


Sandoz
Atlas of Haematology

&

SANDOZ LTD., BASLE, SWITZERLAND
1952



German, French, and Itzhan Editions, including all illusteations
Copyright 1949, 1972 by Sandoz Led, Basle, Swizecland
Nane of the allustrative matenal m this book may be reproduced or copied m whole of 1 part
wichout permusssion of Sandoz Ltd, Basle, Swiczerfand,

Printed so Switzesland by Frobemus Lid, Basle



Preface

The rapid advances in haematology which bave taken place during the last few years
have been matched by the publication of 0 many new text-books and atlases that the literature
bas been kept well up-to-date. Despite the excellence of the existing works, bowever, it seemed
to us that there was sull room for another atlas of haematology designed to meet the needs of
the practising physician. Nowadays, haematology is no longer the hobby of a few specialists,
but has become an indispensable diagnostic aid to the modern physician. It is important,
therefore, that he should possess an atlas which will enable bim to identsfy withost difficulty
the corpuscles of the blood and baemoposetic organs, The coloured drawings urually employed
almost inevitably suffer from the dusadvantages of subjective interpretation. Our aim bas
been to produce an atlas in which the blood cells are faithjiully portrayed and the appearance
is that actually seen when a well prepared film is examined under the microscope This has been
accamplisbed by taking colour photomicrographs of the various preparations, by using modern
techniques of colour printing and by avoiding artificial combinations of cellt from different
parts of fms, In this way, we have been able to achieve an autkentic reproduction of the
form and colour of the blood cells in their patural surroundings.

The reception accorded to the first edition of the “Sandoz Atlas of Haematology™, which
was published in 1949 in French and German only, wss extremely favourable and completely
postefied the undertaking In a short time, the entire edition was exhansted, and the continued
demand for the atlas made it necessary to prepare a second edition It was decided that this
new edition shauld appear not only in French and German but alvo in English and Italian,
and that the atlas should be revised and enlarged, This bas been done and a Jurther 34 illus-
trations, congisting of 7o separate photographs, bave been added.

With a few exceptions, a magmfication of 12 1200 hat been employed. The magnification
of t 5ao, usual in mucroscopic work, although employed for actually taking the coloxr photo-
graphs proved ton low for purposes of reproduction In order to obtain the necessary clarity
and the same wealth of detail seen in a traniparent shide, a bigher magnification is needed for
reproductions to be examined wnder incident light. In the case of a Jew particularly large
elements, iuch as megakaryocytes, stroma cellt and osteoclasts, however, a lower magnification
was used in certan photographs in order to show the cells in their entirety.

The atlas 1s drvsded anto three sections, each of which follows the 1ame general plan The
furst part of each section deals with the development of the mne species of blood cells in the

baemopoietsc nawwes, particularly sn the bone marrow, and this i folloued by a deseription or
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photographs of the cells in the peripheral blood under normal and patholagical conditions. As
no international agreement on the guestion of terminology has yet been reached, the classical
nomenclature bas been employed as far as possible.

Part I gives a brief account of the basic principles of haematology and of the technigue of
preparing and staming blood and bone marrow films. At the end of this section, will be found
drafts of forms suitable for recording the results of blood and bone marrow counts, followed
by the normal values of haematological data.

Pare 11 is devoted to a systematic description of the various groups and species of blood
cells and their development.

Part 111 contains 44 plates compriting a total of 256 illustrations of normal and patho-
logical elements found in the blood and haemopoietic organs. Apart from Figures 78 and
79C, which show leucocytes in rabbits with Pelger-Huet's anomaly, and Figures 248 B and
248 C showing trypanosomes in guinea pig blood, all the photographs are of human blood cells.
Facing each plate will be found descriptions of the mdwvidual photographs.

Since the atlas is intended primarily to fill practical needs, every effort has been made to
include all known cells of the blood and haemopoietic organs, whether normal or pathological,
for the general practitioner is just as likely as the specialist to encounter the rarer elements.

Many cells, for example tissue basophils and certain stem cells, are only rarely seen in
bealthy persons, but under pathological conditions ther numbers may be increased without
gualitative changes, and even in lewkaemic patients, the blood corpuscles may be normal in
appearance. It was therefore possible to overcome the difficulty of obtaining photographs of

bol ! cases.

some of the rarer el ts by using preparations from p

Of the 579 photographs which go to make up the 256 ill 346 are of prep
sn our own coll , while the preparations used for the remaimng 233 photographs were
kandly placed at our disposal by clinicians in Switzerland and other countries We should like
d, d for the belp they bave given us in this

to record here our gratitude to the
(indvwrdual acknowled, s will be found in the descriptive text facing the

sllustration).

Unsversity Medical Climc, Zurich: Prof. W. Lffler, Prof. F Waubrmann, Dr. R Hegghn,
Dr. S. Moeschlin, Dr. W. Huber.

Swiss Tropical Institute, Basle: Prof. R. Geigy, Dr. Kathe Schiffer.

Children’s Hospital, Barle: Prof. E. Frendenberg, Dr Margrst Esser, Dr. F Hauser,

University Medical Clinic, Basle: Prof. H. Staub, Prof. H. Ludung, Dr. P Vulleurnser,
Dr. H Ludin, Dr. A. Leya.

Cantonal Hospital, Aarau, Switzerland: Prof. A. Alder.
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The late Dr. S ] Letner, Leysin, Suuzerland.

Univernty Polichnic and St. Clara Hospital, Basle: Prof. A. Gigon, Dr. J. Gubser.

University Medscal Clinic, Utrecht, Holland" Prof € D. de Langen, Dr. A. M. C. Verloop.

University Medscal Clinic, Lausanne, Switzerland~ Prof. L. Mickand, Dr, G. Hemmeler.

University Children’s Hospital, Zurich: Prof. G. Fanconi, Dr. C. Gasser, Dr. R. Landolt.

Dr. W. B , Interlaken, Switzerland; Dr. Nellie Haverkamp B Leyden,
Holland; Prof L. Berman, Detroit; Frof. P. Chevallier and Dr G. Marinone, Paris;
Dr. H, Goldeck, Hamburg; Dr. F. Heckner, Gottngen; Prof. L. Heilmeyer and
Dr, H. Begemann, Fresburg, Germany; Prof. C. Jiménez-Diaz, Dr. G. Panisgus and
Dr, ]. Perianes, Madrid; Prof. L. R, Limarzi, Chicago; Dr. P. Lopes Cardozo, Leyden;
Dr, J. Mallarmé, Paris; Prof, C Monge M. and Prof. P. Weiss, Lims; Prof, H. Nachtsham,
Berliny Prof. A. Owren, Oslo; Dr. A. Perret-Gennl, Basle; Dr. A. Piney, London;
Dr. K. A Punschel, Arosa, Switzerlind; Dr. M. Pio da Silva, Sio Paulo, Braul;
Dr B. Steir Bern; Dr. B Wiede Olomose, Crechoslovaki:

We are especially indebted to Dr, Kithe Schiffer who selected the specimens containing
Hlood parantes and arranged the photographs on plates 42 and 43.

Qur appreciation and thanks are also due to Messts, Frobenius Ltd , Basle, Jor their skill
and willing co-operation in the difficult and laborious task of reproduting the colour photo-

graphs,

The “Sandoz Atlas of Haematology™ bas been written and compiled by Dr. E. Undritz
of the Sandas Ph Jopscal Research Lab under the direction of Prof. E. Rothlin,

The atlas bas been translated into Enghish by Dr. A, 3. Woolman. We are greatly indebted
0 Dr. A. Piney, London, who lindly read through the manuscript of the English translation

and made a number of valusble suggestions

SANDOZ LTD., BASLE.
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PART ONE

General Considerations

1. Fund tal Principles of H tology

This general secuion 1s devored to a brief discussion of the terminology and class:f:canon of
the blood corpuscles, followed by a deseripuon of their f
funcuons, and destruction (lysis), both under normal and under abnonml condmom An

account is also given of the cellular clements which are found in the bone marrow but are not
dmt is. Derailed descriptions of the individual blood cells will be found in
Part Two While the atlas accurately reflects the present state of our knowledge of hacma-

tology, no claim can be made to completencss, for there are many questions szill to be answered

L. TERMINOLOGY

Haematology possesses no uniform terminology, pantly because there are sull gaps n our
knowledge and partly because not all authors interpret the findings in the same way. In the
following pages, we shall adhere to the classical nomenclature, both for the two large groups
of blood corpuscles—the erythrocytes and the leucocytes—and for the individual cell species:
normocytes and megal s, basophils, eosinophil phils, monocytes, lymphocytes,
plasma cells and the elements of the megakaryocyte-platelet system. Lach of the individual eell
species undergocs Various stages of develop: to which yms have been
applied. We have selected those names which appear to agree best with the specific properties
of the elements they describe and which are Jeast likely to be misunderstood For the ripe
neutrophls, for example, the term “polynuclear” is incorrect, since they possess only one
aucleus On the other hand, the description “segmented™ is accurate, though it naturally refers
only to the nucleus and not to the entire cell. Similarly, we have preferred the older term
‘myelogenous” to the now more generally adopted term “mycloid”, since the larter strietly
«peaking means “resembling marrow” and not “derived from marrow™. By employing only
classical terms and those derived from them, we hope to have arrived at an internancnally
acceprable nomenclature and, a1 far as possible, we have used the s2me terms in afl four
languages. Terms which duffer from these but are 10 common use in certain countries have alio
been added 1n brackers to facilitate understanding. For ecll stages which have enly recently
been recognized, we have used terms which fit i well with the classical terminology, such as
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basophilobl inophiloblasy and hiloblast, 1o describe the ungranulated stem cells

of the corresponding speacs of blood corpuscle. Nacgel’s “mygcloblast™ and Ferrata's
“baemocytoblast™ are now knowa to be collective terms covering a variery of stem cells. Since
the introduction of bone marrow puacrure, 1t has also proved necessary to subdivide many of
the more mature stages of development. Thus the promyclocytes of the basophils, eosinophils
and phils are now subdivided into promyelocytes I and promyelocytes I1. The promyelo-
cytes I are the same size as the blase cells bus already contain sparse granulation (corresponding
1o Ferrata's basophilic, cosinophilic and neutrophilic myeloblasts), while the larger cells with
more abundant granufation are known as promyelocytes IT (the pi focytes of Nacegeli or
the immarure myelocytes of Rohr). These terms 2lso fit in well with the classical nomenclature
and are not likely to lead to misunderstanding Instead of the misleading term “reticulocyte™
we speak of “proerythrocyte™, which conforms betser to the classical rerminology. Certain
terms, such as “staff form™, although not classical have found general acceprance, and these
have been retained, Others, such as "Tirk’s irneation cell”, have been dropped, since it is no
longer certain to which cells they were onginally intended to apply. To facilitate understand-
ing, however, the most widely employed synonyms have also been given.

2. CLASSIFIGCATION OF THE BLOOD CELLS INTO GROUPS,
SPECIES AND STAGESOF DEVELOPMENT

Table 1 shows the gencalogical table of the blood cells Two distnct processes are shown-
(a) the primary formation of the specific stem cells in the embryo, starting from the fertihized
ovum, and (b) the somatic regeneration of the different species from their stem cells, which
sets 1 after the Jatter bave been elaborated 1n the embryo,

The following phases in the process of development are indicated: the limir ar which

proliferation ceases (broken line), the threshold at which the various blood corpuscles enter the
blood stream (thin, coptinuous line) and the stage of development at which the death and
4 of the cells Iy occurs (thick, i line). Stages which correspoad to
approximately the same degree of mawrity are shown at the same level. It will be seen thar
the stage of development at which entrance into the blood stream and death of the cell
occurs vanes according to the species of blood corpuscle to which it belongs. The plasma
cells and lymphocytes do not reach the same stage of maturity as, for exampte, the newerophils,
while the destruction of the latter takes place at an earlier stage than that of the normocytes.

With regard to the nomenclature of the red blood corpuscles, confusion can be avoded
of the fwo sprcies, normocytes and megalocytes, are referred to collectively as erythrocytes
“The ntroduction of mew terms is thus rendered unnccessary. By employing the prefix

qormo-" systematically for all the stages of development of the one scries, from pronormoblast
(0 normocyte, and the prefix “megalo-" for the other senes, from promegaloblast to megalo-
¢yte, a clear differentation bvmrm the two series can be made (sce Table 1). The prefix
serythro-" should enly be ployed when a diffe i is 7. and conveyt no
wore than “red blood corpuscle”.




Table 2

CLASSIFICATION OF THE BLOOD CORPUSCLES INTO
GROUPS AND SPECIES

Groups Specles or systems I Synonyms

Erythrocytes Normocytes (Erythrocytes in a restricted sense, rubricytes)

Megalocytes

Leucocytes Basophlls with Blood basophils (blood mast cells)
soluble granufation

E 1 (Acidoghils)
Neutrophils (Microphages)
Monocytes (Large mononuclear and intermediate forms,

macrophages; vaguely related to histiocytes,
migratory cells, clasmatocytes, retlculo-endothellal
and endothelial cells, etc, see p 68)

Lymphocytes {Small mononuctear forms)

Plasma cells Plasmocytes (plasmacytes, Tork's irritation celts [7})
Megakaryocytes Glant cells of the bone marrow

Blood platelets Platelets (thrombocytes}

Terms In brackets zre those not employed elsewhere In the atlas

Table 2 shows how the blood corpuscles are divided 1nto two groups, the erythrocytes and
the leucocytes, which are then subdivided into 9 species (polyphyletism according to Undritz,
1934). The most common synonyms are also given.

Classlfication of the species into siages of development*

A. THE SYSTEM OF THE NORMOCYTES (Plates 2 and 6, and parts of Plates 1, 3, 4 and 5}

P blast, ma blast blast)**, basophuli blast, polychromatic normo-
blast, nxyphn]nc normoblast with nuclear structure, oxyph:hc normoblast with structureless
(dsh ing) nucleus, pr yte ( tic , normocyte with vital granu-
lation, granulofilocyte), normacyte .

B THE SYSTEM OF THE MEGALOC‘{TES (Plale 7 and parts of Plates 1, 3, 4 and 5): Pro-

foblast, basophuli paloblast, poly galoblast, oxyphilic megalobl with
&

o The stages which normally pass mto the blood stresm from the haemopoietic centres are priated ia sualies

«* The or blast 1s an stage which does not invanably oceur.




nuclear structure, oxyphl]xc loblast with tess (disi ing) nucleus, p 5
cyte (megalocyti yie), megalocy

C. THE SYSTEM OF THE BASOPHILS WITH SOLUBLE GRANULATION {Blood basophils,
Plate 11)* Basophiloblast (myeloblast of the basophilic series), basophilic promyelocyte stage [

{basophil, yeloblast of Ferrata), basophil if stage II, basophilic myelocyte,

basophil yelocyte, ’Imaplnl
D. THE SYSTEM OF THE EOSINOPHILS (Plates 12 and 13): Eosmophxlobhs: (myeloblast of
the hilic series), eosinophilic promyelocyte stage ¥ (cosinophtlic mycloblast of Ferrata),
hilic promyelocyte stage 11, cosinophilic myelosyte, cosinophiti yelocyte, staff

eosinophil, segmented eosimophil.
E. THE SYSTEM OF THE NEUTROPHILS (Plates r4—19): Nmuophnlobhn (myeloblast of

the hilic series), hilic promyclocyte stage I yeloblast of Ferrata),

ph h promyelocyre stage 11 myelocyte), semi philic myclocyte,
mature hilic myelocyte, ful ! , juvenile bul, staff neutro-
phi, seg d phil yelocytes and )uvemle forms are usually grouped together

and desersbed simply as “metamyclocytes™ or simply as “juvenile forms”. Arneth subdivides
the segmented forms into those with 2, 3, 4, § and more segments).

F. THE SYSTEM OF THE MONOCYTES (Plates 20—23): Monoblast, promonocyte, monocyte.

G THE SYSTEM OF THE LYMPHOCYTES {Plates 24 and 25): Lymphoblast, prolympbocyte,
Iymphocyte.

H THE SYSTEM OF THE PLASMA CELLS (Plates 26—28): Plasmoblast, proplasmocyte,
plasmocyte,

1 THE SYSTEM OF THE MEGAKARYOCYTES AND PLATELETS (Plates 29—31): Megakaryo-
blast, promegakaryocyte, megakaryocyte, blood plateles.

The precise charactensstics of the individual groups, species and stages of development of
the blood cells are described in Part Two.

3 ORIGIN OF THE BLOOD CELLS

Certain cells of the adult organism, such as the nerve and muscle cells, no longer possess the
power af proliferation and hence, under normal conditions, they cannot be replaced. In the
case of other ¢ells, such a5 those of the skin and the glands, however, there is a steady formanon

of new cells 1o take the place of those constantly being used up. The blood cells belong to the
class of proliferative cells.

In the embryo, the blood cclls are formed in the mesenchyme which is derived from the
mesoderm. The sites of formation of the blood eells vary in a definite order duning the period
of mtra-urenne development. At furst siuated outside the embryo, in the yolk sac and
abdommnal pedicle, and later wathin the embryo, chiefly in the liver and spleen, they finally
becorme tocalized i the bone marrow and Iymphatic sissue, At birth, this process of develop-

ment 1s already complete



Despite its name, the lymphatic tissue is not solely concerned with the formation of
lymphocytes, although lymphopoiesis is strongly evident in it. From the same tissue arisc the
monocytes and the plasma cells as well as the basophils with insoluble granulation (tissue
basophils) although, in man, the lacter do not properly speaking belong to the blood cells.
Lymphatic tissue is found not only in the lymph glands, the lymph follicles and the spleen,
but also in vascular sheaths throughout the body,

The bone marrow is the site of formation of basophils with soluble granulation (blood
basophils), eosinophils, neutrophils, megakaryocytes and normocytes. However, lymphocytes,
monocytes, plasma cells and basophils with insolubl, lation are also produced in the bone
marrow in the vicinity of the vessels.

In certain primary and secondary diseases of the blood, the blood cells which are normally
formed only in the bone marrow can also arise in other organs, particularly in the spleen, the

liver and the lymph glands. On the other hand, it may also happen that lymphocytes, monocytes,
plasma cells, and basophils with insoluble granul

are formed in excessive quantities in the
bone marrow. In man, the megalocyte is unique in that it appears for only 2 brief period during
one particular stage of development. It is found in the embryo from the second week
of pregnancy, When blood formation commences, up to the third month of pregnancy, its
formation being entirely extra-embryonic. According to Naegeli, megalocytes reappear in adults
in pernicious anaemia, and are then formed principally in the bone marrow.

Many authors have assumed that the supply of new cells in the adult organism is derived,
as in the embryo, from multipotent mesenchymal eclls. Tt seems more probable that, after the
initial embryonic period, cach species of blood cell has its own particular stem cell {paly-
phyletism), for each cell species follows its own independent line of devel
with the stem cell and ending with the mature form which is released into the blood. Alzhcugh
there are many points of resemblance among the different cell species with regard to the form,
structure and staining reactions of the cells, and of their nucler and cytoplasm, each individual
species of cells exhibies 2 number of specific characteristics by which it may be distinguished
from other specics. Typical features are also to be found in the chemical composition of the
cells, and in their enzyme content and functions, Above all, 1t has so far been impossible to
provide conclustve proof of the exsstence cither of intermediate forms between one specics and
another or of mitoses or polyploid bastards of different cell species. There is thus no evidence
that cells from different species can be derived from common stem cells.

b

4. THE BLOOD CORPUSCLES UNDER NORMAL CONDITIONS

a) Reproduction and maturation, All blood cells reproduce by mitosis. The number of
consecutive mitoses is limited, for when the cells mature they eventually lose their power of
division. No longer capable of proliferation, they enter the blood stream, fulfil their functions
and are destroyed. In healthy mdividuals, it is only i extremely rare instances that cells in
mitosts are found in the blood, but dividing plasma cells, or perhaps lymphocytes, may very
oceasianally be seen (Figs. 155 A, 155 B).
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It is probable that the new cells necessary for the continual seplacement of those which have
been destroyed are formed from generauve stem cells, which divide to give somatic and
generative stem cells, The somatic stem cells develop by repeated mitesis and maturation until
they reach the sterile end stage and are used up. On the other hand, the generative stem cells do
not mature, but remain as primitive cells which preserve the pattern for furure generations
(“Belegzellen™). In cerrain plants the generative stem eells can be distinguished morphologically
from somatic stem cclls, but in the case of the blood corpuscles no apparent difference exists

Qur understanding of the normat and pathological forms exhibited by the cells of the blood
and haemopoietic organs in the course of their development has been greatly increased by the
knowledge gained through recent studies in cytology. Of particular importance in this
is the discovery that polyploid cells, the existence of which in botany and zoology has been
recognized for decades, also occur in the hacmopoictic organs (se¢ pp. 19—24).

With the exception of the megakaryoblasts, the blood ctlls remain diploid during the process
of reproduction, one parent ccll giving rise to twa separate daughter cells, On the other hand,
the megakaryocyzes develop by polyploidy into giant cells, Figs. 161—166 {sce pp 11, 22
and 65).

Duvision of the blood corpuscles is accompanied by a striking change in the cytoplasm,
which ceases to be homogencous and takes on a curious, mottled appearance (Figs. 32, 34 A,
35A, 37, 38, 135, 136, 155 and 157). In the case of the erythroblasts, there isalso 2 very sudden
increase in the hacmoglobin content during mitosis. Consequently, the different stages of

devel he basophil lych and oxyphilic erythroblasts—are very easy to
dmmgmsh from one another. ln the case of the other blood cells, there is no such marked
conncetion between maturation and mutosis, for they mature without interruprion, cven betseen
eastoses and after their last mitosis. Thewr different stages of maturation cannot therefore be so
sharply differentiated, and there is an important subjective element in their interpretation, In
the early stages of development, mitoses may take place without visible changes in structure
and staming power. The final division of the blood cells occurs in the haemopoictic centres,
cxeept, as already mentioned, n the case of certan plasma cells and lymphocytes

Duning maturanon, changes take place in the nucleus and cytoplasm of the blood corpuscles,
Morphological, structural, physical and chemical criter2 are employed to assess mavurity.

In ali the very young stages of development, the eell nucleus is round. In the case of the
erythrocytes (Figs 2 and 4), lymphocytes (Figs. 131 and 132) and plasma cells (Figs. 143—146),
1t normally remains round, even in the mature cell, and no segmentation occurs, The nucleus
of the monocytes 15 often indented (Figs. 46F and 51 B) or irregular in shape, even in the
monoblast stage, segmentation seldom takes place (Fig 110F). In the case of the basophils with
soluble granulation (Figs. s5—s8), as well as in the cosinophils (Figs. 61~63) and the
aeutrophils (Figs. 71—=74h the nucleus not only develops indentations during the later
development but also exhubits segmentauion. The segments remain connected with one another
by fine threads or bridges. Tor each species of ccll, segmentation proceeds according to definite
Jaws The majonty of mature cosinophuls have nuclei with two typical segments, the neutrophil
nucler have three, In the case of the basophils, no such regularity is found, the nuclei taking
on a vanety of shapes. The giant nucleus of the megakaryocytes has a bizarre shape (Figs. 166
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Despite its name, the lymphatic tissue is not solely concerned with the formation of
lymphacytes, although lymphopoiesis is strongly evident in it. From the same vissue arise the
monocytes and the plasma cells as well as the basophils with insoluble granulation {tissue
basophils) although, in man, the latter do not properly speaking belong to the blood cells.
Lymphatic tissue is found not only in the lymph glands, the lymph follicles and the spleen,
but also in vascular sheaths throughour the body.

The bone marrow is the sitc of formation of basophils with soluble granulation (blood
basophils), eosinophils, neutrophils, megakaryocytes and normocytes, However, lymphocytes,
monocytes, plasma cells and basophils with insoluble granulation are also produced in the bone
marrow in the vicinity of the vessels,

In certain primary and secondary diseases of the blood, the blood cells which are normally
formed only in the bone marrow can also arise in other organs, particulatly in the spleen, the
biver and the lymph glands. On the other hand, it may also happen that lymphocytes, monocytes,
plasma cells, and basophils with insotubt 1 are formed in excessive quantities in che
bone marrow. In man, the megalocyte is unique in that it appears for onty a brief period during
one parucular stage of development. It is found in the embryo from the second week
of pregnancy, when blood formation commences, up 1o the third month of pregnancy, it
formation bewng eatirely extra-embryonic. According 1o Naegeli, megalocytes reappear in adults
i pernicious anaemia, and are then formed principally in the bone marrow,

Many authors have assumed that the supply of new cells in the adult organism is decived,
as wn the embryo, from multpotent mesenchymal eells, It seems more probable that, afeer the
imutial embryonic period, each species of blood cell has its own particular stem cell {poly-
phyletiom), for each cell species follows its own independent fine of develop beginaiog
with the stem cell and ending with the mature form which is released into the blood. Although
there are many pomnts af resemblance among the different cell species with regard 0 the form,
structure and staining reactions of the cells, and of their nuclei and cytoplasm, each individual
species of cells exhibits a number of specsfic characteristics by which it may be distinguished
from other species. Typical featutes are also to be found in the chemical composition of the
cells, and in their enzyme content and functions. Above all, it has so far been impossible 0
provide conclusive proof of the existence cither of intermediate forms between one species and
another or of mutoses or polyplod bastards of different celt specics. There is thus 5o evidence
that cells from different species can be derrved from common stem cells.

4 THE BLOOD CORPUSCLES UNDER NORMAL CONDITIONS

) Reproduction and maturation. All blood cells reproduce by mitosis. The sumber of
consecutive micoses 15 himited, for when the cells mature they eventually Jose their pove! °
duvision. No longer capable of proliferaron, they enter the blood stream, fulfal their funcno!'li
and are desteoyed. In healchy individuals, it 1s only in exwremely rare instances that cells B

mitoss are found in the blood, but dividing plasma cells, or perhaps lymphocytes, may V¢
oceasionally be seen (Figs. 155 A, 155 B).
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It is probable that the new cells necessary for the continual replacement of those which have
been destroyed are formed from generative stem cells, which divide to give somatic and
gencrative stem cells. The somatic stem cells develop by repeated mitosss and maturation until
they reach the stenle end stage and are used up. On the other hand, the gencrative stem cells do
not mature, but remain as primitive cells which preserve the pattern for future generations
{ ‘Belegzellen™) In certain plams the generative stem cells can be distinguished morphologically
from somatic stem cells, but in the case of the blood corpuscles no apparent difference exists.

Our understanding of the normal and pathological forms exhibited by the cells of the blood
2n1d haemopouetic organs i the course of their development has been greatly increased by the

know ledge gained through recent studies in cytology. Of p P e in this
15 the discovery that polyploid cells, the existence of which in botany and zoology has been
recvznized for decades, also occur in the haemopoictic organs (see pp. 19—24).

With the exception of the megakaryoblasts, the blood cells remain diploid during the process
of reproduction, ene parent cell giving rise to two separate daughter cells On the other hand,
the megakaryocytes develop by polyploidy into giant cells, Figs. 161—166 (see pp. 21, 22
and 63).

Duvision of the blood corpuscles is accompanied by a striking change in the cytoplasm,

whech ceases to be homogencous and takes on a curious, mortled appearance (Figs. 32, 34 A,
354, 370 35, 135, 136, 155 and 157). In the case of the erythroblasts, thereisalsoa very sudden
snereare i the hacmoglobin content during mutosis, Consequently, the diffecent stages of
Jevelog he basophilic, polych and oxyphilic erythroblasts—are very easy to
disunguish from one another. In the case of the other blood cells, there is no such marked
connection betw cen maturation and mitosis, for they mature without interruption, even between
pitoses and after thewr last mitosis. Their different stages of maturation cannoe thercfore be so
sharply differentiated, and there 15 an importans subjective element in their interpretation. In
the carly stages of development, mutoses may take place without visible changes in structur
and stuming power The final division of the blood cells oceurs in the haemopaictic centres,
except, as already mentioned, in the case of certain plasma cells and Iymphocytes.

During maturation, changes take place in the nucleus and cytoplasm of the blood corpuscles.
Morphological, structural, physical and chemieal entena are employed to assess marwrity.

Ia all the very young stages of development, the eelt nucleus is round. In the case of the
erythrocytes (Figs. 2 and 4), lymphocytes (Figs. 131 and 132) and plasma cells (Figs. 143—146),
1t normally remazms round, even in the mature cell, and no segmentation occurs. The nucleus
of the monocytes 18 often sndented (Figs. 46 F 2ad §31B) or irregular 1n shape, even in the
(monoblast stage; segmentation scldom takes place (Fig 110 F). In the case of the basophils with
soluble granulanon (Figs s5—38) as well as in the cosinophils (Figs. 61—63) and the
ncutrophils (Tigs. 71—74)h the nucleus not only develops indentations dunng the later
development but also exhibats segmentation. The segments remain connecred with one another
by fine threads or bridges. For cach species of cell, segmentation proceeds according to definite
laws The majonty of mature cosinophils have nuclei with two typical segments, the neutrophil
sucler have three. In the case of the basophils, no such regulanity 1s found, the nuclei taking
on a varicty of shapes. The giant nucleus of the megakaryocytes has a bizarre shape (Figs. 166
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Despite its name, the lymphatic tissue 15 not solely concerned with the formation of
lymphocytes, although lymphopoiesis is strongly evident in it. From the same tissue arise the
monocytes and the plasma cells as well as the basop bils with insoluble granulation (tissue
basophils) although, in man, the latter do not properly speaking belong to the blood cells.
Lymphatc ussue is found not only in the lymph glands, the lymph follicles and the spleen,
but also in vascular sheaths throughout the body.

The bone marrow is the site of formation of basophils with soluble granulation (blood
basophils), eosinophils, neutrophils, megakaryocytes and normocytes. However, lymphocytes,
monocytes, plasma cells and basophils with insoluble granulation are also produced in the bone
marrow in the vicinity of the vessels,

In certain primary and secondary diseases of the blood, the blood cells which are normally
formed only in the bone marrow can also arise in other organs, particulacly in the spleen, the
[rver and the fymph glands On the other hand, it may also happen that lymphacytes, manocytes,
plasma cells, and basophils with insoluble granulation are formed in excessive quantities in the
bone marrow. In man, the megalocyte is unique in that it appears for only a brief period during
one particular stage of development. Ir is found in the embryo from the second week
of pregnancy, when blood formation commences, up to the third month of pregnancy, its
formation being entirely extra-embryonic. According to Naegeli, megalocytes reappear in adults
in pernicious anaemia, and are then formed principally in the bone marrow.

