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Foreword

It is both a pleasure and a privilege to write a foreword for this first edition of Textbook of Pediatric Hematology and 
Hemato-Oncology. Immense advancement has been made over the past decade in the field of hematology and hemato-
oncology providing not only enhanced accuracy in the diagnosis of inherited and acquired malignant and  nonmalignant 
blood disorders but also new therapeutic strategies that have resulted in improved patient outcomes. The book with 
its illustrations, tables, figures and clinical photographs provides a concise yet thorough comprehension of pediatric 
hematology and will definitely become a reference book for the students and the practitioners. 
	 I congratulate the Editor-in-Chief, MR Lokeshwar; Editors, Nitin K Shah and Bharat R Agarwal; Co-editors, Mamta 
Vijay Manglani and Anupam Sachdeva; Publication Editor, Asha Pillai and the 72 reputed and dedicated pediatric 
hematologists and hemato-oncologists from across the world who after 3 years of exhausting brainstorming sessions, 
brought out the remarkable book with 50 chapters spread over 7 sections.
	 I am sure that the information contained herein will be a benchmark in the understanding of the best approaches to 
the patients that we evaluate and manage.

SS Kamath
President, 2015

Indian Academy of Pediatrics (IAP)
drsskamath@gmail.com





Foreword

I am delighted to write the foreword for the first comprehensive book Textbook of Pediatric Hematology and Hemato-
Oncology. Postgraduate students look up to their teachers for a book by the editorial team of Doynes in the field of 
Pediatric Hematology and Hemato-oncology with their vast experience in the field and past experience in writing will 
fill in this void and meet the expectations of the postgraduate students. The Editor-in-Chief, MR Lokeshwar has been 
well supported by the other editors, Nitin K Shah, Bharat R Agarwal, Mamta Vijay Manglani and Anupam Sachdeva. 
The descriptive text along with clinical pictures make it an interesting reading material. It covers a vast spectrum of 
conditions making it very useful to the reader.  I congratulate the entire team which includes the contributors, section 
editors, editorial board and M/s Jaypee Brothers Medical Publishers (P) Ltd, New Delhi, India, who have worked 
relentlessly to achieve this milestone for the book. Above all, my hearty congratulations to the ever-enterprising respected 
Dr MR Lokeshwar who thought of this brilliant idea of Textbook on Pediatric Hematology and Hemato-Oncology. I wish 
the best for the success and popularity of the publication among both postgraduate students and practitioners. It will be 
a landmark publication on Pediatric Hematology Oncology in the history of medical literature.

Vijay N Yewale
President, 2014

Indian Academy of Pediatrics (IAP)





Preface

Pediatric Hematology and Hemato-Oncology as a pediatric specialty has developed rapidly in the Western countries since 
last few decades and is now catching-up in developing countries. Gone are the days when the ‘adult’ hematologists and 
hemato-oncologists used to treat pediatric patients in need of specialized services. To begin with several pediatricians 
got self-trained in pediatric hematology and hemato-oncology and pioneered training in field of pediatric hematology 
and hemato-oncology in the form of several informal and formal courses throughout the country. This created interest 
in budding pediatricians to join this field by undergoing fellowships or even formal training in pediatric hematology 
and hemato-oncology abroad and now in India. The last step towards the growth of this specialty has been starting of 
2 years of Post-Doctorate Fellowship in Pediatric Hematology and Hemato-Oncology by the National Board in India 
with several pioneering centers now offering this course since last 7 years, as well as 1 year Post-Doctorate Fellowship 
by the Maharashtra University of Health Sciences (MUHS) and even by the Indian Academy of Pediatrics (IAP). Several 
formally trained Pediatric Hematologists and Pediatric Hemato-oncologists are now providing the specialized services 
in private and public hospitals. 
	 With the interest created in the field of pediatric hematology and hemato-oncology, there was also a felt need by the 
students as well as practitioners alike to have a dedicated textbook on pediatric hematology and hemato-oncology. While 
there are several reputed textbooks on pediatric hematology and hemato-oncology, many of them are also elaborate 
and at times bogged down with details of molecular science which may not necessarily fulfill the needs of students and 
practitioners who are looking at complete yet concise book. 
	 With the single aim in mind of having a complete and yet easy-to-read textbook on pediatric hematology and hemato-
oncology, we have attempted to bring out the first edition after 3 years of brain-storming and grueling process. The 50 
chapters spread over 7 sections and authored by 72 reputed pediatric hematologists and hemato-oncologists from India 
and abroad make the book elaborate enough to give enough to all the readers, yet curtailing it to more than 500 pages 
making it concise enough! Further powered by illustrations, tables, figures and clinical photographs will make reading 
a unique and memorable event for the readers. Each chapter is further enriched by references at the end and is peer-
reviewed making it scientifically as complete as possible. This being the first edition is bound to have some errors which 
might have escaped our attention in spite of our best efforts. We would request all our readers to send their feedback to 
us which will help us improve upon in the subsequent editions. 
	 We are sure that the book will become a reference book for the students and a desk companion to the practitioners! 

