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Correlation of various methods 
of hematopoietic progenitor 
cell estimation with standard 
flowcytometric CD34 enumeration
Aseem Kumar Tiwari, Aanchal Sunil Luthra, Dinesh Arora, Swati Pabbi Mehta, 
Geet Aggarwal, Nitin Sood1, Satyaprakash Yadav2, Anand Prakash Upadhyay

Abstract:
BACKGROUND AND OBJECTIVES: Enumeration of hematopoietic progenitor cell (HPC) is vital to 
decide the time to initiate harvest (TTIH) and adequacy of harvest dose (AOHD). Standard of care 
used for HPC enumeration is flowcytometric CD34+ enumeration, but it is expensive, time‑consuming 
and requires skilled staff to perform the test. Alternatively, HPC‑count by advanced automated cell 
analyzer is cheaper, quicker, and easy‑to‑perform test. Our objective was to find a correlation of 
HPC count with CD34+ enumeration in leukapheresis.
MATERIALS AND METHODS: An observational, prospective study was conducted in the year 
2018–2019. A  total of 126 samples were included in the study, the peripheral blood (PB) group 
comprised of 42samples and apheresis group of 84 samples. The samples were simultaneously 
tested for CD34+  expression and complete blood count which included the HPC count, white 
blood cells (WBC) count and multinational corporation (MNC) count and correlation analysis was 
performed with CD34+ flowcytometric count. The cut‑off of PB HPC count for the target dose of 
5 × 106 CD34+ cells/kg was established using Receiver Operator Curve.
RESULTS: The correlation coefficient (r) of HPC with CD34+ count was 0.617 and 0.699 for PB 
group and apheresis group sample respectively, which was statistically significant. The correlation 
with MNC and WBC count was not very significant. A cut‑off value of PB HPC was established to be 
66 HPC/µl with a positive predictive value of 94.12%. The cost of CD34 + flow cytometric enumeration 
was six times that of HPC enumeration by analyzer.
CONCLUSION: The HPC count is a cheaper, rapid and easy test and can be clinically applied to 
predict TTIH and AOHD but requires more studies to validate its efficacy in clinical use.
Keywords:
Adequacy of harvest dose, CD34+, hematopoietic progenitor cell, leukapheresis, time to initiate 
harvest

Introduction

The most common indications for allogenic 
hematopoietic progenitor cell  (HPC) 

collection by apheresis  (HPC‑A) are 
leukemias, lymphoproliferative disorders, 
and nonmalignant disorders, while the main 

indications for autologous HPC  (A) are 
lymphoproliferative disorders, solid tumors 
and nonmalignant disorders.[1] HPC‑A is the 
commonest source of HPC harvest because 
of easy acquisition, rapid engraftment, and 
minimum laboratory processing before 
infusion as compared to HPC harvest from 
Marrow  (HPC‑M). After mobilization of 
HPCs with granulocyte‑colony stimulating 
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factor (G‑CSF), the total white cell count and CD34+ cell 
count are monitored and if adequate, HPC harvest is 
done by leukapheresis.[2]

HPC enumeration is essential to decide the time 
to initiate harvest  (TTIH) by testing the peripheral 
blood (PB) for the concentration of HPC into circulation 
and to determine the adequacy of harvest dose (AOHD), 
in the apheresis collection during or after the procedure. 
A minimum of 10–20 cells/µl of CD34+ cells in PB was 
thought to be adequate to initiate leukapheresis.[3] AOHD 
estimation is crucial for efficient engraftment and a dose 
of 5 × 106 cells/kg patient’s body weight is desirable.[2]

The standard of care is the measurement of cell surface 
antigen CD34 which is used for identification and 
quantification of HPC typically by flowcytometer 
technique. However, flow cytometry is expensive, 
time‑consuming, and requires trained staff for performing 
and analyzing the test. The availability of flowcytometer 
is also limited and very few centers have this equipment.

There is an alternative method of HPC‑count enumeration, 
by newer advanced automated cell analyzers. It is 
inexpensive, provides quick results and does not require 
specially trained staff for performance. Automated 
analyzers are comparatively more widely available, in 
almost all the centers that perform HPC (A) in India, in 
comparison to the flow‑cytometers.

The objective of our study was to find the usefulness 
of HPC count by automated analyzer in estimating the 
TTIH and AOHD in HPC‑A setting as compared to the 
current standard‑of‑care testing by CD34 flowcytometry. 
In addition to this, the correlation of white blood 
cells (WBC) count and multinational corporation (MNC) 
count were also analyzed with respect to CD34 cell count.