Many authors have assumed that the supply of new cells in the adule organism is derived;
as in the embryo, from multipotent mesenchymal cells. It seems more probable that, after the
initial embryonic period, each species of blood cell has its own particular stem cell (poly-
phylenssm), for each cell species follows its own independent line of develop
with the stem cell and ending with the mature form which is released into the blood. Although
there are many pomts of resemblance among the different cell species with regard t0 the form,
structure and staining reacions of the cells, and of their nuclei and cyzoplasm, cach individual
species of cells exhibrts a number of specific characteristics by which it may be distinguished
from other species. Typical features are also to be found in the chemical composition of the
cells, and 1 their enzyme content and funcrions. Above all, it has so far been jmpossible 10
provide conclusive proof of the existence esther of intermediate forms between one species and
another or of mitoses or polyploid bastards of different cell specics. There is thus 00 evidence
that cells from different species can be derived from common stem cells.

[—

4. THE BLOOD CORPUSCLES UNDER NORMAL CONDITIONS

2) Reproduction and maturation. All blood cells reproduce by mitosis. The number of
consecutive mutoses 1s himited, for when the cells mature they eventually lose their powes of
division No longer capable of proliferation, they enter the blood stream, fulfil shet funetions
and are destroyed In healthy mdividuals, it 15 only n extremely rare instances chat cells I8

mutosis are found in the blood, but dividing plasma cells, or perhaps lymphocytes, m3¥ verr
occastonally be seen (Figs 155 A, 155B).
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It it probable that the new cells necessary for the continual replacement of those which have
been dostroyed are formed from gemerative yem cells, which divide to give somatic and
generative stem ccllv “The somuatic stem cells develop by repeated mitosis and maturation until
they reach the sterile end stage and ace used vp. On the ather hand, the generarive stem cells do
ot mature, but remain a1 primitive cells which preserve the pattern for futuee generations
{"Belegzellen™). 1a certain plants the generative stem cells can be distinguished morphologically
from somanc stem cells, but in the case of the blood corpuscles no apparent difference exists.

Our undensanding of the normal 2nd patholegical forms exhibited by the cells of the blood
37d hacmopaietic organs in the course of their development has been gruﬂy increased by the
krow ledge gained through recent studics in cytology. OF parsiculari in thi
iv the duscovery that polyploid cells, the existence of whnch in botany and zoalogy has been
recogrized for decades, alio occur in the haemopoicsic organs (sec pp. 19—24).

TWith the exception of the megakary oblasts, the blood cells remain diplord during the process
of eeproduction, one parent cell giving rise to two separate daughter cells. On the other hand,
the megakaryocytes develop by polyploidy into gan eells, Figs, 161166 (sce pp. 21, 22
and 63).

Divirion of the blood corpuscles is accompamed by a striking change in the cyroplasm,
shich ceases 1o be homogencous and takes on a curiows, mountled appearance (Figs. 32, 34 A,
1A, 370 35, 135, 196, 155 and 197) In the case of the erythroblasts, thereisalso a very sudden
wnerease in she hacmoglobin content during mutosis, Consequently, the different stages of
devclop he basophil lych ic and oxyphilic erythroblasts—ace very easy to
dsunguith from one another, In the case of the other blood cells, there is no such marked
cennection betw cen maturarion and misoss, for they mature without interruption, even between
eutoses and after therr Tast mutosis, Their different stages of maturation cannot therefore be so
sharply differentiated, and there iy an important subjective element in their iterpreration. In
the early stages of deselopment, mitoses may take place without visible changes in structure

and starning power, The final division of the blood cells occues in the haemapoictic ceneres,
except, as aleeady menvoned, in the case of certain plasma cells sod Iymphocytes.

During mataration, changes take place in the nuclens and cytoplasm of the blood corpuscles
Morphological, structural, physical and chemical eriteria are employed to assess martunity.

I all the very young stages of development, the eell nuelens is round. In the case of the
ceytheocytes (Fogs, 2 and 4), hymphocytes (Figs. 131 and 132) and plasma eells (Figs. 143—146),
12 pormally remains round, even an the mature cell, and no segmentation occurs. The nacless
of the monacytes 15 often indented (Figs. 46T and 51B) or irregular in shape, even in the
monoblas stage, segmentation seldom takes place (Fig. 110 F), In the case of the basophils with
wluble granalation (Figs. 55—58), a5 well as in the cosinophils (Figs. 61~63) and the
neavophils (Figs. 7t—73), the nucleus not enly develops indentations during she laser

lop: but atso exhibits “The scgments remain connected wath one another
by fine threads or bridges For cach spectes of cell, segmentation proceeds according to definite
{aws, The majority of mature eosinophils have nuclei with two typical segments, the neutrophil
pucles have chree. In the case of the basophuls, no such regulaniey 18 found, the nuclei taking
on a vanety of shapes The guant nucleus of the megakaryocytes has a bizarre shape (Figs. 166
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::: ; ZjeBzo r‘:;::;:‘:::’:::s::; :: :mu‘:h; of the blood corpuscles grow gradually smaller
: es denser and coarser. The nuclei of the pormoblasts
and megaloblasts disperse completely.
no!I:btsl::rt;x;e‘:mc}:xlar su:uc!urc of t'hc nuclei of young blooc! chls,.lmcleoli are present. When
y chromatin, these give a clear blue coloration with panoptic staining, Th
number and appearance of the nucleoli vary according to the species of cell Thg' hc
Iymphoblasts (Figs. 131 B and 133 B) usually have only one nucleolus, whereas all‘ h e
of cell have two, three or more nucleoli. The nucleoli can be distingui’shed most ::lcoe:rl"‘typljs
neutrophiloblasts (Figs. 46 D, 51 A, 88 and 89) where they ate relatively large and surryo;:c;:;
by. a narrow, compact border of chromatin. In the monoblasts, the nucleok are poorly visible
(Figs. 46 E, 46 F, 51B, 107, 108D and 122 A). In the case of the cosinophiloblasts (Fi:;,s B,
45 C and 61 A), the structure of the nucleus is so dense that, in place of nucleoli only: ::r :,
violet “Hofs” surrounded by densed ch in can be distinguished. In the ﬁ,y hrobl §
the nucleoli are large and are recognizable by their clear blue centres, while their borders glisten
through the dense chromatin (Figs. 2, 3» 22, 25, 31 and 42). — As the cell grows older, the
nucleoli are absorbed. In their place, spherical homogeneous masses of condensed chrom’arin,
the so-called “post-nucleolar chromatin masses”, may remain, even in segmented nuclei. The
clarity with which the nucleols are visible depends upon the type of stain employed and on
how thinly the cells are spread in the smear. Using the simple Giemsa staining technique and
the peroxidase reaction of Graham-Knoll, the nucleolt do not show up as well as with the
statning method of Pappenheim and Wright and the modified peroxidase reaction for cosino-
phils. The more spread out the nucleus is, the more easily visible are the nucleoli (Fig. 90).
d most readily counted in the so-called “nuclear shadows”, the

Is with round nucler. Even in mature Iymphocytes, the blue
ed in this way (Fig. 234).

They are most conspicuous ani
crushed nucler of damaged cel
nucleolus sometimes becomes visible when they are injur

The sul posing the eytoplasm may be basophili dophilic (oxyphilic, eosino-
philic), or polychromatic. Acid, basophilic cytoplasm stains with basic dyestuffs, basic, acido-
philic cytoplasm with acid dyestuffs. Polych ic cytoplasm has an ampk reaction anc
stains with both basic and acid dyestuffs.

All young blood cells contamn basophilic cytoplasm, which becor T ey myp},ﬂ?
as maturation proceeds. The erythrocytes, blood basophils, cosinoph{ |, ;‘. and ¢

hilic cytoplasm by the time theyl ¢ ‘On the ot}

karyocytes develop completely oxyp
hand, the cytoplasm of the monocytes undergocs T " an whi' tymphocy
s remains eatirely basophilic. 1r of
d oxyphilid™ o L
' (Fig 4.

-

n ink

and plasma cell
basophilic cytoplasm stains blue an
leucocytes (basophils, cosinophuls and .
cytes from fymphatic tssue (lymphocytes, plas
Conscquently, in the case of mature Jeucocytes,
blue colour of the cytoplasm whether they are * .
haemopoictic tissue. ‘A knowledge of this ¢ ;

blood films, especially to the begnner {sce Table 6,
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Granulation of the cytoplasm can occur in all species of blood celi with the exception of
the plasma cclh for m:ny types it is the ru]c In the cytoplasm of the more mature leucocytes,
true il and ic granules become visible on panoptic staining.

The ;xum'\‘\d < manu!n contain acidic substances »hich take up basic dyes {azur), the origi-
nal eolour of the dyestulf being altered in the process This phenomenon isknown as “metachro-
masia”, With the vsual sainy, the azurophilic granules assume a balliane, dark purple colour
and have the shape of dense clusters of sharply defined xphmrr-ﬂce bodies or crystals (Auer
rods or Auer bodues, Iigs. 87 and 91). The philic g (“progranulation”) which
appears in the carliont stages of develop of the cosinophils (Tig. 61), phils (Fig 71)
and monocytes {Figs. 1B and 103), vanithes again as maturation procecds. A permanent
argroptulic granulation appears at a later stage of development in cereain Iymphocytes (Figs.
+4D, 131 B, 134B and 137), and in the megakaryocytes (Figs. 166 and 178) and the blood
platelets denved from shem (Figs. 173 2nd 174). The fine azurophilic granulation visible in the
later stages of the monocytes (Figs. 109—119) is probably derived from ingested material. As
18 the case of the nucleoh, the clatity wath which the arurophilic granulation is visible depends
sery mach upon she st employed. It shows up berter with Pappenheim stain than with
Giensa

Basophilic granulation js found only tn the cytoplasm of the blood and tissue basophils
(Fig1 43 B, 45 A, §5—69, 191 and 193) The granules contain heparin, the sulphuric acid ester
of a mitrogen-containing poly saccharide ‘This substance has a very pronounced acid character

and the granules therefore exhibit a much stronger merachromasia than azurophilic granules,
They stam reddish violet with panoptic stains and with the “specific™ toluidine blue stain
(Trge. 57D and 193 H), even the nucles of the buophils taking en a pronounced seddish
coloratien The gransles are round and of various sizes In the ease of the blood basophils, mere
fixauon with methy] alcohol 1s of ten sufficient to dissolve out the granules (Figs.43 A and ¢8)
2nd they therefore show up only weakly or not at all on subsequent treatment with Giemsa
stamn, Tor this reason, these cells are of ten referred 10 as “basophils with soluble granulation™.
The granulation of the pssue basophuls i not dissolved by methyl alcohol (Fig. 192 G) and
they are therefore alio known as “basophils with nsoluble granulation™

The cosmophilic granules (Tige 61—70) of the cosinophils contain a spermine derivative;
they are sphencal, approumately uniform in size, and have a vesicular appearance. Owing o
their strongly alkaline reacuion, they stain intenscly wath the acid stain eosin. Their formmon
takes place i what at first appear as small, ronnd, ach ic areas in the eosinop
(Figs 45 B and 61 A), and they pass through an d phihic stage,

The spectfic granulations of the blood basophily and cosnophils make thewr appezrance

carly and pernist for the enure Ife of the cell. Both these species of cell are therefore n2med
according ta the nature of their granulation

A granulation 1s known as hilic”
with traad staning, although this method 15 no longer in common use. With the p:mopnc
hul: Iy show a fine hul

when 1t reacts nesther acidophilic nor basophilic

stains pencrally 1 use to-day, the
(Fig 74 B), 1 addinon, fine, dense, acidophilic granalation may be seen on intensc Pappenheim

scaming (Figs 43 B, 43C and 44 &)



Using specific stains, it is possible to detect constituents of the cytoplasm which do not
show up with the usual methods. In young, anuclear erythrocytes, or proerythrocytes
(reticulocytes), basic stains, such as brilliant cresyl blue, reveal a basophilic substance which
has a filamented and nodular appearance and is known as substantia granulofilamentosa
(Fig. 18).

Summing up, it may be said that maturation ceases at different stages of development in
different species of cell. Plasma cells and lymphocytes commence functioning as relatively
young cells, which complete their activity and are destroyed without further development, In
the case of the monocytes, destruction occurs at a later stage of maturation, while a still later
stage is reached by the blood basophils, the phils and the phils. The highest degrec
of maturity is that attained by the erythrocytes, the entire nucleus of which is finally absorbed
In a completely different category is the development of the megakaryocytes. After their
peculiar polyploidal growth to giant cells, they discard large shreds of cytoplasm into the

blood stream and these separate to form the blood platelets. Thus, in this case, the mature
functioning unit is not a cell but merely a fragment of a cell,

b) Functlons, Once they have reached full maturity and become incapable of further
proliferation, the blood cells enter the blood stream and begin fulfilling their functions, either
there or, in the case of certain cells, in the tssues into which they subsequently pass. The
monocytes begin their activity while still at the site of their formation and the same probably
applies also to the plasma cells. The functions of the blood corpuscles remain to a large extent
still unknown; even though a particular species of blood cell may be shown to possess a certain
function, it is by no means probable that this covers the entire range of its activity. The
following facts, however, may be considered established: the erythrocytes act as oxygen
carriers by reason of their haemoglobin content, the basophils produce the anticoagulant
substance heparin and the eosinophils apparently play a role in allergic disorders, the exact
nature of which is not yet clear. From the high enzyme content of the neutrophils it may be
concluded that they take pare in metabolic processes; in the form of so-called “microphages”,
they assist 1n the fight against infection by phagoeytosis of bacteria, The “monocytes” are also
very rich in enzymes Their specific function is the defence and cleansing of the organism by
active phagocytosis (Figs. 111—118) and storage (athrocytosis, colloidopexia, Figs. r15—r21),
thus removing pathogenic micro-organisms, foreign bodies and debris. The function of the
lymphocytes is sull uncertam. The plasma cells arc held to be responsible for the formation and
interconversion of certain plasma proteins, while the blood platelets take part in the process of

1 by providing thrombok and by their power of aggluunation.

¢) Destruction, Mature cells which have fulfilled therr function are being continuously
destroyed and replaced by new ones—patriam inserviendo consumor, “Disintegrating cells”
(necrobiotic and necrotic cells) are those cells which are themselves in the process of destruction
(Figs. 131B and 227—232), whereas “destructive cells” (Figs. 111—118) are those which
digest other cells (principally the monocytes or rericuloendothelial eells). Cerrain organs,
including those in which haemopoiesis takes place, are responsible for the destruction of the blood
cells. Principally concerned are the spleen, the lungs, the intestme, the lymph glands, the bone
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rrasrow and the liver. Destruct'on is brought about enzymatically and takes place very rapidly.
et therclore raze to find dismtcegrating eelly in the peripheral blood in healthy persons (Figs.
337 and 1223). In alf the blood cells, with the P of the erythrabl: di ion of the
nuclous 3nd the eyroplstm rakes place almose simultaneously. In the cate of the erythroblases,
destruction procecds in two seages, dis‘ntegration of the nucleus oceurring within the ccll while
iz 13 sell in the bone marrow, and the denucleated eytoplasm then passing into the blood stream

a5 a matore, furcnionirg erythrocyte, destruction of which takes place much later.

d) Artelacts. By preparing srcas of the samples ebeained from the blood and the haemo-
po’etic organy, it is poss ble to spread out the cells more thinly and with less damage than can
br 2K eved when wet fixation or sections are employed. Neventheless, even in making smears,
sore cells, particularly thote obtained by marrow puncture, are Fable to be damaged if they
are nrrerched beyond their elantic ot It is imporfant to recognize these artefacts and not to
rirzake them for intace cclls. Certain ty pes of artefact are repeatedly encountered, depending
upon the nature of the eell and the degree of trauma. With the exception of the lymphocytes,
all Blood cells 14 the carly stages of development, when the nuclei are sull round, possess a
certain resiitance, m consequence of which they are only flattened by slight trauma and not
cruthed. The cyroplssm, Fowever, may be squeezed out in the form of projections and the
strecture of the chromatin and the nucleoli then becomes more clearly visible (Figs. 235 and
256). Th't gires the appearance of a histiond structure and such cells may be mistaken for
youeg, multiporent eells. If the trauma 1 more severe, the cytoplasm is crushed and becomes
o spersed 1 the surrounding Hood plasma (Fig. 233). The nuclens remains as 2 blurred smear,
the so-¢alled “nuclear shadow ™, Round nuclear shadows ¢an be produced from all blood cells
with round nuclei and not enly from lymphocytes. Thote obtained from the larer cells
corststute the well known “Gumprecht's shadow s” (Fig 234). The Iymphocytes are less resistant
than the other cells with round niucles and are therefore more frequently erushed. The cytoplasm
may either become dispersed of appear in the neighbourhood of the nuclear shadow in the form
of a spray of fine droplets of the same order of s1ze as the platelets (Fig. 234). This difference
i behaviour between damaged lymphocytes and other leucocytes which bave been damaged
may belp to clanfy the dagnous 1n doubtful cases of stem-cell Jeukaemia,

“The drameter of the cell 33 seen an the blood film may also be aruficially increased and may
appexr taice as grea in thin portions of the smear 24 in thicker ones (T1g. 90). Monocytes
ear larger in bloed films than mature neuteophils (Fig. 50). In actual fact, both types of cell
are the same nize, as can be confirmed in thick porvens of the smear (Fig 103 C), in “thick
deap™ preparations, 1n sections, and m gold-shadowcd smears The monocytes merely flatten
out o a greater extent than the neutrophils in the preparation of fiims.

ap

5 THL BLOOD CORPUSCLES UNDER ABNORMAL CONDITIONS

The cellutar composition of the blood may deviate from the normal both qualwatively
and quanttanvely under a vanery of cond (a) :. Dr'mbtn'lrd .
(b) reacrive (secondary of symptomauc) changes due to focal or systemic discases, a consequence
he close selavonship berween the blood and the organs; (c) primary changes in diseases

of ¢
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regarded as primary affections of the haemopoietic parenchyma or of the blood irself. The
abnormal conditions are manifest in the form of disturbances in reproduction, maturation,
releasc of the cells into the blood stream and destruction of blood cells.

a) Hereditary of the blood corpuscles. These fall into two groups.
The first gronp comprises anomalies due to primary structural pecuharitses which lead to
characteristic morphological changes in the blood cells, sometimes manifest only under certain
conditions, Seven anomalies of this type are known.
Anomalies of the erythrocytes:
. Elliptocytosis (ovalocyrosis, Figs. 7, § and 30).
. Drepanocytosis (sickle cell anomaly, Figs. 9 and 117 B).
Anomalies of the leucocytes:

[

3. Pelger-Huét’s anomaly (Pelger-Huét’s nuclear anomaly of the leucocytes, pseudo-regenera-

tive leucocyte picture) Figs. 77, 97 and 101 A,

. Heredstary hypersegmentation of the neutrophils, Fig. 8o.

Hereditary increase in segmentation of the eosinophils, Fig. 64 B.

. Alder’s anomaly of leucocyte granulation, Figs. 181 and 182,

. May-Hegglin's polyphylic disturbance of maturation, Figs. 183 and 184.

Individuals in whom all the cells of the species affected by the anomaly are abnormal, i.e.
those exhibiting the heterozygotic or homozygotic manifestation of the anomaly, are known as
“‘complete carners”™ (Figs. 7,77 A, 77B, 78 A and 78 B). Those in whom only a certain percentage
of the cells exhibit the anomaly, the rest being normal, are described as “partial carriers”
(Figs. 8, 77 Cand 78 C).

Of the above anomalies, Pelger-Hutt’s anomaly has also been found in rabbits (Fig. 78).
The primary, morphological peculiarities underlying these anomalies of the blood corpuscles

oy >

~

are found as normal characteristics m certain species of anumals.

‘The second group of anomalies consists of those in which the changes in the blood corpuscles
are secondary to a systemic affection. Two anomalies of this type are known: microsphero-
cytosis in congenmal haemolync jaundice (Fig. 10) and erythroblastosis i Cooley's anaemia
(thalassanaemia, Mediterrancan anaemia, leptocytasis). Microspherocytes are ordinary pormo-
cytes which have taken on a more spherical shape as the result of haemolysis. The release of
erythroblasts into the blood stream m Cooley's anaemia is likewise sccondary in mature, the
causes being 2s yet unknown.

A third anomaly which possibly belongs Iikewise to this category is the megalocytosi
occurring in pernicious anaemia (Addisonian anaemia, Biermer’s disease, Figs 3, 4, 6, 24, 25 C
27 and 42). Here there is a marked fall in the production of normocytes (Fig. 27) with 2
reapp of the megalocytes lly present only 1n the early embryonic period. The
precipitating cause is lack of the anti-pernicious-anaemia factor. In the cryptogenic form, the
cause appears to be of a consututional, possibly hereditary nature.

b) Reactive (secondary) changes, A great vanety of causes may give Iise to eacttive

n the blood corpuscles. The transition from normal to pathological 1s a gradual one

changes 1 quilibrivm

and the two conditions often overlap, The blood picture 15 1n a state of very labile e
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aapsble of wide variations within physiological limits. These fluctuations are greatest in
infann, Jess marked in young children and smallest in adults {sec Normal values, pp. 37 and
38). Large individual sariations are atro found, The diagnosis of resctive changes may be a
very dufficuls ene—more 10, for example, than that of certain hereditary anomalics which
can be recogmzed by a mere glance nto the microscape. In reactive changes the marphalogical
find gy must always be interpreted againse the background of the entire elinical picture.

The dintineron between pormal and patkological may be particularly difficule when the
¢hanges are of 1 quantitative nature only, Thus, in certain circumstances, a leucocyte count
of 12,053 may iadicate an infecuve process necenitating immediste treatmens, whereas, in
other cates, aa increase 1o a1 much 2t 20,000 may occur in a healthy individual as the result of
a morning's faw, particularly if the autonomic nervous system is somewhat unstable. A
leusncyte count of 3,639 may 1all be normal, but it can also be evidence of a terious discasc,
eg panmyclophh siv,

Qual.tative changes in the haemogram, such as the nuclear shift, often provide much more
information thaa guantitative 2l

The vancus species of blood corpuscle may each react differemtly, or they may respond in
grepe, o they may all behave simularly. The reactive changes include, in the first place,
all those which rewult from a lack of essential blood-forming substances. Such disorders
frequently affect erpthropoienis for which iron is nceded. The iron reserve may become
exkausted a1 2 result of chronic or period’e haemorrhage, of the absorption of iron may
be impaired by gastro-intestinal dururbances. In this way, the various iron-deficiency
wnsemiay are produced. These mamfot themsedves in the form of a diminution in the
namter of srythracytes, 2 reduction m their haemoglobin content 2ad changes in cheir
volsme, dizeneter and appearance (Digs. 1f 2nd 16). Many of the erythrocytes released 1nte
che Bload stream are immarure forms, consisting principally of abnormally large numbers of the

ruclear proerythrocytes ing wbitantia granuloflamentosa (Fig. 18). Sometimes normo-
Blans are aho found. When properly admunistered, in the correct dosage, 2 suitable jron
preparauon wil} cure these formy of anaemia provided they are not due o an incurable cond;-
von, sach 33 caranoma, Infecuve discases may also lead to anaemic states with simifar
ahierstioas 1 the eeythrocytes. In the severe allergic reaction occurring in infanes following
Rbesus tacompatibilicy (h Iytic disease nf. the pew-born), hf“. numbers of erythroblasts
raay be discharged nto the blood stream (Fig. 22) Ery:hm.pmn.u may be paralysed by a
number of causes, as for esample by hypinpitnl!m or by ceruain poisons, Thesz give rise o the
aplastic form of anaemua, {n which there is no du’ncxmz:y of essential blood-forming substances.

h Tt has already been pointed ovt that lack of another important substance, the anti-pernicious-

anarmia factor, 1 responble for the devel of Add 2n2emia. The disease can be
cured by admemstration of the musung factor.

The exsstence of disturbances leucopoiesis due to fack of lzlood-[onning substances has

qot been conchusively peaved The most l{equtm causes of reactive changes in the feucocyres

nfect.ons, tALOXICALIONS and allergic disorders. Leu(ofy!om Ens an increase and leuco-

. decrease wn the number of white blood corpuscles in umt volume of lood, Frequently,

a3 1¢0y, € g- the neutrophils in acute wfecnons (Fig. 74) or ¢he cosmophuls in

Tig 65). Quanutanve changes in the peripheral blaod go ot necessarly

Fem
only one sysiem I¢:
allergic diserders
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indicate similar changes in the haemopoiesic organs and vice versa. The complete or almost
complete disappearance of the neutrophils from the circulation is known as agranulocytosis,
granulocytopenia or, more correctly, as aneutrophilocytosis, Alymphocytosis is the almost

1 isapp of the lymphocytes from the peripheral circulation. Thrombopenia
indicates a decrease in the number of blood platelets. Panh ytophthisis (Gl } or
panmyelophthisis is the name given to a marked diminution in all types of blood cells, especially
the erythrocytes, phils and megakaryocytes of the bone marrow, accompanied by
corresponding changes in the blood. If the bone marrow is, at the same time, still rich in cells
(increased production of lymphocytes, plasma cells, monocytes and tissue basophils), the
condition is termed panmyelopathy.

c) “Primary” changes. An example of a “primary” increase in the erythrocytes is poly-
cythaemia vera (Vaquez disease, Osler-Vaquez disease), in which the leucocyte count is also
increased, This disease should not be confused with the purely symptomatic “polyglobulia”
(erythrocytosis, polycythaemia spuria), which is 2 reactive increase affecting only the erythro-
cytes.

“Eryth ia” or acute eryth ic myelosis (di Guglielmo) is a fatal hyperplasia of the
normocytic system.

“Primary” diseases of the leucocytes are known as lekaemias. They may affect only one
species of leucocyte or several species simul ly. Leukaemias involvi
may affect any of the leucocytes, and can be classified as follows.

B, 5 Sl B “ 1 1orrk v With P K} t Uf
a) basophiloblasts and basophilic promyelocytes, Fig. 45 A.
b) mature basophils, Figs. 55 and 59.

g only one species

Eosinophi. Eosinophilic levkaemia with pred of eosinophilic myelocytes, Figs.
67 and 68,
Neautrophils: N hilie leukaemia with pred of

a) neutrophiloblasts (myeloblasts), Figs. 88 und roo.
b} neutrophilic promyelocytes I, Fig go.
¢) neutrophiftc promyelocytes II, Frgs. 91—94.
Monocytes, Monocytic leukaemia with predomimnance of
a) monoblasts, Fig. 123.
b) promonocytes.
©) monocytes.
Lymphocytes.  Lymphocytic leuk {lymphad: ) with predomi; of
a) lymphoblasts, Figs. 133 B, 145 and 142,
b) lymphocytes, Figs. 134 and 140.
Plasma cells  Plasma cell leukaemia with predommance of
a) pl blasts and propl tes, Fig 150,
b) plasmocytes.
. Megakaryocytic leukaerma, Fig. 170
M‘z;:‘:’ﬁ:::‘;"m]:xfd Ie:l)e'ner’;un" 1s given to those forms m which both myelogenous =n'd
phatic clements are simultancously affected  Strictly speaking, the common chronic

Lymi
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ryelogemous lewksemus (chronic ryelosis, Figs. 66, 89, 94, 96 and 18g) is also 2 mixed
Teuhaem 1, s.nce the blood basophuls, the cosinophils, the neutrophils, the megakaryoeytes and
somet mes the plasma eclls are all present in increased numbers. “Erythroleuksemias” have been
dewribed ja which immature leucocytes are released into the blood together with large numbers
of nommoblasts, The gaest o4 anses here, whether this flooding of the blood with normoblasts
1 merely 2 conseqaence of their crow dirg-out by the hyperplastic bone marrow or is due to the
secondary anemia which i present at the same time.

Dustincucns are m3de between acute and chromie lenkaemiay and berween lewkaemic and
aleubserie loikaerm'as. Acute leukaemias lead to death within, at the most, 4 few months,
whereas the chronic forme genorally lase two or three yeass, and occasionally ten years or
lomger, 1o acure lakaemias, hyperplasia is usvally confined to a single species of wery
iryature leucocyte. In chroa ¢ myelogenous leukaemia, Byperplasia of several species of cell
occurs, »b le in chroue Iymphate leckaerna, enly the Iymphocytes are affected. In these
caser, the cells refeased into the Llood are, for the most part, more marere than in the scute
Jeukaem's, A leuhaem®s it Jeulaer.c 1n the strict sense of the word when the absolute Jeuco-
cyte count it in excos of the povmal, and it is alewkaeruc when the count is normal or redaced.
If the lescocyte count ivattemnately increased, nosmal and reduced, one speaks only of leukacmic
or aleehaer ¢ stages of phases, In the sp phase, p ! cells are
sull present in the blood, if they have disappeared, a true remission has occurred.

The plama cells are Lable 1o a special type of abnormal proliferation. In contrast to the
other species of blood eelly, the plasma cells may be considered more as fixed cells, since, under
sormal conditiont, they are always to be found 1n the sistues in which they are formed, appear-
irg ealy rarely and i vnall nunbers in the blood. It is probably for this reason that primary
overprodacuea of this species of cell more frequemtly leads t0 a tumour-like increase at the
sute of formston, to 3 plamocytors (multiple myeloma, Kahler's disease, Figs. 151—154,
2, than 1o a flooding of the blood with these cells or plagms cell leukaemiz (Dig. 150)

157 B—16

d) Distarbances In reproduction. Whereas rapid regencration of the erythrocytes is
almost savarubly accompan.ed by an increase in the number of proerythroblasts, hyperplasia
of the leucocytes can occur without an increased formation of Hxxf cells, even in cases of
legkaemes. The haemopoienc organy then exhibjt marked pmllfenn?n of the intermediate
stager—the promyelocytes and myclocytes—but there is no proliferation of the blast -te”:',
Thus o the connophilic leukaemia shown s Figs. 67 and 68, where 97 %y of the cells in the
bone marrow were cosnophil, the majonity were promyelocytes and myelocytes and only very
¢ cells On the other hand, in the two cases of basophilic leukaemia shown (Figs.
Blast ¢clls were present, a picture similar to thae often seen in
beh of the different species of leucocytes with respect to

few were blas
45 A, 55 and 59), numerous
fulic Ieuk The

?
encration 15 oot uniform and vanes {rom case to case.

fn sll cells which remain diplord durmg reproduction, the most munor visible disturbance of
¢ in which the pucleus divides but the cytoplasm does not, giving rise to polyploid

reg

mueons 13 tha
cells, see pp 22fE

Kl Forth 4, 498~564 (s59)

o Rohr K (1937) K
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A very rarc phenomenon, seen in binuclear cells when the disturbance in proliferation is
particularly profound, is dissociated karyokinesis, as shown in Fig. 32 C, where one nucleus is
still in interphase (resting stage) while the other is already in prophase. Equally rare is
dissociated destruction of the nuclei, as in Fig. 33 C, where one nucleus still has the viral
structure and the other is undergoing premature destruction (necrobiosis).

