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Abstract: The quality of the collected hematopoietic stem cells (HSC) product is of primary importance for each patient 

in the transplantation process. We have collected data on the number and viability of cells in the HSC engraftment, both 

before and after freezing, and compared it to the rate of hematologic recovery to evaluate and to determine the laboratory 

parameter that sufficiently determines the rate of recovery after transplantation. We concluded that the average percentage 

of viability and the average stem cell count per kg of patient was consistent with the recommended values; the number 

of CFU-GM in the fresh leukapheric sample was associated with the rate of neutrophil recovery, whereas no statistical 

significance was found in association with other measurements, and the cell viability and growth of CFU-GM in this 

study did not show a direct impact on patient recovery rate. 
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INTRODUCTION 

The hematopoietic stem cell (HSC) was the first type of 

stem cell to be discovered in humans, and so far, it is the 

only one that is used in routine clinical work.1 This 

pluripotent HSC differentiates into immature cells of the 

myelopoietic and lymphopoietic systems where, by the 

process of proliferation and differentiation, they are 

transformed into completely functional, mature blood 

cells.2 The HSC is primarily located in the bone marrow 

(BM), where the specific hematopoietic 

microenvironment regulates its functions.3 

Differentiation of the HSC depends on the presence of 

growth factors. Regardless of its primary location, the 

HSC shows significant mobility. In response to specific 

signals, the HSC may lose adhesion molecules and exit 

from the BM by the mobilization process or reintroduce 

itself into the BM.4 This mobility makes HSCs the 

perfect candidates for the successful transplantation and 

treatment of innate and acquired malignant diseases of 

the blood and immune systems, as well as some solid 

tumors.  

Today, three sources of HSCs are used for 

transplantation. These include the bone marrow (BM), 

the peripheral blood (PB) and the cord blood. Although 

the BM function can be restored after transplantation 

from all three sources, it is known that there are 

quantitative and qualitative differences between 

transplants.5 Today, the traditional source of HSCs is 

slowly being replaced by a leucocyte concentrate from 

the PB by means of leukapheresis. This procedure is 

safer and simpler than BM extraction. The advantage of 

collecting HSCs from the PB is that the number of HSCs 

in the PB can be increased in vivo by the mobilization 

process using myelosuppressive doses of chemotherapy 

or growth factors.6, 7 A leucocyte concentrate also 

contains myeloid cells, so the recovery of the BM 

function is faster after the transplantation of HSCs from 

the leukocyte concentrate than from the BM.  
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In clinical practice filgastrim, a human G-CSF 

(granulocyte colony stimulating factor) produced by 

recombinant DNA technology is used for the 

mobilization process. It increases the number of CD34+ 

cells 10 to 100 times. The synergistic effect of combined 

chemotherapy and G-CSF increases the number by 100 

to 500 times.8 Nevertheless, there is still a significant 

portion of patients who cannot collect enough HSCs. 

Patients (20-40%) are considered poor mobilizers if the 

number of CD34+ cells in the PB is less than 20x106/L.8 

It is then possible to apply the following procedures: re-

mobilization with the same or more intensive protocol, 

high blood volume leukapheresis and the introduction of 

a new mobilization agent.  

After each leukapheresis procedure, the number of 

CD34+ cells is determined. Leukapheresis continues on 

a daily basis until the targeted cell count is collected. 

Usually, the required number of HSCs is collected from 

1-3 leukaphereses.  To determine when to start 

leukapheresis, daily monitoring of leukocytes and 

CD34+ cells in the PB is required.  Leukapheresis uses 

a cell separator that identifies target cells by blood 

centrifugation due to the specific density of the blood 

cells.9 The total blood volume of the patient, which is 8-

12 L, is treated 2-3 times, and the procedure lasts for 3-

4 hours.8  

The goals of HSC transplantation are the complete 

restoration of stem cells in the BM as well as the fastest 

possible hematological recovery of neutrophils and 

platelets, with fewer side effects and treatment costs. 

The quality of the collected HSC product is of primary 

importance for each patient. After completing the 

leukapheresis procedure, the quality of the collected 

cells is always analyzed. For now, there is no generally 

accepted method of analyzing the primitive stem cell; 

however, in practice, two empirically identified 

parameters are used: the number of CD34+ cells and the 

number of colonies in a short-term cell culture. These 

indicators are expressed as the number of cells per 

kilogram of body weight. Also, the safety of the 

leukapheresis product, with regards to possible 

microbiological contamination, is very important. 

The aim of this research was:  

1) to collect data - the number and viability of cells in 

the HSC engraftment, both before and after freezing,  

2) to compare this data from all the patients treated at 

the Department of Hematology since 2015 with the rate 

of hematologic recovery,  

3) based on the results obtained, to evaluate and to 

determine the laboratory parameter that sufficiently 

determines the rate of recovery of patients after 

transplantation. 

