
COLOR  
ATLAS OF

CLINICAL 
HEMATOLOGY



COLOR  
ATLAS OF

CLINICAL 
HEMATOLOGY
Molecular and Cellular Basis of Disease
FIFTH EDITION

A. Victor Hoffbrand
Emeritus Professor of Haematology, University College London
London, UK

Paresh Vyas
Professor of Haematology
Honorary Consultant Haematologist and Group Leader, MRC Molecular Haematology Unit, University of Oxford
Oxford, UK

Elías Campo
Senior Consultant, Haematopathology Unit, Hospital Clinic of Barcelona;
Professor of Anatomical Pathology, University of Barcelona
Barcelona, Spain

Torsten Haferlach
MLL Münchner Leukämielabor GmbH
Munich, Germany

Keith Gomez
Consultant Haematologist
Royal Free Hospital NHS Foundation Trust
London, UK



Tis edition frst published 2019
© 2019 John Wiley & Sons Ltd

Edition History
Churchill‐Livingstone (1987); Mosby‐Wolfe (1994); Mosby (2000); Mosby Elsevier (2009)

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, 
electronic, mechanical, photocopying, recording or otherwise, except as permitted by law. Advice on how to obtain permission to reuse material 
from this title is available at http://www.wiley.com/go/permissions.

Te right of A Victor Hofbrand, Paresh Vyas, Elías Campo, Torsten Haferlach, Keith Gomez to be identifed as the authors of the editorial 
material in this work has been asserted in accordance with law.

Registered Ofces
John Wiley & Sons, Inc., 111 River Street, Hoboken, NJ 07030, USA
John Wiley & Sons Ltd, Te Atrium, Southern Gate, Chichester, West Sussex, PO19 8SQ, UK

Editorial Ofce
9600 Garsington Road, Oxford, OX4 2DQ, UK

For details of our global editorial ofces, customer services, and more information about Wiley products visit us at www.wiley.com.

Wiley also publishes its books in a variety of electronic formats and by print‐on‐demand. Some content that appears in standard print versions of 
this book may not be available in other formats.

Limit of Liability/Disclaimer of Warranty
Te contents of this work are intended to further general scientifc research, understanding, and discussion only and are not intended and should 
not be relied upon as recommending or promoting scientifc method, diagnosis, or treatment by physicians for any particular patient. In view 
of ongoing research, equipment  modifcations, changes in governmental regulations, and the constant fow of information relating to the use of 
medicines, equipment, and devices, the reader is urged to review and evaluate the information provided in the package insert or instructions for 
each medicine, equipment, or device for, among other things, any changes in the instructions or indication of usage and for added warnings and 
precautions. While the publisher and authors have used their best eforts in preparing this work, they make no representations or warranties with 
respect to the accuracy or completeness of the contents of this work and specifcally disclaim all warranties, including without limitation any 
implied warranties of merchantability or ftness for a particular purpose. No warranty may be created or extended by sales representatives, written 
sales materials or promotional statements for this work. Te fact that an organization, website, or product is referred to in this work as a citation 
and/or potential source of further information does not mean that the publisher and authors endorse the information or services the organization, 
website, or product may provide or recommendations it may make. Tis work is sold with the understanding that the publisher is not engaged 
in rendering professional services. Te advice and strategies contained herein may not be suitable for your situation. You should consult with a 
specialist where appropriate. Further, readers should be aware that websites listed in this work may have changed or disappeared between when 
this work was written and when it is read. Neither the publisher nor authors shall be liable for any loss of proft or any other commercial damages, 
including but not limited to special, incidental, consequential, or other damages.

A catalogue record for this book is available from the Library of Congress and the British Library.

9781119057017

Cover images: Courtesy of Victor Hofbrand, Tomas Wagner, Torsten Haferlach, and Keith Gomez;  
background image: Courtesy of Elías Campo
Cover design by Wiley

Set in 10/11pt Adobe Garamond by SPi Global, Pondicherry, India

10 9 8 7 6 5 4 3 2 1



PREFACE xi

1 MOLECULAR BIOLOGY 
OF THE CELL 1

Compartmentalization of the Cell, 1
The Nucleus, 1

Gene Transcription and Messenger RNA 
Translation: The Production and Journey 
of mRNA, 3

DNA Mutations can Alter Protein Synthesis 
by a Number of Mechanisms, 6

Transcriptional Control of Gene Expression, 6
Cis‐Elements and Transcription Factors, 8
Chromatin and Epigenetic Control of Gene Expression, 9

Transcription Factors, Control of Gene 
Expression, and Lineage Commitment, 14

Micro‐RNAs, 16
Regulatory Noncoding RNAs, 16
DNA Replication and Telomeres, 16
Mutations and How They Result in Disease, 17
Cell Cycle, 19
Apoptosis, 20
Organelles in Cells, 21

Mitochondria, 21
Link Between Metabolism and Gene 

Expression, 22
Removal Of Circulating and Cellular Debris by 

Lysosomes, 26
Protein Ubiquitination, 26

2 HEMATOPOIESIS 27

Sites of Hematopoiesis, 27
Road Maps of Hematopoiesis, 27

Cellular Pathways as HSCs Differentiate  
Into Terminally Mature Cells, 27

Transcriptional Control of Hematopoiesis, 32
The Hematopoietic Niche, 33

3 GROWTH FACTOR SIGNALING 37

Signaling at Different Stages 
of Hematopoiesis, 37

Cytokine Receptors, 38
Signaling Pathways Downstream 

of Receptors, 39
WNT Pathway, 39

Cytokine Signaling Pathways, 40
The RAS/MAP Kinase Pathway, 41
Phosphatidylinositol 3‐Kinase Pathway, 41
JAK‐STAT Pathway, 41

