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The present invention concerns the identi?cation of speci?c 

Related US, Application Data target cells in Whole blood. The present invention discloses 
methods for detecting and optionally quantifying a target 

(60) Division of application No. 10/420,643, ?led on Apr. cell in untreated or substantially untreated Whole blood. The 
22, 2003, Which is a continuation-in-part of applica 
tion No. 10/132,543, ?led on Apr. 25, 2002, noW Pat. 
No. 7,141,369. 

present invention further discloses kits for detecting and 
optionally quantifying a target cell in untreated or substan 
tially untreated Whole blood. 
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FIGURE _2 
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METHODS AND KITS FOR DETECTING A 
TARGET CELL 

[0001] The present application is a continuation-in-part of 
the following application, Which is incorporated by refer 
ence in its entirety herein: US. patent application Ser. No. 
10/132,543 to Cao, entitled “Measurement of the cell activ 
ity and cell quantity”, ?led on 25 Apr. 2002. 

TECHNICAL FIELD 

[0002] The present invention relates generally to the ?eld 
of diagnostics, and more speci?cally concerns methods and 
kits for detecting a target cell in a sample of untreated or 
substantially untreated Whole blood. 

BACKGROUND 

[0003] The different cells found in blood may be immu 
nologically distinguished from one another by antigens 
found on the cell surface. For example, subsets of lympho 
cytes, the cells of the immune system that speci?cally 
recogniZe and respond to foreign antigens, can be distin 
guished by “Cluster of Differentiation” antigens or CD 
antigens, Which are cell-surface antigens that can be recog 
niZed by speci?c antibodies. Helper T-lymphocytes that 
display the CD4 antigen are knoWn as CD4+ T-lymphocytes. 
CD4+ T-lymphocytes are important to maintaining an 
immune defense, since they help to induce B-lymphocyte 
differentiation and production of speci?c antibodies and to 
regulate other lymphocyte responses. 

[0004] The causative agent of Acquired Immune De? 
ciency Syndrome (AIDS) in humans, Human Immunode? 
ciency Virus (HIV), primarily infects CD4+ T-lymphocytes. 
HIV infection and the progress of AIDS disease are marked 
by a decrease in CD4+ T-lymphocytes. Absolute CD4+ 
T-lymphocyte counts and the change in these counts over 
time are clinically important markers of viral infection, 
disease progression, and therapy ef?cacy, as Well as valuable 
prognostic indicators in HIV-infected patients. The ability to 
monitor CD4+ T-lymphocyte levels is important in surveil 
lance of AIDS incidence, in studying the effects of antiviral 
therapy, and in making decisions about therapeutic strate 
gies, including decisions to initiate prophylaxis for oppor 
tunistic infections such as Pneumocystis carinii pneumonia. 

[0005] The current benchmark method for measuring 
absolute CD4+ T-lymphocyte counts is based on immuno 
typing by How cytometry, usually in combination With a 
hematology analyZer (“multi-platform” or “dual-platform” 
technology) (Anonymous, 1997, Morbidity and Mortality 
Weekly Report, 46(RR-2): 1-29). The absolute CD4+ T-lym 
phocyte count is commonly based on three measurements: a 
White blood cell count, the percentage of WBCs that are 
lymphocytes (“differential”) (both obtained by a hematology 
analyzer), and the percentage of lymphocytes that are CD4+ 
T-lymphocytes (obtained by How cytometric immunotyp 
ing). More recent “single-platform” technology uses ?oW 
cytometry and internal calibration standards to give absolute 
CD4+ T-lymphocyte counts (Mandy et al., 2003, Morbidity 
and Mortality Weekly Report, 52(RR02): 1-13). Unfortu 
nately, ?oW cytometry requires expensive instrumentation 
and specialiZed technical training, Which generally limits 
this method to those countries that have the resources to 
afford it. Both developed countries and underdeveloped, 
resource-poor countries have a great need for diagnosing 
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and monitoring HIV infection and AIDS disease progres 
sion, but the latter often cannot afford routine ?oW cytom 
etry. The incidence of HIV infection and AIDS disease is 
high in many such underdeveloped countries, and there is an 
urgent need for an inexpensive, simple, and accurate method 
for reliably measuring absolute CD4+ T-lymphocyte counts. 

BRIEF DESCRIPTION OF THE FIGURES 

[0006] FIG. 1 depicts one embodiment of the solid sub 
strate such as described in Example 4. FIG. 1A depicts a 
schematic diagram of a solid substrate comprising a glass 
slide With an antibody-coated chamber such as described in 
Example 4. FIG. 1B depicts a schematic diagram of a 
reference slide including a grid pattern such as described in 
Example 4. FIG. 1C depicts a schematic diagram of a solid 
substrate comprising a slide With multiple antibody-coated 
chambers. 

[0007] FIG. 2 depicts paired absolute CD4+ T-lymphocyte 
counts (n=40) in cells per microliter of Whole blood, as 
described in Example 5. The data Were obtained by either a 
method of the present invention such as described in 
Example 4, or by How cytometry and hemocytometry. 

SUMMARY 

[0008] The present invention ansWers the urgent need for 
an inexpensive, technically simple, accurate method for 
detecting and optionally quantifying a speci?c target cell, 
such as a CD4+ T-lymphocyte, in a sample, such as a sample 
of Whole blood. The present invention provides a method for 
detecting a target cell in a sample of untreated or substan 
tially untreated Whole blood, Which includes the steps of 
binding a target cell contained in the sample to a solid 
substrate that comprises a multi-layered composition com 
prising a speci?c binding agent that speci?cally binds the 
target cell. The present invention also provides kits for 
carrying out the method of the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0009] Unless de?ned otherWise, all technical and scien 
ti?c terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to Which this 
invention belongs. Generally, the nomenclature used herein 
and the manufacture or laboratory procedures described 
beloW are Well knoWn and commonly employed in the art. 
Conventional methods are used for these procedures, such as 
those provided in the art and various general references. 

[0010] Where a term is provided in the singular, the 
inventors also contemplate the plural of that term. The 
nomenclature used herein and the laboratory procedures 
described beloW are those Well knoWn and commonly 
employed in the art. Where there are discrepancies in terms 
and de?nitions used in references that are incorporated by 
reference, the terms used in this application shall have the 
de?nitions given herein. Other technical terms used herein 
have their ordinary meaning in the art that they are used, as 
exempli?ed by a variety of technical dictionaries (for 
example, Chambers Dictionary of Science and Technology, 
Peter M. B. Walker (editor), Chambers Harrap Publishers, 
Ltd., Edinburgh, UK, 1999, 1325 pp.). The inventors do not 
intend to be limited to a mechanism or mode of action. 
Reference thereto is provided for illustrative purposes only. 
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1. Method for Detecting a Target Cell 

[0011] The present invention provides a method for detect 
ing a target cell in a sample of untreated or substantially 
untreated Whole blood. The method can include the steps of: 
a) providing a sample of untreated or substantially untreated 
Whole blood that is suspected of containing a target cell; b) 
providing a solid substrate, Wherein the solid substrate 
comprises a multi-layered composition comprising a spe 
ci?c binding agent that speci?cally binds the target cell; c) 
contacting the sample With the solid substrate; d) incubating 
the sample on the solid substrate for a period of time 
su?icient to permit the speci?c binding agent to bind the 
target cells present in the sample; e) Washing the solid 
substrate; and f) detecting the target cells bound to the solid 
substrate. Preferably, a target cell is detected in the sample 
of untreated or substantially untreated Whole blood. The 
method can further include the step of quantifying the target 
cells bound to the solid substrate. The method can have an 
accuracy of detection and quanti?cation of a target cell 
bound to the solid substrate that correlates With detection 
and quanti?cation by How cytometric detection. 

[0012] The detecting of a target cell bound to the solid 
substrate can correlate With diagnosis of a health condition, 
or With prognosis of a health condition, or With monitoring 
of a health condition. The health condition may be any one 
or more of the health conditions including, but not limited to, 
acquired immune de?ciency disorders (such as human 
immunode?ciency virus-caused Acquired Immune De? 
ciency Syndrome or AIDS), congenital immune de?ciency 
disorders, leukemias (such as acute lymphocytic leukemia), 
non-leukemia cancers (such as multiple myeloma or 
Hodgkin’s lymphoma), idiopathic lymphocytopenias. (such 
as idiopathic CD4+ T-lymphocytopenia), bacterial infec 
tions, and viral infections (such as human immunode?ciency 
virus infections). 

[0013] Target Cell 

[0014] The target cell to be detected by the method of the 
invention may be any target cell of interest that is found in 
Whole blood. Suitable target cells include erythrocytes, 
lymphocytes (including B-lymphocytes, T-lymphocytes, 
and natural killer lymphocytes), monocytes, megakaryo 
cytes, granulocytes (including neutrophils, eosinophils, and 
basophils), hematopoietic stem cells, hematopoietic pro 
genitor cells, dendritic cells, Langerhans cells, epithelial 
cells, ?broblasts, metastatic cancer cells, and circulating 
fetal cells. More preferably, a target cell may be a CD4+ 
T-lymphocyte, a CD8+ T-lymphocyte, a CD3+ T-lympho 
cyte, a CD19+ B-lymphocyte, a CD23+ B-lymphocyte, a 
CD25+ T-lymphocyte, a CD56+ natural killer lymphocyte, a 
CD65+ lymphocyte, or a CD34+ hematopoietic progenitor 
cell. 

[0015] Whole Blood 

[0016] The sample of Whole blood is untreated or sub 
stantially untreated Whole blood suspected of containing a 
target cell. The method of the present invention is more 
convenient and simpler than other cell analysis methods that 
require the sample to undergo substantial additional prepa 
ration steps (such as, but not limited to, erythrocyte lysis, 
cell concentration, centrifugation, ?ltration, bulfy coat 
preparation, plasma removal, serum removal, or isolation of 
a group of cells) before analysis. “Substantially untreated 
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Whole blood” refers to Whole blood that has not been 
subjected to one or more of the folloWing treatments: 

erythrocyte lysis, cell concentration, centrifugation, ?ltra 
tion, bulfy coat preparation, plasma removal, serum 
removal, or isolation of a group of cells (such as isolation of 
leukocytes from Whole blood). “Substantially untreated 
Whole blood” may be treated With an anticoagulant, such as 
an EDTA salt, a citrate salt (for example, ACD), or heparin. 
“Substantially untreated Whole blood” may for convenience 
be diluted With a suitable diluent that does not substantially 
alter cell counts (including cell counts of erythrocytes or of 
White blood cells), such as sterile saline, for example When 
it is desirable to decrease sample viscosity or to facilitate 
handling of very small volumes of sample. The sample of 
substantially untreated Whole blood may optionally have 
added to it one or more accessory reagents that do not 
interfere With the binding of a target cell to the solid 
substrate, do not substantially alter the cells (including 
erythrocytes and White blood cells) in the Whole blood, and 
do not substantially alter the accuracy of a method of the 
invention (for example, as indicated by correlation of cell 
counts obtained by a method of the invention With cell 
counts obtained by How cytometric methods). The sample of 
untreated Whole blood may also be used directly, for 
example, used directly from a Whole blood collection device 
(such as a needle and syringe or a lancet) or dropped directly 
onto the solid substrate (such as from a ?nger puncture), 
Without treatment With an anticoagulant or Without dilution. 
Preferably, the sample of Whole blood may be analyZed by 
the method of the invention Within a relatively short period 
of time (Within about six hours) after the sample is collected. 
Preferably, the sample of Whole blood need not be refrig 
erated or otherWise chilled. 

[0017] Solid Substrate 

[0018] The solid substrate of the-invention can be sub 
stantially optically transparent, at least in the area of the 
substrate Where bound target cells are to be detected by the 
method of the invention. The solid substrate can be glass, 
quartz, silicon, silica oxides, ceramics, polymeric plastics, 
cycloole?ns and copolymers thereof, cellulose polymers, 
metals, or composites made up of a combination of these 
materials. Glass includes silicate glass, silica carbonate 
glass, soda lime silica glass, as Well as non-silicon-based 
glasses such as polymeric glasses. Polymeric plastics 
include but are not limited to polystyrenes, polypropylenes, 
polyole?ns, polycarbonates, polyacrylamides, polyacry 
lates, polynitriles, polyurethanes, polyesters,.polyethers, 
polyphenylenes, silicones, ?uorocarbons, and the like. Poly 
meric plastics may include linear, branched, and substituted 
polymers. Polymers may also be derived from biological 
substances, such as cellulose and other polysaccharides, silk 
and other polypeptides, and latex and other natural rubbers. 
Cellulose polymers include for example cellulose acetates, 
cellulose esters, and cellulose nitrates. All of these materials 
may be used singly or in combination as composites, for 
example, in combination as mixed polymers such as a 
polyamide-polyethylene copolymer, or in combination as 
composites such as plastic-coated glass laminates. The solid 
substrate may be further treated in order to modify its 
surface. For example, the solid substrate may be cleaned, 
chemically or electrostatically activated, etched, textured, 
smoothened, or otherWise modi?ed in order to improve its 
performance in the method of the present invention. 
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[0019] In one embodiment of the invention, the solid 
substrate is preferably optically transparent. This may be 
advantageous, for example, When detection of the target cell 
is by means of a simple or compound light microscope. The 
solid substrate may be optically transparent in some areas 
and non-optically transparent in other areas, for example, a 
slide that is opaque in some areas and optically transparent 
in other areas. In other embodiments of the invention, 
non-optically transparent solid substrates may also be used, 
for example, When the target cell is detectable by optical 
Wavelengths re?ecting off the solid substrate. 