Materials and Methods

Settings
An observational, prospective study involving 
42 informed and consented donors  (allogenic donors 
and autologous, i.e., patient‑donors) posted for HPC (A), 
was conducted in a tertiary care hospital in North India 
over a period of 15 months (February 2018 to April 2019).

Indications for hematopoietic progenitor cell 
autologous leukapheresis
There were a total of 42 donors in the study, which included 
29 (69%) allogenic donors and 13 (31%) patient‑donors. 
The indications for allogenic leukapheresis (n = 29) were 
acute leukemia (n = 12), acquired aplastic anemia (n = 5) 
and Fanconi’s anemia (n = 2), hemoglobinopathies (n = 2) 
and other miscellaneous conditions  (n  =  8). The 
indications for autologous leukapheresis (n = 13) were 

Lymphoma (n = 6), multiple myeloma (n = 5), and other 
miscellaneous conditions (n = 2).

Donor demographics
The  gender  ra t io   (male :   Female )  in  donor 
population (n = 42) was 2:1. The median age and weight 
of allogenic‑donors was 21 years and 58 kg respectively; 
and that of the patient‑donors was 50 years and 62 kg 
respectively. The distribution of blood Group  O pos 
was more in our donor as well as patient population, 
followed by the blood Groups A positive and B positive. 
The allogenic HPC (A) group (n = 29) had variable ABO 
compatibility between donors and patients. Majority 
were ABO compatible  (55%), followed by minor 
incompatible  (31%), major incompatible  (7%), and 
bidirectional incompatible group (7%).

Mobilization
T h e  d o n o r s  w e r e  m o b i l i z e d  w i t h  G ‑ C S F 
(Grafeel, Dr. Reddy’s Laboratories Ltd., India) injected 
subcutaneously in a dose of 10ug/kg/day, in two 
divided doses for four consecutive days and a single 
dose on the 5th day morning before leukapheresis. On 
4th day, the donors with PB CD34+ count of <20 cells/ul, 
were labeled as “poor mobilizers,” and were additionally 
mobilized using single dose of 0.24 mg/kg Plerixafor 
(Mozifor, Hetero Drugs Ltd., India) subcutaneously, a 
night prior to leukapheresis.

Leukapheresis
All the leukapheresis procedures were done on apheresis 
machine COM.TEC®  (Fresenius Kabi, Germany). The 
P1YA kit was used, and the collection program was set 
to auto‑mononuclear cells  (auto‑MNC). The vascular 
access used was hemodialysis‑type double‑lumen 
intravenous catheter in the jugular or femoral vein of 
11 French units. The targeted dose of CD34+ cells was 
5 × 106 cells/kg patient’s body weight.

Study Samples
Two  (2) ml of sample was collected each time in 
an  (Ethylenediaminetetraacetic acid) vacutainer from 
each donor at three‑time intervals; the “preharvest” 
sample was collected from the PB before the procedure, 
the “mid‑harvest” sample was from apheresis collection 
bag during the mid‑procedure and the “postharvest” 
sample was taken at the end of HPC  (A) collection 
from the apheresis collection bag. Thus, 126 samples of 
which 42 PB group samples (PB) and 84 Apheresis group 
samples (APH) were considered for statistical evaluation.

Enumeration
The sample was simultaneously analyzed on automated 
advanced cell analyzer (Sysmex XN‑9112, Kobe, Japan) 
and flowcytometer (Becton, Dickinson and Company, 
New Jersey, U.S), for CD34+ enumeration. Flowcytometric 
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CD34+ enumeration was considered the gold standard 
in this study.

Enumeration using automated advanced cell‑analyzer
HPCs were identified using the Sysmex XN‑9112 in 
Immature Myeloid information channel that uses 
the principle of radiofrequency and direct current to 
measure cell size and density. The cell analyzer uses 
Stromatolyser‑IM  (Sysmex, Kobe, Japan) which lyses 
mature leukocytes leaving behind the immature cells based 
on the difference in lipid content of these two cells. The 
fluorescence flow cytometer uses three dimensions to 
identify HPC and hence other cell populations, such as 
Nucleated red blood cell, myeloid progenitor cells or 
lymphocytes, which look morphologically similar to stem 
cells, do not interfere with the HPC as they have a different 
membrane composition.[4] The HPC count and complete 
blood count including WBC and MNC was obtained.