Editors
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Ontogeny of  
Erythropoiesis

Nirav Buch

C H A P T E R 1

vasculature.1 Initially, clusters of mesodermal cells called 
hemangioblasts develops in the extra-embryonic region. 
They are initially solid but later inner cells disappear 
and peripheral cells acquire morphology of vascular 
endothelium, opening up vessel lumens. Cells adhering to 
these endothelium form hematopoietic cells and are called 
blood islands (Figs 2A to C). These cells (endothelium 
and hematopoietic precursors) show CD 34 expression  
(Figs 3A and B).2

	 They are macrocytic and contain embryonal hemo
globins: Gower I (ζ2ε2), Gower II (α2ε2) and Portland 

DEVELOPMENT OF HEMATOPOIESIS
Hematopoiesis occurs in three different waves in humans: 
yolk sac liver and the bone marrow named so based upon 
the main sites of hematopoiesis. Their characteristics 
reflect the oxygen needs and the characteristics of the 
developing embryo (Fig. 1).1

Yolk Sac Phase
After 19 days of fertilization islands of hematopoietic 
tissue appear in the yolk sac and develop within the 

Fig. 1  Chronology of appearance of hematopoietic stem cells in the developing human embryo2
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Figs 2A to C  Sequence of emergence of  hematopoietic stem cell cluster within the human embryo. (A) Beginning from 27 days of 
development, scattered groups of a few hematopoietic stem cells appear, adhering to the aortic endothelium in the preumbilical region. 
Groups of 2 to 3 cells are also often detected in a more rostral region, where the aorta is still bifurcated; (B) From day 30, the hematopoietic 
cell clusters increase in size and groups of cells are also encountered at the bifurcation of the vitelline artery, always associated with the 
ventral aspect of the vascular endothelium; (C) The size of hematopoietic progenitor clusters attains several hundreds of cells at 36 days 
of development. At subsequent stages, stem cell clusters undergo gradual decrease till 40th day

Abbreviations: A: Aorta; V: Vitelline duct; U: Umbilical Arteries; H: Heart.

Figs 3A and B  Possible origin hematopoietic stem cell emergence 
within the human embryo.2 (A) Redifferentiation hypothesis at 27 
days of development, pre-existing endothelial cells in the ventral 
aspect of human intraembryonic arteries differentiate locally 
into blood cell progenitors; (B) Migration hypothesis scattered 
mesodermal CD34-CD45–cell precursors colonize the ventral 
vascular wall and give rise to (blood-forming?) endothelial cells  
and hematopoietic cell clusters

I (ζ2γ2)—and later in the development hemoglobin  
F (α2γ2). Cells are large and are nucleated. These consist 
mainly of erythroid precursors but during 6th and 7th 
week few megakaryocytes also develop.1

	 This first wave of erythrocyte production in the yolk 
sac is known as primitive, and erythrocyte production that 
takes place in is known as definitive erythropoiesis.2

Onset of Blood Circulation 
Primitive erythrocytes are detected in embryo at day 21 
(3 somite stage) suggesting vascular connections between 
the yolk sac and the embryo.2

Transition from Yolk Sac to Hepatic 
Erythropoiesis
Primitive nucleated erythroblasts are seen in early hepatic 
rudiment from 4.5 to 5 weeks onwards. They rapidly decrease 
in number and are replaced by definitive macrocytes. At day 
23, rare CD 34 negative cells of erythromyeloid lineage are 
detected followed by CD 34 +ve cells at day 30 suggesting 
two distinct waves of hepatic colonization.2

Hepatic Phase
Hepatic colonization of hematopoietic progenitors start 
by 6 weeks and the liver becomes a major hematopoietic 
organ in the 2nd trimester with about half of nucleated 
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