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HEMATOLOGY CONTROL COMPOSITIONS WITH EXTENDED STABILITY 

FIELD 

[001] This present specification relates to novel suspension media for hematological 
compositions and methods for their use, having particular utility for compositions containing a 

red blood cell component and for use with devices using electronic and optical means for biood 

determinations. 

BACKGROUND 

[002] Hematology control products must accurately indicate, on a comparative basis, what a 
test sample of fresh blood constitutes with regard to the determinations in question. It is 

important for the control product to simuiate fresh blood, since blood components, such as red 

blood cells, can hemolyze slowly and undergo changes in size and shape within hours after 

removal from a biood donor. Similarly, white biood cells suffer degenerative changes. Control 

suspension media should not degrade the components in the hematology control composition 

during the shelf life of the hematology control product. The shelf life of the hematology control 
product takes into account the time from manufacture of the product through the time of 

customer usage of the product. 

[003] Suspending medium formulations are designed for the purpose of stabilizing the 

attributes of the cells and/or particles suspended in them, and to have antimicrobial properties 

sufficient to inhibit the growth of possible contaminating microorganisms. The specific 
parameters of the red and white blood ceils that are desirable to be measured dictate some of 

the necessary characteristics of a suitable suspension media for a hematology control product. 

[004] It is desirable to know the volume of red blood cells in a hematological sample. Once this 

measurement is ascertained and the red biood cells have been counted, the packed cell volume 

or hematocrit can be computed. Therefore, the suspension media of the control product should 

be capable of equilibrating and stabilizing the volume of red blood cells in the sample so that the 

mean corpuscular volume (MCV) and red blood ceil distribution width (RDW) can be measured. 

[005] Because of the sensitivity of the components of a hematology control product, such as 

the red blood cell component, white blood cell component, and platelet component, to the 

chemical compounds contained in suspension media, it has been difficult to find a combination 
of chemical compounds that do not degrade or undesirably alter the characteristics of the blood 
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cell components to be analyzed, especially over varied storage times. Frequently, one or more 

chemical compounds are added to maintain the stability or functional property of a blood cell 

component, but which might detrimentally affect one or more physical parameters of the blood 

ceiis or other blood cell determinations. 

[006] One disadvantage of prior art suspension media of hematology control products is that 

when used in conjunction with a red blood cell component, the control product has a short 
closed vial storage life. After this storage life expires, the control product does not accurately 

simulate one or more of the specific parameters of the biood ceiis that are desirabie to be 

measured. 

[007J Historically the effectiveness of suspending media formulations has been measured by 

the amount of stabilization (amount of change) observed for those specific attributes of cells 

and/or particles that are known to change or exhibit defined trends. It is well known that 

mammalian red blood cells (RBCs) used in the formulation of "whole blood" hematology controls 

exhibit changes in their MCV and RDW over time. It is important for the red blood ceil 

component in the hematology control product to maintain an MCV within a defined range over a 
sufficient period of time in order to adequately assist in the calibration, operation, and 

accumulation of quality assurance data for a multi-parameter automated hematology instrument. 

Concomitantly, the RDW should remain consistent over a sufficient period of time to provide the 

necessary stability for the hematology control product. 

[008] One general approach has been used to confer some degree of stability, that is, to 

reduce the amount of MCV change exhibited by the red blood celts utilized in "whole blood" 
controls. Such an approach was shown by Hunt (U.S. Pat. No. 3,873,467 (1975)) and Wong et 

al. (U.S. Pat. No. 4,777,139 (1988) and U.S. Pat. No. 4,698,312 (1987)), who used small 

amounts of various aqueous aldehydes to stabilize the shape and size of suspended red blood 

ceils. However, one of the disadvantages of the stabilized red blood cell preparations described 

by Wong et al. (U.S. Pat. No. 4,777,139 (1988)) is that the stabilization period required before 
the exhibited MCV changes become minimal Is dependent on the initial level or size of the 

treated preparation. Equilibrations took approximately 35, 25, and 10 days for Leveis I, li, and ill 

respectively. Once the MCV values stopped changing, they remained constant (within 
tolerances of 1 MCV unit) for 90 days or longer. However, the unequal equilibration times 

increase the logistical difficulty in implementing these teachings in a manufacturing setting. 

Additionally, if the red blood cells are fixed or stabilized with an aldehyde fixative, it is presently 

believed that the beneficial effects of the suspension media to provide long term shelf life 

stability is minimized, since the red blood cells will have a marked decrease in metabolic activity. 
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[009] Another disadvantage of the prior art media is that, when used in conjunction with red 

blood cells and fixed human white biood cells or white biood cell analogs that have been stored 

in a closed vial for an extended period of time, the control product does not accurately indicate, 

on a comparative basis, what a test sample of fresh blood constitutes with regard to the 

determinations in question. 

[0010] Thus, there exists a need in the art for new suspension media for use in hematology 

control products such that a stored dosed vial of the hematology control product accurately 

indicates upon analysis, on a comparative basis, what a test sample of fresh blood constitutes 

with regard to the determinations of MCV and RDW. An increased shelf life avoids the problems 

associated with manufacturing logistics and customer dissatisfaction of obtaining products with 

a shortened time in which the products can be used. 

[0011] The present specification meets the need in the art by providing novel suspension media 

with longer stability for hematology cell controls. 

SUMMARY 

[0012] Embodiments of the present specification provide suspension media compositions 

comprising a serum albumin component and a cholesterol component. The disclosed biood 

suspension media compositions may be substantially free of unesterified fatty acids or may 

have a free fatty acid concentration of less than about 4 mmol/liter. 

[0013] Other embodiments of the present specification provide hematology control composition 

comprising a red blood cell component and/or a white blood cell component an isotonic 

suspension medium including a serum albumin component and a cholesterol component. The 

disclosed hematology control compositions may be substantially free of unesterified fatty acids 

or may have a free fatty acid concentration of less than about 4 mmol/liter. The disclosed 

hematology control compositions provide a shelf life for the lyseable red blood cell component 

and/or the white blood cell component of at least 40 days. 
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[0013a] In an aspect, there is provided a hematology control composition comprising a red biood 

cell component and an isotonic suspension medium including a serum albumin component and 

a cholesterol component, wherein the composition has a free fatty acid concentration of less 

than 4 mmol/liter; and wherein the serum albumin component comprises a ratio of serum 

albumin monomer to serum albumin dimer lower than 6:1. 

[0013b]ln another aspect, there is provided a hematology control composition comprising a red 

blood cell component and an isotonic suspension medium including a serum albumin 

component and a cholesterol component, wherein the composition has a free fatty acid 

concentration of less than 4 mmol/liter; and wherein the serum albumin component is present at 

a concentration of from 30 grams/liter to 50 grams/liter; and wherein the serum albumin 

component comprises a ratio of serum albumin monomer to serum albumin dimer iower than 

6:1; and wherein the cholesterol component is present at a concentration of from 400 mg/liter to 

1200 mg/liter. 

[0014] Yet other embodiments of the present specification provide methods determine 

operational accuracy and reproducibility of a hematology instrument. The disclosed methods 

may comprise the steps of: a) providing a hematology control composition disclosed herein, 

wherein the hematology control composition has a known reference value for one or more blood 

cell parameters present in the hematology control composition; b) determining an experimental 
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value for the one or more blood cell parameters using a hematology instrument; and c) 

comparing the experimental value for the one or more blood cell parameters obtained from step 

(b) with the known reference value for the one or more biood cell parameters from step (a), 

wherein the comparison determines the operational accuracy and reproducibility of the 

hematology instrument. In an aspect, there is provided a method to determine operational 

accuracy and reproducibility of a hematology instrument, the method comprising the steps of: a) 

providing a hematology control composition as defined herein, wherein the composition has a 

known reference value for one or more blood cell parameters present in the hematology control 

composition; b) determining an experimental value for the one or more blood cell parameters 

with a hematology instrument; and c) comparing the experimental value for the one or more 

biood cell parameters obtained from step (b) with the known reference value for the one or more 

blood cell parameters from step (a), wherein comparison determines the operational accuracy 

and reproducibility of the hematology instrument. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] Figure 1 illustrates effects of free fatty acids on MCV stability. 

[0016] Figure 2 illustrates effects of BSA monomer to dimer ratio on MCV stability. 

[0017] Figure 3 illustrates MCV recovery in Formulation A, Lot A of five-part differentia! 

hematology cell control (Abnormal II) on a COULTER® LH 750 instrument. 

[0018] Figure 4 illustrates MCV recovery in Formulation A, Lot B of five-part differential 

hematology cell control (Abnormal II) on an LH 750 instrument. 

[0019] Figure 5 illustrates MCV recovery in Formulation A, Lot C of five-part differentia! 

hematology cell control (Abnormal II) on an LH 750 instrument. 

[0020] Figure 6 illustrates an MCV Recovery Comparison between one lot each of Formulation 

A and Formulation B on an LH 750 Instrument. 

[0021] Figure 7 illustrates an MCV Recovery Comparison among all the Formulations on the LH 

750 Instrument (2 additional lots of Formulation A, 1 additional lot of Formulation B, and 2 lots of 

Formulation C). 
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[0022] Figure 8 illustrates an MCV Recovery Comparison among all the Formulations on a 

COULTER® STKS™ Instrument (2 lots of Formulation A, 1 lot of Formulation B, and 2 lots of 

Formulation C). 

