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Over the last few years, there has been a considerable expansion of the number of clinical 

applications for autologous and allogeneic stem cell transplantation. Concurrently, stem cell 

collections have been obtained from increasingly diverse sources, including bone marrow, peripheral 

blood and umbilical cord blood. Various ex vivo manipulations have been developed to process stem 

cell transplants for specific clinical requirements (e.g. positive selection techniques to purify CD34+ 

cells, purging techniques to remove residual tumour cells from autologous transplants or T 

lymphocytes from allogeneic transplants). Subsequently, widespread interest developed in clinically 

useful ex vivo stem cell expansion methodologies and stem cell-based gene therapy protocols. The 

increased demand for stem cell products makes it important for flow cytometric techniques to be 

capable of accurately enumerating cells in these products. Over the last few years, robust flow 

cytometric protocols have been developed to enumerate viable CD34+ cells accurately in a range of 

sources of stem cell products, even those of poor quality. Further international standardisation of the 

flow cytometric techniques used should improve the between-laboratory variation of the 

enumerations obtained, so that inter-institutional/ inter-laboratory results become more 

meaningfully comparable. A robust standard operating procedure that includes the use of internal 

quality controls and participation to external quality assessment schemes will help to monitor and 

improve laboratory practice. There in addition is an emerging clinical interest in the characterisation 

of subpopulations of CD34+ cells. This adds to the complexity of this assay. Currently, the number of 

viable CD34+ cells actually re-infused is clinically the most important variable determining graft 

success or failure. We have, therefore, focused on the stem cell enumeration and use of dried 

reagents as a standardized technique, this time. 

I hope that you all will enjoy reading this issue of “Flow Focus” as well!! 
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The detector system of a flow cytometer 

consists of a series of photomultiplier tubes 

(PMTs), members of the class of vacuum 

tubes, are extremely sensitive detectors of 

light in the ultraviolet, visible, and near-

infrared ranges of the electromagnetic 

spectrum. These detectors multiply the 

current produced by incident light by as 

much as 100 million times, in multiple 

stages, enabling individual photons to be 

detected even when the incident flux of light 

is very low. The invention of the 

photomultiplier is predicated upon two prior 

achievements, firstly discovering the 

photoelectric effect and secondly 

discovering secondary emission (i.e., the 

ability of electrons in a vacuum tube to 

cause the emission of additional electrons by 

striking an electrode).  

The first demonstration of the photoelectric 

effect was carried out in 1887 by Heinrich 

Rudolf Hertz who demonstrated it using 

ultraviolet light.  

 

 

 

 

He was a German physicist who clarified and 

expanded the electromagnetic theory of 

light that had been put forth by Maxwell. He 

was the first to satisfactorily demonstrate 

the existence of electromagnetic waves by 

building an apparatus to produce and detect 

VHF or UHF radio waves. Historically, the 

photoelectric effect is associated with Albert 

Einstein, who relied upon the phenomenon 

to establish the fundamental principle of 

quantum mechanics, in 1905, an 

accomplishment for which Albert Einstein 

received the 1921 Nobel Prize.  

See how all the other fields of science have 

contributed to medicine! 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
Heinrich Rudolf Hertz 

 
Albert Einstein 

To be continued in the next 

issue…………….. 
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In the late 1950s, Thomas et al1 successfully 

transplanted bone marrow cells into supra 

lethally irradiated recipients, and until the 1990s, 

the majority of autologous and allogeneic 

hematopoietic stem/progenitor cell transplants 

were performed utilizing bone marrow as a 

source of stem cells. By the early 1990s, the 

availability of a number of hematopoietic 

cytokines used singly or with chemotherapy 

facilitated the harvesting of peripheral blood 

stem cells (PBSC)2 and led to widespread use of 

autologous and allogeneic PBSC transplantation. 

The absolute mononuclear count (in relation to 

patient body weight) has been traditionally used 

to predict the engraftment potential of bone 

marrow. However, due to the variable 

hematopoietic stem cells (HPSC) content of 

peripheral blood, this number is unreliable. 

Initially, colony-forming cell (CFC) assays were 

used for stem cell assessment, but as it required 

10–14 days to generate results, it became 

unpopular for planning apheresis schedules. In 

addition, CFC assays are subjective and lack 

standardization in both methodology and 

reagents. Presently, Flow cytometric 

enumeration of CD34+ cells plays a critical role in 

identifying the optimum product for 

transplantation and has a major role in defining 

and evaluating the most suitable product in an 

increasingly diverse set of transplantation 

therapies.3 

CD34 molecule is a cluster of differentiation 

molecule present as a cell surface glycoprotein 

and functions as a cell-cell adhesion factor. 

Currently, CD34 epitopes have been classified in 

three broad categories depending on their 

sensitivity to neuraminidase and glycoprotease4. 

Class I epitopes are sensitive to both enzymes. 

Class I CD34 monoclonal Abs generate 

inconsistent data on clinical samples due to their 

dependency for their efficient binding on 

carbohydrate moieties and terminal sialic acids, 

which are present only on some forms of the 

CD34 molecule4. Class II epitopes are sensitive 

only to glycoprotease, and class III epitopes are 

insensitive to both enzymes. Hence, monoclonal 

Abs specific for class II and III CD34 epitopes 

detect similar numbers of CD34+ cells in a large 

array of specimens and can be used for CD34+ 

cell enumeration in the management of PBSC 

collections4. An additional problem with class II 

CD34 monoclonal Abs is that their conjugation 

with FITC may result in a net negative charge 

that interferes with their binding properties. 