The reappearance and proliferation of the megalocyte system in adults suffering from
pernicious anaemia must be regarded as a special type of disturbance.

¢) Disturbances in maturation and in the enfrance of blood cells into the cireulation.
Owing to the close connection between the two processes involved, it is not always possible to
separate these two disorders from one another.

During the course of vatious anaemias, the cytoplasm of the erythrocytes develops a baso-
phulic suppling (Fig. 23) which is coarser than that sometimes observed in healthy individuals.
In lead poisoning, stippling of the normocytes is very common. In anaemias, the erythrocytes
may also exhibit basophilic loops and rings, the so-called Cabot’s rings (Fig. 19 B).

Anomalies of the leucocytes are d with peculiarities in ion. In Alder’s
granulation anomaly, the neutrophils, cosinophils and basophils contain an unusually plentiful
and coarse azurophilic granulation, as do also some of the monocytes and lymphocytes (Figs.
181 and 182). In Hegglin's polyphylic disturb of ton, strands of hilic cyto-
plasm (Dochle’s inclusion bodies) persist in the mature segmented leucozytes (Fig. 183) and the
cytoplasm of the megakaryocytes gives rise only to abnormally large platclets (Fig, 184). In
Pelger-Huet’s anomaly, the nuclei of the blood cells are particulary dense, more so in the
homozygotic manifestation (Figs. 77 A and 78 A) than in the heterozygotic manifestation
(Figs. 77 B and 78 B). As a result, in homozygotic individuals the segmentation of the nucleus
which normally occurs on maturatron of the basophtl! inophils and phils is completel
prevented, and in heterozygotic individuals only limited segmentation is possible, The contrary
occurs n hereditary hyp 1on of the il nuclei, the majority of the matwre
neatrophils containing four or five nuclear segments instead of the usual three (Fig. 80). In
the heredutary increase in segmentation occursing in the eosinophil nuclei, most of the eosino-
phils have three nuclear segments instead of the usual ewo (Fig. 64 B).

Reactive and “primary” {leukaemic) changes in the leucocytes are due largely ro distur-
bances in maturation and in the release of the blood cells into the errculation. The toxsc granu-
latson of the staff neutrophils and segmented neutrophils of the blood (Fig 76) is an azuro-
philic granulation which is very marked even 1 the early stages of development in the bone
marrow (Fig 84) Auer rods (Auer bodies) are azurophtlic crystals which may take the place of
the azucopulic granules 1n the philic promyelocytes in certain leul (Figs. 87 and
92). The persistence of Doeble’s snclusion bodies is particularly liable to occur in acute
fections (Fig. 75). Vacuoles, which are really gaps in the cytoplasm filled with chromo-
phobic substances, are normally present only 1n plasma cells (Figs. 49 G, 1.44'—145) but, undes
pathologseal condtions, they may occur in any species of b'luod cell (Figs. 85 A, 1o, 106,
y13—116 and 141). They should not be confused with similar “gaps” n the cytoplasm
produced in bone marrow films by the presence of fat dropless (Figs 53, 54, '56A, 56 C, 708,
724, 85C, 86 A, etc) Ths far, which is derived from suptused stroma cells, is often taken up
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by eosinophils (Tig. 65). Abnormal indentation and segmentation of the nuclens, occurring in
young keucocytes which normally arill have rouad nucle, is particularly frequent in leukaemias,
Sach cellv aze usually known a1 “para® forms, e.g. “pacamycloblasts™, but we prefer to use the
term “atypical”. Abnormalities of this type have been observed in neucrophils, cosinophils,
basophils, woancyvtes, Iymphocytes and plasma cells, Lymphocytes with deformed nuclei are
known 21 Rueder forms

Cells in the juvenile stazes of devclopment, which do not normally appear in the blood,
may enter the circulation in response 1o inf and p g as well a1 in leukaemi
ceadtiont, owing to the so-called “crowding-out™ effect of the hyperplastic bone marrow. An
increate in the naaber of suaff neutrophils 2nd juvenile neutrophils in the blood (Fig 75) 13
known as 2 sFift 1o the left or regenerative nuclear thift, 1t should not be confused with the ap-
parent shit 1o the lefe in the heterozygotic manifestaton of Pelger’s anomaly (Tig. 77B), which ix
w sthout contequence. The releasc of immature cosinophuls (Fig €4 D) and monocytes (Fig. 121 A)
ito the Blood stream may also be the reslt of reactive processes, and even the normoblasts,
down to the yourgest known el of the system, the pronormoblast, can appear in the circu-

f1tion 1n such conditions (Tig. 212).

The epposite phenomenon, the so-called “shift to the right”, a “primary” or reactive hyper-
segmentat'en of the nucleut, occurs Jess frequently. In pernicious anaemia, certain of the nucled
of the buophuls, eosinophils, and 1 phls are highly d (Figs. 65 C and 81). Their
tev” with particulaely large, indented nuclei, so-called “giant

recursors are yel
:-xmny:kx-ym" (Fige 85 C and 86), The neutrophils may alio very occasionally exhibit hyper-
scgmentation of the nuclevs, or 2 “shift to the right", as the result of infection (Fig. 82).
Uader cereain circumstances, blood cells = hich normally have round nuclei may develop
nuclear sef jon or even hyper jon. This happens fairly often in the case of the
erythroblasms 1n various anaemizs (Figs. 23 C, 2380 and 238 F) but it may also occur in the
Iymphocytes and plasma cells {Tigs. 148 C and 154). The normal segmentanion of the nucleus
which occurs in certain specie of Jeucocytes, . g the neurrophuls, is part of the process of
maturation; 35 the cell grows older, the nucleus decreases 1a size and develops indentations, the
denser, I casily absorbed portions gradually becoming almost completely scparated, This
segmentation begias dhortly after the Last mutosis » hen the ecll is no longer able to proliferare.
muts the number and appearance of the segments are typical for each species
of segmented levcocyte, Under patholegical condiziony, stgmcmarifm of nuclei which otherwise
round may oceur, but the process 1s different from that fust described., After che lase
remam fie chromosomes no longer reunite to form & round nucleus, but pass singly or in small
¢ are (“resung phase™). The scgments formed in this way ate situated near
b mference of the cell and are connceted by filaments. Such nuelei are referred to as
the aircum o They may be recogmized by the fact thae they usually contain 2 large number
“arrested mxw{i( ‘;.mly arranged 1n a rosette pattern (Fig. 154), As a rule, therefore, patho-
. of normally cound nucles 15 effected by quite 2 different process from that
tes of Leucocytes which are normally segmented.

Within certuin Ji

mitolts,
groups wto inerph

of segments,
togical segmentation
occurring in the puc
nnected with the destruction of the blood cells. The destruction of the

Matarhanees €0 N . N )
o far becn very hetle invesugated, since, under normal conditions, it

blood carpuscles hay s0
17



takes place extremely rapidly and is not easy to observe. It terminates in the total liquefaction
of the entire cell. Young cells in the process of destruction are found in leukaemias characterized
by overproduction of immature cells (Figs. 131 B, 227 A, 228 G, 228 H, 229 B—229 D, 231 C).
The occurrence of such disintegrating forms is a proof that these leukaemias are associated with
pathological, very degencrate cells, which, despite their youth, are incapable of further
maturation,

L.E. cells (Figs. 185, 186), found in patients suffering from acute disseminated lupus ery-
thematosus, may be either neutrophils (Fig. 185) or menocytes (Figs. 186D, 186 E) which
have ingested the necrotic nuclei of neutrophils. The blood plasma of these patients contains a
special factor which is able to induce the same behaviour in the blood cells of healthy indi-
viduals, even in vitro.

The Howell-Jolly bodies (Fig. 21 A) are nuclear remnants, for they give a positive Feulgen
reaction which is specific for nuclear substance (Fig. 21 B). They are found in the erythrocytes
in the blood in various anaemias and occur with particular frequency and regularity after
splenectomy. Their formation cannot be regarded as physiological, since the nucleus of the
erythroblasts, after becoming liquid at the still relatively large size of about 2——3, is normally
absorbed and broken down to Feulgen-negative substances without further reduction in size

Siderocytes (Griineberg) (Figs. 19D and 19 E) are erythrocytes containing granules which
give a positive Prussian blue reaction for iron. They are probably senile cells and are only
rarely seen, e. g. after splencctomy.

Heinz-Ebrlich bodies (Fig. 20) are break-down products which are formed in erythrocytes
both i vivo and in vitro under the harmful influence of certain agents, particularly of anti-
febrin, aniline and the sulphonamides.

Blood parasites, sec pp. 72—75 and Figs. 239-—256.

6. CELLULAR ELEMENTS OCCURRING IN BONE MARROW FILMS
BUT NOT BELONGING TO THE HAEMOPOIETIC SYSTEMS

Morphological haematology embraces both the true blood corpuscles and the cellular elements
from which they are formed. The examination of the blood corpuscles is therefore not restricted
to the blood but is also extended to therr sites of formation, particularly the bone marrow
obtained by puncture. Bone marrow films are prepared and examined 1n a similar manner to
blood films, but they also contain cells which do not belong to the haemopoictic systems. Since
it is of practical importance that these clements should be recognized, a short description of
them is given here. The following types of cell may be encountered:

a) Cells proper fo the bones and bone marrow
Basophils with msoluble granulation (tissue basophuls), Figs 191 and 192.
Vascular cells (endothehial cells, muscle cells), Figs 195—196.
Stroma cells (fat cells, “reticulum cells”), Figs. 197—200 and 237.
Osteoblasts, Figs. 201 and 202,
Osteoclasts (polykaryocytes), Figs- 203-—206.
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In cortain an mabs, the busophede eoh snsoluble granulation appear in the circulation bur,
with the exception of a single case 50 far published®, they have not been found in the cisculating
blood in man., Ia the case described, the patient exhibited a benign but very marked increase
in the pumher of titsue basophuls, particularlv in the skin Apparently, they also passed into
the blood stream, for the avthors report that tissue basophils were found even in films prepared
frer Plood obtained by venepuncture, They cannot, however, be clanified a5 true blood
celly ia man. The formation of the tissuc baswophils takes place jn the lymphatic tissve through-
out the body. Not oaly do they eriginate in the same centres 33 the lymphocytes, monoeytes
and plamma cells but they are also similasly affceted in various diseases, e g. in panmyelopathy
(g 13%).

The remain’eg eells Dated above have no direct connection with the formation of the blood
corpuscles, even in anmals. — In the case of the vaseulsr cells, differentiation besween endo-
thel.al eells and muscle cells may be impossible, since usually only the naked nuclei remain. —
The srroma ¢2lf are the enly cells to which the team “reticulum cells” can really be applied, 23
they contain resiculin {Tig 199) 2nd are connccted with one another by cytoplasmic processes
1o form a rericulum. However, they play no direct part in the formation of blood cells. They
serve more ay sapporung tiosus for the haeropoietic parenchyma, and as fat cells they store
rererve fat and help 1o equalize the pressure in the medullary cavities of the bones, Cells of this
type are widely dinnbuted elienbere in the organism where they alio act as fat reservalrs and
as suppornng and nterstitial tiswe. Outeollasts and osteoclasts are much more numerous in
embryos, infants, childeen 2nd young persons, that i, during the period of growth of the
boses, thin in adalis. In osteoclast sarcomar the most bizarre cell formarions may be seen
(Psv 207 and 2c8),

b) Cells forelgn fo the bones and bone marrow

Elements ntroduced a3 the result of pathologecal conditions: rumour cells, Tigs. 209220
and 333

Flements sntredaced dunng marrow puacture: cutanegus epithelial cells, epithelial cells of
(he schaceous and 1w cat glands, hair follicles, hair fragments, basophils
with wsoluble granalatan from the skin, vascular cells and stroma cells
(£t cells) from che skin, Figs 231—235.

Cells from other sources, parncularly from salna, Tig. 226

The recopattion of tmour cells 1 the bone marrow of great practical importance. They
B 3

1
derive from tumours of the bones themselves or from the of growths,
Elements satrodaced dunng mareow puncture have no speaial significance, but it is necessary 1o
¢ 1l This also applies to
er to avord confusion with true bone marrow ce! p
recognize them 1o order t ne -

farly 1o the micteated, sq P bacteria from the

216) which may be expelled on fo the preparation with droplets of sativa

sabiva cells, p
buceal caniey, (Mg
duning speaking.

JEmmard, R, Moncauner, L. #nd Jaequet, 1 (13ga): “Use nowrelle aifection bimstodermique, Ia masco-
* 3

cytone”, Biol 231 353 .
- '_C“::,)’“-A 'v.v,of dan ¢as de mastocytose pure”, € & Soc Biol, 1yr, izt



Table 3
FORMATION OF DIPLOID AND POLYPLOID CELLS
Mitoses, end

giant ch
Regular forms*

B

diploid
diploid
' .
3 etraploid
®
2
£
S
a
diploid actoploid
et

In order to simplify the diagram, only & chromosomes have been shown fnstead of the 48 found 1 man The
normal diplod mueles of the terphases (resung nocler) are depicted with 2 nucleols,

Column A; Formation of diplord cells,
Columns B and C* Formation of polyplord

chromosomes
Colwnn D, Formation of polyploid monanuclear cells with guant nucleol; doubling of the chromosomes without

division.
g Interphases (restng stages)

Diploid cells,
Tetraplond cell with two diploid nuclei {Figs 33,

lear and polynuclear cells, d by drvision of the

a—b Mytoses and endomitoses w anaphase™.

Nosmal, bipolar anaphases of diploid cells (Figs.
328, 38C, 98C, 100G, 136G and 145 B

Endomutons of 3 dplowd cell with dinidod chro-

L

2
19 A, 69B, 69C, 102, 103, 105 A, 126, 127 A,
_?8A, 156 A, 157 A, 1584 above and 162 D) mosomes
3 Tetraplod cell wath one tetraploid nuclevs and [ M
norma) nucleoh (Figs 1278, 5127 C, 158 A below
and 162 E; d ... - .
4 Tewaplowd cell with one tetraploid puclens and PR . ..
gant nucleolus 3 . . .
Octoploud eell with 4 diplod nuclel (Figs 159 left S
and 163 F) chromosomes
6 Octoplond cell wth 2 dx%!md auclei 2nd one tetra- £ Bipolar endomeconis of a tetraplord celf with divi-
ploldp ucleus (Figs 105 B and 159 nght) ded chromosomes
7 Octoplod eell with 2 tetraploid nucles. & Monopotar endomuosis of a tetraploid cell wich
8 Octoploid cell with one ocroplod nucleus and dvided chromosomes (Fig 164 H)
norma} nucleols (Fig 183 G) b Monopolar endomitosis of a tétraploid, mono-
9 Octoplaid celt wuﬁ one_octoplord nuclens and nuclear cell with giant chromosomes_ division of the
chromosomes having failed to take place (Fig 35C)

guane nucleolus (Figs 35D and 36E)

# "The common}y occurning weregular forms (p. 24) are not shown hee, since they may be eanly deduced from
the segular forms

s+ The degree of polyplordy and phase of mitosis exhibited by the examples given in brackets do not always
Toreespand with those shown G the duagram above, and in some cases sregulanmes sre also present

Nevertheless, the examples illustrate the characrenstic fearures
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7. POLYPLOIDY OF THE BLOOD CELLS

In haematology a knowledze of the polyploid elements is of particular importance since
some of the blond cells undergo polyploid development ¢ven under normal conditions®, while
hological corditions all the remaining species may exhibit polyploidy**,

uader p

4} Terminelagy

Haptod {aadat, o 3 05%) I8 med to describe cel's comaining enly & pingle set of chromeromes (s man
24 € romoemer) The rate a4 femsle gorm cet's are baplond Following mesous

Doplond (helaic we d328) descrbes el eucles or celts possen o & double et of chromoromes (in man 48
(romoncmer] The fert” red germ ee'l w & plo-d mnce 1t arsses from the Funon of & haplowd mate gamete with 2
Lap'od feme'e pimete A'l the somata ety denved from ar are Thewne diploid a1 foog a3 karyokuness s
scompined by d v on of the paleur #5d eytoplam.

Heteoep'snd {fntpsc = oth07) 1 8 term weerndsced by Wenkler 1n 1316 10 dewcribe cell mucle or cells, che
A remmnome Bi=ter of w1 ch o otter 1411 ¢ plord. The chromorome number may be increared or diminished

Polyp'asd (walés o= Paay) u Winkler's sem for eell eocler or cells comtaming more than two sets of
plosd (foar sy of chromaswemer), bexaplod (8 sets), octoplod (1 sem)

Aromomeen. Swch 66l may be g
16 poed 16 30, er¢ Aliboagh accord a 10 the chan.cal concepton the term “polyploidy™ refen oaly to mackd
and 667 w08 chrommet prrhen which are sreegrel mate plen of the hiplod pamber, it hat rubrequently been
tole ce™t onata mirg mere ikan tvo sets of chromowomer, even when some of the sets are

artended 13 1a
1y of darerrnn ng the exsct namber of chromosomen in the blood celly in man,

ircomplee Ouirg ta the ympen ™
e term “pelyp~d" mait a'wo be sed 11 the wider wemse 30 Baematology

Adoping 15 poesendarare gropored by Tickbolm 1n 1923, polrplod demenss may be subdivided 1ot0
o d® aad “amesplo I ce™ They soe emplond (17 o we'l) when the ¢hromowome gamber 13 an antegral mul-
of the Bap'od murter I the complement of ctromowomes incladn an meomplete set 1n addition 1o one or
ore comtete sets, the €€'] w terroed aneap’oud (ip w1} Ancaplond elemsents may be byperplod or hypo-
$ocd (Fakler, 9161 They are byperp'ond of the chromoserse somber 18 shighdy incrensed, € g, hypertetraplod,
Sennplond 11 the warmber of chromommes 1 sightly decreased, the cell are termed bypoplod. ¢ g. bypo-
o ypoherssod The lirer phenomeson may be exhibued by diplord a3 well 21 by polyplod ucle,
be ng Whea dexcrided as bypodip'ond

Patytiond cels are formed when e cpraplasn of the cell cemuos undimded dunog karyokimesis The
saclews may a'm eray gad vided and s mply double 1n size (eadomitonis), of mutatic divsion of the guciras
sy ocar reest ang 12 the forms® 0% of & polyplond cell wich two pacler After further karyokineses this binuclear
@l @ves noe o celle conta mng three, fost or more nucla feg ortcoctasts) Polyploid mwcler are produced
el s the yteptasm remama ndivided sad wmply doubles 1o nize (e mezakaryocytes)
les danng karyokinesis or when karyokinesss takes

"earl

byper

wber the uten 4
Thut ray occur extber ay 2 rexalt of funon of ewa or more pol o
e without spind'e formanon For the larter so-calied Tintermal mvton Gewler (1331) wntroduced the term

e domton® Demag endomitos s tbe muclear membrane remaing ineact wheress this i ot che case when true
ree S.uce the aclese eembrane of ehe blood cell  nox isible, s 1 amposible in baematological
4 che palyplond mucleus has been produced. A polyplond cell may contain a
2 plond o polyplond nucle, or both diplord and polyplasd nocley the
onding to the degree of polyplondy of the cell

utows eahr

work m decule by which mechs®

wagle large polyplod moclear, severs)

total member of chromorome sty cormo
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Table 3
FORMATION OF DIPLOID AND POLYPLOID CELLS
Mitoses, end

, giant ch
Regular forms*

B

diploid
diplod

tetraploid
2
B
g

diploid octoploid
e

In order 1o simplify the diagram, only 8 chromosomes have been shown instead of the 43 found in man. The
normal diploid nucler of the interphases (resting nucler) are depicted with 2 nuclealy

Column A. Formation of diploid cells,
Columns B and C Formanon of potyploid

chromosomes,
Column D, Formaton of polyploid monanuclear cells with giant ancleoli; doubling of the chromosomes without

cells, d by division of the

and pol

division
1—~9° Interphases (resting stages) a—b  Mitoses and endomstoses in anaphase®.
Duploid ells, Noemal, bipolar 2naph tes.
Teraplond cell with ewo diplowd nuelei (Figs. 33, B CTErs Mraghuses of dilod edls (e
A b of 2 diplord Cell wth duwsded cheo-

»

2
39A, 69B, 69C, 102, 103, 105 A, 126, 127 Endomitosis
138 A, 156A, 157 A, 158 A above and 162 D) mosomes

3 Teraploid cell with one tetraplowd nucles and ¢ = L T P, -
normal nucleol (Fags 327 B, 122G, 158 A below .
and 162 d . . .

4 Teraplosd eell wah one tetraploid nucleus and . .,
gaant pucleolus e lnpolar anaphase, combincd miosis dnu euuvius,

s Octoploid cell with 4 diploid pucler (Figs, 159 lefe tosis of a terraplowd, binuclear ccll wath dinided
and 16y F). chromosomes

& Octoplord cell with 1 diplod nucles andome tetra-  § Bapolar endomutosis of a tetsaploid eell with divi-
ploid nueleus (Figs 105 B and 159 right) ded chromosomes

7 Ocsoplowd cell with 2 retraploid nucler. g Monopolar endomitosis of a tetraplaid cell wich

§ Ocwoplond cell with one octoploid nuclews and divided chromosomes (Fug 164 H)
normal aucleolt (Fig 163 G) b Monopolas endomitosis of a tetraplosd, mono-

9 Octoplowd cell wub one octoplowd muclens and nuclear ell with gant chromosames, division of the

chromosomes having Faled to take place (Fig 35 C)

guane oucleolus (Figs 35 D and 36 E).
« The commonly occurring urcegular forms {p. 2¢) are noe shown bere, since they may be eanly deduced from

the examples given 10 brackets do not always

the regular forms
Iyplowdy and phase of mitoss extubuted b
in some cases irregulaninies are also present

v+ The degres of po
 orind wub those shown n the diagram above, a0

correspond wi
Nevertheless, the cxamples illustrate the charactenstic fearures
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Table 3
FORMATION OF DIPLOID AND POLYPLOID CELLS
Mitoses, endomitoses, giant chromosomes
Regular forms*

A B c

diploid
diplaid
tefs i
e raploid
B
£
]
)
2
diplod octoplod
ete.

In order to sumphify the diagram, oaly § chromosomes bave been shown instead of the 48 found 1 man. The
normal diploid nuclei of the nterphases (resting nuclei) are depiced with 2 nocleoh,

Column A: Formation of diplord cells,

Cotumns B and C Formation of polyploid
chramosomes

Column D Formation of polyploid mononuclear eslls with giant nucleols; doubling of the chromosomes without

division.

lear and polynuclear cells, accompanied by division of the

1—g Interphases (resting stages) a—b Mitoses and endomutoses n anaphase*®.
1 Diploid cells. 2 Notmal, bipolar anaphases of diploid cclls (Eigs.
3 Tetraplod cell with two diplod pucler (Figs 33, 32B, 38C, 98C, 100C, 136 G and 155 B)
39A, 698, 69C, 102, 103, 105 A, 126, 127A, b Endomuons of a diplod ecll with divided chro-
_?SA, 156 A, 157 A, 153 A abave and 162 D) mosomes
3 ‘Tetraplow cell with one tetraplond nucleus and c 7! Falt e
sormal nucleolt (Figt 1278, 127G, 158 A below
and t6z E) d . .. - .
4 Tetraplod cell with one tetraploid nucleus and PR L
giant nucleolus e P .
3 Ocroplod cell with 4 diplord nucles (Figs 159 lcft . . .
and 183 ). chromosames X
[ ATt rerTd A emdees e £ Bipolar endomtosis of & tetraplord ccll with divi-
. ded chromosomes
; . g Monopolar endomitoss of a tetraploid eell with
8 . s and divided chiomosomes (Fig 164 H
b Monopolar endomitosis of a tetraploid, mono-
5 Octoploid cell with one octoplow nuuicas aad nuclear cell wich gant cheomosomes devision of the
chromosomes having failed to take place (Fig 35 C)

pant nocleolus (Figs 3§ D and 36 )
+ The commonly occurring wrregular forms (p. 24) ate not shown bere, since they may be easly deduced from

the regular forms
»e The degree of polyplaudy and phase of mitons exhibited by the examples given in brackets do nos always
B Hose Thown - the diagram sbave, and  some cases wrregulanies are also prescot

correspond  wit)
e helass, the cxamples dbustrate the characiemsuc features
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Table 3
FORMATION OF DIPLOID AND POLYPLOID CELLS
Mitoses,

d

giant ch
Regular forms*

A B8

diploid
diploid

tetraploid
2
5
=
g

diploid octoploid
ete.

In order to simphify the diagram, only 8 chromosomes have been shown instead of the 48 found in man. The
normal diploid nuclei of the interphases (resting nuclei) are depicted with 2 nucleoli.

Column A+ Formaton of diplad cells,
Columns B and C+ of polyplod lear and pol

chromosomes.
Column D, Formation of polyploid mononuclear cells with giant nucleols; doubling of the chromosomes without

eells, d by disision of the

dyvision
1—9 Interphases (resting stages) a—h+ Mitoses and endomtoses 15 anaphare*®.
Diplosd cells Normal, bipolar anaphases of diploid cells {Fige

Tetraplod ell wub ew0 dglond mucle (Fgs 33 32B, 38C, 93C, 105C, 136G and 145 B
Y Endomuons of 4 diploid cell with divided chro-

2
39 A, 698, €3C, 102, 103, 10§ A, 116, 127 b
1334, 156A, 1574, 158 A above and 161 D) mosomes
3 Tetraploid cell with one tetrraploid nucleus and e "7 L .t
normal nucleols (Figs 1278, 127G, 158 A below .
and 162 E} d . . . "
4 Tetraplod cell with one tetraploid nucleus and
giant nuclcolus ¢ . .
s Ocroploid cell wich ¢ diploid nucler (Figs 159 lefe . . -
and 1 chromosoraes
6 Octoplond cell with 2 diploid nuclei and one tetra- £ Bipolar endomutosis of a tetraploud cell with divi
ploid sucleus (Figs tog B and 159 night) ded chromosomes
7 Octoploid cell with 2 tetraplod nuclei. g Monopolar endomitosis of a tetraplord cell with
8 Octoploid coll with one octoploid nucleus and diwided chromosomes (Fig 164 Hi
pormal aucleol (Fig 163 G) h Monopolar endomitosis of a tetraplowd, mono-
9 Octoplowd ccell with one_octoplord nucles and suclcar cell with giant chromosomes division of the
gant nucleolus (Figs 35 D and 36 E) chromosomes having failed to take place (Fig 35 C)

+ The commonly occurnng irregular forms (p. 24) are not shown here, since they may be easily deduced from
the fegular forms
* The degree of polyploidy and phase of mitosis exhubited by the examples given in brackets do not always
E those shown 1n the diagram above, and 1n some cates irregulaniues are also preseac.

correspond wid
Nevertheless, the examples ilfustrate the characienstic features.
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7. POLYPLOIDY OF THE BLOOD CELLS

In haematology a knowledge of the polyploid elements is of particular importance since
some of the blood cells undergo polyploid development even under normal conditions*, while
under pathol I conditions all the i species may exhibit polyploidy**,

1) Termlnology

Haploid (#2307 == single) is wsed to describe cells contaimng only a single set of chromosomes (m man
24 chromosomes) The male and female germ cells are haploid followsag mejoss

Diploid (fettots = double) descnibes cell nuclen or cells possesing a dowble set of chromosomes (in man 48
chromosomes) The fertitized germ cell ¢ diploid since it arises from the fusion of @ haploid male gamete wich 2
baplowd female gamete, All the somauc «ells derived from st sre Lkewise diploid as long a5 karyokinesss 13
accompanied by divisian of the nucleus and cyroptasm

Heteroplowd (frcgos = other) 15 a term intcoduced by Winkler m 1916 to describe cell pucler or cells, the
chomosome mumber of which is other than diploid. The chromosome mumber may be mercased or dimimushed

Polyploxd {notds = many) is Wiaklers term for ccll nucler or cells conraimng more thaa two sers of
chromosomes Such cells may be tetraplosd (four scts of chromosomes), hexaplosd (6 sets), octoplord (8 sers)
16-plord (16 sets), etc Alihough according 10 the classieal conception the term “polyploidy™ refers only to nuclel
and cells with chromasome numbers which are ntegral multiples of the haploid mumber, 1t has subsequently been
extended to mclude eells contaimng more than two sets of chromosomes, evea when some of the scts are
incomplete Owing to the impossibilicy of determining the exact number of chromosomes n the blood cells 1n man,
the term “polyploid™ must also be used 1 the wider sease i hacmatclogy.