[0023] Figure 9 illustrates WBC Recovery of 3 lots of 5-part Differential Hematology Cell Control 

(Abnormal I!) on an LH 750 Instrument. 

[0024] Figure 10 illustrates RBC Recovery of 3 lots of 5-part Differential Hematology Cell 

Control (Abnormal II) on an LH 750 Instrument. 
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[0025] Figure 11 illustrates RDW Recovery of 3 lots of 5-part Differential Hematology Cell 

Control (Abnormal II) on an LH 750 instrument. 

[0026] Figure 12 illustrates Hemoglobin Recovery of 3 lots of 5-part Differential Hematology Cell 

Control (Abnormal II) on an LH 750 instrument. 

[0027] Figure 13 illustrates Platelet Recovery of 3 lots of 5-part Differential Hematology Celi 

Control (Abnormal II) on an LH 750 Instrument. 

[0028] Figure 14 illustrates MPV Recovery of 3 lots of 5-part Differential Hematology Celi 

Control (Abnormal II) on an LH 750 Instrument. 

DETAILED DESCRIPTION 

[0029] Described herein are suspension media compositions, hematology control compositions 

and methods for their use. A suspension media composition disclosed herein can be used with 
a blood cell component comprising one or more biood cells or their analogs. As such, a 

suspension media composition disclosed herein is suitable for the preparation of a hematology 
control composition. A suspension media composition disclosed herein can provide an 
extended stability for one or more blood cell components, and thus have a particular utility in 

preserving the shelf life of a hematology control composition over a longer period of time. In 

particular, the compositions can be useful for stabilizing the MCV and RDW of a red blood cell 
component of a hematology reference control, providing an extended shelf life. A longer shelf 

life may provide a manufacturer of a hematology control compositions with distribution channels 

for the compositions not previously available in products with shorter shelf lives. In addition, a 

longer shelf life may provide benefits to the end user by enabling the end user to purchase 

quantities of hematology compositions for subsequent use rather than purchasing a new supply 

of control products only after the existing supply has been exhausted or expired due to a shorter 
shelf life. 

[0030] The hematology control compositions disclosed herein refer to suspension media 
compositions disclosed herein where one or more blood celi components are added. A blood 

celi component simulate a component found in whole blood and may or may not be fixed, 

stabilized, handled, treated, or prepared by other treatments prior to final suspension in a 

suspending media composition. A hematology control composition can be used in an multi­

parameter automated hematology instrument and may be analyzed by electronic and optical 
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measurements that enumerate and/or differentiate blood cells and their components. When 

measured by an instrument, a hematology control composition disclosed herein can assist in the 

calibration, operation, and accumulation of quality assurance data for the multi-parameter 

automated hematology instrument. 

[0031] The suspension media compositions and hematology control compositions disclosed 
herein may comprise one or more serum albumin components. A serum albumin component, 

includes, without limitation, a bovine serum albumin or a human serum albumin purified from an 

organism or recombinantly made. In addition, a serum albumin component may be present in 
monomeric form, dimeric form, or a combination of both. 

[0032] In aspects of this embodiment, a suspension media composition comprises a serum 
albumin component present at a concentration of, e.g., at least 5 g/L, at ieast 10 g/L, at least 15 

g/L, at least 20 g/L, at least 25 g/L, at least 30 g/L, at least 35 g/L, at ieast 40 g/L, at least 45 g/L, 

at least 50 g/L, at least 55 g/L, or at least 60 g/L. In aspects of this embodiment, a suspension 

media composition comprises a serum albumin component present at a concentration of 

between, e.g., about 5 g/L to about 30 g/L, about 5 g/L to about 40 g/L, about 5 g/L to about 50 

g/L, about 5 g/L to about 60 g/L, about 10 g/L to about 30 g/L, about 10 g/L to about 40 g/L, 
about 10 g/L to about 50 g/L, about 10 g/L to about 60 g/L, about 15 g/L to about 30 g/L, about 

15 g/L to about 40 g/L, about 15 g/L to about 50 g/L, about 15 g/L to about 60 g/L, about 20 g/L 
to about 30 g/L, about 20 g/L to about 40 g/L, about 20 g/L to about 50 g/L, about 20 g/L to 

about 60 g/L, about 25 g/L to about 30 g/L, about 25 g/L to about 40 g/L, about 25 g/L to about 

50 g/L, about 25 g/L to about 60 g/L, about 30 g/L to about 40 g/L, about 30 g/L to about 50 g/L, 

or about 30 g/L to about 60 g/L. 

[0033] In other aspects of this embodiment, a suspension media composition comprises a 

serum albumin component present in a monomer to dimmer ratio of, e.g., lower than 2:1, lower 

than 3:1, lower than 4:1, lower than 5:1, lower than 6:1, or lower than 7:1. in other aspects of 
this embodiment, a suspension media composition comprises a serum albumin component 

present in a monomer to dimmer ratio of between, e.g., about 1:1 to about 2:1, about 1:1 to 

about 3:1, about 1:1 to about 4:1, about 1:1 to about 5:1, about 1:1 to about 6:1, or about 1:1 to 

about 7:1. 

[0034] In aspects of this embodiment, a hematology control composition comprises a serum 

albumin component present at a concentration of, e.g., at least 5 g/L, at least 10 g/L, at least 15 

g/L, at least 20 g/L, at least 25 g/L, at least 30 g/L, at least 35 g/L, at ieast 40 g/L, at least 45 g/L, 

at least 50 g/L, at least 55 g/L, or at least 60 g/L. In aspects of this embodiment, a hematology 

6 



WO 2012/149211 PCT/US2012/035287 

control composition comprises a serum albumin component present at a concentration of 

between, e.g., about 5 g/L to about 30 g/L, about 5 g/L to about 40 g/L, about 5 g/L to about 50 

g/L, about 5 g/L to about 60 g/L, about 10 g/L to about 30 g/L, about 10 g/L to about 40 g/L, 

about 10 g/L to about 50 g/L, about 10 g/L to about 60 g/L, about 15 g/L to about 30 g/L, about 

15 g/L to about 40 g/L, about 15 g/L to about 50 g/L, about 15 g/L to about 60 g/L, about 20 g/L 

to about 30 g/L, about 20 g/L to about 40 g/L, about 20 g/L to about 50 g/L, about 20 g/L to 
about 60 g/L, about 25 g/L to about 30 g/L, about 25 g/L to about 40 g/L, about 25 g/L to about 

50 g/L, about 25 g/L to about 60 g/L, about 30 g/L to about 40 g/L, about 30 g/L to about 50 g/L, 

or about 30 g/L to about 60 g/L. 

[0035] In other aspects of this embodiment, a hematology control composition comprises a 
serum albumin component present in a monomer to dimmer ratio of, e.g., lower than 2:1, lower 

than 3:1, lower than 4:1, lower than 5:1, lower than 6:1, or lower than 7:1. In other aspects of 

this embodiment, a hematology control composition comprises a serum albumin component 

present in a monomer to dimmer ratio of between, e.g., about 1:1 to about 2:1, about 1:1 to 

about 3:1, about 1:1 to about 4:1, about 1:1 to about 5:1, about 1:1 to about 6:1, or about 1:1 to 

about 7:1. 

[0036] The suspension media compositions and hematology control compositions disclosed 

herein may comprise one or more cholesterol components. 

[0037] In aspects of this embodiment, a suspension media composition comprises a cholesterol 

component present at a concentration of, e.g., at least 300 mg/L, at least 400 mg/L, at least 500 
mg/L, at least 600 mg/L, at least 700 mg/L, at least 800 mg/L, at least 900 mg/L; at least 1000 

mg/L, at least 1100 mg/L, at ieast 1200 mg/L, at ieast 1300 mg/L, at least 1400 mg/L, or at least 

1500 mg/L. in aspects of this embodiment, a suspension media composition comprises a 

cholesterol component present at a concentration of between, e.g., about 300 mg/L to about 

1000 mg/L, about 300 mg/L to about 1100 mg/L, about 300 mg/L to about 1200 mg/L, about 
300 mg/L to about 1300 mg/L, about 300 mg/L to about 1400 mg/L, about 300 mg/L to about 

1500 mg/L, about 400 mg/L to about 1000 mg/L, about 400 mg/L to about 1100 mg/L, about 

400 mg/L to about 1200 mg/L, about 400 mg/L to about 1300 mg/L, about 400 mg/L to about 
1400 mg/L, about 400 mg/L to about 1500 mg/L, about 500 mg/L to about 1000 mg/L, about 

500 mg/L to about 1100 mg/L, about 500 mg/L to about 1200 mg/L, about 500 mg/L to about 

1300 mg/L, about 500 mg/L to about 1400 mg/L, about 500 mg/L to about 1500 mg/L, about 

600 mg/L to about 1000 mg/L, about 600 mg/L to about 1100 mg/L, about 600 mg/L to about 

1200 mg/L, about 600 mg/L to about 1300 mg/L, about 600 mg/L to about 1400 mg/L, or about 