 

 

MATERIAL AND METHODS 

From November 6th, 2015 to September 29th, 2016, 

leukocyte concentrate samples from 25 patients were 

processed. All the patients were treated in the 

Department of Hematology, University Hospital 

Dubrava, and have received their HSC engraftment. 

After transplantation, they were monitored for up to 4 

weeks. Monitoring means checking their complete 

blood count every day after the transplantation in 

Clinical Department of Laboratory Diagnostics, 

University Hospital Dubrava on the hematologic 

analyzer LH750 Beckman Coulter, USA.  

The study included 25 patients (8 female and 17 male). 

The average age was 52 (range: 22 to 68). Patients had 

three types of diagnosis, multiple myeloma (MM) - 10 

patients, non-Hodgkin's lymphoma (NHL) - 14 patients 

and Hodgkin's disease (MH, from Morbus Hodgkin) - 1 

patient. 

The patient leukocyte concentrate samples were divided 

into three groups:  

1) fresh samples - samples separated from leukocyte 

concentrates immediately after leukapheresis, 

2) control samples - samples to which cryoprotectives 

have been added after leukapheresis and then stored in 

liquid nitrogen for at least 48 hours (these samples give 

a realistic assessment of the quality of the frozen 

leucocyte concentrate), and  

3) control samples of transplants - samples extracted 

from the transplantation dose immediately before 

transplantation.  

We determined the viability and established a short-term 

stem cell culture for all three groups.  

Viability was determined by dividing the leukocyte 

concentrate samples in an equal ratio of Trypan blue 

solution (Figure 1). Fresh samples were expected to 

have a viability of 90-100% while in the two other 

groups that were frozen, the viability was expected to be 

lower. There was no cut off value for control samples in 

this research.   

 

 

 
 

Figure 1. An example of cell viability. The viability is 90% (there 

are 18 live cells and two dead cells in the field). 
 

 

For short-term stem cell culture, we used Methocult 

H4433 and a semi-solid medium. Cells were cultured for 

14 days at 37°C with 5% CO2 in an incubator, and 

granulocyte-macrophage colonies were counted with an 

inverted microscope. The counted colonies were 
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expressed as the number of colonies x105/MNC (Figure 

2).  

The rate of hematologic recovery was collected at 3 

points for leukocytes and 2 points for neutrophils. We 

monitored the complete blood count daily, and noted 

when the number of leukocytes in the peripheral blood 

reached >0.5; >1 and >5x109/L.  Hematologic 

reconstitution considered for neutrophils was >0.2 and 

>0.5x109/L.  

 

 

 
 

Figure 2. An example of a CFU-GM (Colony Forming Units-

Granulocyte Macrophage) colony after 14 days of incubation. 
 

 

The statistical data included descriptive statistics from 

which the median values and ranges (minimum and 

maximum values) were calculated for all of the 

processed numerical data, while the qualitative data is 

shown in absolute (N) and relative numbers (%). A 

graphical presentation of the recovery rate was 

formulated in the form of Kaplan-Meier curves, 

whereby patients who did not reach the required 

concentration of cells were excluded. The correlation 

between the rate of cell recovery with the graft quality 

was examined by the Cox regression test, with P <0.05 

as a measure of statistical significance. The association 

was expressed by the risk ratio and the limits of its 95% 

significance. MedCalc (Version 9.2, MedCalc Inc., 

Mariakerke, Belgium) was used for the statistical 

analysis. 

 

 
RESULTS 

The study included 25 patients. One patient died of 

treatment complications and its data have been excluded 

from this research since the hematologic reconstitution 

was not achieved. 

Viability of fresh samples were high as expected and 

other values are listed in Table 1 with the numbers of 

CFU-GM colonies. CFU-GM colonies were developed 

from all the samples.  

According to the CFU-GM data from Table 1 and the 

patient mass data, the average amount of stem cells per 

kilogram of body weight was calculated to be 11.1 (3.6-

35.8) x106/kg.15 

 

 
Table 1. The percentages of viability and the number of CFU-GM 

colonies in 3 different samples 

 

SAMPLE VIABILITY (%) CFU-GM (Nx105/MNC) 

leukapheresis 99 (94 -100) 56 (28-200) 

control 78 (48 - 99) 42 (0-200) 

transplant 81 (38-99) 49 (17-132) 

 

Legend CFU-GM - Colony Forming Units-Granulocyte Macrophage; 

MNC - mononuclear cell 
 

 

Table 2 shows how many days it took for the post-

transplantation in the PB of patients to reach the default 

value of leukocytes and neutrophils and the dynamics 

are shown in Figure 3 for leukocyte recovery and Figure 

4 for neutrophils. 

