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FOREWORD TO THE I-st EDITION 

This work was undertaken by us on the incentive of our Teacher, the 

Head of the II Medicinal Clinic of the Medical Academy in Gdańsk, Pro- 

fessor M. Semerau-Siemianowski, who being aware of the difficulties of 

learning haematology without adequate illustrative material, spurned us 

on to prepare the first Polish atlas of the cells of the blood and bone marr- 

ow. 

This work took four years. Often we met with difficulties — lack of 

adequate material for the preparation of drawings, lack of time for the 
time-consuming execution of tables, the stress of the everyday duties of 

hard-working physicians. In all such moments Professor Semerau-Sie- 

mianowski was ready to help and to encourage us. 

Therefore we are happy to express here our deep gratitude to Him, 

for He enabled us to bring our task to end. 

The tables, with the exception of a few, represent the smears from our 

personal cases, which have been followed by us in the Medicinal Clinic of 

the Medical Academy in Gdańsk and afterwards in the II Medicinal Clinic 

of the: Medical Academy in Warsaw. Several blood smears as well as bone- 

marrow smears from the cases of tropical diseases or of diseases not 

occurring in Poland were obtained by us during a scholarship journey 

abroad, in the year 1948. All originals of colour-tables were executed by 

associate professor I. Krzemińska-Ławkowicz with watercolours. 

Our work does not represent the whole scope of haematology, it is ra- 

ther an attempt to depict the basic morphological features of the blood and 

bone-marrow cells. We omitted splenograms, because these as well as 

a detailed description of tumour cells will be subjects of a separate 

work. On the other hand, in several cases the lymph-node biopsy was 

taken into account. 

The present work represents rather an introduction to morphologic 

haematology and it may be useful in teaching students or in routine work 

in haematological laboratories. і 

It could be said that the scope of the text is broader than ії is usual in 
an atlas. In giving, however, such extensive interpretations of the tables 

we were moved by following considerations: 

1) there are only few textbooks of haematology; 
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2) the descriptions of the drawings could be made more interesting 
and more readily understandable when supplemented by physiopatho- 
logic remarks; 

3) the usefulness of such a work to the clinicist, by supplementing addi- 

tionally other diagnostic points besides the morphology of blood or bone- 

marrow cells; 

4) we endeavoured also to inform the reader of some new acquisitions 

in diagnostic methods. 

During the execution of this work we were moved also by an additional 

aim, which is readily understood by anybody, who would see haemato- 

logy developing and progressing. This aim is the awakening of interest 

for haematology in a greater number of workers and an increase of the 

number of haematologists. The importance of haematology becomes grea- 

ter every day, it surpasses mere laboratory considerations, it reaches into 

the field of prophylactics. Haematological ambulatories and periodic 

examinations of blood morphology of the populace are of greater and 

greater importance. As an example the role of haematological examina- 

tions in carly diagnosis cancer may be cited, when discrete signs of 

anaemia lead the clinicist to the diagnosis of the causative disease. 

There follows the importance of clinical haematology, which grows 

because of the growing frequency of disorders of the blood. The training 

of haematologists is among the pressing exigencies of the present mo- 

ment, because their number in Poland is far too scarce in proportion to 
the needs. 
We should consider our aim fulfilled, if this work could at least par- 

tially induce a wider interest in haematology. 

THE AUTHORS



FOREWORD TO THE II-nd EDITION 

The first edition of the ‘“Atlas of Haematology’ was out of press in 1952, 

in the following year — the Czech translation. The first issue was sold 

out in a short time. The friendly reception it received and many letters 

from various countries induced us to the preparation of a second edition. 

An additional incentive to the revision and extending of the text was 

the proposal to translate this book into Russian, English and German with 

a view of facilitating the study of haematology to students and young phy- 

sicians in their own language. 

During the preparation of the second edition the work was equal to that 

of the preparation of a new book. In printing the first edition and the Czech 

translation in Prague the delicate original watercolours became so used 

up, that all tables were painted anew from the preparations remaining in 

our collection. 

We began this time-consuming task with pleasure. Now our work was 

given to Polish polygraphist and Polish printers. Their work was so excel- 

lent that we had difficulties in finding differences between the copies and 

the originals of our drawings. 

We obtained also new technical aids — in the Institute of Haematology 

in Warsaw we were able, due to excellent. modern microscopes, to draw 

the cells in a more detailed and true manner. 

As in the first edition, all tables were painted in watercolours by asso- 

ciate prof. I. Krzemińska-Ławkowicz. In view of the progress made by 

haematology the text was thoroughly revised. We endeavoured to take into 

account new acquisitions as well as our personal experience gained dur- 

ing the time elapsed. The second edition contains moreover selected 

references to the literature. It was necessary to omit many basic publica- 

tions from our literature as well as from the world's literature. To atone 

for this, a special division of literature has been adopted and works with 

an extensive bibliography (textbooks, atlases, monographs etc.) have been 

grouped separately. The remaining references are the works cited in the 

chapters of the “Atlas of Haematology”, these are in the first place new 

publications not cited elsewhere. 

In spite of many additions to the text the present work remains an attempt 

to represent only basic traits of haematological morphology and does not
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cover the ever growing field of this science. The comparatively extensive 
text (in comparison to other atlases) should serve the clinicist, as it con- 
tains the basic diagnostic points. 
A continuation of the present work will be instituted by the “Textbook 

of Haematological Diagnostics” which is now in preparation. This text- 
book will contain chapters on haematological cytology, cytochemistry, 
blood coagulation, immunohaematology and related subjects. 

In presenting to the reader the second, revised edition of the “Atlas 
of Haematology” we should like to express our sincere thanks to the Polish 
State Medical Publishers for technical help and careful edition of this book as 
well as to all those, whose nameless work enabled the second edition and 
the translations into English, Russian and German to appear. 
We are also indebted to dr. Przemysław Czerski for his aid in the 

tedious task of selecting and searching under the microscope for cells, 
which served as models for the drawings, for his help in the prepar- 
ation of the list of references, as well as for his meticulous English 
translation. 

THE AUTHORS



INTRODUCTION . 

Outlines of bone-marrow examination technique 

CHAPTER I 

THE RED-CELL SERIES 

Normoblastic erythropoiesis 7. Reticulocytes 10. Megaloblastic erythropoiesis 

12. Pathological erythroblasts (paraerythroblasts) 15. Erythrocytes in periphe- 
ral blood smears 18. Anisocytosis and poikilocytosis 19. Polychromasia of ery- 
throcytes (polychromatophilia) 19. Punctuate basophilia of red cells (basophilic 
stippling) 22. Howell-Jolly bodies 24. Cabot's rings 26. Heinz-Ehrlich's intra- 
cellular bodies 28. Ovalocytosis, elliptocytosis 30. 

CHAPTER II 

DISORDERS OF THE ERYTHROPOIETIC SYSTEM 

Acute posthaemorrhagic anaemia 33. Chronic posthaemorrhagic anaemia 34. 
Chronic hypochromocytic anaemia (idiopathic hypochromic anaemia) 36. 
Addison-Biermer's disease (pernicious anaemia) 41. Nontropical sprue 54. 
Constitutional haemolytic jaundice (Chauffard-Minkowski) 60. Cooley's ery- 
throblastic anaemia 66. Sickle-cell anaemia 72. Haemolytic disease of the new- 
born (erythroblastosis foetalis) 75. Refractory anaemia, aplastic anaemia 
(pancytopenia) 79. Oroya fever (Carrión's disease) 88. Erythrocytosis 90. Ery- 
thraemia (V aquez' disease) 90. Acute erythromyelosis — tumour form (pro- 
erythroblastoma) 94. 

CHAPTER III 

THE GRANULOCYTIC SYSTEM 

The developmental cycle of granulocytes 99. Eosinophils (acidophilic granulo- 
cytes) 106. Basophils (basopilic granulocytes) 114. Peroxidase reactions and 
Sudan-black B stain 120. Shift to the left in granulocytes 124. Shift to the right 

in granulocytes 128. Pelger-Huét's anomaly of the granulocytes 130. Qualita- 
tive changes of the cytoplasm of granulocytes 132. a) pathological granulation 

133. b) Doehle's bodies 134. c) vacuolation 134. L. Б. cells 138. The normal 
bone marrow 138. Decrease in granulocyte count in the peripheral blood 143. 

PAGE 

33 

99



viii CONTENTS 

CHAPTER IV 

THE MEGAKARYOCYTIC SYSTEM 

The developmental cycle of the megakaryocytic system 149. Thrombocyto- 
penia 155. Idiopathic thrombocytopenia 156. 

CHAPTER V 

LYMPHOCYTES 

The developmental cycle of lymphocytes 163. Lymphocytosis in peripheral 
blood 168. Infectious mononucleosis 168. 

CHAPTER VI 

MONOCYTES 

The developmental cycle of monocytes 175. Monocytosis in peripheral blood 
178. 

CHAPTER VII 

RETICULO-ENDOTHELLAL CELLS OF THE BONE MARROW 

The plasmocytes 183. a) Plasmocytosis in peripheral blood 186. 

CHAPTER VIII 

NEOPLASTIC AND PROLIFERATIVE DISEASES OF THE LEUKOCYTIC AND RETI 
CULO-ENDOTHELIAL SYSTEMS 

Chronic leukaemic myeloid leukaemia 189. Acute myeloid leukaemia 194. 
Chloroma (myeloblastoma) 204. Monocytic leukaemia 209. Chronic lymphatic 
leukaemia 213. Acute lymphatic leukaemia 214. Lymphosarcoma 220. Plas- 
mocytoma (multiple myeloma) 229. Chronic leukaemic reticulosis 239. Gau- 
cher's disease 245. Hodgkin's disease 248. 

CHAPTER IX 

PARASITIC DISEASES 

Malaria 257. a) Tertian malaria (Plasmodium vivax) 258. b) Quartan malaria 

(Plasmodium malariae) 260. c) Tropical malaria, aestivo-autumnal malaria 
(Plasmodium falciparum vel immaculatum) 264. Kala-azar 266. Trypanoso- 
ma 268 

CHAPTER X 

TUMOUR METASTASES 

References 273. 

149 

163 

179 

189 

269



LIST OF PLATES 

- The developmental cycle of the red cell (normoblastic erythropoiesis) 
Reticulocytes 

. The developmental cycle of the red cell (megaloblastic ceptliropolests) 
4. Paraerythroblasts . * 

5. Anisocytosis and poikilocgtosis 
6. Polychromasia of erythrocytes 

7. Basophilic stippling of erythrocytes 
8. Howell-Jolly bodies ror 
9. Cabor's rings  . . 

10. Heinz-Ehrlich's bodies 

11. Ovalocytosis 

12. Chronic hypochromic anaemia (peripheral Hood), 
13. Chronic hypochromic anaemia (bone marrow) 
14. Addison-Biermer's disease (peripheral blood) 
15. Addison-Biermer's disease (bone marrow). 

16. Pernicious anaemia (peripheral blood following 8- day treatment with fives extras) 
17. Pernicious anaemia goredocied: in course of treatment with liver extract). 

Peripheral blood . : ; 
18. Addison-Biermer's disease (bone marrow о Blowing day recatinent with liver 

extract) . г 

19. Nontropical sprue (peripheral blood) 
20. Nontropical sprue (bone marrow) + v 

21. Congenital haemolytic anaemia (peripheral blood) 
22. Congenital haemolytic anaemia (bone marrow) 
23. Cooley's erythroblastic anaemia (peripheral blood) 

Cooley's erythroblastic anaemia (peripheral blood). Late period 
Cooley's erythroblastic anaemia (peripheral blood). Severe form 

26. Sickle-cell anaemia (peripheral blood) 
27. Erpthroblastosis foetalis (peripheral blood) 
28. Aplastic anaemia (peripheral blood). ї 
29. Aplastic anaemia (bone marrow). Increase of reticulum cella 
30. Aplastic anaemia (bone marrow). Paraerythroblasts 
31. Oroya fever (Bartonellosis). Peripheral blood 

Polycythaemia vera (bone marrow) 
Proerythroblastoma (bone marrow) 
The developmental cycle of granulocytes 

- The developmental cycle of neutrophilic gradulocyks . 
The developmental cycle of neutrophilic granulocytes. Mature forms 

PAGE 

53 

57 

59 

61 

65 

67 

69 

71 

73 

7 

81 

85 

87 

89 

93 

97 

101 

103 

105



37. 

38. 

39. 

40. 

41. 

42. 

43. 

45. 

46. 

47. 

48. 

49. 

50. 

51. 

52. 

53. 

54. 

55. 

56. 

57. 

58. 

59. 

60. 

61. 

62. 

63. 

64. 

65. 

66. 

67. 

68. 

69. 

70. 

7. 

73. 

74. 

75. 

76. 

77. 

78. 

79. 

80. 

81. 

82. 

83. 

LIST OF PLATES 

The developmental cycle of eosinophils 
Eosinophilia in peripheral blood 
Bone-marrow eosinophilia й : 
Pasophils  (Map-Griiuwald-Giomea від)! = : 
Basophilic granulocytes. Peroxidase reaction (Graham). - 
Basophils (toluidine blue stain) 
Psroidage vention in bone: marrow (Станат'в method). 

. Peroxidase reaction after Sato (bone marrow) 

Shift to the left in peripheral blood 
Shift to the right in granulocytes . 

Pelger-Huét's anomaly of granulocytes 

«Toxic granules” . 
Dochle's bodies 

Vacuolation of the «роріанні of grannies 

Normal bone marrow . 

Agranulocytosis (bone marrow) 
The developmental cycle of Sn 
Megakaryocytes with hypersegmented nuclei . 
Idiopathic thrombocytopenia (peripheral blood) 
Idiopathic thrombocytopenia (bone marrow) . 
Developmental cycle of lymphocytes 
Lymphocytosis in peripheral blood. Case of hoagtig owak 
Infectious mononucleosis (peripheral blood) . 
Types of mononuclear cells in infectious mononucleosis. 
Monocytes 
Bone marrow eten calls 

Plasmocytes 
Plasmocytosis in рейріегві blood. 
Chronic myeloid leukaemia (peripheral blood) 
Chronic myeloid leukaemia (bone marrow) 
Acute myeloid leukaemia (peripheral blood) й 
Acute myeloid leukaemia. Micromyeloblasts and ~Jymphocytoniat’ 
Acute myeloid leukaemia (peripheral blood) . 

mucoblass 

Arte Tail Jepkaomia. Monocptoldal parawycłobiaste (peripheral Hood) + 
Acute myeloid leukaemia (bone marrow) 

. Acute myeloid leukaemia (bone marrow) 
Chloroma (bone marrow). Case I 
Chloroma (bone marrow). Case II 

Chloroma (lymph node aspiration smear) 
Monocytic leukaemia (peripheral blood). 
Monocytic leukaemia (bone marrow) 
Chronic lymphatic leukaemia (peripheral blood) 
Chronic lymphatic leukaemia (lymph node aspiration smear). 
Chronic lymphatic leukaemia (bone marrow) 
Acute lymphatic leukaemia (peripheral blood) 
Acute lymphatic leukaemia (bone marrow) 

Acute lymphatic leukaemia. Lymphoblastic mitoses. 

109 

111 

113 

115 

117 

119 

123 

125 
127 

129 

131 

135 

136 

137 

141 

147 

151 

153 

157 

161 

165 

167 

171 

173 

177 

181 

185 

187 

191 
193 

196 

197 

198 

199 

203 

205 

207 

208 

210 

212 

221 

222 

223



101. ię z 
. Trypanosomiasis (Trypanosoma granbiewiey Guinea pig blood smear 
. Metastatic cells in bone marrow (carcinoma). 

LIST OF PLATES 

Lymphosarcoma (bone marrow) 
Lymphosarcoma (lymph node aspiration smear) 
Lymphosarcoma (lymph node aspiration smear) 

. Plasmocytoma (bone marrow). 

Plasmocytoma (bone marrow). 
. Plasmocytoma (bone marrow). 
Plasmocytoma (bone marrow). : 
Chronic leukaemic reticułosis (peripheral blood) 
Chronic leukaemic reticulosis (peripheral blood stained with toluidine blue). 
Chronic leukaemic reticulosis (bone marrow) 

. Gaucher's disease (bone marrow) 

Hodgkin's disease (bone marrow). 
 Hodgkiw'e dieses (Hodgins gransloma). Ipmph node aspiration amiear. 
Hodgkin's disease (lymph node aspiration smear) 
Tertian malaria (Plasmodium vivax). Peripheral blood 

. Quartan malaria (Plasmodium malariae). Peripheral blood 
Tropical malaria (Plasmodium falciparum vel immaculatum.) Peripheral blood. 
Kala-azar (bone marrow) 

Note. All drawings were made from original preparations using objective 90 x 
imm. and ocular 15x. Under such magnification all details are readily discer- 

ned, using lower magnifications and less perfect optical equipment the cellular 
structures may be blurred, the images obtained being less distinct. 

261 

263 

265 

267 

270





INTRODUCTION 

Recent years have brought many advances in haematology, both as re- 

ards diagnostic procedures and such special laboratory techniques as 

utochemistry, biochemistry, electron- and phasemicroscopy. Among 

the numerous new microscopic techniques, fluorescence microscopy 
lately been successfully applied in haematologic investigations. These 

advances, have made possible a better understanding of vital processes 

f normal and pathological blood cells, and have contributed towards 

xplaining a number of intricate and obscure phenomena in cell meta- 

bolism. 

It might be thought that such progress would reduce the importance of 

the time-honoured morphological methods of blood examination, hitherto 

onsidered essential in the diagnosis of blood disorders. Morphologic 

ematology is, however, far from being in decline. On the contrary, the 

ntroduction of cytochemical methods is causing it to gain new ground. 

This is reflected in the constantly increasing number of haematological publi- 

cations devoted to morphologic diagnostic methods, nor is this trend 

limited to haematology only; a new branch of medical sciences — clin- 

ical cytology — is acquiring greater and greater importance in the diagnosis 

of various diseases. 

The times are not remote, in which the diagnosis of blood diseases was 

based entirely on peripheral blood examination. Joint biopsies of several 

rgans has enabled us today to acquire direct insight into the blood-form- 

ing system. 

Although blood examination is essential in diagnosis, nevertheless 

the supplementary information derived from direct examination of the 

blood-forming tissue — the bone marrow — is of great value; even if 

it does not contribute any new positive diagnostic findings indicating 

a definite disease, it can be helpful in ruling out certain syndromes. 

When examining a bone marrow or lymph node aspiration smear 

pictures strictly specific for a definite blood disorder should not be expec- 

ted. Rather should we endeavour to evaluate the functional efficiency of 

the bone marrow on the basis of the morphological pattern. 

There are but few haematological syndromes, which are accompanied by 

a pathognomonic bone-marrow picture, making it possible to identify the 

s 



2 INTRODUCTION 

disorder at first glance. Among these are Addison-Biermer's disease and 

allied megaloblastic anaemias, multiple myeloma, acute aleukaemic myelo- 

ses, Gaucher's disease, kala-azar and certain parasitic diseases. 

This explains why increasing attention is being devoted to joint biopsies, 

which, supplemented if necessary, by lymph node, spleen, liver or tu- 

mour puncture, enable us to correlate the findings in peripheral blood 

and bone marrow. Although the clinician intrudes in such cases upon 

the alien domain of histopathology, he is compensated by numerous advan- 

tages, the smears of bioptic specimens bringing out such details of cell 

structure as become obscured or totally lost in histological sections of 
fixed tissue. 

Therefore oligobiopsy (puncture procedures) should be regarded as 

an independent diagnostic method. Smears prepared from aspirated mate- 

rial or imprints from excision biopsy specimens are to be seen as a val- 

uable addition to classical histopathological techniques. What are needed, 

are further investigations by both these techniques (confronted by micro- 

photography) with a view to forming a scientific basis for haematological 
cytodiagnostics. 

This should be extended as regards oncological research. Such a work 

is planned by the present authors, in view of the keen interest of haema- 

tologists in the problems of neoplastic proliferation. 

Bone-marrow biopsy has, since Arinkin introduced sternal puncture 

in 1929, been adopted as a routine clinical cxamination. This technique 

has been generally accepted and is in common use throughout the world. 

Nowadays, bone-marrow examination is performed daily by the 

clinical haematologist in all cases of blood diseases. The interpretation 

of the morphology of bone-marrow cells is not always easy. Not only 

is profound knowledge of characteristic cell types necessary, but also 

long experience and constant study of atypical cells. It may be said that 

the clinician's personal haematological knowledge depends on the number 

of cases followed. There are, however, cases in which even an eminent 

haematologist of long experience cannot recognise an individual cell 

or diagnose a syndrome. One of the gravest difficulties in precise diag- 

nosis, is the frequent occurrence of intermediate conditions between 

individual haematological syndromes. A single examination may be com- 

pared to a snapshot of an object in motion — that is the findings pertain 

only to the given moment. The morphological picture represents the state 

of the blood-forming system at the moment of aspiration of the specimen. 

It may change in the near future, and it is often impossible to predict, 

with any degree of certainty, in what direction. Generally known are the 

difficulties encountered in differential diagnosis of granulocytopenia or 

bone-marrow aplasia, which may correspond to an initial period of acute
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myelosis. Typical “textbook” bone marrow, lymph node or spleen aspir- 

ation smear pictures are, unfortunately, encountered somewhat infre- 

quently in clinical practice. Conclusions from the examination of hae- 

matological preparations must be drawn with the utmost prudence, and 

confronted with the entire clinical picture. Diagnosis based solely upon 

microscopical findings often proves incorrect. A hasty diagnosis may 

lead to serious errors and cause loss of the patient’s confidence. The 

cytological diagnosis should be rather descriptive, the diagnosis of 

a syndrome only tentative. For example, the presence of megaloblasts 

does not always indicate Addison-Biermer's disease or some related 

syndrome of the ‘“acastlose group; it may be caused by other, hitherto 

incompletely understood pathogenetic mechanisms. 

Only when the cytological picture is confronted with the remaining 

symptoms, and often after a prolonged period of clinical observation 

an diagnosis be established. It is these reservations which have caused 

us to supplement with short clinical notes the plates representing morpho- 
logical pictures. 

The present work has been divided into chapters according to the gen- 

erally adopted classification of cellular elements of the blood-forming 

tem. Disorders characterised by hyperplasia of the leucocytic and 

reticulo-endothelial systems, parasitic diseases and tumours are discussed 

n separate chapters. Such an arrangement of the contents was felt to be 

st suited to the aim of this book, which is to provide basic haematolo- 

information in an orderly and systematic form. On the other hand, 

iis division was imposed upon the authors by the limited scope of their 

work as well as by the necessity to cover not only the pathology but also 

»rmal haematologic morphology and the development of the cellular 

lements of the blood. 

The authors are conscious of the shortcomings of the morphologic 

riteria upon which haematologic diagnosis has hitherto been based. 

Її: may well be that advances in cytochemistry and cytoimmunology will 

ast on the chemical structure and antigenic properties of the cell such 

1 light as to bring out the individual nature of the elements of the blood- 

forming system. 

Although research work of this kind has made great progress, neverthe- 

s it has not as pet achieved application in routine practice. It may be 

umed that when, in future, new methods are included in routine clin- 

al examinations, classical morphology will acquire a new and wider 

meaning. 

It is not so long ago that haematology was a discipline cultivated only 

by a small group of initiated investigators. In our day, it has entered the 

ks of the most universal sciences covering almost all fields of modern 
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clinical and experimental medicine. The blood, being an ubiquitous tis- 

sue instituting the “internal environment” of the human body, reflects 

the life processes of all the organs and systems. Biology interests itself 

in the role and interrelationship of the various systems in the functions 

of the organism considered as a whole. It is evident, therefore, that the 

phenomena occurring in the blood and blood-forming tissues also cannot 

be regarded as a strictly individual separate problem, not connected with 

the remaining organs and tissues. 

The discovery of the nervous regulation of the course of haematopoiesis 

opens up a vast field for haematologic investigations. Pavlov's theory 

concerning the role of the nervous system, his concept of the integrity 

of the organism, the idea of nervism and of the evolution of functions, 

has prepared the way for new ideas about the onset, development and 

the final outcome of diseases. 
New opportunities thus arise for the elaboration of modern methods 

of prevention, diagnosis and treatment of blood diseases. 

A better understanding of the laws which govern haematopoiesis will 

clarify the mechanism of the responses and diseases of blood-forming 

organs, and will probably enable us to influence their course.



OUTLINES OF BONE MARROW EXAMINATION 

TECHNIQUE 

Aspiration biopsy has been found, among the various methods pro- 

posed for obtaining bone-marrow samples for examination, to be the 

most convenient procedure. In the case of adults, sternal puncture accord- 

ng to Arinkin's technique is generally performed. It should, however, 

be borne in mind that other bones may be punctured in cases, where the 

presence of localised lesions (e.g. tumor metastases) or of a generalised 

lisease of the blood-forming system are suspected. In addition to the 

sternum, the iliac crest, the ribs or spinal processes of lumbar vertebrae 

are commonly selected for diagnostic puncture. There are instances in 

which the sternal pulp remains normal in the course of a blood disorder, 

while the biopsy of another bone (e.g. of the iliac crest) yields pathological 

findings. A "dry" sternal marrow also constitutes an indication of the 

desirability of effecting puncture of another bone. 

Sternal puncture is in children under three years hazardous, since 
the needle may easily penetrate the posterior lamina and enter the media- 

stinum. The large vessels are in such cases usually injured with fatal 

onsequences. In children under three years, therefore, the tibia is the 

bone of choice, the upper third of the diaphysis, medially from the tubero- 

sity, being selected as the site for puncture. This procedure is known 

to be quite safe and easy. 

The needle for bone puncture should be of hard steel, with a sharp 

belevelled point and stylet. On the needle should be placed a movable 

чага to prevent unnecessary (and dangerous) deep penetration. Diff- 

erent types of needles are advocated by various authors. The needle devi- 

sed by M. Kubiczek is among the more convenient instruments. The 

resent authors used successfully for a long time Strauss’ vene punc- 

ture needles, for sternal puncture. Lumbar or pleural puncture needles 

may be also adapted for this purpose and particularly for bone puncture 

n children. 

In adults, the manubrium of the sternum is selected as the site for punc- 

ture, at a point approximately 2 cm. below the sternal incisure. A thin needle 

s inserted and the skin and subcutaneous tissue, as well as the perio- 

steum are infiltrated with 2% sterile solution of novocaine. An amount 

5
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equal to 2 ml. of the solution is usually sufficient to spare the patient all 

pain.* Following anaesthesia, the puncture needle, held vertically, is in- 

serted. The bone cortex is penetrated with slight pressure and a gentle, 

rotary motion, to and fro twist. When the needle enters the bone-marrow 

cavity, a sudden “give” is usually felt. The stylet is then withdrawn, 

a syringe promptly attached and a small amount of bone marrow aspirated. 

Usually from 0.25 to 0.3 ml. of the bone marrow is sufficient for all purposes 

(intravital staining, phase-contrast microscopy, tissue culture, etc.). For 

the preparation of smears for routine staining, the contents of the 

lumen of the needle are more than ample. 

The aspirate is placed on a watch glass, liquid blood being poured off. 

Bone-marrow particles are selected, using a small forceps or bacterio- 

logical loop, posed upon an object or cover glass for the execution of 

smears. In addition to May-Griinwald-Giemsa stain, supravital stains 

(brilliant-cresil blue or Nile-blue sulphate) should be used. 

The iliac crest is punctured approximately 5 cm. posterior to the spina 

iliaca anterior. The patient lies on his back, or, in cases of ascites, on his 

side. Following local anaesthesia the needle is inserted at right angles 

to the frontal plane. The skin and subcutaneous tissue are penetrated, 

the needle being at an angle of 45 degrees to the iliac crest. When the 

outer cortex is reached, the needle is posed at right angles to the iliac 

crest and bored into the bone by rotary motion, its tip pointing in the di- 

rection of the lower extremities. On entering the marrow cavity, a distinct 

“give” is felt. A 20 ml. syringe is best suited for aspiration. This proce- 

dure is completely safe. A word of warning must, however, be given against 

entering the bone from the lateral aspect in the direction of the abdominal 

cavity. 

If a spinal process of the lumbar vertebra is to be punctured, the pa- 

tient takes a sitting position, inclined forward. Broad processes, such as 

those of the third or fourth lumbar vertebra, are selected. Adipose subjects 

are not suited for this procedure. Following local anaesthesia, the puncture 

needle is inserted at right angles to the surface of the spinal process. Pe- 

netration to a depth of from 1.5 to 2 cm. is usually quite sufficient. The 

puncture is usually almost painless and more tolerable for sensitive patients 

than sternal puncture. The ribs are best punctured at a point several 

centimeters laterally to the vertebral column. 
The technique of biopsy of the remaining organs lies beyond the scope 

of the present work. Detailed descriptions are to be found in standard 

textbooks of haematology or in specialised monographs. 

1 Rigid sterile precautions must, of course, be ensured throughout the entire procedure, 

the skin of patient and the operators’ hands sterilised with antiseptic solutions etc.



CHAPTER I 

THE RED-CELL SERIES 

The course of human erythropoietic activity may be divided into two 

fferent periods: the foetal (megaloblastic) generation and the normo- 

lastic generation. Each of them is characterised by the presence of morpho- 

sically distinct red-cell types — the megaloblast and the normoblast. 

In physiological conditions, the megaloblastic phase is of short dura- 

on. comprising only the first two months of foetal life. As development 

roceeds, the temporary oxygen carriers — megalocytes — are replaced 

normal red cells — normocytes — and the normoblastic trend of erythro- 

oiesis prevails. 

Although both red-cell types have similar functions in common, they 

morphologically different. Precise knowledge of their characteristic 

raits is of fundamental importance in the identification of pathological 

states of the haematopoietic system. 
It should be emphasised, that the megalocytes are a red-cell species 

ssessing full functional efficiency, and that they participate in the phy- 

logical development of the human foetus and its haematopoietic system 

uring intrauterine life. The appearance of megaloblasts during extrauterine 

= is considered as an abnormal condition suggesting a pathological phe- 

menon. 

NORMOBLASTIC ERYTHROPOIESIS 

The stem-cell of the normocytic red-cell series is termed proerythroblast. 

s a cell measuring 14—20 u in diamcter. This cell possesses a large 

3l or round nucleus. Its chromatin is arranged in fine interwoven strands 

nd filaments. Parachromatin (oxychromatin) is, as in most immature 

Is, abundant. It is generally held, that with progressing differentiation, 

rachromatin is converted into basochromatin, which intensively takes 

stains. Several faint nucleoli may often be observed. These are 

zsually darker than the rest of the nuclear structure. This trait is helpful 

п differentiation between proerythroblasts and myeloblasts. The nucleoli 

7



8 THE RED-CELL SERIES 

of the latter are larger, vesicular and stain greyish-blue. The nucleus fills 

almost the whole cell, and is surrounded by a narrow rim of deeply basophi- 

lic agranular cytoplasm. In the perinuclear region, a chromophobic whi- 

tish-clear border is visible. Sometimes the cytoplasm forms one or several 

bud-like pseudopodia. 
The next developmental stage of the red cell is the basophilic erythro- 

blast. It is of variable dimensions ranging in diameter from 10 to 19 u. 

The outlines of this cell are usually round, occasionally oval, the cytoplasm 

is distinctly basophilic. The oval nucleus loses its fine reticular structure, 

the nucleoli are no longer demonstrable. The chromatin differentiates into 

deeply dark-stained basochromatin, forming the main nuclear contents, 

and parachromatin (oxychromatin) becomes arranged into whitish stripes, 

which give to the nucleus its wheel-spoke appearance. 

The presence of nucleoproteins, in particular of ribonucleic acid, is 

responsible for the basophilia of the cytoplasm in immature cells. At this 

stage, the cells multiply intensively and their capacity for synthetising 

proteins and nucleic acids develops to a high degree. 

7 1 ; 

| і 
3 2 2 
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Plate 1. — The developmental cycle of the red cells (normoblastic erythropoiesis): 1. Pro- 
erythroblast. 2, Basophilic erythroblast. 3, Polychromatic erythroblast. 4. Orthochroma- 

tic erythroblast. A close inspection of proerythroblasts reveals the presence of faintly visible 
nucleoli. 



NORMOBLASTIC ERYTHROPOIESIS 

Plate 1. — The developmental cycle of the red cells 

(normoblastic erythropoiesis). 
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As the content of ribonucleic acid decreases, the cytoplasm of erythro- 

blasts loses its affinity for basic dyes and begins to take acid stains. This 

change in the tinctorial properties of the cytoplasm is brought about by 

the gradual accumulation of heme and globin. Cells at this stage are called 

polychromatic erythroblasts. They are usually smaller than the basophilic 

erythroblasts. Their cytoplasm may either be reddish-violet or show alter- 

nating acidophilic and basophilic zones. The nucleus is smaller, pycnotic 

and often assumes the wheel-spoke appearance. Nucleoli are not demon- 

strable. 
The next step in the course of differentiation is initiated by the orthochro- 

matic or acidophilic erythroblast. In normal conditions, this cell is smaller, 

its fully haemoglobinated cytoplasm reveals no difference in colour from 

that of mature red cells. The pycnotic nucleus is uniformly stained dark 

violet, although its wheel-spoke arrangement occasionally persists. 

RETICULOCYTES 

By using supravital stains (for instance brilliant-cresil blue, Nile blue, 

methylene blue), fine blue strands and granula may be demonstrated 

in the cytoplasm of some nucleated and mature red cells. Their distri- 

bution around the nucleus resembles a wreath. In nonnucleated red cells, 

these filaments and granula are located centrally, forming a loose skein 

or a reticulum. Sometimes only a few solitary filaments or granula 

may be seen. This substantia reticulo-filamentosa is not a nuclear 

derivative, but it is formed in the cytoplasm of transitory stages between 

the nucleated erythroblast and the mature red cell. These cells, called 

reticulocytes (skein cells), institute a developmental phase preceding 

the definitive maturity of the red cell. It has been established that the poly- 

chromatophilic erythrocytes, occasionally encountered in blood smears 

stained by Pappenheim's method, contain this basophilic substance. The 

precise chemical nature of this substance is still unknown. Some more 

recent investigations indicate that its presence may be associated with 

a higher content of free protoporphyrin, which phenomenon accompa- 

nies incomplete haemoglobin synthesis. Dustin claims, that ribonucleic 

acid may be one of the constituents of the “substantia reticulo-filamen- 

tosa”. Reticulocytes should be then regarded as young red cells. Their 

count in peripheral blood or in bone marrow may be used for the eva- 

luation of the regenerative activity of the erythropoietic tissue. 

In the peripheral blood of normal humans 3 to 15%, reticulocy- 

tes are present. 
Eilers has recently described the presence of what she calls achromoreti- 

culocytes. These are larger in diameter than normal reticulocytes, and 



x 
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12 THE RED-CELL SERIES 

are to some extent chromophobic. These cells may be stained by means 

of Eilers’ technique — Giemsa's stain 20-times diluted for 12 hours at 4°C. 

Clinical observations indicate (Haenel, personal observations) that classic 

techniques make it impossible to evaluate fully the regenerative activity 

of the erythropoietic system. 
As soon as the basophilic reticulum disappears, the erythrocyte attains 

full maturity. 

MEGALOBLASTIC ERYTHROPOIESIS 

States of deficiency, which influence the haematopoietic activity of 

the bone marrow, may lead to the development of various types of 

anaemia. Iron deficiency causes anaemia, which manifests itself morpho- 

logically by changes in the cytoplasm of the erythrocyte associated with 

disturbed haemoglobin synthesis. Another variety of anaemia caused 

Plate 3.— The developmental cycle of the red cells (megaloblastic erythropoiesis): 1. Pro- 
megaloblast. 2. Basophilic megaloblast. 3. Polychromatic megaloblast. 3a. — polychromatic 
megaloblast presenting atypical stippling in the cytoplasm. 4. Orthochromatic megaloblast. 

cf plate 1 (the intensity of nuclear staining) and the description in text,



MEGALOBLASTIC ERYTHROPOIESIS 

Plate 3. — The developmental cycle of the red cells 

(megaloblastic erythropoiesis). 

13



14 THE RED-CELL SERIES 

by deficiency in maturation factors manifests itself by profound disturban- 
ces in erythropoiesis, expressed by dysplastic alterations in regenerative 
activity, which then takes a course resembling the foetal period. This 
course of erythropoiesis, called megaloblastic is morphologically stigma- 
tised by changes in the cell nucleus expressed by delayed or abnormal 
maturation. 

The diagnosis of megaloblastic erythropoiesis is of fundamental impor- 
tance and should be based on the examination of bone-marrow smears. The 
finding of large oval mature red cells in peripheral blood smears, and 
even the presence of single nucleated red cells with fine chromatin stroma, 
is not always sufficient to justify diagnosis of erythropoiesis of the foetal 
type. In peripheral blood, macrocytosis may be produced by other factors, 
for instance, high reticulocytosis or a macronormoblastic reaction of 

the bone marrow. Apart from these considerations, it is the examination 

of the bone marrow which establishes the diagnosis of megaloblastic 
type of regeneration of the red-cell series. 

The following stages, similar to those found in normoblastic erythro- 
poiesis, are distinguished in the development of the megaloblast: 

promegaloblast, basophilic —, polychromatic —, and orthochromatic 
megaloblast. 

It should be borne in mind, that the size of the cell is not decisive in 

recognition of a megaloblast. The dimensions of these cells vary within 

wide limits. 

The stem-cell of red cells of the foetal type — the promegaloblast — may, 

by comparison with a proerythroblast, reveal no points of difference. The 

appropriate term for such cells of moderate size is rather proerythroblast. 
According to Tempka, a typical promegaloblast may attain a diameter 

of 27 pu. The nucleus of this cell is round and has an extremely fine re- 

ticular structure and usually contains from 8 to 10 nucleoli. Parachroma- 

tin (oxychromatin) dominates over basochromatin. 

Prominently large promegaloblasts (up to 40 u. in diameter) are called 

gigantoblasts. The nuclei of such cells are often indented and abnormal 
in shape. The cytoplasm of the promegaloblast stains deep blue and shows 

a clear zone in the perinuclear region. The identification of red cells of 

the foetal type is easier in later developmental stages. 

In evaluating these cells attention should be focused on: 
1. Nuclear structure, 

2. The nucleo-cytoplasmatic ratio and the breadth of the cytoplasmatic 
rim, 

3. The shape and size of the celi. 

(i) In basophilic, polychromatic and occasionally even in orthochro- 

matic megaloblasts, the nucleus has a loose, spongy structure, caused
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бу the preponderance of parachromatin. The basochromatin shows little 

ndency to form agglomerates. In later stages, basochromatin may con- 

iense in clumps, irregularly distributed, which gives the nucleus a motley 

pearance. During the stage of haemoglobin formation, the leptochroma- 

character of the nucleus persists, as evidence of its delaged maturation 

n comparison to the cytoplasm. 

During mitosis, deep disturbances occur. Multipolar mitoses and atypical 

hromosomes are found. More mature cells in mitosis are characterised 

; a wide rim of abundant cytoplasm, which facilitates the recognition 

Її their megaloblastic character. 

The nucleus is often atypical, lobulated or of bizarre shape (teratological 

rms). Binucleated megaloblasts are not infrequently encountered. They 

“ten contain many nuclear splinters in the cytoplasm. The nucleus of 

se cells splits into many fragments (karyorrhexis). On rare occasions 

1olytic mechanisms are operative in the denucleation process. 

Abnormal nucleo-cytoplasmatic ratio shifted in favour of the 

stoplasm institutes another mean of identification of megaloblasts. The 

soplasm, contrarily as in erythroblasts, forms a broad zone around 

że nucleus. 

7) Megaloblasts are usually larger than erythroblasts. The abundance 

utoplasm suggests the hypothesis that in these cells the coordination 

ween the process of growth and division is disturbed. 

PATHOLOGICAL ERYTHROBLASTS (PARAERYTHROBLASTS) 

In some pathological states there may occur numerous deviations 

the normal type of erythroblast caused by the damage of the 

«По by various factors. Erythroblasts of this type called paraerythroblasts, 

be so changed that the classification of them as cells belonging to 

red-cell series is possible only when less damaged, nucleated red 

Is are present, instituting identifiable transitory forms. 

hological changes may concern the nucleus and the cytoplasm equally 

zd may be present in cells at various developmental stages. 

Plate 4 represents paraerpthroblasts found in bone-marrow smears 

z cases of aplastic anaemia, acute myeloblastic leukaemia, severe toxaemias 

zd in states following X-ray injury. 

nucleus of pathologically changed cells loses its normal structure, 

sign becomes blurred, the chromatin homogenised. Sometimes, 

sochromatin aggregates on the periphery of the nucleus, forming 

ike border around a central field of lightly stained parachromatin. 

r instances, the nucleus possesses stellar processes, poorly deline- 

1 protruding far into the cytoplasm. In this case, the basochromatin 
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Plate 4. — Paraerythroblasts: 1. The chromatin is dense, pycnotic, as in late erythroblasts; 

strands of an azurophilic and simultaneously acidophilic substance, surrounding the main 
chromatin aggregate, reach far into the cytoplasm; the cytoplasm is granular. 2. The 
abnormality consists in atypical bizarre shape of the nucleus, 2a. — the cytoplasm is faintly 
basophilic, demonstrating an affinity for basic stains uncharacteristic of erythroblasts, moreo- 
ver one of these cells is stippled; 2b. — the cytoplasm is normal. 3. Erythroblasts with a marked 

basophilia of the cytoplasm, such as encountered at early developmental stages (in proerythro- 

blasts or in early basophilic erythroblasts), 3a. — the nuclear structure corresponds to that of 

late polychromatic or orthochromatic erythroblasts, the cytoplasm is granular; 3b. — the 

nuclear outline is irregular, the structure is blurred, the nucleus and the cytoplasm vacuolated; 
c. — note the granular structure of the nucleus. 4. Polychromatic erythroblasts with atypical 
nuclear structure, the oval outlines of the cell, as well as of the nucleus, constitute another 
abnormality, 4a. — late polychromatic erythroblasts, the cytoplasm of one of these cells is 
vacuolated; 4b. — early polychromatic erythroblast, the cytoplasm is vacuolated. 5. Erythro- 
blast with an atypical *lymphocytoidal'” nucleus and abnormally stained cytoplasm. 6. Ortho- 
chromatic erythroblasts with atypical stippling of the cytoplasm, 6a. — the shape and structure 
of the nucleus are markedly abnormal, it is difficult to decide if this appearance is the result 
of an abnormal division or of abnormal karyolysis; 6b.— the cellular outline is abnormal, 

the nucleus demonstrates a “lymphocytoidal’’ structure. 7. Atypical cell divisions, 7a. — meta- 
phasis, the chromosomes are clumped together, of blurred outlines; the basophilic chromatin 

is embedded in an acidophilic substance; the cytoplasm stains abnormal and demonstrates 

stippling; 7b. — anaphasis, abnormalities as above. 