600 mg/L to about 1500 mg/L. 
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[0038] In aspects of this embodiment, a hematology control composition comprises a 

cholesterol component present at a concentration of, e.g., at least 300 mg/L, at least 400 mg/L, 

at least 500 mg/L, at ieast 600 mg/L, at least 700 mg/L, at least 800 mg/L, at least 900 mg/L, at 
least 1000 mg/L, at least 1100 mg/L, at ieast 1200 mg/L, at least 1300 mg/Ls at least 1400 mg/L, 

or at least 1500 mg/L. In aspects of this embodiment, a hematology control composition 

comprises a cholesterol component present at a concentration of between, e.g., about 300 mg/L 
to about 1000 mg/L, about 300 mg/L to about 1100 mg/L, about 300 mg/L to about 1200 mg/L, 

about 300 mg/L to about 1300 mg/L, about 300 mg/L to about 1400 mg/L, about 300 mg/L to 

about 1500 mg/L, about 400 mg/L to about 1000 mg/L, about 400 mg/L to about 1100 mg/L, 
about 400 mg/L to about 1200 mg/L, about 400 mg/L to about 1300 mg/L, about 400 mg/L to 

about 1400 mg/L, about 400 mg/L to about 1500 mg/L, about 500 mg/L to about 1000 mg/L, 

about 500 mg/L to about 1100 mg/L, about 500 mg/L to about 1200 mg/L, about 500 mg/L to 

about 1300 mg/L, about 500 mg/L to about 1400 mg/L, about 500 mg/L to about 1500 mg/L, 

about 600 mg/L to about 1000 mg/L, about 600 mg/L to about 1100 mg/L, about 600 mg/L to 

about 1200 mg/L, about 600 mg/L to about 1300 mg/L, about 600 mg/L to about 1400 mg/L; or 
about 600 mg/L to about 1500 mg/L. 

[0039] The suspension media compositions and hematology control compositions disclosed 
herein may comprise one or more nonionic surfactant components. Non-limiting examples of 

nonionic surfactants include polyoxyethylene glycol sorbitan alkyl esters like polysorbate 20 
sorbitan monooleate (TWEEN® 20), polysorbate 40 sorbitan monooleate (TWEEN® 40), 

polysorbate 60 sorbitan monooieate (TWEEN® 60), polysorbate 61 sorbitan monooleate 
(TWEEN® 61), polysorbate 65 sorbitan monooleate (TWEEN® 65), polysorbate 80 sorbitan 

monooleate (TWEEN® 80), and polysorbate 81 sorbitan monooleate (TWEEN® 81); poSoxamers 

(polyethylene-polypropylene copolymers), like Poloxamer 25R8 (PLURON!C®25R8), Poloxamer 

124 (PLURONIC® L44), Poloxamer 181 (PLURONIC® L61), Poloxamer 182 (PLURONIC® L62), 

Poloxamer 184 (PLURONIC® L64), Poloxamer 188 (PLURONIC® F68), Poloxamer 237 
(PLURONIC® F87), Poloxamer 338 (PLURONIC® L108), Poloxamer 407 (PLURONIC® F127); 

alkyl phenol polyglycoi ethers; polyethylene glycol alkyl aryl ethers; polyoxyethylene glycol alky! 

ethers, like octaethylene glycol monododecyl ether, pentaethylene glycol monododecyl ether, 
BRIJ® 30, and BRIJ® 35; 2-dodecoxyethanol (LUBROL®-PX); polyoxyethylene glycol 

octylphenol ethers like polyoxyethylene (4-5) p-t-octy! phenol (TRITON® X-45) and 

polyoxyethylene octyl phenyl ether (TRITON® X-100); polyoxyethylene glycol aikylphenol ethers 

like Nonoxynol-9; phenoxypolyethoxylethanols like nonyi phenoxypolyethoxylethanol and octyi 

phenoxypolyethoxylethanol; giucoside alky! ethers like octyl giucopyranoside; maltoside alkyl 

ethers like dodecyl maltopyranoside; thioglucoside alkyl ethers like heptyl thioglucopyranoside; 
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digitonins; glycerol alkyl esters like glyceryl laurate; alkyl aryl poiyether sulfates; alcohol 

sulfonates; sorbitan aiky! esters; cocamide ethanolamines like cocamide monoethanoiamine 

and cocamide diethanolamine; sucrose monolaurate; dodecyl dimethylamine oxide, and sodium 

choiate. Other non-limiting examples of nonionic surfactants useful in the methods disclosed 

herein can be found in, e.g., Winslow, et al., Methods and Compositions for Simultaneously 
isolating Hemoglobin from Red Blood Cells and Inactivating Viruses, U.S. 2008/0138790; 

Pharmaceutical Dosage Forms and Drug Delivery Systems (Howard C. Ansel et al., eds., 

Lippincott Williams & Wilkins Publishers, 7th ed. 1999); Remington: The Science and Practice of 
Pharmacy (Alfonso R. Gennaro ed., Lippincott, Williams & Wilkins, 20th ed. 2000); Goodman & 

Oilman's The Pharmacologica! Basis of Therapeutics (Joei G. Hardman et al., eds., McGraw-Hill 

Professional, 10th ed. 2001); and Handbook of Pharmaceutical Excipients (Raymond C. Rowe et 
al., APhA Publications, 4m edition 2003), each of which is hereby incorporated by reference in 

its entirety. 

[0040] In aspects of this embodiment, a suspension media composition comprises a nonionic 

surfactant component present at a concentration of, e.g., about 0.01% (v/v), about 0.05% (v/v), 

about 0.075% (v/v), about 0.1% (v/v), about 0.2% (v/v), about 0.3% (v/v), about 0.4% (v/v), 

about 0.5% (v/v), about 0.6% (v/v), about 0.7% (v/v), about 0.8% (v/v), about 0.9% (v/v), about 
1.0% (v/v), about 2.0% (v/v), about 3.0% (v/v), about 4.0% (v/v), about 5.0% (v/v), about 6.0% 

(v/v), about 7.0% (v/v), about 8.0% (v/v), about 9.0% (v/v), or about 10.0% (v/v). in other 
aspects of this embodiment, a suspension media composition comprises a nonionic surfactant 

component present at a concentration of, e.g., at least 0.01% (v/v), at ieast 0.05% (v/v), at least 

0.075% (v/v), at least 0.1% (v/v), at least 0.25% (v/v), at least 0.5% (v/v), at least 0.75% (v/v), at 
least 1.0% (v/v), at least 2.5% (v/v), at least 5.0% (v/v), at least 7.5% (v/v), or at ieast 10.0% 

(v/v). In yet other aspects of this embodiment, a suspension media composition comprises a 

nonionic surfactant component present at a concentration of between, e.g., about 0.1% (v/v) to 

about 0.5% (v/v), about 0.1% (v/v) to about 1.0% (v/v), about 0.2% (v/v) to about 0.5% (v/v), 

about 0.2% (v/v) to about 1.0% (v/v), about 0.2% (v/v) to about 2.0% (v/v),about 0.5% (v/v) to 
about 1.0% (v/v), about 0.5% (v/v) to about 5.0% (v/v), or about 1.0% (v/v) to about 10.0% (v/v). 

[0041] In aspects of this embodiment, a hematology control composition comprises a nonionic 
surfactant component present at a concentration of, e.g., about 0.01% (v/v), about 0.05% (v/v), 

about 0.075% (v/v), about 0.1% (v/v), about 0.2% (v/v), about 0.3% (v/v), about 0.4% (v/v), 

about 0.5% (v/v), about 0.6% (v/v), about 0.7% (v/v), about 0.8% (v/v), about 0.9% (v/v), about 

1.0% (v/v), about 2.0% (v/v), about 3.0% (v/v), about 4.0% (v/v), about 5.0% (v/v), about 6.0% 

(v/v), about 7.0% (v/v), about 8.0% (v/v), about 9.0% (v/v), or about 10.0% (v/v). In other 

aspects of this embodiment, a hematology control composition comprises a nonionic surfactant 
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component present at a concentration of, e.g., at least 0.01% (v/v), at least 0.05% (v/v), at ieast 

0.075% (v/v), at least 0.1% (v/v), at least 0.25% (v/v), at least 0.5% (v/v), at least 0.75% (v/v), at 

least 1.0% (v/v), at least 2.5% (v/v), at least 5.0% (v/v), at ieast 7.5% (v/v), or at least 10.0% 

(v/v). in yet other aspects of this embodiment, a hematology control composition comprises a 
nonionic surfactant component present at a concentration of between, e.g., about 0.1% (v/v) to 

about 0.5% (v/v), about 0.1% (v/v) to about 1.0% (v/v), about 0.2% (v/v) to about 0.5% (v/v), 

about 0.2% (v/v) to about 1.0% (v/v), about 0.2% (v/v) to about 2.0% (v/v),about 0.5% (v/v) to 
about 1.0% (v/v), about 0.5% (v/v) to about 5.0% (v/v), or about 1.0% (v/v) to about 10.0% (v/v). 