Some useful class III CD34 monoclonal Abs are 

anti-HPCA-2 (BDIS), 581 (Coulter-Immunotech), 

and Birma-K3 (DAKO, Glostrup, Denmark)4. The 

use of the brightest excitable fluorochromes, 

such as PE, PE-Cy5, or allophycocyanin is 

recommended for the most sensitive detection 

of the rare CD34+ cells4. Additional advantages 

of PE over FITC as fluorochrome for CD34 

monoclonal Abs, relevant in this respect, are less 

interference with cellular autofluorescence at 

the peak emission of PE, i.e., 580 nm, less Fc 

receptor binding, probably due to interference of 

the large PE molecule, attached to the mAb’s Fc 

part, with that interaction, and 3) less 

nonspecific mAb binding to dead cells4 .  

Early flow cytometric protocols developed for 

CD34 enumeration have been dual platform 

assays. They all measure the percentage of 

CD34+ events and then calculate the absolute 

CD34 count by using the total WBC count from 

an automated hematology cell analyser. Siena et 

al2, 5 devised a flow cytometric method (Milan 

protocol) to count CD34+ cells in peripheral 

blood which uses simple Forward Scatter (FS) 
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versus-Side Scatter (SS) gating to select 

leukocytes as denominator (Figure 1). This 

protocol assumed that any CD34 positive event is 

a stem cell. An isotype matched control (Figure 

1b) for nonspecific binding was used as negative 

control and to define the positive analysis region 

for CD34+ cells. In the CD34 stained sample 

(Figure 1c), the number of events brighter than 

the control exhibiting low to intermediate SS (of 

blast cells) were counted and used as the 

 numerator in the calculation of the percent 

CD34+ cells. Either 50,000 total events or a 

minimum of 50 CD34+ events were counted. The 

Nordic Stem Cell Laboratory Group6 modified 

the Milan protocol by gating the CD34+ cells as a 

single bright cluster of events. This modification 

tried to correct for binding of CD34 antibody to 

endothelial cells, apoptotic cell fragments, dead 

cells and cytoplasmic fragments. The same gating 

region was used to analyze the isotype control 

sample, and any nonspecifically stained events 

were subtracted from the CD34 result. Bender et 

al7 improved the level of precision in the 

assessment of percent CD34+ cells by co-staining 

of CD34PE and CD45FITC; leukocytes were 

defined as CD45+. The use of CD45+ events for 

denominator corrected the error introduced in 

calculation of total leukocyte events by red cell 

fragments, cellular debris, platelet fragments 

and electronic noise. The CD45+ events were 

then analyzed in a similar manner to the Milan 

protocol using an isotype and CD34 versus SS 

gating to enumerate the CD34+ cells. Owens and 

Loken8 designed a three-color protocol using 7-

AAD to exclude dead cells, CD14FITC to exclude 

monocytes which can nonspecifically bind CD34 

antibodies, and CD34PE to identify HPSCs. 7-

AAD−ve viable cells were selected and a plot of 

CD14FITC versus SS was generated to exclude 

monocytes. From this histogram, a third plot of 

CD34PE versus SS was generated and compared 

to the isotype control (IgG1-PE versus SS) as in 

the Milan protocol. Both dim and bright CD34+ 

events were included in the calculation. The 

CD34 result was expressed as a percentage of 

live plus dead nucleated cells based on FS-

versus-SS gating. The Foundation for 

Immunophenotyping in Hemato-Oncology 

(SIHON; Gratama et al9)  developed a three color 

protocol based on Laser Dye Solution 751 (LDS-

751) using antiCD14, antiCD66e, and antiCD34 

(Figure 2). LDS-751 stains DNA and RNA, and 

gating on FS versus LDS-751 (Figure 2a) allows 

discrimination between nucleated cells and 

debris, unlysed erythrocytes, and platelets. 

Monocytes (CD14+) (Figure 2b) and granulocytes 

(CD66e+) are then excluded from further 

analysis, after which the HPSCs were identified 

as dim or bright CD34+ cells in a CD34-versus-SS 

(Figure 2c) dot plot. Nonspecific staining was 

analyzed using identical gates on a control 

staining in which the anti-CD34 MAb was 

replaced by an isotype-control MAb (Figure 2d), 

and nonspecifically stained events were 

subtracted from the CD34 result.  

Inter-institutional quality control (QC) 

programs10 revealed a poor performance of the 

various approaches of CD34+cells enumeration. 

Sutherland et al11 devised a more sensitive and 

accurate multiparameter flow methodology that 

utilized four parameters; including FS and SS of 

mononuclear stem cells and their CD34 and 

CD45 expression. In this method stem cell was 

defined as CD34+ and dim CD45+. Unique to this 

method was the Boolean gating strategy coupled 

with cluster analysis that was amenable to use 

on a variety of sources of hematopoietic stem 

cells11. This method formed the basis of a 

clinical guideline for CD34+ cell enumeration and 

is known as the International Society of 

Hematotherapy and Graft Engineering (ISHAGE) 

protocol (Figure 3), now the International Society 

for Cellular Therapy (ISCT) protocol12. To assess 

the quality of the HPSC transplants, it is 

important to obtain statistically reliable CD34+ 

cell enumeration. CD34+ cells being rare events 

in most clinical specimens, their number follows 

a Poisson distribution which defines CV as 100 x 

(√n)/n (n= number of events fulfilling the flow 

cytometric criteria of CD34+ cells). Hence CV of 
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CD34+ cells varies proportionally to the square 

root of the number of CD34+ cells acquired12. 