Be 4b 
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PATHOLOGICAL ERYTHROBLASTS (PARAERYTHROBLASTS) 

Plate 4. — Paraerythroblasts. 
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18 THE RED-CELL SERIES 

may accumulate on one pole of the nucleus presenting a darkly stained 

mass. The nucleus may also be of abnormal "fantastic" shape or may 

disintegrate into several fragments. 

The cytoplasm is granular or foamy, which indicates serious disturb- 

ances in the maturation and haemoglobin formation. Some paraerythroblasts 

are morphologically similar to finely granular reticulum cells, but they 

differ from the latter by the presence of haemoglobin. The outlines of 

abnormal cells are often frayed and the cytoplasm is vacuolated. Vacuola- 

tion of the nucleus is rarely demonstrable. As a result of severe injury 

to the cell, disturbances in coordination of the maturation of the 

nucleus and the cytoplasm are present. Unlike the megaloblastic series, 

the nucleus matures in advance of the cytoplasm. 

Mitotic figures are also evidence of deep lesions in the red-cell system. 

The chromosomes become thick, fuse together and are occasionally frag- 

mented. In many cases chromosomes stain inhomogeneously. 

Paraerythroblasts, a characteristic feature of di Guglielmos's acute 

erythraemia, attain extreme abnormality of form in a neoplastic variety 

of this disease described in one of the subsequent chapters. 

Bjorkman has recently demonstrated that even immature and atypical 

erythroblasts agglutinate, in an analogical way, as mature red cells in the 

presence of influenza viruses (virus hacmagglutination). This test should 

be considered as strictly specific. Stem-cells of the other series (myclo- 

blasts and lymphoblasts) show no agglutination. The authors are of the 

opinion that this test may, in clinical practice, prove to be useful as a means 

of diagnosis of erythromyclosis. This disease often escapes attention and 

has hitherto usually been diagnosed as acute myelo- or haemocytoblastic 

leukaemia. 

ERYTHROCYTES IN PERIPHERAL BLOOD SMEARS 

In the peripheral blood smears of healthy individuals there are found 

normal red cells (normocytes), almost constant in size, and reticulocytes. 

Red cells from 6.686 to 7.718 p in diameter are considered as normo- 

cytes. Smaller red cells are called microcytes, larger ones — macrocytes. 

The dimensions of reticulocytes are usually greater, their mean diameter 

is from 8.06 to 8.28 u. (Netousek). 

Closer inspection of a smear of normal peripheral blood usually reveals 

minute differences in size and shape of individual red cells, considered 

as physiological anisocytosis and poikilocytosis. 

The differences in size may be graphically expressed by means of the 

Price-Jones curve, established on the diameter measurements of at 

least 200 red cells,
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ANISOCYTOSIS AND POIKILOCYTOSIS 

pathological states the most frequent red-cell change is a marked in- 

sality of size (anisocytosis) and differences of shape (poikilocytosis). 

ikilocytes are erythrocytes of abnormal shape, elongated, pear-shaped, 

ige-shaped, dumb-bell-shaped or of frankly bizarre form. 

"u probably originate in peripheral circulation from red cells of 

ised mechanical fragility. Poikilocytosis is often accompanied by 

resence of schizocytes, that is, minute fragments of erythrocytes 

=<mbling dots or commas. 

ikilocytes should not be confused with crenated erythrocytes. These 

ms arise under the influence of hypertonicity of the blood serum during 

drying of the smear. 

POLYCHROMASIA OF ERYTHROCYTES 

(POLYCHROMATOPHILIA) 

single greyish-blue erythrocytes may be encountered in smears of nor- 

ripheral blood. They possess a simultaneous affinity to basic 

s and acid stains. This symptom becomes marked during intensive 

wopoiesis, as for example in posthaemorrhagic anaemia, pernicious 
mia (especially during remission following liver-extract treatment), in 

molytic disease, neoplastic metastases to the bone marrow and many 

r conditions. 

s evidence of increased erythropoiesis, polychromatic erythrocytes 

secur not only in anaemic states, but also in polycythaemia. It foll- 

- that the presence of these cells must be interpreted in accordance 

e clinical picture of the disease. Hasty conclusions as to the effi- 

1 of regenerative activity of the bone marrow and optimistic prog- 
<= may be misleading. 

uchromatic erythrocytes are generally considered as young elements, 

nadequate haemoglobin content and possessing remnants of basophilic 

spongioplasm. Histochemical investigations show that the basophi- 

substance is not of nuclear origin. The basophilia of these cells is as- 

ted with the presence of cytoplasmatic RNA (Plate 6). 
smears stained with Nile blue, polychromasia is more readily discern- 

Polychromatic erythrocytes are, in such preparations, blue or dark 

whilst normal red cells are green. 

“wiousek asserts that polychromasia is not only characteristic of young 

, but may be observed also in erythrocytes undergoing destruction, 

r instance in haematomas. 
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Plate 5. — Anisocytosis and poikilocytosis. 



POLYCHROMASIA 

Plate 6. — Polychromasia of erythrocytes. 
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The number of polychromatic cells is usually in proportion to reticulo- 

cytosis. In many of the polychromatic erythrocytes, “substantia reticulo- 

-filamentosa” may be demonstrated. Both these red-cell types should not, 
however, be confused. 

PUNCTUATE BASOPHILIA OF RED CELLS 

(BASOPHILIC STIPPLING) 

This phenomenon may be observed in mature denucleated red cells, 

as well as in erythroblasts with an intact nucleus. The basophilic sub- 

stance contains, as is shown by negative Feulgen's reaction, no desoxyri- 

bonucleic acid (basophilic nuclear constituent). 

Stippled erythrocytes are young elements. Punctuate basophilia pro- 

bably arises from flocculation phenomena. A basophilic substance nor- 
mally present in a diffuse state, possibly identical with the rest of spongio- 
plasm, precipitates. According to this view, basophilic stippling, polychro- 
masia and *substantia reticulo-filamentosa” are but varieties of the same 
cellular substa nce. 

There are very few stippled cells present in normal peripheral blood. 
These may be encountered especially in women. The count of stippled 

cells is increased in foetal blood or in certain anaemias. Punctuate 
basophilia is also present in blood in cases of poisoning by heavy 
metals such as lead, bismuth, zinc, and mercury. The presence of stippled 
erythrocytes may be taken as a sign of abnormal erythropoiesis. 

Special importance is attached to the appearance of punctuate basophi- 

lia in lead poisoning. This symptom, taken with the rest of the clinical 
picture makes it possible to evaluate the scope of the toxic influence exerted 
by lead. The increase in the number of stippled and polychromatic erythro- 
cytes during a period of lead poisoning is explained by a regenerative 

response of the organism to the injury caused by the metal to the red cells. 
This symptom, however, lacks specificity and therefore is of doubtful 
value. Personal observations suggest that it is not always present in cases 
of lead poisoning. 

The best method of demonstrating punctuate basophilia consists in 

fixation of a thoroughly dried smear (2—3 hrs. on air) with methanol, 
and staining with methylene blue. 

According to Teisinger, one stippled cell in 5—10 fields of vision (that 

is ca 300 per 1,000,000 erythrocytes) is suggestive of lead poisoning in an 

individual exposed to lead hazard. Other authors consider 600 or even 

3,000 stippled erythrocytes per million as the upper limit in healthy in- 
dividuals. 



PUNCTUATE BASOPHILIA 

Plate 7. — Basophilic stippling of erythrocytes. 
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Cases where one stippled erythrocyte may be found in the blood per 

every field of vision, are designated by Schulten as + ++; cases where 

are several stippled cells per every field are designated as + + + + (after 
Netousek). 

Whitby and Britton regard stippled cells and reticulocytes as identical 

elements. They hold that the punctuation arises from injury to *‘substantia 

reticulo-filamentosa” caused by lead or other poisons. It is therefore poss- 

ible to conclude that the reticulocyte count may substitute stippled- 

cells enumeration as a simpler method. 

Plate 7 represents a blood smear from a case of severe lead poisoning. 

Anaemia is of a slightly hypochromic type. Stippled cells as immature 

elements are usually larger in size than the normal red cells. 

HOWELL-JOLLY BODIES 

The process of the maturation of the erythroblastic nucleus is slow, 

but when it attains the pycnotic phase it is rapidly destroyed. Although 

there are many hypotheses, the mechanism of denucleation of the red 

cells is unknown. Recent investigations on bone marrow cultivated in 

vitro, using phase-contrast cinematography, suggest that the nucleus may 

be extruded (Bessis and Bricka). Another view is that the nucleus is dissolved 

within the cell (karyolysis). It is held, that the enzymatic system concerned 

in the dissolution of the nucleus depends on the humoral regulation by the 

spleen. This hypothesis is based on the observation of patients’ blood 

following splenectomy. In blood smears of such cases erythrocy- 

tes, containing minute round bodies from 0.5 to 1 u in diameter taking 

nuclear stains, are nearly always present. These cell inclusions, called 
Howell-Jolly bodies, may remain in the blood of patients operated upon 
for many years after the surgical intervention (27 years in a case describ- 

ed by Naegeli). 

It is now beyond discussion that Howell-Jolly bodies are nuclear remnants 

following its incomplete dissolution. This contention is strengthened by 
the fact that, as shown by positive Feulgen's reaction, they contain desoxy- 
ribonucleic acid. 

Howell-Jolly bodies may be formed by fragmentation of the nucleus. 

They may also arise during mitosis from splitting off of chromosomes, 

which afterwards become round. 

In most cases one, on rare occasions two, of these bodies may be 

encountered in a single erythrocyte. As dissolution progresses, they are 

transformed into almost invisible chromatin dust. It is not only after splen- 

ectomy that Howell-Jolly bodies may be found in the blood but also 

during disturbances in the function of the spleen, in severe anaemias, 



HOWELL-JOLLY BODIES 

Plate 8. — Howell-Jolly bodies. 
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haemolytic disease, pernicious anaemia, leukacmias and other diseases 
with abnormal haematopoiesis. 

In normal conditions, Howell-Jolly bodies may be met in the blood of 
the newborn. 

Plate 8 represents the peripheral blood of a child, with congenital hac- 
molytic anaemia, during regenerative haematopoictic response. Howell- 
Jolly bodies are visible in several erythrocytes. 

CABOT'S RINGS 

Cabot's rings are fine thread-like, elliptical or 8-shaped convolutions. 
In preparations stained by the May-Griinwald-Giemsa's process, they 
are of reddish hue. 

Plate 9. — Cabof's rings. I. Cabot’s rings in erythrocytes. 2. Neutrophil segmented 
granulocyte. 3. Monocyte, 4. Platelets. 

Note: marked anisocytosis and poikilocytosis of red cells. 



CABOT'S KINGS 

Plate 9. — Cabot's rings. 
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Until recently it was held that these structures are remnants of the 

nuclear membrane, their presence being taken as a sign of disturbed karyo- 

lysis. However they were described in erythroblasts with an intact nucleus 

and Schleicher (1942) produced them artificially. He believes that their 

appearance is caused by injury to the lipid membrane of the red cell — for 

instance under the influence of haemolytic or toxic agents. 

The appearance of Cabot's rings is not pathognomonic. They may be 

encountered in various anaemias, Addison-Biermer's disease, haemolytic 

syndromes, leukaemias and heavy metal poisoning. 

Plate 9 illustrates Cabot's rings in a peripheral blood smear (Addison- 

Biermer's disease). 

HEINZ-EHRLICH'S INTRACELLULAR BODIES 

These inclusions are fine, round, of varying dimensions and stain dark 

blue with Nile blue in a 0.5% solution. They are located on the peri- 

phery of the erythrocyte; occasionally they may be found extracellularly. 

The existence of such bodies is evidence of grave toxic lesions caused 

by the action of substances which oxidise haemoglobin. Such substances 

include phenylohydrazine, nitrobenzol, aniline, antifebrin, potassium 

chlorate, nitroglycerine, erythrolum tetranitricum, toluendiamine, pyri- 

dine and sulphonamides. 

The view formerly held, that Heinz's bodies are identical with met- 

haemoglobin, was recently criticised, because of the stability of the ox- 

idation products of the blood pigment present in the erythrocytes. The chem- 

ical nature of Heinz's bodies is not known; it may be presumed, however, 

that they contain transformed proteins of the cell. Their presence is not 

always accompanied by methaemoglobinaemia or sulphhaemoglobinae- 

mia. There may also be no anaemia. Severe poisoning with one of the 

compounds referred to may lead to toxic lesions of erythrocytes and haemo- 

Iytic disease. 

The general use of sulphonamides and the progress made by industrial 

medicine are giving new importance to these inclusions. The blood of 

patients treated with sulphonamides and of persons employed in chem- 

ical branches of industry should be closely investigated for the presence 

of these bodies. 

Plate 10 illustrates a blood smear (stained with Nile blue) from a case of 

sulphapyridine poisoning.
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Plate 10. — Heinz-Ehrlich’s bodies. 
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OVALOCYTOSIS, ELLIPTOCYTOSIS 

The oval red cell is philogenetically older than the round form. Ovalo- 
cytosis is a characteristic trait of erythrocytes in lower vertebrates; 
in mammals it appears in Camelidae. 

In normal human blood, slight deviations occur in the round shape, 

and precise measurements have indicated the presence of an average of 

11 % ovalocytes. 

When the number of ovalocytes reaches 80 to 90% of the red-cell pop- 

ulation, ovalocytosis or elliptocytosis is diagnosed. 

This trait has been observed in individuals of various nationalities as 

a congenital anomaly. In most bearers of this trait, there is no anaemia or 

evidence of increased blood destruction. Ovalocytes show normal osmotic 

fragility. However there are conditions in which these cells are more 

casily destroyed than normal erythrocytes and they may be considered as 

less resistant. In such cases, comprising about 12 per cent of individuals 

bearing the ovalocytic trait, symptoms of increased haemolysis are present. 

Anaemia does not usually become marked, because of the regenerative 

response of the marrow evidenced by high reticulocytosis. Erytbroblasts, 

as well as most of the reticulocytes, are round. It therefore seems that the 

erythrocyte becomes an ovalocyte or an elliptocyte after attaining full 

maturity. 

Plate 11 shows peripheral blood from a case of congenital elliptocytosis. 

A healthy 18 years old girl and her family (two brothers, a sister and mother) revealed 
the trait of ovalocytosis. The sister (17 pears old) had a palpable spleen. Both sisters 
showed dental anomalies. One of the healthy brothers (12 years old) had the so-called 
“gothic palate”, the other presented a very discrete subicterus. The mother (41 years 
old) revealed no abnormal findings (W. Ławkowicz and N. Włodarski — unpublished 
observations).



OVALOCYTOSIS, ELLIPTOCYTOSIS ; 31 

Plate 11. — Ovalocytosis. 





CHAPTER II 

DISORDERS OF THE ERYTHROPOIETIC SYSTEM 

ACUTE POSTHAEMORRHAGIC ANAEMIA 

The clinical symptoms of acute posthaemorrhagic anaemia depend 

on the cause, the rapidity and the extent of the blood loss. The peri- 

pheral blood picture, during the initial period, does not show any conspic- 

ious changes. It is a “monotonous” blood picture. The red cells are 

Й normal dimensions, shape and colour (normochromic). Anisocytosis 

«nd poikilocytosis remain within normal limits. The mean red-cell volume 

s normal. Thrombocytosis and neutrophilic leukocytosis may appear as 
the result of a haemorrhage. 

The succeeding changes in peripheral blood depend on the regen- 

rative capacity of the bone marrow. If the blood-forming activity is stim- 

ilated to a certain degree, anisocytosis and poikilocytosis develop in the 

ourse of a few days. This phenomenon reflects the increased 

eticulocyte count in the peripheral blood. These cells possess a greater 

liameter. Thus when reticulocytes are sufficiently numerous, the blood 

icture may be characterised by macrocytosis. This is usually of brief 

uration and disappears, together with increased reticulocytosis. In some 

ases, sporadic erythroblasts may be found. No hypochromia of the red 

ells is generally observed. For this to occur, the blood loss must be 

epeated and other factors causing iron deficiency in the organism, as for 

xample a faulty diet or deficient iron absorption by the gastro-intestinal 

ract, must be present. The finding of hypochromic erythrocytes in peri- 

heral blood smears suggests chronic blood loss, 

The bone-marrow ndings fiafter an acute haemorrhage vary according 

» the underlying illness, the age of the patient, the regenerative activity 

{ the blood-forming system and the eventual presence of additional com- 

ications — for example a chronic infection. 

If the bone marrow is capable of an active response to loss of blood, 

signs of stimulated haematopoiesis will be found. Erythropoiesis is of the 

»rmoblastic type. The number of erythroblasts is greatly increased (it 
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may exceed 50% of all nucleated elements of the bone marrow) and all 

stages of maturity are represented. Symptoms of maturation arrest (in 

contradistinction to the picture of iron-deficiency anaemias) are absent, as 

also no disturbances of haemoglobin formation are observed. Numerous 

erythroblasts as well as cells of the granulopoietic series in mitosis are 

found. 
During later periods following a haemorrhage, the peak of the matura- 

tion curve of erythroblasts passes to the orthochromatic stage. 

Some haematologists (Piechl) ascribe great importance to the appear- 

ance of eosinophilia, accompanying blood regeneration. This symptom 

is taken to be a sensitive indicator of an active erythropoietic response. 

The haematologic findings, described above, may be taken as evidence 

of coordinated regenerative activity of the three main blood-forming series 

of the bone marrow. 

CHRONIC POSTHAEMORRHAGIC ANAEMIA 

Repeated haemorrhages or prolonged occult bleedings cause exhaus- 

tion of the iron reserves in the organism and wearing out of the regen- 

erative activity of the bone marrow. In consequence, there develops 

a different type of anaemia, than the one described in the preceding chapter. 

This syndrome is characterised by a disproportion between the marked 

fall of the haemoglobin level and a relatively mild erythrocytopenia. The 

mean corpuscular haemoglobin concentration is low, which constitutes 

evidence of the hypochromia of the red cells. The mean corpuscular volume 

is also usually decreased, in rare instances it may be normal. The cardinal 

haematologic feature of this syndrome is instituted by the hypochromia 

of the erythrocytes. The more severe the anaemia, the more marked the 

hypochromia of the red cells. They resemble pale discs or ovals with a 

narrow pink border (“ring-forms” or annulocytes). In the course of severe 

forms of anaemia of this type, a high degree of anisocytosis and poikilo- 

cytosis is found in blood smears and schizocytes appear also. Microcyto- 

sis, however, prevails. The varying number of macrocytes and polychro- 

matic cells reflects the regenerative activity of the blood-forming tissues. 

Single normochromic erythrocytes are, however, usually present. 

By contrast with the haematologic picture of the acute posthaemor- 

rhagic anaemia, no symptoms of increased leuko- or thrombocytopoietic 

activity are usually observed. The number of leukocytes is normal or, in 

some instances, leukopenia with relative Jymphocytosis and thrombo- 

cytopenia may be found. 
The response of the bohe marrow in the course of chronic blood loss 

depends on the state of exhaustion of this organ. The evaluation of the 
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responsive capacity is of great importance in establishing the progno- 

s. The symptoms of erythropoietic activity range from hypoplastic to 

hyperplastic reactions. In some cases, the number of erythroblasts is 

greatly increased. The preponderance of basophilic erythroblasts and stem- 

cells (proerythroblasts) suggests the presence of arrested maturation. 

In cases of an increased number of polychromatic and orthochromatic 

erythroblasts the prognosis is more favourable. 

If the bone marrow is exhausted, the number of erythroblasts may be 

reatly diminished. The granulocytic and megakaryocytic series partici- 

pate in bone-marrow response in a smaller degree than in the course of 

acute posthaemorrhagic anaemia. £ 

Anaemia resulting from chronic blood loss is closely related to the 

large group of iron-deficiency anaemias. Hypochromic anaemia is a very 

widespread disorder and, unfortunately, oftentimes overlooked. In spite 

of its frequent occurrence, the importance of this syndrome is underestim- 

ited. On the basis of clinical observations, it has been proved that a relativ- 

су slight decrease of haemoglobin below the critical level exerts a mark- 

ed influence on the general condition of the organism. The patient feels 

II, his physical fitness and intellectual faculties are impaired. From these 

facts there arises the social and economic importance of an early diagno- 

sis of this ailment and of the investigation and removal of its causes. 

Stress is laid on these points because an indifferent attitude on the part 

f the physician to even a mild hypochromic anaemia should be consid- 

cred a grave error. The causes should be thoroughly investigated and 

all possible causative factors considered. The most commonly encoun- 

tered, are the following: 

1. Chronic blood loss. 
2. Inflammatory lesions of the gastro-intestinal tract (anatomical chan- 

ses of the mucosa), which may lead in consequence to faulty absorption; 

dysentery; sprue, steatorrhoea idiopathica; gastritis, ileitis, jejunitis etc. 

3. Hypo- or avitaminoses, such as pellagra. 

4. Anatomical changes of the gastro-intestinal tract following surgical 

interventions. 

5. Such anatomical changes, as diaphragmatic hernia, megacolon, 

lolichosigma or so-called coeliakia. 

6. Hypoacidity or anacidity of the gastric juice. 

7. Iron deficient diet or, in general, faulty, insufficient alimentation. 

8. An increased demand for iron in a growing organism or during preg- 
nancy. 

9. Disturbances in iron utilisation or in haemoglobin synthesis, the diet 

nd iron absorption being normal. 

10. Chronic infections. 
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11. Intestinal infestation. 

12. Idiopathic hypochromic anaemia. 

13. Chlorosis; this ailment, formerly frequently diagnosed in girls at 

puberty, is now extremely rare. 

The most common cause, from the clinical point of view, is chronic 

blood loss. There is no doubt that an early location of the bleeding will 

often be helpful in detecting and obviating grave organic disorders. The 

importance of haematological examinations should be stressed, espe- 

cially in view of the widespread campaign against cancer. 

The diagnosis of the underlying causative disorder must be based upon 

meticulously collected historical data (bleedings, abortions, deliveries), 

clinical, laboratory and specialist examinations. The peripheral blood 

findings indicate only to presence of ‘“‘asiderosis”, which is expressed by 

hypochromia and usually microcytosis. These haematological traits are 

common to all asiderotic syndromes irrespective of their cause. 

CHRONIC HYPOCHROMOCYTIC ANAEMIA (MOORE) 

Asiderosis idiopathica (Tempka) — Gastrogennaja gipochromnaja 
anemija (Kassirsky and Alekseev) — Anaemia hypochromica 

essentialis (Schulten) — Idiopathic Hypochromic Anaemia 

The peripheral blood picture during this disorder is identical with the 

findings in cases of chronic loss of blood. 

Plate 12 illustrates a peripheral blood smear from a case of idiopathic 

hypochromic anaemia. 

The most remarkable trait consists in the marked hypochromia of red 

cells, which are stained only on the periphery (annulocytes). They are 

distinctly thinner than normal cells. In diameter they are usually below 

7.2 u, microcytosis prevails. Distinct anisocytosis, poikilocytosis and 

schizocytosis may be observed. Occasional polychromatic erythrocytes 

are present. The white-cell picture is characterised by leukopenia (to a 

lesser degree than in Addison-Biermer's anaemia) with a shift to the right 

in neutrophilic granulocytes and relative lymphocytosis. 

Plate 13. Idiopathic hypochromic anaemia — not treated (bone marrow). 

The drawing represents a picture of stimulated haematopoiesis. This 

brings to mind the similarity with Biermer's syndrome, where the hyper- 

activity of the bone marrow stands out in contrast to the severe anaemia 

found in the peripheral blood. In this case, however, erythropoiesis is of 

the normoblastic type. Proerythroblasts and numerous basophilic erythro- 

blasts, forming clusters, are observed in the preparation. In addition, 
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Plate 12. — Chronic hypochromic anaemia (peripheral blood). 
vote: the presence of markedly hypochromic erythrocytes — annulocytes. A single poly- 

chromatic red cell is to be seen.
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a number of polychromatic erythroblasts is present. The marked prepon- 

derance of immature forms (shift to the left in the erythrocytic series) 

indicates the presence of maturation arrest. This picture undergoes a change 

in the course of iron therapy. The maturation (haemoglobin formation) 

of the cytoplasm progresses rapidly and the number of orthochromatic 

erythroblasts increases. 

By contrast with Biermer's anaemia, the changes of the granulocytic 

and megakaryocytic series are more discrete and not necessarily present. 

Some authors (Rohr) mention the sporadic occurrence of giant metamyelo- 

cytes and staff cells. In certain cases, the megakaryocytes may show an 

increased basophilia of the cytoplasm and an abnormally high number 

of nuclear segments. 

So 6600 

3 
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Plate 13. — Chronic hypochromic anaemia (bone marrow): /.Proerythroblast. 2. Basophi- 
lic erythroblast, 3. Polychromatic erythroblast (early and late). 4. Neutrophilic myelocyte. 

5. Neutrophilic metamyelocyte. 6. Neutrophilic polymorphonuclear granulocyte. 

Note: the marked erythropoietic response; the numerous basophilic erythroblasts and two 

proerythroblasts; more mature erythroblasts are sparse. Such a bone-marrow picture indi- 

cates the arrest of maturation in the erythropoietic series. 

5 
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Plate 13. — Chronic hypochromic anaemia (bone marrow).
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All known factors leading to iron deficiency must be ruled out, before 

diagnosis of idiopathic hypochromic anaemia is established. An exact 

history, thorough laboratory examinations and a long period of clinical 

observation are necessary. The causes of iron deficiency are manifold 

and are better known and understood with every passing day. Therefore, 

the instances in which idiopathic hypochromic anaemia may be diagnosed 

become increasingly rare. It seems more prudent, as proposed by Moore, 

to call this condition “chronic hypochromic anaemia’. 
The following points may be helpful in establishing the diagnosis of 

idiopathic hypochromic anaemia: 
1. Haematological examinations: a low colour index, decrease of mcan 

haemoglobin concentration in the red cells. 

2. Constitutional traits resembling those described in Addison-Biermer's 

disease: widely set eyes, light in colour and a tendency to premature greying 

of hair. 
3. In a majority of cases (about 80%), there is no free hydrochloric acid 

in the gastric juice: in about fifty per cent of cases, achlorhydria is hista- 

mine-resistant. 

4. Idiopathic hypochromic anaemia occurs almost exclusively in women 

during the climax. 
5. The patients present a tendency to diarrhoea, in some cases atrophic 

changes of the oral cavity mucosa. 
6. Rossolimo-Bechterev's (1900—1901) or Plummer-Vinson's (1914 — 

1920) syndrome may be present. This syndrome is, however, inconstant. 

7. Trophic changes of the skin and skin-appendices; the skin is dry and 

inelastic; the finger nails become flattened or even concave (koilonychia), 

the hair is prematurely grey and brittle. 

8. Neuralgic pains, numbness and tingling; the severe neurological 

symptoms characteristic of Addison-Biermer's anaemia are observed 

only in exceptional cases. 

9. The serum is pale, the bilirubin level decreased. 

10. The iron content of the serum is low. 

The haematological examinations should, in addition to the red-cell count and the haemo- 

globin determination, comprise the calculation of the mean corpuscular volume and mean 

corpuscular haemoglobin concentration. These calculations are readily made with the haema- 
tocrit method. 
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ADDISON-BIERMER'S DISEASE 

Pernicious anaemia 

Addison-Biermer's disease is the most important and most commonly 

encountered syndrome of the group of macrocytic anaemias in temperate 

zones. The main haematological feature of this disorder is set up by 

macrocytosis and megalocytosis. Although in peripheral blood smears 

of typical and unireated cases, a high degree of anisocytosis is observed, 
the majority of erythrocytes are of larger dimensions than normal red 

cells. The haematocrit determinations show an increase in mean corpus- 

ular volume. The normal values range from 74 to 94 cu... During the 

ourse of Addison-Biermer's disease the mean corpuscular volume attains 

more than 100 cu.u, and may even reach the values of 150—170 cu. 

Poikilocytosis and macrocytosis may be also expressed by means of thc 

Price-Jones curve. In pernicious anaemia, this curve is flattened; it has 

broad base and the peak undergoes a shift to the right — in the direction 

[ higher values. 

The concept of the megalocyte comprises not only greater cell dimen- 

sions, but also normal haemoglobin concentration and even a certain 

hyperchromia’ together with a tendency to acquire an oval shape. A fault- 

essly executed smear is indispensable for the diagnosis of megalocytosis. 

Such diagnosis should be carefully made taking into account the possibil- 

ties of overstaining the preparation, the flattening of erythrocytes in 

eripheral parts of the smear and the phenomenon of macroplanocytosis 

\leksandrowicz). The detection of typical megaloblasts confirms the di- 

onosis of megalocytosis. 

Plate 14 illustrates the peripheral blood of a nontreated case of severe 

pernicious anaemia. 

In a thin blood smear attention is arrested by the decreased number 

' erythrocytes, by their anisocytosis, poikilocytosis, and polychromasia. 

ells of greater dimensions and oval in shape, intensively stained (megalo- 

ites) are clearly visible. Numerous poikilocytes, as well as schizocytes 
ay be observed. It should be noted that nearly all the cells are deeply 

tained and show the lack of a thinner central area. Several stippled cells 

re present, reflecting the regenerative haematopoietic activity. A poly- 

hromatic megaloblast with a typical spongy nuclear structure and two 

egaloblasts with fragmented nuclei (karyorrhexis) are also included 

the drawing. When only more mature stages with pycnotic nuclei are 

resent, the recognition of megaloblasts may be rather difficult. 

There exist several tropical blood disorders also characterised by macrocytosis and 
galocytosis.
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Leukopenia with relative lymphocytosis and a shift to the right in neu- 

trophilic granulocytes is encountered in the great majority of cases of 

Addison-Biermer's disease. The shift to the right is represented by the 

occurrence of multisegmented granulocytes. Such a cell can be seen on 

the drawing. In addition to the shift to the right, sparse metamyclocytes 

and even myelocytes may be found in the blood smears. The shift to the 

right is almost constantly present in pernicious anaemia and may persist 

during remission. The absence of this symptom should give rise to doubts 

as to the correctness of the diagnosis. 

During fully developed disease, the myelogram is characteristic and 

shows disturbances in erythropoiesis, granulopoiesis, as also in the mega- 

karyocytic system. 

The bone marrow is markedly cellular. The number of the cells of the 

erythropoietic series is greatly increased and often exceeds 50% of all 

nucleated elements. The most characteristic feature consists in the megalo- 

blastic course of erythropoiesis; certain normoblastic cells may, however, 

be found. There are signs of arrested maturation — a preponderance of 

early stem-cells. The number of the stem-cells of the erythropoietic series 

is markedly increased. Numerous proerythroblasts and cells of greater 

dimensions — promegaloblasts — are present in the preparation. These 

cells often appear in clusters. The nuclei of some of the promegaloblasts 

possess a distinctly reticular structure and bluish nucleoli. Their cytoplasm 

stains less intensively blue with a greyish hue. It may be that these cells 

are genetically younger and originate from the multipotential reticulum cell. 

In the later developmental stages of megaloblasts which are also pre- 

sent in considerable numbers in smears, attention is drawn to the dispro- 

portion between the degree of maturity attained by the nucleus and by the 

cytoplasm. The nuclear structure remains ‘‘goung”, spongy, while the 

cytoplasm contains haemoglobin. Megaloblasts with atypical nuclei or 

nuclei undergoing fragmentation (karyorrhexis) may be often encountered. 

The percentage of the megaloblasts is in proportion to the degree of anae- 

mia. It should be borne in mind, however, that the megaloblastic course 

of erythropoiesis is not pathognomonic for Addison-Biermer's disease, 

but may also be present in other ‘‘acastloses’. 

The simultaneous presence of normoblastic erythropoiesis expresses 

the tendency of the organism to replace the functionally less efficient mega- 

locytes by normocytes. 

The mature red cells show the same abnormalities as were described 
above in the discussion of the peripheral blood changes. Megalocytes, 

1 The term “acastlosis” was introduced by T. Tempka.
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Plate 14. — Addison-Biermer’s disease (peripheral blood).
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gigantocytes, red cells with nuclear remnants (Howell-Jolly bodies), baso- 

philic stippling and Cabot's rings are encountered. 

Far reaching qualitative changes may be demonstrated also in the gra- 

nulopoietic series, a fact which indicates the presence of profound disturb- 

ances in the differentiation of these cells, together with degenerative 

changes. Nuclei mature in shape but immature in structure are often seen; 

abnormalities of segmentation, atypical or blurred nuclear structure may 
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Plate 15. — Addison-Biermer's disease (bone marrow): 7. Promegaloblast. 2. Basophilic 
megaloblast. 2a. —binucleated basophilic megaloblast. 3. Early polychromatic megaloblast. 
3a. — late polychromatic megaloblast. 4. Orthochromatic megaloblast. 5. Megaloblast in 

mitosis. 6. Metamyelocyte. 6a. — giant metamyelocyte. 7. Multisegmented neutrophil. 
8. Lymphoidal reticulum cell. 
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Plate 15. — Addison-Biermer’s disease (bone marrow).
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be encountered. The presence of giant metamyelocytes and giant staff 
cells, first described by Tempka and Braun, are among the most characteris- 
tic deviations in the leukopoietic series. These cells may attain consider- 
able dimensions and are distinguished by a gigantic, thick, loosely knit 
nucleus, which gives the cell a specific appearance. Both the nucleus and 
the cytoplasm of these cells are frequently vacuolated. In the cytoplasm 
of the remaining granulocytes, qualitative changes may also be observed. 
They may take the form of persistent basophilia of the cytoplasm, diffuse 
or circumscribed; it is not uncommon for vacuolation of the cytoplasm 
to occur. 

In the megakaryocytic system, the number of megakaryocytes may 
diminish and their ability to produce platelets may be impaired. 

Megakaryocytes with a multisegmented nucleus are often present. This 
phenomenon may be visible both in mature (megakaryocytes) and in im- 
mature stages (megakaryoblasts and promegakaryocytes). 
These symptoms may be taken as evidence that the deficiency of matura- 

tion factors, in the light of recent researches concerning vitamin В,» fore- 
most, influences not only the course of erythropoiesis, but also the remain- 
ing cellular series of the blood-forming tissues. Clinical and pathological 
observations demonstrate the wide scope of metabolic disturbances occur- 
ring in the course of this disease (e.g. neurological and adrenal dis- 
orders). 

Plate 15 illustrates the bone marrow of a nontreated case of Addison- 
Biermer's anaemia. 
Among less constant symptoms is an increase of reticulum cells, which 

show degencrative features, as well as a plasmocytic reaction. 

THE BLOOD PICTURE IN ADDISON-BIERMER'S DISEASE 
IN THE COURSE OF VITAMIN B,, or LIVER THERAPY 

Plate 16 illustrates a peripheral blood smear in the eighth day of liver 
therapy. 

Even during the first period of liver therapy, the blood picture beco- 
mes, because of the regression of anisocytosis and poikilocytosis, more 
uniform. In the first order, schizocytes and microcytes disappear. Distinct 
megalocytosis, however, persists. The mean corpuscular volume is high, 
and may even increase. This last phenomenon is explained by the matura- 
tion of megaloblasts and, in consequence, release of reticulocytes into 
the peripheral blood. In the smears are visible, first of all, large, often 
polychromatic erythrocytes. Megaloblasts and normoblasts disappear, 
usually at an early stage, from the peripheral blood. An increase in normal 
erythrocytes (normocytes) may be observed at the end of the second and
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Plate 16. — Pernicious anaemia (peripheral blood) following 8-day 

treatment with liver extract.
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during the third week of therapy. Afterwards, the blood picture gradually 

undergoes normalisation. In some instances, however, sporadic megalo- 

cytes may be found for long periods. 

The presence of multisegmented neutrophilic granulocytes is one of 

the most persistent symptoms. Although this phenomenon is not specific, 

it may facilitate the recognition of treated cases of Addison-Biermer's 

disease. 

During remission, leukocytosis with a shift to the left may be observed, 

as evidence of stimulated regenerative activity of the bone marrow. The 

number of platelets also increases. 

High eosinophilia may frequently be induced by the use of liver prepara- 

tions, particularly by those containing impurities. The authors observed 

eosinophilic reactions attaining 48%. Fosinophilia was known to occur 

also in untreated cases of Addison-Biermer's disease. 

RETICULOCYTOSIS IN PERIPHERAL BLOOD 

IN THE COURSE OF ADDISON-BIERMER'S DISEASE 

TREATED BY LIVER EXTRACT OR VITAMIN B,, 

Plate 17 illustrates a peripheral blood smear from a case of Addison- 

Biermer's disease on the eighth day of liver-extract treatment. 

Reticulocytosis is the earliest and, at the same time, the most sensitive 

symptom of a regencrative response of the bone marrow in the course 

of treatment of Addison-Biermer's disease. This symptom precedes increase 

in the number of red cells in peripheral blood and is useful in estimating 

the therapeutic value of the treatment chosen. 

The promptness of the appearance of reticulocytosis depends on the 

doses of the liver extract, its concentration, the mode of administration 

and the degree of anaemia. After intravenous administration, reticulocy- 

tosis appears during the first 24 hours and reaches its maximum in the 

course of 4—5 days. After intramuscular administration, the curve of reti- 

culocytosis attains its peak between the 5-th and the 9-th day and drops to 

normal values at the end of the third week of therapy. 

Reticulocytosis and improvement of the blood picture may also be ob- 

tained by oral treatment with folic acid. It is now generally known that 

pteroylglutamic acid is of limited value in the management of Addison- 

Biermer's disease, ahd may even be contraindicated. Lately its use in the 

treatment of Addison's anaemia was abandoned. 

The reticulocytic reaction after administration of vitamin В,» also depends 

on the doses used. After large doses (160—200 gamma) the peak of the 

raection occurs on the 6-th or 7-th day. 
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i 

Plate 17. — Pernicious anaemia (reticulocytosis in the course of treat- 

ment with liver extract). Peripheral blood. 

4 Atlas of Haematology
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The increase in the number of erythrocytes is not always preceded 

by high reticulocytosis. Therefore, the evaluation of the improvement in 

the peripheral blood picture should be made also on the basis of the 

red-cell count. 

The main changes in the bone marrow under the influence of liver 

extracts or other haematopoietic substances (such as vitamin B,,) consist 

in the reversion of erythropoiesis from the megaloblastic to the normo- 

blastic type. The course of erythropoiesis may undergo such a change very 

rapidly even during the first 24 hours. Usually, however, the therapeutic 

effects become marked in the myelogram after three days. The bone marr- 

ow is markedly cellular with extremely vivid erythropoietic activity. 

The total number of nucleated elements is greatly increased, and they are 

basically different in character. The number of promegaloblasts decreases, 

In their place there appear cells of smaller dimensions — proerythroblasts, 

which give rise to cells of the normocytic series. The majority of the nu- 

cleated red cells are set up by typical basophilic and polychromatic ery- 

throblasts. As the treatment progresses, the number of orthochromatic 

erythroblasts increases. These transformations take place so rapidly that 

they may be more readily explained by an accelerated maturation of megalo- 

blasts than by the proliferation of normoblasts. 

During the first period of treatment, megaloblasts are found in the bone- 

marrow smears, particularly polychromatic and orthochromatic stages with 

signs of karyorrhexis. Nuclear remnants (Howell-Jolly bodies) are fre- 

quently encountered. 

The granulocytic series also shows symptoms of marked proliferation, 

as well as of regression of degenerative changes. In the second week from 

the beginning of therapy, giant metamyelocytes and giant staff cells disap- 

pear. 
The abnormal segmentation of the nuclei of promyelocytes and myelo- 

cytes also disappears. Eosinophilia may in many cases be present in the 

bone marrow. 

The normalisation of the erythropoietic and granulopoietic series is 

accompanied by a regression of the changes in the megakaryocytic system. 

This, however, proceeds more slowly. The number of megakaryocytes 

increases, but their nuclei remain multisegmented for a long time. This 

trait does not interfere with normal platelet production. 

Plate 18 illustrates the bone marrow from a case of Addison-Biermer's 

disease (eighth day of liver therapy). 

Diagnosis of a fully developed Addison-Biermer's disease is usually 

simple. It should be made on the basis of haematological findings in peri- 

pheral blood and bone marrow, supplemented by the demonstration of 

gastric achlorhydria. Nevertheless, errors may occur. For instance, it 
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should be borne in mind that the megaloblastic syndrome may be present 

in other diseases, caused by disturbances in the functions of the hepato- 

gastric system or by deficiency states of extrinsic origin. 

In this group of disorders, are included: 

1. Disturbances associated with surgical procedures, such as gastrec- 

tomy, gastro-enterostomy, intestinal anastomoses and strictures; megalo- 
blastic anaemia is in these conditions of rare occurrence; the appearance of 

hypochromic anaemia is more typical. 

2. Carcinoma of the stomach. 

3. Tropical sprue and idiopathic steatorrhoea, as well as the so-called 

coeliac disease; it is more common, however, for coeliac disease to be 

associated with hypochromic anaemia. 

4. Cirrhosis and other diseases of the liver —it is conceivable, that 

disturbances in storage or in the metabolism of the antianaemic principle 

are present in those conditions; megaloblastic anaemia rarely occurs in 

association with them. 