Adopting the momenclatuse proposed by Tickholm n 1922, polyploid elements may be subdivided st
“euplord™ and *aneuplord® cells They are explord (&5 = welly when she chromosome number s an integral mol-
tiple of the haploid nurober, 1f the complement of chromosomes includes an incomplete set tn addition to one or
more complete scts, the cell s termed aneuploid (3v — ua ) Aneuploid elements may be hyperploid or hypo-

the cells being then deseribed as bypodiplard

Polyploud cells are formed when the crtoplasm of the erll cemalns undimded during Saryohuneris The
nuclees may also reman undwided and smply double 1n nze (endomicoss), or mitotic division of the ucleus
may oceur senulung 1n the formaton of a polyploid cell with owo auclel Aftes Furiher karyokincses this bunaclese
el grves isc to cells contuming three, four o more nucls (¢ g osteoclasss) Polyploud mucls are produced
stoplasm remains undiided and sumply doubles 10 nize (eg megakaryocytes)
of two or more poles dunng karyokinens or when karyokmests takes
Latwer so-called =internal murosis* Geuler (13938) ineroduced the term

when the nucleus as well as the ¢
Thus may occur eucher as a result of fusion

place wihout spadle formauan For the
During endomtons th sisclear membrane remains ntace whereas this 18 not the esse when true

“endomitosis™
o e 2ne of the blood cells 1 mor visible, 1t 15 ympossible 1 baematological

wmicosss takes place Since the puclear membr:
o to decide by which mchanusm the polyplod nucleus has been produced A polyplond cell may contarm +
ceversl diplord o polyploid ouclen or both diplod snd polyplord nucle, the

Te large polyplord nucleus,
e et o o s copsesponding to the degree of polyploidy of the cell

total number of chromosome set

+ Rotbhn, E. and Undnicz, E. (1946) “Zor Megakaryoaytenbildang durch Polyploidic®, Arch Klaws-Suft
in, 3

Vererh -Forich 2z, 183
© Undr, E (1951
Leskaemia® Proc Int Soc Hematol, 3, 334

*pathological Polyploidy (Heseroplordy) of the Blood Cells and i Sigmficance
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Table 3
FORMATION OF DIPLOID AND POLYPLOID CELLS
Mirtoses, endomitoses, giant chromosomes
Regular forms*

A B c

diploid
diploid

tetraplod
3
5
a
a

diploid octoplaid
ete,

1n order to sumphfy the diagram, only & chromosomes have bren shown instead of the 48 found in man. The
normal diplovd nuclei of the waterphases {resung auclel) are depiered with » pucleoli,

Column A: Formation of diploid cells,

Columns B and C Formanon of polyploid

chromosomes
Column D: Formanon of polyplod mononuclear cells with giant nucleoli; doubling of the chromosomes wthout

division.

lear and pol cells, d by division of the

§—9¢ Interphases (resting stages) a—bh, Mitoses and endomitoses s anaphase**.
¢+ Diploid cells, ] a Normal, bipolar anaphases of diploid cclls (Figs.
2 Tetraploid cell with two diploid nvclei (Figs. 33, 32B,38C, 98C, 100 C, 136G and 153 B).
39A, 69B, 69C, 102, 103, 105 A, 126, 1274, b Endomutosis of 2 diploid cell with divided chro-
138 A, 156 A, 1574, 158 A above and 161 D) ‘mosomes.
3 Tesraplord cel wnth one tetraplod nuelens and € T I el af o A Al b enmntomes Bf
normal nucleolt (Figs. 1278, 127 C, 158 A below . .
and 162 E). d . - PR
4 Tetraplod cell with one tetraploid nucleus and LI - .
pant nucleolus A e S .
5 Ocaplaid celk with 4 diplo:d puclei (Figs 1539 left . .
shromosomes

-

and 163 .
Octoplend cell with 2 diploid nucles and one tesra- Bipolar endomutosss of 2 tesraplord cell with divi-
plod nucleus (Figs 105 B and 159 nght) ded chromosomes A
Octoploid cell with 2 tetraplod nucle: Monopolar endomstons of a tesraploid cell wich
Octoplod cell with one ocroploid nuclens and dinsded chromosames (Fig 164 H)

sormal sucleol (g 163 G b Monopalar endomitosis of a tetraploid, mono-

3 Octoploid cell with one octoplad nucleus and nwclear cell with giant chromosomes diwision of the
grant sucleotus (Figs 35D s0d 36 E) chromosomes having farled to take place (Fig 35 C)

* The commonly occurnng wrregular forms (p. 2) are not shown here, wace they may be easly deduced from

the regular forms

v+ The degree of polyploidy and phase of mitons exhibited by the examples gven m brackets do not slways
B eshind with thote Jhown m the diagram above, and i some cases. irregulanines are ko Preseac
Nevertheless, the examples sllustrate the charactenstic features

FEINE N
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7. POLYPLOIDY OF THE BLOOD CELLS

In haematology a knowledge of the polyploid elemeats is of parnicular importanee since
some of zh:(blood cells undergo palyploid developmens even under normz} conditions®, while
under pathological cond, ali the ining species may exhibit polyploidy*+,

a) Terminology

Haploid (drhods == single) 1 wed 10 desersbe edlls consaimng anly  sgle set of chromosormes (o man
24 chromosomes) The male and femafe germ cells are kaploid following mesons

Diplord (dentovs = double) describes eell nuckei or cells possessing a dowble set of chromosomes (in emn 42
chromosomes) The fernilized germ cell s diploid niace it arses from she Fariom of 2 baplowd male gamets wich 2
baploid femsle gamete. All the somatic ¢elly derved from ic are Lkewsse diplowd as long as karyokiaesls &
accompanicd by divsion of the nucleus and eyroplasm

Heteroploid (Frepos = other) 8 a term introduced by Winkler in 1916 10 deseribe cell pucles of celly, the
ehromosome number of which is other than diploid. The chromotome number may be wncreased or dimcaished

Polyploid (wotic = mny) it Wiokler's term for el nucle or cells contarmung more than owo sun of
chromosomes Such cells may be trsaploid (four sets of chromosomes), hexaplord (5 sets), ocroplaid (8 sets)
16-ploid (16 seen, erc. Althoogh accordiag ro the lassical conception the term “polyploidy® refers oaly to nuclef
20d cells with chromosome mumbers Which are imtegeal malirples of the haploud mumber, it has subsequently been
extended to inclade cells containing more than two sets of chromosomes, even when some of the sets sve
incomplese, Owing to the bihiey of d ing the exact umber of chzomasomes in the blood cells tn mas,
the resm “polyplord™ must also be used tn the wider sense 1 haematology,

Adopting the someaclature proposed by Tickholm tm 1922, polyploid elemeats may be subdivided wnco
“cuploid™ and "sneuplond® éells They are cuploid {¢5 = welly when the chromosome number is an integral mal.
tple of the haploid number 1f the complement of chromasomes includes 40 mcomplete set 1n 2ddition fo one of
more complete sts, the el s termed anewploud (G = wa ) Ancuplord clements may be hyperplond or bypa-
ploid (Winkler, 1916), They acc hyperplosd if the chromosome number 1 hgbtly incressed, ¢ g, byperetraplod,
bypeebesaploid IF the suaber of chromosomes 13 shghly decreased, the cells are termed bypoplosd, ¢ g, hypo
tetcaplosd, hypohesaplond The lamer phesomenon may be exbuiced by diploid 23 well as by polyploid ccle
the cells bewng then deseribed as bypodiplord

Polyplord cely ste formed when the cyroptasn of the celf remams andended dudng aryokmess. The
sucleus may also remam wndinided and smply double sn wze fendomnon), or miconc division of the ucleus
sy occus fesultng n the fosmaian of 2 polyplond cel wich tw gucler, After furcher Ratyohnese thi binuclear
ecll guves mse to cells convaung, three, foue or more nucles e g ostcoctasts). Palyplod mucln ave produced
when the nodens as welt as the cytoplasm remains vadivided and simply doubles i tuze (5 megakaryocyresy

exber 33 3 sesslt of funon of €wo or more poles dunng karyokinesis o7 when karyokisess tekey
rmauon. Far the ltter so-called “uoteenal mriton™ Geuler (1934 introduced the rermy
domstoss the noclear membrane semains fatacy whereas this It aot the esse when trge
utons tabes place Since the puelear membrane nl;he b‘laod;zlb s bog vinble, it 15 imposible a hacmatologeal
otk 10 decde by which mechamsm the p;a)ydpkx n\;c (;ud s b]::n produced A4 polyplod cell may contas
nogle farge polyplord aocless several drp:- : ;:Z:m :;e e;, o], both diploid and polyplod nactes, the
cotal swasber of chromosome seis corespondiog gree of polyplaidy of the celf

Thus may occur
place withou spindle fo
“cadomitoss” Dunsg €n

+ el E, and Usdruz, B (1346} “Zor Megakaryozysenbildung dusch Polyploidie™, dred Kt Sus,
b -Forsch 15,183
Y s, & (19y1) Priblogt Polyplody (Hsesoponds) of the Blood Calls and s Sgmfcsnce v
ada,
fenkaemua” Proc Int Soc Hematol, 3, 384



b) Polyploldy ander normal conditiony

The following blood cells are normally diploid: normoblasts, megaloblasts, basophils, eosino-
Phils, neutrophils, monocytes, lymphocytes and plasma cells. The megakaryocytes are normally
polyploid. Among the non-haemopoietic elements of the bone marrow encountered during
haematological examinations, the only cells normally polyploid are the osteoclasts.

Since in man 1t is not possible to determine with certainty the number of chromosomes in the blood cells,
st 15 wsnally considered sufficient to distinguish only between diplord and polyploid elements, If the cells are not
too highly polyploid, it may also be passible to determune approximately the degree of polyploidy (tetraplotd, or
octoploid).

Tn deciding whether a blood cell is polyploid or not, the princapal criterion 15 the appearance of the nuclens,
the size of the eell being only of sccondary importance During mitosis any appreciable excess of chromosomes
becomes readily appatent and enables the cell to be recogaized as “polyploid®, e g, compare Fig 128B with
Fig. 125 B. For nuclei 1 interphase (“resting stage™) the mumber and size of the nuclei are the deciding factors,
but it must be remembered that the size of the nuclei depends 1o a great extent upon the degree of development
of the ccll. As far as the size of the cell as 2 whole is concerned, polyploid cells are larger than normal diploid
cells, except when the latter have been engaged in phagocytosis or storage. They may then atrain the size of
polyploid cells, as happens when the vacuoles of the stroma or fat cells of the bone marrow contain much fat
(Figs. 197~-200) or when monocytes have consumed large amounts of foreign matter (Figs. 116, 118 B and
119-—121).

In borany and in zoology it 15 possible to distinguish not only pelyploid nuclet aud cells, bur alse polyploid
tissucs, organs and individuals. The haematologist is concerned only with polyploid nuclei, cells and cell specres
(megakaryocytes and osteoclasts). The cells are designated according to the total number of chromosome sets

which they contain, irrespective of whether the chromosomes are present in 2 single nucleus or distibuted among
several nuclei If 4 eell 15 polyploid and mononuclear, the degree of polyploidy of the nucleus 15 the same as
that of the cell, ¢ g- a tetraploid megakaryoblast with a single tetraploid nucleus (Fig. 162 E) o an octoploid
megakaryoblast with 2 smgle octoploid nucleus (Fig. 163 G). If the cell is polyplod and polynuclear, the degree
of polyplardy of the eell as a whole is given first, followed by the number and degree of polyploidy of the
indwvidual nucles, ¢ g, tetraploid megakaryoblast with two diploid nucler (Fig 162 D), octoploid megakaryoblast
with four diploid nucler (Fig. 163 F), or with two diploid nuclei and one teeraploid nucleus, or with two tetraploid
nuclei. These varsous posschilitres are shown schematically ia Table 3, columas A, B and C (page 20}

Although the characterization of polyplowd cells meets with many difficulties and the finer
differentiation of the sub-groups is seldom possible in the case of blood cells, these shortcommngs
do not detract in any way from the fundamental value of the classification It is important to
know that under normal conditions one species of blood corpuscle, the megakaryocyte, and one
species of non-haemapoieuc cell of the bone marrow, the osteoclast, are polyplord elements.

<) Polyploldy under pathologleal conditions; atypleal mitoses and noclesr anomalles

In pathological processes, abnormalines 1n the dimision of the blood corpuscles frequently occur, even whea
the disease does not affect the blood eclls directly. Thus, 1a all speees of blood cells which normally reman
diplowd, a certain number of polyplod elements may be found under pathological condtions. It 19 frequently
possible to observe polyplord normocytes (Figs 22, 32 C, 33—16, 238 O and 238 ), megalocytes (Figs 35—41)
basophils (Figs. 53 bortom lefe and 6o D), eosophils (Figs 69B, 69C and 70), neutrophils (Figs msm?,
smonocytes (Figs 1178, 116—130 aad 255), Iympbocytes (Figs 139—142), and plasma cells (Figs 156—160) :
astases or 1n tumours of the haemopaietic organs, polyploid cells ase very common (Figs 211, 215 a0

pumout M ¢ type of polyplody in there spectes of cels of

i th
419} Pathological condivions may also cause changes m
:1:: bloo:: 10 hacmopoietic orgias which ace normally polyplord For example, ibe megakaryocytes which

ally have a niagle polyplod guant nucleus may become polyouclear (Figs 171 and 172) In the mmxlu]u,
m;-mh r::nnzl]y wave many diplond mucler, some polyploid nucley may also appesr (Figs s06—2cf) Oceasionslly,
whic]
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unusually Jaege buuclear megakaryocyter ("twinmag deforonsies™) may be formed, contaning two bighly paly-
Ploid nuele, each of normal size, and sometumes arranged as mirror mages of one anather (Fig wEA)

In principle, she formation of pathologicsl polyploid elemests 1s sunilar 2 that of sormally palyplod catls,
33 caa be scen from the schematic prescotation in Table 3, columns A, B azd € (p 20) In columa D, on the
other hand, is shown the development of polyploidy by a praces so fac oseeved only voder pathological condy.
sons In this case, not only the eytoplasm and the pucler feman undivided dunsg kacyokumests, but alss the
chromosomes With every karyokinests, each of the chromosomes doubles in size but the number of chromosomes
remaing unchanged. Apparently consected with this phenomenca is the formanon of enormousty large, wsaally
solitary sucleoli, which may reach che size of diplowd blood cells (Figs. 3 D and 36 E) Usder sormal conduuons,
the degree of polyplody ean be determuned Iy by means of the ch oumber, but even this
enterion fals 1 the cas of cells with ghane chromosomer The degree of polyploidy ean then be estumared only
on the basis of the quantity of chromacia and the size of the eeld

The most eanly recognized aboormaluy of cell diviion s the Falure of the eycaplasm to separase, Ieading
0 the formation of a tetrsploid cell with (w0 diplowd puclei—a rwinping deformuty. Eleaseats of thi type may
occur even in healthy individuals and under conditions of normal baematoporesis Especially Iikely co be fousd
ate sewraploid binaelear nevtrophils (Fig 103) and lymphocytes {Fig 133) o the bood, and tesraplord binuclear
plasma cells (Figs 156 A and 157 ) and normoblasts 1n the bone marrow. 1f haemaroporeas 1 stmulated by
pathological processes, polyploud elemenss appear in larger mumbsrs The degree of polyploidy may arraia hugh
values. Pathological polyploidy can be caused both by beaign aad by mabignanc diseaces, and may be doe cther

L P B N S N X B R )

' .
d elements . ]
are :::ﬂg::fl‘";d;‘,: d el concanog aogl gt aucles are also known s *monstes” (Fgs 17D, 36E, 127,
2D aad 153A), .
17¢ mc.;"z C,'nx;‘cendin"“‘ e 14 vos weval 1o find only 3 magle trpe of polyplaidy, but rathey the
X{nder B e of wanous types (polymuclest eels with diplord mucles, polypleid mosomueleas ell and
smultaneoss oceutrens
arcsed fotmns) as in the case depicsed 1n Figs 3436
o el are ot found 12 blood Film ace thy aze anable o resch <he pengheal circtacon.
e B homene, n prepaatons prepared by pncure of che haemopoiess ongeng ac o be
They m be o ity wang low gower magnfiaton Thu oeeds s hile pracice, bu the effore 1 wovth whle
detected mose e

been detceted wich cerainty in Blood preparavons The socalled

have not, so fan calle

Hyy«j«illaui ::’v" dplod aucles and 3ppear small mivly becawse they contam liede eytoplsom Aarure
as N

micromyeio: < merotympboeyies™s e,

e .

" which are occanonally descnbed ace fragments of whole cells
“mucropeutrophils”s - .
. - e . - .
I eher fom the e 01 BRAIMIIIALY DOLs o o the sepsranon of small o acge
They may e O g mutoss, the aumber of nuekt formed being greaser than thas expected from the
graups of (hrwm:' (Fige 40 138D 178D, 1608 ad 309) Thus, the complement of chromotomes 19 the
:hmmw!;!: ;‘;.:cyu n Fig 1388 5 apparently diplouk aad he same wpphes 10 the chromosome mmgber of the
bunuclear Jym;
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w0 small upper nuclei of the pentanuclear ecll in Fig 40 E, which 1s therefore probably not more than setoploid
The tetranuclear Iymphocyte in Fig 138D is probably enly tetraplowd, although ir possesses four hypodiploid
nuclei,

Uneven dustribution of the ch leads to the production of nucle: of unequal size, ooe mucleus bring
hyperdiploud, the other hypodiploid An example of this 1s to be seen in the Iymphocyse in Fig 138 C, although
the difference in size here is not very marked. In Frg 160 B cach of the three paits of nuclei apparently consists
of 2 hyperdiplord and a bypodiploid nucleus jomned together. Here the difference in size 15 more pronounced.

The term beteroploid cells can be used when hypodiploid, diploid and polyploid nuclei are lying side by side,
the naruse of the individual nuclei beng practically impossible o descrmune, 25 1m Figs 139, 140 and 267

Chromosome bridges between the poles of cells i mitosts (Fig 40 D) lead to the formation of muclear bridges
of varying widths (Figs 40F, 138C, 138D, 139, 140 and 2380),

Irolated detached chromosomes (Fig 41 A) are not viable and form small, structureless, necrobiotic spheres,
which may be considered as premature Houwell-Jolly bodies. These ate scen lying alongside the living nuclens,
which is composed of the numerous remaimng ch and exbibits well-defined struceure (Figs. 4 lefe and
41 B) The method of formation of these Howell-Jolly bodies, produced disect from isolated chromosomes, 15
dufferent from that of the well-k Howell-Jolly bodies of the denucleated erythrocytes (Figs. 4 right and 21)
The lanter, which arc seen, for example, following splenectomy, are apparently the end products resulting from

reduction in size of the entire nuclens
The atypical mitoses and nuclear anomalies meationed above are often combined with pathological polyploidy
giving nse to srregular polyplord forms (i the diagram on p 20 only the regular forms are shown)

Bridge formation berween nuclei and even polyploid binuclear and polynuclear cells were previously held 1o be
evidence of incomplete amitoses. The true interpretatton of these atypical cells became possible only when the
technique of puncture was applied to the haemoposetic organs. ‘This led to the discovery of the corresponding
chromosome bridges and other abnormalities of karyokinesis, from which it became apparent that such deformities
are invaniably of mitotic ongin As the duration of the mitouc stage is considerably shorter than that of the
fnterphase, atypieal nucler arc eacountered much more frequently durng the interphase (“resting nuclei®) than
during mitosis, when they are easily overlooked unless carefully searched for No convincing evidence exists that
amitoses do occur in the case of the blood corpuseles (Undritz, 1944).

From the foregoing it ss evident that even the most severe duturbances in karyokiness may occur in benign
duseases ar veactive manifestarions just as veadily as i primary malignant dueates, such as lewkaemuas and tumosrs.
Thus the hughly polyploid, 1 blases wich giant ck and giant pucleols 12 Figs 35G
35D and 36E—cells with the most severe aryol inal only producss of +
benign discase. On the other hand, the Sternberg giant eells in Figs 217, 218 B and 220, which exhibir equally
severe distusbances, are products of a malignans disease Neither the occurseuce of palyploid elements oor the

severity of the dusturbance 1 karyolunesis 1s 10 wself evidence of malignancy The constant oceurrence of hughly
ction

disturh. of k

polyplaid elements 15 very suspicious, but 1ts significance can only be properly assessed when taken in cvn]ul:l d,
with the entire clinseal picture It most also be remembered that malignant probiferative discases may occur in the

absence of pathological polyplody.
As in the case of normal polyplordy, the diffsculties encountered in making a precise

classification of polyploidy under pathologscal condutions in no way detract from its signifi-

ance. It is important to know that every species of cell which normally undergoes ixpl:r;d'
development can produce polyplod cells under pathological conditions, and that even the

i i 1 as in
in benign affections as well
rees of polyplord deformation may oceur
most severe deg: f poiy. . S sl wamans b made, therefore, merely from
' . . . . = opment.
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1L The Technigue of Blood and Bone Marraw Examination

Jn the majonty of cases 1n which a blood examinanon 11
secessary, suffieieat information ean be obtamed by decrmuning
the sedimentation rate, the hacmoglobun content, the abolucc
erythrocyte and leucocyte councr and the relanve blood prctare,
Other blood deserminations and bone marrow purcrure may be
carfied aut in special cases where addmonal iformanon 1 re-
gquired Siate this ailas is concerned principally with the morpho-
logical characterustics of the blood, only the rechaique of making
blood fifms and the methods of staning blood and bone marrow
films will be considered For descripuons of other than mor-
phological blood examunations 2nd the techaque of mareow
puacruse, as wel as for the rarcly required vechques of Imph
gland and splenic puncrure, the reader 1 refecred to the relevant
maguals o these subjects.

After making a bone marrow puncture, aboue 3o films
should be prepared and seversl of these seserved for any
special staining which may Jater be found neecssary, Before -
g the focal anaestheric, 1t i sdvisble to make 3 bloo
examination, or at least to peegare a few blood films, for com-

anson with the bone marrow findiags. .
ot the lacge number of metbods avalable for the suaminsn
of the blood corpuscles, only those will be meationed ere whh
we bave found pactieularly sausfactory and which enable o he
Xnown cells to be differentiared and wdentsfied For the Ereps
ranon of blood films, the use of microscope shides prefrr;“
(Schwaz med Wichr 1944, T4 995) The '"m"“'f‘”:’mm
staming ace therefore intended for shde prcpauxmm; e
ip preparavions are nsed, the stanmng techmique must
ﬁtdx:::e:;:i;mdca char the following genersl disections be
adhered 1o 14

Whenevee pomble, the removs! of the ";"‘ ;";’ff’;z"’;:j 4
be carfied our while the patient 1 sull 1 bec zod bfore fond
has been taken (preferably before che asual brz; das 1) The

ingesion of food, or fainng beyond che wml Breskian W
may cause 3 lecocytosts, In vrgent ‘“‘o’; the day, bur vans-

may have to be catried our at any ume

wons in the comnte e then be opectd

peratae and all forms of warems, €5 PO 12 e

should be avouded If the e s dump, dying éen be 2o
by wansg she sids Usel frston, iy id b 2000
with the preparaton side wpwatch FCECL) boun befort
proseced from sl porstie myry It wakes scvers B0 B
deying 1 complete and panoptc :!:;nl:ri&ubh o vy bous
postponed for ar Jeast 4~3 h":"-’ ereed ammedasely, bowever,
In urgent cases, on¢ film oy be “;ug Jater Before and afier
and 2 second oze sev ande for m:h ®ides can be stood on a
the ndividual staming procedures, the

shect of blommng paper resting againse the edge of 3 soup plate
o other sursble obecr, and Left 10 dry wich the preparanion nde
fuciog ourwards Direcx deying wich Mowing paper senously
damages the pocparation. Even after staiving, the preparstion
shoold zos be warmed.

With the exeepron of she stan (), the preparasions should
not be covered with Canads balsam and cover alps, a5 Canads
bilsam rapidly bleackes the dyes After exsmination, the sodar
oil is semoved from the slide with 2 wad of corton wool sodhed
tm aylene, frosh corton wool beng wed each tune. Clothe o
ussue paper, at well a1 wads of cotton wool which have already
bren used once, arc Lable to scratch the peepasations, Fou the
prescrvation of preparations stained with Sudan H1, see ynder
Stausng Mthod (n),

For making dimdual groups of cells, 3 nmgle mounsed
secdle may be used of no special marking apparates 15 awmishie,
Unng low-power magnification, & ring 15 drawn round the el
n question by seratching the surface of the lm wch she mecdte
With the aid of a reading glass, & somenhat Jarger curcl 1 dhew
drawn 1a Todian ink 2t the correspondiog place on the back of
the preparation.

For scorage purposes, the prepirations which bave beca
examuned are freed from cedar oll, seacked one shave the oiher

e we of spenial storage cabinews, this procedure has she ug.
Fastages dhat 1t saves space and thae the preparat.ons are bene
proscrced 2 they are kept more ae-ught. Blood preparavion
should zot be destroyed ar they form valuable shjuree. douns
awears.

1. Yechnique of making blaod Hitma ©n microscope shidea,

MNecrssary equpment microscope ilide, spreader side
Preparation of iider” The mictoscape thdss mone be scrape
lowly dlean 1F necded at shert nonce, 1t 15 saffusens so oy

Freshly washed hands, afccrwasds deying with 3 eiean sowe] 1.
» prefable, boweven, fo keep 2 sock of cleaa slide For
hir purpase, the shdes are placed for 24 bours 1m 30 %s cgurcs
Forsh of i & mzvare of ehromic acu and rulphuri aod, pery

g water axd then dipped fist 1 gy 1,
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‘aces. As a spreader, a clean cover glass from a covnting chamber
ar another slide may be used. The edges muse be ground smooth,
rowever, and 2 corner should be broken off at each end 10 easure
that the blood film remains “margia-free”, ie., does not reach 1o
the cdges of the slide.

Procedure. The finger tp or lobe of the ear 15 cleaned with
ether and punctured with 2 Francke’s needle or, should one of
these not be avallable, with 2 syringe needle or a lancet. The
first drop of blood is discarded The top of 2 succeeding drop,
not too large in size, is quickly transferred to 2 shde, near o
one end, taking care that the glass does not touch the finger and
thus smear the drop The slide is then held with the drop on the
night, placed on 2 solid surface (table) and the left hand end
grasped firmly berween the index finger and the thumb of the
left hand The spreader glass is taken in the right hand, held at
an angle of 45 ° and stroked across the shde from left to right
until in contact with the drop of blood The blood spreads along
the edge of the spreader which 15 then shd evenly, nesther too
slowly nor oo rapidly, from right to left 5o that the bleod is
drawn after 1t and spread out to form a thin film This technique
is preferable to that of pushing the drop forwards, which results
1n many cells being damaged The drop is of the correct size 1f
the film does not reach the left hand end of the slide Short, thin
films are more useful than long, thick ones, and they should be
“margin-free”. For each examunation, at least three good films
must be prepared. After drying, the name of the patient and the
date are wntren 1 pencil on the thickest part of the preparation

The most suitable part of the flm for microscopic examination
is that where the erythrocytes lie close to one 2nother bur not one
above the other This is usually near the end of the film. The
extreme ends and the edges are unsuitable for purpases of dif-
ferentiation as they contain densely packed large cells which are
often damaged. Nevertbeless, 1t is advisable o inspect these
areas under the low power and to subject any suspicious elements
to closer examination under oil immersion

2, Staining of blood and bone marrow films.

If the diagnosis is unknown, at first only one blood or
bone marrow film 1s stained, using cither Giemsa's, Pappenheim’s
or Wright's stain, all of which are suitable for general differentia-
tion The relative merscs of these three panoptic methods of staine
ing will be discussed later; in principle, one should suffice 0
establish the diagnosis If the patient is anaemic, 2 second blood
preparation is stained with Hirschfeld’s stam for determinanion
of the procrythrocy ! 1f differentiation of the
blood picture is difficult, additional information may be obtained
from the Graham-Knoll p dase reaction, which 18 particulacl
advisable in all cases of leukacmia The remaining blood prepa-
rations can be used for any special staimng which is found ro be
necessary.

Table 4

SUMMARY OF THE STAINING METHODS DESCRIBED AND
THEIR APPLICATIONS

Stainlng method

Application

2) Giemsa noptic
b) Pappenheim panop
<) Wright stalning

d) Brilliant cresy! blue (Wotfer)

e) Hirschfeld

f) Peroxidase reactlon (Graham-Knolf)

g) Peroxidase reaction (Lepehne)

) Modified peroxidase reactlon I
(Undritz)

1) Modified peroxidase reaction II
(Uadritz)

¥) Toluidine blue (Undritz)

1) Siiver impregnation (G8méri)

) Nile blue sulghate

n) Sudan III (Romets)

o) Sudan black B (Lison)

p) Feuigen

q) Prussian blue reaction (Grineberg)

1) Thick drog (Schilling}

General differentlation

Proerythrocytes {reticulocytes)

General peroxidase differentiation
Erythroblasts
Monocytes

Eosinophils
Basophils

Stroma colls of the bone merrow
Helnz-Ehrlich bodies

Fat

As for Graham-Knoll peroxidase reaction

Nuclear substance

Siderocytes and sderomonocytes
Blood parasites
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8) Giemes's stafn.
Necenary seagents

1) Methyl alcobol,

i) Guemisd's stock solution

1 Tixanon of the air-dnied preparation for 15 muautes i methyl
alcohol, preferably by dipping into a staining jar fulled with
methanol rather than pouting the alcobol over the preparauion
If contzeunation with water 1s 2voided, the mechyl alcobol
may be used several umes The contaners should, therefore,
De kept covered Dry the preparauon withou rinsing
Suinwg.

2y For 1—2 preparanons 03 ml {10 dropy) Giemna sofution
0 1ol dolled water Lay the shides, fitm side dowawards,
on masch sticks or glase rods  a Petri duh, and introdvce
the staining solution underneath

b) For large numbess of slides 3—4 ml Giemsa solution 1n
too ml distilled warer. Hellendabl's dish 15 suiable for up fo
13 preparations Two shdes are placed back to back in cach
of the eight compartments aad a further shde 1 stood ob-
liquely i each of the seven intervening spaces The staining
soloton 1 then poured 1

The disuilled water muse be borled, cooled, and kepe in 3
closcd vessel (free from COs) The Gierasa solution 18 measored
inte 3 messunng cyhinder, the water added rapidly and the
two muxed by tlung two or three times It 15 advisable so
paue the musture it the Peeri duh or Hellendabl's dish
through a fonnel containing a lictle cotton wool to remove the
sndescent tkin Leave for 1530 munutes, depending vpon the
intensicy of the staimng soluzion. The lacter 15 then washed
away with fap water. If the stamiog 18 too weak, the operi-
tion most be repeated Dry a1 descibed 00 p 25

Resudt In the Jeucocytes, the cells wirk basophulic {bfue) eyt~
plasm can be readily distinguished from those with ::xdoph;lx:
(ernk) eytoplasm The eytoplasm stamns blue 1 mamure Iympho-
&yter, plasma celle and monoeytes (Fig_44) and pink m mw:;
batophils, cosnophils snd meutrophils (Fig 43) Momoeytes wis
indenesd nucler are therefore easly dsungushed From mrenle

-

Lte mmame gt

basaphils nsualiy wasnes
¢ disungushed from she
peacance of thesr nele

++ or +++ The granulanion of the
om (Figs 43 A and 58), but they can b
neutrophuls by the bizarse and reddish 4p)

b) Pappenhalm's stain.
(May-Grinwald-Giemsa stain)

Necessary reagents’
) May-Grunwald robetson,

Giemia stotk solmon o
Y G o ne smdnsd pepstsson by merion (0 3
" iomorey i 3 du of May-Geiowald sobwon, The solFPR &0

be wsed seversl s 1f proveced from mosmes (L8 U

imstruments and keep Yessels clased), Ranse &

e e

described under e o

;ze:f;:  rtferennaaon b me:ﬁ‘;, ’:’p{iﬂ: bl ey
cult, so that mono ol
Rre liable to be confored with the suuenle lamu:ll’ gt
Tt 13 also dufficule to qudge whether the newtrph

geanulation since all the neutrophls are granulated The basophuls
retan ther granulaton and the cells can be clearly recogarzed
(Figs 43Band g7) This stan ia less swisble for fine differen-
vation than Giemsa but, on the other hand, it 11 good for the
recogmition of blood platelets

©) Wright's staln.