[0020] In one aspect of the invention, the solid substrate 
comprises a substantially planar surface. The substantially 
planar surface need not be perfectly ?at and may be ?exible. 
Examples of substantially planar surfaces include but are not 
limited to glass slides, chips made out of glass (such as glass 
cover slips) or of other suitable materials such as quartz or 
plastic polymers, the bottom surface of a Well (such as a Well 
in a multi-Well plate), nonporous ?lms or membranes, 
porous ?lms or membranes, ?lters, meshes, or grids. The 
solid substrate may be of any shape, including square, 
rectangular, round, ovoid, or irregular or of other shape, that 
is convenient for a particular application. The siZe of the 
solid substrate may be any siZe that is convenient for a 
particular application, preferably a siZe that enhances or 
optimiZes ef?cient and cost-effective detection of a target 
cell. Factors that may be considered in the design of the solid 
substrate include, but are not limited, to the type and relative 
abundance of a target cell in the sample, the nature of the 
binding interaction betWeen the speci?c binding agent and 
the target cell, the costs of the reagents and of manufacturing 
the solid substrate, and ease and ef?ciency of operation. 

[0021] In another aspect of the invention, the solid sub 
strate comprises a chamber. Such a chamber may be of 
predetermined dimensions, to hold a predetermined volume 
of sample. The volume of sample is selected to preferably 
give a sufficient volume for an accurate detection and 
optional quanti?cation of a target cell, such as from about 1 
nanoliter to about 100,000 microliters, or from about 1 
microliter to about 1000 microliters, or from about 1 micro 
liter to 20 microliters. The dimensions of the chamber may 
be of any dimensions necessary to hold the volume of 
sample, either as a single aliquot or as a ?oW-through sample 
With a volume that is larger than the chamber’ s volume. The 
dimensions of the chamber may permit it to hold from about 
1 nanoliter to about 100,000 microliters, or from about 1 
microliter to about 1000 microliters, or from about 1 micro 
liter to 20 microliters. Preferably, the dimensions of the 
chamber are selected to enhance or optimiZe ef?cient and 
cost-effective detection of a target cell. The chamber may be 
of any shape or siZe suitable to assaying a particular target 
cell, and need not be enclosed on all sides. One embodiment 
includes a glass slide that has on one surface a concave 
depression of sufficient depth to contain a liquid Within the 
depression. A chamber formed by such a depression may be 
optionally further enclosed, for example, by placing a cover 
slip over the chamber. A chamber formed by such a depres 
sion may be manufactured to hold a predetermined volume 
of sample. The chamber may be elongated, such as a 
chamber formed by a tubular or cylindrical structure. The 
chamber may have one or more dimensions that is relatively 
small or that is relatively large, such as in a capillary tube. 
The chamber may hold a predetermined volume of sample 
that is introduced into the chamber as a single aliquot. It is 
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also possible to How a volume of sample through the 
chamber that is larger than the chamber’s volume. The 
chamber may be ?tted With an inlet and With an outlet, such 
as With an inlet tube and With an outlet tube. 

[0022] The solid substrate may also include a pattern of 
predetermined dimensions. Such a pattern may be of a grid, 
a checkerboard, concentric circles, or any pattern useful in 
detecting and optionally quantifying target cells bound to the 
solid substrate. For example, the patten selected may have 
marks, such as lines forming a grid or checkerboard, delin 
eating areas, preferably discrete areas of from about 0.0025 
square millimeters to about 1 square millimeters, or from 
about 0.0025 square millimeters to about 0.1 square milli 
meters, or from about 0.0025 square millimeters to about 
0.04 square millimeters. One embodiment of a substrate 
comprising a pattern of predetermined dimensions is a glass 
slide that has on one surface a chamber consisting of a 
concave depression of sufficient depth to contain a liquid 
Within the depression, and that has a grid pattern printed, 
etched, or otherWise visibly marked on or projected onto the 
glass slide, particularly in the area of the chamber. In another 
embodiment, a pattern of predetermined dimensions is 
located on a separate reference slide, Which may be used in 
conjunction With a second glass slide that has on one surface 
a chamber. When the tWo slides are aligned, the chamber and 
the grid pattern visually overlap, at least in part, thus visually 
dividing the chamber into discrete areas for convenience of 
an observer in detecting cells bound to the chamber. 

[0023] Multi-Layered Composition Including a Speci?c 
Binding Agent 

[0024] The multi-layered composition of the present 
invention comprises polyanion layers and polycation layers 
in an alternating arrangement that is substantially parallel to 
the surface of the solid substrate. The multi-layered com 
position may comprise one or more polyanion layer, and one 
or more polycation layer. Preferably, the multi-layered com 
position comprises at least three polyionic (polyanionic or 
polycationic in an alternating arrangement) layers. The 
multi-layered composition may comprise up to about 5 
polyionic layers, or up to about 10 polyionic layers, or up to 
about 30 polyionic layers. Each polyanion layer may be the 
same or different as another polyanion layer. Each polyca 
tion layer may be the same or different as another polycation 
layer. The ?rst layer adjacent to the surface of the solid 
substrate may be a polyanionic layer or a polycationic layer. 
Each polyanion layer is believed to be bound to each 
adjacent polycation layer primarily by electrostatic forces; 
hoWever, applicants do not intend to be limited to such a 
proposed mechanism. 

[0025] Each polyionic layer may comprise monomeric 
compounds bearing the same charge, or polymeric com 
pounds bearing the same charge, or a combination of mono 
mers and polymers all bearing the same charge. A polyan 
ionic layer may comprise one or more monomeric 
compounds bearing one or more negative charges, or one or 
more polymeric compounds bearing multiple negative 
charges, or a combination of negatively charged monomers 
and polymers. A polycationic layer may comprise one or 
more monomeric compounds bearing one or more positive 
charges, or one or more polymeric compounds bearing 
multiple positive charges, or a combination of positively 
charged monomers and polymers. In an alternative embodi 
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ment, a polyionic layer may comprise amphiphilic mono 
mers or amphiphilic polymers or a combination thereof. See, 
generally, US. Pat. No. 5,208,111, issued May 4, 1993, to 
Decher et al., Which is herein incorporated in its entirety. 

[0026] Suitable polyanions that may be used in the method 
of the invention include polyphosphorus acids (for example, 
polyphosphoric, polyphosphonic, and polyphosphinic 
acids), polysulfur acids (for example, polysulftiric acids, 
polysulfonic acids, polysul?nic acids, polysulfenic acids, 
polysulfanilic acids, polysulfamidic acids, and polysulfamic 
acids), polyboric acids, polysilicic acids, polycarboxylic 
acids, anionic polyaminoacids, anionic polypeptides, 
anionic polyols, anionic polythiols, anionic polyimides, and 
combinations thereof. Anionic monomers of the above 
polyanions may optionally also be used. Suitable polyca 
tions that may be used in the method of the invention include 
polyamines (for example, chitin, chitosan, glucosamine, 
poly-omithine, and the like), polyaminiums, polyammoni 
ums, polyphosphoniums, polyyliums, polyoxoniums, cat 
ionic polyols, cationic polythiols, cationic polyaminoacids 
(such as poly-lysine and poly-arginine), cationic polyalde 
hydes, and combinations thereof. Cationic monomers of the 
above polycations may optionally also be used. The poly 
ionic (polycationic or polyanionic) layers may be derived 
from commercially available reagents, thus avoiding the 
need for chemical synthesis. 

[0027] The solid substrate itself may, if suitably charged, 
act in effect as a foundation polyionic layer; for example, 
When the solid substrate is a silica glass that has been treated 
With a strong alkali solution (such as a strong sodium 
hydroxide or potassium hydroxide solution), or When the 
solid substrate is treated in a manner that ioniZes the surface 
(such as by treatment With high voltage or plasma or 
appropriate chemical modi?cation), or When the solid sub 
strate has a naturally ioniZed surface (as occurs, for example, 
in mica, certain ceramics, and certain biologically derived 
polymers). 
[0028] The multi-layered composition of the present 
invention further includes a speci?c binding agent that 
speci?cally binds the target cell of interest. The speci?c 
binding agent may be located on one or more loci on the 
solid support. For example, the speci?c binding agent may 
be located on on or more chambers on a single glass slide, 
or on the bottoms of one or more Wells in a multi-Well plate. 

The speci?c binding agent may be an intact antibody, such 
as a polyclonal or a monoclonal antibody. The speci?c 
binding agent may be an antibody fragment, such as an 
antigen-binding fragment or Fab, or an F(ab')2 fragment, or 
the antigen-binding site of an antibody (such as a comple 
mentarity-determining region of an antibody). In some 
embodiments, the speci?c binding agent is preferably a 
puri?ed, high af?nity monoclonal antibody that speci?cally 
binds the target cell of interest. The speci?c binding agent 
may in other embodiments be an antigen, a ligand, or a 
receptor. The speci?c binding agent may bind to more than 
one type of cell, but preferably binds only one type of target 
cell that is found in a sample of Whole blood. The speci?c 
binding agent may be comprised of more than one reagent; 
for example, the speci?c binding agent may comprise more 
than one type of monoclonal antibody or antibody fragment, 
each of Which speci?cally binds the same type of target cell. 

[0029] The multi-layered composition may further include 
a high af?nity binding pair that serves to attach the speci?c 
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binding agent to the solid substrate by a non-covalent 
binding reaction. Suitable high a?inity binding pairs include 
avidin and biotin, any protein that binds an immunoglobulin, 
and a ligand-receptor pair. Avidin includes avidin, modi?ed 
avidin (such as deglycosylated avidin), streptavidin, and 
derivatives thereof, Which bind biotin or its derivatives With 
high af?nity. Proteins that bind an immunoglobulin incude 
protein A, protein G., and protein L, and can be selected for 
their immunoglobulin speci?city. Examples of ligand-recep 
tor pairs that can serve as a high af?nity binding pair include 
a small molecule and a macromolecule that binds the small 
molecule (for example, folic acid and a folate binding 
protein), and an antigen-antibody pair or hapten-antibody 
pair (for example, nitrophenol and anti-nitrophenol anti 
body). 
[0030] The high a?inity binding pair may be used to attach 
the speci?c binding agent to the solid substrate by either of 
tWo techniques. In the ?rst technique, the ?rst member of the 
high af?nity binding pair is a?ixed to the multi-layered 
composition, preferably to the top polyionic layer of the 
multi-layered composition, and preferably by a covalent 
bond. The second member of the high af?nity binding pair 
is a?ixed to the speci?c binding agent, preferably in a 
manner that does not substantially change the ability of the 
speci?c binding agent to bind to the target cell, and prefer 
ably but not necessarily by a covalent bond. When af?xing 
either or both members of the high af?nity binding pair, the 
use of a linking arm may be desirable, for example to 
provide su?icient ?exibility for the speci?c binding agent to 
bind the target cell. 

[0031] In the second technique, the high af?nity binding 
pair is characterized by multivalency. For example, avidin 
and its homologues are capable of binding up to four molar 
equivalents of biotin. In this second technique, one unit of 
the ?rst member (for example, biotin) of the high a?inity 
binding pair is af?xed to the multi-layered composition, 
preferably to the top polyionic layer of the multi-layered 
composition, and preferably by a covalent bond. A second 
unit of the ?rst member of the high af?nity binding pair is 
af?xed to the speci?c binding agent, preferably in a manner 
that does not substantially change the ability of the speci?c 
binding agent to bind to the target cell, and preferably but 
not necessarily by a covalent bond. The tWo units of the ?rst 
member of the binding pair both bind to the second member 
(for example, avidin) of the high, af?nity binding pair, thus 
attaching the speci?c binding agent to the solid substrate by 
a non-covalent bond. When af?xing either or both members 
of the high af?nity binding pair, the use of a linking arm may 
be desirable, for example to provide suf?cient ?exibility for 
the speci?c binding agent to bind the target cell. 