5. Nutritional megaloblastic anaemia; such cases occur chiefly in tro- 
pical zones. 

6. Pregnancy or the puerperal period; megaloblastic anaemia rarely 

develops here. 

7. Infestation with fish-tape worm (Bothriocephalus latus). 

8. Megaloblastic anaemia of infancy. : 

9. Achrestic anaemia; this syndrome is very rarely encountered; its 

very existence is disputed; it is characterised by the presence of free hydro- 

chloric acid in the gastric juice and the absence of neurologic complic 

tions; no signs of abnormal hacmolysis were reported; this syndrome is 

refractory to liver therapy; 

10. Macrocytic anaemia (without megaloblastic reaction in the bone 

marrow) with achlorhydria in hypothyroidism. 

The findings of megalocytosis in the peripheral blood, indicates first of 

all the presence of Addison-Biermer's disease, because this '*acastlosis” 

is most commonly encountered in the temperate climate. 

On practical grounds the following criteria, which may be helpful 

in establishing the diagnosis of Addison-Biermer's discase are given: 

1. Haematological examinations. 

2. Positive Hijmans van den Bergh's test and the level of bilirubin in 

the serum. The patient’s serum is usually greenish, in severe cases — olive. 
This symptom is usually absent in sprue, or in nutritional anaemia with- 
out haemolysis. 

3. An increase of urobilinogen and urobiline in urine. 
4. Increased saponin-fragility of red cells (Tempka and Braun). 
5. Histamine-resistant achlorhydria. 

a
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6. Roentgenologic examination of the gastro-intestinal tract with view 

to ruling out the presence of a carcinoma of the stomach. 

7. The glucose-tolerance curve following the ingestion of a test dose 

(100 gm.) is in Addison-Biermer's disease usually normal. On the other 

hand, in sprue, the curve due to faulty absorption is flattened. 

8. Low cholesterol level in the serum. 

9. Determination of serum iron (normal values according to Donner 

are 115 to 135 gamma 9% in men and 70—95 gamma % in women). An untreat- 

ed case of Biermer's disease almost always shows a high serum-iron level. 

oie 

Plate 18. — Addison Biermer’s disease (bone marrow) — following a 8-day course of 

liver therapy: 1. Basophilic megaloblast. 2. Polychromatic megaloblast. 3. Orthochroma- 
tic megaloblast. 4. Early polychromatic erythroblast (normoblast). 5. More mature polychro- 

matic erythroblast (normoblast). 6. Orthochromatic erythroblast (normoblast). 7. Eosinophilic 
myelocyte. 8. Giant neutrophilic metamyelocyte, 9, Giant staff cell. 10. Macropolycyte. 

Note: the coexistence of normoblastic and megaloblastic erythropoiesis; the basophilic 
megaloblast contains a nuclear fragment in the cytoplasm; the nuclei of polychromatic megalo- 

blasts demonstrate fragmentation; two polychromatic megaloblasts are stippled. 
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Plate 18. — Addison Biermer*s disease (bone marrow) following 

a 8-day course of liver therapy. 
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This symptom is accounted for by the presence of haemolysis and a less 

intense utilisation of iron by the bone marrow. Therapy by liver extracts 

or vitamin В,» induces a decrease in the serum-iron level. The finding of 

low serum iron makes the diagnosis of pernicious anaemia doubtful, and 

directs suspicion to some other morbid process. Biichmann's case (accord- 

ing to Netousek) is very demonstrative in this respect. In a classic syn- 

drome of megaloblastic anaemia, confirmed by bone-marrow biopsy, the 

iron level was found to be low (38—41 gamma %). On autopsy, a car- 

cinoma of the minor curvature of the stomach was found. 

10. Neurologic examinations. Symptoms of degeneration in the poste- 

rior and lateral funiculi are nearly always absent in sprue or nutritional 

anaemia. They are markedly more benign in bothriocephalus anaemia. 

The remaining megalocytic or macrocytic anaemias may be ruled out 

on the basis of clinical observation. 

NONTROPICAL SPRUE 

The megaloblastic syndrome is present only in certain cases of this 

disorder. Normocytic, hypochromic anaemia has been reported in several 

instances. Sprue was first described by A. Kriukov in 1922. In cases with 

a megaloblastic syndrome, the haematologic picture corresponds to that 
of Addison-Biermer's disease. 

Differences in the peripheral blood picture, pertaining to the dimen- 

sions and the degree of haemoglobination of red cells, are, however, 

noted in the literature. Because of the iron deficiency, which is more com- 

mon in sprue, hypochromic erythrocytes may be present. Only in rare 

instances the anaemia is severe. Anisocytosis and poikilocytosis are less 

distinct than is the case in Addison-Biermer's disease. Megalocytosis is 

marked, the megalocytes being, of similar dimensions (isomegalocy- 

tosis). The mean corpuscular volume remains within normal limits. Be- 

cause of impaired functioning of the spleen, Howell-Jolly bodies are of- 

ten encountered. 
Other symptoms (leukopenia with relative lymphocytosis, the presen 

of multisegmented granulocytes) do not differ from the picture of Addison- 

Biermer's disease. 

In two cases of severe nontropical sprue, which the authors followed, 

the blood picture was characterised by marked anisocytosis, poikilocy- 

tosis and schizocytosis. In Plate 19 numerous megalocytes, polychromatic 

erythrocytes and stippled red cells may be seen. In both cases a number 

of basophilic and polychromatic megaloblasts were found. Several megalo- 

blasts revealed an atypical segmented nucleus. The granulocytic series, 

was characterised by a shift to the right. 
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NONTROPICAL SPRUE 

The bone-marrow changes correspond to Addison-Biermers's disease. 

The marrow is markedly cellular and demonstrates a distinct promegalo- 

blastic-megaloblastic reaction, together with the changes described above 

in the granulocytic series. Numerous giant metamyelocytes and staff cells 

are visible in the preparations. The megakaryocytes contain sporadically 

multisegmented nuclei. 

In contradistinction to the assertions of Rohr, who claims the coexist 

ence of normoblastic and megaloblastic erythropoiesis, the authors in their 

cases observed the exclusive presence of megaloblasts. Among the pro- 

megaloblasts, numerous giant forms were present. The nuclei of mega- 

loblasts were atypical and varied in shape. Some cells contained two nuclei. 

In both cases, numerous mitotic figures of the red-cell series were present. 

To assist differentiation from Addison-Biermer's disease, the following 

points should be considered: 

1. Sprue — particularly in severe cases, bears the character of a wasting 

disease, the main complaints being referable to the alimentary system; 

Addison-Biermer's disease — the patients are usually well nourished 

(“bulky” and “flabby” appearance). In typical cases of sprue, the con- 

trast between the general emaciation and the distended abdomen is strik- 

ingly noticeable. 

2. The blood and bone-marrow findings are similar in both diseases. 

3. Sprue — the onset is insidious, the course chronic; there is often 

a marked loss in weight, amounting to as much as 25 kg. in the course of 

a few months. 

4. Sprue — abundant, foamy, grey or light yellowish stools {termed 

“white diarrhoea” by Alekseev); the stools show marked acidity. 

5. Sore and painful tongue is common to both diseases; this symptom 

is inconstant. 

6. The spleen and liver are usually not enlarged; in Addison-Biermer's 

disease, splenomegaly is often present; enlargement of the liver may be, 

however, encountered in cases with cardiac insufficiency. 

7. Pallor of the skin, absence of subicteric tint; the skin is dry and the 

nails are brittle; symptoms of leukodermia are not observed; in sprue, 

areas of brownish pigmentation of the skin may be found. 

8. In the majority of cases, free hydrochloric acid is present in the 

gastric juice; achlorhydria, if present, is not histamine-resistant. 

9. X-ray examination reveals striking inequality in the width of small 

intestine segments and distortion of the mucosal pattern. 

10. There is no bilirubinaemia. 

11. The saponin fragility of red cells is normal.
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12. The calcium level in blood is decreased, sometimes symptoms of 

tetany are present; these symptoms occur predominantly in nontropical 

sprue. 
13. Osteoporosis and deformities of vertebral column are present. 

14. A flat glucose-tolerance curve after an oral test dose of 100 gm. 

Plate 19. — Sprue (peripheral blood): 7. Basophilic megaloblast. 2. Basophilic erythro- 

blast. 3. Macropolycyte (neutrophil with a hypersegmented nucleus). 4. Microcyte. 

5. Macrocyte. 6. Poikilocyte. 7. Megalocyte. 8. Schizocyte. 9. Polychromatic  erythro- 
cyte. 10. Stippled erythrocyte. 

The red cell picture is characterised by: marked anisocytosis (varied dimensions of erythro- 
cytes), poikilocytesis (varied shape of erythrocytes), megalocytosis (the presence of large, 

oval red cells), schizocytosis (small red cells of bizarre outlines — ‘‘fragmented” red 

cells), polychromatophilia (red cells with a basophilic tinge in the cytoplasm), basophilic 

stippling.
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Plate 19. — Nontropical sprue (peripheral blood). 
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15. Normal or, more often, decreased cholesterol level. 

16. Normal or decreased serum iron. 

17. Neurologic symptoms of spinal-cord degeneration are met only 

exceptionally in sprue, on the other hand, peripheral nerve involvement 

is sometimes observed. These changes occur in connection with the 

vitamin deficiencies, which may associate themselves in the course of 

sprue (for example vitamin B, deficiency induces symptoms resembling 

beri-beri, Kassirsky). 

Plate 20. — Nontropical sprue (bone marrow): 1. Early basophilic megaloblast. 2. Late 
basophilic megaloblast and polychromatic megaloblasts. 3. Orthochromatic megaloblast. 

4. Megaloblast in mitosis. 5. Giant metamyelocyte. 6. Polymorphonuclear neutrophil. 

Note: the nuclei of megaloblasts are markedly atypical; this phenomenon is not characteris- 

tic for sprue and may occur in all severe cases of any *acastlosis".
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Plate 20. — Nontropical sprue (bone marrow).
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In diagnosis of nontropical sprue, there should be borne in mind the 

possibility that the symptoms of this syndrome may be secondary. In such 

cases, the underlying disorder may be, for example, the abdominal form 

of Hodgkin's discase, lymphosarcoma or tuberculosis of retroperitoneal 

lymph nodes or generalised amyloidosis. These conditions may be respon- 
sible for deficiency of water- and lipidsoluble vitamins (Rodriguez-Molina). 

CONSTITUTIONAL HAEMOLYTIC JAUNDICE 

CHAUFFARD-MINKOWSKI ) 

Hereditary Haemolytic Anaemia — Congenital Sphaerocytosis 

Among the congenital haemolytic anaemias, this syndrome is most 

commonly encountered. 
The haematologic picture is usually characterised by mild, normocytic 

and normochromic anaemia, on the other hand, jaundiced cases without 

anaemia may be also encountered. In such cases compensatory erythro- 

poietic mechanisms are operative and the loss of erythrocytes is well 

balanced. During a haemolytic crisis, the number of red cells may drop 

to low values (1,000,000—2,000,000 per cu.mm.). Examination of peripheral 

blood smears facilitates the diagnosis. Under the influence of unknown 

factors, the constitutionally less resistant erythrocytes change their shape. 

Owing to their plasticity, they swell and become thicker. A similar phenom- 

enon may be observed under the influence of hypotonic salt solutions. 

Such cells, when observed in one plane (in smears under the microscope), 

possess a decreased diameter. These corpuscles stain darker and show 

no thinner central area. They are sphaerical in shape (sphaerocytes). 

During a haemolytic crisis the sphaerocytosis of the peripheral blood 

becomes more marked. 
Plate 21 illustrates a blood smear from typical case. First of all, one is 

impressed by anisocytosis and polychromasia. The analysis of the blood 

picture shows that there are two erythrocyte types present: small and 

darkly stained ones (sphaerocytes) and large, greyish-pink red cells (macro- 

cytes). In intravitally stained preparations, the large forms contain the 

“substantia reticulo-filamentosa". During a haemolytic crisis, the retic- 

ulocytes may outnumber the sphacrocytes. These two cell types repre- 

sent two separate phenomena viz. destruction and regeneration. Figur- 
atively speaking, the sphaerocytes are decrepit, “senile” red cells, whereas 

the reticulocytes are on the threshold of life. The preponderance of one 
or the other of these forms depends on the degree of haemolysis and the 

regenerative activity of the bone marrow, as well as on the release of 

reticulocytes into blood stream.
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Plate 21. — Congenital haemolytic anaemia (peripheral blood). 
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The type of anisocytosis, specific for haemolytic anaemia, results, 
when expressed graphically in a “biphasic” Price-Jones curve with two 

peaks, corresponding respectively to sphacrocytosis and macrocytosis. 

The regenerative activity of the bone marrow may, in some instances, 
find its expression in leukocytosis with a shift to the left and an increase 

of the platelet count. 

In the phases of severe anaemia, the bone marrow demonstrates a vivid 

erythropoietic activity. Entire fields of vision are strewn with erythro- 

blasts at all developmental stages. The number of erythroblasts exceeds 

the number of the remaining bone-marrow cells and may even amount 

to as much as 90% (Aleksandrowicz). The regenerative activity varies 

with the degree of haemolysis aud the severity of anaemia. Erythropoiesis 
is normoblastic. The maturation curve, as distinct from the case of 

asiderotic syndromes, is normal. The number of mitotic figures is markedly 

increased. A shift to the left in the erythropoietic series may be observed 

in some instances (proerythroblastic reaction). It is conceivable that the 

sphaerocytes are formed outside the bone marrow; their presence in bone- 

marrow smears, may be the result of admixture of peripheral blood. 

The granulocytes and megakaryocytes present no demonstrable morpho- 

logic changes. 

The diagnosis of congenital sphacrocytosis is based on the following 
criteria: 

1. Symptoms of jaundice in an individual with constitutional skeletal 
abnormalities; when remaining symptoms are present, the absence of 

these deformities does not necessarily rule out the diagnosis of congen- 
ital sphaerocytosis. 

2. Positive indirect Hijmans van den Bergh's test. 

3. The absence of bile pigments in urine. 

4. Haematological findings (sphaerocytosis, reticulocytosis). 
5. Increased osmotic fragility of red cells’; this test is of restricted and 

relative value; it may be negative; neither is it decisive as to other haemo- 

lytic syndromes; it may be positive in acquired haemolytic anaemia. A neg- 
ative osmotic fragility test is thus not contradictory to the diagnosis of 

congenital sphaerocytosis. The results of this test vary with the phase of 

the illness. A more sensitive test consists in examination of osmotic fragil- 

ity after previous incubation of red cells tested at 37°C. (98.6° F.). In cases 

of congenital haemolytic anaemia, the osmotic fragility of incubated red 

1 The number of red cell fragility tests increases from day to day, many tests have been 
recently devised for the differentiation of haemolytic syndromes (mechanical fragility, heat 
fragility, acid fragility etc.). None of them is strictly specific and not one corresponds to the 

conditions of red-cell destruction in vivo.
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cells is markedly increased. A control test in the same conditions, with 

normal ergthrocytes, gives normal values. Coombs’ test, or the test with
 tryp- 

sinised erythrocytes, may be helpful in differentiation between acquir- 

ed and congenital haemolytic anaemias. These test are positive in 
certain 

cases of the acquired variety. None of them is, however, strictly specific 

and further development of serologic diagnostic methods should be 

anticipated. 

Furthermore, the determination of the survival of transfused erythro- 

cytes is a valuable aid in establishing the diagnosis. In congenital ha
emo- 

lytic jaundice, as well as in other congenital haemolytic syndromes, the 

survival of donor red cells is usually normal; in the acquired variety, the sur- 

vival time may be distinctly shortened. This test is recommended by 
those 

authors who ascribe primary importance in the pathogenesis of this dis- 

order to congenital defects of erythrocytes. They claim that the róle of 

the spleen is secondary. According to Crosby, the changes in the red
-cell 

series may be attributed to faalty lipid metabolism. During the matura- 

tion of the erythrocyte, the lipid content of this cell decreases. The loss 

of lipids is greater in cases of congenital sphaerocytosis than in normal 

conditions. It may be assumed, that this induces changes in the molecular 

structure, and, in consequence, may be responsible for the abnormal 

shape of the red cell (sphaerocyte) and shortened survival. 

Russian authors (Vlados, Janovsky) draw attention to the possibility 

of the róle of haemolysins among the pathogenetic factors inducin
g chan- 

ges in the red cells. 

Their views are based on experimental work which demonstrated 

that, in some cases of congenital haemolytic jaundice blood transfusions 

and, in consequence, the determination of the period of surviva
l of trans- 

fused erythrocytes, are not free from danger, in particular during per
iods 

of increased haemolysis. On the other hand, repeated transfusions of 

plasma to such patients sometimes exerts a beneficial effect diminishing 

the degree of haemolysis; a possible mode of action of transfused pla
sma 

could be attributed to inhibitory effect on haemolytic factors. Pretreatm
ent 

with plasma opens the way for subsequent therapy with transfusions of 

red-cell suspensions. 

6. Normal saponin fragility of red cells; decreased lysolecithin fragil- 

ity (Singer). 

7. Splenomegaly, during a haemolytic crisis in particular. 

8. X-ray examination of the skeletal system (osteoporosis). 

9. Chronic leg ulcer (inconstant symptom). 

Sphaerocytosis with signs of marked erythropoiesis is not strictly specif- 

ic for constitutional haemolytic jaundice. It may be present in other, not
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only congenital, haemolytic syndromes. It may be found in acquired im- 

muno-haemolytic syndromes, as well as in haemolytic syndromes induced 

by certain toxic factors. Sphaerocytosis may also appear sometimes in 

acute haemolytic anaemia of the Lederer-Brill type. This disorder is, how- 

ever, characterised by severe anaemia and the constant presence of 

neutrophilic leukocytosis (in some cases exceeding 100,000) with a shift 

to the left. The myelogram may resemble the picture encountered in con- 

genital sphaerocytosis. 

Plate 22. — Congenital haemolytic anaemia (bone marrow): 1. Proerythroblast. 2. Basophilic 
erythroblast. 3. Polychromatic erythroblast. 4. Orthochromatic erythroblast. 5. Erythroblast 
in mitosis. 6. Neutrophilic metamyelocyte. 7. Polymorphonuclear neutrophil. 8. Plasmocyte. 

9. Naked nuclei. 

Note: the presence of microsphaerocytes.
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Plate 22. — Congenital haemolytic anaemia (bone marrow), 

5 Atlas of Haematology
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In recent years, the classical view concerning the symptoms of the 

haemolytic crisis (reticulocytosis, markedly stimulated erythropoietic activ- 

ity of the bone marrow) has been challenged by Owren, Dameshek and 

Bloom, and others. These authors, Owren in particular, observed in their 

cases symptoms of aplasia or hypoplasia of the bone marrow (scarse 

cellularity of the bone marrow, arrested maturation in the erythroblastic 

series, reticulocytopenia in the peripheral blood and, in some instances, 

granulocytopenia and thrombocytopenia) during the onset of a haemo- 

lytic crisis. Owren goes so far as to claim that the crisis appears in conse- 

quence of marrow aplasia, and not as the result of increased haemolysis. 

He maintains, that this condition should be termed aplastic crisis. This 

interesting concept is supported by occasional findings in certain cases 

of congenital sphaerocytosis. 

It is not unreasonable to assume that congenital haemolytic anaemia 

with sphaerocytosis represents a syndrome where various pathogenetic 

mechanisms are operative. 

COOLEY'S ERYTHROBLASTIC ANAEMIA 

During the last few pears a good deal of attention has been given in 

the haematologic literature to congenital haemolytic syndromes. Among 

this group of diseases a specific position should be allotted to the haemoly- 

tic syndromes occurring chiefly in the Mediterranean area. In a compre- 

hensive review of these problems, Chini and Valeri emphasise the diver- 

sity of symptoms accompanying such syndromes, and propose a general 

denomination for them — Mediterranean haemopathies. Among them 

is Cooley's erythroblastic anaemia (Mediterranean anaemia, thalassaemia, 

target-cell anaemia, erythraemia familiaris chronica). 

This syndrome occurs in Greek, Italian, Armenian and Spanish children. 

The form of disease observed in children is severe (thalassaemia major). 

Sporadic cases have been noted in children of other countries (England, 

Germany, Switzerland, Bulgaria). 

An occult, mild form was reported during the last decade in juveniles 

and adults (thalassaemia minor). 

Anaemia is distinctly hypochromic and is characterised by marked 

anisocytosis and poikilocytosis. The mean corpuscular volume is usually 

low (microcytosis), the shape of the cell is often oval. In spite of hypo- 

chromia, the administration of iron is ineffective. The cause of this pheno- 

menon is not clear. On autopsy, iron deposits are found in internal organs. 

These deposits are, however, located within the reticulo-endothelial 

system, Congenital erythrocyte defects are responsible for disturbances 

in haemoglobin synthesis, as well as in iron utilisation.
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Plate 23. — Cooley's erythroblastic anaemia (peripheral blood). 
Note: the abundance of target cells. 
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Early haematologic symptoms may be present in infants in the fourth 

week of life. They manifest themselves in abnormal dimensions, shape 

and haemoglobin content of red cells. The disturbances in haemoglobin 

synthesis lead to paleness of erythrocytes and abnormal distribution of 

blood pigment in the cell. X-ray investigations indicate changes in the 

physico-chemical state of haemoglobin. In smears, pale, disc-like or oval 

erythrocytes with a narrow margin of haemoglobin on the periphery can 

be seen. These corpuscles are morphologically identical with those 

encountered in iron deficiency. The second type of the red cell is more 

characteristic of Cooley’s anaemia. These cells are larger (macrocytes) 

and their haemoglobin is distributed in a specific pattern of two layers; 

it forms a disc in the central area and a rim on the periphery. The space 

between these two zones is colourless. Because of the resemblance they 

have been named “target” cells. Being extremely thin, they are also term- 

ed leptocytes. Their role is unknown. To Wintrobe they conveyed the 

impression of their membrane being too large for the contents. 

Sporadic target cells may be found in healthy persons. They appear 

also in sickle-cell anaemia, as well as in other anaemias, in liver disorders, 

sprue as well as following splenectomy. It is claimed that they usually 

appear in the early phases of blood regeneration. 

Plate 23 illustrates the peripheral blood picture during the early phase 

of Cooley's anaemia. 

In the drawing, hypochromia, anisocytosis and numerous target cells 

should be noted. 

During later phases of the disease, erythroblasts appear in the peripheral 

blood. This phenomenon is caused by metaplasia of erythropoietic tissue 

in the liver and spleen. The number of erythroblasts may be high. The 

majority of them are at the polychromatic or orthochromatic stage. Karyor- 

rhexis may often be observed, and more rarely, atypical erythroblasts 

with several nuclei. Signs of stimulated erythropoiesis are present, the 

number of reticulocytes increases. 

Plate 24 illustrates the peripheral blood during a later stage of the disease. 

Anisocytosis and poikilocytosis are more pronounced. Moreover, numer- 

ous schizocytes may be seen. Nearly all erythrocytes show distinct hypo- 

chromia. The presence of erythroblasts is the main feature. 

The fully developed morbid picture is characterised by an increase in 

erythroblasts; basophilic stages and proerythroblasts appear among 

them. In severe cases, the blood picture may resemble di Guglisłno's 

erythromyelosis. 

The release of erythroblasts into the peripheral blood is accompanied 

by neutrophilic leukocytosis with a shift to the left. 
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Plate 24. — Cooley's erythroblastic anaemia (peripheral blood). Late period. 

5 polychromatic erythroblasts and one orthochromatic erythroblast are to be scen.
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Plate 25 illustrates the peripheral blood from a severe case of Cooley's 
anaemia (Wright's stain). 
Numerous young erythroblasts and proerythroblasts are seen in the 

drawing. Some of the polychromatic erythroblasts are distinctly atypical 
(paraerythroblasts). They are of giant dimensions and possess a fine nuclear 
structure. The mature erythrocytes are characterised by anisocytosis, 
poikilocytosis, hypochromia and presence of target cells. 
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Plate 25. — Cooley's erythroblastic anaemia (peripheral blood, Wright's stain). Severe form: 
1. Proerythroblast. 2. Basophilic erythroblast. 3. Połychromatic erythroblast. За. — polychro- 
matic paraerythroblast (giant cell, characterised by abnormally fine nuclear structure). 3b. — bi- 
nucleated polychromatic erythroblast. 4. Orthochromatic erythroblast. 5. Pathological erythro- 
blastic mitosis (probably multipolar; the chromosomes are blurred and clump together). 

6. Polymorphonuclear neutrophil. 
Note: numerous target cells. 
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Plate 25.— Cooley's erythroblastic anaemia (peripheral blood, 

Wright's stain). Severe form.
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Marked hyperplasia of the erythropoietic tissue is present in the bone 

marrow. This phenomenon is held to accompany most haemolytic syn- 

dromes. 

The diagnosis of Cooley's anaemia should be based on following 

symptoms: 
1. The patients extraction. 

2. Constitutional skeletal abnormalities (mongoloid features). 

3. Pale, dirty-yellowish skin. 

4. Haematological findings (hypochromic anaemia, erythroblastosis, 

target cells). 

5. Splenomegaly. 

6. Skeletal abnormalities (widening of the marrow cavities, thinning 

out and decreased density of the compact mass). 

7. Osmotic fragility often decreases (the erythrocytes do not hacmolyse 

in solutions of low salt concentration); sometimes the fragility amplitude 

is broad (the beginning of haemolysis in 0.54% NaCl, the end in 0.03% 

NaCl). The target cells are osmotically more resistant. 

Another variety of constitutional haemolytic syndromes is sickle-cell 
anaemia. 

SICKLE-CELL ANAEMIA 

The sickle-cell trait is observed in 7—28% of healthy Negroes. This 

trait was recently described also in several representatives of the 

white race. Atypical erythrocytes represent a constitutional trait not con- 

nected with a morbid process. In some individuals bearing this trait (0.6— 

—9%) there develops, however, chronic haemolytic anaemia. 

Sickle-cells may resemble elliptocytes; in shape, however, they 

are often semilunar with pointed ends. Some of them resemble oat grains. 

They are described in literature under various names (drepanocytes, 

meniscocytes, hématies falciformes). 

The sickling phenomenon becomes manifest in oxygen deficiency 

and at low pH. In routine stained blood smears only occasional drepano- 

cytes occur. To demonstrate their presence a special technique is required. 

A simple method is to cause local stasis by the compression of the 

finger for 5—10 minutes before taking the blood sample. The 

smears should be transferred without delay to a moist chamber (37°C, 

98.6° Б.) to retard drying. It is also practicable to prepare smears from 

venous blood collected under a lager of paraffin. The sealing off of a drop 

of blood under a coverslip for a few hours (sometimes up to 72 hours) 

at room temperature is often recommended. In the presence of oxygen, 

drepanocytes become reversed to normal shape.



SICELE-CELL ANAEMIA 

Plate 26. — Sickle-cell anaemia (peripheral blood). 
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The cause of haemolytic phenomena in some of the sickle-cell trait 

bearers is unknown. Drepanocytes show a markedly increased osmotic 

resistance. 

The anaemia is usually severe and normochromic. The mean corpuscular 

volume is normal; in rare instances slight macrocytosis may be detected. 

The signs of haemolysis are accompanied by an erythropoietic response, 

manifesting itself by reticulocytosis and peripheral erythroblastosis. Reti- 

culocytes are of normal shape, or oval. During periods of intensive erythro- 

cyte destruction, neutrophilic leukocytosis with a shift to the left may be 

observed, as well as thrombocytosis. 

Plate 26 represents the peripheral blood from a case of sickle-cell anaemia. 

The smear was prepared from venous blood collected under a lager of 

paraffin. 

The red-cell picture is characterised by anisocytosis, poikilocytosis 

and the presence of drepanocytes. 

Some of the erythrocytes are hypochromic. 

The myelogram resembles the picture usually presented by other hae- 

molytic syndromes. 

Diagnostic criteria: 

1. Constitutional skeletal abnormalities. 

2. Chronic anaemia. 

3. Haematological findings. 

4. Bilirubinaemia. 

5. Decreased osmotic fragility of red cells. 

6. Normal or retarded erythrocyte-sedimentation rate in spite of anaemia; 

the sickle shape of erythrocytes interferes with rouleaux formation — this 

symptom is specific for drepanocytosis. 

7. Paroxysmal episodes of abdominal distress (stabbing pain in the 

epigastrium or in the left or right region of the upper abdomen). 

8. Pains in the joints or bones suggestive of “rheumatic” complaints. 

9. X-ray examinations of the skeletal system. 

10. Splenomegaly; in advanced stages atrophy of the spleen. 

11. Chronic leg ulcer’ (inconstant symptom). 

12. Neurologic symptoms (drowsiness, coma, convulsions, palsies, 

signs of paresis, headaches, nystagmus, temporary or permanent blind- 

ness); these symptoms are attributed to thrombosic accidents. 

Recently the existence of several varietes of human haemoglobin (Hau- 

rowitz, Pauling, Singer and Singer, and others) has been demonstrated. 

These varieties of haemoglobin differ physico-chemically in many re- 

spects — as for example in amino-acid composition, electrophoretic mo- 

bility, alkali-denaturation resistance etc. They differ also in their antigenic 

properties. X-ray diffractions methods have demonstrated that the molec-
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ular orientation of haemoglobin in abnormal red cells differs from that 

in normal erythrocytes (Ponder and coll.). This phenomenon may be 

attributed to the presence of abnormal haemoglobin. 

It seems reasonable to assume that in congenital haemolytic syndromes, 

disturbances in metabolism of the whole organism may occur. In Medi- 

terranean haemopathies and in sickle-cell anaemia, they may result in 

faulty haemoglobin synthesis and, in consequence, in abnormal haemo- 

globin production. It is possible that in congenital sphaerocytosis faulty 

lipid metabolism is involved. According to the data from recent investig- 

ations, similar phenomena may occur in some of the acquired haemo- 

Iytic anaemias or in syndromes in which haemolytic mechanisms are 

operative (for example Addison-Biermer's disease — according to Owren 

the megalocytes present in this disease contain foetal haemoglobin). It 

may be deduced that the abnormal shape of erythrocytes institutes only 

the morphologic sign of metabolic disturbances involving the organism, 

followed by functional disorders of the red-cell series. The possibility 

of the influence of the neurohumoral regulation on these phenomena 

should be also borne in mind. 

HAEMOLYTIC DISEASE OF THE NEWBORN 

Erythroblastosis foetalis 

The presence of small numbers of erythroblasts (200 to 2,000 per 

cu.mm.)in the peripheral blood of the newborn, especially in cases of premat- 

ure births, is held to be a normal phenomenon in the first days of life. 

Marked erythroblastosis is, on the other hand, a pathologic symptom 

occurring in several clinical syndromes. The observations made during 

the past ten years have shed new light on the róle of the Rh factor in im- 

munological relationship between the mother and the foetus. These in- 

vestigations demonstrate that one of the causes of the erythroblastosis 

in the newborn lies in the presence of a serological Rh incompatibility. 

Haemolytic disease in the newborn comprises three apparently separate 

syndromes — hydrops foetalis, icterus gravis neonatorum and com- 

genital anaemia of the newborn. According to Levine, the manifold clin- 

ical manifestations of this disease may be explained by the iso-immun- 

isation theory. It is reasonable to assume that the appearance of hydrops 

foetalis is provoked by a prolonged action of potent iso-antibodies, con- 

genital anaemia of the newborn being the result of a shorter period of 

iso-immunisation. More frequently encountered is icterus gravis neona- 

torum, which, according to this concept, should be regarded as an inter- 

mediate condition. All these three syndromes have increased haemolysis
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and abnormal haematopoiesis as a constant common feature. It should 

be emphasised that clear pictures of one of these syndromes do not always 

appear, cases presenting features of each of this triad are frequently en- 

countered. The most outstanding haematological trait is instituted by the 

presence of marked erythroblastosis in the peripheral blood to be regarded 

as a sign of the abnormal function of the blood-forming and blood-destroying 

tissues. The number of erythroblasts in the peripheral blood ranges from 

10,000 to 100,000 per cu.mm. This phenomenon is caused by compensa- 

tive metaplasia of the erythropoietic tissue in the liver and the spleen. 

© 

‘© 
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Plate 27. — Erythroblastosis foetalis (peripheral blood): 1. Basophilic  erythroblast 

2. Polychromatic erythroblast. 2a. —late polychromatic erythroblast. 3. Orthochromatic ery- 

throblast. 4. Neutrophilic metamyelocyte, 5. Segmented neutrophil. 6. Monocyte. 

Note: the presence of erythroblasts in peripheral blood, polychromatophilia of red cells, 
macrocytosis and the shift to the left in granulocytes. 
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Plate 27. — Erythroblastosis foetalis (peripheral blood). 

7 
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The erythroblasts encountered in the peripheral blood represent all 

stages of the maturation cycle. The erythrocytes are normochromic, and 

the colour index is often raised above 1.0. The shape of the red cells re- 

mains normal. There appears, however, a marked degree of anisocytosis 

with macrocytosis. The presence of macrocytes is explained by the in- 

creased number of reticulocytes. This symptom is important in the recogni- 

tion of erythroblastosis foetalis. The Price-Jones curve shows the presence 

of two peaks (a biphasic curve). The mean corpuscular volume is 

also increased. The fact that polychromatophilia and red cells containing 

nuclear fragments are found, points to intense erythropoietic activity. 

Neutrophilic leukocytosis (raised to 30,000) with a shift to the left may 

often be observed. The platelets may, in severe cases, be greatly reduced 

in number, an occurrence which leads to the appearance of the clinical 

picture of thrombocytopenic purpura. The pathogenesis of this symptom 

may also be explained by the action of immunological mechanisms. 

Plate 27 illustrates the peripheral blood picture in a case of erythrobla- 

stosis  foetalis. 

The following characteristic traits should be noted: 

1. Numerous erythroblasts. 

2. Normochromia and macrocytosis of the red cells. 

3. Moderate anisocytosis and an insignificant degree of poikilocytosis. 

4. The presence of immature neutrophilic granulocytes (metamyelo- 

cytes and myelocytes). 

The diagnosis should be based on the above given haematological 

picture and the following additional findings: 

1. Symptoms of jaundice and anaemia in the newborn. 

2. Hepato- and splenomegaly. 

3. Familial history (the course of preceding pregnancies or abortions). 

4. Serologic demonstration of Rh incompatibility between the blood 

of the mother and of the child, examination of Rh factor in the blood of , 

the father. 

5. The demonstration of antibodies in the blood of the mother. 
In differential diagnosis, various conditions, such as congenital syphilis 

(serological tests, roentgenological examination of the skeletal system), 

infections during the prenatal period or after birth, congenital abnormal- 

ities of the liver or bile ducts, atelectasis of the lungs, spontaneous haemor- 

rhages or bleeding induced by trauma and congenital heart disease should 

be taken into account. 

Other blood disorders, such as leukaemia, idiopathic thrombocytopenia 

and constitutional haemolytic jaundice are only rarely encountered in 

the newborn. Severe anaemia, enlargement of the liver and spleen are 

not present in simple icterus neonatorum, 
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REFRACTORY ANAEMIA — APLASTIC ANAEMIA 

PANCYTOPENIA 

Total insufficiency of the bone-marrow tissue (Tempka) — 
Anaemia aplastica — Anaemia anhaemopoética — Anaemia para- 

lytica — Anaemia aregenerativa — Panmyelophthisis 

This disorder is characterised by anaemia, usually accompanied by 

granulocytopenia and thrombocytopenia. Certain haematologists there- 

fore consider the terms aplastic or aregeneratory anaemia not entirely 

adequate. The former term indicates the changes in the erythrocytic system 

only and fails to appreciate the participation of the leukocytic and mega- 

karyocytic systems in the morbid process. The latter suggests that the 

anaemia is the result of blood losses leading to exhaustion of the blood- 

forming tissues. Panmyelophthisis suggests the presence of an acellular 

bone marrow, when biopsy shows that is not always the case. In numer- 

ous instances the bone marrow is cellular or even hyperplastic, but the 

cells present are immature and functionally less efficient. Other terms, 

such as refractory anaemia or insufficiency of the entire bone-marrow 

tissue, are sometimes used. The latter term is to be preferred, because 

it covers bone-marrow aplasia in an anatomical sense, and implies a func- 

tional insufficiency as well. 

The clinical picture of this disorder may vary considerably and does 

not depend on its aetiology (exposure to toxic of infectious agents, post- 

irradiation injury, hormonal disturbances, sequence of another blood 

disease, unknown factors). It is, however, very rare for the injury to be 

limited to the erythrocytic system only. 

In recent years, much attention has been given to the role of immuno- 

logical mechanisms in the pathogenesis of certain haematological syndro- 

mes characterised by a diminished number of red cells, white cells and 

platelets (pancytopenia). Such investigations have given rise to 

a new branch of haematology — immuno-haematology. The scope of 

immunological investigations was in the initial phase limited to the action 

of antibodies on red cells; at present immuno-haematological investiga- 

tions embrace also the action of antibodies on the leukopoietic and mega- 

karyocytic systems (Dacie; Dameshek and Schwartz; Dameshek; Gasser; 

Hassig; Heilmeyer; Maier; Dausset; Evans and coll., Moeschlin and coll.; 

Chevalier; Bernard and Ely; Ackroyd; Fleck; Lille-Szyszkowicz and Gi- 

biński; Ławkowicz, Lille-Szyszkowicz and Zawadzki; van Loghem and 

coll., Boerman, Bodd and Loutit; Neber and Dameshek and others). 

The occurrence of pancytopenia in the course of spleen disorders, 

such as tuberculosis, sarcoidosis etc. has also been recorded in the lite- 

rature. 
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For a long time, the anaemia may remain the sole symptom of the dis- 

ease and granulocytopenia with thrombocytopenia develop at a later 

stage. In certain cases, thrombocytopenia may be the initial symptom, 

granulocytopenia and anaemia developing at an advanced stage of the 

disease. Cases in which granulocytopenia was the initial symptom have 

also been reported. 
The peripheral blood picture is in typical cases characterised by a pro- 

portional decrease in the number of red cells and in the haemoglobin 

level. In consequence, the colour index remains around 1.0. In spite of 

severe anaemia, the red cells retain their normal shape and size. Staining 

properties undergo no changes. The mean corpuscular volume is normal. 

Anisocytosis and poikilocytosis are very slight. The lack of such signs 

of regenerative activity of the erythropoietic tissue as macrocytosis, reti- 

culocytosis, polychromasia or basophilic stippling, should be regarded 

as highly significant. There is also an absence of nucleated red cells. 

The presence of sporadic reticulocytes points to the preservation of a cer- 

tain degree of erythropoietic activity. 

In the leucocytic picture granulocytopenia with relative lymphocytosis 

(up to 90%) is present. Such cases should be differentiated from acute 

aleukaemic leukaemia (undifferentiated cell leukaemia). In this type of 

leukaemia granulocytopenia may also be present and the micromyelo- 

blasts may closely resemble lymphocytes. It is, of course, understood that 

the peripheral blood picture does not suffice for correct diagnosis. On 

the other hand, a single biopsy demonstrating the presence of an acell- 

ular bone marrow cannot rule out the diagnosis of acute leukaemia, which 

may develop at any later period (two cases observed by one of the authors 

and sixteen cases observed by Heilmeyer). A decrease in platelets is also 

a characteristic feature in the picture of aplastic anaemia. Giant platelets 

or platelets with pathologic granulation are sometimes encountered. 

Plate 29 illustrates the peripheral blood smear from a case of aplastic 

anaemia (red-cell count — 1,200,000, haemoglobin 25%) The normal 

appearance of the red cells (shape, size and colour) as well as the lack 

of any sign of erythropoietic activity should be noted. 

The bone-marrow picture may be extremely varied. Heilmeyer class- 

ifies the changes observed into five groups: 
1. Total aplasia of the bone marrow with only sporadic lymphoidal 

reticulum cells and lymphocytes persisting. 

2, Aplasia of the erythropoietic tissue, the granulopoietic series re- 

maining more or less preserved and characterised by a shift to the left. 

3. A hypoplastic bone marrow with relative lymphocytosis. 

4, A cellular bone marrow with a shift to the left in both the erythro- 

poietic and the granulopoietic series. 
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Plate 28. — Aplastic anaemia (peripheral blood). 

5 Atlas of Haematology 
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5. A decrease in the number of erythroblasts, granulocytes and mega- 

karyocytes with a simultaneous reticulum-cell reaction. 

In the present state of knowledge, it is difficult to determine whether 

these bone-marrow pictures represent separate and different disorders, 

or are but varieties of the same dis . The variety of bone-marrow pic- 

tures may be explained by a different pathogenetic mechanism or by a 

riable intensivity of injury by actiological factors which are operative. 

According to this concept, the most severe form of injury becomes man- 

ifest as a result of total destruction of bone-marrow elements viz. total 

aplasia in an anatomical sense. In such cases, it is possible to speak of 

an “empty” bone marrow, because besides a few reticulum cells and 

lymphocytes, the normal bone marrow elements are absent. Such cases 

are, however, rare. 

Aplastic anaemia does not always appear as a consequence of bone- 

marrow aplasia. It may also be the result of deep qualitative disturbances 

in the blood-forming tissues. This may lead to degenerative changes, 

to maturation disorders or to impaired release of mature elements into 

the blood stream. In spite of its being manifold and variable in appear- 

ance, the bone-marrow picture is of value in establishing the prognosis 

in aplastic anaemia. That is to say, the biopsy enables the state of the 

individual blood-cell series to be estimated and makes it possible to gain 

a deeper insight into the course of the morbid process. 

In extreme cases, with total aplasia of the blood-forming tissues, the 

bone marrow is thin, jelly-like, containing no pulp particles. The paucity 

of cellular elements in bone-marrow smears is, under low power magnif- 

ication, striking. Under immersion nucleated elements are rarely encoun- 

tered. In addition to a few erythroblasts or granulocytes, nuclei of degen- 

erated cells or faintly visible, delicate, chromophobic basket-cells (rem- 

nants of degenerated nuclei) are present. On the other hand, a striking 

feature is instituted by the increased number of reticulum cells, first 

of all of the so-called large and small lymphoidal reticulum cells and lympho- 

cytes, and in some instances of plasmocytes also. In aplastic or hypo- 

plastic bone marrow, tissue basophils (mast-cells, “Gewebsmastzellen) 

are sometimes encountered. These are not present in normal myelograms 

(Bremy, Fadem, Leitner, Rohr, Undritz). A case has been reported with 

7.19%, of tissue basophils in the myclogram (Fadem). 