Mutations in Signaling Components  
Leading to Clonal Hematologic  
Disorders, 46

4 ERYTHROPOIESIS 
AND EXAMINATION 
OF THE PERIPHERAL BLOOD 
AND BONE MARROW 47

Erythropoiesis, 47
Examination of Peripheral Blood and the 

Bone Marrow, 49
Erythroid Cells in the Bone Marrow and 

Peripheral Blood, 49

5 HYPOCHROMIC ANEMIAS 53

Iron Metabolism, 53
Iron Absorption, 55
Hepcidin, 55
Iron Homeostasis, 55
Iron‐Deficiency Anemia, 55

Blood and Bone Marrow Appearances, 56
Causes of Iron Deficiency, 57
Iron‐Refractory Iron‐Deficiency Anemia (IRIDA), 62

Sideroblastic Anemia, 62
Congenital Sideroblastic Anemia, 63

Alcohol, 67
Lead Poisoning, 67
Differential Diagnosis of Hypochromic 

Microcytic Anemias, 68

6 THE PORPHYRIAS AND IRON 
OVERLOAD 69

Congenital Erythropoietic Porphyria, 69
Congenital Erythropoietic Protoporphyria, 71
Iron Overload, 71

Genetic Hemochromatosis, 71
Rare Causes of Iron Overload, 74
Hereditary Hyperferritinemia with Autosomal Dominant 

Congenital Cataract Syndrome, 74

CONTENTS



vi Contents

 7 MEGALOBLASTIC ANEMIAS 76

Clinical Features, 77
Blood Count and Blood Film Appearances, 79

Bone Marrow Appearances, 81
Causes of Megaloblastic Anemia, 81

Vitamin B12 Deficiency, 81
Folate Deficiency, 84
Abnormalities of Vitamin B12 or Folate  

Metabolism, 84
Other Causes, 86

 8 HEMOLYTIC ANEMIAS 89

Hereditary Hemolytic Anemia, 91
Normal Red Cell Membrane, 91
Red Cell Blood Group Antigens, 91
Hereditary Spherocytosis, 92
Hereditary Elliptocytosis, 92
Normal Red Cell Metabolism, 94
Hemolytic Anemias Associated with Inherited Defects 

of Enzymes, 96
Acquired Hemolytic Anemia, 99

Autoimmune Hemolytic Anemias, 99
Evans Syndrome, 101
Drug‐Induced Immune Hemolytic Anemia, 101
Isoimmune Hemolytic Anemia, 101
Red Cell Fragmentation Syndromes, 101
Secondary Hemolytic Anemias, 102
Paroxysmal Nocturnal Hemoglobinuria, 103
Other Hemolytic Anemias, 104

 9 GENETIC DISORDERS 
OF HEMOGLOBIN 106

Thalassemia, 106
β‐Thalassemia Major, 108
β‐Thalassemia Intermedia (Nontransfusion‐Dependent 

Thalassemia), 115
β‐Thalassemia Trait, 117
β‐Thalassemia with A Dominant Phenotype, 117
Antenatal Diagnosis, 118

α‐Thalassemia, 118
X‐linked α‐Thalassemia and Mental  

Retardation Syndrome, 119
Structural Hemoglobin Variants, 122

Sickle Cell Anemia, 122
Other Structural Hemoglobin Defects, 128
F‐Cells, 128
Methemoglobinemia, 129

10 BENIGN DISORDERS 
OF PHAGOCYTES 130

Granulopoiesis and Monocyte Production, 130
Neutrophils (Polymorphs), 131
Mononuclear Phagocytic System, 133
Reticuloendothelial System, 133

Hereditary Variation in White Cell 
Morphology, 137
Pelger–Huët Anomaly, 137
May–Hegglin Anomaly, 138
Chédiak–Higashi Syndrome, 139
Alder (Alder–Reilly) Anomaly, 139
Myeloperoxidase Deficiency, 139
Neutrophil‐Specific Granule Deficiency, 139
Mucopolysaccharidoses VI and VII, 139
Dorfman–Chanarin Syndrome, 140
Lysinuric Protein Intolerance, 140

Disorders of Phagocytic Function, 140
Chronic Granulomatous Disease, 140
Papillon–Lefevre Syndrome, 141
Lazy Leukocyte Syndrome, 141
Leukocyte Adhesion Deficiency, 141
Card9 Deficiency, 142

Leukocytosis, 142
Neutrophil Leukocytosis (Neutrophilia), 142
Hyperthermia, 143
Eosinophil Leukocytosis (Eosinophilia), 143
Monocytosis and Basophil Leukocytosis, 143
Leukemoid Reaction, 144

Leukoerythroblastic Reaction, 145
Neutropenia, 146

Severe Congenital Neutropenia, 146
Idiopathic Cytopenias of Undetermined  

Significance, 148
Myelokathexis, 149

Whim Syndrome, 149
Lysosomal Storage Diseases, 150

Gaucher Disease, 150
Niemann–Pick Disease, 151
Sea‐Blue Histiocyte Syndrome, 153

11 BENIGN DISORDERS 
OF LYMPHOCYTES 
AND PLASMA CELLS 155

T Cells, 155
PD‐1–PD‐L1, 156
Chimeric Antigen Receptor Cells, 157

B Cells, 157
Natural Killer Cells, 160
Lymphocyte Proliferation 

and Differentiation, 162
Somatic Hypermutation In Normal 

B Cells, 164
Lymphocyte Circulation, 164
Complement, 165
Lymphocytosis, 165

Infectious Mononucleosis, 165
Lymphadenopathy, 167

Kikuchi Disease, 168
Sinus Histiocytosis with Massive  Lymphadenopathy 

(Rosai–Dorfman Disease), 168
Primary Immunodeficiency  

Disorders, 168
Acquired Immunodeficiency Syndrome, 170
Autoimmune Lymphoproliferative Syndrome, 180