[0032] 
[0033] The method of the present invention includes the 
steps of contacting and incubating a sample of untreated or 
substantially untreated Whole blood that is suspected of 
containing a target cell With a solid substrate that com 
prises-a multi-layered composition comprising a speci?c 
binding agent that speci?cally binds the target cell. By 
contacting is meant bringing the sample in liquid contact 
With the solid substrate. For example, the sample may be 
transferred by pipette, syringe, tubing, pump, or directly 
dropping onto the solid substrate. 

Incubating 

[0034] The sample is incubated on the solid substrate in 
order to permit the speci?c binding agent to bind the target 
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cells present in the sample. When it is desired to quantify as 
Well as to identify a target cell, quantitative or near-quanti 
tative binding of the target cells present in the sample is 
preferably achieved, preferably in a manner that facilitates 
detection and identi?cation of a target cell (such as by 
quantitative or near-quantitative binding of the target cells in 
a single layer of cells on the solid substrate). This binding is 
dependent upon several factors, including the nature of the 
binding interaction betWeen the speci?c binding agent and 
the target cell, the effective concentration of the speci?c 
binding agent or of the target cell, and the temperature, 
humidity, pH, ionic strength, period of time of incubation, 
and other incubation conditions. Certain factors may be 
more easily or more conveniently controlled. The effective 
concentration of the speci?c binding agent may be increased 
or decreased as needed, by changing the reaction conditions 
(for example, type or concentration of reagents) used in the 
manufacture of the multi-layered composition including a 
speci?c binding agent. TWo factors that are simple and 
inexpensive to control and standardize are the period of time 
of incubation and the incubation temperature. The sample is 
incubated on the solid substrate for a period of time suffi 
cient to permit the speci?c binding agent to bind the target 
cells present in the sample. Preferably this period of time is 
su?icient to permit the quantitative or near-quantitative 
binding of the target cells present in the sample. The period 
of time may be from about 5 minutes to about 300 minutes, 
or about 10 minutes to about 120 minutes, or about 10 
minutes to about 60 minutes. For convenience, the period of 
time is preferably a relatively short period of time, such as 
20 to 30 minutes. 

[0035] The incubation temperature may also be controlled 
as desired for enhanced or optimal binding of the target cell 
to the solid substrate. Temperatures that are excessively high 
or excessively loW may lyse or otherWise damage the 
sample. Incubation may be carried out at a temperature of 
betWeen about 4 degrees Celsius and about 40 degrees 
Celsius, or betWeen about 10 degrees Celsius and about 37 
degrees Celsius, or betWeen about 15 degrees Celsius and 
about 30 degrees Celsius. 

[0036] Since the sample should remain ?uid during incu 
bation on the solid substrate, it may be desirable to maintain 
a relatively humid atmosphere around the sample While it is 
being incubated, particularly if there is a possibility of the 
sample drying out (for example, if the sample is of a very 
small volume). This may be conveniently achieved by 
incubating the sample in a humid compartment. 

[0037] After the sample has been incubated on the solid 
substrate, the solid substrate is Washed. This may be by 
means of rinsing or irrigating or ?ushing With a suitable 
Wash solution, such as sterile saline or phosphate-buffered 
saline solution. Preferably, the Washing step effectively 
removes unbound components of the sample from the solid 
substrate, but does not substantially remove target cells 
bound by the speci?c binding agent to the solid substrate, 
nor interferes With subsequent identi?cation of the bound 
target cells. Most preferably, the Washing step removes from 
the solid substrate all components of the sample that are not 
speci?cally bound by the speci?c binding agent. 

[0038] Optically Identifying 
[0039] Atarget cell that is bound to the solid substrate may 
be identi?ed by any suitable means, preferably by optical 
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methods. Light microscopes are relatively inexpensive, 
Widely available, and technically simple to use, and thus one 
preferred optical method to detect a target cell is light 
microscopy. Another preferred optical method to detect a 
target cell is by use of a charge-coupled device (CCD), such 
as a CCD-equipped camera. Detecting a target cell may be 
achieved manually by observation of each sample by an 
individual capable of carrying out the method of the inven 
tion, or may be automated by means of an optical detection 
device coupled to a computer equipped With appropriate 
softWare for image analysis and target cell detection. 

[0040] Optically identifying a target cell may be enhanced 
or facilitated by the use of dyes or stains that aid in 
distinguishing the target cell from other cells. Dyes include 
but are not limited to visible dyes and ?uorescent dyes, such 
as histological dyes. Stains include enZymatic stains that 
produce a visible change in appearance of a cell, such as a 
stain for peroxidase or for alkaline phosphatase. Dyes or 
stains may optionally indicate cell viability or metabolic 
condition. The amount of dye or stain retained by the target 
cells bound by the speci?c binding agent to the solid 
substrate may optionally be measured, directly (for example, 
by spectroscopic scanning of the solid substrate) or indi 
rectly (for example, by spectroscopic or chromatographic 
analysis of the dye or stain content of the target cells), and 
may further be used as a quantitative or semi-quantitative 
measurement of the number of target cells bound to the solid 
substrate. Where the target cell is a lymphocyte, such as a 
CD4+ T-lymphocyte, a stain used in the method of the 
invention is preferably a stain that speci?cally distinguishes 
lymphocytesifrom other blood cells. Optionally, target cells 
bound to the solid substrate may be preserved for future 
reference. For example, target cells bound to a glass slide 
according to the method of the invention may be optionally 
dehydrated and ?xed using a ?xative, and stored as a 
permanent record of the sample. 

[0041] The method of the invention can further include the 
step of quantifying the target cells bound to the solid 
substrate. Such quanti?cation may preferably be used to 
calculate the absolute number of the target cell in a given 
volume of sample. For example, the method of the invention 
may be used to detect and quantify CD4+ T-lymphocytes in 
a sample of untreated or substantially untreated Whole 
blood, and the raW cell count obtained by the method of the 
invention may be used to calculate the absolute number of 
CD4+ T-lymphocytes (as cells per microliter) in the sample 
of Whole blood. Most preferably, the method can have an 
accuracy of detection and quanti?cation of a target cell 
bound to the solid substrate that correlates With detection 
and quanti?cation of the same target cell by How cytometric 
detection. Preferably the correlation betWeen cell counts 
obtained by a method of the invention and cell counts 
obtained by How cytometry has a high coef?cient of corre 
lation, for example, a linear correlation With a Pearson 
correlation coef?cient preferably of at least 0.7, more pref 
erably of at least 0.8, and most preferably of at least 0.9. The 
method of the invention offers the advantage of a direct 
estimate of an absolute target cell count, such as an absolute 
CD4+ T-lymphocyte count, Without the need for an addi 
tional platform of technology (such as conventional hema 
tology analyZer), and Without the expense and technical 
requirements of How cytometry, either alone or in combi 
nation With a conventional hematology analyZer. 
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ll. Kit for Detecting a Target Cell 

[0042] The present invention provides a kit for detecting a 
target cell in a sample of untreated or substantially untreated 
Whole blood by the method of the present invention. The kit 
includes a solid substrate comprising: a) a multi-layered 
composition comprising polyanion layers and polycation 
layers in an alternating arrangement parallel to the surface of 
the solid substrate; b) a high affinity binding pair; and c) a 
speci?c binding agent that speci?cally binds the target cell 
and is bound to the solid substrate by a non-covalent binding 
reaction. The kit uses optical detection to detect a target cell. 

[0043] Target Cell 

[0044] The target cell to be detected by the kit of the 
invention may be any target cell of interest that is found in 
Whole blood. Suitable target cells include erythrocytes, 
lymphocytes (including B-lymphocytes, T-lymphocytes, 
and natural killer lymphocytes), monocytes, megakaryo 
cytes, granulocytes (including neutrophils, eosinophils, and 
basophils), hematopoietic stem cells, hematopoietic pro 
genitor cells, dendritic cells, Langerhans cells, epithelial 
cells, ?broblasts, metastatic cancer cells, and circulating 
fetal cells. More preferably, a target cell may be a CD4+ 
T-lymphocyte, a CD8+ T-lymphocyte, a CD3+ T-lympho 
cyte, a CD19+ B-lymphocyte, a CD23+ B-lymphocyte, a 
CD25+ T-lymphocyte, a CD56+ natural killer lymphocyte, a 
CD65+ lymphocyte, or a CD34+ hematopoietic progenitor 
cell. 

[0045] Whole Blood 

[0046] The sample of Whole blood suspected of containing 
a target cell is untreated or substantially untreated Whole 
blood. The kit of the present invention does not require the 
sample to undergo additional substantial preparation steps 
(such as, but not limited to, erythrocyte lysis, cell concen 
tration, centrifugation, ?ltration, bulfy coat preparation, 
plasma removal, serum removal, or isolation of a group of 
cells) before analysis. “Substantially untreated Whole blood” 
refers to Whole blood that has not been subjected to one or 
more of the folloWing treatments: erythrocyte lysis, cell 
concentration, centrifugation, ?ltration, buify coat prepara 
tion, plasma removal, serum removal, or isolation of a group 
of cells (such as isolation of leukocytes from Whole blood). 
“Substantially untreated Whole blood” may be treated With 
an anticoagulant, such as an EDTA salt, a citrate salt, or 
heparin. “Substantially untreated Whole blood” may for 
convenience be diluted With a suitable diluent that does not 
substantially alter cell counts (including cell counts of 
erythrocytes or of White blood cells), such as sterile saline, 
for example When it is desirable to decrease sample viscosity 
or to facilitate handling of very small volumes of sample. 
The sample of substantially untreated Whole blood may 
optionally have added to it one or more accessory reagents 
that do not interfere With the binding of a target cell to the 
solid substrate, do not substantially alter the cells (including 
erythrocytes and White blood cells) in the Whole blood, and 
do not substantially alter the accuracy of a method of the 
invention (for example, as indicated by correlation of cell 
counts obtained by a method of the invention With cell 
counts obtained by How cytometric methods). The sample of 
untreated Whole blood may also be used directly, for 
example, used directly from a Whole blood collection device 
(such as a needle and syringe or a lancet) or dropped directly 
onto the solid substrate (such as from a ?nger puncture), 
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Without treatment With an anticoagulant or Without dilution. 
Preferably, the sample of Whole blood may be analyZed by 
the kit of the invention Within a relatively short period of 
time (Within about six hours) after the sample is collected. 
Preferably, the sample of Whole blood need not be refrig 
erated or otherWise chilled. 

[0047] Solid Substrate 

[0048] The solid substrate of kit of the invention can be 
substantially optically transparent, at least in the area of the 
substrate Where bound target cells are to be detected by the 
kit of the invention. The solid substrate can be glass, quartz, 
silicon, silica oxides, ceramics, polymeric plastics, cycloole 
?ns and copolymers thereof, cellulose polymers, metals, or 
composites made up of a combination of these materials. 
Glass includes silicate glass, silica carbonate glass, soda 
lime silica glass, as Well as non-silicon-based glasses such as 
polymeric glasses. Polymeric plastics include but are not 
limited to polystyrenes, polypropylenes, polyole?ns, poly 
carbonates, polyacrylamides, polyacrylates, polynitriles, 
polyurethanes, polyesters, polyethers, polyphenylenes, sili 
cones, ?uorocarbons, and the like. Polymeric plastics may 
include linear, branched, and substituted polymers. Poly 
mers may also be derived from biological substances, such 
as cellulose and other polysaccharides, silk and other 
polypeptides, and latex and other natural rubbers. Cellulose 
polymers include for example cellulose acetates, cellulose 
esters, and cellulose nitrates. All of these materials may be 
used singly or in combination as composites, for example, in 
combination as mixed polymers such as a polyamide-poly 
ethylene copolymer, or in combination as composites such 
as plastic-coated glass laminates. The solid substrate may be 
further treated in order to modify its surface. For example, 
the solid substrate may be cleaned, chemically or electro 
statically activated, etched, textured, smoothened, or other 
Wise modi?ed in order to improve its performance in the kit 
of the present invention. 

[0049] In one embodiment of the invention, the solid 
substrate of the kit is preferably optically transparent. This 
may be advantageous, for example, When detection of the 
target cell is by means of a simple or compound light 
microscope. The solid substrate may be optically transparent 
in some areas and non-optically transparent in other areas, 
for example, a slide that is opaque in some areas and 
optically transparent in other areas. In other embodiments of 
the invention, non-optically transparent solid substrates may 
also be used, for example, When the target cell is detectable 
by optical Wavelengths re?ecting off the solid substrate. 