The ISHAGE guidelines11, requiring a minimum 

of 100 CD34+ events, ensures a minimum 

acceptable CV of 10%. 

In all the above developments the total 

leukocyte counts and the CD34+ Stem cell 

percentage were measured separately. This 

reduced the precision of CD34+ Stem cell count 

due to contributions of error in leukocyte count 

and error in CD34+ percentage. Secondly the 

total leukocyte count may not match the events 

gated by CD45+ events gated in the 

flowcytometer. This occurs in hematology 

analyzer which does not differentiate between 

Nucleated RBC’s from WBC’s. To address this 

issue, single platform methods for CD34+ stem 

cell enumeration were developed by 

incorporating a known number of fluorescent 

counting beads in the flow cytometric analysis. 

By assessing the ratio between the number 

beads and CD34+ cells counted, an absolute 

CD34+ cell count can be generated using a single 

instrument platform. It eliminates the need for a 

nucleated cell count as performed by a 

hematology analyzer. Two commercial kits, 

Becton Dickinson Biosciences Pro- COUNT™, and 

the Beckman Coulter Stem-Kit™ that is based on 

the single platform ISHAGE method12 are 

available commercially to enumerate CD34+cells. 

There is a need to identify and quantify the HPSC 

populations responsible for short- and long-term 

hematopoietic reconstitution after stem cell 

transplantation. With respect to short-term 

engraftment, which is the major goal in the 

supportive use of HPSCs, the transplanted 

numbers of CD34+, CD33- cells have been 

reported to correlate significantly better with the 

rates of neutrophil reconstitution than those of 

the entire CD34+ population4. Similarly, the 

transplanted numbers of CD34+, CD41+, CD34+, 

CD62L+ and CD34+, CD110+ cells correlated best 

with the rate of platelet recovery4, 13 . CD90 

(Thy-1), CD99, CD109, and CD135 (Flt-3) may be 

relevant markers for further characterization of 

long-term repopulating HPSCs.4 Elucidation of 

the precise phenotype of long-term repopulating 

HPSCs may enable selective transplantation of 

such cells to become a new therapeutic principle 

in myeloablative therapy.4 

 

Figure 1: Milan Mullhouse Protocol
4
 

% CD34
+
cells =   no. CD34

+
 cells / no. of events on FS vs. SS gating   × 100 

a b c 
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Figure 2: SIHON Protocol
4
 

% CD34
+
cells =   no. CD34

+
 events / no. of LDS 751 bright positive events  × 100 

 

Figure 3: ISHAGE Protocol
4
 

% CD34
+
cells =   no. CD34

+
 events / no. of CD45 

+ 
vs. SS events   × 100 

 

a c b d 

a b c d 
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Figure 4: Summary of CD34 stem cell counts 
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Introduction 

The promise of stem cell transplantation 

In the 1950s preliminary studies on animals and later 

on humans demonstrated the promise of stem cell 

transplantation. Over the years stem cell 

transplantation has emerged as a definitive therapy 

for many neoplastic and non neoplastic disorders.  

Initially harvested from the bone marrow of healthy 

donors or patients, it was later demonstrated that 

stem cells could also be collected from the peripheral 

blood by mobilization from the bone marrow using 

recombinant haematopoetic growth factors like G-

CSF and GM-CSF. 

CD34 as a marker for identifying haematopoetic 

stem cells 

 For many years the absolute mononuclear count of 

the harvested bone marrow in relation to the 

patient’s body weight was used as a predictor for 

engraftment. However this method was not optimal 

for peripheral blood stem cell (PBSC) samples as it 

contained variable numbers of stem cells and large 

numbers of mature myeloid cells and lymphocytes. 

Assays such as colony forming units which detected 

granulocyte macrophages (CFU-GM) were also tried 

but were found to be impractical due to delays of up 

to 2 weeks for these assays to be reported.  

CD34, a glycosylated mucin-like structure was 

detected on the surface of CFU cells. Later this was 

demonstrated on hematopoetic stem cells which in 

turn were able to reconstitute multilineage 

haematopoesis in animal models. Today, transplant 

centers around the world rely on CD34+ cell 

quantification to determine optimal timing and 

adequacy of PBSC harvests. 

Definition of terms 

Absolute cell concentration is defined as the number 

of cells of interest per known volume of specimen4. 

Flow cytometers are very capable of counting cells 

but they may not always measure volumes. To 

counter this situation, two techniques are employed: 

Dual platform method 

The dual-platform technique utilizes 

immunophenotypic data derived from the flow 

cytometer together with the total white blood cell 

count (WBC), obtained from a haematology analyzer. 

Single platform method 

This method derives the absolute cell count directly 

from the flow cytometer using either precision 

fluidics, or micro bead technology. 

