADVIA 120, and
the Svstern XE2100 System, is provided, optionally with a
slide preparasion module. The claimed control composition
is obtained or prepared which includes, by way of example,
a treated stabilized human red blood ccll component and a
rcticulocyte component with quality control values in an
appropriate range, for example, 1.0%, 2.5%, and 9.0%,
respectively. It is refrigerated prior to use. At the beginning
of testing, the control composition is allowed to warm to
room temperature for about fifteen minutes, mixed
manually, and checked for resuspension of contents.

The control composition is prepared and analyzed by the
same standard methed as 1est samples which may be tested

- in batch quantities by the use of a suitable cassetie having

apertures for receiving test wvials. After preparation, the
contral composition and test samples are analyzed by count-
ing the population number of ¢ach subject component type
with a multi-parameter automated hematology instrument,
which will vield a visua! display of the data.

For a Coulter System, the automated test instrument may
employ technology kaown generally as VCS Technology (as
marketed by Beckman Coulter). VCS gencrally analyzes
ccll samples in vicw of simultaneous volume conductivity
and Scatter measurements. Ordinarily, a starting sample is
employed in combination with suitable reagents (which may
comprise a component of a kit) and physical agitation for
lysing and cell measuring by way of flow cytomerry.

Accordingly, the sample may be tested by the Coulter
Principle of (DC) Impedance 1o measure the cell volume in
an isotonic suspension.

Conductivity may be employed, for instance, by applving
alternating current in the radio frequency range. Energy can
penetrate the cell by short circuiting the cell membrane’s
bipolar lipid layes.
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Information about the cells is also possible with light
scatter techniques, such as from the scatter characteristics
detected from cells in response to a coherent light source,
¢.g. a laser beam.

Of course, by no means is the mode of sample testing
limited to the above. As mentioned other principles may be
used.

The respective population counts obtained from the analy-
sis are compared either to known reference value for each
component type in the control composition, or by compari-
son of the population counts for cach componcent types in the
test sample with the corresponding values of components in
the control composition. Data relating 1o the measurement of
components in control composition and test samples is
collected, monitored, stored, compared and analyzed by
elecironic means, such as a computer programmed with
appropriate software and containing appropriate data file
structure,

TABLE 1

Reagenls Most Preferred Concentraiion
Dist.lled Water 0.9 Liter
Methyl Paraben 040 gl
PEG 20,000 340 g/l
EDTA, Disodium Salt 704 gil
Magnesium Gloconate 392 gl
Sodium Phosphate Dibasic Anhydrous 2.68 gl
Glucose 6.0 gl
Sodium Hydroxide pellets 0.8 gl
Adenosine 0.25 gl
Inosine 0.25 gl
Neomycin Sulfate 0.40 gN
Chloramphenicol 0.15 g

“q.s. to 1 Liter

Concentrated bavine serum albumin is added to the product at the time of
eombining the various cell types to make the prolein concentration 3% of
the liguid portion of the produc:.

TABLE 2

Reagents Moast Preferred Concentration
Distilled Waler 0.9 liter
Methyl Paraben 0.4 gl
PEG 20,000 3.00 gn
EDTA, Disodivm Salt 1173 gl
Magnesium CGluconate 453 gl
Sodinm Phosphate Dibasic Anhydrous 4.47 gl
(ilucose 10 g
Sodium Hydroxide pellets 1.40 gA
Adenaosine 0.25 gi
Tnosing 0.25 gi
Neomycin Sulfate 0,40 gl
Sodium Fluoride 0.05 gl
Chloramphenical Q.15 gl

*gs. o] Liler

TABLE 3

Reagents Most Preferred Concentration
Distilled Water 09 lirer
Methyl Pacaben 04 gf
PEG 20,000 3.00 gl
ELTA, Disodinm Salt 16.75% gil
Magnesium Gluconate 9,33 gl
Sodium Phosphate Dibasic Anhydrous 6.39 gl
Sodium Hydroxide Pellets 2.04 gn
Adenosine 0.25 gh
Inosice 0.25 g1
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TABLE 3-continued

Reagents Mast Preferred Concentration
Neomyuin Sulfate 0.40 gh
Chlaramphenicol 0.15 g/t

*g.s. to 1 Liler

TABLE 4

Reagents Maost Preferred Concentration
Distilled Water 1 liter
Methyl Paraben 040 g
PEG 20,000 3.00 gA
EDTA, Disodium Salt 11.73 gl
Magnesium Gluconals 6.53 gl
Sodium Phosphale Dibasic Anhydrous 4.47 g
Glucese 10 g
Sodinm Hydroxide pellets 1.40 g/l
Adenosine n2s gl
Inosine 25 gl
Neomycin Sulfate 0.40 gl
Sodium Fluoride 0.05 gl
Bovine Serum Albumin 20 gl
Sulfasalazine 0.10 gl
Chloramphenicol 015 gl

*Cholestrol Supertrale containing o - Tocopherol is added to the produoct

at the time of combining the various cell types. The cholestrol supertrate

is added (2-3%) to make Lhe @ - Tocopherol concentration about 5 mg %
in the product.