[0050] In one aspect of the invention, the solid substrate of 
the kit comprises a substantially planar surface. The sub 
stantially planar surface need not be perfectly ?at and may 
be ?exible. Examples of substantially planar surfaces 
include but are not limited to glass slides, chips made out of 
glass (such as glass cover slips) or of other suitable materials 
such as quartz or plastic polymers, the bottom surface of a 
Well (such as a Well in a multi-Well plate), nonporous ?lms 
or membranes, porous ?lms or membranes, ?lters, meshes, 
or grids. The solid substrate may be of any shape, including 
square, rectangular, round, ovoid, or irregular or shape, that 
is convenient for a particular application. The siZe of the 
solid substrate may be any siZe that is convenient for a 
particular application, preferably a siZe that enhances or 
optimiZes ef?cient and cost-effective detection of a target 
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cell. Factors that may be considered in the design of the solid 
substrate include, but are not limited, to the type and relative 
abundance of a target cell in the sample, the nature of the 
binding interaction betWeen the speci?c binding agent and 
the target cell, the costs of the reagents and of manufacturing 
the solid substrate, and ease and ef?ciency of operation. 

[0051] In another aspect of the invention, the solid sub 
strate of the kit comprises a chamber. Such a chamber may 
be of predetermined dimensions, to hold a predetermined 
volume of sample. The volume of sample is selected to 
preferably give a suf?cient volume for an accurate detection 
and optional quanti?cation of a target cell, such as from 
about 1 nanoliter to about 100,000 microliters, or from about 
1 microliter to about 1000 microliters, or from about 1 
microliter to 20 microliters. The dimensions of the chamber 
may be of any dimensions necessary to hold the volume of 
sample, either as a single aliquot or as a ?oW-through sample 
With a volume that is larger than the chamber’ s volume. The 
dimensions of the chamber may permit it to hold from about 
1 nanoliter to about 100,000 microliters, or from about 1 
microliter to about 1000 microliters, or from about 1 micro 
liter to 20 microliters. Preferably, the dimensions of the 
chamber are selected to enhance or optimiZe ef?cient and 
cost-effective detection of a target cell. The chamber may be 
of any shape or siZe suitable to assaying a particular target 
cell, and need not be enclosed on all sides. One embodiment 
includes a glass slide that has on one surface a concave 
depression of su?icient depth to contain a liquid Within the 
depression. A chamber formed by such a depression may be 
optionally further enclosed, for example, by placing a cover 
slip over the chamber. A chamber formed by such a depres 
sion may be manufactured to hold a predetermined volume 
of sample. The chamber may be elongated, such as a 
chamber formed by a tubular or cylindrical structure. The 
chamber may have one or more dimensions that is relatively 
small or that is relatively large, such as in a capillary tube. 
The chamber may hold a predetermined volume of sample 
that is-introduced into the chamber as a single aliquot. It is 
also possible to How a volume of sample through the 
chamber that is larger than the chamber’s volume. The 
chamber may be ?tted With an inlet and With an outlet, such 
as With an inlet tube and With an outlet tube. 

[0052] The solid substrate of the kit may also include a 
pattern of predetermined dimensions. Such a pattern may be 
of a grid, a checkerboard, concentric circles, or any pattern 
useful in detecting and optionally quantifying target cells 
bound to the solid substrate. For example, the patten selected 
may have marks, such as lines forming a grid or checker 
board, delineating areas, preferably discrete areas of from 
about 0.0025 square millimeters to about 1 square millime 
ters, or from about 0.0025 square millimeters to about 0.1 
square millimeters, or from about 0.0025 square millimeters 
to about 0.04 square millimeters. One embodiment of a 
substrate comprising a pattern of predetermined dimensions 
is a glass slide that has on one surface a chamber consisting 
of a concave depression of su?icient depth to contain a 
liquid Within the depression, and that has a grid pattern 
printed, etched, or otherWise visibly marked on or projected 
onto the glass slide, particularly in the area of the chamber. 
In another embodiment, a pattern of predetermined dimen 
sions is located on a separate reference slide, Which may be 
used in conduction With a second glass slide that has on one 
surface a chamber. When the tWo slides are aligned, the 
chamber and the grid pattern visually overlap, at least in 
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part, thus visually dividing the chamber into discrete areas 
for convenience of an observer in detecting cells bound to 
the chamber. In such a case, the kit of the invention may 
provide a reusable reference slide. 

[0053] Multi-Layered Composition Including a Speci?c 
Binding Agent 

[0054] The multi-layered composition of the kit of the 
present invention comprises polyanion layers and polycation 
layers in an alternating arrangement that is substantially 
parallel to the surface of the solid substrate. The multi 
layered composition may comprise one or more polyanion 
layer, and one or more polycation layer. Preferably, the 
multi-layered composition comprises at least three polyionic 
(polyanionic or polycationic in an alternating arrangement) 
layers. The multi-layered composition may comprise up to 
about 5 polyionic layers, or up to about 10 polyionic layers, 
or up to about 30 polyionic layers. Each polyanion layer may 
be the same or different as another polyanion layer. Each 
polycation layer may be the same or different as another 
polycation layer. The ?rst layer adjacent to the surface of the 
solid substrate may be a polyanionic layer or a polycationic 
layer. Each polyanion layer is believed to be bound to each 
adjacent polycation layer primarily by electrostatic forces; 
hoWever, applicants do not intend to be limited to such a 
proposed mechanism. 

[0055] Each polyionic layer may comprise monomeric 
compounds bearing-the same charge, or polymeric com 
pounds bearing the same charge, or a combination of mono 
mers and polymers all bearing the same charge. A polyan 
ionic layer may comprise one or more monomeric 
compounds bearing one or more negative charges, or one or 
more polymeric compounds bearing multiple negative 
charges, or a combination of negatively charged monomers 
and polymers. A polycationic layer may comprise one or 
more monomeric compounds bearing one or more positive 
charges, or one or more polymeric compounds bearing 
multiple positive charges, or a combination of positively 
charged monomers and polymers. In an alternative embodi 
ment, a polyionic layer may comprise amphiphilic mono 
mers or amphiphilic polymers or a combination thereof. See, 
generally, US. Pat. No. 5,208,111, issued May 4, 1993, to 
Decher et al., Which is herein incorporated in its entirety. 

[0056] Suitable polyanions that may be used in the kit of 
the invention include polyphosphorus acids (for example, 
polyphosphoric, polyphosphonic, and polyphosphinic 
acids), polysulfur acids (for example, polysulfuric acids, 
polysulfonic acids, polysul?nic acids, polysulfenic acids, 
polysulfanilic acids, polysulfamidic acids, and polysulfamic 
acids), polyboric acids, polysilicic acids, polycarboxylic 
acids, anionic polyaminoacids, anionic polypeptides, 
anionic polyols, anionic polythiols, anionic polyimides, and 
combinations thereof. Anionic monomers of the above 
polyanions may optionally also be used. Suitable polyca 
tions that may be used in the kit of the invention include 
polyamines (for example, chitin, chitosan, glucosamine, 
poly-omithine, and the like), polyaminiums, polyammoni 
ums, polyphosphoniums, polyyliums, polyoxoniums, cat 
ionic polyols, cationic polythiols, cationic polyaminoacids 
(such as poly-lysine and poly-arginine), cationic polyalde 
hydes, and combinations thereof Cationic monomers of the 
above polycations, may optionally also be used. The poly 
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ionic (polycationic or polyanionic) layers may be derived 
from commercially available reagents, thus avoiding the 
need for chemical synthesis. 

[0057] The solid substrate itself may, if suitably charged, 
act in effect as a foundation polyionic layer; for example, 
When the solid substrate is a silica glass that has been treated 
With a strong alkali solution (such as a strong sodium 
hydroxide or potassium hydroxide solution), or When the 
solid substrate is treated in a manner that ioniZes the surface 
(such as by treatment With high voltage or plasma or 
appropriate chemical modi?cation), or When the solid sub 
strate has a naturally ioniZed surface (as occus, for example, 
in mica, certain ceramics, and certain biologically derived 
polymers). 

[0058] The multi-layered composition of the kit of the 
present invention further includes a speci?c binding agent 
that speci?cally binds the target cell of interest. The speci?c 
binding agent may be located on one or more loci on the 
solid support. For example, the speci?c binding agent may 
be located on on or more chambers on a single glass slide, 
or on the bottoms of one or more Wells in a multi-Well plate. 

The speci?c binding agent may be an intact antibody, such 
as a polyclonal or a monoclonal antibody. The speci?c 
binding agent may be an antibody fragment, such as an 
antigen-binding fragment or Fab, or an F(ab')2 fragment, or 
the antigen-binding site of an antibody (such as a comple 
mentarity-determining region of an antibody). In some 
embodiments, the speci?c binding agent is preferably a 
puri?ed, high affinity monoclonal antibody that speci?cally 
binds the target cell of interest. The speci?c binding agent 
may in other embodiments be an antigen, a ligand, or a 
receptor. The speci?c binding agent may bind to more than 
one type of cell, but preferably binds only one type of target 
cell that is found in a sample of Whole blood. The speci?c 
binding agent may be comprised of more than one reagent; 
for example, the speci?c binding agent may comprise more 
than one type of monoclonal antibody or antibody fragment, 
each of Which speci?cally binds the same type of target cell. 

[0059] The multi-layered composition may further include 
a high af?nity binding pair that serves to attach the speci?c 
binding agent to the solid substrate by a non-covalent 
binding reaction. Suitable high af?nity binding pairs include 
avidin and biotin, any protein that binds an immunoglobulin, 
and a ligand-receptor pair. Avidin includes avidin, modi?ed 
avidin (such as deglycosylated avidin), streptavidin, and 
derivatives thereof, Which bind biotin or its derivatives With 
high af?nity. Proteins that bind an immunoglobulin incude 
protein A, protein G, and protein L, and can be selected for 
their immunoglobulin speci?city. Examples of ligand-recep 
tor pairs that can serve as a high affinity binding pair include 
a small molecule and a macromolecule that binds the small 
molecule (for example, folic acid and a folate binding 
protein), and an antigen-antibody pair or hapten-antibody 
pair (for example, nitrophenol and anti-nitrophenol anti 
body). 

[0060] The high af?nity binding pair may be used to attach 
the speci?c binding agent to the solid substrate by either of 
tWo techniques. In the ?rst technique, the ?rst member of the 
high affinity binding pair is af?xed to the multi-layered 
composition, preferably to the top polyionic layer of the 
multi-layered composition, and preferably by a covalent 
bond. The second member of the high af?nity binding pair 
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is affixed to the speci?c binding agent, preferably in a 
manner that does not change the ability of the speci?c 
binding agent to bind to the target cell, and preferably by a 
covalent bond. When affixing either or both members of the 
high af?nity binding pair, the use of a linking arm may be 
desirable, for example to provide suf?cient ?exibility for the 
speci?c binding agent to bind the target cell. 

[0061] In the second technique, the high af?nity binding 
pair is characterized by multivalency. For example, avidin 
and its homologues are capable of binding up to four molar 
equivalents of biotin. In this second technique, one unit of 
the ?rst member (for example, biotin) of the high affinity 
binding pair is af?xed to the multi-layered composition, 
preferably to the top polyionic layer of the multi-layered 
composition, and preferably by a covalent bond. A second 
unit of the ?rst member of the high af?nity binding pair is 
af?xed to the speci?c binding agent, preferably in a manner 
that does not change the ability of the speci?c binding agent 
to bind to the target cell, and preferably by a covalent bond. 
The tWo units of the ?rst member of the binding pair both 
bind to the second member (for example, avidin) of the high 
af?nity binding pair, thus attaching the speci?c binding 
agent to the solid substrate by a non-covalent bond. When 
af?xing either or both members of the high af?nity binding 
pair, the use of a linking arm may be desirable, for example 
to provide suf?cient ?exibility for the speci?c binding agent 
to bind the target cell. 

[0062] Means for Providing a Sample 

[0063] The kit of the present invention may include means 
for providing a sample of untreated or substantially 
untreated Whole blood. A sample of Whole blood may be 
collected from a subject by any suitable means. In clinical 
settings, Whole blood is conventionally collected by aseptic 
venipuncture, aseptic ?nger puncture, or other aseptic skin 
puncture. Suitable means for providing a sample of 
untreated or substantially untreated Whole blood include 
partial-vacuum blood collection containers such as a Vacu 
tainer® or a Monovette®, a needle and syringe, or a lancet. 
Optionally, suitable means may include materials, such as 
gloves and other personal safety equipment, biohaZard dis 
posal containers, or decontamination materials, that aid in 
the safe handling of potentially haZardous samples. 