Enumeration of CD34+ cells (hematopoietic progenitor 
cell) using flowcytometer
According to ISHAGE[5]  (international society 
of hematotherapy and graft engineering) single 
platform protocol and BD software FACSuite v1.0.6 
(Becton, Dickinson and Company, New Jersey, USA), 
stem cells were gated and enumerated. We used CD34 PE 
(Phycoerythrin) and CD45 FITC (Fluorescein isothiocyanate) 
from BD (Becton, Dickinson and Company, New Jersey, 
USA). The primary sample was diluted to achieve 
the final concentration of WBC in the test sample to 
25  ×  103 WBC/µl Three trucount tubes namely low 
control, high control, and test sample were labeled. 
10µl of both CD34 PE and CD45 FITC antibodies were 
added to each tube. Then, 100 μL of test sample was 
added to each tube by reverse pipetting technique. 
The tubes were given a vortex mix and then incubated 
at 4°C for 20 min in the dark. After incubation, 2 ml 
of ×1 lysing buffer (Pharma Lyse, Becton, Dickinson 
and Company, New Jersey, USA) to lyse the RBC 
and 20µlof Viability Dye: 7‑Amino Actinomycin 
D  (7‑AAD, Becton, Dickinson and Company, New 
Jersey, USA) to stain the nonviable cells was added 
to the each tube. Again these tubes were given a brief 
vortex mix and incubated for 10 min. 7‑AAD, used in 
viability testing is membrane impermeant dye that is 
excluded from viable cells and helps differentiating 
viable and nonviable cells. The quality control of the 
flowcytometer was undertaken. A  new CD34 assay 
was obtained, an example of the same is depicted 
in Figure  1. A  threshold of total number of viable 
CD34+ cells was set to 200 according to our standard 
operating procedures. The tubes were acquired as low 
control, high control, and test sample.

The absolute numbers of viable CD34 cells are calculated 
using formula‑

( ) × ×
=

×
A  B  D

Viable CD34 cells absolute count
C  V

A = Number of CD34 cells acquired	 D  =  Dilution 
factor

B = Total bead count	 V = Volume of sample used

C = Number of beads acquired

Turn‑around time
The Turn‑around‑time (TAT) was described as the time 
in minutes from moment the sample was received to the 
time the report was generated.

Cost‑benefit analysis
The costing of the enumeration included the cost of 
the reagents  (sheath fluid, CD45 FITC, and CD34 PE 
antibodies, forest advisory committee (FACs) lyse, FACs 
Clean, reagent for HPC enumeration, etc.,), consumables 
(vials, tips, falcon tube) and controls, calculated per test 
in Indian Rupee (INR; 1 INR = 0.014 US Dollar [$]).

Data compilation and statistical analysis
The donor demographics; HPC count, WBC count, MNC 
count, and IG index as well as CD34+ flowcytometric 
enumeration, pertinent to each HPC (A) procedure were 
analyzed using Microsoft Excel 2007 Microsoft Excel 2007 
(v.12.0), (Microsoft Corporation, Redmond, WA)and 
SPSS (v. 23), SPSS (v.23) (Statistical Package for the Social 
Sciences; IBM Bengaluru, India). The analysis focused 
on estimating the correlation of HPC count, WBC count, 
MNC count, and IG index with CD34+ count using a 
flowcytometer  (gold‑standard). The targeted dose of 
CD34+ cells in apheresis collection bag was 5 × 106 cells/
kg patient’s body weight according to institutional 
protocol. The receiver operator characteristic  (ROC) 
curve was plotted to calculate the cut‑off of PB HPC 
count for the targeted dose and the area under the 
curve (AUC) was analyzed. The ROC curve represents 
the trade‑offs involved between a test’s sensitivity (Sn) 
and specificity (Sp) in a graphical form. Sn was defined 
as the probability of PB HPC to be more than the cut‑off, 
to obtain the target dose of CD34 + yield and Sp, as the 
probability that the target dose was not achieved when the 
PB HPC count was less than the cut‑off. Positive predictive 
value  (PPV) was defined as the percentage chance of 
obtaining more than the target CD34+ dose when the HPC 
count was more than the cut‑off and negative predictive 
value (NPV), as the percentage chance of not completing 
the target when the PB HPC was less than the cut‑off.