[0042] The suspension media compositions and hematology control compositions disclosed 
herein may comprise one or more pH adjusting agents. Examples of suitable pH adjusting 

compositions which are suitable to impart the required pH include acids, typically citric, 
hydrochioric or sulfuric, and bases, such as alkali metal hydroxides and such other agents as 

known to those skilled in the art. Other acids may be substituted provided that they do not 
interfere with the analysis of the blood sample. Examples of acceptable pH adjusting agents 

include trisodium citrate and sodium phosphate. Examples of acceptable alkali metal hydroxides 
include sodium hydroxide and potassium hydroxide. In aspects of this embodiment, a 

suspension media composition comprises one or more pH adjusting agents providing a pH in 

the range of between, e.g., about 5.8 to about 6.8, about 6.0 to about 6.8, about 6.2 to about 6.8, 

about 6.4 to about 6.8, about 5.8 to about 6.5, about 6.0 to about 6.5, or about 6.2 to about 6.5. 

in other aspects of this embodiment, a hematology control composition comprises one or more 
pH adjusting agents providing a pH in the range of between, e.g., about 5.8 to about 6.8, about 

6.0 to about 6.8, about 6.2 to about 6.8, about 6.4 to about 6.8, about 5.8 to about 6.5, about 

6.0 to about 6.5, or about 6.2 to about 6.5. 

[0043] The suspension media compositions and hematology control compositions disclosed 

herein may comprise one or more osmolality agents. Suitable osmolality agents provide an 

osmolality in a range effective to maintain the red blood cells from lysis. The alkaline metal 

chloride and alkaline metal sulfate can be used to provide a suitable osmolality so as not to 
adversely affect the blood component in the hematology control product. Control of the 

osmolality concomitantly affects the red blood cell MCV. Suitable osmolality and tonicity 

adjusting agents include, without limitation, sodium chloride, potassium chloride, lactose, 
dextran and such other compounds as known to those skilled in the art. Generally, the 

suspension media may be iso-osmotic. 

[0044] In aspects of this embodiment, a suspension media composition comprises one or more 

osmolality agents providing an osmolality of between, e.g., about 200 mOsm to about 325 
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mOsm, about 200 mOsm to about 350 mOsm, about 200 mOsm to about 375 mOsm, about 200 

mOsm to about 400 mOsm, about 250 mOsm to about 325 mOsm, about 250 mOsm to about 

350 mOsm, about 250 mOsm to about 375 mOsm, about 250 mOsm to about 400 mOsm, about 

280 mOsm to about 325 mOsm, about 280 mOsm to about 350 mOsm, about 280 mOsm to 
about 375 mOsm, or about 280 mOsm to about 400 mOsm. In an aspect of this embodiment, a 

suspension media composition comprises one or more osmolality agents providing an 

osmolality of between about 280 mOsm to about 330 mOsm. 

[0045] in aspects of this embodiment a hematology control composition comprises one or more 

osmolality agents providing an osmolality of between, e.g., about 200 mOsm to about 325 
mOsm, about 200 mOsm to about 350 mOsm, about 200 mOsm to about 375 mOsm, about 200 
mOsm to about 400 mOsm, about 250 mOsm to about 325 mOsm, about 250 mOsm to about 

350 mOsm, about 250 mOsm to about 375 mOsm, about 250 mOsm to about 400 mOsm, about 

280 mOsm to about 325 mOsm, about 280 mOsm to about 350 mOsm, about 280 mOsm to 

about 375 mOsm, or about 280 mOsm to about 400 mOsm. In an aspect of this embodiment, a 

hematology control composition comprises one or more osmolality agents providing an 

osmolality of between about 280 mOsm to about 330 mOsm. 

[0046] The suspension media compositions and hematology control compositions disclosed 
herein may comprise one or more preservative agents. Suitable preservative agents provide 

fungicidal and bactericidal activity that reduce or prevent fungal or bacterial growth which might 
adversely affect the physical characteristics or functionality of the suspension media 

compositions and hematology control compositions disclosed herein. Suitable preservative 

agents may include sodium penicillin G, dihydrostreptomycin sulfate, 5-fluorouracil, imidazole, 
kanamycin sulfate, gentamycin sulfate and neomycin sulfate. However, the neomycin sulfate 

may affect the MCV of the red blood cells. The quantity of preservative agents should not 
adversely affect the analysis of the suspension media compositions and hematology control 

compositions disclosed herein. 

[0047] In aspects of this embodiment, a suspension media composition comprises one or more 
preservative agents present in an amount of, e.g., less than 0.5%, less than 0.4%, less than 

0.3%, less than 0.2% by weight of the suspension media composition. 

[0048] In aspects of this embodiment, a hematology control composition comprises one or more 

preservative agents present in an amount of, e.g., less than 0.5%, less than 0.4%, less than 

0.3%, less than 0.2% by weight of the hematology control composition. 

11 



WO 2012/149211 PCT/US2012/035287 

[0049] The suspension media compositions and hematology control compositions disclosed 

herein may comprise one or more supplementary agents. Suitable supplementary agents 

include, without limitation, dextran, ammonium chloride and dihydroxyacetone, dioctyphthalate, 

adenosine monophosphate and inosine. 

[0050] The suspension media compositions and hematology control compositions disclosed 

herein may be substantially free of the unesterified fatty acid component. In aspects of this 
embodiment, a suspension media composition comprises an unesterified fatty acid component 

having a concentration of, e.g., less than 4 mmol/L, less than 3 mmol/L, less than 2mmoi/L, less 

than 1.0 mmol/L, less than 0.75 mmol/L, less than 0.50 mmol/L, less than 0.25 mmoi/L, less 
than 0.10 mmol/L, less than 0.075 mmol/L, less than 0.050 mmol/L, less than 0.025 mmol/L, 

less than 0.01 mmol/L, or less than 0.001 mmol/L In other aspects of this embodiment, a 

suspension media composition comprises an unesterified fatty acid component having a 

concentration of between, e.g., about 0.01 mmol/L to about 4 mmol/L, about 0.01 mmol/L to 

about 3.5 mmol/L, about 0.01 mmol/L to about 3 mmol/L, about 0.01 mmol/L to about 2.5 

mmol/L, about 0.01 mmol/L to about 2 mmol/L, about 0.1 mmol/L to about 4 mmoi/L, about 0.1 

mmol/L to about 3.5 mmol/L, about 0.1 mmol/L to about 3 mmol/L, about 0.1 mmoi/L to about 
2.5 mmol/L, or about 0.1 mmol/L to about 2 mmol/L. In another aspect of this embodiment, a 

suspension media composition comprises an unesterified fatty acid component having a 
concentration of less than about 0.78 mmol/L. In another aspect of this embodiment, a 

suspension media composition comprises an unesterified fatty acid component having a 

concentration of between about 0.78 mmol/L and about 2.16 mmol/L. 

[0051] In aspects of this embodiment, a hematology control composition comprises an 
unesterified fatty acid component having a concentration of, e.g., less than 4 mmol/L, iess than 

3 mmol/L, less than 2mmol/L, iess than 1.0 mmol/L, less than 0.75 mmol/L, less than 0.50 

mmol/L, less than 0.25 mmol/L, less than 0.10 mmol/L, less than 0.075 mmol/L, less than 0.050 
mmol/L, less than 0.025 mmol/L, less than 0.01 mmoi/L, or iess than 0.001 mmol/L In other 

aspects of this embodiment, a hematology control composition comprises an unesterified fatty 
acid component having a concentration of between, e.g., about 0.01 mmol/L to about 4 mmol/L, 

about 0.01 mmoi/L to about 3.5 mmol/L, about 0.01 mmol/L to about 3 mmoi/L, about 0.01 

mmol/L to about 2.5 mmol/L, about 0.01 mmol/L to about 2 mmoi/L, about 0.1 mmol/L to about 

4 mmol/L, about 0.1 mmol/L to about 3.5 mmol/L, about 0.1 mmoi/L to about 3 mmol/L, about 

0.1 mmol/L to about 2.5 mmol/L, or about 0.1 mmol/L to about 2 mmol/L. In another aspect of 

this embodiment, a hematology control composition comprises an unesterified fatty acid 
component having a concentration of less than about 0.78 mmol/L. In another aspect of this 
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embodiment, a hematology control composition comprises an unesterified fatty acid component 

having a concentration of between about 0.78 mmol/L and about 2.16 mmoi/L. 

[0052} In one embodiment, a suspension media composition described herein can include the 

foilowing components: deionized water, sodium chloride, sodium phosphate monobasic, methyl 
parbaben-7M, propyl parbaben, lactose, citric acid, neomycin sulfate, adenosines-

monophosphate, sodium hydroxide, tri-sodium citrate, deoxycholic acid, sodium penicillin G, 

kanamycin sulfate, inosine, dihydrostreptomycin sulfate, procaine HCI, iodoacetamide, 
phenergan HCI, 5-fiuorouracil, poioxamer 25R8, bovine serum albumin solution, and choiesterol. 