[0064] Means for Contacting Sample to Solid Substrate 

[0065] The kit of the present invention may include means 
for contacting a sample of untreated or substantially 
untreated Whole blood With the solid substrate of the kit. 
Suitable means can include a pipette, a capillary, a syringe, 
tubing, a pump, or a dropper. Optionally, suitable means 
may include materials, such as gloves and other personal 
safety equipment, biohaZard disposal containers, or decon 
tamination materials, that aid in the safe handling of poten 
tially haZardous samples. 

[0066] Means for Washing Solid Substrate 

[0067] The kit of the present invention may include means 
for Washing the solid substrate of the kit. Suitable means can 
include one or more Wash solutions such as sterile saline, 
phosphate-buffered saline, or an isotonic aqueous solution. 
Wash solutions may optionally contain a preservative, a 
detergent, a surfactant, a disinfectant, an antiseptic, or other 
ingredients. Suitable means can include devices for contact 
ing a Wash solution With the solid substrate. Examples of 
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such devices include pipettes, Wash bottles, spray bottles, 
droppers, or immersion containers. Preferably, the Washing 
means effectively removes unbound components of the 

sample from the solid substrate, but does not substantially 
remove target cells bound by the speci?c binding agent to 
the solid substrate, nor interferes With subsequent identi? 
cation of the bound target cells. Most preferably, the Wash 
ing means removes from the solid substrate all components 
of the sample that are not speci?cally bound by the speci?c 
binding agent. Optionally, suitable means may include mate 
rials, such as gloves and other personal safety equipment, 
biohaZard disposal containers, or decontamination materials, 
that aid in the safe handling of potentially haZardous 
samples. 

[0068] Means for Staining Bound Target Cells 

[0069] The kit of the present invention may include means 
for staining target cells bound to the solid substrate of the kit. 
Such means Will depend on the speci?c target cell to be 
detected. Suitable means can include dyes or stains that aid 

in distinguishing the target cell from other cells. Dyes 
include but are not limited to visible dyes and ?uorescent 
dyes, such as histological dyes. Stains include enzymatic 
stains that produce a visible change in appearance of a cell, 
such as a stain for peroxidase or for alkaline phosphatase. 
Dyes or stains may optionally indicate cell viability or 
metabolic condition. The amount of dye or stain retained by 
the target cells bound by the speci?c binding agent to the 
solid substrate may optionally be measured, directly (for 
example, by spectroscopic scanning of the solid substrate) or 
indirectly (for example, by spectroscopic or chromato 
graphic analysis of the dye or stain content of the target 
cells), and may further be used as a quantitative or semi 
quantitative measurement of the number of target cells 
bound to the solid substrate. Where the target cell is a 
lymphocyte, such as a CD4+ T-lymphocyte, a stain used in 
the kit of the invention is preferably a stain that speci?cally 
distinguishes lymphocytes from other blood cells. Option 
ally, target cells bound to the solid substrate may be pre 
served for future reference. For example, target cells bound 
to a glass slide of a kit of the invention may be optionally 
dehydrated and ?xed using a ?xative, and stored as a 
permanent record of the sample. Materials that are needed 
for optional preservation may also be included in the kit. 

[0070] Instructions for Use 

[0071] The kit of the invention may include instructions 
for the use of the kit. Such instructions may be in the form 

of a brochure, lea?et, pamphlet, booklet, or audiovisual 
materials. Preferably the instructions are suf?ciently detailed 
to permit a user of the kit to successfully use the kit to 
identify, and optionally to quantify, a target cell present in a 
sample of untreated or substantially untreated Whole blood. 
Such instructions may include instructions for mixing 
reagents, manipulating components of the kit, proper han 
dling of a sample, and optionally calculating absolute cell 
counts, guidance in safety measures and in interpreting 
results, and trouble-shooting instructions. 
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EXAMPLES 

Example 1 

Manufacture of a Solid Substrate Comprising a 
Multi-Layered Composition Comprising a Speci?c 
Binding Agent that Speci?cally Binds a Target Cell 

[0072] The folloWing example describes one method of 
making a solid substrate for detecting CD4+ T-lymphocytes 
in untreated or substantially untreated Whole blood. 

[0073] Preliminary acid-Washing. A glass microscope 
slide Was used as an optically transparent, solid substrate. 

The slide measured 25.4 millimeters Wide, 76.2 millimeters 
long, and 1.2 millimeters thick, and had a chamber consist 
ing of a single circular concavity of from 0.4 to 0.6 milli 
meters depth and from 13 to 15 millimeters diameter. Other 
siZes of slides and chambers may be used. For example, one 
may use a slide With a chamber of 10 millimeters diameter, 

Which can be used With a smaller sample volume, such as 5 
microliters. The slide Was soaked for tWo hours in a chromic 

acid cleaning solution (200 grams potassium dichromate in 
200 milliliters distilled Water and 2000 milliliters sulfuric 
acid). The chromic acid cleaned slide Was Washed With 
distilled Water 10 times. The slide Was incubated for 90 
minutes in an aqueous 5% nitric acid solution at 85 degrees 
Celsius, and Washed again With distilled Water 10 times. 
Slides acid-Washed as above may be stored in distilled Water 

prior to further processing. 

[0074] Polymer solution treatments. All incubations in 
polymer solutions Were carried out in a humidi?ed compart 
ment at room temperature, With each incubation folloWed by 
rinsing 10 times in distilled Water and drying under nitrogen 
gas. A glass slide that Was acid-Washed as above Was 

subjected to the folloWing treatments in the order given: 30 
minutes in an aqueous polyethyleneimine (PEI, catalogue 
number 18,197-8, Aldrich Chemical Company, Inc., Mil 
Waukee, Wis., USA) solution (20 milligrams per milliliter); 
20 minutes in a solution of polystyrene sulfonate sodium salt 

(PSS, catalogue number 222271000, Acros Organics, Geel, 
Belgium) (20 milligrams per milliliter in 2 molar aqueous 
sodium chloride); and 20 minutes in a poly-L-lysine (PLL, 
catalogue number P2636, Sigma Chemical Company, St. 
Louis, Mo., USA) solution (20 milligrams per milliliter in 2 
molar aqueous sodium chloride). These treatments resulted 
in the formation of a multi-layered compositions made up of 
three layers believed to be bound to each other by electro 
static forces: one layer each of tWo different polycations 
(polyethyleneimine and poly-L-lysine) and one layer of a 
polyanion (polystyrene sulfonate sodium salt) interspersed 
betWeen the tWo polycation layers. 

[0075] Antibody coating. The chamber of the dry, poly 
mer-treated slide Was treated for 5-6 hours in a humidi?ed 

compartment at room temperature-With 60 microliters of a 

biotin N-hydroxysuccinimide (catalogue number H1759, 
Sigma Chemical Company, St. Louis, Mo., USA) solution (5 
milligrams per milliliter in dimethylformamide (catalogue 
number 99-10-01, Shanghai Chemical Reagent Co., Ltd., 
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Shanghai, China) containing 1% (volume/volume) triethy 
lamine (catalogue number 000-80142, Kishida Chemical 
Co., Ltd., Osaka, Japan)), rinsed 10 times With distilled 
Water, and dried under nitrogen gas. This resulted in biotin 
covalently bonded to the top (poly-L-lysine) polyionic layer 
of the multi-layered composition. The chamber Was treated 
for 30 minutes in a humidi?ed compartment at room tem 

perature With 80 microliters of a streptavidin (catalogue 
number SA5000, Vector Laboratories, Inc., Burlingame, 
Calif., USA) solution (50 micrograms per milliliter in 150 
millimolar phosphate-bu?ered saline, pH 7.2 (PBS)), and 
rinsed 10 times With PBS. The chamber Was treated for 40 
minutes in a humidi?ed compartment at room temperature 
With 50 microliters of a biotinylated anti-human CD4 mono 

clonal antibody solution (Immunotech clone 13B8.2, cata 
logue number IM 0704, Beckman Coulter, Inc., Fullerton, 
Calif., USA) (5 micrograms per milliliter in PBS), and 
rinsed 10 times With PBS. The biotin unit that labels the 
antibody is in this example covalently bonded to the anti 
body, but this need not be the case. The antibody Was thus 
attached to the slide by a non-covalent binding reaction that 
may be represented thus: 

(antibody) —biotin ::: streptavidin ::: biotin-(solid sub 
strate). 

This example of a substrate comprising a multi-layered 
composition comprising a speci?c binding agent may be 
more fully represented thus: 

(antibody)—biotin ::: 
PSS ::: PEI ::: glass). 

streptavidin ::: biotin-(PLL ::: 

The slide Was stored at 4 degrees Celsium in a bovine serum 
albumin (catalogue number A7906, Sigma Chemical Com 
pany, St. Louis, Mo., USA) solution (1 milligram per 
milliliter in PBS containing 0.2% (Weight/volume) sodium 
aZide (catalogue number S8032, Sigma Chemical Company, 
St. Louis, Mo., USA)) prior to use in assays. 

Example 2 

Optimization of Reagent Conditions using 
Fluorescence Emission 

[0076] The folloWing example describes the determination 
of optimal concentrations of reagent solutions using a ?uo 
rescence emission method. Unless otherWise speci?ed, all 
reagent sources Were the same as those in Example 1. 

[0077] Polyethyleneimine and polystyrene sulfonate 
sodium salt concentrations. Glass slides are acid-Washed as 

described in Example 1. All incubations in polymer solu 
tions Were carried out at 25 degrees Celsius and 40% 
humidity, With each incubation folloWed by rinsing 10 times 
in distilled Water and drying under nitrogen gas. Individual 
slides Were subjected to the folloWing treatments in the order 
given: 30 minutes in an aqueous polyethyleneimine (PEI) 
solution (at a concentration of 0.2, 2, 20, or 200 milligrams 
per milliliter); 20 minutes in a solution of polystyrene 
sulfonate sodium salt (PSS) (at a concentration of 0.2, 2, 20, 
or 200 milligrams per milliliter in 2 molar aqueous sodium 
chloride); and 20 minutes in a solution of poly-L-lysine 
(PLL) labeled With ?uorescein isothiocyanate (PLL-FITC, 
catalogue number P3069, Sigma Chemical Company, St. 
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Louis, Mo., USA) (2 milligrams per milliliter in 2 molar 
aqueous sodium chloride). The slides Were placed on an 

ultraviolet transilluminator and irradiated at 480. nanom 

eters, and the relative ?uorescence emission intensity Was 

measured at 520 nanometers using a charge-coupled device 

(CCD) camera. The results are given in Table 1. 

TABLE 1 

concentration (milligrams per milliliter) 

poly-L-lysine relative 

polystyrene (labeled ?uorescence 

sulfonate With ?uorescein emission intensity 

polyethyleneimine sodium salt isothiocyanate) (520 nm) 

0 0 2 79.57 

0.2 0.2 2 72.72 

2 2 2 93.09 

20 20 2 99.38 

200 200 2 98.42 

[0078] Poly-L-lysine concentration. Glass slides are acid 

Washed as described in Example 1. All incubations in 

polymer solutions Were carried out at 25 degrees Celsius and 

40% humidity, With each incubation folloWed by rinsing 10 

times in distilled Water and drying under nitrogen gas. 

Individual slides Were subjected to the folloWing treatments 

in the order given: 30 minutes in an aqueous polyethylene 

imine (PEI) solution (20 milligrams per milliliter); 20 min 
utes in a solution of polystyrene sulfonate sodium salt (PSS) 

(20 milligrams per milliliter in 2 molar aqueous sodium 

chloride); and 20 minutes in a solution of poly-L-lysine 

(PLL) (at a concentration of 0.1, 2, 20, or 200 milligrams per 

milliliter in 2 molar aqueous sodium chloride). Slides thus 

polymer-treated Were incubated for 5-6 hours at 25 degrees 

Celsius and 40% humidity in a biotin N-hydroxysuccinim 

ide solution (20 milligrams per milliliter in dimethylforma 

mide containing 1% (volume/volume) triethylamine), rinsed 
10 times With distilled Water, and dried under nitrogen gas. 

Slides thus biotinylated Were incubated for 30 minutes at 25 

degrees Celsius and 40% humidity in a solution of strepta 

vidin labeled With ?uorescein isothiocyanate (catalogue 

number SA5001, Vector Laboratories, Inc., Burlingame, 
Calif., USA) (100 micrograms per milliliter in 150 milli 
molar phosphate-buffered saline, pH 7.2 (PBS)), and rinsed 
10 times With PBS. The slides Were placed on an ultraviolet 

transilluminator and irritated at 480 nanometers, and the 

relative ?uorescence emission intensity Was measured at 520 

nanometers using a charge-coupled device (CCD) camera. 