Plate 29 illustrates the bone marrow from a case of an aplastic syndrome 

in the course of disseminated tuberculosis. On the drawing, taken from 

several fields of vision, faintly outlined cells with greyish-blue, agranular 

cytoplasm are seen. The nuclei are round or oval, showing some resem- 

blance to the nuclei of lymphocytes. The nuclear structure is, however, 

more delicate and less compact (large reticulum lymphoidal cells). Cer- 

-
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tain of these cells contain single nucleoli. One small lymphoidal reticuluru 

cell and one polychromatic erythroblast are shown on the drawing. 

In other instances, the bone marrow contains cells of the erythropoietic 

and granulopoietic series, but it is distinctly hypocellular. Moreover the 

cells demonstrate qualitative changes. The erythroblasts have “frayed” 

outlines, their cytoplasm is irregularly stained and may contain vacuoles 

or coarse basophilic granules. The nuclear structure is often blurred, 

the arrangement of chromatin is abnormal, or the shape of the nucleus 

is atypical. In some of these cells lack of correlation between the degree 

of maturity of the cytoplasm and of the nucleus may be present. 

Plate 30 illustrates the bone-marrow picture in the course of chronic, 

progressive aplastic anaemia. The drawing presents atypical, degen- 

crated erythroblasts (paracrythroblasts) and basket-cells. 

The cells of the granulopoietic series also show such degenerative 

changes, as vacuolation, pathołogical granulation, abnormal segmenta- 

tion of the nucleus, and lack of correlation between the degree of matur- 

ity of the nucleus and of the cytoplasm. 

The number of megakaryocytes is decreased. Usually these cells can- 

not be demonstrated in the bone-marrow smears. 

In cases in which the bone marrow is cellular, the preponderance of 

immature erythroblasts and granulocytes together with the lack of mega- 

karyocytes is of diagnostic value. 

It is not in every case that the entire bone-marrow tissue undergoes 

aplasia. Aplastic foci may be situated close to foci of an abnormal or hy- 

perplastic blood-forming tissue. Therefore, repeated biopsies (in addi- 

tion to the sternum, the spinous processes, pelvic bones, ribs and other 

bones may be selected as the site of diagnostic puncture) are highly recom- 

mended in such cases. 

The examination of histological sections obtained by trephination may 

be helpful in certain cases. In sections, the reciprocal relationship of 

the bone-marrow elements may, because of the preserved structure, be 

more readily evaluated. 

The following criteria may serve as an aid to establishing the diagnosis. 

1. The haematological syndrome: refractory anaemia, granulocytope- 

nia and thrombocytopenia. 

2. In cases, where the aetiological factor is known a meticulous pre- 

vious case history may be helpful (infection', exposure to toxic substances, 

irradiation). 

* One of the authors obtained a complete recovery, following tonsillectomy, in a case of 
severe bisystemic cytopenia (erythrocytopenia 900,000 per cu.mm. and granulocytopenia 

1,000 percu.mm. in a 30-year old female). The patient suffered from chronic, purulent tonsillitis. 

є
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3. An increased erythrocyte-sedimentation rate. This is observed in 

all severe cases. The presence of this symptom is probably caused by 

dysproteinaemia. Moreover, this symptom may depend on reticulum-cell 

reactions, especially of the plasmocytes, 
4. A high or normal serum-iron level. This may be present also in Ad- 

dison-Biermer's disease: in the latter syndrome, however, the serum iron 

decreases, by contrast with aplastic anaemia, in the course of liver extract 

or vit. В,» therapy. 
-
 

Plate 29.— Aplastic anaemia (bone marrow). Increase in reticulum cells: 7. Lymphoidal 

reticulum cells. 2. Atypical reticulum cells (these may be changed to such an extent as to 
suggest a neoplastic disease, e.g. lymphosarcoma). 3. Polychromatic erythroblast.
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Plate 29. — Aplastic anaemia (bone marrow). Increase of reticulum cells.
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The syndrome of anaemia, granulocytopenia and thrombocytopenia 

may also be observed in Addison-Biermer's disease. The presence of 

this disorder may be ruled out on the basis of other symptoms, such as the 

lack of achlorhydria, neurologic disturbances and of megaloblastic erythro- 

poiesis. 

The anaemia in Werlhof's disease (idiopathic thrombocytopenic pur- 

pura) being developed in consequence of blood loss, is usually hypo- 

chromic and accompanied by leukocytosis. Numerous megakaryocytes 

are encountered in the bone marrow. 

The syndrome of agranulocytosis is rarely accompanied by severe 

anaemia or thrombocytopenia. 

Sagas 

e: 

Plate 30.— Aplastic anaemia (bone marrow). Paraerythroblasts: 1. Paraerythroblast. 2. Aty- 
pical erythroblastic mitosis. 3. Polychromatic erythroblast. 4. Lymphoidal reticulum cell. 

5. "Basket-cell” — remains of a nucleus. 
Bone-marrow preparations are usually markedly less cellular, as suggested by the drawing.
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Plate 30. — Aplastic anaemia (bone marrow). Paracrythroblasts
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Differentiation between the aplastic anaemia and the latent form of myelo- 

sis or lymphadenosis may be very difficult. It is not easy to decide if bone- 

marrow hyperplasia is caused by regenerative activity or if it is a sign 

of a preleukaemic state. Splenomegalia and enlargement of the peripheral 

lymph nodes may assist in diagnosis, but these symptoms do not always 

appear in latent leukaemias. Prolonged clinical observation and repeated 

biopsies produce decisive data. 

OROYA FEVER 

Carrión's Disease — Tropical Macrocytic Anaemia 

(Bartonellosis) 

This disease is encountered in endemic foci in the valleys of the West 

Andes. The most striking clinical feature is the severe haemolytic anaemia, 
which may lead to a marked drop in erythrocytes, even to below 1,000,000 

in the course of a few days. Anaemia is macrocytic, hypochromic or nor- 

mochromic. The rapid erythrocyte destruction is associated with signs of 

stimulated haematopoiesis. A microorganism, Bartonella bacilliformis, 

is the causative factor. It is transmitted by certain Diptera (Phlebotomus 

verrucarum or Phlebotomus noguchii). 

In Giemsa-stained smears the bartonellae appear as rods or granules 

present within the red cells or adhering to the surface of those cells. Some 

of the organisms resemble rods with club-like thickenings at both ends. 

They occur singly or in clusters sometimes aggregating in chains, which 

may be Y- or V-shaped. 

The bartonellac are very common in the animal kingdom, in particular 

in rodents and ruminants. Their presence has also been recorded in dogs. 

The animals are infected by insects (fleas, lice or ticks). The infection is 

latent and becomes manifest only after splenectomy. Severe haemolytic 

anaemia develops after the removal of the spleen and numerous barto- 

nellae may be demonstrated in the blood. The rate of mortality is high. 

Among the bartonellae only Bartonella bacilliformis ів pathogenic in 

man and is responsible for Carrión's disease. This microorganism may 

be cultivated in vitro. On the other hand, the cultivation of В. muris, in- 

ducing severe haemolytic anaemia in splencctomised rats, is extremely 

difficult. Such cultures have up to date been obtained only by Marmoston- 

Gotes and Perla, and by Ławkowicz. 

The place of bartonellae in bacterial classification is so far a moot point. 

Their morphological, biological and epidemiological properties support 

the hypothesis of their being related to the rickettsia group (Ławkowicz 

1938, Gieszczykiewicz 1939). 
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Plate 31. — Oroya fever (Bartonellosis). Peripheral blood. 
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Plate 31 illustrates the peripheral blood from a case of Oroya fever. 

Clusters of Bartonella bacilliformis may be seen in the red cells. 

There is also an orthochromatic erythroblast present. 

A case of bartonellosis in Poland was described by Aleksandrowicz, 

Kowalczykowa and Przybyłkiewicz (1954). 

ERYTHROCYTOSIS 

An increase of the red-cell count above normal may be encountered in 

various conditions. Among these the most frequent are: oxygen deficiency 

at high altitudes or in experimental conditions at low barometric press- 

ure, in the newborn (as a sign of anoxia), emphysema or silicosis of the 

lungs, chronic bronchitis, certain forms of congenital heart disease, mitral 

stenosis, circulatory insufficiency without detectable heart defects, pulmon- 

ary artery induration, Ayerza's disease, cor pulmonale syndrome, deform- 

ities of the spine, carbonmonoxide poisoning, hyperthyroidism, certain spleen 

diseases and loss of blood plasm with subsequent rise in concentration 

of blood corpuscles. 
In the past few years, considerable attention has been given to the ap- 

pearance of erythrocytosis in persons, not subjected to the action of the 

factors mentioned above. Such cases do not conform to the pattern of 

typical polycythaemia. Among other differences, splenomegalia is absent 

in such cases. These patients are often emotionally unstable, they fre- 

quently show a tendency to hypertension, coronary disease und hypera- 

cidity of the gastric juice. The Russian school of physiopathologists has 

drawn attention to the róle of the central nervous system in the regulation 

of the functions of the internal organs. The participation of the central nervous 

system in the pathogenesis of erythrocytosis should be borne in mind. 

The influence of the neuro-humoral regulation is generally known and 

in these conditions it may be easily detected by clinical observation. 

ERYTHRAEMIA — POLYCYTHA! EMIA VERA 

Among similar syndromes erythraemia (połycythaemia rubra vera 

idiopathica, Vaquez's disease, Vaquez-Osler's disease) or latent, chronic 

erythromyelosis should be singled out. 

In this disease the hyperplasia is not confined to the erythrocytic s 

tem, but also takes place in the megakaryocytic and granulocytic series 

(panmyelohyperplasia). 
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The increase in the red-cell count, up to as much as 10—14 millions 

per cu.mm. is the outstanding haematological feature. The degree of increase 

in concentration of blood corpuscles may be estimated by the haematocrit 

index, or by the determination of blood viscosity. Cases in which the 

haematocrit index reached a value of 92, have been reported. Lower val- 

ues ranging from 65 to 75 are, however, more frequently encountered. 

The mean corpuscular volume is usually normal or slightly decreased. 

The haemoglobin level is usually high (120—170%) but is not always 

in proportion to the increase in the red-cell count. Therefore, the colour 

index may be less than 1.0. In blood smears, slight anisocytosis excepted, 

the red cells retain their normal appcarance. In some instances, micro- 

cytosis may develop. In cases in which the colour index is low, erythro- 

cytes are hypochromic. Sometimes, a few polychromatic cells or stipp- 

led erythrocytes may be detected. Erythroblasts are even less frequently 

encountered. The reticulocyte count may be increased but rarely ex- 

ceeds 20°%/g. 
The increased activity of the bone marrow is expressed by leukocytosis 

with a shift to the left, as well as by thrombocytosis. An important diagnostic 
indication is the increase in the number of basophilic and eosinophilic 

granulocytes. 

The bone marrow is cellular and, according to the majority of invest- 

igators, shows signs of hyperplasia in the red-cell series, as well as in the 

granulopoietic and megakaryocytic systems. The reaction of the mega- 

karyocytic system — an increase in megakaryocytes — should be regarded 

as significant. 

The absence of this symptom, however, does not invalidate the di- 

agnosis. 

Numerous polychromatic and orthochromatic erythroblasts (normo- 

blasts) are encountered in bonc-marrow smears. Less mature forms are 

also found, entirely normal in appearance and showing no signs of ma- 

turation trouble or degeneration. 

A shift to the left in the granulocytic series with increased numbers 

of promyclocytes and myelocytes is often present. 
Plate 32 illustrates the bone marrow from a case of erythraemia. The 

numerous polychromatic and orthochromatic erythroblasts should be 

noted. Morcover, numerous granulocytes and one megakaryocyte can 

be scen. 

The following list of symptoms may be helpful in establishing the di- 

agnosis of erythraemi: 

1. A specific colour of the patient's skin and mucous membranes (poly- 

cythaemic rubor); this may be particularly conspicous on the skin of 

the face, and the distal parts of the extremities. 
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2. Haematologic findings: an increase in red cell, granulocyte and 

thrombocyte counts. 

3. Enlargement of the spleen (a symptom present in about 75% of 

patients). 

The Russian authors (Ch. Ch. Vlados, B. P. Shvedsky) distinguish four clinical forms 
of polycythaemia: 

a) an early form without splenomegaly (polycythaemia simplex); 

b) Vaquez's form characterised by splenomegaly; 
c) a form characterised by arterial hypertension, the spleen not being enlarged (Gais- 

bóck's disease); 

d) a form characterised by both arterial hypertension and enlargement of the spleen. 
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Plate 32. — Polycythaemia vera (bone marrow): 1. Proerythroblast. 2. Basophilic erythro- 
blast. 3. Polychromatic erythroblast. 4. Orthochromatic  erythroblast. 5. Erythroblast in 
mitosis. 6. Myeloblast. 7. Neutrophilic myelocyte. 7a. — eosinophilic myelocyte. 8. Neutro- 

philic metamyelocyte. 9. Polymorphonuclear neutrophil. 70. Granulocyte in mitosis. 17. Me- 
gakaryocyte. 

Note: the marked cellularity of the bone marrow and the presence of three mitoses. 
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Plate 32. — Polycythaemia vera (bone marrow).
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4. Increase in basal metabolic rate (inconstant) and an increase in uric- 

acid level in the blood. 

5. Decrease in serum-iron level. 

6. Marked delay in sedimentation rate of the red cells. 

7. Cardio-vascular disturbances. 

8. Neurologic signs. 

9. Changes in the eyegrounds. 

10. An increase of total blood volume (this symptom is not specific 

for polycythaemia vera, it is encountered also in erythrocytosis). 

In secondary forms of polycythaemia (viz. in polycythaemia of known 

aetiology — erythrocytosis) the symptoms of increased blood-forming 

activity are limited to the erythrocytic series and do not, as in the primary 

form (polycythaemia vera) comprise all three main mycloid-cell series. 

In secondary forms, there may cven be no evidence of stimulation of 

erythropoiesis to any great extent. 

Secondary forms may be differentiated from primary polycythaemia 

by means of oxygen-saturation determinations of arterial blood. In poly- 

cythaemia vera (Vaquez's disease), the oxygen saturation of arterial blood 

is normal, in secondary forms it is distinctly decreased. 

ACUTE ERYTHROMYELOSIS IN NEOPLASTIC FORM 

Proerythroblastoma 

In the literature of the last twenty years numerous clinical observations 

on abnormal hyperplasia of the blood-forming tissues have been re- 
ported. It is now accepted that, in addition to the commonly encountered 

and generally known mycloses and lymphadenoses, there exist many 

other varieties of pathological proliferation of the cells of the blood -form- 

ing tissues — many varieties of so-called leukaemia. 

Di Guglielmo was the first to report the occurrence of acute uncontrol- 

led proliferation of the erythrocytic series — a disease which he termed 
erythraemia acuta (acute erythromyclosis). A chronic variety of erythro- 

myelosis with a course similar to that of chronic leukaemia has been since 

described. Both the acute and chronic varieties are always fatal. The 

disease is characterised by anaemia and atypical erythroblastic prolif- 

cration with metaplasia in the liver and spleen, which leads to the enlarge- 
ment of these organs. There may be present in the peripheral blood from 

5 to 122 erythroblasts per hundred leukocytes. More mature erythroblasts 

preponderate in the chronic variety, and in the acute type — immature 

forms.
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Erythroblasts and their stem-cells may, like myeloblasts in the course 

of acute myelosis, reveal a wide range of abnormalities in the course 

of acute di Guglielmo's disease. Di Guglielmo considers these changes 

as a sign of deep dysplastic processes taking place in the erythropoietic 

tissue (paraerythroblasts). In none of the cases described by di Guglielmo 

and other authors were the deviations from normal morphology so marked 

as to make the recognition of erythroblasts as such impossible. Such pro- 

found changes are, however, encountered in cases in which the erythro- 

poietic tissue undergoes profound degenerative changes, resembling 

neoplastic tranformation. 

One of the present authors (together with N. Włodarski and J. Gewont) 

observed a 52-years old female with orthochromatic anaemia, refractory to 

liver therapy, granulocytopenia, thrombocytopenia and achlorhydria. 

The spleen was not palpable. 

About 50% of the nucleated bone-marrow elements consisted of aty- 

pical cells, extremely varied in appearance. The outstanding features of 

these cells were: vacuolation of both nucleus and cytoplasm and a shift 

in the ratio of nucleus to cytoplasm in favour of the cytoplasm. Such featu- 

res are generally known to be characteristic of neoplastic cells. A detailed 

examination of bone-marrow smears revealed a decrease in granulo- 

cytes and absence of megakaryocytes. Signs of erythroblastic prolifera- 

tion were present. Some of the erythroblasts showed vacuoles in the cyto- 

płasm or in the nucleus. A few typical proerythroblasts with vacuoles in 

the cytoplasm were encountered together with vacuolated polychromatic 

or orthochromatic erythrocytes. Degenerative changes were found also 

in erythroblasts in mitosis (plate 33). 

The findings described above were taken to be evidence of a genetical 

relationship between the profoundly changed, abnormal cells and degen- 

erated erythroblasts, as also of pathological transformation of the erythro- 

poietic tissue. Taking the myelogram into account, it was assumed that the 

atypical cells correspond to pathologically changed proerythroblasts. 

These facts suggest the presence of an anarchic, uncontrolled proli- 

feration concerning in particular the erythropoietic tissue, accompanied 

by dysplastic changes, abnormal mitoses and arrested maturation. Such 

a phenomenon affecting a single-cell type is characteristic of neoplas 

growth. 

By contrast with acute di Guglielmo's disease, there were, in the case 

described above, only a few erythroblasts present in the peripheral blood. 

Moreover, no signs of erythroblastic metaplasia were found in the spleen, 
liver and lymph nodes. 

The morphological features of atypical cells, symptoms of widespread 

osteolytic process conform, together with the rapid and fatal course of 
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the disease, suggested the diagnosis of a neoplastic proliferation of the 

erythropoietic tissue  (proerythroblastoma). During the terminal phase 

of the disease the presence of atypical procrythroblasts has been also 

demonstrated in peripheral blood smears. 
A similar phenomenon of release of tumour cells into the peripheral 

blood stream is known to occur in the course of chloroma, plasmocytoma 

or lymphosarcoma. 
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Plate 33. — Proerythroblastoma (bone marrow): /.Atypical vacuolated cell. 2. Atypical 
cell in mitosis. 3. Atypical proerythroblast. 4.Vacuolated basophilic erythroblast. 5. Aty- 
pical basophilic erythroblast. 6. Basket-cell (nuclear remnant). 7. Atypical — orthochro- 
matic erythroblast with a blurred, indistinct nucleus, marked vacuolation and indistinct cyto- 

plasm. 8. Vacuolated basophilic erythrocytes.
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Plate 33. — Proerythroblastoma (bone marrow). 
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CHAPTER TI 

THE GRANULOCYTIC SYSTEM 

THE DEVELOPMENTAL CYCLE OF GRANULOCYTES 

The stem-cell of the granulocytic series is usually called myeloblast 
(granulocytoblast). It is a cell from 12 to 20 u in diameter, with 
a large, oval or round nucleus. By comparison with proerythroblasts, 
the nuclear structure is much more finer. The nucleus contains from 2 to 
6 sky-blue vesicular nucleoli (Plate 34). 

In some instances, the outline of the nucleus is irregular and may be 
indented. The myeloblasts differ in this respect from proerythroblasts, 
in which the nuclci are usually round or oval. The agranular cytoplasm 
stains light blue or greyish-blue. A narrow border, darker in shade, may 
usually be found on the periphery of the cell. The cytoplasm of the stem- 
cells of the red-cell series stains more deeply. More important, however, 
in the recognition of myeloblasts, is the absence of granules in the cyto- 
plasm. Nevertheless, in the course of acute myelosis, the myeloblasts 
may reveal the presence of cytoplasmatic inclusions — short, azurophi- 
lic rods called Auer's bodies. 

Peroxidase or oxidase reactions are in myeloblasts usually negative. 
In more mature forms, however, a positive result may be obtained. The 
presence of peroxidase-positive granules in myeloblasts is inconstant 
and, in fact, rarely encountered. On the other hand, small sudanophilic 
granula, as well as a faint, diffuse sudanophilia may often be demonstrated 
in the cytoplasm of myeloblast by the use of Sudan black B. The few myelo- 
blasts present in normal bone-marrow smears amount usually to from 
1—29, of all nucleated elements. 
The morphologic features of myeloblasts may, in pathologic condi- 

tions, reveal marked changes. Atypical small mycloblasts (micromyelo- 
blasts) —cells misleading by similarity to lymphocytes — or, large 
myeloblasts with abnormal, lobulated nuclei may appear in bone marrow 
and peripheral blood smears. 
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The next, subsequent, developmental stage of granulocytes is the 

promyelocyte (progranulocyte, myelocyte A). 

Promyelocytes are cells larger than their precursors — the myeloblasts. 

Dimensions may, however, vary within wide limits. The chromatin forms 

a reticular, fine structure and is evenly distributed throughout the nucleus. 

From one to four nucleoli may, in some instances, be seen. The cytoplasm 

is abundant and gradually becomes acidophilic. “Young” promyelocytes 

are basophilic — in later stages the cytoplasm acquires a pink hue. The 
presence of a large azurophilic granulation in the cytoplasm is the most 

striking feature of the promyelocyte and gives it its specific appearance. 

Є) © 
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Plate 34. — The developmental cycle of granulocytes: 1. Myeloblasts. 2. Promyelocytes. 

Note: nucleoli in all myeloblasts and in one of the promyelocytes; the characteristic 
coarse azurophilic granulation of promyelocytes. 
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Plate 34.— The developmental cycle of granulocytes.
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As maturation progresses, the nuclear chromatin becomes more coarse. 
The shape of the nucleus remains round or oval. In other instances, how- 

ever, the nucleus may be kidney-shaped or sausage-shaped and is excen- 

trically located. At this stage, the nucleoli usually disappear. In this phase 

of development the cell is termed myclocyte. The cytoplasm undergoes 

striking changes, the cytoplasm granulation becomes differentiated. The 

azurophilic granules disappear and are replaced by one of the three va- 
rieties of “specific granules” neutrophilic, eosinophilic or basophilic. 

The kind of granules present — neutrophilic, eosinophilic, basophilic 

enable the respective myelocytes to be identified. 

Intermediate stages are often encountered between the promyelocyte 

and myelocyte. Cells, containing azurophilic granulations and at the same 

1 J. Aleksandrowicz claims that eosinophilic granulocytes originate directly from mesen- 
chymic cells, and do not pass through the stage of common granulocyte stem-cells. In ac- 

cordance with this view this author terms eosinophilic granulocytes — mesenchymocytes. 

909 
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Plate 35. — The developmental cycle of neutrophilic granulocytes: 7. Myelocyte. 2. An 
intermediate form between a myelocyte and a metamyelocyte. 3. Metamyelocyte. 4. Staff cell. 
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Plate 35. — The developmental cycle of neutrophilic granulocytes.
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time one of the “specific” granulations (neutrophilic, eosinophilic or baso- 

philic), may be found in the bone marrow. Only cells with distinctly dif- 

ferentiated granules should be considered as mature myelocyies. 

The next developmental stage, the metamyelocyte (“juvenile form”) 

has a markedly different nucleus. Nuclear chromatin is coarse, although 

it retains certain features of immaturity. The nucleus resembles a thick, 

curved rod (horse shoe or kidney-shaped). The granulation is definitely 

neutrophilic, basophilic or eosinophilic. 

The nucleus acquires a more slender shape, its chromatin clumps to- 

gether, giving it a pycnotic appearance. Such cells are termed statf cells 

© 6 
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Plate 36. — The developmental cycle of neutrophilic granulocytes. Mature forms: 1. Poly- 
morphonuclear ("segmented neutrophil”). 2. Granulocyte with a hypersegmented (multi- 

segmented) nucleus. Such cells are, when large, termed macropolycytes. 
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Plate 36.— The developmental cycle of neutrophilic granulocytes. 
Mature forms.
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(band-forms or stabs) and are encountered commonly in normal peripheral 

blood smears. 
In fully mature granulocytes, the nucleus becomes lobulated. The lobes 

are joined by chromatin strands. As long as these strands are thick the 

granulocyte is called a staff cell. With progressing indentation, the strands 

become thin, thread-like. Such cells are termed polymorphonuclear granu- 

locytes (segmented granulocytes). There are usually from 2 to 4 nuclear 

lobes. Granulocytes with bilobed nuclei and granulocytes with three nuclear 

lobes are the most frequently encountered in the peripheral blood (35%, 

and 41% respectively). Granulocytes with four lobed nuclei are less nu- 

merous (17%). Granulocytes called macropolycytes or multisegmented 

granulocytes (Plate 36), with nuclei possessing 5 or more lobes, may also 

be present (1 to 1.9%). 

The number of nuclear lobes should be taken into account in differential 

counting. The term “shift to the left” in granulocytes describes the condi- 

tion in which there is an increase in staff cells exceeding 5%. The expres- 

sion “shift to the right” implies in granulocytes, that there is an increase 

in multisegmented granulocytes. Most laboratories, however, attach, 

insufficient importance to the occurrence of this phenomenon. Neverthe- 

less, the presence of the “shift to the right” in granulocytes may be helpful 

in recognition of certain haematologic syndromes. 

The functions and biological properties of the neutrophilic granulocytes 

comprise: amoeboid movement, phagocytosis, and the production of 

proteolytic, lipolytic, as well as glycolytic enzymes. Moreover, the presence 

of oxidases (concerned in the oxygen transfer) and of peroxidases (con- 

cerned in the liberation of oxygen from peroxides and the transfer of 

oxygen to readily oxygenated substances such as benzidine) may be demon- 

strated in the cytoplasm of neutrophilic and eosinophilic granulocytes, 

as well as, in some instances, in basophilic granulocytes. On the basis 

of these properties, cytochemical tests for the differentiation between 

granulocytes and other leukocytes, were elaborated. In general, granulo- 

cytes are oxidase-positive, as well as peroxidase-positive. It would seem 

that the positive reaction is due to the presence of specific granulation. 

ACIDOPHILIC GRANULOCYTES (EOSINOPHILIC GRANULOCYTES, 
EOSINOPHILS) 

The presence of eosinophilic granules may, in some instances, be 

demonstrated even in the promyelocyte. Such a cell may be seen on 

Plate 37. It has a distinctly basophilic cytoplasm containing numerous 

azurophilic and several eosinophilic granules.
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\s differentiation proceeds, the coarse eosinophilic granules become 

more numerous. The nucleus is oval, round or kidney-shaped and, usually, 

excentric (eosinophilic myelocyte). Some greyish-blue or dark blue granu- 

les are also present in the cytoplasm. Eosinophilic myelocytes, with a pre- 

ponderance of such granules and only a few eosinophilic granules, may 

be encountered. The dark basophilic granules of eosinophils should be 

not confused with the specific basophilic granulation. The latter, by con- 

trast with the former, stain metachromatically with toluidine blue in alco- 

holic solutions. 
Gradually, the dark granulation is replaced by the specific eosinophilic 

granules. In some instances, however, the dark granules remain for a long 

time in the cytoplasm of more mature cells. The maturation cycle is similar 

to that found in neutrophilic granulocytes. Eosinophilic metamyelocytes, 

eosinophilic staff cells and segmented cosinophils can be distinguished. 

Multisegmented eosinophils (eosinophilic macropolycytes) are only ra- 

rely encountered. Eosinophils with a bilobed nucleus are the most fre- 

quent in their occurrence. The shape of the nucleus institutes the most 

characteristic feature of the cell. Its lobes are symmetrical, oval or pear- 

shaped and connected by a thin, thread-like chromatin bridge. 

The chromatin is less abundant in the nuclei of mature eosinophilic 

granulocytes and of finer texture than in neutrophilic granulocytes. The 

granules usually completely fill the cytoplasm, which is, in consequence, 

invisible. The granules are coarse and strongly refractile. They may be 

compared to grains of caviare. In colour, they are pink or brownish-red 

(in Wright's stain, bright yellow). 

The peroxidase and oxidase reactions give positive results. In Sudan 

black B preparations some granules are uniformly stained or possess 

a sudanophilic lipidal outer lager around an inner sudanophobic core. 

There are complex proteids in eosinophilic granules along with iron and 

phosphorus. It has been also shown that eosinophils contain histamine. 

It is generally held that eosinophils are concerned in disintegration and 

removal of body proteins, as well as in detoxication of foreign proteins. 

In normal conditions, the number of eosinophils amounts from 2 to 4%. 

Eosinophilic reactions (increase in eosinophils) are frequently observed 

in allergic or anaphylactoid states. 

Plate 37 illustrates the different developmental stages of eosinophils. 

Plate 39 illustrates eosinophilia in a bone-marrow smear. Numerous 

eosinophils at different developmental stages may be seen. The plasmo- 

cytic reaction, accompanying certain eosinophilic syndromes (Tempka), 

should be noted. 
In cases of eosinophilia in the peripheral blood, several possibilities 

should be considered. Eosinophilia may appear as a result of an allergic 
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reaction. This may be attributed to an increased sensibility to foreign pro- 

teins or other antigens, as well as to decomposition products of body 

proteins. Among the syndromes accompanied by eosinophilia, the foll- 

owing are the most important from clinical point of view: 

1. Allergic disorders, such as bronchial asthma, hay-fever, urticaria, 

angioneurotic oedema. 
2. Parasitic infestation, in particular trichinosis and echinococcus 

disease; in intestinal infestation (for example oxyuriasis) eosinophilia 
is less constant. 
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Plate 37. — The developmental cycle of eosinophilic granulocytes: 
cyte. 2. Eosinophilic myelocyte. 3. Eosinophilic metamyelocyte. 4. Eosinophilic staff cell. 
5. Mature eosinophil with a typical bilobed nucleus. 6. Eosinophil with a hypersegmented 

nucleus. 7. A desintegrating eosinophil. 
Note: among the specific eosinophilic granulation the dark granules present in the cyto- 

plasm of several cells. Slight differences in the technique of staining may cause the cosi- 
nophilic granules to vary in colour— from darkish pink to yellowish-brown. 
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Plate 37.— The developmental cycle of eosinophilic granulocytes.
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3. Certain skin diseases connected with infection or skincirritation 

(pemphigus, dermatitis herpetiformis, scabies, eczema, prurigo). 

4. Certain acute infectious diseases (scarlet-fever, rheumatoid diseases); 

moreover, during the initial period of gonorrhoea, local eosinophilia may 

be found in the pus. 

5. Loeffler's syndrome and tropical eosinophilia. 

6. Certain diseases of the haematopoietic system. Chronic eosinophilic 

myelosis, polycythaemia, Addison-Biermer's disease, Hodgkin's disease! 

(malignant lymphogranuloma) — inconstant symptom. 

1 In some instances, a marked eosinophilia may be the only symptom of Hodgkin's discase. 
In a case of Hodgkin's lymphogranuloma, observed by one of the authors, eosinophilia prece- 
ded other symptoms and lymph-node enlargement by many months. 
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Plate 38. — Eosinophilia in peripheral blood: /. Mature eosinophils. 7a. — damaged eosino- 
phil. 2. Neutrophilic granulocyte. 3. Lymphocyte.
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Plate 38. — Eosinophilia in peripheral blood. 
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7. After splenectomy. 

8. Eosinophilia may be the initial symptom of irradiation injury (by 
X-rays or radium) to the haematopoietic system. 

9. Marked eosinophilia of obscure origin in the peripheral blood or the 
bone marrow may considerably precede the development of a chronic 
neutrophilic myelosis (myelogeneous leukaemia). 

10. Constitutional and familial eosinophilia. 
11. Syndrome of persistent eosinophilia, splenomegaly and hyper- 

leukocytosis. 

Plate 39. — Bone-marrow eosinophilia: /. Eosinophilic myelocyte. 2. Eosinophilic meta- 
myelocyte. 3. Mature cosinophils. 4. Eosinophil in mitosis. 5. Neutrophilic metamyclo- 

cyte. 6. Mature neutrophils. 7. Polychromatic erythroblast. 8. Plasmocyte.
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Plate 39.— Bone-marrow eosinophilia. 

8 Atlas of Haematology 
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12. After the administration of certain drugs (liver extracts, barbitura- 

tes — in particular nirvanol — digitalis, strophanthine, salicylates, arsene, 

camphor, mercury salts, phosphorus, pilocarpine, streptomycin and other 

antibiotics). 

13. Orach poisoning. 

14. Neoplastic diseases (inconstant symptom). 

15. Periarteriitis nodosa. 

16. Ulcerative colitis. 

Eosinophilia in the peripheral blood is usually accompanied by cosino- 

philia in the bone marrow. Nevertheless, marked eosinophilia in the bone 

marrow may occur without an increase of eosinophils in the peripheral 

blood. The occurrence of local tissular eosinophilia is generally known. 

Such eosinophilia may be present in a wide variety of disorders. Local 

eosinophilia in tuberculous pleural effusions, in eosinophilic granuloma 

and in granulomatous lymph nodes should be noted. 

The above examples demonstrate, that the absence of eosinophilia in 

the peripheral blood does not rule out the presence of an allergic reaction. 

BASOPHILIC GRANULOCYTES (BASOPHILS) 

The basophilic granulocytes are the least studied among blood elements, 

and their réle, in consequence, is not definitely known. In normal 

conditions, the percentage of such granulocytes in peripheral blood smears 

amounts to approximately 0.5%. Most investigators have classified them 

as myelocytes and mature forms. Nevertheless basophi- 

lic cells with kidney-shaped nuclei, similar to the nucleus of metamyelo- 

cytes, may be found in smears. The nucleus of basophils contains less 

chromatin than the nuclei of other granulocytes, and therefore stains less 

intensively. Furthermore, the nuclei of basophils are of loose structure. 

The cytoplasm is faintly acidophilic; it contains a variable amount of coarse 

dark violet or almost black granules of different sizes. These granules are 

similar to blots of China ink. They dissolve readily in water, and may be 

dissolved during staining, leaving empty spaces in the cytoplasm. Such 

‘vacuoles’, irregular, ‘‘bizarre” nuclear outlines, and the leptochromatic 

character of the nucleus, facilitate the recognition of basophils. Poor 

visibility of the nucleus, on the other hand, often makes it impossible to 

establish the developmental stage reached by the cell. It stains lightly 

and its outlines may be obscured by superimposed granulation, which 

often fills the whole cell. Additional difficulties arise out of the irregula- 

rity of nuclear shape. It may be inferred that basophils exhibit individual 

maturation phenomena, which cannot be classified in a manner similar 

to those observed in neutro-or eosinophils. In some instances, basophils
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Plate 40. — Basophilic granulocytes (May-Griinwald-Giemsa stain). 
Note: the “empty”, round spaces in the cytoplasm, corresponding to dissolved 

granulations. 
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with kidney-shaped or round nuclei may be encountered in peripheral 

blood smears, whilst eosinophils and neutrophils do not demonstrate 
any signs of immaturity. Such basophilic granulocytes should, on purely 

morphological grounds, be classified as myelo- or metamyelocytes. It 

is, however, difficult to explain in these cases the presence of immature 

granulocytes in peripheral blood, limited to the basophilic variety only. 

The shape of nuclei of basophils may be readily observed in peroxi- 

dase preparations. The basophilic granules are peroxidase-negative (Plate 

41). Only in rare instances are solitary, minute peroxidase-positive granules 

present in basophils. The nuclear shape becomes ‘“unmasked” and is 

clearly visible. Some nuclei resemble those seen in myelocytes or meta- 

myelocytes. Other ones are irregularly lobulated, in a manner differing mar- 

kedly from the characteristic segmentation of the nuclei of neutrophilic or 

eosinophilic granulocytes. 

Plate 41. — Basophilic granulocytes. Peroxidase reaction (Graham). 1. Peroxidase-negative 
basophils. 2. Basophil containing a few peroxidase-positive granules. 3. Neutrophils 

(distinctly peroxidase-positive granulation).
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Plate 41. — Basophilic granulocytes. Peroxidase reaction (Graham). 
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The basophilic granulation is, when stained by alcoholic solutions of 

toluidine blue or thionine blue, metachromatic. These blue stains impart 

a pinkish-violet colour to the basophilic granulation (phenomenon of 

metachromasia). The remaining leukocytic varieties of granulation are 

not metachromatic (Plate 42). 

In intravital preparations basophils are motile. Their granulation, when 

stained by neutral red, is reddish-brown (chestnut). 

Basophilic granulocytes should not be identified with basocytes (tissue 

basophils, mast-cells) commonly encountered in the neighbourhood of 

capillaries, in lymph nodes and in proper connective tissue. The morpho- 

logy of both these cells is similar although there are differences. Mast- 

cells are larger, granulation is uniform; the nucleus is smaller, round 

Plate 42. — Basophils (toluidine blue stain): /. Basophilic granulocytes — the specific gra- 
nulation stains metachromatically. 2. Neutrophilic granulocytes — the specific granulation 

cannot be discerned.
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Plate 42.— Basophils (toluidine blue stain).
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and excentric. Mast-cells are present also in the intestine walls and in 

chronic inflammatory foci. An increase in mast-cells is not paralleled by 

an increase in basophilic granulocytes. 

The role of mast-cells is not definitely known. Homlgren, Jorpes and 

Wilander have expressed the opinion that these cells may be concerned 

in the production and storage of heparin. This assumption is based on 

the fact that metachromatic properties are common to both heparin and 

basophilic granulation. It should be noted, however, that the phenomenon 

of metachromasia is not specific for heparin, and may be demonstrated 

in various cells and tissues. 

An increase in basophilic granulocytes may be helpful in recognition 

of certain haematopoietic disorders. The highest percentage of basophils 

so far reported was 839, observed during the terminal phase in a case 

of chronic myeloid leukaemia (Joachim). 

An increase of basophils is frequently encountered in the course of 

this disease. The highest percentage observed by the present authors 

was 19% in peripheral blood. This symptom may be helpful in differentia- 

tion between leukaemia and a myeloid reaction with a high leukocytosis. 

Furthermore, an increase in basophils may be observed in the course 

of polycythaemia, Hodgkin's disease, chronic haemolytic syndrome foll- 

owing splenectomy, X-ray irradiation injury, after administration of foreign 

proteins, idiopathic thrombocytopenia, chronic sinusitis, smallpox and 
chickenpox. 

Several cases of basophilic leukaemia have been reported in literature. 

Such a syndrome was described among others by Polish investigators, 

Tempka and Hanicki. Leukaemia of this type is extremely rare. Up to the 

year 1949, only 12 reports on cases of basophilic leukaemia had been 

published (V. Hule). 

PEROXIDASE REACTIONS 

The technique of peroxidase reactions is less elaborate than in the case 

of oxidase reactions and, therefore, more suited to everyday practice. 

PEROXIDASE REACTION (GRAHAM) 

Reagents: 

. 40% formaldehyde (formalin); 

- 96% aethyl alcohol (or absolute alcohol); 

. 409, aethyl alcohol; 

. 3% hydrogen peroxide solution; 
. Benzidine; 
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Procedure: 

(a) freshly made, air-dried smears are fixed from 0.5 to 1 min. in 

a mixture of 1 volume of formalin with 9 volumes of 969%, alcohol; 

(b) the slide is rinsed in tap water; 

(c) the slide is placed in a Petri dish and the reagent solution is allowed 

to act for from 4 to 5 min.; reagent solution — a few benzidine crystals 

are dissolved in 10 ml. of 40 % alcohol and 0.02 ml. of 3 % hydrogen peroxide 

is added. The Petri dish should be gently tilted in all directions; 

(d) the slide is rinsed in tap water; 

(e) the blood film is counterstained by Giemsa solution. 

Results: the granulation of neutrophilic and eosinophilic granulocytes 

(beginning from the stage of promyelocyte) is positive viz. brownish- 

gold or yellow-green. Myeloblasts, lymphoblasts, lymphocytes, mega- 

karyocytes, plasmocytes, erythroblasts and platelets are negative. 

Monocytes are usually faintly positive, negative results in their cyto- 

plasm are, however, often obtained. Immature monocytes are negative. 

Plate 43 illustrates the peroxidase reaction in a bone-marrow smear. 

PEROXIDASE REACTION (SATO) 

Reagents: 

1. 0.5% aqueous solution of copper sulphate; 

2. Benzidine я ; + ; 5 ; й 0.2 Ст.; 

39, hydrogen peroxide . y 2 : . 4 drops; 

distilled water є ; Я ; - 200.0 си.тт.; 
3. 19, aqueous solution of safranine. 

Procedure: 

(a) the copper sulphate solution is allowed to act on fresh, air-dried, 

unfixed smears for from 1 to 1.5 min.; 

(b) the reagent is poured off (the smear should not be rinsed!) and the 

blood film is covered with the reagent 2 (benzidine solution) for 2 min.; 

(c) the smears are thoroughly rinsed in tap water; 

(d) counterstain with safranine (approximately 2 min.). 

Results: the peroxidase-positive granulation is dark blue. Plate 44 

illustrates the peroxidase reaction in a bone-marrow smear prepared by 
the Sato method. 

SUDAN BLACK B STAIN (PROCEDURE OF CZERSKI) 

Reagents: 

1. Absolute methyl alcohol; 

2. Saturated solution of Sudan black B in 70% aethyl alcohol; 

3. 1% aqueous solution of methyl green;
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Procedure : 

(a) an old smear (stored for 2-3 weeks) or a smear stored for from 

24 to 48 hrs. in a refrigeator (from + 4 to + 6°C) is fixed by methyl alco- 

hol during 3 min; 

(b) staining with Sudan black B solution during 20 (or even up to 40) min. 