[0053] Each component can have a range of amounts in a composition and can be as follows: 
deionized water - about 500 mL, about 600 mL, about 700 mL, or about 750 mL; sodium 

chloride - about 1 g, about 2 g or about 3 g; sodium phosphate monobasic - about 0.5 g, about 

1.0 g, about 1.5 g, about 2.0 g, about 2.5 g, or about 3.0 g; methyl parbaben-7M - about 0.5 g, 

about 0.6 g, about 0.7 g, about 0.8 g, about 0.9 g, or about 1.0 g; propyl parbaben - about 0.1 g, 

about 0.2 g, about 0.3 g, about 0.4 g, about 0.5 g, about 0.6 g, about 0.7 g, about 0.8 g, about 

0.9 g, or about 1.0 g; lactose - about 10 g, about 20 g, about 30 g, about 40 g, or about 50 g; 

citric acid - about 0.2 g, about 0.3 g, about 0.4 g about 0.5 g, about 0.6 g, about 0.7 g, about 
0.8 g, about 0.9 g, or about 1.0 g; neomycin sulfate - about 0.2 g, about 0.3 g, about 0.4 g about 

0.5 g, about 0.6 g, about 0.7 g, about 0.8 g, about 0.9 g, or about 1.0 g; adenosines'-
monophosphate - about 0.3 g, about 0.4 g about 0.5 g, about 0.6 g, about 0.7 g, about 0.8 g, 

about 0.9 g, or about 1.0 g; sodium hydroxide - between about 0.40 g and about 0.50 g; tri-

sodium citrate - about 1.0 g, about 2.0 g, about 3.0 g, about 4.0 g, about 5.0 g, about 6.0 g, 
about 7.0 g, about 8.0 g, about 9.0 g or about 10 g; deoxycholic acid - about 0.1 g, about 0.2 g, 

about 0.3 g, about 0.4 g about 0.5 g, about 0.6 g, about 0.7 g, about 0.8 g, about 0.9 g, or about 

1.0 g; sodium penicillin G - about 0.5 x 106 units, about 1.0 x 106 units, about 1.5 x 106 units, 

about 2.0 x 106 units, about 2.5 x 106 units, or about 3.0 x 106 units; kanamycin sulfate -

about 0.1 g, about 0.2 g, about 0.3 g, about 0.4 g about 0.5 g, about 0.6 g, about 0.7 g, about 
0.8 g, about 0.9 g, or about 1.0 g; inosine - about 0.3 g, about 0.4 g about 0.5 g, about 0.6 g, 

about 0.7 g, about 0.8 g, about 0.9 g, or about 1.0 g, dihydrostreptomycin sulfate - about 0.1 g, 

about 0.2 g, about 0.3 g, about 0.4 g about 0.5 g, about 0.6 g, about 0.7 g, about 0.8 g, about 
0.9 g, or about 1.0 g; procaine HCI - about 0.1 g, about 0.2 g, about 0.3 g, about 0.4 g about 0.5 

g, about 0.6 g, or about 0.7 g; iodoacetamide - between about 0.010 g and about 0.050 g; 

phenergan HCI - about 0.1 g, about 0.2 g, about 0.3 g, about 0.4 g about 0.5 g, about 0.6 g, 

about 0.7 g, about 0.8 g, about 0.9 g, or about 1.0 g; 5-fluorouracil - about 0.5 g, about 1 g, 

about 2 g or about 3 g; piuronic 25R8 - about 1 g, about 2 g or about 3 g, BSA solution about 20 

g, about 30 g, about 40 g, about 50 g, about 60 g, or about 70 g; and choiesterol -about 300 mg, 
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about 400 mg, about 500 mg, about 600 mg, about 700 mg, about 800 mg, about S00 rng, 
about 1000 mg, about 1100 mg, about 1200 mg, about 1300 mg, about 1400 mg, or about 1500 

mg. 

[0Q54] A blood cell component includes blood constituents, such as, e.g., red biood cells, white 

blood ceiis, reticulocytes, piatelets and nucleated red blood ceils, etc, as well as anaiogs of 
there constituents. Preferably, a blood celi component comprises blood cells of human origin, 

in addition, a blood cell component may be derived from a source that will exhibit the size, 

shape or other measurable characteristic of human, animal, or other whole blood celi 

components as known in the art. 

[00551 A hematology control composition comprises one or more biood celi components. Biood 
celi components, alone or in combination with other biood cell components, sufficiently simulate 

the characteristics of whole biood which can be measured on an instrument, such as, e.g., a 
hematoiogical instrument. As such, blood ceil components are useful in measurements of blood 

cell parameters, including, without limitation, blood celi size, blood cell shape, biood ceil 

concentration, biood ceil agglomeration, blood ceil distribution, blood ceil content, blood cell 

volume, blood ceil population, blood celi type subpopulation, or any combination thereof. 

[0056] In one embodiment, a hematology control composition may comprise a red blood 
component providing a red blood cell parameter. In aspects of this embodiment, the red blood 

cell component is a stabilized red biood ceil component or a lyseabie red blood cell component. 

In other aspects of this embodiment, the red blood ceil parameter comprises red biood cell 
count, MCV, RDW, or any combination thereof. In other aspects of this embodiment, a 

hematology control composition comprises red blood cell count, MCV, and/or RDW which 

corresponds substantially with the red biood cell count, MCV, and/or RDW of human whole 

blood. 

[0057] In another embodiment, a hematology control composition may comprise one or more 

white blood ceil components. In aspects of this embodiment, the comprise one or more white 

blood cell components can simulate at least three subpopuiations of white blood cells, at least 
four subpopuiations of white biood cells, at least five subpopuiations of white blood ceils, at 

ieast six subpopuiations of white blood cells, or at least seven subpopuiations of white blood 

ceils. In other aspects of this embodiment, a hematology control composition comprises one or 

more white blood cell subpopuiations which correspond substantially with one or more white 

biood cell subpopuiations of human whole blood. 
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[0058] in yet another embodiment, a hematology control composition may comprise one or 

more other biood components to resemble corresponding components in whoie biood such as 

reticulocytes, platelets and nucleated red biood cells. In other aspects of this embodiment, a 

hematology control composition comprises one or more blood components which correspond 

substantially with reticulocytes, piateiets and/or nucleated red blood ceils of human whoie blood. 

[0059] The suspension media compositions and hematology control compositions disclosed 

herein provide a stable shelf life of one or more blood components. A stable shelf life of a biood 
component refers to a hematology control composition comprising a blood component that is 

still useful in the calibration, operation, and/or accumulation of quality assurance data for a 

hematology instrument, in other words, the one or more biood celi components are still stable 
enough to obtain one or more usefui measurements from a hematology instrument. The 

stability of a hematology control composition and/or biood celi component can be measured by 

a change over time in a reference value representative of the shelf life of the composition. A 

reference value representative of the stability or shelf life of the composition can in some 

embodiments be a mean ceil voiume value, such as a MCV, or in addition or in the alternative, a 

RDW value. 

[0060] in an aspect of this embodiment, a hematology control composition comprising a blood 

component has a stable shelf life of the biood component when one or more measurements 
obtained for calibration, operation, and/or accumulation of quality assurance data from a 

hematology instrument using a hematology control composition that was prepared at least 30 

days earlier are substantially the same measurements obtained using a similar hematology 
control composition, but freshly prepared, in another aspect of this embodiment, a hematology 

control composition comprising a blood component has a stable shelf life of the biood 

component when one or more measurements obtained for calibration, operation, and/or 

accumulation of quality assurance data from a hematology instrument using a hematology 

control composition that was prepared at least 60 days earlier are substantially the same 
measurements obtained using a similar hematology control composition, but freshly prepared. 

In yet another aspect of this embodiment, a hematology control composition comprising a blood 

component has a stable shelf life of the blood component when one or more measurements 
obtained for calibration, operation, and/or accumulation of quality assurance data from a 

hematology instrument using a hematology control composition that was prepared at least 95 

days earlier are substantially the same measurements obtained using a similar hematology 

control composition, but freshly prepared. In still another aspect of this embodiment, a 

hematology control composition comprising a blood component has a stable shelf life of the 

blood component when one or more measurements obtained for calibration, operation, and/or 
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accumulation of quality assurance data from a hematology instrument using a hematology 

control composition that was prepared at ieast 30 days earlier are substantially the same 

measurements obtained using a similar hematology control composition, but freshly prepared. 

[0061] In another aspect of this embodiment, a hematology control composition comprising a 

blood component has a stable shelf life of the blood component when one or more 

measurements obtained for calibration, operation, and/or accumulation of quality assurance 
data from a hematology instrument using a hematology control composition that was prepared 

about 30 days to about 95 days earlier are substantially the same measurements obtained 

using a similar hematology control composition, but freshly prepared. In yet another aspect of 
this embodiment, a hematology control composition comprising a blood component has a stable 

shelf life of the blood component when one or more measurements obtained for calibration, 
operation, and/or accumulation of quality assurance data from a hematology instrument using a 

hematology control composition that was prepared about 95 days to about 175 days earlier are 
substantially the same measurements obtained using a similar hematology control composition, 

but freshly prepared. 

[0062] The suspension media compositions and hematology control compositions disclosed 

herein may comprise a serum albumin component and a cholesterol component present in 
concentrations sufficient to provide a stable shelf life of a blood component. A stable shelf life 

of a blood component refers to a hematology control composition comprising a blood 
component that when used in a hematology instrument will assist in the calibration, operation, 

and/or accumulation of quality assurance data for the hematology instrument. 

