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Abstract 

 

Objective: To evaluate the neutrophil engraftment after Hematopoietic Stem Cell Transplantation (HSCT) in a 

group of pediatric patients diagnosed with non-malignant hematological disorders and to relate the possible 

effects of different patients’ and transplant variables such as gender, age, conditioning protocol, graft vs host 

disease (GVHD) etc., on the neutrophils engraftment. 

Methods: 17 children who had non-malignant hematological disorders and who underwent allogeneic HSCT 

using peripheral blood stem cells (PBSC) as stem cell source were included. Neutrophils engraftment was 

defined as the first of three consecutive days in which the peripheral blood absolute neutrophilic count was ≥ 

500/mm3. 

Results: Neutrophils engraftment occurred at a mean of 13.41 ± 3.83 days post-transplant. There was no 

relation between neutrophil engraftment and gender, original disease, cytomegalovirus (CMV) reactivation, 

acute GVHD, chronic GVHD, conditioning protocol and GVHD prophylaxis protocol. There were no 

correlation between the date of neutrophil engraftment post HSCT and age of patients at HSCT, age of donors at 

HSCT and CD34 count of infused stem cells. 

Conclusion: When using PBSC as stem cells source, neutrophils engraftment occurred at a mean of 13.41 ± 

3.83 days post-transplant, faster than reported with other stem cell sources. The neutrophils engraftment appears 

not to be affected with possible effects of different patients’ or other transplant variables. 
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1. INTRODUCTION 
 

Hematopoietic stem cell transplantation (HSCT) is 

now widely used for the treatment of children with 

blood diseases. An important factor in the prognosis 

of the patient post-transplant is host immune 

reconstitution (1). One of the aspects of immune 

reconstitution is the neutrophil engraftment, which is 

an important first line of defence against infection 

(2). 

Numerous studies on neutrophil engraftment post-

SCT in adults have been reported (3). These studies 

reported that neutrophil engraftment occur in the first 

2 weeks to 1 month post-transplant according to stem 

cells source, being delayed in umbilical cord blood   

 

 

 

(UCB) compared to bone marrow (BM) and PBSC 

stem cells source (1,3,4,5). 

Besides stem cell source, factors reported in adults 

that affect the neutrophil engraftment include human 

leucocyte antigen (HLA) mismatch between donors 

and recipients (6,7), CD34+ dose (3,5,8,9), use of 

ATG (10,11) and conditioning with total body 

irradiation (TBI) in cord blood transplantation (CBT) 

(12). 

Studies on neutrophil engraftment in pediatric 

population are few (13,14,15,16,17). Herein we 

report a study of neutrophil engraftment and factors 

affecting it in a group of pediatric patient undergoing 

full matched related HLA HSCT for non-malignant 
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hematological disorders, using PBSC as stem cell 

source. 

 

2. PATIENTS AND METHODS 
 

1. Patients cohort 

This observational cohort study included 17 pediatric 

patients (age less than 18 years old) diagnosed with 

non-malignant hematological disorders based on 

conventional clinical and hematologic criteria. The 

patients underwent HLA fully matched allogeneic 

HSCT at the Pediatric Hematology and Bone Marrow 

Transplantation Centre, Cairo University from 

December 2015 to December 2019. The study 

included 12 patients with bone marrow failure and 5 

patients with beta thalassemia major. Patients’ 

characteristics are illustrated in table 1. 

2. Cohort transplant methods 

Patients’ characteristics are illustrated in table 1. 

Regarding conditioning regimen, the BU+CY 

regimen consisted of a myeloablative regimen in the 

form of oral busulfan 20mg\kg total dose and 

intravenous cyclophosphamide 200mg\kg total dose. 

The FLU+CY regimen was a reduced intensity 

regimen in the form of intravenous Fludarabine 

120mg\m2 total dose and intravenous 

cyclophosphamide 200mg\kg total dose. Regarding 

GVHD prophylaxis, the MTX based regimen given 

to bone marrow failure group (12 patients) consisted 

of 2 or 3 doses (according to occurrence of side 

effects) of methotrexate with initial dose of 15mg\m2 

and subsequent doses of 10mg\m2. The ATG based 

regimen given to thalassemia major patients 

consisted of intravenous antithymocyte globulin 

(ATG) 11mg\kg\day for 3 days pre transplant and 3 

days post-transplant. In addition, all patients in either 

group received initial cyclosporine starting from D-1.  