Necessary reagent Wright's solution

Fuxanon and stamog are cffected nmultascouly by dhe addiion
of 10 drops of the stawnung solunon o the ai-dried preparanion
placed film side vppermost 12 @ Petm dish Cover the dish and
allow 10 stand 1—3 mimuces according to the age and thickness of
the prepazation Then 2dd dropwise an equal quantey of distilled
water and leave for double the previous time (2—6 nun.) Runse
and dsy.

Result* Suirable for general differentiation and wtermediate be-
tween Guemsa's and Pappraberm’ stams

o) Woller's slain for proerythrocytes {reticulocytes).

Necessary reagent o 5 ¥a alcoholic solution of brillisnt cresyl blue
Preparation of slides ‘Transfer the solution wich a glass rod 1o
one end of 2 mucroscope shde until approvimately one third 16
covered Allow to dey, breathe Lighsly on the filen of staia
20d spread evenly with 3 pad of cotwon wool. Prepare a
number of such shides and keep a reserve Stored ia o, film
sides together and weapped i paper, the slides remain vsable
for 3=y wecks

Procedures Prick the pancar’s fuager and allow 1 farge
drops of blood to fall upon the prepared gortion of one of
the shdes Cover with the prepared portion of 2 second shide
50 that only the coared pary of the shides are 1 contact,
Taking the two shdes by the wacoured ends, separace them
2nd bung them tgcher sgun seversl umes n order w
ensure thorough mixing of the blood with the stain Leave
togerher for 33 mizures n 3 moist atmosphere {large covered
Petei dush containing 3 wee swab), Then separate and allow to
dry Aliwrnauvely, the blood on cach of the shdes may be
collected with & spreader glass and spread out over the unused
portion of the slide before being allowed 1o dry

Count the proecydhrocytes o 100> erythrocytes tsing an o
immernion objccuve and a counting eye-piece

Reswle ‘The erythrocytes stam yellow to grecn, whereas the
procrythrocytes contain the blue substantis gramulofslamentota
(Fig 134)

#} Hirschfeld's staln for prosrythrocytes (reticulacytes),

Necestary seagents

i) Laffler's methylene blue,

u) Methyl alcobol,

w) Carbol gentian vuolet solution 4s for bactenologieal stamming

¢ Fust fixanion, haemolysus and prelimuaty stawmng of the g
dned preparstion. The bl should be freshly prepired, is any

case got more than 3 days ofd Allaw 5 minutes” teepimen

with LoHfler's merbyiene blue solution on the saiing betdse

The ssan should be poured on rapudly but with cave

Ruzse carefully but thoroughly with disulied warer and dry

Second fixavion for 5 minutes 1n mehyl alcobal Dey

St for j~go minutes 1 8 dih of carbol genriam vialet,

Runse well but with eare 1a tap water and dey
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. .Cm““ dle. cells using an oil immersion objective and a couns-
ing eye-picce,

11 the fixation is only very weak, the cedar o1l may not be wiped
ff but should be temoved by immersing the slide ia xylene for
& minutes Nawral cedar o1l must be used, since the syntheuc
sroduct dissolves the seain. The coloration fades after several
nonths.

<esuls: The proceyhrocyses may be dustinguisked from the ery-
hmc.ym by the presence in the eyroplasm of granulation and 2
varying degree of reviculation The method is very convenient
when carrying out a series of examinations as 1t is not necessary
o stop after the removal of each blood sample to pesform 2d-
Lional operations, and staining can be delayed for as long as
three days (Fig 18 B).

1) Peroxidase reaction of Graham-Knoll for general

differentiation.

Necessary reagents: 1) 10 % alcobolic formaldehyde solutson.

1o parts of 40 s formaldehyde 1n 5o parts of 96 */s alcohol

) Peroxidase reagent+ enough benridine o caver the pomne of a
knife js dissolved 1n 6 ml. 96 %o alcohol, the solution dilured
with 4 ml warer and 002 ml hydrogen peronide added In
a closed vessel the reagent will keep for 5 days

in) Giemsa stock solutson,
‘The blood films should not be more than 1—2 days old.

1. Fization of the air-dried preparation on the staimng bridge

p:xhyff{wl (o5 ml 30y perhydrol in 4 5 ml 73%s alechol) The
:Illcohchc benzidie solution has good keeping propertues, but not
e mixed reagen

) Gremsa stock solution

1. Ten minutes’ fixation in methy) alcohol.

2. Fixanon and reaction by 5 minutes’ immersion in Lepehne's
reagent, Rinse wath water and dey.

3. Stain with Giemsa solution as deseribed under (8) 3, p 27, bur
for twice as long

Reswls, The h lobta is stained by ish-yellow by the

reaction Erythrocytes and srythroblasts ave wrongly pontive,

cosinophils slightly positive and proerythroblasts negative The

reaction may also be carried out subsequent 1o panoptic stawning.

It enables erythroblasts to be distinguished from other cells with

tound nucler (Fig. 31). A simiar effecc can be obtajned with

staining method (1) if the peroxidase reagent {Operauon 2) 15

allowed to act for 3o munutes instead of 5.

h) Peroxidase reaction, madification I of Undritz for mono-
cytes,
As staining method (I) except that, before commencing the proce-
dure, the dred blood films are first stored singly side by nde,
unfixed and unstained, for 30—40 days in a protected place.
Results Smular 1o staimng method (1), but the monocytes are
usually negative (Figs. 52 A, 54). This modification enables the
and 1o be easly d hed from the

for exacily 30 seconds in alcoholic formaldchyde Runse with
tap water and dry.

2. Allow the peroxidase reagent to act for § minutes by pouring
over the preparation on the staiming bridge. Rinse thoroughly
with tap water and dry.

3. Stain as descnibed under (n) 2, p. 27, but for twice as long.
Ranse wich tap water and dry.

Rewdts A posmive peroxsdase reaction (yellowith green to brown

granulation of the cytoplasm) is given by the eosinophis and

neutrophils 10 all stages of development from promyelocytes
onwards, and by a few of the basophils and some of the mono-
cytes. Negative reacnons are given by myeloblasts (neutrophilo-
blasts, hobl basophilobl blasts and pro-
monocytes, as well as by some of the monocytes, the majonity of
the basophils and by all lymphocytes, plasma cells, megakaryo-
eytes, platelets and erythrocytes (Figs 49—~51) The neutrophils
sometsmes fald to react 1n certain parts of bone marrow films

-« e~ +he nresence of fat. Portions of the film which are
A Dy

become so when the blood sample 13 Bept 4 st wen T\ 4 .
This true “peroxidase Fardure” ean be recogmzed by the fact that,
4 Bl

hilie promyelocytes, myclocytes and mmecamy locyres, which
still give 2 strong posiuve reaction It s parncularly suitable for
bone marrow films provided that the presence of fat 1 the film

cxamined does not interfere with the reaction

i} Peroxidase reaction, modification II of Undritz for
eosinophlls,

Necessary reagents,

1) May-Grunmald solution,

1) Gremsa stock solution,

) Peroxidase reagent, sce stuning method (1)

1. Pixation with May-Griinwald solunon as descnbed under
(b) 1, p. 27

2 Staung with Gremsa solution as described under (w) 2, p 27:
except that o1 ml peroxiduse reagens is added to every
10 ml water befoce muxtng with Gaemsa's stain

Resuls+ The counophils give a strong positive reaction (greenssh-

yellow) Al other cells react neganvely ctcepe for a few baso-

phils which give anly 2 weak seaction This method 19 suicable

for the sdentification of cosinophils and thewr precursor forms,

they show up very clearly, paruculady in bose marrow prepa-

rauons (Figs 52B, 52C and 182 H) It s alto the best method

even n blood films, some of the macure,
farl to rezct. A peroxsdase farlure 10 al) the neytrophils has not so
far been observed, 2 number of them always seacung posmvely.
If the clements 1o be 1dentified resemble ncutrophilic promyelo-
cytes and myelocytes 1a appearance, but all fai 1o give a peroxs-
dase reacuon, they are probably monocytes

g) Peroxidase reaction of Lepehns for erythroblasts.
Necessary reagents:

i) Methyl alcobol, N
,3 (,;(b’nr‘; seagent 2 mal of a a6%s solunion of benndine @

26 % alcobol arc mixed, thordly before e, with 5 m) sleohobe

28

for the of films prepared From eabbe blood

1) Toluidine blus staining for basophils by the mathod
af Undritz.

Necessary reagent
Saturated 1olaion of tolui

dine blue 3 methanol (approx t §
voloidine blue 1n 100 ml methanel) The sofouon ke

ps andefi-

sitely
1 Five munutes’ fixa
with the above reagent on the staming bndge

2 Runse with water and dry

cioa and samng of the air-dned film
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<esult* The granules of the basophils stan a bnlliane reddish-
riolet {metachromasia) The remaining cells stain pale blue, The
phil fation of phils with touc lation and
o the promyclocytes, promonocytes and blood platclets may show
slight merachromanc coloration, but this s casily distnguished
rom that of the basophils This method enables the blood and
ssswe basophils 1o be identified with certanty (Figs 57D and
92 H)

1} Silver Impregnation for the stroma cells of the bone
marrow by the method of GBmarl.
Necessary reagents.

1) Methyl aleokol,

D) 0.5 % potassum permanganate solution,
w) 1% potassum pyrosulphbue solution,
1) Ferrous ammonium sulphate (2o solution of 1ton atum,
freshly prepared from the erystals as required)

v) Gomarv's silver solutton: 2 ml. 10°fs KOH solution are added
to 10 ml 36% AgNOs solution m a shaking cylinder, Con-
centrated NHWOH is then added dropwise, shaking after each
drop, After the i has letely d d, 10%s
silver mirate solunon 15 added dropwise with shaking unul the
precipitate which forms only disappears again with difficuly.
Add an equal volume of distilled water In well closed bottles,
the misture will keep for 2 days

v1) 4% solution of formol (1 part formol 40%s in 9 parts water),
vii) 0 1% solutson of gold chloride,

viti) 1% solution of sodwm thiosulphate
Fixaton of the air-dried preparation for 5 minutes in methyl
alcohol Dry without ninsing
Immersion for r—2 minutes 1n potassium permanganate solu-

2
tion Wash for § minutes with tap water.

3 Bleach for 1 minute 1n potassium pyrosulphite solution, Wash
for 5 minutes with tap water

¢ Immersion for 1 minute in ferrous 2mmonium sulphate solu-
tion Wash for 3 munutes with tap water, then twice with
disulled water for 2 minutes each time

5. Ymmersion for 1 minvte 1 Gomorf's siver solution Rumse
rapidly with distilled water (5 sceonds)

6 Five minutes’ treatment with formol Wash for § minutes with
tap water,

7 Ten minutes' immersion in gold chlonde solution Rmse with
disulled water

§ Immersion 1 potassm pyrosslphite solution for 1 minute,

5 One minute in the sodium thiosulphate fimng solunon Wash

thoroughly with tap water Dry If the preparation is treated
carefully, 1t is not necessary to embed 1t i Canada balsam
Resslt: Sutable for the recognumon of stroma cells (far cells),
the only specics of cell of the bones, bone marrow and blood
which contains fibres of reciculn (Fig_199) Films staiped with
Giemsa’s of Pappesheim's stam may afterwards be wmpregnated
by this method

m) Stalning of Helnz-Ehrlich bodies.

Neeessary feagent’

o 5% slution of Nil
Stain as described und

le blue sulphate i absolute alcobol

er (d) 1 and 2, p. 27, but vsmg Nile blue
solution instead of balliant cresyl blue

‘I‘;f:):“ln certain types of poisoning, one or Two small, dark blue

badues may be seen neae the edges of the erythrocyres, which

suain yellow to blue (Fig 20)
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n) Fat stalning with Sudan 111 by the method of Romels.

Necessary reagents

i) Hollborn’s Sudan 111, The Sudan III 15 placed in an Erlen-
meyer flask and 100 ml. 80, alcahof added for each 1 g of
stain, After funiog the flask with a cork carrying a reflux ar
condenser (a glass tube 1 2—1 5 metres long and 68 mm in
witernal diameter), the liquid 11 heated to borling point on a water
bath. The solution should be removed from the water bath shortly
after boung commences, fonger boiling being of no advantage,
The flask is then closed with a rubber bung, allowed to cool to
room temperature, and afterwards placed for #3—1 hour in
running Water, The following day, the undissolved material 1
filtered off and the filtrare stored in 2 well-closed flask of
alkali-free (Pyrex) glass ‘This forms the stock solution which may
be kept for years To prepare the staining solution, which con-
tans only 40% alcohol, a filtered quanuty of & stock solution
is mixed with an equal quantity of dustilled water 1 a shaking
eylinder, portions of § ml being added at a time, After cach
addiuion, the shaking eylinder is tlted to and fro ten times, The
bighly colloidal solution s transferred to a number of cenerifuge
glasses and centnfuged for %y an hour It is then decanted care-
fully from any sedsment which may be present and filtered

If necessary, the filtrate can be used immediately for staining,
otherwise it should be stored in a well-closed vessel Good
colloidal solutions, 3f well sealed, will keep for 2—3 weeks but
must always be filtered before use,

i) Mayer's or Ebrlich’s baemalum

Fuxation i 4 °fs formol (x part formol 40 1 g parts water)
for 15 munutes Rinse thoroughly with tap water, dip three
umes in doulled water and allow to drain

Immerse while sull moist in the Sudan 111 soluton and leave
for 6—8 hours at room temperature Wash thoroughly and

rapudly with disulled water,

Nuclear staining by 15—20 minutes’ treatment with hacmalum

Wash thoroughly wuth tap water for at least 2 an hour,

Allow to drain and cover while sull momt with glycenne-

gelatine and a cover stip

Resule: The reaction 15 strongly posiuve (orange) m the case of

the neutrophils, and 15 even more pronounced in the case of the

cosunophils. Only some of the monocytes react posuvely and the

intensity vanies, Very weak of negative reactions arc given by the

basophils, lymphocytes, megakaryocytes, platelets, plasma cells and

erythrocytes In blood samples taken after meals, free fat droplets

are often found between the cells and may be deposited on

neganvely reacung cells The Fac droplers (neuzral fa0) 1 the

vacuoles of the stroma cells of the bone marrow form large

orange-red patches This mechod 15 surable only for the deection

of meutral fat When cedar ol or xylene 15 used, all the fat,

together with the stain, 15 washed out

»

0} Fat staining with Sudan black B by the method of Lison,

Necessary reagents .
\) Sudan Black B o3 g Sudan black B 1s suspended 1a 100 m!
absolute alcohol, and the muxture allowed to stand at_room

cure wath frequent shakmg wnni complete sofution 1

Hened t be finely

effected (1 10 2 days) Aleernatively, the dye may firs
ground 1 a mortar and the suspension afterwards heated
%) Baffer solunion A soluton of 16 g pure phenol . 3o m!
absofute alcohol 11 mixed with a solution of @ 3 g NaHPO 13H:O

1n 100 mf water.



Before wse, 60 ml. of the Sudan black solution are mixed well wich
40l of the buffer solunion and filtcred The misture shosld be
seutral of alightly alkahine The addicion of the phenol makes
the granulation more easly vinble
Fixation of the air-dnied preparation for 5 to 10 minutes 1a
formalin vapour (the films are placed in a closed vessel the
bortom of which 15 covered with 43%s formalia solution)
Immersion for 30 minutes 1 the Sudan black solanon.
Thorough washing for several minutes a absoluce or 70%
aleobol.
4 Sccond stziming for 4o mmutes with Giemsa solunion a3
described nnder (a) 1, p 27.
A dinty geey appearance is due 1 the presence of neutral fat
This can usvally be avoided if the preparaticos are cleancd with
sylene or examined under oil immersion. The cell hipods, on the
other hand, are no removed by this procedure, 1a contrast
Stasning Merhod (n) A possuve reastion is guven not osly by al)
the eells which give 2 posiave Graham Knoll peroxidase reaction,
Staining Method (F), but ahio by the Iympbacytes, plasma cells,
megakaryocytes and omeoclasts, though in these cases Jr s only
weak and diffuse This can canly be venfied by cxamining 1
preparation which bas mot received the second stamng wich
Giemsa, ¢ g 2 bone marrow film from 2 classical case of plasmo-
cytoma. Consequently, the value of the seaction 11 reduced 1t &
drop of dustilled warer 15 placed on the film and covered wuh
2 cover slip, as described by Storts and Perugm, it can ther be
exammed under ol immersion withost removing the nestral fat

CR3

5) Nuclear reaction of Faulgen.

Necessary seagents
i) Methy! alcobol,

it) Normal hydrochloric acid 364 ml concentrated bydrochlone
acd of S G. £ 19 are diluted to 1005 ml with dunlled water
w) Fuchune sulphurous aced (Schiff's reagent) 1 g powdered
fuchsine (parafuchsine} is dwsolved in 200 ml boiling water 1
an Erlenmeyer flask by frequent shaking for 5 munutes After
cooling to about 50 C, the solution 1 filtered into 3 flask with
ground glass stopper, treated with 20 ml N-HCI and cooled to
approxmately 2¢% C undes runmag water The solution 1= then
bleached by treanng ic with 10 g athydrous sodum bisulphiee
(NaHSOs sicexm pro analyn} and #llowing o stand av room
temperature for at least 24 hours (If kepe tn the dark 10 a well-
elosed vessel, this reagent s stable for a long time) The firal
solution of fuchsine sulphurous acid, known as Schuff's reagent,
bas a pale yellow colour It should always contain 2 certai excess
of sulphurous acid to pecvent decomposition, indicated by a
reddening of the solution The reagent should not be warmed

1) $O, water for nmsing 300 ml tap water are mixed wih

The busulphite solurion may be kept wn ssock 1a a well-cioses
vessel
t Fivauion of the blood film by ¢5 minutes’ izmmernos o methyt
aleohol or by pasing through a lame

Hydrolyss immerse for 5 minutes 1 dinlled water,
dip 1t eold normal hydrochloric and and afterwards im-
merse for 4 moutes i normal hydrochlone scid warmed to
exactly 60* a0d muntained at this temperature

then

Stop the bydrolyss by a brief immersion 18 cold, normal
Eydrochloric acid and nse with dysulled water.

tmmerse while sult wer 1 fuchane sulphurows aad for
1~=1%fs bours. Wash by placing for 2 minutes 1 505 water
and repeatng shis operat.on twice more

Immersc for §—vo mnuces ia tap water and dry, Examine
under il immersion

Reslt The nacles and nuclear semnants of the blood cells
(Howell-jolly bodies, d.smtegraung mucle) give a posiuve, reds
dishovtoler coloratian, all other cell constirvents react nrgacively,
i ¢ reman unstained, including the eytoplasm of the megakaryo-
cytes and the blood placelets (Figs 21 B and 21 C)

-

a) Peusslan blue reaction of Grlneberg for the detaction
of sidarocytes.

Necessary seagents
§) Methy! alcobol,

W) Solwtion of potssnam ferrocyamide snd bydrochloric scid
1 g porassum ferrocyande 13 dissolved 1n 5 ml. of officwal
21 %s hydrochlone and dilited with a9 ml water

) o15% aqueons solution of *Bicbrich Scarle?” or ax%%
aquecns salstion of eonn.

¢ Fix the air-dried blood film for 5 minutes ia methy! alcohol

&
23 mindtes® treatment with the solution of potassum ferro-

2
eyanide 20d hydrochlonc aid on the staining bndze

3 Runse with dugcilled warer

4 21 mutey counter-sainng with “Bicbnch Scarlet” or

conn solunion Ranse quickly and dry
Reult Seaall, blue, wron containing granules are seen m 2 sumber
of the eryhrocytes (“siderocyres™) m eerrain duscases (Figs 13D
and 19E) This method 15 also sareable for the detection of fron

n menotytes

r) Thick drop method of Schilting,

Two fauly large drops of blood are transferred 1o 2 clean
microscope shide o that they hie nde by side, they are then spread
ot 1o @ dumeter of approzimately ¥ s cm with the ad of 3
feedle and carefully dned 1 the air.

Necessary seagent

.. -
water and dried Examine under ofl \mmersion
Remlt This method enables infrequently oceurning elemeats, e g
blood parasites and especially malanal parasiees (Figs 242,244C,
244 D, 247 and 250) 10 be recogmized more eanly. It is also very
convenient for making relanve eonaophul counts

3



32

. Forms for Recording the Results of Blood and
Bone Marrow Examinations

2) Notes on the use of the blood pictura forms

A single examination of the blood Is often of decisive diagnostic value, but is seldom sufficient to enable the
progress of the disease ta be Judged. To take full ad: of the bilities offered by h lagy, repeated
bloed examinations must be made at more or less frequent intervals, depending upon the nature of the disease
The record form 13 therefore drawn up so as to enable the results of four different examinations to be entered
side by side,

The use of the bane marrow examination forme Is recommended for the differentiation of leukaemic blood pictures

The colour of the plasma can best ba judged if a white background is placed behind the supernatant hquid
24 hours after commencing the sedimentation test,

The leucocyte column, which is found above the erythrocyte column In the sedimentatian tube, is read in mm
after 24 hours, 1 mm, on the Westergren tube corresponds to about 10,000 leucocytes per cu mm blood

Haemegiobin: a corrected reading of 100%, or 100 units on the haemometer corrasponds to 16 0g. hasmo-
globin per 100 ml btood.

Colour coetficient =haemoglobin content of one erythrocyte exprassed in micro-micrograms (10~%g ) (ses p 37).

Proerythrocytes are the same as *reticulocytes .

The number of normoblasts 13 stated in terms of 100 leucocytes

Atypicaf ceifs. Onfy the total number Is given The type to which they befong should be specified under “Remarks",
eg “atypical lymphocytes” (characteristic of glandular fever) or “atypical myeloblasts, promyelocytes, etc ”,
The description “atypical™ Is preferable ta the prefix para™.

Granulation of the neutrophils with Giemsa staining should be denated by 0, +, + +, + + 4+ (ses p. 27)
Under * lies™ enter any es of the blood corpuscle
Under *Remarks" the presence of deformities, mitoses, atc should be noted

b) Notes on the use of the bone marrow farms

In bone marrow examlnations actual differentiation of the cefls Is mora valuable than cell counts, which may
show more or less wide variations owing to contamination with blood The bone marrow s2ample may contaln 30 to
99, blood Careful sorutiny of the preparation often reveats elomants which pass unnoticed on superfictal examin-
ation and which may prove of considerable diagnostic importance

The slmple form s sultable for routine examination of uncomplicated cases and for leckaemic biood pictures
for which the blood examination forms are inadeguate Under the hoading “Immature” in the case of the basophils,
ensinophils and monceytes, are Included 2ll stages of development which do not normatly enter the blood stream
The lymphocytes, plasma cells and megakaryocytes are not subdivided

The detailed form is Intended for special cases and for research work. If necessary, the cells with segmented
nuclel may be subdivided into those with 2, 3 and more segments, or the farm may be modified in other ways fo
sult spaclal requirements.

In bone marrow examinations, percentage hgures are given only for those leucocytes which are also found In
the mature stage in the blood 1t is usual to count 500, the percentages belng entersd under Group A for com-
parison with the leucocyts counts of the bisod picturs Under Group B, the numbers of megakaryocytes and erythro-

entages of the leucocytes in Group A For all other gpecies of cells, it la

tes sre entered, expressed as perc
B jea! determination, it 1s sufficlent to Indicate whether they are abundant,

usually unnecessary to make a numer
occasional or absent and whether they occur singly or In tissug formation, etc
Athrophagocytes are storage or phagocytic monocytes
Oxyphilic normoblastsI and megaloblasts I exhubit nuclear structure

ture.
hilic normoblasts II and megafoblasts {{ have no nuclear struct
3::: the heading "deformed cells™, the frequency of the deformity and the species of cell in which It occurs

should be Indicated



BLOOD PICTURE

Name Occupation

Data of birth Diagnosis

Date of examination

1_hour

2 hours

PR
festergren
3¢ 28 hours

Colour of plasma

Leucacyte column in mm

units

Hasmoglobin
grams %o

Erythrocytes In cumm

Colour coefficient

Diamster

Prosrythracytes pro mil

Palychromasia

Basophilic stippling

ERYTHROCYTES

Normablasts per
100 leucocytes

Leucocytes In cumm

Basophils _

Eosinophils
Neutrophiloblasts

Neutr_promyelocytes

|__Neutr promyelocyte® _ .

.. myelacytes

Juvenile neutrophis,

__Juvene neutrophts
Staff neutrophils

‘Segmented neutrophils

_ Segmented neutrophls
Lymphocytes

|_Lymphocytes
Manocytes

| Monccytes

Plagma cells

LEUCOCYTES

Atypicat cells

Granulation of neutraphils

__Grznulation of nevlraphis
Doehle’s badies

Blgod platelets In cumm |

Anomaties ! [ B

Remarks and

-
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0. Farms for Recording the Results of Blood and
Bone Marrow Examinations

a) Notes on the use of the blood picture forms

A single examination of the blood [s often of decisive diagnastic velue, but is seldom sufficient to enable th
progress of the disease to be fudged To take full ad: ge of the by offered by h { repeate;
blocd examinations must be made at more or less frequent intervals, depending upon the pature of t;v; disease
The record form Is therefore drawn up so as to enabla the results of four different examinations to be entered
side by side,

The use of the bone marrow formsis d for the di¥fe afleukaemic blaod pictures

The colour of the plasma can best be Judged If a white background is placed behind the supernatant hiquld
24 hours after commencing the sedimentation test,

The leucoeyte column, which Is found 2bove the erythracyte column in the sedimentation tube, is read in mm.
after 24 hours 1 mm on the Westergren tube corresponds to about 10,000 leucocytes per cumm. blood

Haemoglohin: a corrected reading of 100%, or 100 units on the hasmometer corresponds to 160g haemo-
globin per 100 m! blood

ot i

bin content of one erythrocyte exprassed in mi grams (102 ) (see p 37)

Proerythrocytes are the same as “reticulocytes®,

The number of normoblasts s stated in terms of 100 feucocytes

Atyplcal cells. Only the total number Is given The type to which they betong should be specified under “Remarks'
ey “atyplcal lymphacytes” (charactenstic of glandular fever) or “atypical myeloblasts, promyelocytes, ete.",
The description “atypical” Is preferabla to the prefix “para”

Granulation of the neutrophils with Giemsa staining should be denoted by 0, +, + 4, + + + (ses p 27)

Under “Anomalies” enter any anomalies of the blood corpuscles.