(c) rinsing with 70% aethyl alcohol; 
(d) nuclear counterstain with methyl green; 

The results and their interpretation see text (chapters on leukaemia). 
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Plate 43. — Peroxidase reaction in the bone marrow (Graham's method): 7. Neutrophilic 

granulocytes containing peroxidase-positive granules in the cytoplasm; Ja. — myelocyte; 

1b. — staff cell; Ic. — polymorphonuclear. 2. Eosinophilic granulocyte with a segmented 
nucleus — the specific granulation is distinctly peroxidase-positive. 3. Myeloblast — these 

cells are peroxidase-negative. | 4. Proerythroblast. — 5. Polychromatic erythroblast. The 
cells of the red-cell series are peroxidase-negative.



PEROXIDASE REACTIONS 123 

Plate 43. — Peroxidase reaction in bone marrow (Graham's method).
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SHIFT TO THE LEFT IN GRANULOCYTES 

Various factors may cause the release of immature granulocytes into 

the peripheral blood. 

Among the most frequent causes of a shift to the left are: 

I. Acute infections, especially those caused by Staphylococci, Strep- 

tococci, Pneumococci, Corynebacterium diphtheriae, Diplococci of epide- 

mic encephalitis, Bacterium coli; among other discases, smallpox and 

typhus fever should be mentioned; certain chronic infections, such as 

pulmonary tuberculosis. 

2. Noxious action of certain endo- or exogeneous toxins; 

3. Severe haemorrhages; 

4. Surgical intervention, particularly abdominal operations; 

5. Neoplastic disease, particularly accompanied by necrosis and marked 

malignant proliferation; 

Plate 44. — Peroxidase reaction after Sato (bone marrow). The peroxidase-positive granules 
are deep blue: 7. Granulocytes — peroxidase-positive. 2. Erythroblasts — peroxidase-nega- 

tive. 3. А peroxidase-negative stem-cell (precise recognition of this cell is difficult).
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Plate 44.— Peroxidase rea 
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6. Myocardial or pulmonary infarction; 
7. Chronic myelogencous leukaemia; 

8. Polycythacmia; 
9. Strenuous physical exertion; labour in obstetric patients; prolonged 

vomiting; paroxysmal tachycardia; convulsive seizure: 

10. In the newborn as a physiological phenomenon. 

Neutrophilic leukocytosis is usually accompanied by a shift to the left. 

In the course of certain acute infections, the percentage of staff cells may 

exceed 50%. In addition to staff cells, metamyelocytes or even less mature 

Plate 45. — Shift to the left in peripheral blood: 1. Neutrophilic metamyelocyte (“juvenile” 
neutrophil). 2. Neutrophilic staff cells. 3. Polymorphonuclear neutrophil. 

The transition from a metamyelocyte to a staff cell is gradual. The classification of an in- 
termediate cell as one of the stages mentioned is subjective and liable to vary with individual 
haematologists. The nucleus of typical metamyelocytes is usually thicker and more fine in 

structure. The appraisal of such subtle differences is possible only in perfectly executed smears. 
cf Plate 46 — Pelger-Hućt's anomaly — an apparent shift to the left.
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Plate 45. — Shift to the left in peripheral blood.
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forms may be encountered. The "shift to the left in granulocytes” is of 
importance in pulmonary tuberculosis. The appearance of this symptom 
may indicate that the morbid process is becoming activated and shows 
a spreading tendency. Such a conclusion may, of course, be drawn only 
on the basis of serial blood examinations and clinical observation. 

Plate 45 illustrates the shift to the left in granulocytes in a peripheral 
blood smear. 

In addition to staff cells, one metamyelocyte, characterised by a markedly 
less mature nucleus, can be seen. 

SHIFT TO THE RIGHT IN GRANULOCYTES 

The occurrence of numerous granulocytes with hypersegmented nuclei 
was reported by Undritz as a familial anomaly. The shift to the right 
in granulocytes is of diagnostic importance in Addison-Biermer's disease. 
This symptom often persists for long periods in the course of pernicious 
anaemia, despite treatment. Furthermore, this symptom may be present 
in other “acastloses”, nontropical sprue with megaloblastic erythropoiesis, 
diseases of the liver, chronic sepsis (a rare symptom), chronic hypochromic 
anaemia, and in some instances in X-ray or radium injury. Recently, Ki- 
dery has stressed the occurrence of a shift to the right in granulocytes 
in patients with carcinoma of the stomach, and following splenectomy. 
After the removal of the spleen, this phenomenon is transitory. 

It is held that the shift to the right institutes a sign of hypoplastic granulo- 
poiesis. Multisegmented granulocytes develop, according to this view, 
directly from promyelocytes or so-called giant" metamyelocytes. Further- 
more, it is claimed that the shift to the right in peripheral blood is accom- 
panied by a shift to the left in the bone marrow. There arises the question: 
can it be assumed that there exists a rigid relationship between the shape 
of the nuclei of mature granulocytes (band-form, segmented or multiseg- 
mented) and the degree of the granulopoietic activity of the bone marrow 
(hypo- or hyperplastic)? Or, on the other hand, is the deciding factor the 
developmental stage, at which segmentation of the nucleus begins? The 
question remains, as yet, unanswered and constitutes a moot point. 

A number of authors claim that the degree of nuclear segmentation 
is dependent on the age of the granulocytes. The observations of Czerski, 
Ławkowicz and Porembińska indicate, however, that the ageing of granulo- 
cytes is accompanied by other morphological signs. These consist in a mar- 
ked pycnosis of the nucleus and a tendency of nuclear lobes to clump 
together. Thus the nucleus assumes a round or oval shape and only careful 
examination by phase-contrast microscopy, or of preparations stained by 
specific nuclear stains, reveals the presence of lobes in the nuclei. 
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Plate 46. — Shift to the right in granulocytes. 

9 Atlas of Haematology
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Moreover, Porembińska observed a specific, isolated response of multiseg- 

mented granulocytes to vit. В,» treatment in cases of Addison-Biermer's 

disease. This phenomenon consists in an increase, even up to 600%, 

of the initial count of multisegmented granulocytes after the admini- 

stration of vit. By». This may be taken to indicate that multisegmented granu- 

locytes represent a separate strain of these cells. 

PELGER-HUET'S ANOMALY OF THE GRANULOCYTES 

This occurs rarely and is considered as a familial transmitted anomaly. 

The peripheral blood changes consist in the appearance of numerous 

neutrophilic staff cells, metamyelocytes or even myelocytes. Segmented 

Plate 47. — Pelger-Huét's anomaly of granulocytes: 7. Neutrophils. 2.Lymphocyte. 3. Monocyte. 
Pelger's anomaly may be differentiated from a shift to the left on the basis of nuclear struc- 

ture of granulocytes (cf Plate 45).
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Plate 47. — Pelger-Huét's anomaly of granulocytes.
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nuclei of granulocytes are usually bilobed, the lobes being joined by thin 

chromatin strands. Analogical deviations are observed in eosinophils. 

A casual examination of the blood picture suggests the presence of a shift 

to the left (a pseudo-regenerative blood picture). This phenomenon is, 

however, caused by a congenital hyposegmentation of granulocytic nuclei, 

and not by a regenerative response of the bone marrow. 

A detailed examination of granulocytes demonstrates the contrast be- 

tween the immature shape of the nucleus and its pycnotic and coarse struc- 

ture. The nuclei, which on the basis of shape should be classified as meta- 

myelocytic, contain abundant chromatin, as seen in mature cells. The 

anomaly may also concern the basophils and sometimes monocytes, 

which demonstrate abnormal nuclei of bizarre shape and coarse chro- 

matin strands. 
The white-cell count is usually normal. This nuclear anomaly is obser- 

ved in otherwise completely normal individuals. Among Polish authors, 

Smigielski, Ławkowicz and Włodarski, Szymkiewicz, as well as Troja- 

nowska and Czajka have reported the occurrence of this anomaly. 

Plate 47 illustrates a peripheral blood smear from a case of Pelger-Hućt's 

nuclear anomaly of the granulocytes. 
The shape of nuclei of two neutrophils corresponds to that of meta- 

myelocytic nuclei. The nuclear structure, however, corresponds to that 

of mature nuclei, and is ever hyperpycnotic. The granulocyte in the 

middle of the drawing has a bilobed nucleus. Neutrophils with more nu- 

clear lobes are rarely encountered in Pelger-Huét’s anomaly. 

Note the abnormal nuclear structure of the lymphocyte. 

QUALITATIVE CHANGES OF THE CYTOPLASM OF GRANULOCYTES 

In most laboratories, the examination of the white-cell picture is limi- 

ted to the differential count, based on Schilling’s classification. Such an 

examination must be regarded as oversimplified and unsatisfactory from 

the haematological point of view. 

The differential count according to Arneth’s classification is also inade- 

quate. Information concerning the number of nuclear lobes is of little 

value, unless supplemented by a description of chromatin distribution 

and of signs of pycnosis or of “immaturity” of the nuclear structure. It 

may happen that a granulocyte with a segmented or even multisegmented 

nucleus is erroneously classified as a mature cell, although close inspection 

of its nuclear structure reveals signs of immaturity. And, on the other 

hand, nuclei of “immature” shape (Pelger's anomaly) may be pycnotic, 

“old” in structure. Such examples demonstrate how unreliable are nume- 

rical data alone. Information pertaining to the morphological features
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of granulocytic nuclei may in rare instances be found among the results 

of peripheral blood examination. Such information is usually overlooked 

although, for example, the presence of hyperpycnotic staff-nuclei, or of 

blurred nuclear structure would point to profound disturbances in the 

white-cell series. 

Great importance should be attributed to qualitative changes in the 

cytoplasm of granulocytes. A number of deviations from normal are mentio- 

ned below. 

PATHOLOGICAL GRANULATION 

(“Toxic granulation, immature granulation, persistent granulation) 

Coarse, dark violet or dark blue granulation may be encountered in the 

cytoplasm of neutrophilic granulocytes during the course of several 

infections, lobar pneumonia, tuberculosis, septicaemia, typhoid fever, 

erysipelas, certain poisonings and, in some instances, during the course 

of carcinoma of the stomach (Netoudek). Such granulation differs con- 

siderably from the minute granulation of normal granulocytes, and is, 

therefore, termed “pathological” or ‘toxic granulation. The latter term 

originated from the opinion that pathological substances produced in 

inflammatory foci are stored in the cytoplasm of granulocytes. It was also 

assumed that certain substances may exert a direct toxic influence on 

granulocytes. These concepts have been abandoned. The view now pre- 

valent (Stodimeister, Klima, Netoużek, Hynek, Leitner, Thaddea) is that 

this granulation appears as the result of disturbances in the maturation 

of cytoplasm at the stage of promyelocyte or myelocyte. The azurophilia 

of this granulation supports the assumption that it represents persistent 

granula of the promyclocyte. It may be inferred that in cells demonstrating 

such granulation there exists a disproportion between the stage of matu- 

rity attained by the nucleus and that of the cytoplasm. The term “immature” 

or “persistent” granulation seems, in view of this opinion to be more ap- 

propriate. 

This granulation is generally readily demonstrated in smears stained 

by the usual method at pH 6 to 7. It is, however, best visualised by stain- 

ing in Mommsen's buffer with Giemsa solution at pH 5.4. 

Persistent granulation of granulocytes may be observed not only in 

the disorders mentioned above but also in several other conditions, such 

as after incompatible blood tranfusion, intensive X-ray irradiation, in neo- 

plastic disease and leukaemias. 

The demonstration of immature granulation is, however, of major clin- 

ical importance in the course of infections. In these diseases (e.g. lobar 

pneumonia) the number of abnormal granulocytes indicates the severity 

of the morbid process. In such cases, serial blood examinations may be
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of assistance in establishing the prognosis. A decrease in granulocytes 
containing immature granulation may be taken as a favourable sign. 

Plate 48 illustrates neutrophils containing immature granulation in a case 
of severe lobar pneumonia. 
Note should be taken of a rare familial anomaly — Alder's anomaly, 

which is characterised by the presence of coarse basophilic granulation 
in the cytoplasm of granulocytes, lymphocytes and monocytes. This gra- 
nulation resembles the immature variety, but stains optimally at pH 5. 
This anomaly was described in healthy individuals. 

DOEHLE'S BODIES 

Basophilic, agranular areas may, in the course of certain infections, 
such as scarlet-fever or lobar pneumonia, be encountered in the cytoplasm 
of neutrophils. These areas are termed Dochle's bodies. Until recently, 
their presence was assumed to be specific for scarlet-fever. It has, how- 
ever, been demonstrated that they may occur in the course of other infectious 
diseases. 

The presence of limited basophilic areas point to disturbances in the 
maturation of cytoplasm. Such disturbances may manifest themselves in 
the persistence of immature granulation or the presence of focal basophi- 
lia in the cytoplasm. 

Plate 49 illustrates the presence of Dochle's bodies in two granulocytes 
(a case of diphtheria). 

May and Hegglin described a rare familial anomaly consisting in the 
presence of focal basophilia in the cytoplasm of granulocytes and mono- 
cytes. This anomaly resembles Dochle's bodies. It has been demonstrated 
in healthy individuals and it is a constant trait. 

VACUOLATION 

In granulocytes not only persistent granulation may be encountered, 
but also vacuolation of the cytoplasm and of the nucleus. The presence 
of vacuoles indicates degenerative changes and may indicate the verity 
of an infection. Vacuolar degeneration may be observed in rapidly pro- 
gressing infections, in septicaemia, in severe diseases of the liver (parti- 
cularly the course of yellow atrophy of the liver), in hepatic cirrhosis, 
in severe mushroom poisoning and in severe burns. 

Opinions concerning the content of vacuoles differ widely. Undritz 
claims that they contain proteins; Netousek maintains that the vacuoles 
originate artificially during the preparation of the smear. According to 
this author, the vacuoles contain substances readily dissolved in water. 
During staining, these substances are ‘washed out” leaving “empty 
space”. It is also possible that the appearance of vacuoles may be caused 
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Plate 48. — Toxic” granules — a coarse pathologic granulation in the 
cytoplasm of granulocytes.
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Plate 49. — Doehle's bodies. 
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Plate 50. — Vacuolation of the cytoplasm of granulocytes.
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by atrophy of the granules. It has been demonstrated by phase microscopy 

that vacuoles occur also in unfixed granulocytes suspended in their own 

plasma. Vacuolation appears in these cells as the first sign of ageing 

(Czerski, Ławkowicz, Porembińska). 

L.E. CELLS 

Hargraves and coll. described the occurrence of white blood cells 

characterised by special morphological features. The nuclei of such cells 

are displaced to the periphery by a homogeneous, structureless, greyish- 

violet inclusion-body almost completely filling the whole of the cytoplasm. 

The positive result of Feulgen's reaction indicates that these cells con- 

tain phagocytised nuclear substance. 

White cells of this variety were observed for the first time in cases of 

disseminated lupus erythematosus and termed therefore “L.E. cells”. 

Many later reports demonstrated that the presence of these cells cannot 

be considered as a specific symptom for lupus erythematosus. They may 

be encountered in several disorders accompanied by dysproteinaemia. 

Among the first to note this lack of specifity were Tempka and Hanicki. 

THE NORMAL BONE MARROW 

There are wide variations in the values of bone marrow differential 

count accepted by various authors as normal. Considerable varia- 

tions may be caused by differences in the technique of obtaining samples 

for bone-marrow examination. The smears may be prepared from the 

liquid portion of the aspirate or from bone-marrow particles (units). The 

latter method is preferable because it minimises the admixture of periphe- 

ral blood to the bone marrow. The absolute counts of bone-marrow elements 

are, on the other hand, more readily performed on liquid material’. 

It should, however, be borne in mind that the absolute count is subject 

to wide fluctuations and cannot be adequately standardised. Therefore, 

absolute counts are by many investigators considered of little or no value 

and such investigators base their conclusions on differential counts and 

qualitative evaluation of bone-marrow smears. The technique of bone 

marrow differential counts also varies greatly. Certain authors establish 

the percentage of individual bone marrow-cells counting 300 or 500 nuclea- 

ted elements. Another group (Rohr) counts the leukocytes (granulocytes 

and lymphocytes) and establishes the percentage of erythroblasts and 

1 The absolute count, together with a differential count, makes it possible to establish the 
absolute number of individual bone-marrow elements per cu.mm.



THE NORMAL BONE MARROW 139 

reticulum cells in relation to white blood cells. This method has its advan- 

tages because it makes possible the comparison of peripheral blood and 

bone marrow differential counts, as well as the evaluation of the rate of 

granulocyte release into the peripheral blood. 

The present authors count 500—1,000 cells, and compute the percentage 

of individual bone-marrow elements. In addition maturation curves should 

be computed separately for the granulocytic and the erythroblastic series. 

The performance of a bone marrow differential count is certainly more 

troublesome than a purely qualitative evaluation, but is yields more a 

curate results. It must be, however, stressed that considerable variations 

may be found even among several preparations of the same material. 

All values obtained should therefore be regarded as approximate and 

open to challenge and not as “rigid” and exact. 

The composition of normal adult bone marrow according to Aleksandro- 
wicz is the following: 

cells of the erythropoietic series. . ; . 8 — 20% 

cells of the lymphocytic series . . ; » 1— 10% 

cells of the granulopoietic series . s - 60 — 80% 

reticulum cells . - . ś - я - 3—10% 

The mean value for the cells of the megakaryocytic system amounts 

usually to from 0.2 to 4.09%, according to Tempka, and to 0.4%, according 
to Wintrobe. 

Tempka and Braun were among the earliest investigators to record 

normal values for the myelogram. The results they obtained (expressed as 

percentages of the total number of nucleated elements) are tabulated 
below: 

myeloblasis |.  . . . . . . 46— 70% 
metampeloblasts. |. . . . . . 15— 55% 
promgelocgtes . |. . . . . . 37— 68% 
neutrophilic myelocytes | a - 127 — 13.3% 
eosinophilic myelocytes. . . . 15 — 26% 
basophilic myelocytes : я X 5 S00 — 03% 
neutrophilic metamyelocytes s e 143 — 16.7% 
cosinophilic metampelocytes ~~... . 03 — 3.6% 
basophilic metampelocytes .  . . 00 — 01% 
neutrophilic staff cells . + * я + . 17.7 — 225% 

eosinophilic staff cells. . " > . - 05 - 1.0% 

basophilic staff cells . . . . . . 00 — 0.16% 
neutrophilic polymorphonuclears , . 161 203% 
eosinophilic polymorphonuclears. я . . 06 — 25% 

basophilic polymorphonuclears . . . . 02 — 0.3% 
Jęmphocytes |. a e... Ви - ЗК
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monocytes. 

reticulum cells . 

plasmocytes 

undifferentiated cells. A . 

05 — 0.7% 

13 3.7% 

0.2 — 1.6% 

0.0 — 3.0% 

The number of erythroblasts was expressed by Tempka and Braun as 

a percentage of the number of red cells. 
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Plate 51. — Normal bone marrow: 7. Proerythroblast. 
thochromatic erythroblast. 4. Promyelocyte. 

tamyelocyte. 7. Neutrophilic staff cell. 8. Segmented neutrophil. 

2. Polychromaltic erythroblast, 

5. Neutrophilic myelocyte. 

3. Or- 
6. Neutrophilic me- 

9. Segmented eosinophil.
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Plate 51.— Normal bone marrow.
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The following values of a normal adult bone-marrow count were deter- 

mined by one of the present authors (together with Porembińska): 

The erythropoietic series: 

mitotic forms 
proerythroblasts 

basophilic erythroblasts 
polychromatic erythroblasts . 

orthochromatic erythroblasts. 

The granulopoietic series: 

mitotic forms 

myeloblasts . 

promyelocytes : 

neutrophilic myelocytes 

eosinophilic myelocytes 
basophilic myelocytes . 
neutrophilic metamyelocytes . 
eosinophilic metamyelocytes . 

basophilic metamyelocytes 

neutrophilic staff cells . 
eosinophilic staff cells 
basophilic staff cells. 
neutrophilic polymorphonuclears 
eosinophilic polymorphonuclears 
basophilic polymorphonuclears . 
macropolycytes 

Lymphocytes: 

Cells of the reticulo-endothelial system: 

reticulum cells proper (mesenchymatic 

Ferrata cells . . є 
Iymphoidal reticulum cells . 
monocytes 
plasmocytes 

cells) 0.0 

Plate 51 illustrates the normal bone-marrow picture. 

Granulocytes at various developmental stages are the most frequent 

forms, above all polymorphonuclears and staff cells. More immature 

cells, such as myelocytes and metamyelocytes arc also encountered. 

The number of myeloblasts and promyelocytes amounts usually in nor- 

mal adult bone marrow from 0.0 to 4.0% of granulocytes. Granulocytes 

are usually evenly distributed throughout the smears. 

10.6 — 30.4% 

0.0 — 0.3% 
0.0 — 14% 
0.8 — 3.6% 
4.8 — 150% 
2.2 — 124% 

622 — 77.3% 
0.0 — 0.2% 
0.0 — 1.0% 
0.0 — 4.8% 
4.8 — 19.2% 
0.8 — 26% 
0.0 — 0.4% 

. 12.6 — 26.4% 
04 — 12% 
0.0 — 0.2% 
9.6 — 18.0% 
0.0 — 0.8% 

0.0% 
15.2 —32.0% 
0.4 — 24% 
0.0 — 0.2% 
0.0 — 1.0% 

3.2 —12.0% 

3.0 5.0% 

2.0% 
. 0.0 — 04% 
| 1.0 3.8% 
«00 — 12% 

. 04 — 08% 

Erythroblasts are not always present in every field of vision, they are 

less numerous and show a tendency to occur in clusters (*'erythropoietic 

nests”). Polychromatic and orthochromatic erythroblasts preponderate. 

Basophilic erythroblasts and proerythroblasts and proerythroblasts occur 

only sporadically. Mature normally stained red cells are abundant.
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The preponderance of the granulopoietic series is also marked in nor- 

mal bone marrow of infants. The number of myeloblasts and promyelo- 

cytes is, however, higher here than in adults. The lymphocytes are also 

more numerous, late erythroblasts are larger. Pioneer histological inve- 

stigations of the foetal bone marrow were initiated by K. Horwitz-Kunce- 

wiczowa in 1904. 

DECREASE IN GRANULOCYTE COUNT IN THE PERIPHERAL 

BLOOD 

In healthy individuals, the leukocyte count ranges from 5,000 to 8,000 

per cu.mm. Leukocytosis depends on various factors, such as: age, diur- 

nal variations, physical exercise, nourishment etc. After meals, there 

appears ‘‘digestive leukocytosis’. 

Neuro-humoral regulation exerts a decisive influence on the level of 

leukocytes. Such generally known phenomena as emotional leukocytosis, 

or leukocytosis induced by conditioned reflexes, point to the importance 

of these mechanisms. 

Variations in the leukocyte count in peripheral blood (leukopenia or 

leukocytosis) do not always depend solely on the activity of the bone marr- 

ow. The distribution of these cells throughout the body also plays an 

important role. For example they may be temporarily retained (stored) 

in the capillary bed of various organs, such as the spleen, lungs or liver. 

A temporary decrease in leukocytes after the administration of foreign 

protein may serve as an example of leukopenia of this type. 

A decrease in the leukocyte count below 4,000 per cu.mm. is termed 

leukopenia. This symptom may, in addition to constitutional leukopenia, 

be encountered in various infectious diseases, poisoning, allergy and 

may accompany a number of haematopoietic disorders. In numerous 

instances leukopenia is of importance in both diagnosis and prognosis. 

Leukopenia may appear as the result of increased destruction in the 

peripheral blood or as the consequence of disturbances in granulopoietic 

activity of the blood-forming tissues. 

A wide range of different factors may cause an injury of the bone marrow 

and subsequent hypoplasia or aplasia of the granulopoietic tissue. 

From the clinical point of view, acute or chronic forms of granulocyto- 

penia are differentiated. 

As in aplastic anaemia so in granulocytopenia, the pathogenetic mecha- 

nisms are extremely complex and only partly known. Certain injurious 

factors exert influence limited to the granulopoietic series only. Other 

factors, such as neoplastic proliferation originating in the bone marrow 

or neoplastic metastases, may depress the haematopoietic activity of the
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entire blood-forming tissue. In recent years, much more attention has 
been devoted to the role of immuno-allergic mechanisms in the pathogen- 
esis of granulocytopenia. It is important to remember in view of the 
above that granulocytopenia should be regarded as a symptom only, and 
not as a morbid entity. 

Our knowledge concerning the aetiology of granulocytopenia is very 
scanty. It is, therefore, permissible so far to consider Werner-Schultz's 
syndrome of agranulocytosis as an idiopathic disorder. On the other hand, 
it should be borne in mind that in near future the gaps in our knowledge 
will be filled and the causes of “idiopathic” syndromes will be under- 
stood better. 

Several drugs in common use may cause profound disturbances in 
granulopoi The syndrome of agranulocytosis (aregeneratory agra- 
nulocytosis, agranulocytosis  asthenica,  granulocytophthisis, granulocyto- 
benia maligna, neutropenia maligna, agranulocythaemia) is therefore of 
particular interest. Among drugs which may provoke agranulocytosis, 
the following should be mentioned: pyramidon and related compounds, 
gold salts, arsene, mercury, quinine, barbiturates, streptomycin, chloramphe- 
nicol, sulphonamides (in particular sulphapyridine, sulphadiazine and 
sulphaguanidine), thiouracyl and its derivatives. 

Individual sensitivity (idiosyncrasy) may be responsible for the deve- 
lopment of granulocytopenia. On the other hand, it has been assumed 
that orally administered sulphonamides or thiouracyls may interfere with 
the normal growth of intestinal bacterial flora. These microorganisms 
synthetise folic acid or its conjugated compounds. It is generally known 
that folic acid is necessary for the normal maturation of granulocytes in 
the bone marrow. 
Among other causes of leukopenia are infectious diseases: typhoid 

fever, diphtheria, miliary tuberculosis, syphilis, chronic rheumatoid arthri- 
tis, sepsis, malaria, kala-azar, exposure to X-rays or radium, and hyper- 
splenism?. 
Leukopenia is the most characteristic symptom of Werner-Schultz's 

syndrome. The leukocyte count ranges usually from 1,000 to 3,000 per 
cu.mm.; lower values — 50 to 150 leukocytes per cu.mm. — have, howe- 
ver, been recorded. The percentage of neutrophils is markedly diminished 
and ranges from 0.0% to 20.0%. The number of eosinophils and basophils 

! Kubiczek and Aleksandrowicz recently presented a new concept of "leukolytic-disease". 
They claim that among the causes of myeloblastic leukaemia may be the hyperactivity of leu- 
kolytic mechanisms. This is, according to these authors, accompanied by compensatory hy- 
perplasia of granulocytoblastic tissues, which in certain conditions may assume a malignant 
character.
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is also usually diminished being only in rare instances normal. In several 

personal cases, the present authors have observed a total lack of neutrophils, 

whilst from 3.0 to 5.09 of eosinophils have been demonstrated. The 

eosinophilic granules of these cells were markedly abnormal — minute 

in size and of blurred outline; the cytoplasm was vacuolated. The present 

authors are of the opinion that the presence of eosinophils cannot be 

regarded as a favourable sign. 

It should be added, that even in cases of total leukopenia it is only when 

the percentage of neutrophilic drops below 50.0%, that granulocytopenia 

can be diagnosed. 

In peripheral blood smears, the lymphocytes constitute the majority 

of white cells. In some instances, single plasmocytes may be encountered. 

Monocylic reactions have also been noted. Degenerative changes of cyto- 
plasm and nuclei may be observed in granulocytes (vacuolation, blurred 

nuclear structure, pycnosis, chromophobic granulation). 

In typical cases, neither the erythrocytes nor the platelets demonstrate 

abnormalities. The reticulocyte count is normal. 

The bone-marrow picture depends on the injurious agent, the regenera- 

tive capacity of the organism and the stage of the disorder. 

Serial biopsies make it possible to evaluate the course of the disorder 

in spite of the manifold nature of the bone-marrow pictures. Bone-marrow 

biopsy also enables the ruling out of leukopenia caused by neoplastic 

proliferation, latent leukaemia or granulomatous changes. 

In extreme cases, the bone-marrow changes consist in aplasia of granulo- 

poietic tissue or in excessive proliferation of this tissue accompanied by 

arrested or abnormal maturation. The picture depends also on the 

degree of involvement of megakaryocytic and erythrocytic series. 

Although, as mentioned above, in typical cases both these myeloid systems 

remain unchanged, the transition from isolated granulocytopenia to pancy- 

topenia is but gradual. Rohr classifies the bone-marrow pictures into the 

following categories: 

1. Normal or nearly normal bone marrow; agranulocytosis is the result 

of disturbances in the release of granulocytes into the peripheral blood; 

2. Bone marrow characterised by an increase in promyelocytes and 

myelocytes (arrested maturation); 

3. Aplasia of granulopoietic tissue and reticulum-cells proliferation; 

4. Aplasia of granulopoietic tissue and of the reticulum (a ''dry'" bone 

marrow); 

5. Peripheral agranulocytosis caused by increased destruction of leuko- 

cytes in peripheral blood (leukolysis). 

Plate 52 illustrates the bone-marrow picture in the course of granulo- 

cytosis (promyelocytic response — arrested maturation). Such a picture 

10 Atlas of Haematology
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may be difficult to differentiate from a latent leukaemia. Aleksandrowicz is 

of the opinion that “prolonged granulocytopenia accompanied by both 

a hyperplastic bone-marrow response with signs of arrested maturation 

should be classified as leukaemia, usually of the myeloblastic type”. Clin- 

ical [ observation and serial bone-marrow biopsies are decisive in diag- 
nosis. 

The utmost prudence is recommended in establishing the prognosis on 

the basis of a cellular or acellular bone marrow. Complete recovery in 

cases where total bone-marrow aplasia is present are known. Monocytosis 

in the peripheral blood is considered as a favourable sign (even in cases 

of maturation arrest). 

When a diagnosis of agranulocytosis is made the following points should 
be taken into account: 

1. Haematogical findings: granulocytopenia and absence of marked 

changes in the erythrocytic and megakaryocytic system; 

2. Meticulously gathered case history, in particular as to previous diseases 

and the treatment (drugs administered); 

3. The disorder has been observed almost exclusively in adults between 

the ages of 25 and 60 pears; 

4. Complaints of marked weakness and rapid fatigue; 

5. In acute cases; symptoms of a septic condition, necrotic tonsillar 

lesions, necrosis in the pharyngeal cavity, gums and mucosal membranes; 

in many instances, ulceration of rectal mucosa; 

6. In acute cases, the spleen is not enlarged; in chronic granulocytope- 

nia, splenomegaly may be frequently met; 

7. No enlargement of lymph nodes; in certain instances, only the cer- 

vical and submaxillary lymph nodes are enlarged because of pharyngeal 

and oral lesions; 

8. The absence of signs of a haemorrhagic diathesis; 

9. Increased sedimentation rate of erythrocytes. 

Latent acute leukaemia may be ruled out when there are no symptoms 

of anaemia, of haemorrhagic diathesis and single immature granulocytes 

do not occur in the peripheral blood. 

In cases demonstrating a syndrome of granulocytopenia, anaemia and 

haemorrhagic diathesis aplastic anaemia should be suspected. In the 

course of this disorder, the presence of immature granulocytes in the 

peripheral blood is extremely rare.
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Plate 52.— Agranulocytosis (bone marrow). 

Maturation arrest of granulocytes at the stage of promyclocyte ("а promyelocytic reaction”). 

In addition to promyelocytes, two orthochromatic erythroblasts are present. 

Note: mature red cells are normal; numerous platelets are present; the pathological process 

is limited to the granulocytic series only.





CHAPTER IV 

THE MEGAKARYOCYTIC SYSTEM 

THE DEVELOPMENTAL CYCLE OF THE MEGAKARYOCYTIC 

SYSTEM 

In spite of extensive cytological research, the megakaryocytic system 

remains the least known among the three main myeloid cell series. 

Although comprehensive investigations have been carried out by numerous 

workers and despite the vast literature on the subject, megakaryocytes 

still present a poorly understood problem. It is known, however, that 

their most important function consists in the production of platelets. This 

theory, originally advanced by Wright (1906), has found ample confirma- 

tion in animal experiments, as well as in serological tests. Heilmeyer and 

Schlosshardt demonstrated that the peripheral parts of the cytoplasm of 

megakaryocytes and platelets both show identical properties of lumini- 

scence. Cytochemical methods also point to the megakaryocytic origin 

of platelets. It should, however, be emphasised that knowledge concerning 

the development and differentiation of these elements reveals consider- 

able gaps. The lack of a uniform nomenclature for the individual develop- 

mental stages creates also additional difficulties. 
Numerous observations indicate that megakaryocytes originate from 

a separate stem-cell, differing in many respects, particularly in size, from 

myeloblasts and proerythroblasts. This stem-cell is termed megakaryo- 

blast. 
This cell, from 20 to 40 in diameter, possesses a round or, in rare 

instances, slightly indented nucleus. It is poor in chromatin and reveals 

the presence of faint nucleoli. The cytoplasm is narrow, usually round 

and regular in outline, but may occasionally form pseudopodial processes. 

The cytoplasm is deeply basophilic agranular of dark blue colour. It seems 

that megakaryoblasts undergo a developmental cycle, during which the 

volume of the cell increases and the nucleus becomes slightly lobulated, 

or the cell may contain two nuclei. 
Though the cytoplasm becomes more abundant, it remains distinctly 

basophilic. The recognition of a megakaryoblast offers considerable 

difficulties even to an experienced haematologist. 
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The next developmental form, termed promegakaryocyte, is from 30 to 

50 u in diameter. Basophilia gradually receding, the cytoplasm acquires 

polychromatic properties, whilst minute azurophilic granules appear 

in it. The nucleus is generally round, in other instances of irregular out- 

line, or slightly indented. Its chromatin becomes more compact, the nucleoli 

are no longer visible. 
The mature form — the megakaryocyte is from 50 to 100 р. in diameter. 

Its nucleus is irregular in shape, polymorphous, consisting of many lobes. 

ЗВ 
Plate 53. — The developmental cycle of megakaryocytes: 1, 2, 3, 4. Megakaryoblasts. 

5. Promegakaryocyte. 6. Megakaryocyte with basophilic cytoplasm. 7. Megakaryocyte with 
acidophilic cytoplasm. 8. Involutive form of megakaryocyte. 

The size of the cells should be compared with that of the erythrocytes.
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Plate 53. — The developmental cycle of megakaryocytes.
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The nuclear membrane is sharply outlined. The nuclear structure is pyc- 

notic, compact, revealing no distinctive features. In some instances, the 

nuclear lobes have a grape-like arrangement. They may also lack any 

orderly arrangement forming in irregular, twisted lumps extremely varied 

in shape. The cytoplasm is abundant and often of irregular outline. Im- 

mature forms retain a certain degree of basophilia; mature megakaryocytes 

possess a neutrophilic (amphophilic) pinkish cytoplasm, which contains 

a minute azurophilic granulation. In immature cells, the granules are evenly 

distributed. As differentiation progresses, they tend to mass, forming 

densely granular fields separated by strands of agranular cytoplasm. 

Plate 54. — Megakaryocytes with hypersegmented nuclei: 7. Megakaryoblast. 2. Mature 
‘megakaryocytes. 3. Neutrophilic granulocyte. 

Hypersegmented megakaryocytes should be differentiated from osteoclasts (polykaryocytes). 

cf text.



Plate 

THE DEVELOPMENTAL CYCLE OF MEGAKARYOCYTES 

54. — Megakaryocytes with hypersegmented nuclei. 
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This phenomenon is taken as a sign of incipient platelet formation. Cells 

at this stage form cytoplasmatic projections, which later become detached 

from the bulk of the megakaryocyte and give rise to platelets (Galinowski). 

Such projections demonstrate a distinct internal structure — a central 

granular and a peripheral hyaline zone, corresponding to the granulomere 

and hyalomere of the platelet (thrombocyte). In the light of more recent 

investigations, the formation of platelets is not restricted to mature mega- 

karyocytes only. The early cells of this series may also demonstrate such 
an activity (У. de la Fuente). 

It should be remembered that platelets, being markedly adhesive, may 

secondarily adhere to the surface of megakaryocytes. This phenomenon 

may cause serious difficulties in the evaluation of the platelet-forming 

activity. 

Naked nuclei of megakaryocytes and involutive forms of these cells 

(characterised by total transformation of the cytoplasm into platelets) 
may be encountered in bone-marrow smears. 

The number of megakaryocytes present in bone-marrow smears is 

given by different authors as from 0.03% up to 4% of all nucleated ele- 

ments. According to Heilmeyer, various forms of megakaryocytes are 
represented in the following proportion: 

megakargoblasts |. | . + 0— 5% 
promegakaryocytes . © ” . я 4 — 12% 
megakaryocytes .  . de В — Th 
involutive forms WE ve a CE 509 

In normal bone-marrow smears, 1/4 of all megakaryocytes are actively 

producing platelets, 3/4 are inactive. 

The megakaryocytes are scarce and irregularly distributed in bone- 

marrow smears. The number of them as obtained by a bone marrow diff- 

erential count (counting of 1,000 myeloid cells) is therefore unreliable 
and owes a great deal to chance. 

Plate 53 illustrates the developmental cycle of megakaryocytes. 

Plate 54. Megakaryocytes with hypersegmented nuclei. Such forms 

are often encountered in Addison-Biermer's disease. Their presence is 

one of the characteristic feature of this disorder and an aid to correct 

diagnosis. It should be emphasised that hypersegmentation of the nucleus 

may occur at an carly stage — in megakaryoblasis. 

An immature, basophilic giant bone marrow cell (probably a megakaryo- 

blast) is shown at the upper part of Plate 54. The hypersegmentation of 
the nucleus institutes a pathological phenomenon. The remaining two 
cells are mature megakaryocytes with a marked nuclear hypersegmen- 
tation.
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Serious difficulties are encountered in differentiation between mega- 

karyocytes with hypersegmented nuclei and another variety of giant bone 

marrow cells — the osteoclasts (polykaryocytes). These do not belong 

to the haematopoietic system, but are bone destroying cells. They increase 

in number in the course of disturbances in the osseous tissue — such as 

e.g. hone fractures, osteitis deformans, osteitis fibrosa cystica, rachitis etc. 

The cytoplasm of osteoclasts is basophilic, its peripheral parts may be 

azurophilic. These cells possess a considerable number of nuclei. The 

structure of oval or round nuclei constitutes the most characteristic feature 

of the polykaryocyte. Coarse chromatin strands arranged into a reticular 

network resemble the nuclei of reticulum elements. Distinct, large, blue 

single nucleoli can be seen in osteoclasts. Such a nuclear structure is 

entirely different from the fine threads of chromatin entwined in a delicate 

skein in megakaryocytic nuclei. 

THROMBOCYTOPENIA 

Thrombocytopenia is the most commonly encountered disorder of 

the megakaryocytic system. Like anaemia, thrombocytopenia should be 

regarded as a symptom common to many different disorders and not as 

a morbid entity. Platelets are unstable in an extreme degree, they readily 

agglutinate and desintegrate. These properties cause serious difficulties 

in the enumeration of platelets. Numerous (over 100) methods have been
 

devised for that purpose. Yet none of the results obtained by any of these 

methods can be considered as entirely reliable. Among these various 

procedures, Fonio's indirect method has been found by the present authors 

to be the most convenient in clinical practice. Normal values obtained by 

this method range from 200,000 to 350,000 of platelets per cu.mm. These 

values have recently been confirmed by direct counts performed with the 

use of phase-contrast microscopy (Discombe, Brecher and Cronkite). 

A decrease in platelets (e.g. 70,000 per cu.mm.) may often be 

found accidentally. Such thrombopenia frequently gives rise to no 

clinical symptoms or haemorrhagic phenomena and remains undiscov- 

ered or is revealed by blood examination performed for other causes. 

Asymptomatic thrombopenia may occasionally persist for a long time; 

in other instances it may be transient and repeated examinations yield 

normal values. Nevertheless, the development of signs of haemorrhagic 

diathesis may (and should) be expected in cases of persistent asympto- 

matic thrombocytopenia (when the platelet count drops below 70,000 per 

cu.mm.). A decrease in platelets below critical values (30,000 to 50,000 

per cu.mm.) is usually accompanied by prolonged bleeding time and 

impaired clot retraction.
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The origin of thrombocytopenia may be extremely varied. 
From the clinical point of view, the most important group of thrombo- 

cytopenias institute secondary or symptomatic forms. 
These appear: 
1. In the course of a number of infectious diseases (meningitis, miliary 

tuberculosis, sepsis, upper respiratory tract infections, typhoid fever, 
typhus, smallpox, subacute bacterial endocarditis); 

2. In industrial and drug poisoning (organic arsenicals, gold salts, ben- 
zene, sulphonamides, chloromycetin, bismuth, iodine compounds, nitro- 
gen mustards, sedormid, quinine); 

3. In alimentary allergy; 

4. In haematopoietic disorders (leukaemias, aplastic anaemia, Banti's 
syndrome, Gaucher's disease, Felty's syndrome and related syndromes; 
in some instances in sarcoidosis or tuberculosis of the spleen, lymphosar- 
coma of the spleen and other “hypersplenic” syndromes, Addison-Bier- 
mer's disease etc.); 

5. In the course of neoplastic proliferation originating in the myeloid 
tissue or tumour metastases to the bone marrow; 

6. In osteosclerosis; 
7. During pregnancy (rather rare); 

8. Exposure to ionising radiations; 

IDIOPATHIC THROMBOCYTOPENIA 

Idiopathic Thrombocytopenic Purpura — Werlhof's Disease 
Essential Thrombocytopenia 

Idiopathic thrombocytopenia institutes a separate syndrome, occurring 
at times in several members of the same family. 

Werlhof’s disease is rarely encountered, it institutes, from 2 to 3% of 
all cases of haemorrhagic diseases. Correct diagnosis of this disorder 
is important from the therapeutic point of view. Examination of peripheral 
blood reveals: 

1. Thrombocytopenia (decrease in platelets); 

2. Prolonged bleeding time, the intensity of blood flow shows irregular 
fluctuations during the examination (diminishes and increases alternately); 

3. Normal coagulation time; 

4. Impaired clot retraction; 

5. Deficient prothrombin consumption; although the prothrombine time 
determined by the one-stage method is usually normal, it may in certain 
cases be prolonged. 