Source of stem cells in all patients was G-CSF 

mobilized PBSC. G-CSF where given to the donor on 

a dose of 10 microgram\kg\day starting from D-5 till 

D-1.  

Neutrophils engraftment: defined as the first of 3rd 

consecutive days in which the peripheral blood 

absolute neutrophilic count was  ≥ 500 (18).  

For assessing CMV reactivation post transplant, 

CMV PCR was performed twice weekly to all 

patients starting from D+14. CMV reactivation was 

defined as > 1000 copies\ml.  

Grading of acute graft versus host disease (GVHD) 

was done according to Gluksberg criteria (20). 

 

3. STATISTICAL ANALYSIS 
 

All data were collected, tabulated and statistically 

analyzed using SPSS 26.0 for windows (SPSS Inc., 

Chicago, IL, USA).  Quantitative data were 

expressed as the mean ± SD & median (interquartile 

range), and qualitative data were expressed as 

absolute frequencies (number) & relative frequencies 

(percentage). Mannwhitney test was used to compare 

between more than two groups with non normally 

distributed variables. Percent of categorical variables 

were compared using Chi-square test.  All tests were 

two sided. P-value < 0.05 was considered statistically 

significant (S), p-value ≥ 0.05 was considered 

statistically insignificant (NS). 

 

3. RESULTS 
 

Post-transplant data is revealed in Table (1). 

Neutrophils engraftment occurred at a mean of 13.41 

± 3.83 days post-transplant. Four (23.5%) patients (2 

aplastic anemia patients, one patient with congenital 

neutropenic, and one patient with beta thalassemia 

major) were given G-CSF to aid in neutrophil 

engraftment. 

 

Table (1): Patients characteristics and post transplant data 

Donor age at time of HSCT (yrs) (Mean ±SD) 18.09 (±12.78) (Range 3.1-40.1) 

Patient age at time of HSCT (yrs) (Mean ±SD) 5.59 (±3.36) (Range 0.6-14.6) 

Patient gender (No.  of patients (%)) 

 Male  

 Female 

 

 10 (58.8 %) 

 7   (41.2%) 

 

Patients’ diagnoses (No.  of patients (%)) 

 Severe aplastic anemia 

 Beta thalassemia major 

 Congenital neutropenia 

 Osteopetrosis 

 

 

 10 (58.8%) 

 5 (29.4%) 

 1 (5.9%) 

 1 (5.9%) 

 

Conditioning (No.  of patients (%)) 

 Fludarabine + Cyclophosphamide 

(FLU+CY) 

  

 

 

 11 (64.7%) 

o 10 SAA patients (58.8%) 

o 1 Congenital neutropenia (5.9%) 
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 Busulfan + Cyclophosphamide 

(BU+CY) 

 6   (35.3%) 

o 5 beta thalassemia  (29.4%) 

o 1 osteopetrosis (5.9%) 

CD34+  count (x106\kg) (Mean ±SD) 10.56 (±2.6) 

Neutrophils engraftment (Mean ±SD) 13.41 ± 3.83 

GVHD prophylaxis   (No.  of patients (%)) 

 Methotrexate + Cyclosporin  

 

 

 

 ATG + Cyclosporin  

 

 12 (70.6%) 

o 10 SAA patients (58.8%) 

o 1 Congenital neutropenia (5.9%) 

o 1 osteopetrosis (5.9%) 

 

 5   (29.4%) 

o 5 beta thalassemia  (29.4%) 

 

CMV reactivation  (No.  of patients (%)) 7 (41.2%) 

Acute GVHD   (No.  of patients (%)) 
 5 (29.4%) 

o 3 SAA (17.65%) 

o 2 beta thalassemia (11.75%) 

Chronic GVHD   (No.  of patients (%)) 
 3 (17.65%) 

o 1 SAA (5.90%) 

o 2 Beta thalassemia (11.75%) 

 

There was no relation of neutrophil engraftment 

with gender (p=0.47), initial diagnosis (p=0.28), 

conditioning protocol (p=0.48), GVHD prophylaxis 

protocol (p=0.28), CMV reactivation (p=0.53), 

acute GVHD (p=0.15) or chronic GVHD (p=0.38). 