Contents vii

12 APLASTIC 
AND DYSERYTHROPOIETIC 
ANEMIAS 185

 Aplastic Anemia, 185
Acquired Aplastic Anemia, 185
Inherited Aplastic Anemia, 186
Bone Marrow Appearances, 191

 Red Cell Aplasia, 193
Diamond–Blackfan Anemia, 193

 Congenital Dyserythropoietic  
Anemias, 195

13 THE HEMATOLOGIC  
NEOPLASMS:  
LABORATORY TECHNIQUES  
AND ACUTE MYELOID  
LEUKEMIA 198

Diagnostic Techniques, 198
Immunohistochemistry, 198
Flow Cytometric Immunophenotyping, 199
Cytogenetic Analysis, 201
Fluorescence in Situ Hybridization, 201
Molecular Genetic Analysis, 201

 Acute Myeloid Leukemia, 208
Classification, 212
Clinical Features, 212
Microscopic Appearances, 214
WHO 2016 Subgroups, 214
Classification of Myeloid Neoplasms  

with Germline Predisposition, 225
Acute Leukemias of Ambiguous Lineage, 229
Specific Diagnostic Aspects in AML, 229

14 ACUTE LYMPHOBLASTIC 
LEUKEMIA 241

 Classification, 241
B‐Lymphoblastic Leukemia/Lymphoma,  

BCR‐ABL1‐Like, 241
B‐All with Intrachromosomal Amplification 

of Chromosome 21, 242
T‐Lymphoblastic Leukemia/Lymphoma, 242
Early T‐Cell Precursor All, 242
Acute Natural Killer Cell Leukemia, 242

 Clinical Features, 242
 Microscopic Appearances, 244
 Immunology, 246
 Cytogenetics, 247
 Fluorescence in Situ Hybridization, 248
 Molecular Findings, 248

B‐ALL, 248
T‐ALL, 248

 Minimal Residual Disease, 250
Flow Cytometry, 250
Molecular Methods, 252

15 MYELODYSPLASTIC  
SYNDROMES 256

 Clinical Features, 256
Microscopic Features, 256
Cytogenetic Abnormalities, 263

 Molecular Genetics, 263
Splicing Factors, 266
Epigenetic Regulators, 266
Cohesins, 266
Transcription Factors, 268
Signal Transduction, 268
Molecular Genetics During Follow‐Up, 268

 Mirage Syndrome, 268
 Clonal Hematopoiesis of Indeterminate 

Potential, 269

16 MYELOPROLIFERATIVE 
NEOPLASMS 271

 Chronic Myeloid Leukemia,  BCR‐ABL1+, 271
Clinical Features, 272
Accelerated Phase, 273
Blast Transformation, 276

 Chronic Neutrophilic Leukemia, 277
 The Nonleukemic Myeloproliferative 

Diseases, 277
Etiology, 279
Polycythemia Vera, 282
Essential Thrombocythemia, 283
Primary Myelofibrosis, 288

 Leukemic Transformation of Polycythemia 
Vera and Myelofibrosis, 295

 Chronic Eosinophilic Leukemia, Not Otherwise 
Specified, 300

 Myeloproliferative Disorder Unclassifiable, 300

17 MASTOCYTOSIS, MYELOID/
LYMPHOID NEOPLASMS WITH 
EOSINOPHILIA AND SPECIFIC 
CYTOGENETIC REARRANGEMENTS, 
MYELODYSPLASTIC/
MYELOPROLIFERATIVE 
NEOPLASMS 302

Mastocytosis, 302
Types of Mastocytosis, 303
Prognosis, 309

 Paraneoplastic Pemphigus, 309
 Myeloid/Lymphoid Neoplasms with 

Eosinophilia  and Abnormalities of PDGFRA, 
PDGFRB or FGFR1, or with PCM1‐JAK2, 309
Chronic Myelomonocytic Leukemia, 312
Atypical Chronic Myeloid Leukemia, BCR‐ABL1−, 312

 Myelodysplastic/Myeloproliferative Neoplasms 
With Ring Sideroblasts and 
Thrombocytosis, 312

 Juvenile Myelomonocytic Leukemia, 314
Noonan Syndrome, 314
Neurofibromatosis 1, 315



viii Contents

18 CHRONIC LYMPHOCYTIC 
LEUKEMIA AND OTHER  
MATURE B‐ AND T‐CELL 
LEUKEMIAS 317

 Mature B‐Cell Leukemias, 317
Chronic Lymphocytic Leukemia, 317
B‐Cell Prolymphocytic Leukemia, 325
Hairy Cell Leukemia, 327

 Mature T‐Cell Leukemias, 328
T‐Cell Prolymphocytic Leukemia, 328
T‐Cell Large Granular Lymphocytic Leukemia, 330
Adult T‐Cell Leukemia/Lymphoma, 333
Aggressive NK‐Cell Leukemia, 333

19 SMALL B‐CELL LYMPHOMAS 335

 Epidemiology, 336
 Etiologic Factors, 336
 Genetic and Molecular Abnormalities, 337
 Clinical Features and Diagnosis, 337
 Imaging, 341
 Diagnosis, 342
 Lymphoplasmacytic Lymphoma/ 