Under “Remarks” the presenca of deformities, mitoses, etc should be noted

b) Notes on the use of the bone marrow jorms

in bone marrow examinations actual differentlation of the cells 18 more valuable than cell counts, which may
shaw more or less wide variztions owing fo contamnation with blood The bone marrow sample may contaln 300
999, blood Careful scrutiny of the preparation often reveals elements which pass unnoticed on superficial examin-
ation and which may prove of considerable diagnostic Importance

The simple form is suitable for routing examination of vncomplicated cases and for levkasmic blood pictures
for which the blood examination forms are Inadequate Under the heading “immature” in the case of the basephils,
eosinophils and monocytes, are included all stages of development which da not normally enter the blood stream,
The lymphacytes, plasma cells and megakaryocytes are not subdivided

The detailed form is intended for spacial cases and for research work If necessary, the cells with segmented
nuclel may be subdwided into those with 2, 3 and more segments, ar the form may be modihied fn other ways to
ault spacial reduremens given only for those leucocytes which are als found In

In bone marrow examinations, percentage figures are "
the mature stage in the blood It i1s usual to count 50D, the percentages being entered under Group A for com-

panison with the leutacyte counts of the blaod picture Under Group B, the numbers of megakaryocytes end erythro-
cytes ora sntered, expressed as percentages of the leucocytes Ia Group A For all other species of cells, it1s
u:ua!ly unnecessary to make @ numerical determination: it ls sufficient to indicate whether they are abundant,

occasional or absent and whether they accur singly or In hissue formation, stc

Atl ytes are storage or pl
Oxyphilic normoblasts and megaloblasts I exhibit nuclear structure
Isar structure
ormoblasts IT and megaloblasts I have no nuc
3‘;::“::: ';\eadlng “ deformed cells™, the frequency of the deformity and the specles of cell in which It occurs
n

should be indicated



BLOOD PICTURE
N
ame Octupa!lﬂn
Date of birth Dragnost;

3
—-Date of examinat I

Sedimentation ~Lour_ _ —
Rat

ate 2 hours
(Wostergren) ————— |
5 24 hours
—_—

Colour o plasma
_—
Laucotyte column in mm

@ | Haemoglobin “2%%_____ [
Wl gmet
~ | Erythrocytes in cumm
—_—
> | Colour coefficient
_—
© | Diameter
o —
o |-Freerythroeyies pro mt
= | Pelycheomasia
+~ | Basophibic stipphn
B i I, N
> | Anisacytasia
—_—
& | Polkilocytosls
_—
@ ¥ Normoblasts per
100 Jeucocytes
Leucocytes in cumm
E!loghlls o
Eoslnthlls
| Neutraphiisblasts
w |_Neutr promyelocytes
- . myelocytes
> | Juvenile neutrophils
© | Staff neutrophils
© (__ Segmented nautrophils
| tymphocytes
= Monocytes
W Plasma cells
a
Atyplcat calls .
Granulstion of neutrophls
Doehle’s bodias
Blood platelets in cu mm | |

Anomalies

Remarks and conclusions
_——‘/7\\\/
M‘\/




BONE MARROW PICTURE

Simple Form
Nama Data of Birth
Diagnesls Date of

I. Haemopoletic cells
Group A (percentages)

Blood basophils, immatura

maturs

Eosingphils, Immaturs

n Mature

Neutr, promyelocytes

»___semi-mature myelocytes

]

w___mature myelocytes

n___metamyelacytes

Staft neutrophils

Segmented neutrophils |

Lymphocytes

Monocytes, Immature

" matyre

. phagoeytic

Hil

Plasma cells

Group B (supplementary)

_Megakaryocytes
Proncrmoblasts

Macronormoblasts.

|

Basaphilic normobiasts

Bl bl
Oxyphilic normoblasts

Megaloblasts

. Non-haemopoletic cells

Tissue basophils

Vascular cells

Stroma cells
[4]

Qsteaclasts

If1. Cells forelgn to the bones and bone marrow

Tumour cells
Skin elements

Mitoses

Deformed cells

Macroscoplc appearaace of the marrow

[uslons®

Remarks and




BONE MARROW PICTURE
Detailed Form
Name Dats of birth
Diagnosts Date of examination
I. Haamopolstic catls

Group B (supptemantary)

Group A (percentages)

7- Megakaryocyta-platelet system
Megakaryoblasts
Promegakaryocytas

Measkaryorpter o ———

Megakaryocytes
A
8, Normacytes

Pronormablasts

Macranormoblests —— ——————— |

B250ph_normoblasts T

Polyehron = — ——— |

1. Blood basophils
Basophlloblasts
B promyslacyies T
8 promyelocytes 1T
B myelocytes
B metamyelocyies
Ségmanted basophils

//

2, Eoslnophils

Eoslnophiloblasts
£ promyslacytes T ~ ———————
ZE promysldcyten fr T ———————|
_E myelocytes N
— e

E. matamyalocy
Staff sosinophi

Segmented ,,
_—
3 Neutrophits
Neutraphiloblasts

N promyelocytes T
_
N_promyelacytas 1f
& prom —
N seml-mature m cytea
- oombmetwe m eytes )

W_maturs myelacytes
N_metamyslacytes
Juvenile neutrophils
Staff nevtrophils _
| Segmented .,

4. Lymphocytes
Lymphoblasts
Prolymphacytes
Uymphocytes

5. Monocytes
Manabiasts
Promana

| Monacyt
Athrophagocytes

6. Plasma cells
Plasmoblasts

!
|

9. Megalocytes
Promegaloblasts
| Basooh megaiabiagts
Polychrom

—_—
Oxyphilic " I
e w1

__ Oxyphilic

n Nan-hlomopal‘h‘c cells
Tisaus basophita
Vascular cells
Stroma celfs
Ostesbiasts
Osteoclasts ————————____

_Osteccizst:

|

N Celts foreign to the bonea
ond bone marrow

T T
Atyplcal farms of I
T

___Proplasmocytes Deformed cols T
Plasmocytes = == =

Macroscoplc appearance
Romarks and conclusions _ W;__\




W. Normal Values obtained on Blood and Bone Marrow Examination

1. Determinations of general, physical and chemlcal properties

a) Curenlating blood volume

f) Volumes (haemaroeric method)

Infants Bo8
s mlfhg Packed
iid: cved cell volyme
Children and adults 7383 mlfkg New-born 19—t
Children Ji—ds %
Adules, male 3952 %
8 Specrfc weight Adults, female J—s3%
Whole blood, males ¥ og5—1 062 Plasma
Whole bload, females Toso—1 056 New-born 4051 %
Plasra and serum Tozg—1052 Children 5688 %
Adults, male 48—t %
Adults, female s2—d5 %
¢} Hydrogen 1on concentration 8} Bleeding time (Duke's method)
pH 7.25—7.40 . 1—3 nunutes
k) Cosgulation time
Schultz's hollow bead and capillary method
d) Freezing pomnt in capillary bfood 4—29 minutes
—°55 to —o%58C in venous blood up to 20 minutes
) Prothrombin time (Quick's method)
) ta—13 scconds
¢) Viscosity (Hess viscometer)
Whole blood, males A74 k) Clot retraction time
Whole blaod, females 440 Onsee of retraction after 1 hour
Serum 16—z0 Marked retraction afeer 18 hours
1) Sedimentation rate of erythrocytes (1n low-lying distnets)
Wastergren's method Linzenmeler’s method
Normal maximum values after
1 hour ’ 2 hours , 24 hours
Males 5 mm 12 mm, 70 mm 350 munutes and longer
Females 10 mm 24 mm, 90 mm. 200 minutes and longer

NB Sedimentation rates vary in different mdividuals, and the normal values for many patients, paruicularly

females, may be conniderably below those given above Before tt 15 possible to decide whether the sedimentation
rate 15 pathological or 0t, 1t is necessary t0 know the mimmum values extubsted by che paucat when 1 2

state of good health,

m) Takata-Ara reaction

Series of diluons of scrum with physiolos

gical saline
Normal conditions~

+ No marked flocculanon afer dilunon 1:8
2 No winal flocculanon after dilution 1. 32

) Weltmann's reacuon
(CaCla-hear coagulaon threshold)

Tor preparation of the solurion, use anhydrous CaCly Whea
the “Weltmana band” 15 normal, floceulation occurs on heating
in dhe 1s¢ twbe {005 %) or at fugher concentrations up %o the
s¢h or 6ch tbe {003 or 0015 %)

131512



0) Wabrmann-Wunderly nephelogram {cxtended Weltmana's
reaction)

The Weltmana reacuon 1 carned ot using a larger series of

dilotions aod the opacity curve is determined on the tubes
which no floceutation occurs on keanng

Normal opaciey curves

From 003 s (5th tube) or 0 025 Yo (6ch rubs) to 0096 % (rath
tube) or ooy ¥s (12¢h rube) CaCly solumon

Mazimom at approx 100 opaaty uaus

2) Wunderly-Wibrmanrs cadmuum rescnon (rapid method for
tevtang the colloidal stabilicy of serum)-

04 ml freshly cenmfoged serum taken from a fasting patent
#ud ereated with 4 drops of 0% cadmivm solphace solurion
cormally gives ao coagularion

2. Haemoglobin

a) Haemaglobin content

In carrected percentages
tn prams per cont
Stage of development l ar Sabli *unts” prams pi
Howborn ' 100 — 150 ! 160~240
Chid ’ 80— 100 130160
Adutt ’ 90— 120 145~200

100" oF 100 umits — 160§ m 100 ml blood (grams per cens) The exact deserminauon m grams per cent
18 10 be prefecced to the conventional method of expression 1 perventage hacmoglobin or hacmoglobin usits

b) Colour index
Caleutanon
Haemoglobia *e for warts)
20 % eryehrocytes fin millons per cu wm)

Example
S ose
%

Normat values ©3~11

<} Colaur coefsctent (haemoglotnn content of 3 simgle erythrocye
1n mucro-mscrograms (19=** g1}
Caleulavon
Hacmoglobm in grams Yo X 10

_Haemoglobn 17 B2
Erythrocyces (in millions per ¢o.mm )

Example.
16x 10

5
Noemal vatues 28—36

=3

4) Satwratron sndex

leulzuon
Haemaglana e (or wnits)
_Haemoglobua M for oot
Packed ccll volume xoo mb

Example:
A% ~an

45
Normal value, abour 222

€ b

Calcalation
Haemoglobin in grams " x 100
JLemop o I grams Yo x 1o

(ia 100 ol ecyth

Packed cell volume / 100 mi

Example.

26X 100

—— =55

L

Normal values
New-born 2pprox 4f g
Children Jyai
Adules joduen

The eoloue coefficient and the hacmoglobin concentraton ace
1 be preferred to the colour index and the saturstion todes tace
they are based oa grams per ecat and vat on the convenconal
baemoglobim percentage or Azemoglobin units

7



&, Chemical constituents

The figures refer to 100 ml. hlood, unless stherwise stated.

tpg =y
Acetone | . . ©. L2~ 36mg Phosphatase, alkahne, in serum in adults
Alcohol R e Y {Bodansky) . . . .. ... .
Bile acids e . . . 0 =~ 1 mg Phosphoric acid-
Bilirbin , . ., ., . . . . 300 —700 g And-soluble phosphorus . . . . .
Bromine . . . c e e . lg= 27 mg Acid-soluble phosphorus in serum
Bromine 1p serum .. L. o8~ 1img Lipoid phosphorus . . . . . .
Caciem . . . . . e 6 mg Lipoid phosphorus in serum . . .
Cldummservm . . . . . . . .. 9 ~ 11 mg Maneral phosphorus, adutrs PR
Caleium rons ia serum . . . Ce s . 4~ 5 mg Muneral phosphorus, children ..
Carbos dioxide in plasma [0, 760 mm Hg); Total phosphorus . . .
combined (alkals reserve) . . . . . g0 = 65 ml Total phosphorus in serum .
free . ... .. ... 22sml. Potassiom . . . . .
Carbon dioxsde as bicarbonate . 156 ~—1y0 mg Porassium in serum .
Chloriae (as chlorde) . 285 mg.  Protoins in plasma . . L.
Chlonne (as chloride) m serum 379 mg by electrophoretic analysis:
Cholesterol, toral . . a2 =it mg albumin 53 2% total protein ;
Cholesterol in serum: globulins 46 8 %4 total protein .
estenfied « + . . ApprOX. 146 mg re;~globulin 4 8% total proten
free . S . . approx 6o mg «g-glabolin 77 %, total protein
[ . 145 —200 mg A, —3+globulta 127 ¥, toral protemn
Catric acid . - .. 17— 17 mg §="T-globulin 49, toral protein
Copper . .. . 0 pg = fibrinogen 2 8 %y total protein
Creatne and creatinine . —~ 7 mg 71 —-globulin 143, oual protein
Creatine and ereatmine in serum .. — 7 mg  Punne bases . .-
Fluorine L . . . 1106 pg Rest nitrogen .. . .
Glucose 86 —100 mg Amino-acid nitrogen . . . .
Guamdine . 150 pg Ammonia (Conway) .
Haemoglobin . . 6 g Amonis. (Foin)
Hustamine da serum . . N Ammonls (van Slyke) :
g-Hydroxyburyric aed . T4 mg Creaune :
odme o e i PR Creaunipe .
Iron (1 bacmoglobm o34 . s4 mg Indicaa
“Thiocyznogen
Tron in serum: u
females . - tes ke e
. s pe Unc 2ad
males
: 8 — 1y mg Sodwm .
L“.“c. sard 175 — 300 mg Sodwm 1o serum
Lecidia . ooy U Sodm chlonde
Lipase (stalagmometric) soo —Boo mg  Sodwm chlonde i scrom
Lipnds and fas © T, — 4 mg  Sulphur, morgame .
Magnesiom 300 mg  Urea w serom .
Mebacmoglobin o mg  Urc aud m sem
Neoteal fat .« . - s me Water

Oxalic acid 1n servm

Kanthoprotem index m serum

ty— o U
9~ 3 mg
14— 5 mg
7 =3 om
3 — 7 me
2o~ 5 mE
4 — ssmg
30 — o mg
7 — 15 mg
s mg

€ — 0 mg
g~ 8 mg
I8 — 441 g
31— 436 ¢
034— o4z
os3— o658
ozs— 13 g
o19— O34 &
olg— ©34 B
ogt— 150§
1 mg

20 — 40 mg
§ — & mg
4o

8o —1o #g
[CI S

435 ™5

t mg.
"o
15— 40 M
10 — 20 mg
1 - 1 ™
160 — 300 ME
20 —35¢ WE
4350 —g10 mF
s50 —613 mg
09— 26mg
10 — 40 ME
1 — 5 mg
70 — 8% &
- 3 omg



PART TWO

Systematic Survey of the Morpholagy of the Blood Corpuscles

1n Part Two of the Atlas, detaded descnprions will be found
of the various elemencs encountered in blood and bose marrow
examiations. Siace cach type of element has ws owa speafic
ongin and its own physiology aad pachology, separate sections
are devoted 1o each spectes of blood el to the non-bacmoporetic
elements of the bone marrow, to the advenumous eells and to the
blood pacasites The description of each species of blood cell
covers the whole range of normal developmear as well as the
various abnormal forms caused by bereditary anomalies and by
rescuve or "prumary” (leukarmic) disturbances 1n haemopoiesis
The reproduetion of the blood cells 15 also discussed, fnclading
the deformines produced by abnommal karyohiness.

Parucolar care has been taken to give detailed and accurate

deseripuons of the cells a0d to emphasze therr disinguishing
fearures. At the beginning of the section describug cach species
of cll, sefercnces wall be found to the relevanc llustraions, the
aumbers of those ilustrations o which the cell 1s the main finding
are prsted ia beavy type Tables summarizing the charactenstic
feacures of the stem cells of the blood corpuscler (Tables 7, 8
and 5) and of mature normal lescocytes (Table €) in panopueally
scamed preparations arc given on Pages 41 0 43.

ere the method of staming is ror speaficd, one of the
eormal panopic stains {Giemsa, Pappenbeim or Wrght, see p 17)
bas been used; wich these the acidophilic (oxyphulic, conmophilic)
constiroents of the cells thow up 7ed, the basophihie blac, and the
basopbilic-metachromatic vroler

1. Table for the differentiation of mature leucocyfes

Table 8 summanzes the most mportant properties of the
mature forms of the & diffevent species of leucocyte The charac-
tensncs showa are sufficient o cnable the vanous species to be
identified, provided that no gross abnormalities are present. The

ability to recogntze these elements forms the foundalion upon
which the whote structure of morphologlcal haematology resta.
A normal haemogram is shown en p 38

Table 6

DIFFERENTIATION OF MATURE NORMAL LEUCOCYTES
IN PANOPTICALLY STAINED BLOOD FILMS

Relative size and f Cytaplasm
Cel species Figure diameter Stape of nucleus | | Granlation
Pink cytoplasm: leucocytes derived from the bone marrow
. caarse, irregular, dense,
i medium, sagmentad, reddish-violet (basaphiic-
Basaphil 43,57, 88 approx. 144 polymorphous | 2™ matachromatic, dissolved by
Giemsa)
medium, usually rogutar, vestcatar, danse,
Eosinophll | 43,63 epprox. 164 biaegmented plnk reddish-yellow (sosinophilic)
staff form or pink (umform
medium, aegmented, with Giemsa, nana or fine and dispersed,
Neutrophll | 43, 74, 76 approx. 1d usually thres mottled with vlolet (azurophilic)
segmants Pappenheim)
Blue cytoplaem leucocytes derived from ths fymphatic-monseytic centres
]
large ! pigeon blua vary fine, dense, cloudik
44, 109, 110 : .
Monocyte 1610 205 Indented o ! cloudy formation, violet (szurophilic)
) . nane, or fine, sharply.
emall, round or slightly dofined single granules
Lymphocyte | 44, 132 approx. 124 indentad cloar blus rounded by haloss, vietet
| Gozurophinc)
decp blus
Plasmacell | 44, 145, 145 """;"";“o” farge. | round masking red o
020 pivhesiid vacuoles often present

41



i1, Tahles for the differentiation of the stem celis of the blosd corpuscles

$0 Tdes 7y 8 40d § ae¢ svmaisdiped due Sarnezns fta-
toies 1 e wem o' of B gl ¢ lferees pecios of Lok
vinptes Sy On 44 of daw sstien B Sfenf A b ponsTie o
Planefy &' (a8 yarirs pers £ b wSaures sype of £
1y be fpih

Ha dawarvis grea 377y 10’y v pormas pem ol
In pada/npest gmdiasm, opeisily in et s, peny ses
welly t5'en on prapeeces dhacrrnridis of grhest, v dias ge poree
plodigest dtlsrersos facomnn e sdiviern, Tho, dhe pude] of
tha pewpugdibtdavs, inuad of Sainy 1ommd, may teeome joe
dentsd bye tline of pormid moncblasm, or the patlecti may
gonterce to form 8 sone podedas bnadelsr sedsctiom), gricg
the cofls tha aggeenance of wommal fympbadlann, As the &1

e

The paze mreloblat cied by Naepell & 2 cclertre term
277%e2 13 bawPlctlany, eoviroptlobany, pemrentToblaes,
rootlany, plasmetliny and mepkametlan, Froness v
barmoeytablan soctsder e pverydbrel iy 25 well

A rorzal eyelogras b stawn on P 39

Table 7

DIFPERENTIATION OF THE STEM CELLS OF THE BLOOD
CORPUSCLES: DIVFERENCES IN CELL SIZE AND IN CYTOPLASM

ftem calt Figirs m:,:'“" | g~ ol
. ) i Yhdsh v Brsocha

#) Pronormablest 1,22, 27, 30. 21 1016 medum [—
1) frromagalobtest 2,25 27, 01, 42 1825 wsuslly broad Intensa
o) Hasophifabined «5, 65 t2-15 narrow or medm moderate or intense
1) Fasinaphitobisst 48, 61 approx. 16 narrow | very intense;

oftes he
«) Hautraph¥ablasy 42, 46,89, T epprox. 16 medium or brosd : m“’:::hmrnahc Fpeces
1) Honatifast 48, 8, 107, 122 16~22 medum U moderate
o) Lymphoblast a1, 13t 12-14 narcow ar medium | moderate
1) Pissmohiast A7, 143 approx. 16 medium | intense
) Dighald 47, 161 approx. 20 medum. often ragyed | madarate

magskaryohiast f
Table 8

DIVPERENTIATION Or THE STEM CELLS OF THE BLOOD
CORPUSCLES: DIFFERENCES IN THE NUCLE]

Stam pell
» ronapmobiast

b Promogaloblast
1) Diasapiliablest
)Y l’nl(l\n]\hﬂﬂhhl!

o Nautrophifoblast
N fMonobiast

o L,rmpmhln\

[} Plaamabinst

1 Olytold
) megaharyobiast

¥

Shapa of nuclous

e e

tound

round
round or tndented

round

tound
round or indented
round
round
round

redial tendency

redio}

Cheomatin nstwork

distinet, fine, tloss mesh,
abundant chromatin

Structurs

distinct, very fing, campact, short mask

Jong. shsin-lke threads

poncantric

tong, shoin-like threads
varisble

cancentic

concontric

ot chacacteristic

| merenmmrse

vary Indistingt, fine, long mesh

fndistinet, very compact, ghy
sbundant chromatin
distinet, fairly compact lang ey,
indistinct, troad mesh
tndistinet, 1

g
dense,
indiste
seanty -

ort mash,



Table 9

DIFFERENTIATION OF THE STEM CELLS OF THE BLOOD
CORPUSCLES: DIFFERENCES IN THE NUCLEOL]I

Stom celt Nucleol

No Size Colour Position in chrematin Chromatin border
#) Pronormoblast 2-5 | variabte blue periphery covered distinct, mediun width
b) Promegaloblast 3-6 | rather large blue parphery covered distinct, medium width
) Basophiloblast 2—6 | medium pale blue vanzble sbsent or very indistinct
d) Eostnophiloblast 2—4 | medium, violet covered distinct, broad

one very large (masked)
#) Neatrophiloblast 2—6 | medium blus usually uncoverad distinct, medium width
) Monoblast 26 | smsll blue varlable Indistinct, rather broad
g} Lymphoblast 12 | medium blue variable distinct, medium width
h) Plasmablast 3—6 | medium blue osually covered vagus
i) Diplold 2—6 { small pato blue | usually Invisible Indistinct
megakaryoblast

Ili. The Erythrocytes
Figs 110 42,484, 51C, 231 A, 231B, 2361, 3380, 238P

1. CLASSIFICATION OF THE ERYTHROCYTES

Tuwo different species or systems of erythrocytes are found 1
man the normogytes and the megalocytes The mame “erythro-
cytes® or *red” blood corpusiles apphies to cells of both systems
and not merely to parucular stages of development of one syster

“plast™ i the rame word 15 smadmissble The correet terms would
be “erythroblase®, *“normoblast” and “megaloblast”, bug these
bave aheady been eaken for the moce mavare stages of develop-
ment

The normoeytes and meglocyses seemble one anober 1

v
wmutosn, the haemoglobin content increases very rapidly, In the
early suages of developmene, che mucler contain several micleol,
and HQULUIE Limy ity =€ s .
pathologeal condutions, the nucley may become greatly reduced
1n size and farm the so-calted Howell-Jolly bodies The mature
cormocytes and megalocytes are non-uclested fa the pro-

or , which are feated forms of
exther specics that have not compleced maruration, the eytoplasm
contains substantiagranuloflsmentosa

One of the differences beeween the normocytes and megalo-
eytes hes 1m the stage of ontogenes at which they firsc appear
The megalocytes make theur appearance during the first month
of embryome development whercas the sormocytes are nat found
unul the third month The pormocytes are considerably smaller
than the megalocytes at the scage of
Only the macronormoblasts (macroblasts) ever reach the nxe of
megaloblasts, The nuclear structure of the normoblasts i coarser
thaa that of the megaloblasts, and this enablen the lateer 1o be
easily disungushed from macronormoblasts (Compare Fig 1 and
Fig 2 ecll b with Figs 3, 25 and 43) Moreover, macronormo-
Blasts usually occur only during the early basophilic stages of
development. On the ocher hand, the megaloblasts ase large in all
stages of developmene (from the promegaloblasts to the pon-
aucleatcd oxyphilic M )
seldom reach the nize of megalocyres and may be disunguished by
thexs paler sppearance Single, very large nomoeytes, which are
occasonally encountered 1n healthy persons and, more frequencly,
15 persons suffenng from repencrative anaemias, are not megalos
cyten bur mature, non-nuclested forms of what were onginally
binuclear cormoblasts (*twamng deformiues™), in ocher words,
they are non-nucleated double cells (Fig 19 C) The chromosomes
of the normoblasts (Fig 31) thow a greater tendency to aggre-
gacon chan chose of che megafoblasts (Figs 37 10 41)

43



2. THE SYSTEM OF THE NORMOCYTES

Figt 1,2, 5,7 t0 12, 15, to 23, 29, 30, 31A, 32 t0 36, 43 A, 51 C, 185, 231 B, 2380, 238 P.
Normocytes and megalocytes togethers Fige 13, 14, 26, 27.

STAGES OF DEVELOPMENT OF THE NORMOCYTES

2) Pronormoblast, Figs. t A Jeft, 213, 27 top left, 3o left, 51 A,
Tables 7, 8, 5, pages 42 and 43.

The pronormoblast is the stem cell of the synem; it has a
dizmeter of 10 to 16 w. The nucleus is large and sousd and
occupies almost the entire cell. Tt exhubits a frne, compact, chro-
matin network of regular, close mesh and containing several {2 to

in The

d) Polychromatle normoblast, Figs 1C, 24, 22¢, 23E, 26
below, 28 left, 29 right, 30 and 180,

Diameter: 8 to 12 . The round, coarse, lumpy sucleus 15
smaller than that of the preceding stage. The eytoplasm it no
longer pure blue, but extubits a reddish unge, making it appear
more violet, and finally a dirty greyish brown. It forms a wider
band round the nucleus than in the basophilic stage.

) blue nucleols with a peripheral covening of ch e
chromatin has not yet acquired the coarse, lumpy structure of the
subsequent stages of development and there is only a suggestion
of the radial t istic of the blasts The
eytoplasm has a clear, deep, and often somewhar uneven blue
colour and, owing to the absence of hacmoglobin, gives a nega-
tive response to the peroxidase reaction of Lepehne (Fig 3rA).
“The nucleus is sometimes surrounded by a pale halo. The pro-
normoblast is smaller than the promegaloblast and the nucleus has
a coarser structure It differs from the stem cells of the leuco-
cytes in the intense blue colour of the eytoplasm, the characreristic
setting of the nucleols and the close mesh of the chromatin net-
work The pronormoblast is usually easy to idenufy, especially as
it 15 frequently surrounded by more marure normoblasts, In some
cases, large, strongly basophilic pronormoblasts may be very
difficul to disunguish from cosinophiloblasts; generally speaking,
however, the later are larger, occur singly rather than in groups,
and contain small, round achromatic patches and a violet, giant
nucleolus (Figs 45 B, 45 C and 61 A).

larly large

¢) Ozypl with naelear structure, Figs 2¢, 224,
718, 73 A left, 100 A left, and as 2 frequent incidental finding in
various other bone marrow illustrations

Diameter' 8—1o s, The round nucleus is sull very coarse
and lumpy and has 2 well-marked structure. The cytoplasm is
red with no trace of blue, and is brozd, as ja the subscquent stage.

) with nueleas, Figs zf,
28, 116 B, 121 A below, and 15 a frequent 1ncidenal finding in
vanous other bone marrow illustrations

Duameter* 7 to 9 @ The small structureless nucleus (2 o
3 # dhameter) has become hquefied and homogeneons as the result
of necrobiosis and 15 1n the process of destruction; sometimes
distortion has occurred and the uncven thickness gives 2 streaky
appearance Asun the case of the normocytes, the cytoplasm is red

The seages of development b to I are, a5 2 rule, easy to
recognise and confusion with other types of cell 1s scarcely
possible. The coarse, lumpy, strucrure of the nuclevs, the radial
or “cartwheel™ arrangement of the chromaun (b to ), the sharp
demarcation of the cytoplasm witbout margnal chickening, the
) decp colour, and the frequency with which the

b) tast (macroblast), Figs. 1, 2b
imen), 51 C.
lp“Dum)ere‘z 18 to 21 #. The exact position of this cell n the
system 1 not yet certain T 1s posuble that it represents an inter-
mediate stage between the pronormoblast and the basophilic
blast or that it 11 a particularly large form of p bl
Normally, only tsolated specmens are encountered sa the bone
marrow, but 1n many anaemias the numbers may be greatly 1
ereased (Fig 1) The meucture of the nucleus and cytoplasm
resembles ercher that of the pronormoblase or that of the baso-
philic normoblase Tt 1 frequently possible to distingaish several
large blue aucleols, the outlines of which gluten through the
chromatin, Macronormoblasts are often confused wih megalo-
blasts, but may be clearly dusunguished by the coarser strucrure
of the chromann. Morcover, they are generally smaller thin the
loblasts {compare the blasts ia Figs 1 and §1C

with the megaloblasts i Fige 3, 25, 27, 3t B and 43)

¢) Basophilic normoblast, Figs 2¢. 11b, 27 aborve, 29 left

and 18>

Diamesers
radial strocture and the nud
dark bloe cytoplasm sull lac
Lepchne reacuion 1t posive (Fig 3t A)

§ to 16 t The round nucleas has a coarse, lumpy,
Jeols are usually no longer visible The
%s any redduh coloranon The

“

cells are found Iyiag togecher 1n groups or ases®, ol ensble
these stages to be seadily disungushed from leveocyecs Confomon
wich d forms of the neutrophuls, which are very
oceasionally found 1 the blood, is possible oaly tn he case of
stage 1, where the mucleus has become quefied and 15 therefore
50 longer charactensuc of the erythroblasts (cf Fig 231 B wth
Fig 230 ) For confirmation, the peroxidise resction of Lepehne
may be emplayed, a5 all stazes of development of the normecytes
with the excepuon of the pronormoblast, give 2 pesive. yuly
(Fig 31A) The lymphocytes, plasma cells, and vaseules endo.
thelil cells, with which the normoblasts mghe be sonfucd il
give 4 negacive perosidase reaction. Normoblass rasy. be distin-
guuhed from the corresponding stages of developrocos of she
megaloblasts by therr smaller size.

¢) Normocyte, Fig. £, also present in most other dlustranons
Diameters 710 85 4 The normocyte s the mavare form and
1 the Final stage of development of the system Tt 15 mon nucloored
and has the appearance of a round, flar, biconcave disc. Even
wing panoptc st it 8 possible o diferentiare cells comaramg
polyehromatic eytoplaim, o eytoplasmn with basophhe sippln
from cells of 2 umform red colour Specil stasming methort ook
22 stz with brthsat cresyl blue or che hacmelynie ceerbod



(page a7, sauns @ and ¢), reveal a considerably larger number of
cells containing basophiic matcrial, the vocalled whstantia
granslofilamentoss These cells are the pronormoeytes or retl-
culoeytes (Figs 18 and 20) They are younger than the cells which
do nox contan basophilic marersal and hence, 1 most cases, they
are also larger The normoeyte is not hable to be coofuscd with
any other type of cell.

Nneleoll are not visible mn normoblast nuctei beyond the stage of
polychromate normoblast,
Mitosts of normoblasty (Fig 31)

The normoblasts reproduce by mutosis but only as long as the
nucleus retains uts structure Normally, therefore, cells capable

of devision do rot enter the blood stream. Basophihie normoblasts
1 mutosis (Fig. 32 A) closely resemble tymphoblasts 1n mutosis
(Fig 33), aggregation of the chromosomes 11 present to 2 marked
degree s both, and the basophilic cytoplasm takes on a very
motided, gravlar appearance In practice, confusion berween the
two is very valikely Vo ocrur, mnce, a5 a rule, mtons of the
normoblasts is seen only in the bone marrow, while mutosis of the
Iymphoblasts occurs 1n the Iymph glands. In doubtfal eases, ¢ .
10 Iymphatc leukacrua wich greadly increased proliferation and
snfileravon of the bone marrow, confirmation may be obtained
by the Lepchne reacton—the normoblasts are pontive (brown,
Fig. 31 A), and the lymphoblasts negauve (blue)

3. THE SYSTEM OF THE MEGALOCYTES
Figs. 3, 4,6, 204, 25, 31 B, 37 10 42, 335 A, 336 L
Megalocytes and normocytes together Figs 13, 14, 26, 27

STAGES OF DEVELOPMENT OF THE MEGALOCYTES

2) Promegaloblast, Figs 3, 25, 27 belaw, 31 B above, 37 to 40,
42 179 A Tables 7, 8 and 9, pp 42 and 43

Diametee 18 1o 25 4. The promegaloblast is the stem cell of
the sysem. The round nucless possesses an extremely fine,
close-mesh chromatia network, the radial arrangement of which
1 clearly evident, even at this stage The oucleok (3 10 6 m
oumber) often run into one another 2nd their outlines may be secn
ghstening through a covering of chromann Surrounding the
nucleus there may be a pale halo The eytoplasm has a deep blue
colour and gwes a negauve Lepehne reacuon s st does not yer
contamn any haemoglobia (Fig. 3t B) The normal form found
the embeyo 15 smaller than that which occurs pathologieally in
pormcious anacmua (Fig 35) For the diferenuiation berween
promegaloblasts and macronormoblasts sec pp 43 and 44

b) Basophille megaloblast, Figs 3 above and lefe, 43, 24 A,
31 B eentre, 39 B below, 4a C below, 42 tap lefc

Diameter 16 10 20 # The nucleus 13 round and the ehromatn
scractute coarser than (n the preceding stage The nuclcols are not
always visible The cyroplasm is dark blue with 6o red .,

nucleoh: are present The cytoplasm 15 polyehromatic and forms
2 wide border

d) Oxyphilie megaloblast wiih naelear structare, Fig 4c.