Table (2) 
 

Table (2): relations some transplant variables to neutrophil engraftment 

Variable Value (mean ± SD) P value 

Gender 

Male 14 ± 4.69 
0.47 

Female 12 ± 2.14 

Diagnosis 

Bone marrow failure 12.75 ± 2.37 
0.28 

Beta thalassemia major 15 ± 6.20 

Conditioning 

BU+CY 14.33 ± 5.78 
0.48 

Flu+CY 12.9 ± 2.42 

GVHD prophylaxis type 

MTX+CSA 12.75 ± 2.37 
0.28 

ATG+ CSA 15 ± 6.20 

CMV reactivation 

No 12.9 ± 2.37 
0.53 

Yes 14.14 ± 5.42 

Acute GVHD 

No  14.25 ± 4.08 
0.15 

Yes 11.4 ± 1.01 

Chronic GVHD 

No 13.78 ± 3.96 
0.38 

Yes 11.66 ± 0.94 

  
There was no correlation between neutrophil 

engraftment and CD34+ cell dose (p=0.42), age of 

patients at the time of transplant (p=0.96) or age of 

donor at the time of transplant (p=0.44) Table (3).

 

Table (3): Correlations of some transplant variables to neutrophil engraftment 

Correlations P value 

Age at BMT 0.959 

Donor age at BMT 0.443 

CD34  ( x106\kg ) 0.421 
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4. DISCUSSION 

 
Our study included 17 patients diagnosed with non-

malignant diseases who underwent HSCT. 

In our study, PBSC was used as stem cell source. 

Our study showed that neutrophils engraftment 

occurred at a mean of 13.41 ± 3.83 days post-

transplant. This is in line with other studies in 

adults or pediatrics using PBSC (4,14) or BMT as 

stem cell source (14,15), and shorter than studies 

using cord blood (CB) as stem cells source 

(13,14,15,16,21). The delayed engraftment in 

studies using CB as stem cell source is due to the 

limited numbers of progenitor cells in the UCB unit 

(21). 

Our study didn’t show a correlation between 

neutrophil engraftment and CD34+ cell dose. Other 

studies in adults showed a correlation between 

higher CD34+ dose and faster neutrophil 

engraftment, with different cut off cell dose 

between ≥ 1.5 x106\kg and ≥ 5 x106\kg associated 

with faster neutrophil engraftment according to 

stem cell source (5,8,9,22,23). The reason that our 

study didn’t show a correlation between neutrophil 

engraftment and CD34+ cell dose maybe due to the 

fact that all our patients received CD34+ stem cell 

dose of ≥ 5 x106\kg, as our patients’ mean CD34+ 

dose was 10.56 (±2.6) x106\kg with minimum dose 

of 7.5 x106\kg and maximum dose of 15 x106\kg. 

Our study didn’t show a relationship between 

intensity of conditioning and neutrophil 

engraftment. This is in line with studies in adults 

using PBSC or BM as stem cell source as (12,24). 

Studies on CBT showed enhanced neutrophil 

engraftment using TBI specially in the settings of 

more HLA mismatch between donor and recipient 

(12). This effect may be due to the effect of more 

intense conditioning of TBI in the settings of HLA 

mismatch leading to more suppression of recipient 

immunity which in turn enhances engraftment (12).   

Our study didn’t show a relation between the use of 

ATG and neutrophil engraftment. Some studies in 

adults showed that the use of ATG was associated 

with delayed neutrophil engraftment (10,25), while 

other studies both in adults and pediatrics showed 

no effect (13,26). This discrepancy may be due to 

the difference in the method of ATG preparation 

and/or the ATG dose, and the presence of HLA-

mismatching in the other studies (10). 

Our study didn’t show a relationship between 

gender and neutrophil engraftment. This is in line 

with other studies performed in adults (27). 

Our study didn’t show a relation between donor age 

and neutrophil engraftment. This is in contrast to a 

study done by Capellie B et al (28) that showed 

enhanced neutrophil engraftment in sickle cell 

disease (SCD) patients aged 0-15 years undergoing 

HLA matched HSCT using BM as stem cell source 

from sibling donors who were above 9.6 years old 

compared to younger donors. However the author 

of the same paper pointed out that this effect maybe 

due to the fact that the younger in age and thus in 

weight patient, have received a higher total 

nucleated cells (TNC) from the older donor 

compared to the younger donor and not due to true 

relation to donor’s age. (28). 