Waldenström Macroglobulinemia, 345
 Monoclonal Gammopathy of Undetermined 

Significance IgM+, 346
 Heavy Chain Diseases, 346
 Splenic Marginal Zone Lymphoma, 348
 Extranodal Marginal Zone Lymphoma 

of Mucosa‐Associated Lymphoid Tissue 
(Malt Lymphoma), 349

 Nodal Marginal Zone B‐Cell  
Lymphoma, 351

 Follicular Lymphoma, 352
Other Subtypes of Follicular Lymphomas, 355

 Mantle Cell Lymphoma, 356

20 AGGRESSIVE MATURE B‐CELL  
NEOPLASMS 361

 Diffuse Large B‐Cell Lymphoma, Nos, 361
 T‐Cell/Histiocytic‐Rich Large B‐Cell 

Lymphoma, 365
 Primary Cutaneous Diffuse Large B‐Cell 

Lymphoma, Leg Type, 365
 Lymphomatoid Granulomatosis, 365
 Primary Mediastinal (Thymic) Large B‐Cell 

Lymphoma, 365
 Intravascular Large B‐Cell Lymphoma, 366
 ALK‐Positive Diffuse Large B‐Cell 

Lymphoma, 366
 Plasmablastic Lymphoma, 370
 Primary Effusion Lymphoma and Other 

HHV8‐Related Disorders, 370
 Burkitt Lymphoma, 371
 High Grade B‐Cell Lymphoma, 372

21 MYELOMA AND RELATED 
NEOPLASMS 376

 Multiple (Plasma Cell) Myeloma, 376
Plasma Cell Leukemia, 383
Prognosis, 383
Smoldering (Asymptomatic) Myeloma, 383

 Other Plasma Cell Tumors, 383
Solitary Plasmacytoma of Bone, 383
Extraosseous (Extramedullary) Plasmacytoma, 383

 Hyperviscosity Syndrome, 384
 Other Causes of Serum M‐Proteins, 384

Monoclonal Gammopathy of Uncertain 
 Significance, 387

Cryoglobulinemia, 389
 Amyloidosis, 389

Primary (AL) Amyloidosis, 392
Localized AL Amyloidosis, 392
Reactive Systemic (AA) Amyloidosis, 394
Light Chain Deposition Disease, 394

22 PERIPHERAL T‐ AND NK‐CELL  
NEOPLASMS 399

 Mature T‐ and NK‐Cell Neoplasms, 399
 Epstein–Barr Virus Positive T‐Cell 

Lymphoproliferative Diseases 
of Childhood, 399
Chronic Active EBV Infection: Hydroa Vacciniforme‐Like 

Lymphoproliferative Disorder, 399
Systemic EBV+ T‐Cell Lymphoma Of Childhood, 400

 Extranodal NK‐/T‐Cell Lymphoma, Nasal 
Type, 400

 Enteropathy‐Associated T‐Cell Lymphoma, 401
 Hepatosplenic T‐Cell Lymphoma, 402
 Primary Cutaneous T‐Cell Lymphomas, 404
 Subcutaneous Panniculitis‐Like T‐Cell 

Lymphoma, 404
 Mycosis Fungoides, 405

Folliculotrophic Mycosis Fungoides  
(Mycosis Fungoides‐Associated Follicular 
Mucinosis), 406

Pagetoid Reticulosis, 406
Granulomatous Slack Skin Disease, 406

 Sézary Syndrome, 407
 Primary Cutaneous CD30+ T‐Cell 

Lymphoproliferative Disorders, 408
Lymphomatoid Papulosis, 409
Primary Cutaneous Anaplastic Large Cell 

 Lymphoma, 409
 Primary Cutaneous γδ T‐Cell Lymphoma, 410
 Primary Cutaneous Aggressive 

Epidermotrophic CD8+ T‐Cell Lymphoma 
(Provisional Category), 410

 Primary Cutaneous Small/Medium CD4+  
T‐Cell Lymphoproliferative Disorder 
(Provisional Category), 411

 Peripheral T‐Cell Lymphoma, Not Otherwise 
Specified, 411

 Angioimmunoblastic T‐Cell Lymphoma, 412



Contents ix

 Anaplastic Large Cell Lymphoma, ALK 
Positive, 413

 Anaplastic Large Cell Lymphoma, ALK 
Negative, 414

23 HODGKIN LYMPHOMA 418

Presentation and Evolution, 418
Histology, 418

Hodgkin Reed–Sternberg Cell, 419
Classification of Hodgkin Lymphoma, 421

Nodular Sclerosing Hodgkin Lymphoma, 421
Mixed Cellularity Hodgkin Lymphoma, 422
Lymphocyte‐Rich Classic Hodgkin Lymphoma, 422
Lymphocyte‐Depleted Hodgkin Lymphoma, 423
Nodular Lymphocyte‐Predominant 

 Hodgkin Lymphoma, 423
Staging Techniques, 424

Deauville Score, 427
Prognostic Factors, 432

24 HISTIOCYTIC DISORDERS 434

 Hemophagocytic Lymphohistiocytosis 
(Hemophagocytic Syndrome), 434

 Xanthogranuloma, 435
 Rosai–Dorfman Disease, 435
 Histiocytic and Dendritic Cell  

Neoplasms, 439
 Histiocytic Sarcoma, 439
 Langerhans Cell Histiocytosis, 439
 Langerhans Cell Sarcoma, 444
 Indeterminate Dendritic Cell Tumor, 444
 Interdigitating Dendritic Cell  

Sarcoma, 444
 Follicular Dendritic Cell Sarcoma, 446
 Fibroblastic Reticular Cell Tumor, 447
 Disseminated Juvenile Xanthogranuloma, 447
Erdheim–Chester Disease, 447
 Blastic Plasmacytoid Dendritic Cell 

Neoplasm, 448

25 STEM CELL  
TRANSPLANTATION 451

 Human Leukocyte Antigen System, 451
Human Leukocyte Antigen Nomenclature, 451
Typing of Human Leukocyte Antigens, 452

 Other Human Leukocyte Antigens, 452
 Stem Cell Transplantation, 452

Nonmyeloablative (Reduced Intensity)  
 Transplants, 453

Donor Leukocytes, 455
Complications of Stem Cell Transplants, 457
Graft‐Versus‐Host Disease, 459
Post‐Transplant Lymphoproliferative Disorders, 463