The skilled artisan will appreciate that a number of the
ingredients have been disclosed by way of specific example,
but that any of a number of alternative ingredients at the
suggested or different concentration, may be suitably sub-
stitwted for such ingredients. The following Table S illus-
trates examples of various alterpatives, and also includes a
brief discussion of the commonly employed concentration
ranges when employed in the diluents of Tables [-4. Though
the ingredicnts are described by rcference to a particular
function, it shonld be appreciated that such discussion is
presented without intending to be bound by theory. In some
instances, the ingredient will perform a different or an
additional function. Moreover, the skilled artisan will appre-
ciate that reference in Table 5 1o the functions, in the context
of the present preferred embodiments, could be made 1o
select additional alternatives. Thus, there is no intention 10
be bouad to the breadth of any specific illustrative ingredient
or conentration, where il is apparent that others may be
advantageously be employed in addition to or as a substitute
for snch ingredient.

Likcwise, as desired, ingredients may be deleted from the
diluent. Thus, a combination of some of the ingredients may
be suitably employed to achieve desired results.

Preferably, the diluent includes one or more apents that
function as a surfactant, hemolysis inhibitor, red blood cell
settler, MCV stabilizer, buffer, metabolite, osmolarity
adjuster, antimicrobial, antifungal, protein source, positioner
of white blood cell subpopulation, antioxidant, debris
reducer or a mixture thereof.
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TABLE 5§
Preferred Range of
Componeal Concentralion  conceniration  Others
Patyethylene Glycol 3.00 gl 1.00-10.00 gl PEG 8000, F&68
{PEG MW 20,000)
Disodium EDTA 11.75 g 7.00-17.00 g1 Tetrasedium EDTA
Magnesium Gluconate 6.50 g 3.5-9.5 g1 Lactose
Sodium Phesphate 4.50 g/l 2.5-6.5 g/l Citrate, Borate, Trizma Base
Sodium Bicarbonate
Glucose 10.00 g1 0-10 g/l Other sugars
Adenosine 0.25 gl 0.1-1.0 g/l [nosine
Neomycin sulfate 0.40 g/l 0.1-0.8 gf strepto-, kana-mycin
Chloramphenicol 0.15 g/l 1.1-0.4 gl Piperaciliin
Methyl Parahen 0.40 g/l 020120 g/l Other antifungais
Bovine Serum Albumin 30.0 g/l 0.0-60.0 @/l Orther protein sources
Chelestered Supertrate 30 mid 20-50 mil Triglyceride Supertrate,
Cholesterol
HDL Supertrate
Cholesterol
(all available through Bayver)
Sodium Fiuoride 0.05 g/l .3-0.50 g/l Other halides
Sullasalazine 0.10 gl 0.0-0.50 gl Other antioxidenls
a-Tocapherol 0.05 g/l 0.0-0.30 gl Ascorbic acid, BHT,
{Vitamin E) Deferoximine Mesylate,
Probucal, Rutin
25
The platelet component is prepared by washing human
TABLE 6 platelets free from whole blood components by low speed
- - — centrifugation (900 RPM for 10 min.}. The platelets are then
Cell Range (approximate % of whitc blaod cells) stabilized by addition of a low level of glutaraldehyde. The
Lymphocyles 20 to 45% A0 platelets are stabilized by mixing 1:1 with the magnesium
Manacytes 2 to 1% : ini
Newtropbils ey gluconate .dlluer;[ containing O.GG;S‘?fl gdlutatlz:fdchydez gmél
Bosinphil 1 10 6% concentration of 0.037% g_lulara dehyde). .ler a 22° C.
Basophils Up to 1% incubation, the cells are again washed in the diluent and are
. ready for use. The same procedure can be used for bovine or
" porcine.
Further Alternative Exemplary Embodiment The reticulocytes are prepared by encapsulation of yeast-
For the red blood cell component, a diluent containing Mg ]l){NAfas described in U.S. Pat. No. 5,432,089, incorporated
Gluconate and EDTA (e.g., about 3.92 g/1 Mg Gluconate; y’;‘;:ﬁﬁif:.blo od cell component may be set up with red
7.04 g/l.I:I:)lA pmodlum, 2.68 g/l NAZHqu ghfcosc.ﬁ‘g/l, blood cells for achieving differential stability, such as by
and auumlcrobiefl.s {pH of 7.1 and osmotarity using K1 of maintaining them at about 22° C. for about 20 days.
about 300)) stabilizes red cells so that red cell parameters are The final conirol contains the following cellular concen-
stable for 200 days. trations (Table 7), exhibits a histogram/scattergram profile
The white blood cell component is prepared from fresh 4o that includes a properly positioned five-part differeniial of
human white blood cells. The cells are washed free of red white blood cells and reticuloeytes, substantially approxi-
blood cells and platelets using the above dilugant. The cells mating whole blood and is stable for 200 days or more. This
are suspended in phosphate buffered saline with an osmo- control provides such results for the Cell Dyn series, the
farity of 280 and pH ol 7.2, A solution of 20% Nuosept 145 Bayer H-3, and the System SF instruments.
TABLE 7
Values WBC %N %L %M %C %B RBC RBCo HCT MCV MCHC RDW %R IRF PlIc PLIL MPY
Law 3.65 431 417 110 194 232 352 380 308 806 349 131 538 212 676 694 102
Normal 792 $59 310 104 131 150 501 497 428 855 350 130 279 184 179.0 1960 990
High 192 599 233 148 186 213 551 539 486 882 338 164 736 .190 3510 4430 102
(Huls America) is mixed with the white blood cells 1:1 1o o, Accordingly, the foregoing discussion discloses and
give a final concentration of about 10% (e.g., 9.11%). The  describes merely exemplary embodiments of the present
mixture is placed al-a temperature of about 37° C. to about invention. One skilled in the art will readily recognize from
50° . for six days or more. Thereafter, the cells are washed suc_h d]SCUSS].O[}.HJld from the BCCOMPANY T drawmgs ‘and
one or more times (¢.g., 3 times) in a suitable diluent, e claims, thal Variaus chgnges, modlﬁcauons and varlations
i 2 > > &8 can be made therein without departing from the spirit and
a diluent such as Table 1, centrifuged (e.g., about 900 rpm 65 scope of the invention as defined in the following claims. All