In our study, no relation was found between acute 

GVHD and neutrophil engraftment. One study 

reached the same conclusion in patient developing 

acute GVHD and taking steroids therapy, but 

showed delayed neutrophil engraftment in patient 

developing acute GVHD who wasn’t on steroids at 

the time of engraftment (29). This may explain why 

no relation was found between acute GVHD and 

neutrophil engraftment, due to the rapid institution 

of systemic steroids therapy in our patients 

developing acute GVHD. 

This work is among only few studying neutrophil 

engraftment and factors affecting it in post HSCT 

pediatric patients due to non-malignant diseases. 

The relatively small number of patients is the main 

limitation of this study.   

 

5. CONCLUSION 
 

When using PBSC as stem cells source, neutrophils 

engraftment occurred at a mean of 13.41 ± 3.83 

days post-transplant, faster than reported with other 

stem cell sources. The neutrophils engraftment 

appears not to be affected with possible effects of 

different patients’ or other transplant variables. 

 
6. DECLARATIONS 
 

Details of funding: This research did not receive 

any specific grant from funding agencies in the 

public, commercial, or not-for-profit sectors. 

 
Declarations of interest: none 

 
Conflicts of interest/Competing interests: None 

of the authors have any conflict of interest to 

declare. 

 
Ethics approval: The study was conducted in 

accordance with the declaration of Helsinki for 

studies involving human participants and was 

approved by the institutional research ethics 

committees at Faculty of Medicine, Cairo 

University (Approval code: D-21-2019). 

 
Consent to participate: Written informed consent 

was obtained from the parents. Participant data has 

been anonymized.  

 



Neutrophil Engraftment after Hematopoietic Stem  

Cell Transplantation in Pediatric Non-Malignant 

 Hematological Disorders                                                                                 Section A -Research paper 

 

 

3551 

Eur. Chem. Bull. 2023, 12(Special Issue 4), 3547-3552 

 

Consent for publication: Written informed 

consent was obtained from the parents. Participant 

data have been anonymized. 

 

7. REFERENCES 

 
1. Storek J, Geddes M, Khan F, Huard B, Helg C, 

Chalandon Y, Passweg J, Roosnek E. 
Reconstitution of the immune system after 

hematopoietic stem cell transplantation in humans. 

In Seminars in immunopathology 2008 Dec (Vol. 

30, No. 4, pp. 425-437). Springer-Verlag. 

2. Tecchio C, Cassatella MA. Uncovering the 

multifaceted roles played by neutrophils in 

allogeneic hematopoietic stem cell transplantation. 

Cellular & molecular immunology. 2021 

Apr;18(4):905-18. 

 

3. Ogonek J, Kralj Juric M, Ghimire S, Varanasi 

PR, Holler E, Greinix H, Weissinger E. Immune 

reconstitution after allogeneic hematopoietic stem 

cell transplantation. Frontiers in immunology. 2016 

Nov 17;7:507. 

4. Hägglund H, Ringden O, Remberger M, 

Lönnqvist B, Sparrelid E, Tammik L, Kumlien 

G. Faster neutrophil and platelet engraftment, but no 

differences in acute GVHD or survival, using 

peripheral blood stem cells from related and 

unrelated donors, compared to bone marrow. Bone 

marrow transplantation. 1998 Jul;22(2):131-6. 

5. Kozlowska-Skrzypczak M, Gil L, Komarnicki M. 
Factors affecting neutrophil recovery after 

autologous bone marrow-derived stem cell 

transplantation in patients with acute myeloid 

leukemia. InTransplantation proceedings 2009 Nov 

1 (Vol. 41, No. 9, pp. 3868-3872). Elsevier. 

6. Ballen KK, Gluckman E, Broxmeyer HE. 
Umbilical cord blood transplantation: the first 25 

years and beyond. Blood, The Journal of the 

American Society of Hematology. 2013 Jul 

25;122(4):491-8. 

7. Ruggeri A, Labopin M, Sormani MP, Sanz G, 

Sanz J, Volt F, Michel G, Locatelli F, De Heredia 

CD, O’Brien T, Arcese W. Engraftment kinetics 

and graft failure after single umbilical cord blood 

transplantation using a myeloablative conditioning 

regimen. haematologica. 2014 Sep;99(9):1509. 