26 NORMAL HEMOSTASIS,  
PLATELET PRODUCTION  
AND FUNCTION 468

 The Coagulation Cascade, 470
 Regulation of Coagulation, 470
 Megakaryocyte and Platelet Production, 472
 Platelet and Von Willebrand Factor 

Function, 475

27 VASCULAR AND PLATELET 
BLEEDING DISORDERS 479

Vascular Bleeding Disorders, 479
Hereditary Hemorrhagic Telangiectasia  

(Osler–Weber–Rendu Syndrome), 479
Ehlers–Danlos Syndrome, 479
Senile Purpura, 479
Scurvy, 479
Purpura Associated with Protein Deposition, 479
Immune‐Mediated Vessel Wall Purpuras, 480

Platelet Bleeding Disorders, 480
Thrombocytopenia, 480
Disorders of Platelet Function, 487

28 INHERITED AND ACQUIRED 
COAGULATION DISORDERS 494

Hereditary Coagulation Disorders, 494
Hemophilia, 494
Von Willebrand Disease, 503
Other Hereditary Coagulation Disorders, 503

Acquired Coagulation Disorders, 504
Liver Disease, 504
Overdosage with Anticoagulants, 505
Disseminated Intravascular Coagulation, 505
Acquired Coagulation Factor Inhibitor, 507
Thromboelastometry and Thromboelastography, 509

29 THROMBOSIS 
AND ANTITHROMBOTIC  
THERAPY 510

Atherothrombosis, 510
Venous Thrombosis, 510

Thrombophilia, 510
Acquired Risk Factors For Venous 

Thrombosis, 515
Antiphospholipid Syndrome, 515
Diagnosis of Venous Thrombosis, 515

Clinical Probability Assessment, 515
Diagnosis of Pulmonary Embolus, 516

Clinical Assessment, 516
Antiplatelet Drugs, 519

Aspirin, 519
Dipyridamole (Persantin), 519
ADP Receptor Inhibitors, 519



x Contents

Glycoprotein IIB/IIIA Inhibitors, 519
Prostacyclin, 520

Anticoagulant Therapy, 520
Heparin, 520
Warfarin, 522
Indirect Factor Xa Inhibitors, 523
Direct Factor Xa Inhibitors, 523
Direct Thrombin Inhibitors, 523

Fibrinolytic Agents, 523
Post‐Thrombotic Syndrome, 527

30 HEMATOLOGIC ASPECTS  
OF SYSTEMIC DISEASES 528

Anemia of Chronic Disorders, 528
Malignant Diseases (Other than Leukemias, 

Lymphomas, Histiocytic and 
Myeloproliferative Disorders), 529

Rheumatoid Arthritis and Other Connective 
Tissue Diseases, 530

Renal Failure, 533
Liver Disease, 533
Hypothyroidism, 538
Infections, 539

Bacterial Infections, 539
Viral Infections, 541
Parasitic Infections Diagnosed In Blood, 542
Marrow Involvement In Other Infections, 542

Granulomatous Inflammation, 542
Sarcoidosis, 542
Other Granulomas, 543

Osteopetrosis (Albers–Schönberg 
or Marble Bone Disease), 543

Anorexia Nervosa, 544
Cystinosis, 544
Primary Oxaluria, 547

31 PARASITIC DISORDERS 548

Malaria, 548
Effects of Malaria on Various Organs, 549
Comparative Methods For Malaria Diagnosis, 549
Resistance to Antimalarial Therapy, 552

Toxoplasmosis, 552
Babesiosis, 552
Trypanosomiasis, 553
Bancroftian Filariasis, 553
Loiasis, 554
Bartonellosis, 554
Relapsing Fever, 555

32 BLOOD TRANSFUSION 556

Red Cell Antigens, 556
Red Cell Antibodies, 557
ABO System, 557
Rh System, 558
Blood Grouping and Cross‐Matching, 559
Red Cell Components, 559
Clinical Blood Transfusion, 560
Complications of Blood Transfusion, 560

Infections, 561
Iron Overload, 563
Transfusion‐Related Acute Lung Injury, 563
Graft‐Versus‐Host Disease, 563

Other Blood Components, 564
Platelet Concentrates, 564
Leukocytes, 564
Fresh Frozen Plasma, 565
Plasma Derivatives, 565

APPENDIX: 2016 WORLD HEALTH 
ORGANIZATION CLASSIFICATION  
OF LYMPHOID AND MYELOID 
NEOPLASMS 567

INDEX 571



In the 9 years since the fourth edition of this Color Atlas of Clinical Hematology was published, tremendous 
advances have been made in the understanding of the pathogenesis of blood diseases. Tis is mainly due to 
the application of new molecular genetic techniques, including next‐generation sequencing, to reveal the var-
iants of DNA that underlie many of these inherited and acquired diseases. Te World Health Organization 
(WHO) has incorporated this new knowledge in the 2016 Revised Classifcation of the Lymphoid and 
Myeloid Neoplasms. Tis Classifcation has been adopted in Chapters 13–24 of the present ffth edition of the 
Atlas. Tese cover the clinical and microscopic appearances and the immunologic, cytogenetic, and molecular 
genetic abnormalities that underlie these diseases. Te references to the WHO 2016 Classifcation are:

• Swerdlow SH, Campo E, Pileri S, et al. The revision of the World Health Organisation classification of 
lymphoid neoplasms. Blood 2016;127:2375–2390.

• Arber DA, Orazi A, Hasserjian R, et al. The 2016 revision to the World Health Organization 
classification of myeloid neoplasms and acute leukemia. Blood 2016;127:2391–2405.