Dusmeter: 1010 12 4 The ucleus is round and comparanvely
small with 3 very dense structure The cytoplasm is wide and bas
a ed colour with no blue component.

¢) Oxyphllle megaloblast with structurcless nuclens, Figs 3
below, 15 below, 26 above

Dismeter 10 to 15 4 I the embryo, this stage teads to be
somewhat farger than wn pavents safferng from pesmcious
anaemua (Fig 15) The oucleus it round, structureless and homo-
geneons, somenmes exhibiung a patchy appearance due 10 4 stor-
tion, 1t 13 a typieal necrobione mucleus The eytoplasm 15 red, a5
wn the megalocyte

1) Megaloeyle, Figs 4, 6, 13, 14, 23 G, 15

Diameter 8 to 11 g Thss is the mature cell, the final seage
of development of the sysem. As in the case of the normoeytes,
special staining methods reveal the presence of substantia granulo-
flamentora 1 some of thewe cells, which may thesefore be

but gives a positive Lepehne reaction (Fig, 31B)

¢} Polychromatic megalobtast, Figr 4b, 24B 10 24D, 31B
below, 37B below

Diameter 12 to 16 # The sound nucless passesses @ coasse
chromann network arranged 1 "eartwheel” formanon. No

as
Nocleoll arc not visble 1n the megaloblasts beyond the stage
of the polychromatic megaloblases

Mitosts of megaloblasss, Figs 37 to 45 The megaloblases repro-
duce by mutons a3 long a3 the nulear structore persists, the
mature cells are no longer capable of division

4 THE ERYTHROCYTES UNDER ABNORMAL CONDITIONS

PERNICIOUS ANAEMIA (ADDISONIAN ANAEMIA,
MEGALOCYTIC ANAEMIA, BIERMER'S DISEASE)

Under normal condiuons, megalocytes are found ouly up o
the twed month of development of the embryo ln cercain pacho-
logeal condsuions, megalocytes reappear 1a adults, This occurs in
Al forms of permcous anaemia—ia the cryptogemie form, 1n
Snacrma of prezaancy, and in soacmia due 1o sprue or to diphyl-
tobothau From 2 practical point of view, enly the megalocytes

occurnag i pathological conditions are of importance Apart from
munor structaral differences, the megalocytes found 1 the embryo
are identical with those occurning in permicious ansemsa (Fig 25)
Alihough megalocytes are the pormal erythroeytes found 1n
saunan blood, they are not adequate for the necds of the human
adule with bus bigher phylogenetic development. Nacgel has termed
them “morphological gants byt functionsl dwarfs®, Consequently,
even in panents suffering from pernicious anacrma, the bone
marrow sull contains centres of normocyte formation and numer

ous pormocytes are found in the blood (Fig 37)
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HEREDITARY ANOMALIES OF THE NORMOCYTES

Miceospheroeyles (spherocytes, sphencal cells), Fig 10,

These are normocytes which have adopted a spherical form
owing o reduced renstance, and which therefore have a smaller
diameter than usual. In consequence of their spherical form, the
microspherocytes stain more intensely than ordinary normocytes.

Microspherocytes are found in the haemolyuc discases and are
e of I haematyt

4
yaundice (achol:
uric jaundice, fanulial haemolyue icterus), a dominant heredicary
discase,

Eltiplocytes (ovalocyes), Figs 7, 8, 30.

These are normocytes with an elliptical form They occur in
ellsptacytosts (ovalocytosis), another domunant hereditary anom-
aly. Individuals whose blood contains large numbers of elhpto-
cytes are known as “complete carmers® (Fig 7), those with few
elbptocyses as *pantial carners” (Fig 8) In complete carners,
more than g3 per cent of the erythrocytes may have the elliptical
form Elliptocytosis 18 4 true pramary anomaly of the blood

puscles, for the cytoplasm of the ytes possesses a speeial
structure which enables the cells to assume and retain the elliptical
form, The earlier stages of development not found in the blood
stream (aormoblasts) remain round (Fig 30).

In pernicious anaemia, it may often happen that the megalo-
eytes and normocytes have a shightly elliptical form, but this has
o connection wich elliptocytosis

inherent property of adoptng the sickle form under certam
condztions

Sickle cefl formation in blood preserved in the liquid condi-
uon is a normal occurrence in many species of deer found 1n the
Old and New Worlds In this case, i¢ is an increased concentra-
uon of oxygen, not of carbon dioxide, which brings abour
drepanocytosis Under the influence of carbon dioxide the erythro-
eytes become round again

The sickle cells should not be confused with balf-moon or
crescent bodies (p 47) The half-moon bodies (Fig 11) are broader
and paler than the drepanocytes and stain a pure red colour
mstead of yellowish-ted They give a negative Lepehne seaction,
whereas the drepanocytes react positively.

SECONDARY CHANGES IN ERYTHROCYTES;
ARTEFACTS

Crenated forms (mulberry forms), Fig 12 A

These are crythrocyres with 2 serrated outline, and are pro-
duced in blood films which have dned 1o slowly. Owing to
evaporaton, the surrounding plasma becomes hypertonic and the
erythrocytes have time to shrink. This deformation is of a purely
artificial nature, and can be shown by any erythroeyte It has no
pathological significance

‘The erythrocytes are normally ellipucal in 1y all
primitive verrebrates with the exception of che lamprey and che
tree frog, in both of which they are round. In mammals, elliptical
normocytes are found only in the camel family, Even in these
ammals, the earlier stages of development are afways round, the
ellipucal form appearing only in the awrculatng blood From the
phylogenctc posat of view, the ellipucal form of the

) Incidental findings on Figs 13,
A, 21A

Some normocytes are inherently small and flar, As they are
hypochromuc (oligochromatic) they ate paler than pormal nor-
mocytes They are seen tn many types of anaemia. It may often
be very difficule to dxmngmsh microcytes from fragments of

fragde, hypoch which have been torn dunng

1
ythrocy
15 older than the round form

Drepanocytes (sickle cells), Figs. 5, 15 A, 117 B

1 blood is preserved in the liqud condition, the normocytes
may, i certain cases, become elongated and develop & curious
sickle-shaped appearance The precipitating cause 15 the ncreased
concentration of carbon dioxide; in the presence of oxygen the
eells again become round This deformation has no connection
with the production of crenated forms which occurs 1 bypertome
medie. Both types of deformanon can eccur nde by sde (see
Fig g). The dreptaocyees ace wually darker wa calour than

the preparation of the Hood mm.

Maeroeytes (macronormocytes), Figs 17, 19, 89

These are normocytes with 2 larger diameter than usual
Actiologically, they do not form a homogeneous group The
polychromauce normocytes in Fig 17 A, the normocytes witl
basophilic suppling sn Fig 17B, and the proerythrocyres in
Fig 18 are all macrocytes Their size is mercly a sign of imma-
wnty In certam anacmuas, e.g wm many secondary snaemiss,
large mature normocytes are also encountered (Fig. 88) The large
diameter of (hese nomocym is dne to the fact that they contasn
less h il and therefore

neighbourtg normocytes which have not
The tendency 1o nickle cell formation 15 the charactensuc feature

spread out into & flatter form (leprocyter, planocytes) Micro-

of a dominant hereditary anomaly, known as drepanocytons (sickle
ecll anomaly) It 15 eocountered only in negroes and mulattoes
and 15 the only anomaly found 1n man which s restricted 10 2
parucular race A tendency to sickle cell formation s exhibiced
by 15 per cent of West African and Amenican negroes Among
white people, the anomaly has only been observed in populations
which have lived for a long tme 10 contace with negroes, and 1t
fray therefore be assumed thar here, 100, the cause of the anomaly
15 a preduposion imherieed from the negroes. In rare cases, 2
hacmolytic anacmia, drepanocytic anaemus or sickle cell anaems,
may develop tn persons with 3 strong tendency to drepanocyte
formacon, Like ellip i alo @ rue
aromaly of the blood corpuscles, for these normocytes posscss the

duffer from m ther low b
content.

Target eelis, Figs 15 A, 81 A

These tormocytes have coloured centres and borders, separated
by a pale ning, giving them a targer-like appearance. As they are
very thin, they are also known as leptocyzes The presence of
large numbers of target cells un the blood 15 pathognomone of
Cooley’s anaenus ( anaemia, but
they also occur fairly often i diverse other types of anacmia-
The target cells m Fig 15 A, for example, are from 2 case of
nickle cell anzemea Isolated target cells ace alsa seen in the blood
of healthy persons




Anulacytes (nng cells, pessary eclls), Tigs 158, 174, 43, oA,
66, 87, 18, 90, 93, 96, 102 ex¢

These normocytes have a more or less large, pale area in the
centre due to a lowered haemoglobin content They are partieu-
faly frequent 1 iron-deficiency anaemiar Normal erythrocytes
may undergo a similar deformaon 1n thin portions of Ailms
prepared from the blood of healthy persons

Anulocyles wilh central acldophile stippling, Figs 16, 101A.
These arc the same a1 the anulocytes yust described, but have
2 fine red or 1 lation eround the
of the central pale arca. This granulauion lzcks the yellow compo-
sene exhabreed by othee wawmed erydhracytes It w seen proncepally
1n preparanions seained with Pappechein stan The stippling 12
produced by local precipitation of the stam and is remumucent
of the Schiffners dots scen in weruan malana (Figs 245 G
24§ B), the laeer, however, occupy the entre ccll

slf moon bodies (crescent bodies), Fig 11

These are very large, pale, curved or clongated badies, only
found tn thin porvions of the film, generally where no other cells
ate presenc or panly covering other cells They are approsi-
fmasely umform in size, and stain pure red wich mo yellow com-
ponent The crescent bodies are particularly easy to kee tn pre-
parations stained with Pappeaheim staim, but are nor wisible in
unstained preparasions and give a neganve Lepthne reaction for
hacmoglobin. They arc arrcfacts formed from the stromata of
pamicularly fragle crphrocytes which have lose their hacmo-
globin as the resule of mechanscal njury They are found only
occanonally m healthy persons, but occur more frequently in
antcmic panents Confusion with teue nckle cells (drepanoeytes,
Fig 9, which are smaller and nacrower and contain hacmoglobia,
1 not fikely.

Polkllocyles, Fig 14
Poikilocytes are small, aeregularly sbaped eeythrocytes or frag-
meow of erythrogytes (schizocytes) and are frequently pear-
shaped They are formed mainly by mechamesl dsision and
of pareutarly Fragile eryih and are encoun-
tered not only sn permicious anzemiz, but i many other types of
anacoua as well.

Barr eells, Fig 138

These are deformed erpthrocytes, sumiae to poikilocytes, but
faving one ac mare ponted projections Theur name denives from
2 somewhat remote fesemblance o the clingiog burrs of certain
plants. They are lible t be confused with crenated forma
(Fig 12 A) but generally occur singly whereay crenaced forms are
found 10 groups. Burr cells are scen 1a 2 number of duseaser,
espeally wn renal affections

Asteocytosts, Fig. 13

Amsocytonns 1 & terms used to describe the presence of erythro-

eytes of several different sizes nde by wde It 15 a frequent

fiading 1o many types of anscmua and u parucalarly pronovnced

1o persscious anaemia where megalocyies aod mormoeytes of
A -

dneed deformanion with certain secondary changes in the erythro-
eytes This 1s evidenced by the uregular dinsibonon of these

forma over the preparation and their dependence to some extent
upon the staining method vsed Thew pracueal mgnsficance is
therefore limited Unless they oecur regularly and frequently, they
are of no diagnosuc value 1n anaemia or other blood discaser
Polychromaala, Fig 17 A

feared erpth

y
which stll give a blush coloration wstead of pure red with the
wiual panopuc scans This is due to the fact thar the maturanon
of the cyroplaim Iags behind that of the nucleus, renulting 1n
the abaormal persistence of the basophlic cytoplasm of the earher
pucleated stages Normal blood contains only isolated polychro-
matic nosmocytet

Dasopbiite atfppling, Iigr 175, 123, 28, 30

n the process of mataration of the erythrocytes, the barophilic
substance generally remains diffured throughout the cytoplam,
becoming gradually paler unud it finally duappears Under certain
circumstances, bowerer, ic condenses to form wmall blue grancles,
2 phenomenon known 23 basophihc stipphing Even under normal
conditions, vome of the mature normocytes may show a very weak
basophilic suppling, simlar to thae in Fig. 17B, especially in
women In pathotogical conditions, particolarly in lead poisoning,
the stippling may be coarser and the number of suppled erythro-
cyter much greater, .

Proerythroeylonls (reticulocytons), Figs 18, 20

The proerythrocytes have already been described a3 normal
stages of devel of the and An
increase 10 their nurbers sbove the normat is pachological and is
to be regarded a1 a mizn of increased regeneration The number
of proecythrocytes 1 the blood also thows a marked s in
pasients treated for an sregencranve Rate of normopofens due
10 iron deficiency or to Jack of the anti-permeious-anzemia factor,
This so-called pronormocyte or reuiculocyte erius it a valuable
dugnostic 3id and a ¢ritenon of theraprutic succers

The presence in the blood of increared numbers of polychro-
matsc normocyter, mormocytes with batophilic suippling or pro
erythrocyter is always a symptom of incressed normopoietic
regeneration. In anaemis, an increasc in these celly iy, in itself,
2 good ngn, nnce their abence indicates an aregenerateve condi-
tion. However, a rite 1n erythrocyte and haemoglobin valuer can
only take place when the cavics of the anemia have been re-
moved or when the rate of regeneration excecds the log

Stderoeytes, Figs 19D, 19 E; description en p 13
einz-Ebrlich bodles, Fig. 20, description on p, 18

Howell-Jolly bodles {nuclear globules), Figs, 4, 21 A, 31 B, 25 C,
338, 414, 173C,

As the nuclews of the erythroblase matares, it gradusily be.
comes amalles sn size untl] it teaches @ diameter of 3 10 3 g,
This s normally the erstical nze a¢ which fiquefaction rakes place
and the nuclevs 11 completely absorbed These viscous nucler srain
deeply and are chaeacterntic of the last nucleated ntage of develap.
ment of the normoblans, “the oxyphilic normoblart wich rerue-
surcless mucleus™ Tn varous anaemias the normal desteuetion of
the mucleus may be prevented 10 that instead of beng yuddenty
absotbed, the nucleus continues o decreate 1 mze wnnl it reaches
a diameter of abous ¢ 4 These small nuclear remnants, known
a5 Howell-Jolly bodues, are dark violet in colour, homogeneous




and have no eentral hof, They give a positive Feulgen reaction
(Fig. 21 B) Sometimes two, and oceasionzlly more, Howell-Jolly
bodies are present n one erythrocyte (Fig 41A left) During
mtosis, aberrant chromosomes (Fig 41 A right) may unite to form
Howell-Jolly bodies which are then secn lying m the cytoplasm
beside the nucleus (Fig. 41B) Normocytes containing Howell-
Jolly bodies occur not only in anaemuas, but are also a regular
finding in cases of fibrosis of the splcen and 1n pauents who have
undergone splencctomy {(Figs. 214, 21B). Howell-Jolly bodies
(Fig 173 C) should not be confused with blood platelets super-
smposed on erythrocytes The latrer are surrounded by a narrow
halo (Tigs 173 A, 173 B) Open air-bubbles i the glass of faulty
shdes may take up stain and, if covered by erythrocytes, give the
appearance of Howell-Jolly bodies (Fig 139 A)

Nuelear dust (chromatin dust), Fig, 15 A.

These uny particles are smallee than Howell-Jolly bodies and
usually only just wisible They occur exclusively 1n non-nucleated
erythrocytes and are composed of the remams of disintegrated
nucler Isolated parucles of nuclear dust are sometimes found in
healchy persons; larger quantivies are associated with an increase
1 polych yth and erythrocytes with
stipphing.

Cabol's rings, Figs 19B, 23 B

Cabot’s rings are basophilic rings or loops found in erythro-
eytes Somectmes only fragments are present, 2s in Fig 29 B They
occur only tn severe anaemias, including uatreated pernicious
anzemia

Erythrocontes.

These are azorophilic 10ds, up to 3 4 in length, found in
erythrocytes in severe anaemuas They were first deseribed by
Schilling.

Atypleal nuclel and polyplofdy of erythroblasts, Figs 159G,
13C, 312G, 533G 34 10 36, 39 to 41, 2380, 238P. General
descriptions on pp. 22 10 24

In many kinds of anaeoua, diploid erythreblasts frequently
contgin deformed nuclei, Segmented pucles, particularly those m
which the segments form a rosette pattern, are often the result of
interrupted, arrested mitosts (Fig 23 C)

‘The various types of abnormal cell development, fncluding the
most extreme forms, are well represented among the erythroblasts
and are very easy to recognize Thus, examples of all stages of
polyploidy, together with the corresponding mitoses, may be
found among the megaloblasts (Figs 39—41); normoblasts in
mitosis may contain giant chromosomes (Fig 35 C) and it is
possible to find highly polyploid mononuclear normoblases with
enormous aucleolr (Figs 35 D, 36 E) and highly polyploid grant
normocytes (Fig 36 F) In binuclear normoblasts (lwlnmng defor-
mues), dissociation between prolsferation and d n
nuclef of the same age may oceur (Figs 32C, 33C) See also p 16

Qceurrence of erythroblasts In the blood, Figs 22 to 24, 185,

Nucleated erythrocytes do not normally enter the blood stream
after birth, The presence of eryrhmblam in the blood 1 there-
fore path of is, as well as
being characteristic of “toxic™ and aIIcrgnc diseases Thus, ery(hro-
blasts are released into the blood in many types of anacmiz,
but may also be found in the blood in other pathological condi-
tions, 1ncluding some in which the haemoglobin and erythrocyte
values are normal or high In the presence of tumour metastases
in the bone marrow and 1n leukaemic condutions, normoblasts may
enter the blood stream as a resule of 2 secondary disturbance, the
so-called “crowding-out™ effect; in erythraemia, the release of
normoblasts into the blood stream is of “primary™ origm. The
presence of megaloblasts in the blood is a regular finding in
untreated pernicious anaemia In haemolytic disease of the new-
born due to shesus incompaubility (Fig, 22), all stages of develop-
ment of the normoblast, down to the most juvenile forms, may
enter the blood stream in farge numbees In Cooley’s anaemia
{Mediterranean anaemia), the appearance of normoblasts i the
blaod stream is due to comstitutional Factors and often occurs
during crises or following infection

IV. The Leucocytes

Figs 43, 43 t0 190, 217 t0 231, 233 10 236, 238 N, 249, 254, 255

1. CLASSIFICATION OF THE LEUCOCYTES

Seven different specics or systems of leucocytes are found in
man basophils with soluble gramulation, eonnophils, neutrophils,
manecyter, lymphocytes, plavms cells and the megakaryocyte-
plarelet system

In the adelt, the basopluls, cosinophils, neotrophils, mega-
Karyocytes and platclets are formed 1a the bone marrow, together
with the The lymph, ytes and plasma
cells are produced 1n the lymphatic o, more correctly, lymphatce-
monocytic tssue 1 all parts of the body, wacluding the bone
marrow

The vanous species of leucacyte differ from one another 1n
many respecss These differences have already been meatoncd m
Part § and at the begimning of Part 11 {pp 41 to 43) and will be
discussed 1n greater detaid in the desenprions of the mdividual
species Al the lencocytes have, however, one feature 1n common

N
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the absence of hacmoglobin, the pigment responsible for the in-
tense colour of the erythrocytes They are therefore colourless, but
sometimes appear white owing to refraction, and it 15 from this
properry that they denve the name of white blood corpuscles or
leucocytes The imnclusion of all the leucocytes in 2 single grovp
disunct from the erythrocytes has certain practical advantages,
for example when making absolute blood counts, However, the
fact should pot be lost sight of that the various species of blood
corpuscle covered by the term “leucocyte™ differ from one another
ar least as much as they do from the erythrocyres The only
classfication which seflects the actual bialogical condiions is the
dimsion of all the red and white blood corpuscles into nine
different species

Normal absolute and rclative leucocyte counts are given
onp 3¢



2. THE SYSTEM OF BLOOD BASOPHILS
Basophils with soluble granulation or blood mast cells, often referred to simply as “basophils™

Figs 434, 438, 45A, 434, 53 10 €0, 62 F, 86C, 181 A, 1334, 18y

STAGES OF DEVELOPMENT OF THE BLOOD BASOPHILS

a) Basophfioblast, Figs 45A, §5a, Tables 7, 8 and 9, pp 42
and 43
Diameter. 12 to 15 # The basophuloblast 1 the seem cell of
the system It bas # round or indeated nucleus which occupes
almost the enure cell The pronounced mesachromasia of the
chromann, which characterizes the blood basaphil an sl stages of
developmeat, 18 already evident, the nucleus staiming redder than
the hucles of other species of blood corpuscle It has a fine, 1
dustinet chromann nctwork and the indimidusl fibres are Tong
Twa to six medism sized pucleols are present. If the nucleol are
not covered by the chromaus, they appear pale blue, A stnking
feature which distinguishes this cell clearly from all other blast
cells 16 that the chromatin breaks off sharply at the borders of
the nucleols wstead of forming a thick ring round them The
cytoplasm exhibits moderate basophilia and usually forms oxly
a narrow band around the relatively large nucleus
Among other features, the comparauvely small size of the
give it a close o the I last. The
Jatter, however, contains more chromatn and vsually has only
one nucleolus The basophiloblast 1t distinguished from the newtro-
philoblast by the blurred appearance of the chromata nerwork

and the sharp demarcation beeween the chromats and the small
Bl RGN R e e

when the mature cells as well a1 the sem cells are present in
increased nambecs and when the stem cells are aceompanied by
the yuceeeding scage of development, the basophilic promyelocyre T
The latter resembles the basophiloblast i appearance but already
contams the specifie granulation In normal bone marrow, the
toral cumber of basophils 15 5o small that it 15 almest impossible
to tdentify the basophloblasts, which are exeremsely rare and very
difficult to pick out.

b) Basophllic promyelocyte 1, Figs 45 A, 55b, 56 A, 16 C above

“This cell resembles the basophiloblast i appearance but
Already eontams a few specific metachromauc granules There
are often very coarse

¢) Dasophille promyelocste II, Fig s6B

The pucleohs are no longer visible and the cytoplasm, though
sull blue, contains many granules In this stage of development,
che eclt 14 apprommately the same fize as n stages b and d This
1 1 conteast to the cosinophuls and neutrophils which are paru-
cularly targe m the promyelocyte 11 stage The illustration shows
2n unusually small speeimen 10 & case of levkaemia

d) Basophillc myelocyte, Figs 56C below, 56D
The gucleus 1 se] round but the cytoplasm 15 already pink.

¢ Basophille metamyelocyle.
The aucleus 13 indented but segmentanon has not yet occurred

) Basophlls with segmented nuelel (scgmented basophils), Figs
43A, 43B, 494, 570 59, Table 6, p 41

Diameter: 14 to 16 # This represents the termunal stage of
developmeat of the system. The nucleus exhibues a varying degree
of segmenranon, somenmes bas a clover-leaf form, and often
appears as aa indefunite lupy mass The cytoplasm 15 pink.

Nutleoll. Even in the basophiloblast, the nucleoli can be recog-
nised only with difficolty. In the more marure stages of develop-
mene they are usually 5o longer visible, nor do they deave behind
any traces 1 the ¢hromaun in the form of the socalled “post-
nucleotar chromaun masses™,

Mitosls and chromosomes, The mitosis of blood basophils can
occasionally be seen in the bone marrow (Figs 60 A t0 60C) The
mitotic angles are very obtuse and the chromosomes are thckened
and lomped together

THE BASOPHILS IN HEREDITARY ANOMALIES
OF THE BLOOD CORPUSCLES

1o Pelger-Ha¥l's anomaly all species of blood cell are affec-
ted, including the blood basophils Tn the hererazygonc form of
the anomaly, the degree of sczmentation of the basophuls is Jess
than usual, while in the bomozygotic form m man, up w0 75 %
of the completely marure cells have round nucle, Alder's anom.
aly (Fig 181 A} is charactenzed by the presence of azurophilic
granules in the bload basophils In May-Hegelin anomat,
[(:d‘ 183 A), some of the basophils contain Dochle’s inclusion

ies

ATYPICAL FORMS OF BLOUD BASOPHILS

Owing to ther ranty and their apparent ummportance from
the practical pomnt of view, hetle 15 known regarding seypical
forms of blood basophils

In leukaemuas, the granules of the blood basophils may vary
greatly in number and size 20d in their affinicy for stain.

Potyplotdy. As in the case of all diploud blood cells, polyploid
Binuclear basophils are oceasionally encountered, even under nor-
mal condions Tn leukacmuas, such forms are more frequently
observed, and other cellutar and nuclear anomalies may also be
found (Fig 60D)

EXCESSIVE PRODUCTION OF BASOPHILS

Both 1 the blood and at ther site of formation in the bone
marrow, the blood basophuls are normally present only 1 ymall
numbers They account for nat more than 1 to 1 per cent of the
Teueocytes and are often absent shogerher. In many allergre con.
diions, however, borh the relzuve and the sbsalure basophd couns
may be mcrested, together wuh that of the eosinephils Large
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wmbers of basophils are a regular finding in polycythacmia vera.
Basophils are also present in more or less large numbers 12 many
cases of chronic myelogenous leukaemia and are always extremely
numerous in basophllle leukaemia (Figs, 45A, 55, §9). This
very rare form of myclogenous leukaemia ruas an acute or sub-
acute course, with i cither of basophilic pi !
cytes (Fig 45 A) or of mature forms (Figs. 53, 59). A characteristic
feature 1s the resistance of this form of levkaemia to therapy with
arsenc or with X-rays

DESTRUCTION

The destruction of the basophils presents no special features

ARTEFACTS

Crushed basophils may be recogmised by the granules lymg
seactered around the nuclear shadow,

DIFFERENTIATION OF THE BASOPHILS

For Features which disunguish basophiloblaste from other blast
cells, see Tables 7, 8 and 9, pp 42 and 43 In the later stages of
development, granolation 1s always present and the cells can be
readily identified by means of specific staining with roluidine
blue (p 28) The basophils may alto be distinguished from other
cells with the help of Pappenheim staining Using Giemsa ssaming,

the ch st 1 is washed out. The basophils are
most hable to be confused with neutrophils, from which they may
be distinguished, however, by the fact that they stain a deeper
pink and, in the case of segmented forms, by the curious shape of
the nucleus Morcover, they generally give 2 negauve peroxidase
reaction in contrast to the neutrophils and cosinophils which are
peroxidase-positive. In those blood basophuls which give  posiuve
reaction, the peroxidase is as stable as that present in the eosino-
phils, and a reaction can sull be obrained 1n preparations which
have been kepr unfixed and vastained for as long as 5 years The

idases of the ytes and hils are much fess stable,
the former becoming inactive after one month and the laster after
one year,

‘The blood basophils differ from the tissue basophils in the
ease with which the granulation is washed out on fixation with
methyl alcohol After Giemsa staining, the granules are therefore
only partally visible, if at all, and may be replaced by vacuoles.
The nuclei of the blood basophils are scgmented, whereas those
of mature tissue basophils are round (Figs 191, 192) The tissue
basophils always give a negauve perovidase reaction,

In man, the tissue basopluls do not normally enter the blood
stream (a1 exception 15 mentoned on p 19) It is therefore
possible to make 2 ditnction between “blood basophils® and
“nssue basophils™. These terms cannoe be used, however, in com-
parative haematology, for in certamn animals both the blood baso-
phils and the tissue basophils may pass into the circulavon A
more precise classificaion is that into “"basophils with soluble
granulation” and “basophils wizh insoluble granulation™. The for-
mer include the blood basophils of man and the larter the tissue
basophils.

3. THE SYSTEM OF THE EOSINOPHILS

Figs 43C, 45B, 45C, 494, 52B, 52C, 61 10 70, 86B, 181 B, 18:C, 182 H, 183 B, 189, 230C.

STAGES OF DEVELOPMENT OF THE EOSINOPHILS

2) Eosinophlioblast, Figs. 438, 43C, 614 below; Tables 7, 8

and 9, pp 42 and 43
Diameter approx 16 4. The stem cell of the system. The cosino-
philoblass has 2 round nuclevs which occupies almest the eatiee

b) Eoslaophlile promyeloeyte I, Figs 61A above, 61B below,
644 sbove,

This cell 11 sumilar 1n appearance to the cosinophiloblast but
the proportion of cytoplasm to nucleus 12 mcreased and azuro-
phulic or connophilic granules are presens m addition o numerous
achromatic dots

I, Figs 61B above, 61C, 62D,

ecll and 15 very nich 1a ¢ The dense, cl b structure
11 difficult to analyze but it can be seen that the chromatin fibres
tend to be arranged concentrically The nucleus contams two to
four nucleols, a charactenstic feature being that one s often very
large, while the semainder are of medsum size In consequence of
the abundance of chromatin, even the giant nucleoly are afways
completely covered and therefore appear violee They can be
recogmued only by the comparauvely broad and clearly visble
chromatin border The cytoplam 15 usually narrow, stamns an
sntense blue, and may already exhibit small achromane arcas, the
precursors of the specific granulation These achromatic dots may
also be visible above the nucleys The larger vacvoles contaia far
dersved from seroma cells ruptured duning marrow puncrare (Fig
45 C above), faz s taken up very readily by the connophils at
all stages of development. The cosnophiloblast 1s most Likely to
be confused with the pronormeblast (p 42)

so

9 p y
6, 68

Diameter. approx 20 ¢ This stage 15 considerably larger than
the preceding one; the nucleus tends to be smaller bue the cyto-
plasm bas increased and s filled with granules, some of which are
sull azurophilic while others have already become definitely
costnophilic The eyteplasm icself 13 blue Nucleol are very
indistnct, often completcly mvisible,

d) Eostnophllle myelocyte, Figs 484, 52C above, 61E, 62F
bottom left, 67, 68.