for 10 minuies) and resuspended in a diluent such as in Table
1 (having no glucose and a pH of about 7).

patents and other publications cited herein are expressly
incorporated by reference.
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We claim:

1. A hematology control composition comprising:

a) a stabilized reticulocyte component derived from mam-

malian reticulocytes;

b) a lipoprolein;

¢} a red blood cell component;

d} a platelet component; and

¢) a white blood cell component that is prepared from

white blood cell analogs and is capable of exhibiting a
five-part differential, upon analysis by a multiparameter
hematology analysis instrument.

2. The control composition of claim 1, wherein said
analogs arc provided from human white blood cells.

3. The control composition of claim 1, wherein said
analogs are provided from red blood cells.

4. The control composition of claim 1, wherein said white
blocd cell component has been contacted with glutaralde-
hyde.

5. The control composition of claim 1, wherein said white
blood cell component has been contacted with formalde-
hyde.

6. The control composition of claim wherein said white
bloed ceil component has been contacted with a heterocyclic
urea.

7. The control composition of claim 1, wherein said white
bloed cell compoenent has been contacted with an alcohol.

8 The control composition of claim 1, wherein said red
blood cell component comprises human red blood cells.

9. The control composition of claim 1, further comprising
a nucleated red blood cell component.

10. The control composition of claim 1, wherein said
platelet component comprise simulated platelets.

1. The control composition of claim 1, further compris-
ing a reticulated platelet component.

12, The control composition of claim 11, wherein said
reticulated platelet component comprises goat red blood
cells.

wn
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13. A hematology control composition comprising:
a) a stabilized reticulocyle component;
b) a red blood cell component;
¢) a platelet component; and

d} a fixed and stabilized white blood cell component
capable of exhibiting a five-part differential, upon
gnalysis by a mulliparameter automated hematology
analysis instrument.

14. The control composition of claim 13, wherein said

reticulocyte component Is from blood of an anemic animal.

15. The control composition of claim 14, wherein said

reticulocyte component is from blood of an anemic pig.

16. The control composition of claim 14, wherein said

reticulocyte component is from blood of an anemic goat.

17. The control composition of claim 14, wherein said

reticutocyte componeat is from blood of an anemic rabbit,

18, The coatrol composition of claim 14, wherein said

white blood cell component is from human while blood
cells.

19. The control composition of claim 14, wherein said

white blood cell component is provided from red blood cells.

20. A hematalogy contral composition comprising:

a) a siabilized reniculocyte component prepared trom
encapsulization of red blood cells with RNA;

b} a red blood cell component;

c) a platelet component;

d) lipoprotein; and

¢) @ white blood cell component thal is preparcd from
humar white blood cells and is capable of exhibiting a
five-part differential, upon aualysis by a multiparameter
automated hematclogy analysis instrument that
employs the Coulier principle for cell analysis.

* % * %k %
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