[0063] In other aspects of this embodiment, a suspension media composition comprises a 

serum albumin component and a cholesterol component present in concentrations sufficient to 

provide a stable shelf life of a blood component of, e.g., at least 30 days, at least 40 days, at 

least 50 days, at least 60 days, at least 70 days, at least 80 days, at least 90 days, at least 100 

days, at least 110 days, at ieast 120 days, at ieast 130 days, at ieast 140 days, at ieast 150 

days, at least 160 days, at ieast 170 days, at ieast 180 days, at least 190 days, or at least 200 
days. In aspects of this embodiment, a suspension media composition comprises a serum 

albumin component and a cholesterol component present in concentrations sufficient to provide 

a stable shelf life of a blood component of between, e.g., about 40 days to about 180 days, 

about 50 days to about 180 days, about 60 days to about 180 days, about 70 days to about 180 

days, about 80 days to about 180 days, about 90 days to about 180 days, about 100 days to 
about 180 days, about 40 days to about 200 days, about 50 days to about 200 days, about 60 

days to about 200 days, about 70 days to about 200 days, about 80 days to about 200 days, 
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about 90 days to about 200 days, or about 100 days to about 200 days, in an aspect of this 
embodiment, a suspension media composition comprises a serum albumin component and a 

cholesterol component present in concentrations sufficient to provide a stable shelf life of a 

blood component of between 95 days and 175 days. 

[0064] In other aspects of this embodiment, a hematology control composition comprises a 
serum albumin component and a choiesterol component present in concentrations sufficient to 

provide a stable shelf life of a blood component of, e.g., at least 30 days, at least 40 days, at 

least 50 days, at least 60 days, at ieast 70 days, at least 80 days, at least 90 days, at least 100 

days, at least 110 days, at least 120 days, at least 130 days, at ieast 140 days, at least 150 
days, at ieast 160 days, at least 170 days, at least 180 days, at least 190 days, or at least 200 

days. In aspects of this embodiment, a hematology control composition comprises a serum 
albumin component and a cholesterol component present in concentrations sufficient to provide 

a stable shelf life of a blood component of between, e.g., about 40 days to about 180 days, 
about 50 days to about 180 days, about 60 days to about 180 days, about 70 days to about 180 

days, about 80 days to about 180 days, about 90 days to about 180 days, about 100 days to 

about 180 days, about 40 days to about 200 days, about 50 days to about 200 days, about 60 
days to about 200 days, about 70 days to about 200 days, about 80 days to about 200 days, 

about 90 days to about 200 days, or about 100 days to about 200 days. In an aspect of this 
embodiment, a hematology control composition comprises a serum albumin component and a 
cholesterol component present in concentrations sufficient to provide a stable shelf life of a 

blood component of between 95 days and 175 days. 

[0065] Aspects of the present specification also disclose methods for determine operational 

accuracy and reproducibility of a hematology instrument. The methods may comprise the steps 

of: a) providing a hematology control composition disclosed herein, wherein the hematology 

control composition has a known reference value for one or more biood cell parameters present 

in the composition; b) determining an experimental value for the one or more blood cell 

parameters using a hematology instrument; and c) comparing the experimental value of the one 
or more blood cell parameters obtained from step (b) with the known reference value of the one 

or more blood cell parameters from step (a), wherein the comparison is determinative of 

operational accuracy and reproducibility of the hematology instrument. Measurements of the 
known reference value for the one or more blood cell parameters and the experimental value for 
the one or more blood ceil parameters can be made using light scatter, low frequency current, 
radio frequency current, fluorescence, absorbance, and combinations thereof. 
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[0066] Step (a) refers to a known reference vaiue for one or more biood cell parameters in the 

hematology control composition. A known reference value refers to a value of a blood cell 

parameter determined when a blood celi component is first mixed with a suspension media 

composition disclosed herein. A known reference vaiue may be a value of a blood cell 
parameter determined for the same hematology control composition subsequently used or may 

be an averaged value of a blood cell parameter determined from multiple hematology control 
compositions determined at the same or different times. Blood cell parameters, including, 

without limitation, blood cell size, blood cell shape, blood cell concentration, blood cell 

agglomeration, blood cell distribution, blood cell content, blood cell volume, biood cell 

population, blood cell type subpopulation, or any combination thereof. A known reference value 
of a blood cell parameter is the standard for which all subsequent values will be compared. 

[0067] in aspects of this embodiment, a reference value for one or more biood celi parameters 

comprises a MCV vaiue, a RDW value, or both. In other aspects of this embodiment, a 
reference value for one or more blood cell parameters comprises one or more white blood ceil 

subpopuiations. 

[0068] Step (b) refers to an experimental value for one or more blood cell parameters in the 

hematology control composition. An experimental vaiue refers to a value of a biood cell 
parameter determined when a biood cell component is subsequently used after its initial 

preparation with a suspension media composition. The subsequent use can be any length of 
time from the initial preparation of the hematology control composition. Blood cell parameters, 

including, without limitation, blood cell size, blood cell shape, biood cell concentration, biood ceil 

agglomeration, biood cell distribution, blood ceil content, blood ceil volume, biood cell 
population, blood cell type subpopulation, or any combination thereof. An experimental value of 

a blood cell parameter is one that is subsequently determined and compared to a known 

reference vaiue for the blood celi parameter. 

[0069] In aspects of this embodiment, an experimental value for one or more biood cell 
parameters comprises a MCV value, a RDW value, or both. In other aspects of this 

embodiment, an experimental value for one or more blood cell parameters comprises one or 

more white biood cell subpopuiations. 

[0070] In aspects of this embodiment, a subsequent use of a hematology control composition 

may be, e.g., at least 30 days, at least 40 days, at least 50 days, at least 60 days, at ieast 70 
days, at least 80 days, at least 90 days, at ieast 100 days, at least 110 days, at least 120 days, 

at least 130 days, at least 140 days, at least 150 days, at least 160 days, at least 170 days, at 
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least 180 days, at least 190 days, or at least 200 days, after the initial preparation of the 

hematology control composition. In aspects of this embodiment, a subsequent use of a 

hematology control composition may be between, e.g., about 40 days to about 180 days, about 

50 days to about 180 days, about 60 days to about 180 days, about 70 days to about 180 days, 

about 80 days to about 180 days, about 90 days to about 180 days, about 100 days to about 

180 days, about 40 days to about 200 days, about 50 days to about 200 days, about 60 days to 
about 200 days, about 70 days to about 200 days, about 80 days to about 200 days, about 90 

days to about 200 days, or about 100 days to about 200 days, after the initial preparation of the 
hematology control composition, in an aspect of this embodiment, a subsequent use of a 

hematology control composition may be between 30 days and 95 days after the initial 

preparation of the hematology control composition, in an aspect of this embodiment, a 
subsequent use of a hematology control composition may be between 95 days and 175 days 

after the initial preparation of the hematology control composition. 

[0071] Step (c) refers to a comparison of an experimental value of one or more blood cell 

parameters to a known reference value for the same one or more blood celi parameters. This 

comparison step determines the accuracy and reproducibility of the operation of the hematology 

instrument. In aspects of this embodiment, an experimental value of the one the one or more 
bSood ceil parameter that is at least 75%, at least 80%, at ieast 85%, at least 90%, at least 93%, 

at least 95%, or at ieast 97% of a known reference value for the same one or more blood cell 
parameters is indicative of an accurate and reproducible operation of the hematology instrument. 

[0072] In another aspect of this embodiment, an experimental vaiue of the one the one or more 
blood ceil parameter that is between about 75% to about 100% of a known reference value for 

the same one or more blood cell parameters is indicative of an accurate and reproducible 

operation of the hematology instrument. In yet another aspect of this embodiment, an 

experimental value of the one the one or more blood ceil parameter that is between about 85% 

to about 100% of a known reference value for the same one or more biood cell parameters is 
indicative of an accurate and reproducible operation of the hematology instrument. In still 

another aspect of this embodiment, an experimental value of the one the one or more biood cell 

parameter that is between about 90% to about 100% of a known reference value for the same 
one or more blood ceil parameters is indicative of an accurate and reproducible operation of the 

hematology instrument. In another aspect of this embodiment, an experimental value of the one 

the one or more blood cell parameter that is between about 95% to about 100% of a known 

reference vaiue for the same one or more blood cell parameters is indicative of an accurate and 

reproducible operation of the hematology instrument, in yet another aspect of this embodiment, 

an experimental value of the one the one or more biood cell parameter that is between about 
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97% to about 100% of a known reference vaiue for the same one or more biood ceil parameters 

is indicative of an accurate and reproducibie operation of the hematology instrument. 

[0073] Aspects of the present specification may be described as follows: 

1. A suspension medium composition comprising a serum albumin component and a 

choiesterol component, wherein the composition is substantiaiiy free of an unesterified fatty 

acid component. 

2. A suspension medium composition comprising a serum albumin component and a 

cholesterol component wherein the composition has a free fatty acid concentration of iess 

than about 4 mmol/liter. 

3. The composition according to embodiment 1 or 2, wherein the serum albumin component 

and the cholesterol component are present in amounts sufficient to provide a stable shelf life 

of a blood cell component. 

4. A hematology control composition comprising a biood cell component and an isotonic 

suspension medium including a serum albumin component and a choiesterol component, 

wherein the composition is substantially free of an unesterified fatty acid component. 