Among other symptoms, the tourniquet test (Konczalovsky, Rumpel- 
Leede) is frequently positive. The haemorrhagic symptoms may become



IDIOPATHIC THROMBOCYTOPENIA 

Plate 55. — Idiopathic thrombocytopenia (peripheral blood). 

Giant platelets are represented on the drawing. 
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evident as purpuric lesions of the skin (minute, red foci of haemorrhage, 
pinhead-size), as large suffusions (large, purple or violet areas) or as 
ready bruising. In women, persistent uterine bleedings (menorrhagia) 
may be sometimes the sole symptom. Such patients often seek advice of 
gynaecologists. In other instances the clinical picture may be dominated 
by epistaxis, gum bleedings or haemorrhages from the oral cavity. 
The symptoms mentioned above are common in thrombocytopenia 

irrespective of its origin. They are not pathognomonic of Werlhof's disease. 
It should be emphasised that the presence of splenomegaly is more fre- 
quently encountered in secondary forms of thrombocytopenia (as, e.g., 
in the course of such a systemic disease as Hodgkin's granuloma). Enlar- 
gement of the spleen is rather uncommon in idiopathic thrombocytopenia. 

In cases of Werlhol's disease, the number of platelets is greatly dimi- 
nished, and the apparent absence of these elements institutes one of the 
outstanding traits of peripheral blood smears. Platelet agglomerates are 
nearly always absent. The morphology of platelets is abnormal. They 
are irregular in shape and vary greatly in size. In some instances, sausage- 
shaped or sickle-shaped giant platelets are encountered. They stain inho- 
mogeneously. Certain platelets may be basophilic and may contain coarse 
granules. A few microthrombocytes may also be present. 
Two giant platelets are represented in the drawing (Plate 55). The red- 

cell picture is characterised by slight anisocytosis and poikilocytosis. 
The leukocyte count is usually normal. Copious skin bleeding may 

be accompanied by eosinophilia. In several cases, the authors observed 
an increase in basophils. 
Bone-marrow examination is helpful in the diagnosis of Werlhof’s dis- 

case. It helps, moreover, in ruling out latent disorders of the haemato- 
poietic system, such as acute aleukaemic leukaemia or neoplastic meta- 
stases, accompanied by thrombocytopenia. 

It is generally held that among the characteristic features of the bone 
marrow in Werlhof's disease the foremost is an increase in megakaryocy- 
tes. Under łow power, several megakaryocytes may often be present in 
a single field of vision. Such an increase indicates a hyperplasia of the 
megakaryocytic system. A more detailed examination reveals, in addi- 
tion to quantitative changes, qualitative abnormalities of the megakaryocytic 
system. These abnormalities consist in disturbed maturation and degen- 
eration ol the megakaryocytes. Cells with a deeply basophilic, dark cyto- 
plasm are numerous. The cytoplasm is often hyaline and almost comple- 
tely agranular. In certain cells, however, a few azurophilic granules may 
be discerned. Vacuolation of the cytoplasm is very often encountered. 
The vacuoles are located on the periphery of the cell, giving the impres- 
sion of a frilled, irregular border.
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The nucleus is “primitive” in shape, and hyposegmented — only few 

nuclear lobes being present. Sometimes, the outline of the nucleus is re- 

gular and lobulation is entirely lacking. Cells with a granular, *‘mature” 

cytoplasm and “immature” nuclei (fine nuclear structure, the presence 

of nucleoli) may be encountered. Certain nuclei have blurred, irregular 

outlines. Platelet producing megakaryocytes are very scanty or even totally 

absent. The megakaryocytes, often of diminished dimensions, show a high 

degree of anisocytosis. 

The presence of dwarf, deeply basophilic megakaryocytes is among 

the main features of Werlhof's disease. 

The increase in megakaryocytes was, until recently, considered as 

one of the most reliable bone-marrow features in Werlhof's disease. Nu- 

merous observations recorded in the literature, as well as personal experien- 

ces, indicate however, that such a view is no longer tenable. The compo- 

sition of the bone marrow obtained by puncture is greatly variable, the 

samples being taken at random, and the number of aspirated megakaryocy- 

tes depends largely on chance. On the other hand, a large group of clin- 

icians base their indications for splenectomy on the increase in megakaryocy- 

tes. This standpoint should, however, be revised. Typical cases of Werl- 

hof’s disease in which the number of megakaryocytes is normal or even 

decreased are encountered. 

It may therefore be considered that hyperplasia of the megakaryocytic 

system is not a constant symptom of Werlhof’s disease. 

These considerations lead to the conclusion that the diagnosis of Werl- 

hof's disease should be based on qualitative changes in megakaryocytes, 

rather than on the number of in bone-marrow smears. With the object 

of gaining more insight into qualitative changes of megakaryocytes, cyto- 

chemical investigations were undertaken by Ławkowicz, Czerski and 

Porembińska. These authors performed several histochemical reactions 

on platelets and megakaryocytes of normal individuals and from patients 

with Werlhof’s diseases, as well as cases of symptomatic thrombocyto- 

penias of various origin. Findings of particular interest were obtained 

by means of Feulgen's reaction (test for the presence of desoxyribonucleic 

acid). It should be emphasised that the results of Feulgen's reaction depend 

on the mode of fixation and the time of hydrolysis employed. The above 

mentioned authors fixed the smears by heat, and hydrolysed for 3 to 4 mi- 

nutes in 1 М HCI at 60°C (+ 1°). Feulgen's reaction was negative in pla- 

telets and the cytoplasm of megakaryocytes of normal subjects and in 

cases of symptomatic thrombocytopenia. On the other hand, Feulgen's 

reaction was positive in the cytoplasm of megakaryocytes and in plate- 

lets in an appreciably large group of cases of Werlhof’s disease (idiopathic 

thrombocytopenic purpura). Moreover, the number of Feulgen-positive
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platelets varied from case to case and appeared usually in proportion 

to the severity of haemorrhagic symptoms. Among other cases studied, 

the platelets and the cytoplasm of megakaryocytes contained Feulgen- 

positive granula or was diffusely Feulgen-positive in several cases of 

‘bone-marrow aplasia (pancytopenia). 

In Werlhof's disease, the erythropoietic and leukopoietic systems usually 

remain unchanged. In cases, accompanied by severe haemorrhages, 

these two systems present a picture corresponding to that described in 

the chapter on anaemia due to blood loss. 

Plate 56 presents three megakaryocytes, which are distinctly abnormal. 

Two of these cells possess nuclei “primitive” in shape, one — a hyperseg- 

mented nucleus. The cytoplasm of two megakaryocytes is vacuolated. The 

granulation is blurred, unequal in size and irregularly distributed. The 

cytoplasm demonstrates a varying degree of basophilia. None of the mega- 

karyocytes demonstrates platelet production. 
The following points are essential in the diagnosis of Werlhof's disease: 

1. Carefully collected history: previous diseases, drugs administered; 

toxic influences should be ruled out; 

2. The disease develops most frequently in children or young adults; 

3. The presence of haemorrhagic episodes, skin and mucous membra- 

nes without any inflammatory symptoms or febrile reactions; 

4. Haematological findings; 

5. Normal coagulation time and, usually, normal prothrombine time; 

6. Absence of splenomegaly or lymph-node enlargement; 

7. Absence of pathological cell elements in peripheral blood or bone 

marrow (except qualitative changes in megakargocytes described above). 

The bone-marrow picture in symptomatic thrombocytopenias is variable. 

The number of megakaryocytes is usually diminished, normal or increased 

in rare instances. Aplasia of the megakaryocytic system may be also encoun- 

tered. Degenerative changes of megakaryocytes or maturation disturban- 

ces may be present. This depends on the degree of injury by the causative 

factor. In allergic thrombocytopenia, bone-marrow eosinophilia may be 

helpful in diagnosis. In cases of severe injury, morbid changes may be 

observed in all myeloid cell series. 

Numerous new clinical and experimental investigations have contri- 

buted in recent years to a better understanding of the pathogenesis of 

thrombocytopenia. It now seems beyond doubt that in a group of cases 

humoral mechanisms are operative. This group, characterised by the 

presence of specific platelet antibodies causing thrombocytopenia, may be 

termed immuno-thrombocytopenia. Such cases, being secondary to abnor- 

mal immunologic phenomena should be considered separately from 

idiopathic thrombocytopenia. Thrombocytopenia may accompany acquired



IDIOPATHIC THROMBOCYTOPENIA 161 

Plate 56. — Idiopathic thrombocytopenia (bone marrow). 

11 Atlas of Haematology
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haemolytic anaemia (Evans and coll). It has also been possible to 

demonstrate immunologic mechanisms in thrombocytopenia due to sensiti- 

vity to certain drugs, such as for example sedormid, quinine or quinidine 

and others. There is a growing awareness that immunologic mechanisms 

may be responsible for various cytopenias of hitherto undetermined origin. 

The investigations of the Russian haematological school have cast 

additional light on several pathogenetic aspects of thrombocytopenia. 

According to В. Р. Shvedsky, former pathogenetic concepts are one-sided, 

pertaining only to disturbances in the coagulation mechanisms. Coagula- 

tion phenomena were hitherto considered apart from the organism as 

a whole. This approach limited research in this field to phenomena occurring 

in the blood. Investigations by the Russian school followed an entirely 

different course. The haemorrhagic diseases are considered as the result 

of interaction between numerous endo- and exogencous factors influencing 

the nervous system. Cases are known not only of haemorrhagic diseases 

(thrombocytopenia, vascular disorders), but even of pancytopenia, foll- 

owing neuro-psychical trauma. Numerous clinical observations demon- 

strate that this approach to the pathogenesis of haemorrhagic diseases 

deserves attention. Several problems, however, remain obscure, and 

elucidation of the role of the individual nervous receptors is needed be- 

fore complete understanding of the reciprocal relationships is achieved. 

Werlhof's disease may be taken as an example. It should be emphasised 

that thrombocytopenia does not constitute the sole or the most significant 

symptom of this disease. The pathological changes in the megakaryocytic 

system should not overshadow the complex disturbances in the entire 

organism. 

In untreated cases, capillaroscopy demonstrates profound disturbances 

in the vascular system. It has been established that in cases of Werlhof’s 

disease accompanied by severe haemorrhagic phenomena, the bleeding 

stops at the moment when the spleen vessels are clamped (viz. before 

splenectomy), while the platelet count still remains low. 

Cases of persistent thrombocytopenia in spite of splenectomy are gene- 

rally known. 

Extensive modern clinical examination reveals in certain cases of Werl- 

hof’s disease deep trophic disturbances in the skeletal system (osteoporosis 

of dental alveoli), in the skin and subcutaneous tissue (В. Р. Shvedsky). 

The trophic lesions in the vascular system depend on the degree of disturb- 

ances in the nervous system. These observations open new ways of 

approach to the problem of haemorrhagic diseases and offer new opor- 

tunities for research.



CHAPTER V 

LYMPHOCYTES 

THE DEVELOPMENTAL CYCLE OF LYMPHOCYTES 

In normal conditions, the lymphocytes originate in lymphoidal tissue 

dispersed throughout the tissues of the entire body. In the course of 

the development and maturation of lymphocytes, no distinct stages 

can be discerned, which makes investigations over the course of 

these phenomena difficult. Additional difficulties arise from the fact 

that the morphological features of lymphocytes vary with their functional 

activity. Immature lymphocytes are rarely encountered in peripheral 

blood; usually, only in the course of acute or chronic lymphocytic leukae- 

mia. The recognition of lymphocytes is not always easy. In spite of their 

apparently simple structure, they may resemble numerous cells of an 

entirely different origin. 

Our knowledge about the morphology of the lymphoid system is deri- 

ved chiefly from lymph-node biopsy. Among bioptic procedures, the 

ingenious method of two Polish authors (Kubacki and Wolański) deser- 

ves special mention. By puncturing the tonsils these authors could 

obtain material rich in lymphoid tissue for cytological examination, in 

cases where no superficial lymph nodes are enlarged. 

Bioptic procedures have contributed greatly to the elucidation of lympho- 

cytogenesis. The lymphocytes originate from lymphoblasts, 

Lymphoblasts are from 10 to 15 pin diameter. The nucleus is round, 

poor in chromatin, stains lightly and contains one or two nucleoli. Although 

the number of nucleoli is generally considered of use in differentiation 

between lymphoblasts and myeloblasts, this feature may, nevertheless, 

be misleading. The cytoplasm is basophilic and contains no granules. 

Its colour ranges from greyish-blue to dark blue. 

The prolymphocyte represents a more mature stage. The nucleus is 

round and because of a denser structure than that of the nuclei of lympho- 

blasts, stains more deeply. Indistinct nucleoli may be present. The cyto- 

plasm is narrow, stains greyish-blue and may contain single azurophilic 

granules. The size of prolymphocytes is variable. 
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The most frequently encountered form of mature lymphocytes in peri- 

pheral blood is the “small lymphocyte”. In size it corresponds to that 

of a red cell, or is only slightly larger. The darkly stained nucleus is usually 

round, in some instances oval or slightly indented. The nuclear structure 

is compact, pycnotic of dark violet colour. The chromatin arrangement 

is not always discernible, light irregular zones or a wheel-spoke pattern — 

being occasionally seen. The nucleus is excentric, showing a narrow, 

semilunar rim of light cytoplasm. 
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Plate 57. — Developmental cycle of lymphocytes: 1. Lymphoblast. 2. Prolymphocyte. 
3. Typical mature lymphocyte. 4. Naked lymphocytic nucleus. 5. Large lymphocyte. 6. Pro- 
lymphocyte with an atypical nucleus (Rieder-form). 7. Mature lymphocytes with atypical 

nuclei (Rieder's cells). 8. Rieder's cells with azurophilic granulation in the cytoplasm. 9. Ami- 
totic” lymphocyte or "haematogonium".
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Plate 57. — Developmental cycle of lymphocytes.
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The cytoplasm is agranular or may contain a few azurophilic granules. 

These may serve as an aid to recognising lymphocytes. Abundant azurophilic 

granulation is but very rarely encountered in lymphocytes. 
The large lymphocyte is another form present in peripheral blood. 

This cell is 10 -—— 12 u in diameter. The nucleus has a loose structure 

and stains lightly. The zone of cytoplasm is much broader than that of 

small lymphocytes. It stains light blue and may contain azurophilic granules. 

Sometimes difficulties occur in differentiation between large lymphocytes 

and monocytes. In normal conditions, large lymphocytes are presentin mar- 

kedly smaller quantities than small lymphocytes. Opinions as to the functional 

significance of these lymphocyte varieties differ widely. Certain investi- 

gators maintain that the leptochromatic nucleus of large lymphocytes 

should be considered as a sign of immaturity. Another school of thought 

claims that large lymphocytes derive from a stem-cell common to them 

and to monocytes, while small lymphocytes originate from the lymphoid 

system. A third group of authors determines the degree of maturity of 

lymphocytes only by the basophilia of their cytoplasm. Observation of 

cells surviving in vitro support the belief that the large form, the small 

form and naked lymphocytic nuclei represent succesive stages of ageing 

of the lymphocytes (Czerski, Ławkowicz and Porembińska). 

Atypical lymphocytes may be encountered in peripheral blood. Among 

them are naked lymphocytic nuclei (round, markedly pycnotic nuclei 

with no visible cytoplasmatic rim) and Rieder's cells. These possess kid- 

ney-shaped or bizarre indented nuclei. A Rieder's cell with a bilobed nucleus 

may be encountered, though rarely. Such a cell is sometimes termed ''ami- 

totic lymphocyte” or haematogonium (N. Rosenthal). The cytoplasm of 

such cells may be vacuolated. The number of Rieder’s cells becomes 

increased in pathological conditions. 
Lymphocytes are peroxidase-negative and stain very faintly with Sudan 

black B. 

Little is known about the réle of lymphocytes in the organism. They 

may be encountered in mucous membranes and inflammatory foci, where 

they are presumably concerned in defence mechanisms of the organism. 

Several authors have ascribed to the lymphocytes the synthesis of gam- 

ma-globulins and antibodies. Recent investigations, however, point to 

the plasmocytic series, as the source of antibodies and gamma-globulins.
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Plate 58. — Lymphocytosis in peripheral blood. Case of whooping-cough.
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LYMPHOCYTOSIS IN PERIPHERAL BLOOD 

Lymphocytosis may develop in certain physiological states and in a wide 

range of pathologic conditions, the clinically most important of which are: 

1. Infancy; 

2. Following ingestion of fats; 

3. Certain infectious diseases, such as whooping-cough, rubeola, mumps 

(epidemic parotitis), infectious mononucleosis and undulant fever; 

4. Reconvalescence following infectious diseases; 

5. Lymphocytic reactions in children during infection with pyogenic 

microorganism; 

6. Tuberculosis during periods of increased immunity; 

7. Hyperthyroidism; 

8. Lymphocytic leukaemia; 

9. Acute and chronic infectious lymphocytosis; 

10. Following exposure to X-rags or radium; 
11. Congenital syphilis; 

12. Relative lymphocytosis accompanying granulocytopenia. 

The total leukocyte count in the course of whooping-cough may be 

high (from 15,000 to 200,000 per cu.mm.), the lymphocytes instituting 

up to 70% of white blood cells. 

On the drawing (Plate 58) are to be seen mature small lymphocytes, 

the cytoplasm of several cells contains azurophilic granules. Since in 

lymphatic leukaemia granular lymphocytes occur rarely, the presence of 

granules may aidin differential diagnosis of lymphocytosis. Moreover, chro- 

nic lymphadenosis is characterised by the presence of naked lymphocytic 

nuclei and Gumprecht's cells (cf Plate 78). 

INFECTIOUS MONONUCLEOSIS 

Filatov-Pfeiffer Glandular Fever — Angina Monocytica 

The haematological picture of infectious mononucleosis is characterised 

by the presence of markedly atypical cells. This disease is usually 

accompanied by leukocytosis ranging from 10,000 to 20,000 per cu.mm. 

From 50 up to 90% of leukocytes institute mononuclear cells of varied 

morphological features. Typical small lymphocytes, large lymphocytes, 

"monocytoidal lymphocytes” and intermediate forms are encountered. 

The origin of these cells is not clear and opinions of individual haemato- 

logists concerning it differ widely. It has been suggested that the haema- 

tological picture of infectious mononucleosis comprises two reactions — 

a lymphocytic and a monocytic response, the monocytes disappearing 
from the peripheral blood at an earlier stage of the disease. Lymphocy- 

tosis may persist for a period of many months after recovery.
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The white-cell picture of infectious mononucleosis is markedly variable. 

In certain instances, typical lymphocytes or Rieder’s cells may preponde- 

rate. In addition, there are encountered large cells with indented mono- 

cytoidal nuclei and a varying degree of basophilia of the cytoplasm. The 

cytoplasm is agranular or may contain large azurophilic granules, such as 

are found in lymphocytes. Only rarely are minute azurophilic granules 

characteristic of monocytes present. Such cells are termed ‘‘monocyto- 

idal lymphocytes”, **monocytoids” or ‘Ilymphomonocytes’”. The fact 

that they are peroxidase-negative may be regarded as standing in opposi- 

tion to their monocytic origin, and supporting the hypothesis that they 

are pathologically changed lymphocytes. 

The cytoplasm of certain such cells is distinctly basophilic and often 

vacuolated. In some instances they resemble plasmocytes though their 

nuclei are abnormal in shape — kidney-shaped or indented. Kassirsky 

distinguishes three varieties of the haematological picture of infectious 

mononucleosis: lymphocytic, plasmocytic and monocytic. 

Downey and MacKinley divided the cells characteristic of infectious 

mononucleosis into three categories. Type I is a cell with an excentric 

nucleus, indented, of irregular outlines, in some instances lobulated. 

The cytoplasm is basophilic and vacuolated. Type II resembles large 

lymphocytes differing from them chiefly in chromatin arrangement. The 

cytoplasm demonstrates alternating chromophobic and basophilic stripes. 

Type Ш, rarely encountered, resembles type I, but its nucleus contains 

1 or 2 vesicular, blue nucleoli. The latter type is extremely difficult to 

differentiate from cells occurring in acute stem-cell leukaemias. 

In diagnosis of infectious mononucleosis, the following points should 

be taken into account: 

1. The disease develops usually in children or juveniles; 

2. The onset is acute, accompanied by fever and malaise; 

3. Lymph-node enlargement is among the most frequent symptoms 

(usually cervical lymph nodes posterior to the sterno-mastoid muscle); 

in contradistinction from leukaemia, the lymph nodes are usually tender; 

4. Slight spleen enlargement — in cases where the spleen is not palpable, 

it is enlarged on percussion (Rassirsky); 

5. The clinical symptoms may be extremely varied (the classic glandular, 

the anginose or the febrile form, the type, characterised by indefinite gen- 

cral symptoms, and other clinical variants less frequently encountered); 

6. The haematological picture is usually typical; the specific mono- 

nuclear cells may be readily differentiated from leukaemic elements. 

The course of the disease is usually mild, recurrences being sometimes 

observed;
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7. In the great majority of cases, Hanganatziu-Deicher's or Paul-Bun- 

nell’s test is positive. This test is considered positive when the titer of 

heterophil antibodies is above 1:64. Unspecific positive results may be 

obtained in individuals treated previously with horse serum. A negative 

result does not rule out infectious mononucleosis. In from 6 to 10%, and 
according to certain authors (Kleomota after Heilmeyer) in as much as 

20% of typical cases, the serological tests are negative; 

8. The lymph node aspiration smear is characteristic (Czerski and Rosz- 

kowski, Hoerster). Typical endothelial *monocytoidal" and large reti- 

Plate 59. — Infectious mononucleosis (peripheral blood): 7. Small lymphocyte. 2. “Lym- 
phomonocyte”, cells of morphological features intermediate between a lymphocyte and a monocy- 
te, the cytoplasm contains azurophilic granulations. 3. Similar cells with a distinct vacuolation 
of ihe cytoplasm; such cells are among the most characteristic features of the peripheral blood 

picture in this disease. 4.Lymphoidal reticulum cell. 5. Neutrophilic granulocyte.
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Plate 59. — Infectious mononucleosis (peripheral blood).
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culum cells dominate the picture. Moreover, numerous developmental 

forms of the lymphocytic system are encountered. Because of the diversity 

of cell types, the smears present an extremely variegated picture. 

A similar syndrome, probably also of viral origin, is infectious Iympho- 

cytosis. This may, however, in contradistinction from infectious mono- 

nucleosis, remain entirely without clinical symptoms. Infectious Iympho- 

cytosis is occasionally diagnosed on chance blood examination. The 

blood picture is characterised by leukocytosis up to as much as 100,000, 

small Iymphocytes (70—90%) predominating. Slight eosinophilia is also 

frequently present. This syndrome, known as Carl Smith disease (1941), 

was first observed by Kassirsky in 1938, and described by E. S. Karpienko 

(1940) as “leukocytosis with lymphocytosis in healthy children”. 

The course of the disease is mild. Usually there is no lymph node or 

spleen enlargement. This syndrome, occurring almost exclusively in chil- 

dren appears in adults only in exceptional cases. 

© © © 

9 00 

Фо 

O 0 
Plate 60. — Several varieties of blood cells occurring іп peripheral blood іп infectious 
mononucleosis: 7. *Monocytoidal" cell. 2. Similar vacuolated cells. 3. "Lympho- 
monocytes” demonstrating distinct azurophilic granulation. 4. Cells, characterised by 

an abnormal structure and bizarre shape of the nucleus. 
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Plate 60. — Types of mononuclear cells encountered in infectious mono- 
nucleosis.





CHAPTER VI 

MONOCYTES 

THE DEVELOPMENTAL CYCLE OF MONOCYTES 

The development of monocytes has been one of the most disputed pro- 

blems in haematology. Arguments about their myeloid or lymphoid 

origin are a thing of the past, but even now the theories concerning these 

cells are being constantly modified. It seems to be established beyond 

doubt that monocytes, formerly regarded as transitional forms between 

granulocytes and lymphocytes, are not directly connected with either of 

these series and institute a separate blood-cell type. Their morphological 

features — basophilia of the cytoplasm and fine nuclear structure — may 

be regarded as a sign of a near relationship to undifferentiated reticulum 

or endothelial cells. 

In pathological conditions, the monocytes may undergo profound chan- 

ges to such an extent as to make recognition extremely difficult. Numerous 

observations indicate that monocytes may be transformed into tissue 

histiocytes. It is held that these two morphologically distinct cell types 

are only different functional stages of the same cell. The theory that mono- 

cytes originate from reticulum and endothelial cells is amply documented 

by experimental studies, as well as by bioptic investigations. 

A certain group of authors considers that monocytes possess a deve- 

lopmental cycle, describing the monoblast as their stem-cell. The cell is 

from 10 to 22 pin diameter with a large nucleus, poor in chromatin 

and containing several nucleoli. The basophilic agranular cytoplasm 

surrounds the nucleus with a narrow zone. The monoblasts are peroxi- 

dase-negative and it is frequently impossible to differentiate them from 

myeloblasts. The presence of more mature stages and of typical monocytes 

may serve as an aid in recognition of monoblasts. 

A cell, termed promonocyte, is described as the next developmental 
stage. This is similar in size to the monoblast; the nucleus is indented, 

of fine reticular structure, and nucleoli are invisible. The cytoplasm is 

basophilic, contains minute azurophilic granules and is much broader 

than in stem-cells. Promonocytes are also peroxidase-negative. 

178
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Mature monocytes are the largest among the normal blood cells. They 

range in size from 15 to 20 u. The nucleus is leptochromatic, of finer struc- 

ture than in granulocytes or lymphocytes. It is kidney- or horse-shoe shaped. 

The nucleus often has several indentations; it may even be lobulated or 

present an appearance of a complicated contorted mass. It is, however, 

always fine in structure. The cytoplasm is abundant, greyish-blue, opaque 

(by contrast to the clear blue of the cytoplasm of lymphocytes). It contains 

numerous dust-like azurophilic granules. No whitish perinuclear zone 

(the region near the indentation — ‘Kernhof” excepted) may be obser- 

ved. A few vacuoles may in some instances be present. The outlines of 

the cell are irregular (Plate 61). The monocytes are usually faintly peroxi- 

Plate 61. — Monocytes: 1. Monocytoidal cell (promonocyte ?). 2. Mature monocytes.
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Plate 61. — Monocytes. 

iz Atlas of Haematology
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dase-positive. From 1 to 4% of monocytes are peroxidase-negative (Undritz). 

In old blood smears stored for 30 to 40 days, all monocytes are peroxi- 

dase-negative, whilst peroxidases of promyelocytes, myelocytes and 

more mature granulocytes retain their activity. This property of monocytes 

may be used as a differential diagnostic test. 

Intravital staining reveals the presence of a characteristic rosette of 

neutral red vacuoles. Such staining is seldom used in routine practice, 

except at a few haematological centres (Doan, Sabin, Cunningham). This 

method was introduced to haematology in Poland by J. Zeyland and is 

used in the Institute of Haematology in Warsaw as supplementary to phase- 

contrast microscopy. 

The monocytes play a role in the defence mechanisms of the organism, 

monocytic reactions indicating the functional state of the reticulo-endothe- 

lial system. The monocytes demonstrate phagocytic and storing properties. 

MONOCYTOSIS IN PERIPHERAL BLOOD 

Monocytosis may develop in various diseases of which the clinically 

most important are: 
1. Certain infections, as for example: tuberculosis, late syphilis, suba- 

cute bacterial endocarditis, typhus fever, Bang's disease; 

2. Infectious diseases, when acute symptoms are subsiding; 

3. Certain forms of agranulocytosis; 

4. Malaria, kala-azar and other diseases caused by Protozoa; 

5. Hodgkin's disease; 

6. Reticulo-endothelial with storage of pathological lipids (so-called 

“storage-diseases” — ‘‘tezauroses’), such as Gaucher's disease, Niemann- 

Pick disease etc. 

7. Monocytic leukaemia.
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RETICULO-ENDOTHELIAL CELLS OF 

THE BONE MARROW 

The reticulo-endothelial cells of the bone marrow are derived during 

foetal life from primitive mesenchyme and give rise to the matrix of 

blood-forming tissue. The cells of the reticulo-endothelial system form 

the stroma of the bone marrow and line the inner walls of sinuses and 

vessels. These cells are endowed with ability to phagocytise, store and 

metabolise colloids, colloid stains, compounds of various origins, decom- 

position products of body proteins etc. These properties enable the cells 

of the RES to play an important role in the defence mechanisms of the 

organism, in immunological phenomena and reparative processes. The 

repartition of the RES along the blood and lymph vessels is particularly 

adapted to its defensive functions — the destruction and neutralisation 

of bacterial and other toxic agents. 

It is difficult to ascertain to what extent the cells of the RES retain in 

adult life their blood-forming properties. It seems beyond doubt, however, 

that in special conditions the primitive reticulum cells may give rise to 

highly differentiated blood cells. 

In spite of the importance of the RES, knowledge concerning its cells 

is scanty and not so long ago many haematologists simply did not take 

it into consideration. Many valuable facts have been obtained by tissue 

culture methods (Maximov). The development and general use of bioptic 

procedures make possible new investigations on fresh, unchanged cells. 

Reticulum cells are readily destroyed during the preparation of bone- 

marrow smears. Their fragility makes it difficult to ascertain the exact 

morphology of these cells. The fact that reticulum cells of the bone-marrow 

stroma are syncytial, creates additional difficulties, since in such cases 

only clusters of nuclei may be seen. 

Rohr, whose extensive researches contributed a great deal to our 

knowledge concerning reticulum cells, classifies them into the following 

types: 

2s 179
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1. Undifferentiated, small lymphoidal cells, which are probably function- 

ally inactive (“resting”) stages of repose (Tempka and Aleksandrowicz); 

the Russian school (Alekseev) maintains that these cells are identical 

with haemocytoblasts; 

2. Large lymphoidal cells, which occur only rarely in normal bone 

marrow; these cells are, on the other hand, frequently encountered in 

hyperactive states, such as pancytopenia, agranulocytosis, Addison-Bier- 

mer's disease and related disorders, haemolytic and other anaemias, 

acute and chronic infections; these cells are variously termed by differ- 

ent investigators (primitive connective tissue cells, histiocytes, reticulo- 

cytes, undifferentiated reticulum cells, reticulum cells proper); 

7 5 

4 6 

Plate 62. — Bone marrow reticulum cells: 7. Reticulum cell differentiating into a macro- 
phage. 2. Typical macrophage (tissue macrophage). 3. Proper reticulum cell. 4. Reticulum 
cell — reticulocyte forming the stroma of the bone marrow. 5. Granular reticulum cells 
(basophilic and acidophilic reticulum cells — histiocytes). 6. Large lymphoidal reticulum cell. 
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Plate 62.— Bone marrow reticulum cells.
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3. Reticulum cells endowed with the property of phagocytosis (macro- 

phages); in opposition to Rohr's opinion, Aleksandrowicz claims that 

not only undifferentiated, but also mature reticulum cells may demonstrate 

phagocytic activity; 

4. Fat cells; 

5. Plasmocytes. 

Forms intermediate between these cell types are frequently encounte- 

red in bone-marrow smears. 
Single small lymphoidal cells closely resemble lymphocytes, and it 

is not always possible to differentiate between these two cell types. The 

nuclei of lymphoidal reticulum cells stain less intensively than those of 

lymphocytes, and often contain minute clear blue nucleoli. The nucleoli 

are, however, not a constant feature. The recognition of these cells is less 

difficult when they form syncytia. 

The primitive connective tissue cell (large lymphoidal reticulum cell) 

varies as to size, ranging, in diameter from 10 to 30 u. The nucleus 

is round or oval, of fine, reticular structure and contains several light 

blue nucleoli. The cytoplasm is abundant, agranular and faintly basophi- 

lic — light blue or greyish-blue. The outlines of the cell are indistinct and 

irregular. In some instances, phagocytised substances may be present 

in the cytoplasm. These cells are frequently damaged during the prepara- 

tion of smears and give rise to basket-cells (blurred nuclear remnants). 

The cytoplasm of other reticulum cell types may be granular. The gra- 

nules may be coarse, or, in other instances, minute. The granulation may 

be azurophilic, neutrophilic, acidophilic, basophilic or mixed. The nucleus 

contains distinct nucleoli and is of reticular structure. These cells are 

termed Ferrata cells. Some authors prefer the term histiocyte, adding 

(according to granulation) neutrophilic, acidophilic, basophilic or mixed 

granule type (Tempka and Aleksandrowicz). The origin of these cells is 

disputed. In some instances they resemble damaged promyclocytes or 

myelocytes. The nuclear structure and the presence of nucleoli seems, 

however, to indicate that the cells are reticulum elements. 

The question remains undecided as to whether these cells constitute 

separate strains, such as neutrophilic, eosinophilic and basophilic granulo- 

cytes, or whether their granulations are accidental inclusions only. Alek- 

sandrowicz claims that eosinophilic histiocytes play in allergic phenomena 

a role similar to that of eosinophilic granulocytes. 

The nuclei of certain reticulum-cell types become during differentia 

tion more pycnotic and resemble nuclei of lymphocytes. The term "large 

lymphoidal reticulum cell” seems adequate for this type of histiocyte. 

The transition between a reticulum cell proper and a macrophage is 

gradual. The distinction between these two cell types is somewhat artif-
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icial. Phagocytic properties are common to all reticulum cells. A histio- 

cyte is considered as a macrophage when the presence of ingested sub- 

stances, such as nuclei, microorganism, haemosiderine etc., is demonstrable 

in the cytoplasm. On Plate 62 a histiocyte is shown containing in the cyto- 

plasm phagocytised nuclei and droplets of fat. 

Fat cells are reticulum cells which specifically store droplets of fatty 

substances in the cytoplasm. They may be demonstrated in the bone- 

marrow stroma. Their number increases when the bone marrow under- 

goes fatty transformation. These cells are large in size, the nuclei are 

displaced by accumulating fat towards the periphery of the cytoplasm. 

Their appearance has suggested the term ring-cell. 

Another variety of this group of cells is represented by the spindle-like 

endothelial cells lining the walls of sinuses and vessels. 

PLASMOCYTES 

The plasmocytes are in normal conditions encountered among other 

reticulo-endothelial cells in the bone marrow, the spleen and lymph nodes. 

Mature plasmocytes constitute a clearly defined cell type. Immature 

plasmocytes may be less readily differentiated from other reticulum 

cells and numerous intermediate forms are encountered. These may 

be conveniently observed in cases of pathological hyperplasia of the 

plasmocytic system. It seems reasonable, therefore, to assume that plasmo- 

cytes originate from histiocytes, corresponding closely to reticulum cells 

proper (see description above). The nucleus is round, of fine structure, 

poor in chromatin and contains one or more blue nucleoli. The nucleus 

lies in the centre of the cell or may be slightly displaced towards the peri- 

phery. The agranular, irregular cytoplasm islight blue, witha greyish tinge. 

As differentiation progresses, the nuclear structure becomes more dense 

and loses its reticular arrangement. At this stage, the nucleoli are usually 

visible. The cytoplasm may be of irregular or circular outline. It stains 

more deeply and is violet-blue (plasmoblasts). 

The next stage in the developmental cycle is termed proplasmocyte 

(Тагісв cell). It may be larger than the stem-cell. In shape it is more regular, 

oval or polygonal, and sharply outlined. The nucleus is round or oval 

and contains nucleoli. The nuclear structure is indistinct, but coarser 

than in plasmoblasts. The nuclei of more mature proplasmocytes are 

often excentric, the chromatin being arranged in strands. Among the cha- 

racteristic features of this cell is its specific deep basophilia of the cyto- 

plasm, which stains dark blue with a violet tinge. A whitish clear area may 

often be seen in the perinuclear region. 
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Mature plasmocytes (Unna's cells) are extremely varied in shape and 

size. Small plasmocytes, 8 pin diameter, forms intermediate in size, 

and large cells over 20 pin diameter are encountered in bone-marrow 

smears. The nucleus is usually oval and excentrically located. Its struc- 

ture is characteristic — the large dark polygonal blocks of basochromatin 

are separated by clear oxychromatin. The chromatin arrangement gives 

the nucleus a wheel-spoke or tortoise-shell appearance. The cytoplasm 

is deeply basophilic and appears to be granular. It is often vacuolated. 

The vacuoles are frequently minute and numerous. The clear perinuclear 

zone (archoplasm) is distinct in mature cells. The shape of the cell may 

be round, oval or polygonal. Plasmocytes often occur in clusters. Binucle- 

ated cells or cells containing three, or less frequently four, nuclei may be 

encountered. 

Plate 63. — Plasmocytes: 1. Reticulum cell. 2. Plasmoblast. 3. Proplasmocytes. 
4. Plasmocytes.
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Plate 63. — Plasmocytes. 
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Plate 64. — Plasmocytosis in peripheral blood. 
Note: the rouleaux formation in erythrocytes. 
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PLASMOCYTOSIS IN THE PERIPHERAL BLOOD 

The plasmocytes are normal bone-marrow constituents, encountered 

in the peripheral blood only in rare instances. They appear frequently 

in chronic inflammatory foci. 

Plasmocytosis in peripheral blood may be observed in rubeola, measles, 

chickenpox, serum reactions, certain skin diseases, infectious mononucleo- 

sis, plasmocytic leukaemia and plasmocytoma. 

Increase in bone-marrow plasmocytes is observed in the course of acute 

and chronic infections (tuberculosis), hepatic cirrhosis, rheumatism, 

Hodgkin's disease, anaphylactoid reactions, immuno-agranulocytosis and 

neoplastic proliferation of the plasmocytes (plasmocytoma). Plasmocytic 

reactions are usually accompanied by bone-marrow eosinophilia (Tempka). 

Plate 64 illustrates plasmocytosis in peripheral blood. Three mature 

plasmocytes are represented on the drawing. Note the erythrocyte-rouleaux 

formation caused by hyperglobulinaemia.
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NEOPLASTIC AND PROLIFERATIVE DISEASES OF THE 
LEUKOCYTIC AND RETICULO-ENDOTHELIAL SYSTEMS 

CHRONIC LEUKAEMIC MYELOID LEUKAEMIA 

Chronic Leukaemic Myelosis — Myelosis Leukaemica Chronica Manifesta 
Leukosis Chronica 

A fully developed myeloid leukaemia presents no difficulties in di- 

agnosis. In peripheral blood, high leukocytosis with a shift to the left in 

granulocytes becomes manifest. The percentage of immature granulocytes 

varies at different periods of typical cases, all developmental stages of 

granulocytes are represented. As the morbid process becomes advanced, 

the preponderance of immature forms becomes marked (promyelocytes 

and mycloblasts), in contradistinction to the initial period, when staff cells 

and polymorphonuclears are more numerous. These cells may be atypical; 

they are frequent to some extent chromophobic. Large polymorphonuclears, 

with a loose “immature” nuclear structure and poorly staining granula- 

tion are often encountered. In other cells, the granules are unequal in size, 

small and large granules being present. 

The large granules resemble coarse, immature granulation. Moreover, 

giant staff cells and giant metamyelocytes may occur in blood smears. 

Among the characteristic features of chronic myelosis is the increase in 

basophils. In certain cases, the basophils are so numerous that they may 

be seen in almost every field of vision. There is usually an increase also in 

eosinophils. 

The increase in relative numbers of promyclocytes and myclocytes is 

interpreted as a sign of exacerbation of the disease. The red cell and pla- 

telet picture may for a long time remain unchanged but varies, at different 

periods of the disease. A decrease in platelets is considered as an unfa- 
vourable sign (Ch. Vlados). In spite of absence of anaemia, erytroblasts 

may be found in peripheral blood smears (Plate 65). 

In typical cases, bone-marrow examination yields no additional diagnostic 

findings. The bone-marrow picture may closely resemble that of the peri- 
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pheral blood. The bone marrow is markedly hypercellular. The granulo- 

cytes by far outnumber all other bone-marrow cells. Signs of arrested 

maturation, and maturation trouble, are frequently encountered. Giant 

metamyclocytes and granulocytes with atypical nuclei are more numerous 

than in peripheral blood. The numbers of basophils and eosinophils may 

be increased. 

Plate 65. — Chronic myeloid leukaemia (peripheral blood): 1. Myeloblast. 2. Promyelo- 

cyte. 3. Neutrophil myelocyte. За. — eosinophil myelocyte. 4. Neutrophil metamyelocyte. 
4a. — giant metamyelocyte. 5. Neutrophilic staff cell. 6. Mature, segmented neutrophils. 

7. Basophils. 8. Orthochromatic erythroblast. 9. Reticulum cell. 

Note: diversity of nuclear shape and structure; the specific granulation is blurred in nume- 
rous neutrophils, in several cells the granulation is even totally invisible. 



Plate 65.— Chronic myeloid leukaemia (peripheral blood).
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The shift to the left in granulocytes is frequently more pronounced in 

the bone marrow than in peripheral blood. This phenomenon is rarely 

observed in leukaemoid reactions during the course of an infectious disease. 

The differentiation between these two conditions may present consid- 

erable difficulty and is not always feasible. 

The presence of immature (“toxic”) granulation in the cytoplasm of 

granulocytes may be helpful, because it is more frequent in leukaemoid 

reactions than in leukaemia. The Russian haematologists (Vlados) em- 

phasise the necessity of ruling out infectious diseases (first and foremost 

tuberculosis) before a diagnosis of leukaemia is made. Reversible leukae- 

moid reactions are generally known to occur in tuberculosis. 

Plate 66. — Chronic myeloid leukaemia (bone marrow): 1. Mycloblast. 2. Neutrophilic mye- 
locyte. 2a. — basophilic myelocyte. 3. Neutrophilic  metamyelocyte. 3a. — Giant neutro- 

philic metamyelocyte. 4. Neutrophilic staff cell. 5. Polymorphonuclear neutrophil. 
Various forms of basophilic granulocytes encountered in chronic myeloid leukaemia are 
represented on the drawing. It is unusual to find them in such numbers in a single field 

of vision.
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Plate 66. — Chronic myeloid leukaemia (hone marrow). 