 

 
Table 2. The recovery rate of patients after transplantation 
 

 NO. OF LEUKOCYTES 

IN PB (109/L) 

RECOVERY 

RATE (days) 

leukocytes 

> 0.5 10 (9 - 11) 

> 1.0 11 (9 - 12) 

> 5.0 13 (10 - 22) 

neutrophils 
> 0.2 10 (8 - 10) 

> 0.5 10 (9 - 11) 
 

Legend: PB - peripheral blood 
 

 

The rate of leukocyte recovery (LCT) in the PB of 

patients was measured in days reaching the cell 

concentration of >0.5x109/L; >1x109/L and >5x109/L. 

The average recovery rate is 10 (9-11) days; 11 (9-12) 

days and 13 (10-22) days, respectively. 

The correlation between the quality parameters (the 

number of stem cells and viability) with the patient's 

recovery rate is shown in Table 3. The table shows that 

only the concentration of stem cells in the fresh 

leukapheresis samples is significantly related to the 

neutrophil recovery rate measured to a concentration of 

>0.5x109/L (P=0.045), while all other values are not 

statistically significant (P>0.05).  

This means that a significantly faster recovery of the 

neutrophil granulocytes up to a concentration of 

>0.5x109/L is expected with a higher amount of CFU-

GM in a fresh sample, immediately after leukapheresis. 

The rate of recovery of other measured cells, as well as 

the concentration, does not depend on the number of 

stem cells, nor on the viability of mononuclear cells. 

 
 

DISCUSSION 

This research was conducted to assess how the quality 

of the engraftment affects the patient's recovery speed. 
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Figure 3. The rate of leukocyte (LCT) recovery in peripheral blood 

of patients measured in days reaching the cell concentration of 

>0.5x109/L; >1x109/L and >5x109/L. 
 

 

 

 

 

 

 

 

 
Figure 4. The rate of recovery of neutrophils (NG) in peripheral 

blood of patients measured in days reaching the cell concentration 

of >0.2x109/L and >0.5x109/L. The average recovery rate is 10 (8-

10 for >0.2x109/L and 9-11 for >0.5x109/L) days. 
 

 

Cross-quality was monitored through two parameters, 

cell viability, and the growth of CFU-GM colonies in 

three types of samples: leukapheresis samples, control 

samples and transplantation samples. In fresh samples 

the percentage of viability was very high, 99% 

(recommended value: >95%14), which is important since 

viability is the first indicator of biological activity in the 

cells that play a key role in BM recovery. In control 

samples and reinfusion samples the percentage was 

slightly smaller, 78% in the control samples and 81% in 

the transplanted samples (recommended value: 