8. Oran B, Malek K, Sanchorawala V, Wright DG, 

Quillen K, Finn KT, La Valley M, Skinner M, 

Seldin DC. Predictive factors for hematopoietic 

engraftment after autologous peripheral blood stem 

cell transplantation for AL amyloidosis. Bone 

marrow transplantation. 2005 Mar;35(6):567-75. 

9. Turk HM, Komurcu S, Arpaci F, Ozet A, Kilic S, 

Kuzhan O, Ozturk B, Yilmaz I, Ataergin S, 

Ozturk M. Factors affecting engraftment time in 

autologous peripheral stem cell transplantation. 

Asian Pac J Cancer Prev. 2010 Jan 1;11(3):697-702. 

10. Kawamura K. Effect of antithymocyte globulin on 

HLA-mismatched unrelated transplantation. 

International Journal of Hematology. 2019 Jul 

1;110:22-9. 

11. Chen X, Wei J, Huang Y, He Y, Yang D, Zhang 

R, Jiang E, Ma Q, Zhai W, Yao J, Zhang G. 
Effect of antithymocyte globulin source on 

outcomes of HLA-matched sibling allogeneic 

hematopoietic stem cell transplantation for patients 

with severe aplastic anemia. Biology of Blood and 

Marrow Transplantation. 2018 Jan 1;24(1):86-90. 

12. Nakasone H, Yakushijin K, Fuji S, Onizuka M, 

Shinohara A, Ohashi K, Miyamura K, Uchida N, 

Takanashi M, Ichinohe T, Atsuta Y. Impact of 

total body irradiation on successful neutrophil 

engraftment in unrelated bone marrow or cord blood 

transplantation. Blood. 2016 Dec 2;128(22):3423. 

13. Lindemans CA, Chiesa R, Amrolia PJ, Rao K, 

Nikolajeva O, de Wildt A, Gerhardt CE, 

Gilmour KC, B. Bierings M, Veys P, Boelens JJ. 

Impact of thymoglobulin prior to pediatric unrelated 

umbilical cord blood transplantation on immune 

reconstitution and clinical outcome. Blood, The 

Journal of the American Society of Hematology. 

2014 Jan 2;123(1):126-32. 

14. Oshrine BR, Li Y, Teachey DT, Heimall J, 

Barrett DM, Bunin N. Immunologic recovery in 

children after alternative donor allogeneic 

transplantation for hematologic malignancies: 

comparison of recipients of partially T cell–depleted 

peripheral blood stem cells and umbilical cord 

blood. Biology of Blood and Marrow 

Transplantation. 2013 Nov 1;19(11):1581-9. 

15. Rénard C, Barlogis V, Mialou V, Galambrun C, 

Bernoux D, Goutagny MP, Glasman L, Loundou 

AD, Poitevin‐ Later F, Dignat‐ George F, 

Dubois V. Lymphocyte subset reconstitution after 

unrelated cord blood or bone marrow transplantation 

in children. British journal of haematology. 2011 

Feb;152(3):322-30. 

16. Moretta A, Maccario R, Fagioli F, Giraldi E, 

Busca A, Montagna D, Miniero R, Comoli P, 

Giorgiani G, Zecca M, Pagani S. Analysis of 

immune reconstitution in children undergoing cord 

blood transplantation. Experimental hematology. 

2001 Mar 1;29(3):371-9. 

17. Bartelink IH, Belitser SV, Knibbe CA, Danhof 

M, de Pagter AJ, Egberts TC, Boelens JJ. 
Immune reconstitution kinetics as an early predictor 

for mortality using various hematopoietic stem cell 

sources in children. Biology of blood and marrow 

transplantation. 2013 Feb 1;19(2):305-13. 

18. Valcárcel D, Sureda A. Graft failure.  In: The 

EBMT Handbook (Carreras E, Dufour C, Mohty M, 

Kröger (Eds)). 2019, pages: 307-13. 

19. Stikvoort A, Sundin M, Uzunel M, Gertow J, 

Sundberg B, Schaffer M, Mattsson J, Uhlin M. 
Long-term stable mixed chimerism after 

hematopoietic stem cell transplantation in patients 

with non-malignant disease, shall we be tolerant?. 

PloS one. 2016 May 6;11(5):e0154737. 