• Swerdlow SH, Campo E, Harris NL, et al., eds. WHO Classification of Tumours of Haematopoietic and 
Lymphoid Tissues, revised 4th edn. International Agency for Research on Cancer, Lyon, 2017.

Te frst three chapters of the new edition of the Atlas, written as previously by Paresh Vyas, are aimed 
at providing the reader with an understanding of normal cell machinery and of the molecular basis for such 
processes as DNA and cell replication, RNA species, trafcking and splicing, protein synthesis,  transcription 
factors, growth factor signal transduction, epigenetics, cell diferentiation, autophagy, and apoptosis. 
Te subsequent 29 chapters describe and illustrate how these processes are disturbed in the various diseases of 
the bone marrow, blood, and lymphoid systems. Treatment is not usually described, except in Chapter 29 on 
thrombosis, but the Atlas includes diagrams which show the various points in the biochemical pathways where 
many of the new targeted therapies act.

Four new authors, all internationally renowned hematologists and pathologists, have updated the various 
sections of the book. Elías Campo (Barcelona), one of the lead authors of the WHO (2016) Classifcation, 
has rewritten the six chapters dealing with the lymphoid neoplasms. Torsten Haferlach (Munich) has added 
a new section explaining and illustrating the molecular techniques used for the diagnosis of the hematologic 
neoplasms. He has also collaborated substantially in rewriting the six chapters describing and illustrating the 
myeloid neoplasms. Keith Gomez (UK) has updated the text and added new illustrations and tables for the 
four chapters dealing with normal platelets, normal blood coagulation, and the bleeding and thrombotic disor-
ders. Stefano Pileri (Bologna), also a lead author of the WHO 2016 Classifcation, has updated the chapter on 
histiocytic diseases. I am grateful to all four of these distinguished colleagues for taking on the task of bringing 
the chapters so expertly up to date despite their other heavy commitments.

While welcoming these new authors, I wish to express an enormous professional and personal tribute 
to John Pettit, who co‐authored all four of the previous editions of the Atlas. John joined me at the Royal 
Free Hospital in 1975 when the Department of Haematology was in its infancy. We were confronted for the 
frst time in our careers with teaching undergraduate medical students. We collaborated in writing handouts 
for the students as teaching aids. Tese were expanded to become a new undergraduate textbook, Essential 
Haematology, frst published in 1980 by Blackwell Scientifc.

In 1976 John and I set about collecting photographs of interesting clinical and microscopic appearances 
of blood diseases and assembled these as a new atlas, Clinical Haematology Illustrated. Tis was published in 
1987 by Gower Medical Publishing. John returned from London to his native New Zealand in 1977 but we 
subsequently collaborated by mail and fax. John spent at least a week every year in London so we could work 
together on new editions of both books.

John was a great teacher as well as frst class laboratory and clinical hematologist. His clear style of writing 
in succinct sentences, combined with his beautiful simple line diagrams and well‐chosen clinical and micro-
scope images of the highest quality, has contributed substantially to the success of both books. John retired from 
authorship of Essential Haematology after the ffth edition and of this Atlas after the fourth 2009 edition, but his 
major infuence on style and content of both books, as well as the superb images he acquired for them, remain.

PREFACE



xii Preface

John Pettit

We are grateful to our new publishers Wiley Blackwell for their unstinting support and especially to Claire 
Bonnett and Magenta Styles in encouraging and supporting this pan‐European team of authors and to Jennifer 
Seward in expertly editing all our manuscripts and assembling the book, including artwork, to a standard in 
which it could be published. We hope the book in its printed and electronic forms can be used as previously as 
an illustrated encyclopedia of normal blood and bone marrow processes and of blood diseases.

Victor Hoffbrand
London, 2018
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CHAPTER

1
Te aim of the frst chapter is to provide a primer covering our 
understanding of the basic molecular and cellular processes of 
the cell, which inform a scientifc understanding of hematologic 
diseases.

COMPARTMENTALIZATION 
OF THE CELL

A central evolutionary advance was the compartmentalization of 
cells, as shown in Fig.  1.1. Te cell is bounded by a complex 
cell membrane that allows regulation of molecules into and out 
of the cell. Within the cytoplasm a number of diferent organ
elles perform key functions. For example, as described later in 
this chapter, mitochondria are critical for adenosine triphosphate 
(ATP) generation and heme biosynthesis. Proteins are translated 
from amino acids and undergo post‐translational modifcation in 
the Golgi complex and rough endoplasmic reticulum. Depending 
on the cell type, there are specialized structures within the cyto
plasm that allow the cell to perform its specialized role.

THE NUCLEUS

As we focus in on the nucleus, it is clear that it is also bounded 
by a specialized nuclear envelope and membrane (Fig.  1.2). 
Entry and exit out of the nucleus is regulated by nuclear pores. 
Within the nucleus, deoxyribonucleic acid (DNA) is tightly 
packaged by proteins and the DNA/protein complex is known 
as chromatin. Chromatin has diferent appearances under 
light or electron microscopes. When DNA is tightly packaged 
(and the genes more likely to be not expressed), it is known as 
heterochromatin. Under the light/electron microscope it appears 
darker. When DNA is less tightly packaged it is called euchro
matin and is lighter in appearance. Te other visible structure 
within the nucleus, in some cells, is the nucleolus, where ribo
somal genes are transcribed and assembly of the ribosome takes 
place (as discussed later).