13 Atlas of Haematology
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The diagnostic value of bone-marrow examination is greater in aleukae- 

mic chronic myeloid leukaemia, although in such cases the bone-marrow 

picture is not sufficiently characteristic. 

In diagnosis of chronic myeloid leukaemia the following should be 

taken into account: 
1. Typical haematological findings: 

2. Enlargement of the spleen; 
3. Tenderness of the sternum on pressure; 

4. Symptoms of haemorrhagic diathesis (inconstant symptoms); 

5. Examination of the eyegrounds; 

6. Increase in basal metabolic rate; this symptom develops in the 

majority of chronic cases and in acute leukaemia; 

7. Increase in uric acid level in peripheral blood. 

Additionally valuable diagnostic findings are increase in serum organic 

phosphorus and in alkaline phosphatase. 

ACUTE MYELOID LEUKAEMIA 

Myelosis Leukaemica Acuta 

By contrast with chronic leukaemia, all cellular series are concerned 

in the morbid process at an early stage. This becomes manifest by the develop- 

ment of anaemia, thrombocytopenia and the appearance of immature 

granulocytes in peripheral blood. The percentage of immature cells, as 

well as leukocytosis, is extremely variable. The leukocyte count is fre- 

quently low (from 2,000 to 3,000 per cu.mm.), stem-cells being pre- 

sent. The number of mature granulocytes gradually diminishes, while 

that of myeloblasts increases. Deep disturbances in maturation at the stage 

of the stem-cell are revealed by the lack of intermediate developmental 

stages. This 'hiatus leukaemicus” strengthens the suspicion of a leukaemic 

process and constitutes an unfavourable prognostic sign. The finding of 

a few myelocytes or metamyelocytes in blood smears may facilitate the 

correct recognition of myeloblasts, which may be greatly changed. 

In certain cases, the myeloblasts may demonstrate no morphological 

abnormalities and be identical with those encountered in normal bone 

marrow. Such cases offer no cytological diagnostic difficulties and are 

considered as typical myeloblastic leukaemia (Plate 67). 

In other instances the myeloblasts show striking abnormalities, such 

as for example marked anisocytosis. The nuclei may contain exceptionally 

large nucleoli exceeding 1/4 of the diameter of nucleus in size. Such large 

‘nucleoli are characteristic of neoplastic cells. 

Leukaemic cells may be so changed morphologically as to make recog- 

nition extremely difficult. 
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Among the more frequent varieties of myeloblastic leukaemia, is what 

is called the micromyeloblastic form, where myeloblasts resemble small 

and intermediate lymphocytes. The cytoplasm of these cells is no longer 

typically basophilic; the nucleus acquires a dense, pycnotic, *lymphocy- 

toidal” structure. The presence in some nuclei, however, of round or 

irregular nucleoli reveals immaturity. The presence of numerous nucleoli 

indicates the myeloid origin of the cell, single nucleoli being more charac- 

teristic of lymphoblasts. The nuclei of 'lymphocytoidal” myeloblasts 

may be irregular in shape, as seen in Rieder's forms of lymphocytes. 

Plate 68 illustrates micromyeloblasts and lymphocytoidal myeloblasts 

with irregular nuclei. 

Is not always possible to differentiate micromyeloblasts from lymphocy- 

tes or lymphoblasts in peripheral blood smears. In bone-marrow smears, 

the presence of intermediate stages between micromyeloblasts and typical 

myeloblasts often makes correct recognition less difficult. The number 

of mitotic forms may also be helpful. These are numerous in acute myelo- 

sis, whereas karyokinesis is less frequently met in acute lymphadenoses 

and shows characteristic abnormalities. 
Micromyeloblasts may contain in the cytoplasm slender azurophilic 

rods, stained reddish-violet (Auer's bodies, Auer's rods). These rods 

occur in lymphocytes only in exceptional cases and may serve as addi- 

tional means of differentiation. 

Plate 69 illustrates atypical myeloblasts containing Auer's rods in the 

cytoplasm. 
Another variety of this disease is usually termed paramyeloblastic leu- 

kaemia. : 

The nuclei of myeloblasts are indented, and, in some instances, even 

lobulated. These cells may suggest monocytes. Single paramyeloblasts are 

often encountered in typical myeloblastic leukaemia. In cases in which such 

forms are numerous the disease is termed acute monocytoidal (not mo- 
nocytic) myeloid leukaemia. 

Plate 70 illustrates monocytoidal myeloblasts. 
To differentiate between monocytoidal paramyeloblasts and monocytes 

in blood smears may be extremely difficult, if not altogether impossible. 

Such is the case when the cytoplasm of paramyeloblasts contains minute 

azurophilic granules and closely resembles the cytoplasm of monocytes. 

The nuclear structure and the degree of segmentation may be helpful. 

The nuclei of monocytes are kidney-shaped or only slightly lobulated. 

On the other hand, the nuclei of monocytoidal paramycloblasts are of 

bizarre shape, hypersegmented, the nuclear lobes fantastically contorted etc. 

Bone-marrow examination usually clears up any doubts, in view of the 

presence of typical myeloblasts and intermediate forms. 



196 NEOPLASTIC AND PROLIFERATIVE DISEASES 

Plate 67. — Acute myeloid leukaemia (peripheral blood). 
Numerous myeloblasts are present. The cells do not demonstrate any marked abnormalit
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Ріаїє 68. - Acute myeloid leukaemia. Micromyeloblasts and *lympho- 

cytoidal” myeloblas 

Such cells offer considerable difficulties in differentiation from the lymphocytic series. 

Special methods are in many cases required for correct diagnosis. The cells on the drawing 
give rise to doubts as to their lymphoidal origin by their characteristically apical nuclear 

structure (cf Plate 57).



198 NEOPLASTIC AND PROLIFERATIVE DISEASES 

Plate 69. — Acute myeloid leukaemia (peripheral blood). 

Apical myeloblasts with Auer's rods (slender, azurophilic inclusions of variable length) 
in the cytoplasm. The nuclear structure in one of the cells is similar to that of a monocyte 

“monocytoidal” myeloblasts); in the other two — to lymphocytes (“lymphocytoidal” myelo- 
blasts).
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Plate 70. — Acute myeloid leukaemia. Monocytoidal  paramyeloblasts 

(peripheral blood). 

The nuclear structure is similar to that of monocytes, although the cytoplasm demonstrates 

differences (as for example lack of a dustlike azurophilic granulation; cf Plates 61 and 76).
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In certain cases of acute myelosis, the myeloid stem-cells show signs 

of marked immaturity and possess nuclei of distinctly reticular structure. 

Such cases are termed undifferentiated cell leukaemia (stem-cell leukaemia, 

myelosis indifferento-cellularis). 

The cytological classification, together with the nomenclature of various 

types of leukaemia, is based on morphological similarities between leukae- 

mic and normal cells. It should, however, be emphasised that the classi- 

fication of acute leukaemia as undifferentiated cell leukaemia, myelo- 

blastic, paramycloblastic etc. is of only relative value. The pathologic chan- 

М 
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Plate71. — Acute myeloid leukaemia (bone marrow): /. Reticulum cell. 2. Apical myelo- 
blast. 2a. — myeloblast with lobulated nucleus. 2b. — micromyeloblast (“lymphocytoidal 
myeloblast). 3. Staff cell. 4. Remnants of a myeloblastic nucleus. 5. Orthochromatic 

erythroblast.
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Plate 71. — Acute myeloid leukaemia (bone marrow).
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ges of the cell morphology may be very extensive and misleading (Krajevsky 

and Nemenova, Bykov). Leukaemia cells should not therefore be iden- 

tified with myeloblasts or haemocytoblasts. 

The Russian authors (Gubergric, Davydovsky, Vlados, Krajevsku 

and others) have with the object of evading any unprecise (and as pointed 

out above misleading) concepts, introduced the general term '*haemocy- 

toblastic leukaemia” for all leukaemias accompanied by an immature and 

atypical cytological picture. The term ‘“haemocytoblastic leukaemia” 

suggests an early period of haematopoietic activity and all inferences as 

to the nature of cells proliferation are unnecessary. 

The stem-cells of granulocytes do not contain peroxidases or oxidases, 

which become demonstrable at later developmental stages. More diffe- 

rentiated myeloblasts and paramyeloblasts are peroxidase-positive. Per- 

oxidase rez 
the results indicate the degree of maturity of the сеї. If the results are 

distinctly positive, promyelocytes or parapromyelocytes are the prevalent 

cell type. In smears stained by the May-Griinwald-Giemsa method, the 

cells may lack the azurophilic granulation characteristic of promyelocytes. 

The results of peroxidase reactions should, however, be evaluated criti- 

cally. The presence of peroxidase in an undifferentiated cell may indicate 

other properties, such as, for example, phagocytic activity. 

The myelogram in acute myelosis usually demonstrates proliferation 

of stem-cells (myelobiasts), while other bone-marrow cells become sup- 

pressed. Although among myeloblasts normal cells may be encountered, 

the majority of them consist of atypical cells of variegated appearance 

(haemocytoblasts). It is therefore extremely difficult to describe a general 

cytological picture of acute myelosis. Rohr is of the opinion that every 

case of acute myclosis is characterised by a cell type specific for that 

case only. Leitner says that “atypical myeloblasts are a typical symptom 

of acute myelosis”. 
In bone-marrow smears, myeloblasts, micromyeloblasts and paramyelo- 

blasts (including many monocytoidal in type) may be encountered. 

Plate 71 illustrates the bone marrow in acute myeloid leukaemia. The 

myeloblasts are characterised by anisocytosis and variations in the shape 

of the nuclei — indented or lobulated. Micromyeloblasts are less numerous, 

and a single reticulum cell is present. The cytoplasm of several myelo- 

blasts is vacuolated. The number of erythroblasts is markedly diminished. 

Haematological literature stresses anaplastic and dysplastic disturban- 

ces in the bone marrow in the course of acute myelosis. Anaemia is among 

stion should be carried out in cases of acute myeloses, since 

1 Similar results are obtained with Sudan black В; this method is, however more sensitive. 
Myeloblasts by contrast with lymphoblasts are usually Sudan-positive.
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Plate 72. — Acute myeloid leukaemia (bone marrow). 

Numerous myeloblasis are present, several among them contain Auer's bodies in the cyto- 

plasm. Larger cell with an azurophilic granulation suggest promyclocytes. 
Note: a marked erythropoietic response, the presence of numerous erythroblasts, several 

of these cells contain atypical nuclei.
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the regular symptoms of this disease. This has often been explained by the 

displacement of erythropoietic tissue by leukoblastic cells — a concept 

which seems to be oversimplified. Closer analysis demonstrates interesting 

changes and disturbances in the red-cell series. 

In several cases followed by the present authors, megaloblastic features 

of erythrocyte stem-cells were noted. Cases have been reported in which 

Addison-Biermer's disease preceded the development of acute leukaemia. 

The question arises, are there created such conditions in the course of 

leukaemia, as lead to a megaloid (megaloblastic?) transformation of 
erythropoiesis. 

The present authors also observed marked erythroblastic (normoblastic) 

responses in the course of acute leukaemia. The number of erythroblasts 

amounted to as much as 48 %, of all nucleated bone-marrow cells. In certain 

cases, the erythroblasts demonstrated profound alterations in nuclear 

chromatin, as well as in the cytoplasm (paraerythroblasts). The cytoplasm 

was of irregular outlines and demonstrated abnormal haemoglobin con- 

tent and pathological granulation. These observations indicate that dis- 

turbances in the course of acute leukaemia are complicated and concern 

the entire haematopoietic tissue. 

Plate 72 illustrates an erythropoietic response in the course of acute 

leukaemia. Certain erythroblasts are abnormal in shape. The myeloblasts 

are atypical (paramyeloblasts). Note the nucleoli. 

The myeloblastic proliferation may, particularly in early periods of the 

disease, be limited to several foci only. Therefore in cases of suspected 

mycloproliferative disease, negative findings obtained by examination of 

sternal bone marrow should be confirmed by puncture of other bones, 

such as, for example, the iliac crest or spinous processes of lumbar verte- 
brae. 

Bone-marrow examination is helpful in diagnosis, and in cases of aleukae- 

mic leukaemia it may be the only determing factor. It should be emphasised, 

however that repeated biopsies may be necessary before definitive diag- 

nosis can be made. Reversible myeloblastic responses are known to occur. 

The possibility of aplastic anaemia (pancytopenia) accompanied by a hy- 

peractive bone-marrow picture should be also borne in mind. In these 

cases, it is often extremely difficult to decide whether the bone marrow 
shows compensatory activity or preleukacmic proliferation. 

Myeloblastic proliferation may be encountered in agranulocytosis. 

In all doubtful cases, conclusions may be drawn only on the basis of 

a prolonged period of clinical observation and repeated biopsies. No sharp 

borderline can be drawn between myeloblastic reactions, aplastic and 
dysplastic disorders and the true leukaemic bone-marrow picture. No 
criteria exist for the recognition of the preleukaemic states. 
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In diagnosis of acute myelosis, the following points may be helpful: 

I. Haematologic findings; it is emphasised that the leukocyte count 

is not a deciding factor; the most significant findings are the abnormality 

and immaturity of the cells; nearly always progressive anaemia and throm- 

bocytopenia; haemorrhagic diathesis; prolonged coagulation time; by 

contrast with aplastic anaemia — anisocytosis; poikilocytosis, polychro- 

masia in erythrocytes, reticulocytosis, erythroblastosis in peripheral blood; 

in myeloid reactions in the course of an infection, it is only rarely that 

anaemia is severe; 

Enlargement of the spleen (usually discrete), of the liver and in some 

instances of lymph nodes; 

3. Febrile reactions; sept 

Necrosis of the buccal mucosa; 

Symptoms of bone and joint involvement; 

6. Neurologic symptoms; 

7. Increase in basal metabolic rate; 

8. Examination of the cyegrounds (haemorrhages). 

zaemia; 

CHLOROMA 

Myeloblastoma — Cancer Vert 

The term chloroma refers to a form of leukaemia characterised by the 

of localised tumours of proliferating mycloblasts in the skele- 

tal system (typically periosteal tumours are present in addition to changes 

in the bone medulla), lymph nodes and internal organs. This mode of 

growth resembles that of neoplastic tumours in the strict sense. 

The clinical features of chloroma do not differ from the symptoms de- 

scribed above of manifest or latent leukaemia. The haematological picture 

is also similar. Periosteal tumours of the skull constitute the main diff- 

erential feature. 
The present authors followed two cases of chloroma in children. The 

diagnosis was based on bioptic examinations. 

OCcurrer 

CASE I: a 47[,, -year old female child: leukocytosis from 11,400 to 11,800 per cu.mm.; 
no myeloblasts or atypical cells in peripheral blood smears. Progressive anaemia was 
present, the initial erythrocyte count 3,390,000 per cu.mm. (haemoglobin 53%) dropped 
to 2,670,000 per cu.mm. (haemoglobin 48%). Death ensucd after a four-week period of 
clinical observation. In addition to sternal biopsy. a puncture of a periosteal tumour loca- 
lised over the left orbit, was performed. 

Bone-marrow smears were characterised by the exclusive presence of mycloblasts 
including many which were atypical, demonstrating marked anisocytosis and variegated ap- 
pearance. The most striking changes were observed in giant myeloblasts some of which 
were multinucleated or showed lobulated nuclei. The cytoplasm of these cells was va- 
cuolated. Cells in mitosis were frequent. 
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Plate 73. — Chloroma (bone marrow). Case I. 

Atypical myeloblasts; one of them in mitosis. 

Note: characteristic vacuolation of the cytoplasm. 
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Plate 74. — Chloroma (bone marrow). Case II. 

Note: numerous and distinct nucleoli; atypical nuclear shape; vacuolation of the cytoplasm 
in two myeloblasts and the presence of the basket-cells (remnants of myeloblastic nuclei).
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Plate 75. — Chloroma (lymph node aspiration smear). 

Only myeloblasts, demonstrating typical abnormalities (of text), are present. One of 
cells undergoes mitosis.
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Plate 73 illustrates the bone-marrow picture in this case. Smears obtained 

by biopsy of the tumour were identical with those of the bone marrow. 

CASE II: a 4-year old male child was characterised by severe anaemia, haemorrhagic 
diathesis and persistent leukopenia, which developed long before the remaining symptoms 
(leukocyte count from 2,400 to 3,400 per cu.mm.). The highest leukocyte count observed 

was 8,000. Micromyeloblasts amounted to from 50% up to 72% of leukocytes. 
The bone marrow, consisting exclusively of myeloblasts, was less cellular than in the 

preceding case. On Plate 74, several of these cells are reproduced. The myeloblasts are 
more uniform in appearance than in case I, but are also atypical. The nuclei are large, 
of immature" structure and contain nucleoli; the cytoplasm is deeply basophilic and scanty. 

One of the posterior cervical lymph nodes was punctured in this case. 

Atypical myeloblasts, such as illustrated on Plate 75 dominated the lymph- 

adenogram. They are characterised by marked anisocytosis; certain 

cells may be considered giant forms. The nuclei are round or oval, rarely 

indented, leptochromatic and contain nucleoli, including several which 

are usually large. The agranular cytoplasm is basophilic, often vacuolated, 

particularly in the perinuclear region. In certain instances, the entire cyto- 

plasm is filled with vacuoles. A few cells contain coarse azurophilic gra- 

nules (promyelocytes). 

Such a picture indicates myeloblastic transformation of lymphoid tissue. 

Special note should be taken of the abnormal appearance of myeloblasts 

and the marked vacuolation of the cytoplasm, such as is frequently encoun- 

tered in neoplastic cells. 

Among four cases of chloroma subsequently followed by the present 

authors, three were characterised by similar vacuolation of the cytoplasm 

of myeloblasts. 

Among the outstanding clinical features of both cases described above 

were the specific localised tumours, and enlargement of the spleen and 
liver. 

MONOCYTIC LEUKAEMIA 

This entity is not universally recognised, because a great majority of 

suspected cases of monocytic leukaemia have proved, when exami- 

ned by bioptic procedures, to be of the paramyeloblastic variety. The mye- 

logram indicated a myeloblastic proliferation accompanied by profound 

changes in the morphology of these cells. Intermediate stages linking 

the typical myeloblasts with monocytoidal paramyeloblasts (looked upon 

as monocytes) were usually demonstrated. Nevertheless, a careful study 

of the extensive literature on this subject indicates that all cellular ele- 

ments of the haematopoietic system may be subject to leukaemic proli- 

feration. All cases demonstrating distinct bone-marrow monocytosis (with- 

14 Atlas of Haematology
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Plate 76. — Monocytic leukaemia (peripheral blood). Wright's stain. 

Note: the size of the cells and the presence of distinct nucleoli.
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Plate 77. — Monocytic leukaemia (bone marrow). 
Monocytoidal cells, monocytes, 3 polychromatic and 1 orthochromatic erythroblast are 

represented on the drawing. 

ue
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out a concomitant myeloblastic proliferation) and peripheral monocyto- 

sis are, however, evaluated carefully and critically by most haematologists. 

The opinion prevails that peripheral monocytosis should be rather accom- 

panied by a reticulum-cell proliferation in the bone marrow, since mono- 

cytes originate from these cells. This contention finds support in a case 

observed by one of the present authors. 

A 38-year old female showed mild anaemia, splenomegaly and generalised lymph-node 

enlargement. These symptoms persisted for about three years. During the mil
d course of 

the disease, subfebrile reactions and general weakness appeared periodically. In peripheral 

blood, the leukocyte count ranged from about 20,000 to 40,000 per cu.mm. A marked pre- 

ponderance of atypical monocytes, certain of them faintly peroxidase-positive, was pro- 

minent. Sternal puncture, twice repeated, yielded negative results (dry puncture”). A small 

greyish tissue fragment was, however, found in the lumen of the puncture needle. In smears 

prepared from this scanty material, numerous Jymphoidal reticulum cells of uniform morpho- 
logical features were demonstrated. On the other hand, no myeloblasts or monocytoidal 

cells were encountered. A similar picture was obtained on examination of the bone marrow 

aspirated from the iliac crest. Unfortunately, the patient was not cooperative, and ref
used 

hospitalisation. A similar case was examined by one of the present authors in his capacity 

as haematological consultant. 

Cases characterised by both peripheral and bone-marrow monocytosis 

present a different picture. In these instances, the diagnosis of monocy- 

tic leukaemia may be challenged. 

Large cells, corresponding morphologically to monocytes are reprodu- 

ced on Plete 76. In spite of the apparent maturity of the cytoplasm (the 

presence of minute azurophilic granules), several of the nuclei contain 

nucleoli. 

Plate 77 illustrates the myelogram in this case. The bone marrow was 

hypocellular; no foci of myeloblastic proliferation could be demonstrated. 

Numerous monocytoidal cells and small stem-cells with an agranular 

basophilic cytoplasm and leptochromatic nuclei were present. No inter- 

mediate forms between these two cell types were encountered. 

The origin of such cells cannot be elucidated by morphological methods 

only. It may be that questions arising out of similar observations will be 

answered by means of cytochemical studies and serological investigations. 

In the case, in which the cells reproduced on Plates 76 and 77 were en- 

countered, a diagnosis of paramyeloblastic leukaemia was made improb- 

able by the clinical symptoms and chronic course of the disease.



LYMPHATIC LEUKAEMIA 213 

Plate 78. — Chronic lymphatic leukaemia (peripheral blood). 

Numerous small lymphocytes with agranular cytoplasm and «naked lymphocytic nuclei” 
re represented on the drawing. The blood picture is characteristic by its monotony. 

Note: the presence of several Gumprecht's cells.
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CHRONIC LYMPHATIC LEUKAEMIA 

Chronic Lymphocytic Leukaemia — Chronic Lymphadenosis 
Lymphadenosis Leukaemica Chronica — Leukaemia Lymphatica Chronica 

In typical cases of fully developed lymphatic leukaemia, examination 

of peripheral blood smears is sufficient for correct diagnosis. 

As the disease becomes more advanced, lymphocytosis increases pro- 

gressively. Anaemia, in some instances present at an early stage, is among 

Plate 79. — Chronic lymphatic leukaemia (lymph node aspiration smear): /. Lymphocyte. 
Ia. — lymphocyte in mitosis. 2. Lymphoblast. 2a. —— prolymphocyte. 3. Naked lymphocytic 

nuclei and basket-cells (Gumprecht's shabows). 4. Connective tissue fibers. 
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Plate 79.— Chronic lymphatic leukaemia (lymph node aspiration smear).
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the fairly common symptoms. Thrombocytopenia, leading to haemorrhagic 

diathesis, may be occasionally observed. 

The most characteristic feature of blood smears is the preponderance 

of lymphocytes, which may amount to over 909, of white blood cells. 

In chronic cases, small lymphocytes with a narrow agranular cytoplasma- 

tic rim and a round, pycnotic nucleus are present almost exclusively. 

“Naked lymphocytic nuclei” are also numerous by contrast with myeloid
 

leukaemia, the blood picture is monotonous. Only rarely are a few lym- 

phocytes with indented nuclei or immature cells (prolymphocytes, lym- 

phoblasts) encountered. The cytoplasm of lymphocytes is nearly always 

agranular. Certain haematologists suggest that the presence of granular 

lymphocytes should be considered a favourable prognostic sign as to the 

duration of life. 

The presence of Gumprecht's cells (“smudge cells”), Gumprecht's 

shadows, basket-cells confirms the diagnosis of lymphatic leukaemia. 

Piate80. — Chronic lymphatic leukaemia (bone marrow): 1. Lymphoblast. 2. Prolym- 
phocyte. 3. Small lymphocytes. 4. Rieder's cells (lymphocytes with atypical nuclear shape). 

5. Gumprecht's cells (degenerated lymphocytic nuclei). 6. “Naked” lymphocytic nucleus.
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Plate 80. — Chronic lymphatic leukaemia (bone marrow). 

217
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Gumprecht's cells! (smear-cells) probably originate from damaged nuclei 

of lymphocytes or their stem-cells, and it is claimed that they may origi- 

nate from damaged reticulum cells (Plate 78). 

The lymphadenogram indicates a uniform proliferation of all elements 

of the lymphatic system (lymphocytes). Small, agranular lymphocytes, 

however, preponderate. Earlier developmental stages are relatively spar- 

sely represented and mitotic forms may be encountered. Gumprecht's 

cells are less numerous than in peripheral blood (Plate 79). 

In examination of a lymphadenogram from a case of chronic lymphatic 

leukaemia particular attention should be directed to: 

1. Morphology of individual cells — their shape, size and degree of 

differentiation (maturity); 
. Which cell types are most abundantly represented; 

. Anisocytosis of white cells; 

. Occurrence and number of immature cells; 

. Appearance and number of nucleoli; 

6. Mitotic forms; in chronic lymphatic leukaemia, these occur infre- 

quently; the finding of numerous karyokineses may be suggestive of 

lymphosarcoma, although increase in cell divisions is not pathognomonic 

to this disease. 

N
E
J
 

Reliable histological criteria for diagnosis of lymphatic leukaemia do 

not exist — the sections of lymph nodes present only the picture of lym- 

phocytic proliferation, which obscures the normal histological structure. 

The diagnosis of chronic lymphatic leukaemia should therefore be based 

on the clinical picture and on findings of joint biopsies. 

The lymphadenogram findings acquire particular value in cases, in which 

lymph-node enlargement is not accompanied by lymphocytosis in peri- 

pheral blood. In such cases, the picture of lymphocytic proliferation in- 

dicates the possibility of latent lymphatic leukaemia. 

The bone-marrow findings depend on the advancement of the disease 

and lymphocytic proliferation. At initial stages of the disease the number 

of lymphocytes may be normal, in fully developed lymphadenosis they 

are of marked preponderance. Bone-marrow lymphocytosis occurs only 

rarely in adults and patients with this symptom should be suspected of 

lymphatic leukaemia. 

Plate 80 illustrates lymphocytic proliferation in bone marrow. Note 

the preponderance of small lymphocytes and the presence of only two 

earlier developmental stages. Lymphoblasts and prolymphocytes are more 

1 Since the term Gumprecht's cell (or in literal translation Gumprecht's shadow) is in common 

use on the Continent, it is used consistently in this book, although it may be less familiar to the 

English reader (translator’s note).
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frequently found in bone marrow than in peripheral blood. In chronic 

leukaemia, however, mature forms dominate the picture. 

Since lymphocytic transformation may be present at an early stage, bone- 

marrow examination is helpful in diagnosis of latent lymphadenosis. 

The diagnosis of chronic lymphatic leukaemia should be based on 

following symptoms: 1) lymph-node enlargement, often generalised; usually 

no tenderness of lymph nodes is demonstrable; 2) enlargement of the 

spleen; 3) haematological findings. 

ACUTE LYMPHATIC LEUKAEMIA 

Acute Lymphadenosis — Lymphadenosis Leukaemica Acuta 
Lymphadenosis Lymphoblastic 

The differentiation of this disease from acute myeloblastic myelosis is 

often impossible and of academic value only. Numerous haematologists 

therefore regard such attempts as superfluous. Aleksandrowicz states: 

.. “if, in initial phases of the disease, numerous questionable mononuclear cells are 
encountered, myeloblastosis may be assumed and the bone-marrow tissue looked upon as 
the matrix of leukaemic proliferation. In cases of peripheral lymph-nodes involvement and 
an unchanged bone marrow, lymphadenosis may be suspected. Of course, such criteria 
are in many instances fallacious”... 

Acute lymphadenosis develops mainly in infants although its occur- 

rence has been reported also in adults. 

The present authors followed a case of acute lymphatic leukaemia in 

a 31-year old female with generalised lymph-node enlargement. By con- 

trast with the chronic form, the lymphocyte types encountered in peri- 

pheral blood were more varied. 

On Plate 81 the anisocytosis of mononuclear cells, the round lightly 

stained nuclei containing nucleoli should be noted. One of the cells is bi- 

nucleated. The cytoplasm is narrow, agranular and faintly basophilic. 

A few Gumprecht's cells were encountered. 
The blood picture indicates acute leukaemia (immaturity of the cells). 

The cells are peroxidase-negative. The diagnosis cannot, however, be 

based only on peripheral blood examination, because these cells may 

correspond to atypical mycloblasts. The presence of two nucleoli only 
in the nuclei of the cells may indicate Iymphoidal origin, but such differen- 

tial criteria are not to be relied upon. 

In the bone-marrow smears, numerous mononuclear cells are present. 

They show marked anisocytosis, the nuclei are round of immature struc- 

ture. The cytoplasm is scanty, almost invisible. Among the most striking 

features is the presence of atypical mitoses with blurred outlines of chro- 

mosomes, clumped together. Such mitotic forms resemble those of lym- 

phoidal cells (Plate 82).
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Plate 81. — Acute lymphatic leukaemia (peripheral blood). 
Lymphoblasts and prolymphocytes preponderate. 

Note: one binucleated cell and one Gumprecht's cell. 
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Plate 82. — Acute lymphatic leukaemia (bone marrow). 
Note: the exclusive presence of the cells of the lymphatic series and numerous atypical 

mitoses.
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Plate 83. — Acute lymphatic leukaemia. Lymphoblastic mitoses. 

Note: the blurred outlines and clumping together of chromosomes, distributed in an un- 

orderly manner.



NEOPLASTIC AND PROLIFERATIVE DISEASES 223 

In normal conditions, mitoses of lymphatic cells are extremely rarely 
encountered. The present authors observed numerous mitoses in the case 
of acute lymphadenosis described above and in lymphosarcoma. The 
chromosomes are short and thick, clumped together — which causes the 
blurring (Plate 83). 

Among criteria applied to the cytological diagnosis of the case described 
above, the abnormality of the mitotic forms was taken into account. This 
feature, usually overlooked in haematological considerations, seems to 
deserve greater attention. It should be emphasised that purely morpholo- 
gical criteria are unsatisfactory for differentiation between stem-cells 
of the myeloid and lymphoidal cell series. It may be that cytochemistry will 
find way to meet the need for such criteria. Cytoenzymatic studies indicates 
that the cells of the myeloid and lymphoidal series react differently when 
treated by ribonuclease. Fluorescence microscopy constitutes another 
advance in this field. In smears stained by acridine orange, lymphoidal 
cells show orange fluorescence, whilst cells of the myeloid series fluorise 
green. 

It is to be expected, moreover, that cytoimmunological methods will 
be helpful. Investigations in this field have demonstrated differences in 
the antigenic properties of myeloblasts and lymphoblasts. 

LYMPHOSARCOMA 

Proliferative processes in the lymphatic system may concern all cellular 
elements, or may be limited to individual cell types only. These pathological 
phenomena lead, according to the dynamics of their progress, to various 
changes in the structure of the lymph node, and to its enlargement. 
There is considerable confusion in the nomenclature of primary discases 

of the lymphatic system. The terms “lymphoma” or *Jymphoblastoma” 
are often misused for the description of a wide variety of pathological 
conditions. These terms embrace Hodgkin's granuloma, Hodgkin's sar- 
oma, lymphatic leukaemia, Brill-Symmers disease together with different 
cytological varieties of sarcoma (retotheliosarcoma, lymphosarcoma etc.). 
Strict differentiation between proliferation of the lymphocytic cell series 
nd proliferation of stroma elements seems to be indicated. The term 
umphosarcoma should, not, therefore, be used for all primary neoplastic 
liseases of lymph nodes. Logically, this term should be applied only to 
he neoplastic proliferation of lymphocytes. lts' use is, however, not 

icted to description of such conditions. Gall and Mallory are of opi- 
ion that lymphosarcoma describes an intermediate stage of lymphatic leu- 
aemia, when proliferation is limited to the lymph node only and not accom- 
anied by generalised symptoms. It seems, however, that lymphosarcoma 
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cells cannot be identified with leukaemic cells. Although the morphology 

of these two cell types is similar, they differ in their susceptibility to X-rays. 

It was demonstrated that the susceptibility to X-rays of sarcoma cells is 

about ten times and of leukaemic cells about three times that of nermal 

cells. 

The occurrence of acute lymphadenoses is disputed. Wiseman identifies 

them with leukosarcoma. 

The meaning of the term lymphosarcoma should be strictly defined. 

We therefore use this term only for the description of a neoplastic transfor- 

mation of lymphocytes. Initially, the disease is limited to the primary site; 

in later stages, the proliferating cells spread beyond the lymph node, 

infiltrating the capsule and neighbouring tissues or disseminating through 

the lymphatics. Atypical lymphocytes may be absent from peripheral 

blood. At advanced stages normochromic anaemia develops in certain 

instancce accompanied by lymphocytosis in peripheral blood. Cases in 

which atypical lymphocytes and lymphoblasts are present in peripheral 

blood may also be encountered. 

The present authors followed a case of lymphosarcoma in a 52-year old male. Cervical. | 

submaxillar and axillar lymph nodes were enlarged. No enlargement of the spleen could 
be demonstrated. Peripheral blood findings were as follows: haemoglobin 95%, erythre- 

cytes 6,520,000 per cu.mm., leukocytes 5,800 per cu.mm.; erythrocyte-sedimentation rate 
2 mm. in 1 hour, 5 mm. in 2 hours. Peripheral blood smear: lymphocytes 30.24% (pro- 
Iymphocytes 0.12%, granular lymphocytes 11.63%, agranular lymphocytes 18.49%); peri 
pheral erythroblastosis was present. The simultaneous occurrence of a high erythrocyte. 

count and peripheral erythroblastosis constituted a striking feature of this case. Periphes 

erythroblastosis is looked upon as a rather frequent symptom of tumour metastases to 
bone marrow. Accordingly, on the basis of this symptom occurring in a patient with Іутрі 
node enlargement, proliferation of foreign tissue in the bone marrow was suspected. 

Bone-marrow examination revealed lymphocytic proliferation, the lymphocytes amount- 
ing to 80.2% of all cellular elements. 

Plate 84 illustrates the bone-marrow picture in this case. Lymphocytes. 

with nuclei atypical in shape, of immature nuclear structure and with 

basophilic, agranular cytoplasm are present. The bone-marrow findings 

demonstrate lymphocytic proliferation. Such findings may be suggestive 

of lymphatic leukaemia, but lymphosarcoma cannot be ruled out. 

Examination of lymph node aspiration smears is essential to diagnosis. 

Plate 85 illustrates the lymph-node biopsy findings. Numerous cells of 

the lymphatic series are present. They are characterised by marked ant 

socytosis. The nuclei are round in almost all cells. Naked nuclei are fre 

quent. A feature uncommon in chronic lymphatic leukaemia is that immature 

lymphoid cells, corresponding to prolymphocytes and lymphoblasts.
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Plate 84. — Lymphosarcoma (bone marrow). 
The nuclear structure of the cells suggests lymphoidal origin. 

Note: the diversity of cell.forms. 

1 Atlas of Haematology
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preponderate. The cytoplasm is basophilic and agranular. Numerous 

nuclei contain nucleoli of normal size. 

Cells, undergoing mitosis, are abundant. Single fields of vision occa- 

sionally contain several karyokinetic forms (Plate 85). 

Such a picture constitutes ample evidence of lymphocytic proliferation. 

The presence of numerous immature cells and the unusual frequency of 

mitoses suggest a neoplastic type of proliferation of lymphocytes — lym- 

phosarcoma. 
The satisfactory general condition of the patient, absence of leukaemic 

blood picture, absence of spleen enlargement, normal temperature, and 

normal erythrocyte-sedimentation rate do not favour the diagnosis ої 

acute lymphatic leukaemia. 

The above case history demonstrates the diagnostic value of lymph-node 

biopsy. In this instance lymph-node biopsy findings compared with clin= 

ical symptoms were the deciding factor in diagnosis. 
It should be emphasised that an increase in mitotic forms does not 

constitute a constant symptom of lymphosarcoma. 

Neoplastic cells of lymphosarcoma may be characterised by a marked 

polymorphism and profound degenerative changes. In consequence, it 

may be difficult to determine the type of the proliferating cell. Another 

case of lymphosarcoma may serve as an example. 

Atypical, giant, vacuolated cells (paralymphoblasts) were demonstrated 

by lymph-node biopsy. The nuclei were abnormal in shape, the nuclear 

structure was blurred (Plate 86). 

Sternal biopsy performed in this case demonstrated a marked lympho- 

cytic proliferation in the bone marrow, prolymphocytes and lympho- 

cytes of normal appearance preponderating in the myelogram. 

The diagnosis of lymphosarcoma should be based on the entire clinical 

picture supplemented by joint bioptic examinations. In addition, a diagno- 

stic excision of a lymph node, and histological examination, is recommen- 

ded. Changes in structure of the lymph node and infiltration of the capsule 

cannot be demonstrated by puncture. Aspiration biopsy may also yield 

negative results in cases where neoplastic proliferation is limited to a re- 

stricted area of the lymph node. 
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Plate 85. — Lymphosarcoma (lymph node aspiration smear). 

Note: the diversity of cell types; numerous cells contain several, small nucleoli; 3 atypical 

mitotic forms are to be seen.
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Plate 86. — Lymphosarcoma (lymph node aspiration smear). 
Note: the marked abnormality of the cells — giant dimensions, vacuolation of the cytoplasm 

and of the nucleus. 
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PLASMOCYTOMA 

Multiple Myeloma — Myeloma Multiplex 

Rusticky-Kahler’s Disease 

Plasmocytoma refers to a malignant tumour originating from bone- 

marrow plasmocytes. Extramedullar solitary plasmocytic tumours occur- 

ring in the region of hilar, oesophageal or tracheal lymph nodes have 

also been reported. These tumours develop slowly, remain localised for 

a long time, and do not impair the general condition of the patient to any 

marked degree. They may, however, metastatise to the bone marrow, 

resulting in the development of a clinical picture similar to that of multiple 

myeloma. 

In extremely rare cases multiple myeloma may be accompanied by a leuk- 

aemic blood picture, the majority of cells present in the peripheral blood 

corresponding to plasmocytes. Such a condition may be termed plasma cell 

leukaemia. In the cases described in literature plasma cell infiltration of 

internal organs, such as spleen liver, was found at autopsy. Such cases may 

be considered as a link between localised tumour-like proliferation and 

systemic proliferative diseases. The existence of stepwise gradual transi- 

tion between localised and systemic proliferative processes is even more 

clearly demonstrated in the case of myeloblastic leukaemia and chloroma, 

or intermediate forms between lymphosarcoma and lymphatic leukaemia. 

Haematologisis — clinicians, biochemists, radiologists and pathologists 

alike — have devoted a great deal of attention to plasmocytoma because 

of its typical and manifold symptoms. The clinical and haematological 

picture of this disease is of great interest. Perhaps the most striking changes 

are observed in blood proteins. The demonstration of disturbances in 

protein metabolism accompanying plasmocytoma sometimes requires 
special methods. Though the total plasma-protein content may be normal, 

there are pathological variations in protein fractions. Investigations of 

Wuhrmann and Wunderly demonstrated that cases of plasmocytoma with 

anormal electrophoretic serum protein pattern are extremely rare. Individual 

globulin fractions are increased and the albumin-globulin ratio becomes 

reversed. This phenomenon is reflected by an increased erythrocyte-sedi- 

mentation rate, caused by, among other factors, the tendency to rouleaux 

formation. Such pseudo-agglutination creates difficulties in performing 

erythrocyte counts and impedes the execution of smears. 

Peripheral blood examination reveals anaemia usually of the hypochro- 

mic type. It varies in degree according to the stage of advancement of the 

disease. In certain instances, anaemia may be refractory to treatment and 

in such cases is severe. Rouleaux formation demonstrable in smears 

constitutes a significant finding.
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The leukocyte count may be normal, but often varies within wide limits; 

few immature granulocytes and atypical plasmocytes may be present 

in blood smears. Their occurrence is not among constant symptoms. In 

certain instances, in particular during the terminal phase of the disease, 

neoplastic cells may be released into the blood, leading to the development 

of a plasma cell leukaemia picture. 

Reliable diagnostic data may be obtained by bone-marrow examination, 

frequently the sole means for establishing the correct diagnosis. It is no 

exaggeration to say that plasmocytoma is among those rare diseases accom- 
panied by a bone-marrow picture so specific that the diagnosis can be in 

many cases established almost at first glance. 
Following the demonstration of neoplastic proliferation in the bone 

marrow, attention should be directed to — 1) establishing the type of cells 

involved, and 2) estimation of malignancy on the basis of cytological 

criteria. It is generally known that plasma cells are the matrix from which 

all forms of myeloma originate. Reticulum elements are stem-cells of the 

plasmocytic series. Therefore plasma cells may according to the advan- 

cement of differentiation, vary greatly. 

Morphologically, they range from forms similar to reticulum cells to 

that of mature plasmocyte, including numerous intermediate forms. The 

course of pathologic differentiation, or rather of neoplastic transformation 

results in an even greater variety of cells, atypical forms being present. 

Cases are encountered of plasmocytoma characterised by the preponder- 

ance of large, immature cells or, in other instances, of small, round plasmo- 

cytes. These cytological differences are reflected by the clinical course, 

the malignancy of the disease and plasma protein abnormalities!. 

Neoplastic plasmocytes demonstrate, as stated above, a great variety 

of types. Large cells with round excentric nuclei are the most frequent. 

The nuclear chromatin does not usually show the “‘wheel-spoke” arran- 

gement characteristic of mature plasmocytes; its distribution resembles 

rather that of early developmental stages. The nuclei may contain one or 

two large nucleoli. The cytoplasm is blue, occasionally dark blue, not 

infrequently vacuolated. The clear perinuclear zone is absent. 