The results are given in Table 2. 
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TABLE 2 

concentration (milligrams per milliliter) relative 

streptavidin ?uorescence 

polystyrene (labeled with emission 

sulfonate biotin N- ?uorescein intensity 

polyethyleneimine sodium salt poly-L-lysine hydroxysuccinimide isothiocyanate) (520 nm) 

20 20 0 20 100 60.09 

20 20 0.2 20 100 64.83 

20 20 2 20 100 77.75 

20 20 20 20 100 94.32 

20 20 200 20 100 92.21 

[0079] Biotin in N-hydroxysuccinimide concentration. 
Glass slides are acid-washed as described in Example 1.All 
incubations in polymer solutions were carried out at 25 
degrees Celsius and 40% humidity, with each incubation 
followed by rinsing 10 times in distilled water and drying 
under nitrogen gas. Individual slides were subjected to the 
following treatments in the order given: 30 minutes in an 
aqueous polyethyleneimine (PEI) solution (20 milligrams 
per milliliter); 20 minutes in a solution of polystyrene 
sulfonate sodium salt (PSS) (20 milligrams per milliliter in 
2 molar aqueous sodium chloride); and 20 minutes in a 
solution of poly-L-lysine (PLL) (20 milligrams per milliliter 
in 2 molar aqueous sodium chloride). Slides thus polymer 
treated were incubated or 5-6 hours at 25 degrees Celsius 
and 40% humidity in a biotin N-hydroxysuccinimide solu 
tion (at a concentration of 1, 5, 10, 20, or 40 milligrams per 
milliliter in dimethylformamide containing 1% (volume/ 
volume) triethylamine), rinsed 10 times with distilled water, 
and dried under nitrogen gas. Slides thus biotinylated were 
incubated for 30 minutes at 25 degrees Celsius and 40% 
humidity in a solution of streptavidin labeled with ?uores 
cein isothiocyanate (catalogue number SA5001, Vector 
Laboratories, Inc., Burlingame, Calif., USA) (100 micro 
grams per milliliter in 150 millimolar phosphate-buffered 
saline, pH 7.2 (PBS)), and rinsed 10 times with PBS. The 
slides were placed on an ultraviolet transilluminator and 
irradiated at 480 nanometers, and the relative ?uorescence 
emission intensity was measured at 520 nanometers using a 
charge-coupled device (CCD) camera. The results are given 
in Table 3. 

[0080] Biotin N-hydroxysuccinimide reaction time. Glass 
slides are acid-washed as described in Example 1. All 
incubations in polymer solutions were carried out at 25 
degrees Celsius and 40% humidity, with each incubation 
followed by rinsing 10 times in distilled water and drying 
under nitrogen gas. Individual slides were subjected to the 
following treatments in the order given: 30 minutes in an 
aqueous polyethyleneimine (PEI) solution (20 milligrams 
per milliliter); 20 minutes in a solution of polystyrene 
sulfonate sodium salt (PSS) (20 milligrams per milliliter in 
2 molar aqueous sodium chloride); and 20 minutes in a 
solution of poly-L-lysine (PLL) (20 milligrams per milliliter 
in 2 molar aqueous sodium chloride). Slides thus polymer 
treated were incubated for 2, 5.5, or 20 hours at 25 degrees 
Celsius and 40% humidity in a biotin N-hydroxysuccinim 
ide solution (5 milligrams per milliliter in dimethylforma 
mide containing 1% (volume/volume) triethylamine), rinsed 
10 times with distilled water, and dried under nitrogen gas. 
Slides thus biotinylated were incubated for 30 minutes at 25 
degrees Celsius and.40% humidity in a solution of strepta 
vidin labeled with ?uorescein isothiocyanate (catalogue 
number SA5001, Vector Laboratories, Inc., Burlingame, 
Calif., USA) (100 micrograms per milliliter in 150 milli 
molar phosphate-bulfered saline, pH 7.2. (PBS)), and rinsed 
10 times with PBS. The slides were placed on an ultraviolet 
transilluminator and irradiated at 480 nanometers, and the 
relative ?uorescence emission intensity was measured at 520 
nanometers using a charge-coupled device (CCD) camera. 
The results are given in Table 4. 

TABLE 3 

concentration (milligram per milliliter) relative 

streptavidin ?uorescence 
polystyrene (labeled with emission 
sulfonate poly-L- biotin N- ?uorescein intensity 

polyethyleneimine sodium salt lysine hydroxysuccinimide isothiocyanate) (520 nm) 

20 20 20 0 0.100 83.86 
20 20 20 1 0.100 104.91 

20 20 20 5 0.100 115.8 
20 20 20 10 0.100 107.25 
20 20 20 20 0.100 106.81 

20 20 20 40 0.100 89.78 
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[0083] Polyethyleneimine, polystyrene sulfonate sodium 
TABLE 4 salt, and poly-L-lysine concentrations. Glass slides are acid 

Washed as described in Example 1. All incubations in 
N_hydmf;:3:cinimide relative ?uorescence polymer solutions Were carried out at 18 degrees Celsius and 

Ramon mm mission int?nsity 34% humidity, With each incubation folloWed by rinsing 10 
(hours) (520 nm) times in distilled Water and drying under nitrogen gas. 

Individual slides Were subjected to the folloWing treatments 
2 89.77 . . . . 

55 102] 1n the order g1ven: 30 minutes in an aqueous polyethylene 
20 9333 imine (PEI) solution (at a concentration of 0.2, 2, 20, or 200 

milligrams-per milliliter); 20 minutes in a solution of poly 
styrene sulfonate sodium salt (PSS) (at a concentration of 

[0081] Streptavidin concentration. Glass slides are acid- 0.2, 2, 20, or 200 milligrams per milliliter in 2 molar 
Washed as described in Example 1. All incubations in aqueous sodium chloride); and 20 minutes in a solution of 
polymer solutions Were carried out at 25 degrees Celsius and poly-L-lysine (PLL) (at a concentration of 0.2, 2, 20, or 200 
40% humidity, With each incubation folloWed by rinsing 10 milligrams per milliliter in 2 molar aqueous sodium chlo 
times in distilled Water and drying under nitrogen gas. ride). The chamber of each slide thus polymer-treated Was 
Individual slides Were subjected to the folloWing treatments treated for 5-6 hours at 18 degrees Celsius and 34% humid 
in the order given: 30 minutes in an aqueous polyethylene- ity With 60 microliters of a biotin V-hydroxysuccinimide 
imine (PEI) solution (20 milligrams per milliliter); 20 min- solution (5 milligrams per milliliter in dimethylformamide 
utes in a solution of polystyrene sulfonate sodium salt (PSS) containing 1% (volume/volume) triethylamine), rinsed 10 
(20 milligrams per milliliter in 2 molar aqueous sodium times With distilled Water, and dried under nitrogen gas. The 
chloride); and 20 minutes in a solution of poly-L-lysine chamber of each slide thus biotinylated Was treated for 30 
(PLL) (20 milligrams per milliliter in 2 molar aqueous minutes at 18 degrees Celsius and 34% humidity With 80 
sodium chloride). Slides thus polymer-treated Were incu- microliters of a streptavidin solution (50 micrograms per 
bated for 5-6 hours at 25 degrees Celsius and 40% humidity milliliter in 150 millimolar phosphate-bu?ered saline, pH 
in a biotin N-hydroxysuccinimide solution (5 milligrams per 7.2 (PBS)), and rinsed 10 times With PBS. Individual 
milliliter in dimethylformamide containing 1% (volume/ chambers of slides thus streptavidinated received either 100 
volume) triethylamine), rinsed 10 times With distilled Water, microliters of a solution of biotinylated horseradish peroxi 
and dried under nitrogen gas. Slides thus biotinylated Were dase (catalogue number P9568, Sigma Chemical Company, 
incubated for 30 minutes at 25 degrees Celsius and 40% St. Louis, Mo., USA) (10 nanograms per milliliter in PBS 
humidity in a solution of streptavidin labeled With ?uores- containing 0.05% (volume/volume) TWeen-20 (catalogue 
cein isothiocyanate (catalogue number SA5001 Vector number P3563, Sigma Chemical Company, St. Louis, Mo., 
Laboratories, Inc., Burlingame, Calif., USA) (at a concen- USA)) or 100 microliters of streptavidin labeled With horse 
tration of 10, 25, 50, or 100 micrograms per milliliter in 150 radish peroxidase (catalogue number S5512, Sigma Chemi 
millimolar phosphate-bu?ered saline, pH 7.2 (PBS)), and cal Company, St. Louis, Mo., USA) (10 nanograms per 
rinsed 10 times With PBS. The slides Were placed on an milliliter in PBS containing 0.05% (volume/volume) TWeen 
ultraviolet transilluminator and irradiated at 480 nanom- 20), Were incubated for 30 minutes at 18 degrees Celsius and 
eters, and the relative ?uorescence emission intensity Was 34% humidity, and rinsed 10 times With PBS. Each chamber 
measured at 520 nanometers using a charge-coupled device received 100 microliters of 3,3',5,5'-tetramethylbenZidine 
(CCD) camera. The results are given in Table 5. solution (TMB Liquid Substrate System, catalogue number 

TABLE 5 

concentration (milligrams per milliliter) relative 

streptavidin ?uorescence 
polystyrene (labeled With emission 
sulfonate biotin N- ?uorescein intensity 

polyethyleneimine sodium salt poly-L-lysine hydroxysuccinimide isothiocyanate) (520 nm) 

20 20 20 5 0.010 66.87 

20 20 20 5 0.025 90.72 

20 20 20 5 0.050 101.2 

20 20 20 5 0.100 93.33 

Example 3 T8665, Sigma Chemical Company, St. Louis, Mo., USA) 
Optimization of Reagent Conditions by Peroxidase and Was incubated for 15 minutes at 18 degrees Celsius and 

Reaction 34% humidity. The enzymatic reaction Was stopped by the 

[0082] The following example describes the determination addition of 50 m1crol1ters aqueous 0.5 molar sulfuric acid. 
of Optimal Concentrations of reagent Solutions using a Per_ The absorbance of the react1on mixture Was measured With 
oxidase reaction method. Unless otherWise speci?ed, all a UV Spectrophotometer at 450 nanometers- The results are 
reagent sources Were the same as those in Example 1. given in Table 6. 
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TABLE 6 
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concentration ngZmL 

concentration (rng/rnL) streptavidin 

polystyrene biotinylated (labeled With 
sulfonate horseradish horseradish absorb ance 

polyethyleneimine sodium salt poly-L-lysine peroxidase peroxidase) (450 nm) 

20 20 20 0 10 0.072 
0.2 0.2 0.2 10 0 0.234 
2 2 2 10 0 0.5 83 

20 20 20 10 0 1.21 
200 200 200 10 0 0.965 

[0084] Biotin N-hydroxysuccinimide concentration. Glass 
slides are acid-Washed as described in Example 1. All 
incubations in polymer solutions Were carried out at 16 
degrees Celsius and 58% humidity, and Were followed by 
rinsing 10 times in distilled Water and drying under nitrogen 
gas. Individual slides Were subjected to the following treat 
ments in the order given: 30 minutes in an aqueous poly 
ethyleneimine (PEI) solution (20 milligrams per milliliter); 
20 minutes in a solution of polystyrene sulfonate sodium salt 
(PSS) (20 milligrams per milliliter in 2 molar aqueous 
sodium chloride); and 20 minutes in a solution of poly-L 
lysine (PLL) (20 milligrams per milliliter in 2 molar aqueous 

St. Louis, Mo., USA) (10 nanograms per milliliter in PBS 
containing 0.05% (volume/volume) Tween-20), Were incu 
bated for 30 minutes at 16 degrees Celsius and 58% humid 
ity, and rinsed 10 times With PBS. Each chamber received 
100 microliters of 3,3',5,5'-tetramethylbenZidine solution 
(TMB Liquid Substrate System, catalogue number T8665, 
Sigma, St. Louis, Mo., USA) and Was incubated for 15 
minutes at 16 degrees Celsius and 58% humidity. The 
enzymatic reaction Was stopped by the addition of 50 
microliters aqueous 0.5 molar sulfuric acid. The absorbance 
of the reaction mixture Was measured With a UV spectro 
photometer at 450 nanometers. The results are given in Table 
7. 