5. A hematology control composition comprising a blood cell component and an isotonic 
suspension medium including a serum albumin component and a cholesterol component, 

wherein the composition has a free fatty acid concentration of less than about 4 mmol/liter. 

6. The composition according to embodiment 4 or 5, wherein the serum albumin component 

and the cholesterol component are present in amounts sufficient to provide a stable shelf life 

of the blood cell component. 

7. The composition according to embodiments 1-6, wherein the serum albumin component and 
the cholesterol component are present in amounts sufficient to provide a shelf life of the 

composition of at least 30 days. 

8. The composition according to embodiments 4-7, wherein the blood cell component is a red 

blood ceil component. 
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9. The composition according to embodiments 4-8, wherein the sheif life of the composition is 

represented by a stabilization in mean cell volume, a stabilization in biood cell distribution 

width, or both. 

10. The composition according to embodiments 4-9, wherein the blood cell component is 
present in an amount sufficient to be measurable with an automated hematology instrument. 

11. The composition according to embodiments 1-10, wherein the serum albumin component is 

present at a concentration of at least 5 grams/liter. 

12. The composition according to embodiments 1-11, wherein the serum albumin component 

comprises a ratio of serum albumin monomer to serum albumin dimer lower than about 5:1. 

13. The composition according to embodiments 1-12. wherein the choiesterol component is 

present at a concentration of at least 300 mg/liter. 

14. 11. The composition according to embodiments 1, 3, 4, or 6-13, wherein the unesterified 
fatty acid component is present at a concentration less than about 4 mmol/liter. 

15. The composition according to embodiments 1-14, further comprising a nonionic surfactant 

component. 

16. The composition according to embodiment 15, wherein the nonionic surfactant component 

comprises a poloxamer. 

17. The composition according to embodiments 4-10, which further comprises one or mroe 

white biood cell components. 

18. The composition according to embodiment 17, wherein the one or more white blood cell 

components simulates at ieast three subpopuiations of white blood ceils. 

19. The composition according to embodiment 17, wherein the one or more white blood cell 

components simulates at ieast five subpopuiations of white blood cells. 

20. The composition according to embodiments 1-19, which further comprises a compatible 
preservative component in an amount sufficient to provide fungicidal and bactericidal activity. 
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21. The composition according to embodiments 1-20, which further comprises one or more pH 

adjusting agents to provide a pH in the range from about 5.8 to about 6.8. 

22. The composition according to embodiments 1-20, which further comprises one or more 

osmolality agents. 

23. The composition according to embodiment 22, wherein the one or more osmolality agents 

provide an osmolality of between about 200 mOsm to about 400 mOsm. 

24 A method for determine operational accuracy and reproducibility of a hematology instrument, 

the method comprising the steps of: 

a) providing a hematology control composition comprising a biood cell component and an 
isotonic suspension medium including a serum albumin component and a cholesterol 

component, wherein the composition is substantially free of unesterified fatty acids, and 
wherein the composition has a known reference value for one or more biood cell 

parameters present in the hematology control composition; 

b) determining an experimental value for the one or more blood cell parameters with a 

hematology instrument; and 

c) comparing the experimental value for the one or more blood cell parameters obtained 

from step (b) with the known reference value for the one or more blood ceil parameters 
from step (a), wherein the comparison determines the operational accuracy and 

reproducibility of the hematology instrument. 

25.A method for determine operational accuracy and reproducibility of a hematology instrument, 

the method comprising the steps of: 

a) providing a hematology control composition comprising a biood cell component and an 

isotonic suspension medium including a serum albumin component, and a cholesterol 
component, wherein the composition has a free fatty acid concentration of iess than 

about 4 mmol/liter, and wherein the composition has a known reference value for one or 
more blood cell parameters present in the hematology control composition; 

b) determining an experimental vaiue for the one or more blood cell parameters with a 
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hematology instrument; and 

c) comparing the experimental vaiue for the one or more blood cell parameters obtained 
from step (b) with the known reference value for the one or more blood cell parameters 

from step (a), wherein comparison determines the operational accuracy and 

reproducibility of the hematology instrument. 

EXAMPLES 

[0074] The following non-limiting examples are provided for illustrative purposes only in order to 

facilitate a more complete understanding of representative embodiments now contemplated. 

These examples should not be construed to limit any of the embodiments described in the 
present specification, including those pertaining to the suspension media compositions, the 

hematological control compositions, the kits comprising the compositions, and the methods for 

determine operational accuracy and reproducibility of a hematology instrument. 

Example 1 

Suspension Media Composition Formulation 
and Hematological Control Composition Preparation 

Free fatty acid component 

[0075] An experimental design was performed to determine the effects of free fatty acid on 
MCV change using the same mixture of a red blood cell pool. Table 1 shows the ranges for 

each component of the suspension media composition. A hematological control composition 

was prepared by adding red blood cells to the formulation in a concentration of approximately 

1.8 x 10e RBC/microiiter, which is known as Abnormal II. Figure 1 shows the strong relationship 

between MCV change and free fatty acid levels. MCV change increases with the increase of 

fatty acid level in the suspension media. 

Table 1: Components of Suspension Media 

Components Approximate Amounts in Liter 
Formulation 

1. Sodium Chloride 2 g 
2. Sodium Phosphate Monobasic 0.8 to 2.5 g 
3. Methlyparaben-7m 0.5 to 1.0 g 
4. Propyl Para ben 0.3 to 1.0 g 
5. Lactose 10 to 50 g 
6. Citric Acid (Rgt.Anhydrous) 0.3 to 0.9 g 
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7. Neomycin Sulfate 0.2 to 1.0 g 
8. Adenosines'-Monophosphate (AMP) 0.4 to 1.0 g 
9. Sodium Hydroxide 0.46 g 
10. Tri-Sodium Citrate 3.0 to 8.0 g 
11. Deoxycholic Acid 0.1 to 0.9 g 
12. Sodium Penicillin G 0.5 x 106 to 3 x 106 units 
13. Kanamycin Sulfate 0.2 to 0.8 g 
14. Inosine 0.4 to 1.0 g 
15. Dihydrostreptomycin Sulfate 0.2 to 1.0 g 
16. Procaine HCI 0.1 to 0.5 g 
17. iodoacetamide 0.037 g 
18. Phenergan HCI 0.1 to 1.0 g 
19. 5-Fluorouracii 1 9 
20. Pluronic 25R8 2 g 
21. BSA Solution 30 to 50 g 
22. Cholesterol 400 to 1200 mg 
23. q.s. to 1 L with Deionized Water 

BSA dimer and monomer components 

[0076] BSA interacts with the phosphoiipid membrane of red blood cells (RBCs) and makes a 
coating on the RBC surface by electrostatic interaction, preventing lysis of RBCs. Also, BSA 

may exist in a monomer or dimer form, and that the process of removing free fatty acid during 
manufacturing of reagent grade BSA causes formation of BSA dimer. The effect of BSA 

monomer and dimer on MCV change in RBCs was studied. The percentages of BSA monomer 

and BSA dimer present in the suspension media were obtained using high performance liquid 
chromatography (HPLC). Figure 2 shows the effects of BSA monomer to dimer ratios on MCV 

stability. A lower BSA monomer to dimer ratio, in addition to the suspension media being 

substantially fatty acid free, provides longer MCV stability. 

Example 2 

Hematological Control Composition Stability Testing 

[0077] A suspension medium referred to herein as Formulation A was made using reagent 
grade BSA substantially free of unesterified fatty acids, and including RBC levels and other 

components as provided in Example 1. The free fatty acid level of Formulation A is provided in 

Table 2. Figures 3-5 show the MCV recovery of five-part differential hematology cell controls 

with low RBC levels known as Abnormal II, measured on an LH 750 instrument. All the lots of 

suspension media showed a minimum MCV stability of 175 days for Formulation A. 
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Tabie 2: Suspension Media Formulation 

Suspension Media Components Free Fatty Acid Contents 
(mmol/L) 

Formulation A Table 1 <0.78 
Formulation B Tabie 1 >3.4 
Formulation C Table 1 0.78 to 2.16 

Example 3 

Hematological Control Composition Stability Testing 

[0078] A suspension medium referred to herein as Formulation B was made using standard 
grade BSA without removing free fatty acids. Other components including RBC levels were 

kept the same as provided in Example 1. The free fatty acid level of Formulation B is also 
provided in Table 2. The MCV recovery comparison plots of one lot each of Formulation A and 

Formulation B measured on an LH 750 Instrument are provided in Figure 6, Normalized data 

were obtained from the mean values of each lot. As Figure 6 shows, the MCV change of 

Formulation A is much lower than that of Formulation B. 

Example 4 

Hematological Control Composition Stability Testing 

[0079] A suspension medium referred to herein as Formulation C was made using MOD-U-
CYTE® {Miles Laboratories, Inc, Elkhart, IN) VIII Media (see US Patent 5,529,933), with the free 

fatty acids level shown in Tabie 2. Components of the suspension media including RBC levels 

were kept the same as provided in Example 1. MCV recovery comparison plots of three 
different formuiations (Formulation A, Formulation B, and Formulation C) measured on LH 750 

and STKS instruments are provided in Figures 7 and 8, respectively. Data were normalized 

using the mean values of each lot. 