Pre-analytical variables 

Sample collection 

Universal safety precautions should be strictly 

adhered to when collecting the samples. It is 

recommended that PBSC samples should be collected 

in 0.34M K2 or K3 EDTA.  The sample should have the 

relevant patient data such as name, hospital 

identification number, date and time of collection of 

the sample1. For cord or bone marrow samples 

either EDTA, heparin or A-CDA may be used. 

However, if a WBC count and differential are to be 

obtained from the same specimen EDTA is the 

preferred anticoagulant
4
. 

Sample transport and storage 

Ideally all samples should be processed immediately 

after collection. If required, samples should be 

transported to the flow cytometry laboratory so as to 

complete processing of the sample within a period of 

 

Volume 01 Issue 03 Aug-Sept  
2009 

Page - 7 



12 hours of sample collection1. The sample should be 

transported at a temperature of 2-6 deg C as CD34+ 

cells and granulocytes are best preserved at that 

temperature
1,4

.  

Sample Integrity 

The specimen should be examined for 

breakage/defects of the container, clots or any 

obvious deterioration. Severely hemolyzed samples 

should be rejected based on the premise that like 

RBCs, stem cells could have also been damaged. 

Exception to these recommendations are cord blood 

or apheresis products which have previously been 

frozen4. The laboratory must have defined rejection 

criteria. 

Technical Details 

Selection of antibodies 

CD34 

Epitopes recognized by the CD34 antibody can be 

categorized into 3 classes depending upon their 

sensitivity to neuraminidase and glycoprotease. Class 

I antibodies (sensitive to both aforementioned 

enzymes) are known to generate inconsistent data on 

clinical samples they require carbohydrate moieties 

and terminal sialic acids, which are present only on 

some forms of the CD34 molecule for proper binding. 

Class II epitopes are only sensitive to glycoprotease 

and class III epitopes are insensitive to both enzymes.  

Class II mAb conjugated with FITC are negatively 

charged this interferes with their binding to the class 

II CD34 epitope which is also negatively charged
2,3

. It 

is recommended that if class II antibodies are used 

they should be conjugated to PE. Any conjugate of 

class III antibodies can be used1.  

CD45 

A monoclonal antibody to CD45 is used to recognize 

and enumerate leukocytes present in the sample. 

This plays an important part in the ISHAGE protocol. 

An FITC-conjugated mAb to the CD45 antigen should 

be used which not only detects all isoforms but also 

all glycoforms. 
1
 

Specimen Processing 

Haematology cell counter 

Before processing, a total leucocyte count must be 

performed (for dual platform) in order to calculate 

the absolute number of CD34+ cells in the original 

specimen. A count should be obtained at source if a 

delay of more than 6 hours from the time of 

venepuncture is estimated1. Some automated 

haematology analyzers include nucleated red cells 

(NRBC) in the total leucocyte count. Depending on 

the method of analysis, one may need to correct for 

NRBC contamination5. It is very important that the 

haematology analyzer is calibrated and is subjected 

to robust daily quality control. The operator should 

be aware of the linearity and limits of the cell counter 

through laboratory experiments and verification with 

published literature for that counter. Serial dilutions 

are required if the linearity is exceeded.  

Erythrocyte lysis…to wash or not to wash? 

A study done by Menendez et al compared a a lyse-

non-wash method to a lyse-wash method for 

enumeration of CD34+HPC and its CD34+/CD19- and 

CD34+/CD19+ subsets. They showed that the use of 

the lyse-and-then-wash method is associated with 

significantly lower numbers of both total CD34+ HPC 

and its major CD34+/CD19- subset (which would have 

a role to play in hematopoetic transplantation). They 

demonstrated that the elimination of centrifugation 

and washing steps almost corrected for the selective 

loss of CD34+ HPC6. Therefore, lyse and no wash 

methods are recommended for dual platform 

methods and are mandatory for single platform 

methods to prevent loss of counting beads
4
. 

Pipetting 

Pipetting plays an important role in ensuring the 

precision and accuracy of the assay. Reverse 

pipetting is mandatory for single platform method. 
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[Push the pipette plunger till the second stop, insert 

tip into the sample, draw sample (an excess sample is 

aspirated), then dispense till the first stop (the tip 

contains the excess sample, which must not be 

distributed)]. Never use the first sample taken for 

dispensing (dry tip dispensing). Draw sample at the 

second pipette stop, then do two to three gentle 

dispense/draw cycles at the first stop, keeping the 

pipette tip within the sample. You are ready to 

dispense at the first stop (wet tip dispensing). Before 

dispensing, wipe away the extra sample that sticks to 

the outer wall of pipette tip using gauze or tissue. 

Avoid touching the terminal tip hole to prevent 

inadvertent sample absorption due to capillarity. 

Before dispensing, place the pipette tip at the dry 

round bottom of the test tube. Do not touch the tube 

wall. Ensure that the pipettes are calibrated at 

regular intervals according to the laboratory policy. 

Single or dual platform method? 

The dual-platform technique utilizes 

immunophenotypic data derived from the flow 

cytometer together with the total WBC count 

obtained from a haematology analyzer. The major 

factor contributing to the high inter-laboratory CV for 

this method is the WBC count generated by different 

haematology analyzers. Data from the UK NEQAS 

shows that mean inter-laboratory CV for CD34+‡stem 

cell enumeration using non-standardized single-

platform approaches was 18.6% for single platform 

methods as compared to 28.6% for the dual-

platform.
7
Single platform methods have also been 

recommended by the NCCLS
4
.For single platform 

methods the manufacturers recommendations 

should be strictly followed. 