TABLE 7 

concentration ngZmL 

concentration (mg/rnL) streptavidin 

polystyrene biotinylated (labeled With 
sulfonate horseradish horseradish absorbance 

polyethyleneimine sodium salt poly-L-lysine streptavidin peroxidase peroxidase) (450 nm) 

20 20 20 0.050 0 10 0.071 
20 20 20 0.010 10 0 0.437 
20 20 20 0.025 10 0 0.946 
20 20 20 0.050 10 0 1.243 
20 20 20 0.100 10 0 1.165 

sodium chloride). The chamber of each slide thus polymer 
treated Was treated for 5-6 hours at 16 degrees Celsius and 
58% humidity With 60 microliters of a biotin N-hydroxysuc 
cinimide solution (5 milligrams per milliliter in dimethyl 
formamide containing 1% (volume/volume) triethylamine), 
then rinsed 10 times With distilled Water and dried under 
nitrogen gas. The chamber of each slide thus biotinylated 
Was treated for 30 minutes at 16 degrees Celsius and 58% 
humidity With 80 microliters of a streptavidin solution (at a 
concentration of 10, 25, 50, or 100 micrograms per milliliter 
in 150 millimolar phosphate-buffered saline, pH 7.2 (PBS)), 
then rinsed 10 times With PBS. Individual chambers of slides 
thus streptavidinated received either 100 microliters of a 
solution of biotinylated horseradish peroxidase (catalogue 
number P9568, Sigma Chemical Company, St. Louis, Mo., 
USA) (10 nanograms per milliliter in PBS containing 0.05% 
(volume/volume) Tween-20 (catalogue number P3563, 
Sigma Chemical Company, St. Louis, Mo., USA)), or 100 
microliters of streptavidin labeled With horseradish peroxi 
dase (catalogue number S5512, Sigma Chemical Company, 

[0085] Biotin N-hydroxysuccinimide reaction time. Glass 
slides are acid-Washed as described in Example 1. All 
incubations in polymer solutions Were carried out at 16 
degrees Celsius and 38% humidity, and Were folloWed by 
rinsing 10 times in distilled Water and drying under nitrogen 
gas. Individual slides Were subjected to the folloWing treat 
ments in the order given: 30 minutes in an aqueous poly 
ethylencimine (PEI) solution (20 milligrams per milliliter); 
20 minutes in a solution of polystyrene sulfonate sodium salt 
(PSS) (20 milligrams per milliliter in 2 molar aqueous 
sodium chloride); and 20 minutes in a solution of poly-L 
lysine (PLL) (-20 milligrams per milliliter in 2 molar 
aqueous sodium chloride). The chamber of each slide thus 
polymer-treated Was treated for 2, 5.5, or 20 hours at 16 
degrees Celsius and 38% humidity With 60 microliters of a 
biotin N-hydroxysuccinimide solution (5 milligrams per 
milliliter in dimethylformamide containing 1% (volume/ 
volume) triethylamine), then rinsed 10 times With distilled 
Water and dried under nitrogen gas. The chamber of each 
slide thus biotinylated Was treated for 30 minutes at 16 
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degrees Celsius and 38% humidity With 80 microliters of a 
streptavidin solution (50 micrograms per milliliter in 150 
millimolar phosphate-buffered saline, pH 7.2 (PBS)), then 
rinsed 10 times With PBS. Individual chambers of slides thus 
streptavidinated received either 100 microliters of a solution 
of biotinylated horseradish peroxidase (catalogue number 
P9568, Sigma Chemical Company, St. Louis, Mo., USA) 
(10 nanograms per milliliter in PBS containing 0.05% 
(volume/volume) Tween-20 (catalogue number P3563, 
Sigma Chemical Company, St. Louis, Mo., USA)), or 100 
microliters of streptavidin labeled With horseradish peroxi 
dase (catalogue number S5512, Sigma Chemical Company, 
St. Louis, Mo., USA) (10 nanograms per milliliter in PBS 
containing 0.05% (volume/volume) TWeen-20), Were incu 
bated for 30 minutes at 16 degrees Celsius and 38% humid 
ity, and rinsed 10-times With PBS. Each chamber received 
100 microliters of 3,3',5,5'-tetramethylbenZidine solution 
(TMB Liquid Substrate System, catalogue number T8665, 
Sigma, St. Louis, Mo., USA) and Was incubated for 15 
minutes at 16 degrees Celsius and 38% humidity. The 
enZymatic reaction Was stopped by the addition of 50 
microliters aqueous 0.5 molar sulfuric acid. The absorbance 
of the reaction mixture Was measured With a UV spectro 
photometer at 450 nanometers. The results are given in Table 
8. 

TABLE 8 

concentration ngZmL 

streptavidin 
Biotin biotinylated (labeled With 

N-hydroxysuccinimide horseradish horseradish absorbance 
reaction time (hours) peroxidase peroxidase) (450 nm) 

5.5 0 10 0.055 
2 10 0 0.627 
5.5 10 0 1.176 

20 10 0 0.786 

Example 4 

A Method for Detecting a Target Cell in Untreated 
or Substantially Untreated Whole Blood 

[0086] The folloWing describes an example of a method 
for detecting a target cell present in a sample of untreated or 
substantially untreated Whole blood. Unless otherWise speci 
?ed, all reagent sources Were the same as those in Example 
1. 

[0087] Whole blood may be collected from a subject by 
any suitable technique, such as by aseptic venipuncture, 
aseptic ?nger puncture, or other aseptic skin puncture. Cell 
counts obtained by How cytometry are generally made using 
Whole blood collected by aseptic venipunture. Since Whole 
blood obtained by aseptic venipuncture differs in composi 
tion from that obtained by aseptic skin puncture techniques, 
cell counts using the method of the present invention, for 
direct comparison with How cytometric measurements, are 
generally made on Whole blood cells collected by aseptic 
venipunture. 
[0088] Whole blood used in this method is untreated or 
substantially untreated. The Whole blood is not subjected to 
erythrocyte lysis, concentration, centrifugation, ?ltration, 
bulfy coat preparation, or plasma removal. The Whole blood 
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can be diluted into saline or other suitable diluent. The 
volume of diluted Whole blood required for this assay is very 
small (5 to 10 microliters), and for this reason it is conve 
nient to use a larger volume sample of Whole blood that is 
treated With an anticoagulant (such as an ethylenediamine 
tetraacetic (EDTA) salt, anticoagulant citrate dextrose 
(ACD), or heparin). The Whole blood sample should be 
stored at room temperature (betWeen 18 and 25 degrees 
Celsius) and processed Within about 6 hours When possible. 
The Whole blood sample should not be chilled or refriger 
ated. 

[0089] A 1-milliliter sample of peripheral blood Was 
obtained from a healthy volunteer by aseptic venipuncture. 
The Whole blood Was collected into a vessel containing an 
EDTA salt. A subsample of the Whole blood Was diluted 
40-fold by pipetting 50 microliters of the anticoagulated 
Whole blood into 1950 microliters of 150 millimolar phos 
phate-bulfered saline, pH 7.2 (PBS) in a 5-milliliter tube, 
folloWed by mixing by mechanical agitation. 

[0090] In this example, the target cells Were CD4+ T-lym 
phocytes. An anti-human CD4 monoclonal antibody-coated 
glass slide prepared as in Example 1 Was used as the solid 
substrate in the cell count assay. The glass slide Was rinsed 
With PBS and-the slide Wiped dry except for the antibody 
coated chamber. Ten microliters of the 40-fold diluted Whole 
blood sample Was pipetted into the chamber and the slide 
incubated in a humidi?ed compartment for 30 minutes at 
room temperature. The slide Was rinsed 10 times With PBS. 
Cells bound to the chamber Were stained for peroxidase and 
counterstained as folloWs. Cells bound to the chamber Were 
incubated for 1 minute at room temperature in a feW drops 
of a ?rst peroxidase staining solution (0.3 grams benZidine 
(catalogue number Q/ SJY H, Yuanhang Reagent, China) and 
1 milliliter 36% sodium nitroferricyanide (catalogue number 
20040414, Shanghai Chemical Reagent Co., Ltd., Shanghai, 
China) in 99 milliliters 95% ethanol). A feW drops of a 
second peroxidase staining solution (0.01% aqueous hydro 
gen peroxide (catalogue number 098004, Shanghai Jinlu 
Reagent Co., Ltd., Shanghai, China)) Was added, the tWo 
solutions mixed in the chamber, the cells incubated in this 
mixture for 4 minutes at room temperature, and the chamber 
rinsed With Water. Cells bound to the chamber Were option 
ally decoloriZed With 95% ethanol, rinsed With distilled 
Water, and counterstained With fuchsin basic (catalogue 
number 71019654, Shanghai Chemical Reagent Co., Ltd., 
Shanghai, China). Fuchsin basic or nuclear fast red are the 
preferred counterstains in this example, although stains such 
as Wright’s stain or others-can be used according to the, type 
of target cell. No second antibody Was necessary nor-used 
for detection of the target cell. 

[0091] The cell counting assay used a reference slide that 
had printed on its surface a pattern, consisting of a 3-by-3 
grid made up of tWo perpendicularly intersecting pairs of 
lines, of predetermined dimensions and of the same planar 
diameter as that of the circular chamber of the antibody 
coated slide. The antibody-coated slide Was placed atop the 
reference slide, and the tWo slides placed horiZontally on a 
light microscope stage, so that to an observer vieWing the 
slides through the microscope, the circumferences of the 
chamber and of the grid pattern Were aligned, and the 
chamber appeared to be divided into nine roughly equal 
siZed sectors. Another example of a reference slide is a slide 
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having a 1 millimeter by 1 millimeter checkerboard pattern 
etched on its surface; this is useful for example With 10-fold 
magni?cation. 

[0092] The pattern is for convenience of the observer in 
counting cells bound to the chamber. A pattern of predeter 
mined dimensions could, alternatively, be printed, etched, or 
otherWise visibly marked on or projected onto the surface of 

the antibody-coated slide itself. 

[0093] The CD4+ T-lymphocytes Were identi?ed as those 
target cells bound to the chamber that Were red-to-pink 
colored With fuchsin basic stain, peroxidase-negative, and 
lacked a black or broWn grainy appearance. Non-speci?cally 

bound, non-target cells Were identi?ed as leukocytes bound 
to the chamber that had a black or broWn grainy appearance, 

such as monocytes and neutrophils. CD4+ T-lymphocytes 
Were counted from each of the nine grid sectors and the nine 
values summed to give a total CD4+ T-lymphocyte count. 
This number Was divided by the volume in microliters of 

diluted blood analyZed, and multiplied by the dilution factor, 
as a direct measurement of the absolute cell count of CD4+ 

T-lymphocytes per microliter of Whole blood. 

[0094] This example of a method for detecting a target cell 
present in a sample of untreated or substantially untreated 
Whole blood may be applied using different siZes of slides 
and chambers. Smaller chambers use smaller volumes of 

sample or reagents, and may require a shorter observation 
time for detecting target cells bound to the solid substrate. 
For example, a slide With a chamber of 10 millimeters 
diameter Was used With a smaller sample volume (5 micro 
liters of 20-fold diluted Whole blood), to give substantially 
the same results-as those obtained With a slide With a 
chamber of 13 to 15 millimeters diameter used With a 10 
microliter sample of 40-fold diluted Whole blood. Con 
versely, larger chambers, larger surface area of the solid 
substrate (for example, Where the solid substrate is substan 
tially planar), a higher effective concentration of the speci?c 
binding agent that speci?cally binds the target cell of inter 
est, or larger sample siZes may be desirable for detecting 
relatively rare target cells. 
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Example 5 

Optimization of Conditions for Binding a Target 
Cell in Untreated or Substantially Untreated Whole 
Blood. Unless OtherWise Speci?ed, all Reagent 
Sources Were the Same as Those in Example 1 

[0095] The folloWing example describes the determination 
of optimal conditions (concentrations of reagent solutions 
and sample incubation time) for binding a target cell present 
in a sample of untreated or substantially untreated Whole 
blood. 

[0096] Polyethyleneimine, polystyrene sulfonate sodium 
salt, and poly-L-lysine concentrations. Cell counts Were 
carried out using Whole blood from a healthy volunteer and 
the procedure described in Example 4, except that the glass 
slides Were treated With solutions of polyethyleneimine, 
polystyrene sulfonate sodium salt, and poly-L-lysine at 
concentrations of 2, 20, or 200 milligrams per milliliter. The 
sample of diluted Whole blood Was incubated in the anti 
body-coated chamber at 15 degrees Celsius and 32% humid 
ity. The results are given in Table 9. 