Te DNA in the nucleus is distributed among 22 pairs of 
autosomal chromosomes (numbered 1–22, in order of size) 
and two sex chromosomes (Fig.  1.3A). When cells are in 
the metaphase phase of the cell cycle, chromosomes con
dense and can be visualized by a technique called karyotyping. 
Chromosomes are divided into two arms: a short arm, termed 
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Fig. 1.1. A, Photomicrograph showing the morphology of many cells with 
prominent nucleoli, in this case, B cells. B, A schematic representation of 
the intracellular composition as visualized by electron microscopy. The 
nucleus is composed of euchromatin, which is less condensed, paler, and 
more transcriptionally active, and heterochromatin, which is more con-
densed, darker, and less transcriptionally active. In cytoplasm subcellular 
organelles including mitochondria, rough endoplasmic reticulum, and the Golgi 
complex are shown. The function of these organelles is discussed later. 
(Courtesy of Professor JV Melo.)
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p, and a longer arm, q. Te region where the chromosomes join 
is termed the centromere. Chromosomes are further subdivided 
into light and dark bands (depending on how they stain with 
the Giemsa dye) (Fig. 1.3B). When cells are not in metaphase, 
chromosomes are more difusely spread through the nucleus. 
Most current evidence suggests that the chromosomes occupy 
discrete territories (chromosomal territories) within a nucleus 
(Fig. 1.3C). Tese territories need not be contiguous and can be 
shared with other chromosomes. However, there are still many 
aspects of how chromosomes are organized that remain unclear. 
For example, what constrains chromosomes to territories and 
how do territories afect gene regulation? Recent work sug
gests that within chromosomal territories chromatin exists 
in topologically associated domains (TADs) and that actively 
expressed genes along the chromosome and possibly even from 
diferent chromosomes may congregate in specialized structures 
where RNA is made from (transcribed) from genes. Tis process 
is called transcription and the specialized structures are known 
as transcription factories (see later).

Te sequencing of the human genome was a landmark 
in biology. It allowed all the human genes arrayed along the 
chromosomes to be catalogued (Table 1.1). Genes are divided 
into protein‐coding genes (of which there are ~21 000), genes 
that encode diferent types of RNA (e.g. ribosomal RNA, 
micro‐RNAs, small nuclear RNA), and RNA moieties that are 
not translated into a functional protein or RNA (pseudogenes). 
Te genome also dedicates sequence to other RNA species that 
do not make protein but that regulate either transcription or 
the production of protein from RNA (a process known as trans
lation). Tese RNA sequences include micro‐RNAs, long and 
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Fig. 1.2. Schematic representation of a portion of the nucleus. The nucleus 
is highly compartmentalized, containing specialized structures. The nucleolus 
is composed of a pars granulosa, a pars fibrosa, and a nucleolar organizing 
center and makes transfer RNA. The nucleus is bounded by a nuclear enve-
lope that is lined by rough endoplasmic reticulum. There is controlled entry 
and exit into the nucleus via nuclear pores.
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Fig. 1.3. A, DNA in the human nucleus is organized into 46 chromosomes. 
There are two copies of chromosomes 1–22 with two sex chromosomes 
(XX or XY). Each chromosome is divided into a short arm (p) and a long 
arm (q) and then subdivided into major numeric subsections. For example, 
the short arm of chromosome 1 (1p) has three subsections and the long 
arm (1q) has four subsections. B, The gross subdivision of chromosome can 
be visualized by Giemsa staining of chromosomes that have been subject to 
brief proteolytic cleavage. (B, Courtesy of Professor H Lodish.) C, Within an 
interphase nucleus chromosomes occupy discrete territories. The figure 
shows the territory occupied by chromosome 11 (red color) in a primary 
erythroblast. (C, Courtesy of Jo Green and Dr. Veronica Buckle.)
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short noncoding RNAs. Tere are also sequences dedicated to 
regulating transcription of individual genes or banks of genes; 
these are called promoters and enhancers. Tis provides a pri
mary description of our genetic makeup. Te characterization of 
the human genome is still being refned as we understand more 
about how genes are organized and how transcriptional expres
sion and protein translation is controlled.

Genes themselves are composed of DNA, which is made up 
of four nucleotides. Each nucleotide consists of a phosphate 
group linked by a phosphoester bond to a pentose sugar mole
cule (ribose) that lacks a hydroxyl group (thus it is deoxyribose), 
which is then attached to one of four heterocyclic carbon‐ and 
nitrogen‐containing organic rings: adenine (A), cytosine (C), 
guanine (G) and thymidine (T). C and T are known as pyrim
idines and A and G as purines. Tese are then linked together 
into polynucleotides via phosphoester bonds. As James Watson 
and Francis Crick correctly proposed, these are organized into 
two associated antiparallel polynucleotide strands that have a 5′ 
to 3′ direction and form a double helix. Te strands are held in 
register by base‐pairing between the two strands such that each 

A is paired with a T via two hydrogen bonds and each C with 
a G via three hydrogen bonds. Hydrophobic and van der Waals 
interactions combine with the thousands of hydrogen bonds to 
give the double helix great stability. In the common “B” form, 
the helix is right handed and makes a complete turn every 
3.4 nm (about 10 base pairs) (Fig. 1.4A,B). Te space between 
the strands creates a major and minor groove. In low humidity, 
DNA can adopt a more compact form with 11 base pairs per 
helical turn (“A” form) (Fig.  1.4C). Finally, short stretches of 
DNA composed of alternate purines and pyrimidines can form 
an alternate stacked Z structure.

GENE TRANSCRIPTION 
AND MESSENGER RNA TRANSLATION: 
THE PRODUCTION AND JOURNEY 
OF mRNA

A copy of the DNA of genes is transcribed into RNA by tran
scription in the nucleus. RNA is processed and transported into 
the cytoplasm. RNA corresponding to protein genes is then 
translated in the cytoplasm. Not surprisingly, these processes are 
very complex, afording opportunities for the cell to exquisitely 
regulate the complement of proteins made but also vulnerable to 
errors that lead to disease.