Viability check 

7-aminoactinomycin D is a dye which serves to 

identify non viable cells by penetrating and binding to 

nucleic acids of cells with damaged cell membranes. 

7-AAD is excited at 488 nm and has maximum 

emission at 660 nm. The dye cannot be used in 

single-laser systems with other fluorochromes that 

emit at >600 nm, such as PerCP or PE-Cy5. It is highly 

recommended for apheresis samples over 4 hr old, all 

“fresh” cord blood and marrow samples, or any 

samples that have been manipulated in any manner, 

and is essential for the accurate analysis of post-

thawed samples.
8
 

Sample Acquisition 

A minimum of 75,000 events should be acquired so 

as to include at least 100 CD34 positive events. This 

normally ensures a CV of less than 10%. 
1
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by the NCCLS.by the NCCLS.by the NCCLS.by the NCCLS.    For single platform methods the For single platform methods the For single platform methods the For single platform methods the manufacturers’manufacturers’manufacturers’manufacturers’    
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Development of flow cytometry protocols 

Name Principle 

Siena et al  Used density-gradient centrifugation, followed by staining with the anti–class I CD34 

antibody and indirect immunofluorescence 

Milan protocol Use of a conjugated anti–class III CD34 MAb, direct immunofluorescence, whole-blood 

staining, lyse-and-wash technique, used simple Forward (FS) versus side scatter(SS) gating 

to select leukocytes as denominator. An isotype matched control served to control for 

nonspecific binding and was used to define the positive analysis region for CD34+ cells 

Nordic Stem Cell 

Laboratory 

Group 

 Modified the Milan protocol by gating the CD34+ cells as a single bright cluster of events. 

The same gating region was used to analyze the isotype control sample, and any 

nonspecifically stained events were subtracted from the CD34 result 

Bender Counterstaining CD34-PE with CD45-FITC, leukocytes were defined as CD45+. The CD45+ 

events were then analyzed in a similar manner to the Milan protocol using an isotype and 

CD34-versus-SS gating to enumerate the CD34+ cells. 

Owens and 

Loken 

Used 7-AAD to exclude dead cells, CD14-FITC to exclude monocytes, and CD34-PE to 

identify HPCs. Isotype controls used as in the Milan protocol. 

SIHON Three color protocol. Used Laser Dye Solution 751, CD14, CD66e, and CD34 MAbs. Gating 

on FS versus LDS-751 allowed discrimination between nucleated cells and debris, unlysed 

erythrocytes, and platelets. Monocytes (CD14+) and granulocytes (CD66e+) were then 

excluded from further analysis, after which the HPCs are identified as dim or bright 

CD34+ cells in a CD34-versus-SS dot plot. Used isotypes and subtracted positive events 

from CD34+ events 

ISHAGE Sequential boolean gating strategy, Genuine CD34+ cells defined as events stained with 

CD45 and CD34, and the CD45dim, CD34+ events had to form a cluster with similar FS/SS 

characteristics as lymphocytes and blast cells. No isotypes were required.  

Keeney et al. Using fluorescent counting beads, extended ISHAGE protocol to be capable of directly 

generating absolute CD34+ cell counts from a single flow cytometric assessment. 

 

ISHAGE Protocol (Demonstrated here for dual 

platform method)  

Gating strategies are a major contributory factor in 

result variability. The ISHAGE protocol gives the most 

reproducible results1. Some of the protocols older 

than the ISHAGE relied upon the use of isotype 

controls, and were unsatisfactory for samples that 

were not in optimal condition, or containing high 

numbers of lysis-resistant nucleated red cells (i.e. cord 

blood). Disadvantages of using isotype controls were 

that the number of CD34+ cells could be 

overestimated or underestimated if the isotype 

controls shows reduced or increased nonspecific 

binding in comparison to the CD34 events. 
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Fig 1: An initial gate (R1) [CD45 vs. SSC plot] includes all CD45+ events and excludes CD45 negative red 

blood cells, platelets and debris. CD34 vs. SSC dot plot is gated on R1 and a second gate (R2) includes 

clustered CD34+ events. 

 

Fig 2: The third plot is obtained summates the events of gates R1 and R2. Clustered events with low SSC 

and dim CD45 are gated as R3. The events fulfilling the criteria of all three gates (R1, R2 and R3) are then 

displayed on a FS vs. SS plot to confirm that these events fall into a generic ‘lymph-blast’ region (R4, upper 

right plot). R4 is generated so as to include events of the size of or larger than lymphocytes by “back 

gating” lymphocytes (lower left plot) from the first plot (high CD45 staining low side-scatter). Events falling 

outside region R4 are excluded from the final calculation (apoptotic cells and debris).An ungated CD34 vs. 

CD45 plot (lower right) demonstrates the lower limit of CD45 expression by the CD34+ events.  
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Data reporting 

The percentage of CD34 + cells is determined by using 

the number of CD34 + events expressed as a 

percentage of the CD45 +events. The absolute CD34 + 

cell count in the sample is then taking into 

consideration the WBC count as provided by the 

hematology analyzer (dual platform).The absolute 

count is expressed in cells/uL.  