[0097] The Whole blood sample Was also analyZed by How 
cytometry and conventional hemocytological analysis to 
obtain an absolute CD4+ T-lymphocyte count for compari 
son. Cell counts by conventional hemocytological analysis 
Were: 4800 White blood cells, 1600 total lymphocytes, 500 
mixed monocytes, eosinopbils, and basophils. FloW cytom 
etry Was carried out With a How cytometer (model Bryte HS, 
BioRad Laboratories, Inc., Hercules, Calif., USA), equipped 
With a xenon laser operating at a laser period of 350 to 600 
nanometers, and 520 nanometer and 570 nanometer ?lters 
(for ?uorescein analysis and phycoerythrin analysis, respec 
tively). The How cytometer Was operated With a ?uoroscein 
sensitivity of less than 1000 MESF (molecules of equivalent 
soluble ?uorescein), a scattered light sensitivity of 0.22 
micrometers, and a differentiation rate of 0.02 micrometers. 
A combination CD4/ CD8 ?uorescent labelling reagent, con 
sisting of ?uorescein-labelled anti-human CD4 monoclonal 
antibody from clone 13B8.2 and phycoerythrin-labelled 
anti-human CD4 monoclonal antibody from clone B9.11 
(lmmunotech catalogue number 1M 1385, Beckman Coulter, 
lnc., Fullerton, Calif., USA) Was used to label the How 
cytometry samples. By ?oW cytometric analysis, CD4+ 
T-lymphocytes Was measured at 34.2% of the total lympho 
cytes (equivalent to 547 CD4+ T-lymphocytes in 1600 total 
lymphocytes). 

TABLE 9 

CD4+ 

Absolute CD4+ T-lymphocytes 

Polymer Total T-lymphocyte (% of total 
concentration cells count, cells/[1L lymphocytes) 
(mgmL) GRID Cells counted per grid sector in (discrepancy (discrepancy 

PEI PSS PLL SECTOR 1 2 3 4 5 6 7 8 9 grid from PC + H*) from PC + H*) 

2 2 2 CD4’' cells 8 10 6 24 56 26 16 39 19 204 816 51.0% 

Positive 16 24 18 28 68 34 23 54 21 286 (269) (17.9%) 

cells 

20 20 20 CD4’' cells 3 10 4 19 41 20 9 20 132 528 33.0% 

Positive 3 5 2 3 7 3 2 5 3 33 (—19) (—1.2%) 

cells 



US 2007/0134713 A1 

TABLE 9-continued 
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Polymer 
concentration 

mgZmL GRID Cells counted per grid sector 

CD4+ 
Absolute CD4+ T-lymphocytes 

Total T-lymphocyte (% of total 
cells count, cells/11L lymphocytes) 
in (discrepancy (discrepancy 

PEI PSS PLL SECTOR 1 2 3 4 5 6 7 s 9 grid from PC + 11*) from PC + 11*) 

200 200 200 CD4+ cells 3 10 4 13 35 7 5 1s 3 98 392 24.5% 

Positive 1 0 0 3 5 4 2 7 0 22 (-155) (-9.7%) 
cells 

*Values in parentheses give the discrepancy betWeen the absolute CD4+ cell count or percentage, respectively, obtained 
by the method of the invention (in cells per microliter) from that obtained by flow cytometric CD4+ analysis and 
hemocytometric cell counts (PC + H). 

[0098] Biotin N-hydroxysuccinimide concentration. Cell 
counts Were carried out using Whole blood from a healthy 
volunteer and the procedure described in Example 4, except 
that the glass slides Were treated With solutions of biotin 
N-hydroxysuccinimide at concentrations of 1, 5, or 20 
milligrams per milliliter. The sample of diluted Whole blood 
Was incubated in the antibody-coated chamber at 16 degrees 
Celsius and 38% humidity. The results are given in Table 10. 

antibody from clone 1 3B8.2 and phycoerythrin-labelled 
anti-human CD4 monoclonal antibody from clone B9.11 
(Immunotech catalogue number 1M 1385, Beckman Coulter, 
Inc., Fullerton, Calif, USA) Was used to label the How 
cytometry samples. By ?oW cytometric analysis, CD4+ 
T-lymphocytes Was measured at 33.4% of the total lympho 
cytes (equivalent to 634 CD4+ T-lymphocytes in 1900 total 
lymphocytes). 

TABLE 10 

CD4’' 
Biotin Absolute CD4+ T-lymphocytes 

N-hydroxy- Total T-lymphocyte (% of total 
succinimide cells count, cells/11L lymphocytes) 
concentration GRID Cells counted per grid sector in (discrepancy (discrepancy 

(mgmL) SECTOR 1 2 3 4 5 6 7 8 9 grid from PC + H*) from PC + H*) 

1 1 1 CD4+ cells 11 24 13 21 65 19 13 32 17 215 860 45.3% 
Positive 20 29 17 29 67 34 21 37 25 279 (22 6) (11.9%) 
cells 

5 5 5 CD4+ cells 4 12 5 15 45 23 13 23 16 156 624 32.8% 
Positive 4 7 4 8 14 9 2 5 7 60 (—10) (—0.6%) 
cells 

20 20 20 CD4’' cells 3 10 4 13 46 16 13 25 7 137 548 28.8% 

Positive 0 3 0 5 9 3 5 5 2 32 (—86) (—5.6%) 
cells 

*Values in parentheses give the discrepancy betWeen the absolute CD4+ cell count or percentage, respectively, 
obtained by the method of the invention (in cells per microliter) from that obtained by floW cytometric CD4+ analy 
sis and hemocytometric cell counts (PC + H). 

[0099] The Whole blood sample Was also analyzed by How 
cytometry and conventional hemocytological analysis to 
obtain an absolute CD4+ T-lymphocyte count for compari 
son. Cell counts by conventional hemocytological analysis 
Were: 5200 White blood cells, 1900 total lymphocytes, 600 
mixed monocytes, eosinophils, and basophils. FloW cytom 
etry Was carried out With a How cytometer (model Bryte HS, 
BioRad Laboratories, Inc., Hercules, Calif, USA), equipped 
With a xenon laser operating at a laser period of 350 to 600 
nanometers, and 520 nanometer and 570 nanometer ?lters 
(for ?uorescein analysis and phycoerythrin analysis, respec 
tively). The How cytometer Was operated With a ?uoroscein 
sensitivity of less than 1000 MESF (molecules of equivalent 
soluble ?uorescein), a scattered light sensitivity of 0.22 
micrometers, and a differentiation rate of 0.02 micrometers. 
A combination CD4/CD8 ?uorescent labelling reagent, con 
sisting of ?uorescein-labelled anti-human CD4 monoclonal 

[0100] Streptavidin concentration. Cell counts Were car 
ried out using Whole blood from a healthy volunteer and the 
procedure described in Example 4, except that the glass 
slides Were treated With solutions of streptavidin at concen 
trations of 10, 50, or 100 micrograms per milliliter. The 
sample of diluted Whole blood Was incubated in the anti 
body-coated chamber at 17 degrees Celsius and 54% humid 
ity. The results are given in Table 11. 

[0101] The Whole blood sample Was also analyzed by How 
cytometry and conventional hemocytological analysis to 
obtain an absolute CD4+ T-lymphocyte count for compari 
son. Cell counts by conventional hemocytological analysis 
Were: 4900 White blood cells, 1650 total lymphocytes, 500 
mixed monocytes, eosinophils, and basophils. FloW cytom 
etry Was carried out With a How cytometer (model Bryte HS, 
BioRad Laboratories, Inc., Hercules, Calif, USA), equipped 
With a xenon laser operating at a laser period of 350 to 600 



US 2007/0134713 A1 

nanometers, and 520 nanometer and 570 nanometer ?lters 
(for ?uorescein analysis and phycoerythrin analysis, respec 
tively). The How cytometer Was operated With a ?uoroscein 
sensitivity of less than 1000 MESF (molecules of equivalent 
soluble ?uorescein), a scattered light sensitivity of 0.22 
micrometers, and a differentiation rate of 0.02 micrometers. 
A combination CD4/CD8 ?uorescent labelling reagent, con 
sisting of ?uorescein-labelled anti-human CD4 monoclonal 
antibody from clone 13B8.2 and phycoerythrin-labelled 
anti-human CD4 monoclonal antibody from clone B9. 11 
(lmmunotech catalogue number 1M 1385, Beckman Coulter, 
lnc., Fullerton, Calif., USA) Was used to label the How 
cytometry samples. By ?oW cytometric analysis, CD4+ 
T-lymphocytes Was measured at 33.8% of the total lympho 
cytes (equivalent to 557 CD4+ T-lymphocytes in 1650 total 
lymphocytes). 
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[0103] The Whole blood sample Was also analyZed by How 
cytometry and conventional hemocytological analysis to 
obtain an absolute CD4+ T-lymphocyte count for compari 
son. Cell counts by conventional hemocytological analysis 
Were: 5300 White blood cells, 2050 total lymphocytes, 600 
mixed monocytes, eosinophils, and basophils. FloW cytom 
etry Was carried out With a How cytometer (model Bryte HS, 
BioRad Laboratories, Inc., Hercules, Calif., USA), equipped 
With a xenon laser operating at a laser period of 350 to 600 
nanometers, and 520 nanometer and 570 nanometer ?lters 
(for ?uorescein analysis and phycoerythrin analysis, respec 
tively). The How cytometer Was operated With a ?uoroscein 
sensitivity of less than 1000 MESF (molecules of equivalent 
soluble ?uorescein), a scattered light sensitivity of 0.22 
micrometers, and a differentiation rate of 0.02 micrometers. 
A combination CD4/ CD8 ?uorescent labelling reagent, con 

TABLE 11 

CD4+ 
Absolute CD4+ T-lymphocytes 

Total T-lymphocyte (% of total 
Streptavidin cells count, cells/11L lymphocytes) 
concentration GRID Cells counted per grid sector in (discrepancy (discrepancy 

(micrograIns/rnL) SECTOR 1 2 3 4 5 6 7 8 9 grid from PC + H*) from PC + H*) 

10 10 10 CD4+ cells 19 32 14 24 76 21 21 41 19 267 1068 64.7% 
Positive 24 31 23 39 87 35 25 56 39 359 (511) (30.9%) 
cells 

50 50 50 CD4’' cells 2 8 5 16 49 19 9 19 9 136 544 33.0% 

Positive 4 6 5 7 13 8 4 6 4 57 (—13) (—0.8%) 
cells 

100 100 100 CD4+ cells 4 9 5 11 33 10 7 19 8 106 425 25.5% 

Positive 1 2 0 0 6 3 2 4 3 21 (—133) (—8.3%) 
cells 

*Values in parentheses give the discrepancy between the absolute CD4+ cell count or percentage, respectively, obtained 
by the method of the invention (in cells per microliter) from that obtained by flow cytometric CD4+ analysis and 
hemocytornetric cell counts (PC + H). 

[0102] Anti-CD4 antibody concentration. Cell counts 
Were carried out using Whole blood from a healthy volunteer 
and the procedure described in Example 4, except that the 
glass slides Were treated With solutions of biotinylated 
anti-human CD4 monoclonal antibody solution at concen 
trations of 2, 5, or 10 micrograms per milliliter. The sample 
of diluted Whole blood Was incubated in the-antibody-coated 
chamber at 18 degrees Celsius and 42% humidity. The 
results are given in Table 12. 

sisting of ?uorescein-labelled anti-human CD4 monoclonal 
antibody from clone 13B8.2 and phycoerythrin-labelled 
anti-human CD4 monoclonal antibody from clone B9.11 
(lmmunotech catalogue number 1M 1385, Beckman Coulter, 
lnc., Fullerton, Calif., USA) Was used to label the How 
cytometry samples. By ?oW cytometric analysis, CD4+ 
T-lymphocytes Was measured at 33.3% of the total lympho 
cytes (equivalent to 682 CD4+ T-lymphocytes in 2050 total 
lymphocytes). 

TABLE 12 

CD4+ 
Anti-CD4 Absolute CD4+ T-lyrnphocytes 
antibody Total T-lymphocyte (% of total 

concentration cells count, cells/11L lymphocytes) 
(micrograrns/ GRID Cells counted per grid sector in (discrepancy (discrepancy 

rnL) SECTOR 1 2 3 4 5 6 7 8 9 grid from PC + H*) from PC + H*) 

2 2 2 CD4’' cells 4 5 3 12 34 9 11 18 104 416 20.3% 

Positive 1 0 2 1 6 2 2 0 0 14 (—266) (—13.0%) 
cells 

5 5 5 CD4+ cells 5 18 5 25 43 26 11 27 12 172 688 33.6% 

Positive 2 3 5 2 5 6 2 6 1 32 (6) (0.3%) 

cells 