Genes are transcribed by one of three diferent RNA poly
merases (RNA Pol I, II, and III). RNA Pol II transcribes most 
protein‐coding genes. Te remaining genes are transcribed by 
RNA Pol I and III. Tese include genes encoding ribosomal RNAs 
(makes ribosomes, see later), small nuclear RNAs (involved in 
processing RNA in a process called splicing, see later), and some 
transfer RNAs (involved in protein translation, see later). Pol I‐ 
and Pol II‐transcribed genes will not be discussed in detail further 
in this book. However, it is important to remember that in a 
typical rapidly growing mammalian cell, ~80% of total RNA is 
ribosomal RNA and ~15% is transfer RNA.

When RNA is transcribed, a gene is said to be “expressed.” 
Transcription of each gene begins at the 5′ end of the gene at its 
transcriptional start site (TSS) (Fig. 1.5). For any one gene the 
TSSs can either be single or multiple over several neighboring 
nucleotides. Te DNA sequence 5′ of the gene helps to regu
late transcription and is known as the promoter. Tis sequence 
works with other sequences (called regulatory sequences or 
cis‐elements, see later) to provide fnely tuned control over 
the amount of mRNA produced. In Chapter 9 the regulatory 
sequences involved in globin gene expression are described.

Te body of the gene is segmented into exons separated by 
intervening sequences (introns). Te exonic sequence is divided 
into protein‐coding and noncoding sequences. RNA Pol II 
makes a RNA copy of the whole of the gene (primary tran
script). Tis RNA species is then processed within the nucleus. 
As the nascent elongating primary transcript is produced a 
5′ 7‐methylguanine cap is added to the 5′ end to protect the 
RNA from enzymatic degradation. In addition, as nascent RNA 
transcript (heterogeneous RNA [hnRNA]) emerges from the 
RNA Pol II, it is sheathed in a large set of nuclear proteins in 
structures called heterogeneous ribonuclear particles (hnRNPs). 
hnRNP‐associated proteins are important for transport of the 
RNA species and probably aid in the processing of RNA. Once 
the primary transcript is made, the 3′ end of the transcript is 
recognized by a protein complex that includes an enzyme called 
an endonuclease that cleaves the RNA transcript to produce a 3′ 

Chromosome number Size (Mb) Gene Pseudogene

1 248.96 5,078 1,372

2 242.19 3,862 1,166

3 198.3 2,971 887

4 190.22 2,441 799

5 181.54 2,578 766

6 170.81 3,000 876

7 159.35 2,774 896

8 145.14 2,152 661

9 138.4 2,262 702

10 133.8 2,174 631

11 135.09 2,920 835

12 133.28 2,521 680

13 114.36 1,381 477

14 107.04 2,055 583

15 101.99 1,814 555

16 90.34 1,920 451

17 83.26 2,432 541

18 80.37 988 295

19 58.62 2,481 514

20 64.44 1,349 329

21 46.71 756 202

22 50.82 1,172 348

X 156.04 2,158 859

Y 57.23 577 395

MT 0.016569 37 –

TABLE 1.1.   ALL THE GENES AND OPEN READING 
FRAMES IN THE HUMAN GENOME 
HAVE BEEN CHARACTERIZED 
FROM THE SEQUENCING 
OF THE HUMAN GENOME. THIS 
TABLE SHOWS THE SIZE OF EACH 
CHROMOSOME (IN MEGABASES) AND 
NUMBER OF GENES AND PSEUDOGENES 
ON EACH CHROMOSOME.
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end of the RNA. Tis then allows the enzyme polyadenylate poly
merase to attach a homo‐polymeric string of A residues to the 3′ end 
of the transcript called the poly‐A tail. Increasing recent evidence 
suggests that the processes of transcription initiation, elongation by 
RNA Pol II, and 3′ end processing may be co‐regulated.

Te introns are then spliced out to form the mature mRNA 
species (a simplifed version of this process is presented in 
Fig. 1.6). Splicing is an elaborate process that involves a large 
number of steps catalyzed by a splicing complex (or spliceosome), 
which contains small nuclear RNAs (snRNAs) and proteins, and 
that produces small nuclear ribonuclear particles (snRNPs). It is 
estimated that over 100 proteins are involved in splicing. At frst 
approximation, this process is probably as complex as regulation 
of transcriptional initiation and translation. One reason why a 
cell invests this degree of efort into splicing is that it allows a 
cell to generate multiple diferent mRNA species from a single 

gene, contributing to the biological complexity that an organism 
can achieve from a limited gene set. However, the genes encod
ing proteins controlling splicing can acquire mutations and the 
mutant proteins may cause aberrant splicing, leading to hema
tologic diseases. One important part of splicing is that the two 
nucleotides that lie in the intron and mark the boundary of an 
exon–intron are almost always invariant (Fig. 1.6). Tus, the 5′ 
end of the intron is usually marked by the dinucleotide “GU” 
whereas the 3′ end has “AG.”

Like hnRNA, mRNA is wrapped in chaperone proteins to 
form mRNPs (messenger ribonuclear particles) that are exported 
from the nucleus through a water‐impermeable phospholipid 
bilayer, the nuclear envelope that is studded with proteins and 
pores (Figs. 1.7 and 1.8). Te nuclear pore complex (NPC) is a 
large structure (~125 million Da), about 30 times the size of the 
ribosome. It is made of multiple copies of a large number (~100) 
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Fig. 1.4. Models of various structures adopted by DNA. A, Space‐filling model of the “B” form of DNA. This is the common form of DNA, with a helical 
turn every 10 base pairs. The major and minor grooves are visible. B, Stick model shows that DNA is composed of a sugar phosphate backbone with the 
bases (“A,” “C,” “G,” and “T”) pointing inward (blue and light brown). C, More compact “A” form of DNA with 11 bases pairs per helical turn. D, “Z” form 
of DNA is a left‐handed helix. (Courtesy of Professor H Lodish.)