In the single platform method : Absolute count 

(cell/uL) = Number of CD34+cells  x  fluorospheres 

concentration /number of fluorospheres 

Quality control (QC) 

Instrument QC 

Description of a detailed QC protocol is beyond the 

purview of this manuscript. Briefly, daily calibration 

using commercial beads and process controls should 

be used1. Light scatter, fluorescence peak channel 

coefficients of variation, light and fluorescence peak 

channel drift, instrument sensitivity and 

compensation should be monitored.  

Procedural Quality control 

All samples should be processed in duplicates and the 

CV should be monitored. Every lab should define its 

own cut-off for intra assay variation (for e.g. 10%). 

Every lab should have a policy or SOP regarding 

sample acceptance, rejection & transport, specimen 

processing, reporting, data storage and analysis, 

internal quality checks and should ideally subscribe to 

an external quality assurance scheme. Reference 

material for CD34 HPC enumeration containing a fixed 

number of CD34+ cells is available. 

 

 

 

 

 

 

 

Figure 3: Dead events are excluded by addition of 

a viability dye such as 7-AAD. A Boolean gate such 

as “NOT” is used in the sequential gating strategy 
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New Reagent Designs for RobusNew Reagent Designs for RobusNew Reagent Designs for RobusNew Reagent Designs for Robust Results in t Results in t Results in t Results in 
Flow CytometryFlow CytometryFlow CytometryFlow Cytometry    

 
Flow cytometry is a technique that has been used 

extensively for Immunophenotyping cell types, 

enumeration of cells, DNA –Cell cycle analysis etc.  

These applications have found use in the management 

of HIV/AIDS through CD4 positive cell enumeration, in 

the diagnosis of leukemias and stem cell research, 

HLA-B27 typing, DNA studies, cell cycle analysis etc.  

As with case of other analytical techniques, the quality 

of information generated depends on the instrument, 

reagent and the experimental protocols.  While the 

instrument performance is addressed by the 

manufacturers, the scope of this article is to look at 

the other factors that cause the variation and 

introduce a novel method for addressing this variance. 

Case Study – CD4 Enumeration in the Management of 

HIV Infections 

The most common use of flow cytometry in India has 

been in the management of HIV through enumeration 

of CD4+ T-lymphocytes.  This protocol involves the 

immunophenotyping of cells that are positive for the 

CD3+ CD4+subtype and subsequent enumeration of 

the same.  Represented below is the typical diagnostic 

set up in India with respect to sample handling, 

transport and testing, specifically for CD4+ 

enumeration.  The various factors which introduce 

variance in the results are highlighted below 

 

 
 

Figure 1. Sample collection to processing – Work flow 
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Factors Causing Variability 

Sample Quality – Samples get collected, stored and 

transported in conditions that may affect their 

integrity.  The duration from sample collection to 

analysis might also affect the results. 

Reagent Quality – The choice of clones of antibodies 

used by various manufacturers are validated.  

However it is possible that the antibodies do not 

recognize an epitope of the antigen of interest and 

this can affect the results obtained.  Further the 

storage of these materials affects the stability of the 

reagents.  These reagents have to be maintained at 

temperature controlled settings (typically 4 °C).  In a 

country with a vast infrastructural diversity such as 

ours, maintaining the temperature consistently is 

difficult in resource poor laboratory settings. 

Laboratory Practices – Laboratory practices go a long 

way in determining the quality of results reported and 

the most critical of these is the variation associated 

with pipetting.  As shown in Figure 2, a practice such 

as pipetting influences all aspects of the analysis.  In 

our experience we have observed that this affects the 

quality of separation of populations and absolute 

counts obtained. 

 
 

Figure 2. Variability arising due to pipetting and consequences 

 
 
With good lab practices, it would be possible to 

control the variance introduced by the machine.  

However, the sheer number of steps involved in the 

processing and analysis of samples can introduce 

variance that may affect the quality of results.  In a 

country such as India, where it is difficult to ensure 

the same standard of laboratory practices across 

various locations, these non-instrument factors 

become important.  It is precisely to address these 

issues, that the concept of dried-down reagents was 

introduced.  

New Reagent Design – Dry, Unitized Reagents: 

In a single-platform enumeration of CD4+ cells based 

on non-volumetric methods, a precise number of 

fluorescent particles are provided as a reference in a 

unitized format.  This has been done to address one 

aspect of variance introduced by pipetting 

enumeration beads into the test matrix.   
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Examples of such tubes include TruCount™ tubes 

from Becton Dickinson, ReaCount™ tubes from 

ReaMetrix.  These reagents certify the number of 

beads per tube which in turn influences the accuracy 

of the result.  Many laboratories do not use such 

tubes due to cost considerations.  Even in laboratories 

using these tubes, one still has to contend with the 

other sources of variation that have been discussed 

above. 

A major step to eliminate issues associated with liquid 

reagents and standardizing test results can be 

through the use of a single tube which has all the 

necessary components such as fluorescently tagged 

antibody conjugates, fluorescent beads and presented 

in a dry format.  In this approach, the user has to add 

sample to the ‘unitized test’ and then process it for 

analysis.  This eliminates all the variations that can be 

introduced due to multiple pipetting steps and 

reducing it to a single step.  The availability of the 

unitized reagent also enables other aspects in the 

work flow involving sample transport and material 

storage.  One such reagent is the US FDA cleared Dry 

Tri-TSTAT  reagent from ReaMetrix  

that has been designed for the enumeration of CD3, 

CD4 and CD8 cells in peripheral blood by flow 

cytometry. 