20. Glucksberg H, Storb R, Fefer A. Buckner CD, 

Neiman PE, Clift RA, Lerner KG, Thomas ED. 

Clinical manifestations of graft-versus-host disease 

in human recipients of marrow from HLA-matched 

sibling donors. Transplantation. 1974;18:295. 

21. Liu H, Rich ES, Godley L, Odenike O, Joseph L, 

Marino S, Kline J, Nguyen V, Cunningham J, 



Neutrophil Engraftment after Hematopoietic Stem  

Cell Transplantation in Pediatric Non-Malignant 

 Hematological Disorders                                                                                 Section A -Research paper 

 

 

3552 

Eur. Chem. Bull. 2023, 12(Special Issue 4), 3547-3552 

 

Larson RA, del Cerro P. Reduced-intensity 

conditioning with combined haploidentical and cord 

blood transplantation results in rapid engraftment, 

low GVHD, and durable remissions. Blood, The 

Journal of the American Society of Hematology. 

2011 Dec 8;118(24):6438-45. 

22. Keever-Taylor CA, Klein JP, Eastwood D, 

Bredeson C, Margolis DA, Burns WH, Vesole 

DH. Factors affecting neutrophil and platelet 

reconstitution following T cell-depleted bone 

marrow transplantation: differential effects of 

growth factor type and role of CD34+ cell dose. 

Bone marrow transplantation. 2001 Apr;27(8):791-

800. 

23. Carral A, De La Rubia J, Martin G, Martinez J, 

Sanz G, Jarque I, Sempere A, Soler MA, Marty 

ML, Sanz MA. Factors influencing hematopoietic 

recovery after autologous blood stem cell 

transplantation in patients with acute myeloblastic 

leukemia and with non-myeloid malignancies. Bone 

marrow transplantation. 2002 May;29(10):825-32. 

24. Kim DH, Seo J, Shin DY, Koh Y, Hong J, Kim I, 

Yoon SS, Byun JM. Reduced-intensity 

conditioning versus myeloablative conditioning 

allogeneic stem cell transplantation for patients with 

myelofibrosis. Blood research. 2022 Dec 

1;57(4):264-71. 

25. Soiffer RJ, Kim HT, McGuirk J, Horwitz ME, 

Johnston L, Patnaik MM, Rybka W, Artz A, 

Porter DL, Shea TC, Boyer MW. Prospective, 

randomized, double-blind, phase III clinical trial of 

anti–T-lymphocyte globulin to assess impact on 

chronic graft-versus-host disease–free survival in 

patients undergoing HLA-matched unrelated 

myeloablative hematopoietic cell transplantation. 

Journal of Clinical Oncology. 2017 Dec 

12;35(36):4003. 

26. Walker I, Panzarella T, Couban S, Couture F, 

Devins G, Elemary M, Gallagher G, Kerr H, 

Kuruvilla J, Lee SJ, Moore J. Pretreatment with 

anti-thymocyte globulin versus no anti-thymocyte 

globulin in patients with haematological 

malignancies undergoing haemopoietic cell 

transplantation from unrelated donors: a 

randomised, controlled, open-label, phase 3, 

multicentre trial. The Lancet Oncology. 2016 Feb 

1;17(2):164-73. 

27. Hassan MN, Fauzi HM, Husin A, Mustaffa R, 

Hassan R, Ibrahim MI, Noor NH. Autologous 

peripheral blood stem cell transplantation among 

lymphoproliferative disease patients: factors 

influencing engraftment. Oman medical journal. 

2019 Jan;34(1):34. 

28. Cappelli B, Volt F, Tozatto-Maio K, Scigliuolo 

GM, Ferster A, Dupont S, Simões BP, Al-Seraihy 

A, Aljurf MD, Almohareb F, Belendez C. Risk 

factors and outcomes according to age at 

transplantation with an HLA-identical sibling for 

sickle cell disease. Haematologica. 2019 

Dec;104(12):e543. 

29. Milone G, Camuglia MG, Avola G, Di Marco A, 

Leotta S, Cupri A, Spina P, Romano A, Spina E, 

Azzaro MP, Berritta D. Acute GVHD after 

allogeneic hematopoietic transplantation affects 

early marrow reconstitution and speed of 

engraftment. Experimental Hematology. 2015 Jun 

1;43(6):430-8. 

 

 