[0080] All the comparison plots of data measured on both the instruments showed that the MCV 
changes using Formulation A as the suspension medium are the lowest, thus Formulation A 

showed the greatest MCV stability. Figures 9 to 14 illustrate the stability of various blood cell 

parameters (WBC, RBC, RDW, Hemoglobin, Platelet, and MPV) using Formulation A measured 
on an LH 750 instrument. There were no significant changes to all of these parameters, and 

their recovery values were near the release assay vaiue. Components for 5-part differential cell 

control suspension media were quaiified to provide improved suspension media (longer stability 
and shelf life) than media previously available. It is herein shown that free fatty acid, cholesterol 

and BSA component amounts within the suspension medium have important effects on the 
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blood mean eel! volume (MCV) stability in the Cell Control products, especially in the lower level 
of RBC (i.e. 5-part differential Celi Control - Abnormal li). Evaluation of three lots of 5-part 

differential Cell Control Abnormal (II) product made with improved suspension media (i.e. 
suspension media prepared using BCS raw material with Reagent Grade of BSA or Fatty Acid 

free BSA) showed the longest stability of MCV values compared to the other two raw materials 

(BSA with fatty acid and MOD-U-CYTE® VIII Media). The compositions and methods herein 
provide unique suspension media for hematology cell controls to be used for 5 part differential 

counts with a longer stability and improved shelf life. 

[0081] In closing, it is to be understood that although aspects of the present specification are 

highlighted by referring to specific embodiments, one skilled in the art will readily appreciate that 

these disclosed embodiments are only illustrative of the principles of the subject matter 
disclosed herein. Therefore, it should be understood that the disclosed subject matter is in no 

way limited to a particular methodology, protocol, and/or reagent, etc., described herein. As 

such, various modifications or changes to or alternative configurations of the disclosed subject 

matter can be made in accordance with the teachings herein without departing from the spirit of 

the present specification. Lastly, the terminology used herein is for the purpose of describing 

particular embodiments only, and is not intended to limit the scope of the present invention, 
which is defined solely by the claims. Accordingly, the present invention is not limited to that 

precisely as shown and described. 

[0082] Certain embodiments of the present invention are described herein, including the best 

mode known to the inventors for carrying out the invention. Of course, variations on these 
described embodiments will become apparent to those of ordinary skill in the art upon reading 

the foregoing description. The inventor expects skilled artisans to employ such variations as 

appropriate, and the inventors intend for the present invention to be practiced otherwise than 

specifically described herein. Accordingly, this invention includes all modifications and 

equivalents of the subject matter recited in the claims appended hereto as permitted by 
applicable law. Moreover, any combination of the above-described embodiments in ail possible 

variations thereof is encompassed by the invention unless otherwise indicated herein or 

otherwise clearly contradicted by context. 

[0083] Groupings of alternative embodiments, elements, or steps of the present invention are 

not to be construed as limitations. Each group member may be referred to and claimed 

individually or in any combination with other group members disclosed herein. It is anticipated 

that one or more members of a group may be included in, or deleted from, a group for reasons 

of convenience and/or patentability. When any such inclusion or deletion occurs, the 
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specification is deemed to contain the group as modified thus fulfilling the written description of 

all Markush groups used in the appended claims. 

[0084] Unless otherwise indicated, all numbers expressing a characteristic, item, quantity, 

parameter, property, term, and so forth used in the present specification and claims are to be 
understood as being modified in all instances by the term "about." As used herein, the term 

"about" means that the characteristic, item, quantity, parameter, property, or term so qualified 

encompasses a range of plus or minus ten percent above and below the value of the stated 
characteristic, item, quantity, parameter, property, or term. Accordingly, unless Indicated to the 

contrary, the numerical parameters set forth in the specification and attached claims are 

approximations that may vary. At the very least, and not as an attempt to limit the application of 
the doctrine of equivalents to the scope of the ciaims, each numerical indication should at least 

be construed in light of the number of reported significant digits and by applying ordinary 

rounding techniques. Notwithstanding that the numerical ranges and values setting forth the 

broad scope of the invention are approximations, the numerical ranges and values set forth in 

the specific examples are reported as precisely as possible. Any numerical range or vaiue, 

however, inherently contains certain errors necessarily resulting from the standard deviation 

found in their respective testing measurements. Recitation of numerical ranges of vaiues herein 

is merely intended to serve as a shorthand method of referring individually to each separate 

numerical value falling within the range. Unless otherwise indicated herein, each individual 
value of a numerical range is incorporated into the present specification as if it were individually 
recited herein. 

[0085] The terms "a," "an," "the" and similar referents used in the context of describing the 

present invention (especially in the context of the following claims) are to be construed to cover 

both the singular and the plural, unless otherwise indicated herein or clearly contradicted by 

context. All methods described herein can be performed in any suitable order unless otherwise 

indicated herein or otherwise clearly contradicted by context. The use of any and all examples, 
or exemplary language (e.g., "such as") provided herein is intended merely to better illuminate 

the present invention and does not pose a limitation on the scope of the invention otherwise 

claimed. No language in the present specification should be construed as indicating any non-
claimed element essential to the practice of the invention. 

[0086} Specific embodiments disclosed herein may be further limited in the claims using 

consisting of or consisting essentially of language. When used in the claims, whether as filed or 

added per amendment, the transition term "consisting of excludes any element, step, or 

ingredient not specified in the ciaims. The transition term "consisting essentially of" limits the 
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scope of a claim to the specified materials or steps and those that do not materially affect the 

basic and novel characteristic(s). Embodiments of the present invention so claimed are 

inherently or expressly described and enabled herein. 

[0087] All patents, patent publications, and other publications referenced and identified in the 
present specification are individually and expressly incorporated herein by reference in their 

entirety for the purpose of describing and disclosing, for example, the compositions and 
methodologies described in such publications that might be used in connection with the present 

invention. These publications are provided solely for their disclosure prior to the filing date of the 

present application. Nothing in this regard should be construed as an admission that the 
inventors are not entitled to antedate such disclosure by virtue of prior invention or for any other 

reason. All statements as to the date or representation as to the contents of these documents is 

based on the information available to the applicants and does not constitute any admission as 

to the correctness of the dates or contents of these documents. 
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CLAIMS 

1. A hematoiogy control composition comprising a red blood ceil component and an isotonic 
suspension medium including a serum albumin component and a cholesterol component, 
wherein the composition has a free fatty acid concentration of less than 4 mmol/liter; and 
wherein the serum albumin component comprises a ratio of serum albumin monomer to 
serum albumin dimer lower than 6:1. 

2. The composition of claim 1, wherein the red biood ceil component is present in an amount 
sufficient to be measurable with an automated hematology instrument. 

3. The composition of claim 1, wherein the serum albumin component is present at a 
concentration of from 30 grams/liter to 50 grams/liter. 

4. The composition of claim 1, wherein the serum albumin component comprises a ratio of 
serum albumin monomer to serum albumin dimer lower than 5:1. 

5. The composition of claim 1, wherein the choiesterol component is present at a concentration 
of from 400 mg/liter to 1200 mg/iiter. 

6. A hematology control composition comprising a red biood cell component and an isotonic 
suspension medium including a serum albumin component and a cholesterol component, 
wherein the composition has a free fatty acid concentration of less than 4 mmol/liter; and 
wherein the serum albumin component is present at a concentration of from 30 grams/liter 
to 50 grams/liter; and wherein the serum albumin component comprises a ratio of serum 
albumin monomer to serum albumin dimer lower than 6:1; and wherein the choiesterol 
component is present at a concentration of from 400 mg/liter to 1200 mg/liter. 

7. The composition of claim 6, wherein the serum albumin component and the choiesterol 
component are present in amount sufficient to provide a shelf life of the composition of at 
ieast ninety-five days. 

8. The composition of claim 7, wherein the shelf life of the composition is represented by a 
stabilization in mean cell volume, a stabilization in red blood celi distribution width, or both. 

9. The composition of claim 1 or 6, further comprising a nonionic surfactant component. 
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10. The composition of claim 9, wherein the nonionic surfactant component comprises a 

poloxamer. 

11. The composition of claim 1 or 6, which further comprises a white blood cell component. 

12. The composition of claim 11, wherein the white blood ceil component simulates at least 

three subpopuiations of white blood cells. 

13. The composition of claim 12, wherein the white biood cell component simulates five 

subpopuiations of white blood ceiis. 

14. The composition of claim 1 or 6, which further comprises a compatible preservative 

component in an amount sufficient to provide fungicidal and bactericidal activity. 

15. The hematology control composition of claim 1 or 6, which further comprises one or more 

pH adjusting agents to provide a pH in the range from 5.8 to 6.8. 

16. A method to determine operational accuracy and reproducibility of a hematology 

instrument, the method comprising the steps of: 
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a) providing a hematology control composition according to any one of ciaims 1-15, 

wherein the composition has a known reference value for one or more blood cell 

parameters present in the hematology control composition; 

b) determining an experimental value for the one or more blood cell parameters with a 

hematology instrument; and 

c) comparing the experimental value for the one or more blood cell parameters obtained 

from step (b) with the known reference value for the one or more blood cell parameters 

from step (a), wherein comparison determines the operational accuracy and 

reproducibility of the hematology instrument. 
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