Description of Dry Tri-Stat Reagent: The Dry-Tri T-

STAT reagent contains ATTO 488 – labeled CD4 

monoclonal antibody, clone RPA-T4; R-Phycoerythrin 

(PE) – labeled CD8 monoclonal antibody, clone LT8; 

and PE-DY-649 – labeled CD3 monoclonal antibody, 

clone UCHT1.  A precise number of fluorescent 

counting beads are included in the Dry Tri T-STAT 

reagent to allow single-platform determination of 

absolute CD4+ and CD8+ T-cell counts.  The Dry-Tri T-

STAT reagent is provided in dried form and dispensed 

in flow cytometer compatible sample tubes with each 

tube corresponding to a single ready-to-use test. 

Typically, a volume of 50 µl of whole blood is added  

to the  reagent tube and incubated for 30 minutes. A 

lyse-fix reagent provided by the manufacturer is used 

to lyse the red blood cells and the sample is then 

ready for analysis.  Figure 3 are flow cytograms of a 

typical sample staining and analysis 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3 Flow cytogram of a peripheral blood sample analysis for CD4+ counts using Dry Tri T-STAT reagent 
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Benefits of Dry Reagents 

Reagent Perspective 

Lesser Variation due to reduced pipetting steps 

Since all the reagents required for a test are 

contained in one tube, only the sample has to be 

added for analysis.  Thus, what was 3 pipetting-step 

analysis is reduced to a single step protocol.  Since 

processing steps are removed with the one tube-one  

test approach, it also eases the workflow in 

laboratories handling larger sample volumes. 

Ease of Storage and Handling 

The Dry Tri T-STAT reagent is stable for one year at 25 

C and requires no refrigeration (Figure 4). The 

reagent has been demonstrated to be stable up to 

temperatures of 40 0C.  This also frees up precious 

lab space in the cold room to store other reagents 

and tests 

 

 
 

Figure 4.  Stability of the Dry Tri T-STAT reagent with CD4+ enumeration in Immunotrol™ 

controls  

Sample Perspective 

Decentralized Sample Processing   

The concept of dried reagents provides the option of 

processing blood samples (immunostaining and 

fixing) at the point of collection. Since CD3 receptors 

are known to undergo a process called “capping” 

(internalization of receptors), with sample ageing, the 

decentralized approach to sample processing 

mitigates the risk associated with variation in cell 

counts.  Studies on samples stained and fixed using 

dry reagents have shown that there is no drop in 

staining intensity or cell count upto 8 days when 

stored at room temperature (Figure 5 and 6).
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Figure 5.  Staining patterns in sample processed with Dry Tri T-STAT and analyzed on Day 1 and Day 5 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6.  Fixed and stained sample stability upto 8 days at room temperature.  A) Low  B) Medium and C) 

High CD4 counts 

 
 
Other Potential Applications of the Dried Reagents 

Concept 

 The concept of dry reagents enhances a very 

powerful method like flow cytometry by making it more 

robust to different laboratory practices.  Since it 

removes repeated pipetting steps, it accelerates 

laboratory work by simplifying work flow while 

minimizing error..  The ability to stain and fix samples 

at the sample collection site can open new paradigms 

in Flow Cytometry.  Transportation of reagents to 

remote sites with providing cold chain and processed 

samples from there can change the way the reach of 

such a technique. 

 

 Other immunophenotying techniques such as 

HLA B27 typing, CD34 enumeration have been 

adapted to this approach.  In addition to antibody 

conjugates, it has also been demonstrated that DNA 

staining dyes like Thiozole Orange or 7-AAD can also 
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be dried down and presented in a single tube single 

test format.   

 

 An interesting application of this concept can be in 

the immunophenotyping of Lymphomas and 

Leukemias.  This approach can be used to standardize 

panels (antibodies and fluorophores) across various 

laboratories so that there can be an unbiased 

discussion of the results of immunophenotyping.  Since 

there is no dilution of the sample through the addition 

of various antibody conjugates in a dried reagent, it is 

possible to use a lower amount of  

antibody to achieve the same results.   

 This concept is ideally suited for large scale 

clinical studies, multi center studies/trials or 

epidemiological studies which have to be done under 

highly controlled conditions.  In situations where 

samples have to be collected at one location and 

analyzed at a different location, such a reagent option 

becomes ideal.   

 

 An increased awareness and use of the dry 

reagent concept will make a technique like flow 

cytometry robust.  It has hoped that the medical and 

research community can use this concept to further the 

reach of flow cytometry. 

 

 

 

 

 

Conclusions  

 

Advantages of Unitized Dry Reagents 

Ease of storage and handling – Requires no cold chain  

Simplified work flow – Fewer sample processing steps  

Single platform enumeration – Increased accuracy in cell counts  

Decentralized approach – Allows for point-of-collection staining  

Standardization of results – For multi-centre studies  

Increased Shelf life – No associated wastage with reagent handling or delays at customs  
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Solutions for diagnostic applications must be made as 

robust as possible without compromising on the quality. 