In some cases the plasmocytes may contain inclusion-bodies in the cyto- 

plasm. These may be present in form of rods (similar to Auer’s rods), drops 

or irregular masses. Their appearance is usually hyaline and they are azuro- 

philic, in some instances eosinophilic. Probably these inclusions correspond 

1 The comparison of the cytological picture with the electrophoretic pattern of plasma 

proteins has led to the following classification of plasmocytoma types: type gamma relatively 

benign, characterised by an advanced differentiation of plasma cells; and types alpha and 
beta — malignant, undifferentiated plasma cells. This classification is based on the electro- 
phoretic mobility of the predominating plasma-protein fraction. 
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to pathologic proteins secreted by cells, which underwent neoplastic trans- 

formation. Such inclusions may be also met with in normal conditions, 

in form of the generally known Russel-bodies. It is also of interest to 

note that there appear specific inclusions in the cytoplasm of plasmocy- 

toma — cells during the therapy by Stilbamidine, Pentamidine and Anti- 

mone. It is supposed that the inclusions appearing in the course of therapy 

with these compounds represent the results of a chemical reaction between 

the drug and the ribonucleic acids of the cytoplasm. The precise mechanism 

of these phenomena is not known. More cytochemical and cytophysiological 

investigations are needed. It seems that these problems deserve more 

attention and will amply repay the efforts of a detailed study. 

Plates 87 to 90 illustrate the bone-marrow pictures from three cases 

of plasmocytoma. 

The entire field of vision contains plasmocytes, demonstrating aniso- 

cytosis. In addition to small plasma cells, large binucleated plasmocytes 

are present. Cells possessing three nuclei were also encountered in this 

preparation. The recognition of these cells presents no difficulties. The 

nuclei are pycnotic and excentric; nucleoli are invisible. The blue cyto- 

plasm differs from that of mature plasmocytes, being “smooth” in appear- 

ance and lacking the whitish perinuclear zone (Plate 87). 

The myelogram demonstrates plasmocytic proliferation in the bone 

marrow. On casual examination, the plasma cells resemble fully differen 

tiated forms, only slightly abnormal. 

The plasmocytes reproduced on Plate 88 are more vari gated. Interme- 

diate forms between undifferentiated elements and recognisable plasmocytes 

are present. The grepish-blue cytoplasm and distinct nucleoli indicate 

the immaturity of the cells. In early plasmocytes, the nuclei are located 

centrally. The outlines of certain of these cells are indistinct, resem- 

bling reticulum cells. Diagnosis in this case may be more difficult, be- 

cause of abnormality and immaturity of the cells encountered. The presence 

of intermediate forms is helpful in recognition of all types. According 

to cytological features, this case may be termed plasmoblastoma or para- 

plasmocytoma. 

The bone-marrow picture in the third case is characterised by an abund- 

ance of various cell types. Immature cells profoundly changed prepon- 

derate. Normal plasmocytes are rarely encountered, the majority of the 

cells resembling undifferentiated reticulum cells, atypical plasmoblasts, 

or pathologically transformed plasmocytes; only the presence of interme- 

diate forms makes recognition possible. The cells occur in clusters, some 

of them forming syncytial “flakes”. Giant cells with large reticular nuclei 

and distinct nucleoli should be noted (Plate 89).
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Plate 87. — Plasmocytoma (bone marrow). 

The plasmocytes show no differences from normal cells of this series. Several contain 
a few azurophilic granules in the cytoplasm. One neutrophilic myelocyte is represented on 

the drawing.
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Plate 88. — Plasmocytoma (bone marrow). 

Note: the distinct blue nucleoli.
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The proliferation of reticulum cells, which show a tendency to trans- 

formation into atypical, neoplastic plasmocytes, indicates the particular 

malignancy of the disease (plasmocytic reticulosarcoma). 

Plate 90 illustrates a fragment of the myclogram characterised above. 

Bone-marrow biopsy is essential to the diagnosis of plasmocytoma. 

Significant clinical symptoms include: 
1. Intractable bone pain, usually in the sacral region, spine and ribs; 

bone tenderness under pressure; 

Plate 89. — Plasmocytoma (bone marrow): /. Undifferentiated reticulum celis. 2. Reti- 

culum cells, which show some differentiation — intermediate forms between reticulum cells 

and plasmocytes. 3. Typical plasmocyte. 4. Abnormal plasmocytes; intermediate forms between 
these and typical plasmocytes, as well as reticulum cells are to be encountered. 5. Neutrophils. 
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Plate 89.— Plasmocytoma (bone marrow).
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. Spontaneous bone fractures; 

3. X-ray findings (disseminated foci of bone rarefaction); 

4. Progressive refractory anaemia; 

5. Hyper- or paraproteinaemia; 

6. Rapid erythrocyte-sedimentation rate; 

7. Findings of urine analysis: the presence of albumin and Bence-Jones 

protein (inconstant), renal casts and red cells. 

The onset of the pain is often attributed by the patient to motion, trauma 

or even pressure. At the onset of the disease the pain is wandering and 

intermittent, as the pathologic changes progress it becomes almost intol- 

erable and lasts longer — hours ord ays, and gradually may become constant. 

In some instances the initial symptoms may be mistaken for signs of rheu- 

matic disease. 

Spontaneous bone fractures concern usually the bones of the trunk and 

patient may be unaware of their existence. They may even pass unrec- 

Plate 90. — Plasmocytoma (bone marrow): 1. Undifferentiated reticulum cells. 2. More 

“mature” reticulum cells; the nuclear structure is no longer reticular and nucleoli are not 

demonstrable. 3. Paraplasmocytes — the nuclear structure is abnormal, homogenised and 

blurred; the cytoplasm is atypical.
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Plate 90. — Plasmocytoma (bone marrow). 
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ognised by the physician, and are diagnosed on X-ray examination. The 

lesions seen on roentgenograms are usually in form of round, sharply 

delineated areas of bone rarefaction, only in rare cases diffuse osteoporosis 

may be met with. The most frequent sites of osscous lesions are the skull, 

the sternum, the vertebral column and the bones of the pelvis. 

The anaemia presents no specific features. 

The pr 

others, by the increased sedimentation rate and the findings of urine lysis. 

The most reliable means, however, of diagnosing changes in serum 

proteins institutes electrophoretic examination. Among other methods, the 

nephelogram after Weltmann, the solubility curve of Wuhrmann and Leut- 

hardt, and the cadmium - reaction of Wuhrmann and Wunderly should 

be mentioned. These methods do not permit any quantitative determination 

of particular protein fractions; indicate, however, the presence of pathologic 

deviations. Among pathologic protein cryogłobulins, amyloid and para- 

myloid, as well as the mentioned above Bence-Jones protein may be 

found. In connection with disturbances in the protein metabolism the fre- 

quent occurrence of falsely positive Wassermann -— and other serological 

tests should be mentioned. 

Symptoms of chronic nephritis with nitrogen retention, low blood press- 

ure and usually without oedema or retinitis are often encountered. At 

autopsy characteristic changes of the kidney tissue are an almost constant 

finding, which led even to the term '*myclomatous kidney” for the descrip- 

tion of this condition. 
The occurrence of amyloidosis is, in the course of plasmocytoma, a not 

infrequent phenomenon. 

Differential difficulties may be encountered in plasmocytic responses 

accompanying cancer metastases to the bone marrow. The plasmocytes 

may be atypical, but in such cases they rarely exceed six per cent in num- 

ber. In plasmocytoma, plasma-cell proliferation is strikingly conspicuous. 

An increase in bone-marrow plasmocytes occurs also in rheumatoid 

diseases, Hodgkin's disease, cirrhosis of the liver, and in the hitherto 

ill-defined group of disorders, referred to as collagenoses. 

From the clinical point of view, the varying clinical picture of the disease 

offers additional difficulties. In a number of cases the initial diagnosis may 

be erroneous. In some instances rheumatic arthritis, Paget's disease and 

«refractory anaemia’ are diagnosed. A closer scrutiny, however, and the 

finding of the above described symptoms usually clarifies the case. As said 

already, the most significant data are furnished by bone-marrow puncture. 

In some cases, repeated bone-marrow examination may be needed or even 

biopsy of a tumour (site of the plasmocyte proliferation). Such cases are, 

however, rare. 

sence of hyper-or paraproteinaemia is demonstrated, among 
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CHRONIC LEUKAEMIC RETICULOSIS 

Reticulum-Cell Leukaemia 

In the foregoing chapters, myeloid leukaemia, lymphatic leukaemia 

and monocytic leukaemia (a disputed entity) have been described. 
These are among the more frequently encountered and, in consequence, 

better understood of such diseases of the haematopoietic system, charac- 

terised by irreversible and uncontrolled proliferation of the individual cell 

series. For example, in the same way as the leukaemic proliferation in 

lymphadenoses finds its origin in lymphatic tissue, so the granulopoictic 

cells constitute the matrix from which myeloses develop. Since all cells 

of the haematopoietic system originate from multipotent reticulum cells 

it may be stated that all disorders of the blood and blood-forming system 

come within the pathology of the reticulo-endothelial system. However 

logically correct, such a statement cannot, for practical purposes, be accep- 

ted, in view of the wide and varied range of blood disorders. The patho- 

logy of cells arising from transformation of the RES elements should be 

separately considered apart. Therefore, we use the term pathology of the 

RES in a restricted sense, referring only to disorders concerning those cells, 

which form the RES as a histophysiological entity. Since RES cells occur 

in all tissues and organs, pathological lesions may become manifest in 

any of them in the course of RES diseases. The clinical picture therefore 

varies in the extreme according to the site of the morbid process. Moreover 

RES disorders may become generalised, a condition which complicates 

the clinical picture. 

Localised lesions may become manifest as enlargement of an organ 

or as disturbances of its fuhction. In other instances, the disease remains 

latent because of the inaccessibility of its site or because of compensatory 

mechanisms masking functional insufficiency. 

The liver, the spleen, the bone marrow and the lymph nodes contain 

numerous highly active RES cells. Involvement of these organs in the course 

of RES disorders gives rise to symptoms perceptible on clinical examina- 

tion. The finding of an enlarged spleen, liver or lymph node should, among 

other possibilities, direct the clinician’s consideration to diseases of the 

RES. Unfortunately, the knowledge concerning these is incomplete and 

most basic works on haematology devote too little attention to this problem. 

Reticulum cells are among stroma elements, and their proliferation 

may be strictly localised to an organ (e.g. bone marrow or lymph nodes), 

no signs of the proliferation being present in the peripheral blood. Nu- 

merous instances of such conditions, have been reported and are usually 

referred to as various forms of reticulosarcoma (e.g. Ewing's sarcoma. 

“Retothelsarkom” — reticulum-cell sarcoma of Roulet) and so-called
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Plate 91. — Chronic leukaemic reticulosis (peripheral blood). 

Large lymphoidal reticulum cells are present. The nuclear structure of these cells bea 
a slight resemblance to that of myeloblasts. 
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Plate 92. — Chronic leukaemic reticulosis (peripheral blood stained 

with toluidine blue). 

This stain reveals the presence of numerous minute granules in the cytoplasm. 

16 Atlas of Haematology
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acute reticulosis of infancy (Abt-Letterer-Siwe disease). On the other 

hand, reticulum cells may appear in peripheral blood as a symptom accom- 

panying such various blood disorders, as myeloid or lymphatic leukae- 

mias. 

The question arises as to whether primary reticulum-cell proliferation 

is always localised to organs ('latent” reticulosis), or whether there are 

leukae mic forms in which the reticulum cells become manifest in peri- 

pheral blood. 

69
 

| 

Plate 93.— Chronic leukaemic reticulosis (bone marrow): /.Lymphoidal reticulum cell. 
2. Small Iymphoidal reticulum cell. 3. Paraerythroblast. 4. Segmented neutrophil.
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Plate 93. — Chronic leukaemic reticulosis (bone marrow). 

16*
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Not so long ago only “latent” or localised forms were known, apart 

from monocytic and plasmocytic leukaemias which are separate disorders. 

In recent years several instances of leukaemic myeloses corresponding 

to the di Guglielmo’s histioleukaemia (A. Fieschi) have been reported. 

The present authors followed a case of leukaemic reticulosis (lymphoidal 

reticulum-cell leukaemia). On the basis of these observations reticuloses 

may be classified in a manner similar to that used for myeloses (latent or 

aleukaemic myelosis — manifest or leukaemic myelosis; latent or aleukaemic 

reticulosis — manifest or leukaemic reticulosis). 

CASE. A 69-ycar old male was for ten years before admission treated for anaemia, sub- 
febrile reactions and weakness. The erythrocyte count ranged from 2,500,000 to 3,550,000 

per cu.mm.; haemoglobin — from 62 to 70%; leukocyte count from 10,000 to 20,000 

per cu.mm. The lymph nodes were not enlarged. On the basis of persistent lymphocytosis 
(86 to 93%), atypical lymphatic leukaemia was diagnosed. On examination, a marked enlarge- 
ment of the spleen was found. Peripheral lymph nodes were not enlarged. X-ray exami- 
nation of the chest demonstrated the presence of enlargement and calcification of hilar 

lymph nodes. Bone lesions could not be demonstrated on thorough X-ray examination of 
the skeletal system. Erythrocyte-sedimentation rate was usually rapid, the general condi- 

tion of the patient fairly satisfactory. Peripheral blood findings — mild hypochromic anaemia 

and the presence ої numerous (72%) atypical cells (cf Plates 91 and 92) were present. 

Plate 91 illustrates large cells with round or oval leptochromatic nuclei. 

In certain cells, nucleoli are present. Numerous cells — one of them is 

reproduced on the plate — were characterised by the excentric position 

of the nucleus. The cytoplasm is faintly basophilic (pale blue or greyish- 

blue), and, in the majority of cells, agranular. The outlines of many of the 

cells were irregular. Certain cells contained minute granula, which could 

be seen more distinctly in preparations stained with toluidine blue. Mor- 

phologically, these cells are similar to lymphoidal reticulum cells. 

Plate 92 illustrates a blood smear stained with toluidine blue. Numerous 

minute granules are present in the cytoplasm. 

Myelogram: hypocellularity, erythroblasts 9.7%, granulocytes 10.5%, 

the majority of the cells — 76.96% — are difficult to classify. 

These cells are reproduced on Plate 93. They show anisocytosis and 

somewhat resemble large and small Iymphoidal reticulum cells. The 

nuclei are round or oval and contain from 1 to 3 small nucleoli. The nuclei 

are usually excentric; in some instances they lay on the periphery of the 

cell, suggesting a resemblance to plasmocytes. The nuclear structure is 

leptochromatic, the cytoplasm greyish-blue, inhomogeneous, of spongy 

or reticular structure. The cytoplasm of a few cells contains several azuro- 

philic granules, the clear perinuclear zone being absent. The outlines of 

the cells are irregular and indistinct. A few typical reticulum cells were 

also present. The cells described above were peroxidase-negative. The 

bone-marrow picture may be interpreted as a result of reticulum-cell 
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proliferation. On the basis of haematological findings and clinical features 

(an atypical proliferative disorder accompanied by anaemia and spleno- 

megaly), chronic leukaemic reticulosis — reticulosis chronica manifesta — 

was diagnosed. It was demonstrated by cytoimmunological methods 

that the cells (lymphoidal reticulum cells) present in this case differed in 

their antigenic properties both from myeloblasts and Iymphocytes (Ław- 

kowicz, Lille-Szyszkowicz, and Zawadzki). 

GAUCHER'S DISEASE 

Lipoidosis Cerebrosidica — Morbus Gaucher 

This rare disease is probably caused by an abnormal function of re- 

ticulum-cell enzymes leading to accumulation of lipoidal substances 

(kerasin) in the cytoplasm. These pathological cells proliferate, and spleen 

enlargement, anaemia, thrombocytopenia and granulocytopenia deve- 

lop in consequence. Cell infiltrates may also invade the bone tissue, which 

be comes manifest as rarefaction areas. 

The finding of pathological reticulum cells (Gaucher cells) in bone- 

marrow smears or in splenograms establishes the diagnosis. 

Plate 94 illustrates Gaucher cells. These may be exceptionally large 

reaching even 80 u in diameter. Gaucher cells often occur in clusters 

discerned under low magnification. The nuclei are small, excentric, of 

reticular structure and contain nucleoli. The chromatin strands are so- 

metimes coarse. Certain cells may be multinucleated. The cytoplasm is 

abundant, pale blue, and contains numerous wavy fibrillae. The cells 

are round, oval or spindle-shaped. 

When the following symptoms are present Gaucher's disease should 

be suspected: 

1. Marked enlargement of the spleen, in certain instances of lymph 

nodes also; peripheral lymph nodes are, however, only rarely involved; 

2. Enlargement of the liver; 

3. Skeletal pains and bone rarefaction areas; 

4. Spontaneous bone fractures; 

5. Anaemia and thrombocytopenic purpura; 

6. Brownish pigmentation of the skin; particularly of the face, neck, 

palms and legs from below the knee to the instep; in some instances, 

yellowish-brown tuberculi may be found on the conjunctiva (pingueculae). 

Gaucher's disease belongs to a group of diseases characterised by 

pathological lipoid metabolism and the presence of pathological reticulum 

cells. These cells accumulate cholesterol and its esters (Hand-Schiiller- 

Christian disease), sphingomyelin (Niemann-Pick disease) or kerasin 

(Gaucher's disease). These traits — pathological metabolism of lipoids
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and intracellular accumulation — are common to the whole group of disea- 

ses, as specified above. Because of these traits this group of diseases 

is sometimes denominated as lipoidoses or thesaurysmoses. The patho- 

genesis of these disease remains obscure. Even more obscure is a some- 

what similar disease — thesaurysmosis with accumulation of glycogen — 

the morbus von Gierke. 

Because of the rareness of these diseases no adequate statistical data 

are available. It should be stressed that detailed biochemical investigations 

are needed in the first order. Even comparatively large series of cases 

were published (up to 69 cases), but no adequate biochemical data were inclu- 

ded. Cytochemical investigations could also contribute to the understand- 

ing of the pathogenetic mechanisms of these diseases. The problems 

of the aetiology and pathogenesis of thesaurysmoses lie on the border- 

line of haematology, cytology and biochemistry. Among the most interest- 

ing questions pertaining to these diseases is problem of the relationship 

between the cytological and biochemical disturbances. One of the present 

authors followed in his capacity of a haematological consultant a case 

of generalised reticulosis accompanied by hyperlipaemia, in which no 

cytological signs of abnormal accumulation of lipids in the reticulum cells 

were present. 

С 

Plate 94. — Gaucher's disease (bone marrow): 1. Gaucher cells. 2. Myelocyte. 3. Segmen- 

ted neutrophil. 4. Polychromatic erythroblast. 5. Orthochromatic erythroblast.
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Plate 94. — Gaucher's disease (bone marrow). 
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HODGKIN'S DISEASE 

Lymphogranulomatosis Maligna — Morbus Hodgkin — Morbus 
Paltauf-Sternberg — Granuloma Malignum — Hodgkin's Lymphoma 

This disease of unknown aetiology manifests itself by reticulum-cell 

proliferation leading to characteristic histological pictures. The ubiquity 

of the reticulo-endothelial system implies that almost all organs may be 

the primary site of this disorder. The lesions may remain localised for 

a long time, while in other instances the disease becomes generalised. 

Hodgkin's disease chiefly affects the lymph nodes, among other organs 

the spleen, the liver, the respiratory tract, the digestive tract, the skeletal 

system, the skin and the nervous system are frequently involved. 

There is a vast literature concerning blood findings in Hodgkin's dis- 

ease. The symptoms vary, however, over a wide range and it is generally 

agreed that pathognomonic blood changes do not exist. At the utmost, 

it may be stated that certain findings are suggestive of Hodgkin's disease. 

Among these, however, inconstant, symptoms is moderate neutrophilic 

leucocytosis accompanied by lymphopenia and occasionally eosinophilia. 

The presence of *toxic" (persistent) granulation in neutrophils is also sug- 

gestive. In certain instances, monocytosis may be encountered. The blood 

picture varies in the course of the disease. Refractory anaemia is among 

frequent symptoms, particularly in advanced stages. It is usually hypo- 

chromic, while in other instances the colour index may remain about 

1.0. In cases of spleen involvement, the occurrence of haemolytic anaemia 

accompanied by macrocytosis and sphaerocytosis has been reported. 

The thrombocyte count remains normal or may be diminished. 

Focal granulomatous lesions of the bone marrow are not infrequent, 

although only rarely demonstrated by aspiration biopsy. Among numerous 

bone-marrow findings, reported by various authors, maturation disturban- 

ces and shift to the left in granulocytes, persistent granulation in neutro- 

phils, increase in reticulum cells, megakaryocytes, plasmocytes and cosi- 

nophils call for mention. The presence of large, vacuolated cells ('*Lympho- 

granulomzellen”—Klima) has also been noted, this symptom being, howe- 

ver, rather rare. At an advanced stage of the disorder bone-marrow eosi- 

nophilia and an increase in plasma cells is fairly frequent (cf Plate 95). 

Bone-marrow examination in Hodgkin's disease rarely contributes 

positive diagnostic findings, though it may be useful in ruling out other 

syndromes, which are characterised by lymph-node enlargement. 

Typical findings, which make it possible to establish the diagnosis, 

are obtained by lymph-node examination. Until recently, the view pre- 

vailed that reliable diagnostic data can be obtained in histological sections
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only. Nowadays, aspiration biopsy has numerous supporters, who claim 
that this procedure yields findings sufficient for diagnostic purposes.’ 
The histological patterns of granulomatous lesions were classified by 

Jackson and Parker into three categories: 1) Hodgkin's paragranuloma, 
2) Hodgkins granuloma, 3) Hodgkin's sarcoma. 
Type 1 (paragranuloma) is usually characterised by a mild course and 

involves mostly cervical and mediastinal lymph nodes. The life span in 
this form is long, cases of 10 years duration having been reported. The 
histological picture is characterised by proliferation of mature Iymphocy- 
tes, the presence of the pathognomonic Sternberg cells, reticulum cells, 
plasmocytes and eosinophils. The number of eosinophils is, however, 
moderate. The structural pattern of the lymph node is preserved, necro- 
tic foci are absent. 
Type 2 (Hodgkin's granuloma) is the most frequently encountered. 

The clinical picture varies greatly; the life span is shorter, death ensuing 
after a few years’ duration. The histological pattern is characterised by the 
diversity of cell types present. These include Sternberg cells, neutrophi- 
lic and eosinophilic granulocytes, plasmocytes, lymphocytes, reticulum 
cells and numerous mitotic forms. The lymph node structural pattern 
is obscured. Necrotic foci are usually demonstrable. 
Type 3 (Hodgkin's sarcoma) refers to a malignant variety of short du- 

ration. The histological pattern is less varied, large, round undifferentia- 
ted cells preponderating. These are considered by certain authors as 
undifferentiated Sternberg cells. In addition, typical Sternberg cells and 
a few lymphocytes are present. Plasmocytes, neutrophils and eosinophils 
rarely only occur. The structural pattern of the lymph node is totally ob- 
scured. Necrotic foci are numerous. The pathological cell infiltrates the 
capsule and encroaches upon perinodal tissues. 
The finding of Sternberg-Reed cells establishes the diagnosis of Hodg- 

kin's disease. This feature unites all three types of this disorder; one type 
may, moreover, become transformed into another, benign forms taking 
a more malignant course. A few instances of coexistence of all Hodg- 
kin's disease types in a patient have been reported. 

Plate 96 illustrates the lymph node aspiration smear picture from a case 
of fully developed Hodgkin's disease (Hodgkin's granuloma). 
By constrast with the monotonous picture presented by the normal lymph- 

adenogram, there is a striking diversity of cellular elements. Among 
mature lymphocytes, neutrophils, eosinophils, plasmocytes and reticulum 
cells are to be seen. 

* The pioneer work of Tempka and Kubiczek on lymph node aspiration biopsy deserves 
special mention in discussion of this subject.
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Large cells with a single, round or slightly indented nucleus are also 

present. The nuclear structure is fine. Nucleoli are occasionally encoun- 

tered. The cytoplasm is abundant, agranular, pale blue or distinctly baso- 

philic, often vacuolated. These cells correspond to early developmental 

stages of Sternberg-Reed cells and are usually referred to as “small giant 

cells”. Such forms occur in initial stages of granulomatous proliferation. 

Plate 95. — Hodgkin's disease (bone marrow): 1. Plasmocyte. 2. Promyelocyte. 3. Neutro- 
philic myelocyte. 4. Neutrophilic metamyelocyte. 5. Neutrophilic staff cell. 5a. — eosinophi- 
lic staff cell. 6. Segmented neutrophil. 6a. — segmented eosinophil. 7. Polychromatic erythro- 
blast. 8. Orthochromatic erythroblast. 9. Degenerative form of megakaryocyte — note the 
atypical nuclear structure, the blurring of the azurophilic granulation and the presence of 

vacuoles. 10. Granulocyte in mitosis. 11. Binucleated stem-cell — a precise recognition is 
difficult. 72. Lymphoidal reticulum cell.
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Plate 95.— Hodgkin's disease (bone marrow). 
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Typical giant Sternberg-Reed cells are also present (cf Plate 97). These 

are often multinucleated, the nuclei being usually even in number. The 

chromatin forms coarse strands, among which clear areas are discernible. 

Blue, large nucleoli are among characteristic features of these cells. The 

cytoplasm is pale blue, of indistinct outlines, often containing vacuoles. 

Intermediate forms between immature and differentiated Sternberg cells 

are frequently encountered. 

Small Sternberg-Reed cells are by reason of their frequent occurrence 

in smears from aspiration-biopsy specimens of great diagnostic value. 

Typical Sternberg cells, become often destroyed during the execution of 

the smear, and are better demonstrable in paraffin sections. 

Plate 96. — Hodgkin's disease (Hodgkin's granuloma) — lymph node aspiration smear: 7. Re- 
ticulum cell — the nuclear structure resembles that of a Sternberg cell; the chromatin strands 
demonstrate a reticular arrangement; such cells are not pathognomonic for Hodgkin's disease; 
Stahel terms these cells: young round cells” (junge Rundzelle). 2. Intermediate cell between 
a young round reticulum cell and a Sternberg cell. 3. Cells suggesting small Sternberg cells. 
4. Small binucleated Sternberg cell. 5. Plasmocyte. 6. Eosinophils. 7. Neutrophils. The 

remaining cells belong to the lymphocytic series. Lymphoblasts (loose nuclear structure, nucle- 

oli), prolymphocytes and mature lymphocytes are present. Such a variegated, “motley” picture 
is characteristic, all cells specific for Hodgkin's disease being represented. Tempka terms 

such picture a "complete lymphadenogram”.
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Plate 96. — Hodgkin's disease (Hodgkin's granuloma). 
Lymph node aspiration smear.
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At advanced stages of the disease or following X-ray therapy, the num- 

ber of Sternberg cells and lymphocytes in smears decreases, these ele- 

ments being replaced by numerous fibroblasts. This phenomenon is ex- 

plained by progressive fibrosis of the lymph node. 

The diagnosis of Hodgkin's disease should be established by lymph- 

node examination, characteristic cellular polymorphism and the demon- 

stration of Sternberg-Reed cells being positive findings. 

The cytological examination of lymphadenograms requires long expe- 

rience and critical evaluation. The diagnosis should be made with prudence, 

taking the entire clinical picture into account. In addition to typical cases, 

there exist numerous instances fraught with serious differential difficul- 

ties (e.g. differentiation between an initial period of Hodgkin's disease and 

an unspecific inflammatory reaction or Hodgkin's and other types of sar- 

coma). 
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Plate 97. — Hodgkin's disease (lymph node aspiration smear): 1. Sternberg.Reed cell — 
note numerous nuclei typically fine in structure containing large nucleoli. 2. Reticulum cell. 

3. Reticulum cell — the nuclear structure suggests a “young” Sternberg cell. 4. Plasma cell. 

5. Lymphoblast. 6. Prolymphocyte. 7. Lymphocyte. 8. Neutrophil. 9. Nucleus of a granulo- 
cyte undergoing destruction. 
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Plate 97. Hodgkin's disease (lymph node aspiration smear).





PARASITIC DISEASES 

MALARIA 

Plasmodium malariae belongs to the family of Sporozoa, intracellular 

parasites of various animal species. In man, four varieties of plasmodium 

are encountered: Plasmodium vivax (causing tertian malaria), Plasmodium 

malariae (causing quartan malaria), Plasmodium falciparum vel immaculatum 

(causing tropical malaria, often termed aestivo-autumnal), and Plasmodium 

ovale (causing mild forms of tropical malaria). The latter variety is from 

the clinical point of view less important. 

The diagnosis is established by peripheral blood examination, the Plas- 

modia being, in man, intracellular erythrocyte parasites. 

The development of Plasmodium consist of two cycles. The first — 

sexual, takes places in the organism of mosquitoes; the second — asexual 

(termed the schizogonial stage), in human circulatory system. In human 

blood, sexually differentiated forms of the parasite may be encountered 

(macrogametocytes and microgametocytes); these are, however, immature 
and become functionally active only in a specific environment (organism 

of the mosquito). 

Asexual forms are termed schizonts and the process of their division — 

schizogonia. Each species of Plasmodium is characterised by specific 

morphological and developmental features. 

Immature parasites are blue, ring-shaped and possess a distinctly outli- 

ned red chromatin-aggregate (May-Griinwald-Giemsa stain). These forms 

are on ground of resemblance termed signet-ring forms. 

The maturation cycle of schizonts is accompanied by morphologic trans- 

formations, specific for each species. The mature forms undergo division, 

causing the destruction of the red cell in which they developed. Mero- 

zoites are liberated, giving rise to a new generation of schizonts. A part of 

the schizonts develop into male forms (microgametocytes) and part 

into female forms (macrogametocytes). 
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PLASMODIUM VIVAX 

This species is the most common. An immature schizont corresponds 

to the signet-ring form already described. In the course of maturation, 

the parasite increases in size. Owing to its great motility, the schizont 

acquires numerous and varied shapes. Simultaneously, the erythrocyte 

increases in size and, losing its haemoglobin, becomes more and more 

pale. At this stage, the erythrocyte demonstrates the presence of minute 

granula (Schiiffner’s stippling), a phenomenon specific for tertian malaria. 

The mature schizont is polygonal and divides into from 14 to 24 regular 

segments, each consisting of a part of the cytoplasm and chromatin of 

the parental form. During the division, the erythrocyte undergoes destruc- 

tion and merozoites are released into the blood. 

5
 

Plate 98. — Tertian malaria (Plasmodium vivax). Peripheral blood: 7. Young schizont (ring- 

form). 2.More mature schizont. The red cell is enlarged and contains typical Schiffner's 

granulation. 3. Schizont showing further maturation. 4. Presegmenting schizont. The pa- 

rasite becomes rounded and divides into regular segments. Each of them contains a part of 
the cytoplasm and of chromatin. These segments correspond to a new generation of m

ero- 

zoites, from 14 to 24 (18—20 average) in number. 5. Monocyte. 6. Lymphocyte.
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Plate 98.—Tertian malaria (Plasmodium vivax). Peripheral blood. 

259



260 PARASITIC DISEASES 

Sexual forms (gametocytes) are also encountered, although less fre- 

quently, in blood. They resemble mature schizonts and are round in 

shape. 

The nucleus is larger and excentric. The cytoplasm of macrogameto- 

cytes is dark blue, the nucleus red and of loose structure. The cytoplasm 
of microgametocytes is pale blue, the nucleus large, re and of dense struc- 

ture (Plate 98). 

PLASMODIUM MALARIAE 

Immature schizonts do not differ from those described above. The 

development proceeds more slowly, and the parasites do not attain 

such large dimensions as Plasmodium vivax. The host cell does not in- 

crease in size and does not contain Schiiffner’s stippling. The most cha- 

Plate 99. — Quartan malaria (Plasmodium malariae). Peripheral blood: 7. Young schizont 

(ring-form). 2. Mature schizont (band-form). The erythrocyte is not enlarged and does 
not contain Schiiffner’s granulation. 3. Schizont before division. 4. Dividing form (resem- 

bling a rosette). 5. Monocyte.
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Plate 99. — Quartan malaria (Plasmodium malariae). Peripheral blood.
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racteristic feature is the band-form schizont, which resembles a blue 

ribbon stretched across the erythrocyte. 

The mature schizont is rounded and fills almost the entire cell. During 

division, it acquires the shape of a rosette consisting of from 8 to 12 seg- 

ments. The sexual forms are smaller than those of Plasmodium vivax, 

never attaining a size larger than a red cell. They are difficult to distinguish 

from Plasmodium vivax gametocytes (Plate 99). 

Plate 100. — Tropical malaria (Plasmodium falciparum vel immaculatum). Peripheral blood: 
I. Young schizonts (ring-forms). Several Plasmodium falciparum schizonts are present 
in a single erythrocyte. The rings are distinctly smaller than those of Р. vivax or Р. malariae. 
Certain schizonts contain two chromatin aggregates. The cells infested are not enlarged. 

la. — schizont atan more advanced stage of maturation. Coarse Maurer's dots are to be seen 

in the infested erythrocyte. More mature stages and forms in division are usually absent from 
peripheral blood. 2. Macrogametocyte. 3. Monocyte. 
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Plate 100. — Tropical malaria (Plasmodium falciparum vel immaculatum). 
Peripheral blood.
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PLASMODIUM FALCIPARUM VEL IMMACULATUM 

Immature schizonts resemble minute rings containing from 1 to 2 chro- 

matin aggregates. The chromatin stains faintly. A single erythrocyte 

often contains several parasites. In the course of maturation, the schizont 

increases in size, though remaining smaller than Plasmodium vivax schi- 

топів. Erythrocytes containing more advanced schizont stages show coarse 

Maurer's dots. Mature schizonts cannot be demonstrated by peripheral 

O
 

o
 

Ce
) 

e
a
 
9
 

Plate 101. — Kala-azar (bone marrow): 1. Reticulum cell containing parasites in the 
cytoplasm. 2. Proper reticulum cells. 3. Plasmocyte. 4. Staff cell. 5. Polymorphonuclear 
neutrophils. 6. Myeloblast. — 7. Basophilic erythroblast. | 8. Polychromatic erythroblast. 

9. Orthochromatic erythroblast
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Plate 101. — Kala-azar (bone marrow). 
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blood examination, because further development and division takes place 

in the capillaries of internal organs. 

The gametocytes, which often occur in peripheral blood, are characte- 

ristic. They are markedly larger than erythrocytes and semilunar in shape. 

The nucleus of the macrogametocyte is small, the cytoplasm abundant, 

containing a few granules of brownish pigment. On the other hand, the 

nucleus of microgametocytes occupies almost the whole cell, the cyto- 

plasm containing numerous pigment granules. 

Faultlessly executed and stained smears are necessary for the demon- 

stration of Plasmodia. Smears in which the nuclei of leukocytes are pale 

are valueless. May-Griinwald-Giemsa stain is generally used. In cases in 

which only few parasites are present, the thick-drop technique proves 

to be fruitful. A drop of blood is posed on the slide, allowed to dry on air, 

and without previous fixation is stained in Giemsa solution for 30 or 60 

minutes. The red cells haemolyse; leukocytes, thrombocytes and Plas- 
modia are clearly seen. 

In doubtful cases, where peripheral blood examination yields negative 

results, bone-marrow biopsy or spleen puncture is recommended. 

KALA-AZAR 

Splenomegalia Tropica — Leishmaniosis Interna — Febris Dum-Dum — Panos 

Leishmanias are intracellular protozoan parasites belonging to the 

Flagellatae. They are small, from 2 to 4 pin size, oval or round. 

The intracellular form demonstrates a clearly visible nucleus and cen- 

trozome. In culture, they possess a flagella and a blepharoplast, in appear- 

ance resembling trypanosomes. 

Leishmanias multiply in the infected organism in the bone marrow, the 

spleen and lymph nodes. They propagate from cell to cell by cytoplasma- 

tic processes. They may also be released from destroyed cells and infect 

healthy ones. Extracellular parasites are readily taken up by leukocytes 

and reticulo-endothelial cells. 

Leishmanias are typical parasites of the reticulo-endothelial system. 

Peripheral blood examination is therefore usually negative. 

The diagnosis depends on identification of the organisms in myelo- 

grams, splenograms or Iymphadenograms. In preparations stained by the 

May-Griinwald-Giemsa technique, the parasites are present as intracell- 

ular inclusions or lie in clusters near destroyed reticulum elements. They 

are round or oval and contain two violet chromatin aggregates, of une- 

qual size. The cytoplasm is blue or pale violet. Among haematological
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Plate 102. — Trypanosomiasis ( Trypanosoma gambiense). 
Guinea-pig blood smear.
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symptoms, hypochromic anaemia, granulocytopenia (with relative lym- 

phocytosis) and thrombocytopenia should be mentioned. 

Bone-marrow examination demonstrates a marked hyperplasia of the 

reticulo-endothelial system (Plate 101). 

TRYPANOSOMA 

Trypanosomas are Protozoa belonging to the Flagellatae. They are 

spindle-shaped, from 20 to 35 u in length, and from 1.5 to 3 u in 

breadth. Their structure is readily revealed in Giemsa-stained prepa- 

rations. The organism is equipped with a nucleus, a blepharoplast, a long 

flagella, which originates from the blepharoplast, and runs along the 

undulating membrane. The free end of the flagella reaches beyond the 

body of the protozoon. 

Trypanosoma may be encountered in the blood of all vertebrates but 

in certain species they are not pathogenic. The trypanosomas are usu- 

ally transmitted by insect bites. Pathogenic in man are: 

1. Trypanosoma gambiense; 

2. Trypanosoma rhodesiense; 

3. Trypanosoma cruzi. 

The two first named are transmitted by £se-tse fly (Glossina palpalis, 

Glossina morsitans) and cause African sleeping sickness. The third va- 

riety occurs in Central and South America and is transmitted by "kissing 

bugs” (Panstrongylus). Trypanosoma cruzi causes an acute disease (in 

rare instances the course may be chronic) characterised by anaemia, spleen 

and lymph-node enlargement, diarrhoea and neurological symptoms 

(Chagas disease). 

Infestation with Trypanosoma is usually accompanied by anaemia and 

monocytosis. The demonstration of the organisms in peripheral blood may, 

on account of the paucity in numbers, be difficult. Thick smear or thick- 

drop technique is therefore recommended. Better results are obtained by 

bone marrow or lymph-node biopsy. In doubtful cases, the administration 

of from 2 to 5 cu.cm. of the patient's blood to a guinea-pig may establish 

the diagnosis (Plate 102). 



CHAPTER X 

TUMOUR METASTASES 

Bone-marrow biopsy is often helpful in the detection of tumour meta- 

stases. Although several authors claim the superiority of histological 

sections, nevertheless cytological examination of smears may serve to 

establish the presence of metastases. Neoplastic cells, being elements 

foreign to the bone marrow, are readily recognisable, particularly when 

occurring in aggregates. Such clusters of metastatic cells are best searched 

for under low magnification. The recognition of single neoplastic cells 

may be difficult or even impossible. 

Most common are carcinoma or sarcoma metastases. Reliable criteria 

for differentiation between cells of epithelial and mesenchymal origin 

are, however, lacking. It is also impossible, by the morphological features 

of the metastatic cell, to determine the primary site of the tumour. 

Neoplastic cells are characterised by a marked polymorphism, which 

makes classification difficult. Such attemps have, however, been made; 

Kienle divides metastatic cells into six categories. In the present authors 

opinion, most important for the clinician, nevertheless, is the fact that 

these cells are present and all his endeavours should be directed to diffe- 

renting metastatic cells and normal bone-marrow constituents. This is 

not always easy, metastatic cells often resembling reticulum elements. 

It should be emphasised that the size of the cell cannot be regarded 

as a differential feature. Neoplastic cells exceeding 30 pin diameter 

are encountered, together with small cells similar in size to small lymphoidal 

cells. 

In recognition of metastatic cells, the following features may be help- 
ful: 

1. Polymorphism of the cells; 

2. Nucleo-cytoplasmatic ratio; the nucleus is often unusually large as 

compared to the narrow rim of the cytoplasm: 

3. Atypical shape and structure of the nuclei; binucleated cells, cells 

with three or more nuclei, resembling syncytial cells; atypical mitoses; 
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Plate 103. — Metastatic cells in bone marrow (Carcinoma). 
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4. Large nucleoli: the nucleo-nucleolar index may be as high as 0.4; 

in normal cells, the index amounts usually to approximately 0.2: 

5. Basophilia of the cytoplasm; irregular cell outlines; 

6. Vacuolation or fatty degeneration; 

7. Phagocytosis of small elements by large cells, ‘cannibalism’ 

neoplastic cells (Vadasz after Libansky); 

8. Neoplastic cells occur in clusters — “nests”, which are readily de- 

monstrable under low magnification (Aleksandrowicz; Libansky, Rohr, 

Stahel). 

Metastatic cells of epithelial origin are usually larger and more varied 

in appearance than sarcoma cells. These are smaller, often spindle-shaped, 

and form dense clusters (Tischendorf). These features may be misleading 

and do not constitute reliable differential indications. 

Plate 103 illustrates several metastatic cells lying close together in a bone- 

marrow smear. The fact that the cell borders are invisible suggests a syn- 

cytium. The nuclei are of different sizes. The nuclear structure bears signs 

of immaturity of the cells, and the nucleoli are prominent. The cytoplasm 

is agranular and basophilic. One of cells contains vacuoles. 

Manubrium of the sternum is among the common sites of tumour meta- 

stases. If neoplastic cells are searched for, several smears should be 

thoroughly examined under low magnification. Negative results consti- 

tute an indication to essay the puncture of other bones, such as the ribs, 

spinal processes of vertebrae or the iliac crest. X-ray examination of the 

skeletal system should precede selection of site for puncture. 

of
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* 

Atlas of the Brain and 

Spinal Cord is intended 
for students, physicians 

and particularly for 

neurologists. It contains 

unconventional, ingenio- 

us and accurately execu- 

ted illustrations and sup- 

plementary diagrams, 

many of them coloured. 

The profuse material em- 
braces the nerve cell and 

the development of the 

brain, the brain stem, the 

cerebellum and the cere- 

brum. 

The author treats the sub- 

ject not only descriptively 

but also topographically, 
presenting horizontal, sag- 

ittal and frontal cross 

sections. Frontal and_sag- 
ittal cross sections con- 

stitute a valuable supple- 

ment. The work is made 

the more valuable by the 

inclusion of arteries, ven- 

ous sinuses, meninges, 

nerve tracts and the spi- 

nal cord. Edited with in- 

sight and care this Atlas 

ranks among the most use- 

ful positions in medical 

literature. 
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