Ethical approval
The study was approved by Institutional Review 
Board (MICR‑849/2018).
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Results

Study samples
A total of 42 PB and 84 APH samples from 29 allogenic 
and 13 autologous donors were analyzed.

3.2 Range, Mean and Correlation analysis of PB group 
and APH group samples.

The range and mean of WBC, MNC, IG, HPC, and 
CD34+ counts in PB group and APH group are detailed in 
the Table  1. The correlation between HPC count and 

CD34+ count was most significant, with a correlation 
coefficient, r = 0.617 in PB group samples (n = 42) and 
r = 0.699 in APH group samples  (n = 84), depicted in 
Figure 2. The WBC, MNC, and IG counts also showed 
a positive correlation with CD34+  cell count. The 
correlation coefficients (r) are given in the table below:

Correlation analysis of CD34+  yield with 
peripheral blood counts
TTIH, which depends on the PB counts, is an important 
determinant to obtain an adequate dose of CD34+ cells. 
CD34+ cell count in PB was observed to correlate well 

Figure 1: Flowcytometric enumeration of CD34+ cells using international society of hematotherapy and graft engineering single platform: (a) Debris are gated in FSC‑A versus 
SSC‑A plot (all events are considered). (b) Non‑debris population is selected and beads are gated. (c) Then non‑beads events are plotted with through probe PerCp cy 5.5 in 
FSC versus SSC‑A, the viable cells are then gated. (d and e) Out of those viable cells CD45+ cells are taken and lymphocytes are gated to check the position of blasts cells 

i.e., dim for CD45+ but behind the lymphocytes. (f) Out of these viable CD45+ cells plot, another graph is made with CD34PE versus SSC‑A and bright CD34+ cells are gated 
and named as P1. (g) The population of cells positive for CD45 cells is named as P2 cells. (h) These P1 cells, dim for CD45 (as seen in e) are then represented on FSC‑A 

versus SSC‑A plot and bright cluster is gated and includes viable CD34+ cells. * FSC = Forward Scatter, SSC = Side Scatter, (*Correlation is significant at 0.01 level (2-tailed))

d

h

c

g

b

f

a

e

Table 1: Range, mean and correlation coefficient of peripheral blood and apheresis samples, considering 
CD34+as the gold standard
Parameter (103*/μl) PB APH

Range Mean Correlation coefficient (r) Range Mean Correlation coefficient (r)
WBC 6.574-118.412 49.846 0.397* 24.365-522.07 297.691 0.216
MNC 1.403-19.187 7.842 0.245 4.521-357.921 146.942 0.358*
HPC 0.009-0.0187 0.058 0.617* 0.087-10.176 1.712 0.699*
CD34 (gold standard) 0.010-0.678 0.091 1 0.179-17.241 1.754 1
PB=Peripheral blood, APH=Apheresis, HPC=Hematopoietic progenitor cell, MNC=Mononuclear cell, WBC=White blood cell Range, Mean and correlation 
coefficient of peripheral blood (PB) and Apheresis samples (APH), considering CD34+ as the gold standard. (*Correlation is significant at 0.01 level (2-tailed))
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with the CD34+ cell yield (CD34+ cell count × 106/kg), 
r = 0.674. PB HPC count estimates TTIH fairly well; the 
correlation of PB HPC with CD34+ cell × 106/kg weight 
was observed as r = 0.444.

Cut‑off point of peripheral blood hematopoietic 
progenitor cell count
ROC curve was analyzed to determine the Sn, Sp, PPV, 
and NPV at the range of cut‑offs for PB HPC to obtain the 
target dose (5 × 106 CD34 cells/kg), given in Figure 3. The 
cut‑off value of PB HPC was established to be 66 HPC/µl, 
with maximum Sp of 88.89%, Sn of 48.48%, and AUC of 
0.631 [Table 2].

Turn‑around time
The TAT of flowcytometric CD34+  enumeration was 
40–60 min (mean = 50 min) was around 30 times that of 
HPC count by analyzer, which was 60–120 s (mean = 90 s).

Cost‑benefit analysis
The cost of CD34+  flow cytometric enumeration per 
sample was calculated as 2650 INR  ($ 36.14), which 
was around six times more than HPC enumeration per 
sample, which was 450 INR ($ 6.14).