>70%14). These results are very satisfactory and at the 

same time represent evidence of excellent survival of the 

cells after freezing. It is known that cell viability and 

even granulocyte recovery are reduced by freezing and 

thawing, which indicates that cryopreservation is an 

important factor when planning to introduce an HSC 

transplantation procedure.10 The finding is consistent 

with the literature proving that postransplant 

engraftment is dependent on the quantity of 

hematopoietic cells with repopulating ability.14  

Recent research suggests that the collection, 

manipulation, storage, and dehydration of the 

engraftment require a special approach as they may 

affect the overall transplantation performance.10, 11 That 

is why new methods of storing samples, such as storage 

in a double bag and cryogenic chambers, are being 

developed, which affects cell viability and neutrophil 

recovery.11 

After fourteen days we counted the colonies in the 

samples in which we had previously determined the 

viability. In the leukapheresis samples the largest 

growth of colonies, 56x105/MNC, was expected due to 

the apparent influence of the freezing and thawing 

process. In the control samples we counted 

42x105/MNC, and in the reinfusion samples 

49x105/MNC. According to this data (Table 1) and the 

patient weight data, the average number of stem cells per 

kilogram of body mass was reported15 and, in this study, 

was equal to 11.1 (3.6-35.8) x106/kg, which is 

satisfactory. The target cell dose for collection and 

transplantation was 2×106 CD34+ cells/kg. Studies have 

shown that CFU-GM progenitor cells and mononuclear 

cells are the most important factors of neutrophil 

recovery, which subsequently suggests the recovery of 

the patient after reinfusion.12, 13 This study also 

confirmed that the number of hematopoietic stem cells 

estimated by CFU-GM assay is a good and reliable 

routine test for prediction of hematopoietic recovery, as 

suggested before.16 

Therefore, the recovery was also followed by two 

parameters: the leukocyte concentration in the PB and 

the concentration of the neutrophils in the PB. The first 

leukocyte growth (LCT>0.5x109/L) was recorded on the 

10th day. As early as the next day, patients had 

LCT>1.0x109/L. The most significant increase in the 

leukocyte concentrations (LCT>5.0x109/L) in most 

patients occurred on the 13th day after reinfusion. The 

neutrophil recovery was monitored through two 

concentrations, NG>0.2x109/L and NG>0.5x109/L. In 

the majority of patients, on the 10th day there was an 

increase above the given concentrations. However, by 

further examination of the recovery rate with the cross-

sectional quality indicators, only the stem cell 

concentrations in the fresh leukapheric samples were 

significantly associated with the neutrophil recovery 

rate measured to >0.5x109/L (P=0.045, Table 2), while 

all other values were not statistically significant 

(P>0.05). Specifically, the significantly faster recovery 

of the neutrophil granulocytes to a concentration greater 

than 0.5x109/L is expected with a higher number of 

CFU-GMs in the fresh sample, immediately after 

leukapheresis. Rowley's results support the findings of 

our study. As stated before, no relation was evident 

between the CFU-GM and time for recovery of 

peripheral blood cells.17 

This research demonstrated that the cell viability and 

CFU-GM growth in cell culture, although important as 

benchmark parameters, do not have a direct impact on 

the recovery rate of our patients. From this we conclude 

that the quality was satisfactory, but did not have a direct 

impact on the speed of patient recovery for undefined 

reasons. In addition to the previously mentioned 

manipulation procedures that directly affect the quality 

of the transplant, it has been shown that the rate of 

recovery of patients after reinfusion depends on various 

factors such as age, diagnosis, treatment procedures, 

length of the disease and febrile post-reinfections.18   

In a future extension of this study, both CFU-GM 

viability and CD34+ contents will be evaluated and 

compared with the data of illness characteristics. 
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Table 3. Correlation between the quality parameters*. The rate of leukocyte and neutrophil recovery for a total of five cell concentrations was 

compared to the number of CFU-GM and cell viability in the leukapheresis samples and control samples, and was expressed as a risk ratio 

(OR) and its 95% confidence limits (G95% OR). 

 

Recovery Rate Indicator P OR G95% OR 

LCT > 0.5x109/L 

CFU-GM leukapheresis 0.604 0.9921 0.9632 - 1.0220 

CFU-GM control 0.438 1.0115 0.9829 - 1.0409 

viability leukapheresis 0.381 1.4879 0.6141 - 3.6050 

viability control 0.641 0.9889 0.9436 - 1.0363 

LCT > 1x109/L 

CFU-GM leukapheresis 0.164 1.0185 0.9927 - 1.0451 

CFU-GM control 0.483 0.9918 0.9692 - 1.0148 

viability leukapheresis 0.506 0.8906 0.6337 - 1.2516 

viability control 0.466 1.0133 0.9782 - 1.0496 

LCT > 5x109/L 

CFU-GM leukapheresis 0.118 1.0214 0.9947 - 1.0489 

CFU-GM control 0.197 0.9843 0.9610 - 1.0082 

viability leukapheresis 0.314 0.8382 0.5952 - 1.1805 

viability control 0.410 1.0141 0.9810 - 1.0483 

NG > 0.2x109/L 

CFU-GM leukapheresis 0.132 1.0215 0.9937 - 1.0501 

CFU-GM control 0.151 0.9813 0.9564 - 1.0068 

viability leukapheresis 0.661 1.0757 0.7776 - 1.4879 

viability control 0.322 1.0182 0.9827 - 1.0549 

NG > 0.5x109/L 

CFU-GM leukapheresis 0.045 1.0272 0.1001 - 1.0562 

CFU-GM control 0.144 0.9817 0.9577 - 1.0062 

viability leukapheresis 0.806 0.9567 0.6729 - 1.3601 

viability control 0.424 1.0152 0.9785 - 1.0533 

 
Legend: LCT – leukocytes, NG – neutrophils; CFU-GM - Colony Forming Units-Granulocyte Macrophage 

 

 

CONCLUSIONS 

The average percentage of viability was consistent with 

the recommended values (leukapheresis samples 99%, 

control samples 78% and 81% in transplanted samples);  

The average stem cell count per kilogram of patient 

mass was also within the recommended values 

(11.1x106/kg);  

The number of CFU-GM in the fresh leukapheric sample 

is associated with the rate of neutrophil recovery to a 

concentration >0.5x109/L, whereas no statistical 

significance was found in association with other 

measurements; 

Cell viability and growth of CFU-GM are important 

parameters for the quality of the cut-off but in this study, 

they did not show a direct impact on patient recovery 

rate; 

The data on cell viability and the increase in CFU-GM 

data obtained during this research fully satisfy the 

required criteria of good laboratory practice. 
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