For a country like India, there are a lot of external 

factors that threaten to impact the quality of analysis 

such as reduced sample accessibility, inadequate 

power supply and issues with sample integrity. By 

merely addressing one of the key components – the 

reagent, and redesigning it in a unitized dry format, the 

risks indicated can be mitigated.  

The purpose of this article is to draw attention to simple 

solutions that go a long way in impacting the quality of 

diagnosis. 
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LLLLetter(s) to the editoretter(s) to the editoretter(s) to the editoretter(s) to the editor    
 
 

My Dear Anil and Tina, 
Thanks for sending yet another wonderful edition of 
this commendable initiative.  
I thoroughly enjoyed reading it.  
I feel nudged out of slumber :) by the interesting 
articles and have following comments to offer which 
you may include at your discretion in the next 
newsletter. 
 
1) "To Aruna's article, I am tempted to add a famous 
sher Yeh ishq nahin hain aasaan, bas itna samajh 
leeje  Ek aag ka dariya hai, aur doob ke jaana hai  
 
2) Nikhil's article on CD45 gating provides a good 
historical perspective and review of current guidelines.  
The case in figure 2 of the article illustrates the value 
of using CD45 gating, particularly when one has a 
relatively high number of residual normal lymphocytes 
overlapping with the 'blast' gate drawn on a FS/SS 
plot.  
I would not, however, consider this as a telling 
example against the use of percentage positives. One 
would be absolutely correct in reporting that the FS/SS 
gated population (as drawn in Figure 2), exhibits 25-
30% positivity for T-cell markers. Attributing this T-cell 
expression to blasts in this case would be an error of 

interpretation resulting from a suboptimal blast gate 
compounded by limited experience in flow cytometry 
data analysis; both can be improved upon with training 
and time. 
 
Having said that, I agree that limitations of using 
%+ves need to be highlighted. In my understanding 
these limitations are as following: 
 
a) Reporting percent positives can be erroneous in 
settings when a marker has 'dim' expressionion. Slight 
nudging of the quadrant up/down or right/left can 
change the percentage to below or above the most 
widely used cutoff of 20%. This can lead to an 
erroneous interpretation of a marker as negative, when 
it is actually 'dim' positive. This pitfall is well 
recognised and, I believe, most labs know the trap, 
and also, how to avoid it. 
 
b) The other setting where reliance on % +ves can be 
erroneous is relatively less known and merits attention. 
Take the following case for an example.  
 
A child with classical history of acute leukemia had 
about 50% blasts on peripheral blood. Flow on PB 
showed the following pattern. 
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While there is no doubt that the case is of Precursor B-
lineage ALL (CD19, CD10, CD22 pos), how would you 
interpret CD13 (11.63%) and CD34 (9.46%) 
expression. Gate is drawn on SSC/CD45 but still both 
CD13 and CD34 percentages are far from the magical 
number of 20%. However, the expression is quite 

distinct and I have a huge problem in classifying them 
as negative. That the CD45 plot in this case shows two 
distinct dim CD45 populations points to a certain 
complexity in this case and on redrawing the gate on 
SSC/CD45 plot as below, one sees: 

 
a) Gate on dim CD45 
 
 

 
 
b) Gate on dimmer CD45 
 

 
 
It can be argued that this patient has a 'biclonal' B-
lineage ALL; one of the clones showing a prominent 
CD34/CD13, brighter CD10 and dimmer CD45 than the 
other one. While this observation may not make a 
difference to the management of the patient and in all 
likelihood the patient will continue to receive the 
standard ALL therapy, but noting this heterogeneity in 
antigen expression on blasts may help not only during 

MRD evaluations and but also provides an exciting 
opportunity to sort these two distinct populations and 
submit them to molecular analysis for better insight into 
disease biology. Not infrequently, I have observed 
similar heterogeneity in antigen expressions even if the 
dim CD45 population was homogeneous - as is seen in 
CD34 in the example below from a BM sample of ALL 
from a 50-year-old patient. 

 

Volume 01 Issue 03 Aug-Sept  
2009 

Page - 22 



 

 
Whether such an expression should be classified as 
partially positive or should be identified as a "distinct 
10% clone showing CD34 expression" is largely a 

 matter of convention and consensus. Important thing is 
not to ignore these <20% positive populations.  
Regards  
Paresh  

 
 
 Note:  " Views expressed herein are based on personal experience of the author and do not reflect a 
 recommendation by BD Biosciences" 
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51 year old man with 
thrombocytopenia 

 

FOR ANSWER, LOG ON TO THE 
FOLLOWING LINK: 
 
 
http://www.geocities.com/flowfocus2009/ff.html 
 
 

                     Contributed by: 
                                   Dr Tina Dadu 
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NEWS 

 

Inter-laboratory comparison programme has been started in Delhi for BD equipment users. This has been done with 

the formulation of FLOWCYTOMETRY ILC GROUP DELHI. (http://groups.google.co.in/group/delhi_fcmilcg, E-

mail:delhi_fcmilcg@googlegroups.com). The SOP for the same has been drafted. The scope will include 

leukemia/lymphoma immunophenotyping, CD4/CD8 lymphocyte sub-set enumeration and CD34 (stem cell 

enumeration). Currently 10 users have been enrolled with possibility of including some more labs. The analysis of the 

results is done in an unbiased manner. The frequency of testing has been fixed as “quarterly” to start with. 
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