Discussion

Demographics
In the present study, leukapheresis was performed 
most commonly for allogenic HPC  (A), mainly for 
hematological cancers and marrow failure states and 
hence our study population had a comparatively 
younger allogenic‑donor  (and patient) population. 
In the studies by Fatorova et  al.[3] and Peerschke 
et al.[6] who have evaluated the correlation of HPC with 
flowcytometric CD34+  cell counts, the most common 

indication for leukapheresis was autologous HPC (A) 
for multiple myeloma and lymphoma, and therefore 
had a comparatively older patient‑donors population.

Correlation of hematopoietic progenitor cell count 
in peripheral blood group and apheresis group 
samples group samples with CD34+ cell count
Our study evaluated the correlation of HPC count using 
an advanced automated cell analyzer (Sysmex‑XN 9112) 
with CD34+  flowcytometric enumeration. Besides 
HPC, we also evaluated the correlation of certain other 
parameters such as WBC and MNC counts in our study 
with the CD34+ cell counts. Our results of correlation 
analysis of HPC and CD34+  counts were statistically 
significant with r = 0.617 in PB group and r = 0.699 in 
APH group, respectively. The correlation coefficient (r) 
of HPC and CD34+  cell count in various published 
studies ranges from 0.440 to 0.880 in PB group[7‑10] and 
0.460–0.930 in APH group.[3,6,11,12] In the present study, 
the correlation coefficient of WBC, MNC with CD34+ cell 
count was not significant and this was similar to other 
studies.[6‑8,13,14]

Correlation of peripheral blood counts in 
predicting CD34+ yield
Following mobilization of HPCs, there is a transient 
increase in the HPC in PB. It is therefore essential 
to  ini t iate  leukapheresis  at  the appropriate 
time  (TTIH) to achieve an adequate dose. The TTIH 
is usually determined by PB CD34  +  cell counts 
by flowcytometry. Flowcytometric enumeration is 
expensive, time‑consuming, and requires trained 
staff for performing the analysis. We analyzed the 
correlation coefficient of PB CD34+  counts and PB 
HPC counts with CD34+ yield, which was r = 0.674 and 
r = 0.444 respectively. Other transplant settings using PB 
CD34+ and PB HPC counts to predict the yield showed 

Figure 2: Scatter plot of correlation analysis of peripheral bloodhematopoietic 
progenitor cell and Apheresis blood (APH) hematopoietic progenitor cell with 

CD34 + count. *PB = Peripheral blood, APH = Apheresis sample, r = correlation 
coefficient

Figure 3: Receiver operator curve for peripheral blood hematopoietic progenitor 
cell count to obtain a dose of 5 × 106 CD34 cells/kg)
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a significant correlation coefficient of CD34+ cell yield 
with PB CD34+ ranging from 0.847 to 0.921 and with 
PB HPC count ranging from 0.592 to 0.620.[7,14‑16]

Peripheral blood hematopoietic progenitor cell 
cut‑off for target dose of 5 × 106 cells/kg
In our study, we determined the cut‑off of PB HPC for 
the target dose of 5 × 106 cells/kg body weight using the 
ROC curve, which revealed the cut‑off of 66 PB HPC/
µl for optimum Sn and Sp. This translated into the 
PPV of 94.12% and NPV of 32% as per Table 2. This is 
possibly for the first time that cut‑off of PB HPC has been 
calculated for a dose of 5 × 106 cells/kg body weight of 
the patient. In previous studies, the cut‑off for PB HPC 
has been calculated for a target dose of 1–2.5 × 106 cells/
kg body weight.[7,9,15] The dose of 5 × 106 cells/kg is more 
relevant because of better engraftment kinetics and also 
there is loss of some viable cells during cryopreservation 
of leukapheresis product.[17‑19]

Can hematopoietic progenitor cell replace 
CD34+ flowcytometric enumeration?
Considering the results of our study and the 
advantages of rapid, cheaper and technically easier 
way of HPC enumeration using an automated cell 
analyzer, we emphasize the use of PB HPC count 
as a supplementary test to CD34 + enumeration for 
determining the TTIH and AOHD. Considering our 
comparatively lower correlation as compared to other 
published data, we recommend more studies in our 
population setting to determine the efficacy of HPC 
count in replacing CD34 flowcytometric enumeration 
and for establishing a definite cut‑off of PB HPC for 
adequate transplant.

Conclusion

Considering the correlation of HPC and CD34+ cell count 
of r = 0.617 in PB group and r = 0.699 in APH group, we 
recommend using HPC along with CD34 flowcytometric 
enumeration for adequate harvest dose.
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