Diameter: 1658 g, This cell is smaller than the preceding
one and the cytoplasm stains pink The granules are sometimes
sl partly lie, sometimes ly eosinophil

<) Eoslnophlife metamyelocyle, Fig 62 F botrom nght,
The nucleos 13 indented,



£) Stat! form of tosinophll (staff eosinophuly, Fig 63 A above.

The disunctien berween eosinophilic meramyelocytes aad staff
forms 15 more or less an arnficial one since, as 3 rule, the 1den-
ted but not yet scgmented nucles of the eosimophils rematn broad,
excepr for a shight constnicnon ac the point where the filament
connecting the segments will later appear The structure remains
relauvely loose The “staff form™ depicted 1 Fig 634 15 really
sull a metamyelocyte, buc the two halves of the nucleus have
been pulled apart caunng the central partion o become nacrowed.

2) Eosinophil with segmented nuelens (scgmented eosmophul),
Figs 43C 49A, 52B above, 6y; Table 10, p 41.

Diameter. approx. 16 . The final stage of development of the
system, The segments of the nucleus are connected by fine fila-
enes which are nsually very short In contrast to the aeutoophils,
the nucler of which normally contam three scgments, the nucla
of the cosnophils nsually Bave oaly two segments, which are
round or pouch-shaped. The cyroptasm 1 pirk 30d filed with
globular cosinophilic granules which are more of less regular 1
size In preparanons which have been stamed too strongly or
ninsed in alkakine water, the cosinophils no longer appear red, but
have more of a bluc or dark wiolet colour
Cranuhton,

The granules of the eosinophils are first seen a3 small, round,
achromatic spaces 1 the stem cells As 2 ruls, some of them pass

thouzh 2a azarophihc sage, taing on varous shades of bloe
and wioler before finally becomng eosnophilic. The remaing
granules ase cosmophilic from the beginmng In the early stages
of development, the cosinophils sometimes contain peculiar Yacu-
olcs which are often of enermous size. These are filled wath far
which 15 denived from stroma cells roptured during marrow
puncture 2nd for which the cosioophils show a remarkable affinuty
{Figs- 45C, 68).

Nueteoll.

Even whea the connophuls bave reached the promyclocyte 1T
stage, nucleoh can sull be disunguished, and occanonally the
charactenime giant nucleols are alio visible. Not infrequently,
vound or elosgated postaucleslar chromann masses are sull pres
seat in the nuclear segments of the marure cells, 23 shown in the
pper par of Fig. 63B.

Miiosls and ehromosomes,

Mitoses of cosinophils may occasionally be observed in bone
marrow films (Fig. 69A) The mitotic aagles are obruse and the
chromosomes are thickeaed and aggregated The abibiy o prohi-
ferace is toss by the tme the sell reaches the mesamyelocyze saze,
10 tha consophils eapable of reproduction do pot usually emter
the blood siream.

Table 10
NUCLEAR PICTURE OF THE EOSINOPHILS

in normal persons and in three patients with a “shift to the right”
Each count mcluded 50 10 100 cosnophils

Nuclear forms of eosinaphils in &
Avsolute Eosinophis & 2 of eosinaphils In %
Figure Diagrosls Teucosyte count Y, Nurber of segments
2 [3] 45
a | — [ sormat
(aversge of 10 subjects) 7.300 3 4 83 13
b { 648 | Hereditary hypersegmentation 7,000 4 w0 | 56 ) 32 | 2
c | 64C | Pernicious ansemis 8500 9 52| 2 | 8| 2
g ] 65 | Reactws shit over 100,000 . B PO R RV
In lymphogransloma

Fogares 1m beavy (7pe denore the predomsaant fornt

THE EOSINOPHILS IN HEREDITARY ANOMALIES OF
THE BLOOD CORPUSCLES

A moderate degree of hypersegmentaton of the cosimophls
(Fig 648) occurs 21 2 heredcary, famibal anomaly i which
ehe majonty of the nuclen contam three, sometimes even four or
fuxe, xegments mstead of the usual Two (see Table 13, cse B) In
aly bas 0 far besm discovered only
$ave been reported from Nor-

1y, but several wstances
gt 7 only the heterozygouc form
4

hem Eucope {Sweden) Appareat]

varioos diseases, espeaially in allergies. Ta such cases, 1t 15 possible
for e puclear picrurt 10 rerwm to normal, but in the true anom-
aly 1o change occura 1 the shift 1o the night.

A predominance of tosinophils with three nuclear segments is
normat a the rabbic and many other smmals

Eosunophuls eshibiung vanous degrees of hyperscgmentation of
the nuclens are found 1a larger numbers thaa usual in patienta
tuffenng from permiciovs anaemia (see Fig. 64C and Table 10,
case ) They may alio occur a2 & reacnve “shift to the mght
0 certain cases of lymph

has o far beca observed. This s sot 7 chscal

symproms.
Tt 1y mecessary W@
*sft 1o the night

exclude the possibiliry of a purely reacuve
which often oceurs 1o the connophils 1

by
and i3 (s Fig. 65 and Table 10, case d)
as well a5 1 wo-called “wopical eonnophilia®™. In such cases,
tmmature forms as young as the myelocyte may be found t the
blood (Fig. 65D}



In the heterozygotic form of Pelger-Hukl's anomaly (see

In conditions accompanied by very marked proliferation of

P- 54), the nuclei of the hils have a particularly compact
structure and it 1s not unusual to find mature eosinophils with
mund nuclei. In man and in many animals, 1t seems as though
™ of the cosinophuls is 2 normal which
accounts for the predominance of bisegmented forms In the
homozygotic form of Pelger's anomaly, the pucle are always
round, both in man (Fig 77A) and in rabbus In Alder's anom-
aly, the granules of the eosinophils are intensely azurophilic
instead of eosmophilic and stzin dark violet (Figs 181B, 318:C
above). That the cells in question are, in fact, eosinophils can be
seen from the typical form of the nuclews and confirmed by
means of the idase reaction, modification I for
{p 28 and Fig 182H above) In May-Hegglin’s anomaly,
fragments of basophilic cytoplasm derived from ealier stages of
development and similar to Dochle’s inclusion bodies, are still
present in the mature cosinophils (Fig 183B above)

ATYPICAL FORMS OF EOSINOPHILS

In reacuve hilias, the cosinophili it in some

of the cells may be largely rephccd by azurophilic granuhnen

the hils (certain allergic diseases, cosinophdlic leukaemia),
very few eosinophiloblasts are found either in the blood or the
bone marrow, a behaviour in contrast to that of all other blood
cells It appears that, in the case of this cell, proliferation 15 main.
taimed by the more mature elements, especially the promyelocyzes.
On the other hand, in conditions such as thrombocytopenia, where
there is only a moderate increase in the number of cosinophils,
the specific blast cells are more common 1n the bone marrow.

When making routine blood counts on normal persons, it is
not unusual 1o find no eosinophils “Ancosinophilia™ of thus type
is without sigaificance In order to determine the number of cosino-
phils more exactly, the thick drop method of Schilling or the
Fuchs-Rosenthal counting chamber must be employed These
enable larger numbers of cells to be counted, and the error js thus
reduced At the present time, these methods are much in use to
test the functional activity of the adrenal cortex which secretes
hormones causing a sigmficant reduction ia the number of cosino-
phils in the blood.

DESTRUCTION

The d of hils proceeds in a similar manner

(Fig 64D) analogous to the toxic granul the
Tn certam cases of chromc myelogenous leukacmia the eosinophtls
are semarkable for the face that besides the spectfic granulaton
they also contain giant violer granules The latter resemble baso-
philic granules 1n appearance buc arc actually azurophilie and
give only a feeble metachromatic reaction with tolwdine blue.
So-called microcells are particularly small pavenile forms of
connophuls (Fig 66), sometimes found in acute exacerbations of
chronic myclogenous leukaemia, The juvenile forms of the baso-
phils (Fig $6B) and the neutrophils (Figr 88, 89) may be nmi-
larly affected

Polyplaid corinophi found in nor-
mal persons in the form of Vimaclear celly (Fige 69, 70) Higher
degeeen of polyploidy 3ad other types of nuclear anomaly may
be observed 1n reactive states and i leukaemuas (Fig 70).

EXCESSIVE PRODUCTION OF EOSINOPHILS

Eosinophils are nearly always to be found on exammnaton of
blood films, although normally they do not exceed 2 10 3 per cem
of the total cell count. J¢ 15 remarkable that 2 reacuve merease
in the number of connophils only occurs in association with certain
phases of allergic disorders While 1t 15 possible that no eostno-
phils may be present 1n the penpheral blood i such cases, or
that their numbers may be normal, they will always be found to
be very pumerous in the bone marrow or 1o have filtrated 1n

} Jarge mumbers 1o the ssues ac she e of the alergi reacuion
Thus, while eosnophilia always ndicates #n allergic condition,
even the complete absence of cosinophils from the blood does not
necessanly exclude such a duorder. In lymphogransloma and in
“tropical connophiia®, @ condiwion of sull uncertam sctiology,
the white cell count may exceed 100,000 per cu mm, over 90 per
cent of the leucocytes bemng cosinophuls In chromic myelogenous
leukaema, the eounophils as well s the neutrophils and basophuls
ate usually gready increased 1o pember True connophilic levk-
aemia u very rare (Figs 67,68)

$2

to that of other cells Tt is to be noted, however, that the Lquefied
segments of the nucleus often coalesce to form a single round
drop, which gives the cells a2 certain resemblance to myelocytes
{see Fig 230 C) Such cells have sometimes been found in histo-
logical sections and mistaken for eosinophilic myeloeyees, which
weze assumed to have been produced directly in the wssues. In
fact, however, they are necrobionic eosinophits and their presence
in the tissues 13 quite incidental

ARTEFACTS

Crushed cosinopluls may be readily recognized by the granules
Iying n the vicinity of the nucleus

DIFFERENTIATION OF EOSINOPHILS

Normally, the eosmophl]s are easy to recogaize owing to their
h i features of the eosino-
phuloblast are shown 1n 'nbl“ 710 9, pp 42 and 43 All eosino-
phuls except cosinophiloblases gve a very strongly positive per-
ondase reaction Destrucuion of the peroxidase during fixation
does not readily occur, and 1n unfixed preparations it rerains its
actity for at least five years This property of the eosinophils
15 made use of in modificaion II of the peroxidase reaction
(seamung method 1, p 28) Using this method, only the eosinophils
and a few eanly recognizable basophuls remain peroxidasc posi-
tive. It thus enables the cosinophils to be clearly differentiated
from all other cells (sce pp 28, 29 and Figs 52B and §2C)

In the 2mmal kingdom the eosnophils are not always peroxi-
dase positive Negauve reactions are given by the eosmophils of
the urodela, the felines, the African and Indian rhinoceros and the
South African rock rabbit In the hyena, not only ace the eosino-
phls peroxidase negauve, but they do not even give an cosinophilic
staining reaction as their granules are chromophobuc. The psevdo-
connophils found 1n rabbus, elephants and many other animals,
are really nevteophuls an which the acidophilic substanee of the
cytoplasm 15 more highly granulated than in mas,




4. THE SYSTEM OF THE NEUTROPHILS
FIgs 42,43, 444, 46D, 4834, 71 10 106, 181 0 135, 185 10 197 A, 113B, 185, 217 10 131, 233 B, 235, 2361 azd 236K,

STAGES OF DEVELOPMENT OF THE NEUTROPHILS

1) Neatropbiloblast, Figs. 42 top right, 46D, st A above, 712,
15, 89, 95 top night, 100, 185, 131C, Tables 7, & aad 5, pp 42
and 43

Diameter approx 16 . The stemm cell of the symem. The
neutrophrloblast is the most common specict of myeloblast, even
when the blood picture it normal, acd in pathological conditions
this 15 sull moce true For this reason, the term myeloblast is
wsually employed as synonymous wich neutrophiloblast. The
oucleus i round but smaller in relanion to the cytoplasm than in
the case of the basophiloblasts and eosnophiloblasts, It coptains
2 moderate amount of chromana arranged in a clearly defised,
convolure nerwork, the individual fibres being long and of
medium strength ‘The nucleus contains two to ux (usually theee
of four) vucleoli As these are often wncovered, therr clear, blue
colour can be plarnly sccn The nucleols are of medium 3ize and
surrounded by a well-marked border of chromatin. The cytoplasm
tends 1o be broad and sains 2 wivid, clear blue colour At i the
case of all blasc cells, 0o granulamon is present. The peromdase
reaction u negative {the so-called “myeloblasts® or “paramyelo-
blasus™ which give @ ponnive peroxdase reacuon are cells in 2
later stage of development, usually promyelocyres)

b) Neutropbille promyelocyle T, Figs 53, 785, 83, 93, 3B,
983G, 104, 10§

This cell resembles the neutrophiloblast 1n appearance, but
aleeady contains a few azurophilic granules, in the neighbourhood
of which the perondase reaemon 15 posiave. The mucleali are
often clearly visible Thus cell is hable to be confused with the
promonacyte, but the latter 11 usually peromidase megauve and
the nucleus frequently mdented.

B 11 (ummatore myelo-
cyte), Figs 46D, 53, $4. 69A 71¢, 87, 91, 92, 93, 944, 97, 99D
99E, 101, 1064, 335, 2361, 136K.

Dizmeter 21—15 g All neurrophils pass through this grant
stage which corresponds o that of the cosmophilic promyelo-
cyte I1 'The muclevs 1s round, and nucleoh may sull be vuible
The cytoplasm §s filled with azurophilic prograsulation and u
peromidase positive throughout. This cell 15 uahkely to be con-
fused with any other
d) Sem! matare nentrophille myeloeyte, Figs 714, 334, 84, 97

Diameter 18—20 4 The nucleus 15 round and smaller than
1n the preceding stage, the cytoptasm 13 Blue but also contans 4
pink component There 1s less azurophile progranulanon than m
the preceding stage
<) Mature nentropblile myeloeyte, Figs 53, 71¢, 723, 84, 59F

Diameter 16—18 # The size of the nucleus has further
decreased and the nucleols are no longer wisible The cytoplasm
s generally pink with no blue component and zo azurophilic
granulation.

{) Neutrophille metamyelocyle, Figs 71b, 84, 85B, 835G, 864,
. 96

*" Fhe nacleus s shghdy sodented (Armed’s Weeell) The serue-

cure of the chromatin 13 closer than 1n the preceding stage, but sull

relacevely loote. No nucleols are visible The cytoplasm w pick.

g) Juvenile neutrophlt, Figs. 65 borom lefs, 72¢, 73, 75C, 84,
95, 97, 122B, 122G, 106 R

¢ mucless it more decply indemted than in the metamyelo-
eyte The chromaun petwork is sul loose. When making meutro-
phil count, the metamyelocytes and juvendle forms are usually
grouped together and deseribed either umply 25 metamyelocytes
or a3 guvenile forms

b) Staff form of neatrophil {saff neurrophil), Figs. 44 A below,
§3B cemre, 73d, 73, 74, 75A, 75B, 3B, 84, 85A, 95, 110F
below, 18)B below, 1374, 183B, 18y

‘The mucleus 15 deeply indented (Ameth's T-cell), slender, and
conuinous throughout as lengeh, fe mot yet sepmented. The cyto-
plasm is piok Even when the indentanion of the pucleas exrends
to the oppontc sde at oaly one poiat, the cell ea 5o lozger be
considered 2 staff form, but a segmented neurrophil

i) Neatropbl! with segmented naeleus (scgmented newtrophil),
Figs 43, 46D, 43 10 52, 54, 72¢ 1 74, 76 10 81, 24, 36C, 29,
94B, 95, 96, 103, 199G, 113G, 1424, 181 10 133, 19, 2B,
Table 6, p 41

Thus is the final stage of development. The chromaun is com-
pact and somewhar Jumpy, and small post-nucleolar chromatin
misier are sometimes present. The nucleus 15 elongated and almost
completely seversd at one or more powts It thus consusts of two,
three, four or more segments, which generally remain connecred
eher by very short, narrow bridges, or by fairly long threads of
chromatin,

Granofation.

e mavure newtrophils usually bave a very fine, dense, acido-
philic (connophilic) granulation which shows vp wuh Pappea-
hem but rot with Giemsa stamn. It 15 10 delicate tht it is only
usible on close ob Azurophilic (*toxic™)
present ac all, fs usually very sparse

o

Nueleoll,

‘The nucleoh of the neutrophils dicappear, at the latest, 10 the
myelocyte stage, buc may leave behind 2 “post-nucleolar chroma-
©n mass” In leskacmuas, grant nucleol are sometimes observed.
These arue through the fusion of several nucleoh of normal size,
and their formation 15 thercfore accomparued by a reduction 1
the number of nucleols (sec Figs 88 and 90) Thus, 1n miny acute
myelogenous leuksemias, the nevtrophiloblasts and mewtrophlie
promyelocytes may contain ealy one or tvo nucleoh mstead of
the uaal theee or four, gving them a resemblance to lympho-
blasts Tn these cases, therefore, other enceria, such as the peroxs-
dase seaction (sec Fig 90B), munt be used to dustinguish berween
these two species of ecll

Mitosis and chromosomes.

The neutrophuls are diplowd cells. They may continue capable
of prolferation up to the stage of the meeamyelocyte Oaly the
more cuture raff forms and neutrophils with segmented acley
enter the blood stream The chromosomes of the neutrophuls are
wsually of moderate thickness ard clearly visible, and the mitotic
angles are obtuse (Figs 33 ta 100, 104A, 104 B),

53



Table 11
NUCLEAR PICTURE OF THE NEUTROPHILS

‘he percentages for normal people quoted from Arncth are averages of 10 values, our own figures are averages
f 20 (borh' scxes). The remaining figures relarc to preparations obtained from patients with hypersegmentation
(“shift to the right”) and with reactive nuclear shift (“shift to the left”) (Figs. 75, 80, 81 and 82).

Nuclear forms of neutrophils in %
Figure Diagnos} 1] d Number of segments
Juveniles | Staffforms | 2 | 3 | 4 5 | 6 7 IERE
a | — | Normal (Ameth) 5 3B ;4| 17 2
Normal (own figures) 5 20 50 2 3
5 go | Hereditary 5| 2
hypersegmentation 40 (22 4 ?
Hypersegmentation In
c | 814 | pernicious ansemia 6 8|2 [26| 18| 15 4 3
of pregnancy
Hypersegmentation in
d | 81B | cryptogenlc pernicious 1 6|15 |32 2|15 5 4
anaemla
o & Hypersegmentation in 3 1
Septic conditions (rare) 2 30410 1 1 2 !
Nuclear shift in pulmonary
£ 78A | ierculosis 33 32 | 2 7 2
758 | Nuctear shilt In
d
8 | 9 | paoumonts 27 21 17 | 25 7 3

Figures 1 heavy rype denote the predominant form.

DIFFERENTIATION BETWEEN SEGMENTED NEUTRO-
PHILS AND STAFF FORMS

From the pracucal point of view, 1t 15 particufarly unportant
1o be able to distingmsh between these two kinds of neutrophil
As Arneth and Schilliag have shown, an increase 1n the number
of staff forms occurs 1n a great vanety of dieases and ther
abundance gives an indication of the extent to which the disease
1 active Confusion berween segmented ncutropuls and staff
forms will be avorded if microscope shides and not cover ships are
used to prepare the smears, when cover slips are used, the nucler
are likely to be dustorted by the pressure. The examinauon of
slide preparations should be confined to thia portions of the film
where the cells ace usually undamaged and spread out to the best
advantage Normally, out of every 105 neutrophuls, five are staff
forms. the majonty have theee auclear segments and more than
fure segments § very rare (see Table rc, lester a) Normal neatro-
phils thus have 2 modcrate degree of segmentation of the nucleus

THE NEUTROPHILS IN HEREDITARY ANOMALIES
OF THE BLOOD CORPUSCLES

Pelger-Hut's nuclesr anomaly af the leucoestes (Pelger’s
anomaly) (Bigt 77, 7%, 97, 191 A) This us & domunant heredseary
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anomaly and has 50 far been obscrved in man and in rabbis
In man, the heterozygoic form of Pelger’s anomaly is not un-
common 3nd 1n Switzerland, for example, more than 40 families
have been found to be affected On the other hand, the homozy-
gouc form semained unknown in man untl 1951, and enly the
one case has 10 far been reported In rabbuts, it proved possible
10 breed homozygone mdividuals as far back as 1942

In Pelger's anomaly, the neutrophils are the principal cells
exhibiung abnormality If the neutrophils are “pelgerized®, all
the other blood cells are to some extent affected too In the
heterozygolle form (Figs. 77B, 78B, Table 12, p g5, cases b
and €), most of the ncutrophils have unsegmented 1ndented nucler
(in man 54 % 10 the rabbic 88%) The impression is thercfore
created of a regencranve puclear shift, for which reason the
anomaly has also been called the “pscudo-tegenerative white blood
picture™ The rematning nevtrophds have only two segments,
apart from a few 1solated cells which may have three The nuclear
shuft 15 thus of quite a different nature from that seen in infec-
wons, 1n which neutrophils exhibitng 2 higher number of scgments
are always present (Table 11, cases [ and g) The nuclei and
segments are remarkably short and thick, nich in chromatin, and
often contain large post-nucleolar chromatin masses



In the homozygotle manifestatlon of Pelger's anomaly (Figs
774, 78 A; Table 12, examples & and ) the chromatia js 50 dense
thaz the majoruy of the ncutrophils (up t 94 % 12 man and up
to 100%s tn rabbis) retan their round form even when complesely
mature The basophilic ehromaun, though ot segmeated, i
broken up snto large, wrregslar fragments which are surrounded
by the mobile, oxyphilic chromaun In man, about 6% of the
neutrophils bave indented nucler and 2 b 4 form may

many), a father aad son both exhibited Pelger cells, the propor-
tiom being 80 %s Pelger ncutrophls and 20 %/s normal neatrophils
Pectons extubicing ¢he hecerozygatic snd homazygatic mani-
festanons of Pelger's anomaly are complese carners, s all theur
Teacocytes ate “pelgenzed™,
Leokaemic pauients may also exbibic Pelger's snomaly (Fig 57)
In many species of ammals, the leucocytes are nommally of

occasionally be seen Although the percentage of neuteaphils with
round nucler i higher mn rabbits than i man, the anomaly i the
same o borh cases, the difference beog of 3 sevondary pature
decermined by the species, even in rabbits exhibiung the heteros
2ygons manifestation, the shift to the left is more pronounced
than in man

In partial carrfera of Peiger eells (Figs 77C, 78C, Table 12,
examples € and 1), a form of the anomaly which has not yet
found a sarisfactory genetic mnterpretation, Pelger neutrophils are
found side by side with normal nemtrophils in 2 constant ratio
Partal carniers are found frequently = rabbics, but 1 man
partal carriers with more than 1% Pelger neutrophils have so
far been reported 1n only two families In one family, only one
member, 2 woman, had Pelger neutrophls the rario bewng 20%s
Pelger cells to $0%s normal meutrophuls Necther the parerts nor
any of the other 15 close relanves had Pelger cells In the other
family (unpublished case of Drof Stodemeter, Pforzheum, Ger-

< or Pelger type

Psendo-Pelger-cells (Figs 79A, 79B, 79C) are ordiary
neutrophuls the nucler of which have taken on forms very smlae
to those of betcrorygoric Pelger cells under the influence of
regeneranve suruls. They were first observed by Helmeyer and
Rohr 10 casts of levkacmua, and laser were also found m severe
infections, especrally in eoterins In mfections of this type, more
than half che peutrophils have a normal appearance and some
cells comamng three or four segments are alnays present. Even
1n the remaming neutrophils, the chromatn structure 1 usaally
fess lumpy than i truc Pelger cells The presence of Doehles
wnclusion bodies, tome granulation and vacuoles 13 charactenstie
of such 2eute infections No heredieary factor 1 tnvolved, and on
recovery the picado-Pelger-cells disappeac

Fig. 79D shows neutrophils wath round nucler in beterozygonic
Pelger rabbics afrer colchieme injection. They imicate srve homo-
2ygatic Pelget nucles, but are larger and the chromatin shows o
fragmentation These cells, 10, disappear again rapudly from the
cuculation

Table 12

NUCLEAR PICTURE OF THE NEUTROPHILS IN PELGER'S
ANOMALY

The corresponding preparations are shown in Figs. 77 and 78.

Nuclear forms of neutraphils In_ %
Figurs | Specias Diagnosls Unsegmented Nomber of segments
round indentad 2 3 4 5

o | mA | Man Homozygatic Pelger o4 6

Heterozygotic Pelger. 5 «
b 78 Man complets carrier s M

Partial carrler,
c | TIC | Men approx 20% Pelger cells The fteEn} @ 2| o«
d 78A Rabbit Homozygotic Pelger 100

Heterazygotic Pelger.
. 78 Rabbit complete carrier e 2

Partal cornier
f 78C | Robit 7%, Pelger cefla 17 10+3 l 2+3 [ 3841 | 20 4

Figores 1 ordinary type normal neutrophils
Figures 1 heavy type Delger neutrophds



Heredltary hypersegmentation of the puclens 1o neutro-
phils is 2nother dominant anomaly which occurs both 12 man and
n rabbits The majonzy of the neutrophuls bave nuckei contaimng
four segments nstead of the usual three, while occasionally six
or more segments may be present (sce Table 11, case b, p. 54,
and Fig. 80) So far, only the heterozygotic form of thir anomaly
has been observed.

In Alder's xnomaly of leucocyte granulation (Figs 181, 182),
the neutrophils, too, contain very numerous azurophilic gran-
vles Such a degree of granulation it scarely ever attamed in
cases of reactive, so-called “roxic™, With P, i

cyte T stage, the very young forms containmg only a single
erystal in place of granulation (Fig 90A) A positive peroxidase
reaction is given only in the vicinity of the Aver rod (Fig oB).
In promyelocytes I, Auer rods may be present alone (Fig 87A
above), or topether with granulation (Fig 8;B), while there are
always some promyelocytes which contain only granulation and
no rods (Fig. 87 A below). Where a large number of Auer rods
are present in a promyelocyse, they may have a dense, fele-like
appearance (Fig 91).

Doehle's Inelusfon bodles, In pathological conditions, not only

staining, the granules even obseure the nuclens, which stains less
intensely. Partial carriers of the anomaly have also been mn,
their blood always i a small of
with profuse azurophilic granularion.

In May-Hegalin's anomaly, the presence of Dochle’s inclusion
bodics in the cytoplasm 15 also a constane finding in the neutro-
phils (Tig 383B),

ATYPICAL FORMS OF NEUTROPHILS

Mierotorms, In acute myelogenous leukaemia and in acute ex-
acerbations of chrome myelogenous leukaemia, greatly increased
prohferation of the neutcophils occurs, but often only microforms
are produced. The reduction in size is effected mainly at the ex-
pense of the cyroplasm, the cells having the appearance of practi-
cally denudcd nuclel (Fxgx !l 89). Apparemly, :he amount of

J S N ARG ST S

Forms with atypleal nuelel. In many typcx nf Ieukzcmu, the
h

the hil lation but also portions of the juvenile
basophilic cytoplasm may persise into the mature stages These
basophilic fragments, known as Dochle’s inclusion bodies, are
found in many neutrophuls in infective discases, espeaually in
scarler fever and pneumonia (Figs 758, 75C)

Vacuoles are imes present in the huls in pathologica!
states (Figs 85 A, 105) In juvemle forms, the vacuoles may be
arranged in a roserte pattern (Frgs 104 C, 106 A). They appear
to contain 2 protein-like substance

EXCESSIVE PRODUCTION AND DIMINISHED
PRODUCTION OF NEUTROPHILS

In man, the neutrophils constitute the most abundane species
of leucocyte and in normal blood, they account for 45 to 70 per
cent of the white blood cells In the majority of leucocytoses
caused by infecuve disease or poisoning, the number of neutso-
phuls is greatly increased. On the other hand, their numbers are
normal or only shightly increased 1n leucocyroses due to lympha-
uc glandular fever and infectious lymphocytosis Myelogenous
teukaemuas, parucvlarly the acure =nd sub-acute forms, are

nucler of the hitoblasts, the
and the myclocytes are indented instead of round These cells
are then known a3 paramyeloblasts or paramyelocytes, or, more
coreectly, as “stypical® myeloblasts or myelocytes

Polyploidy. Polyploid neutrophils are not rare, and even in nor-
mal blood it s possible to find large, mature neutrophils con-
taining two segmented nuclei (Figs 102D, 103) Although, owing
to lhe prmn:z of d\e wo nu:[en. xhexe ¢ells contain a larger

‘ cnf nd gl
in leukaemias, wheee all stages of development are affected,
including even neatrophiloblasts (Figs 105, 106) The arypical
rutoses and endomiteses which give mise to these monster cells
may also frequently be scen (Fig so4)

Tosle bone marrow and toxle granulation, Durning infecuve
discaser and 1n cases of poisoning, the azurophilic progranulation
of the promyelocytes in the bone matrow may be abnormally
profuse (“toxic marrow™, Fig 14) This azorophilic granctavon
peesists a5 “toxic granulanion” up o the most marure stages of
development When recording the results of blood examinations,
the intennity of the toxic granulauen is generally denoted by one,
¢wo of three plus ngas lsee pp 16, 237 and Fig 76) Tt shows up
most clearly wuh Giemsa staimng

~

Neen w ot T L et e —egmcaaf o
e - . [ L
v . e

ar granules These Auer cods ate present even at the promyelo-
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usually ch ized by very p e 50
called “acute and sub-acute mydogenoux levkacrmas®, the most
smportant of which are the “mycloblastic leukaemias”, include
those with predominance ol neutrophiloblasts (Figs. 88, 105,
231C), 1 (Fig 90) and
promyelocytes IF (Fm 87, 91, 92) Such leukaemuas are said to
be atypical when, as 1s often the cate, they are accompanied by
nuclear malformations (Figs 93, 94) In chromic leukaemuas, the
discase is not generally confined to a single species of cell, but
affects simultaneously the neutrophils, basophuls and eosinophils
(Figs 95, 96, 189) Simlarly, duning the acute stages of chronic
myelogenous leukaemta, not only ncutrophuloblasts but also baso-
phuloblasts and cosnophuloblasts appear in large numbers (Figs
§6B, 66) In certam levkaemias in which only the basophils,
conmophils, lymphocytes or plasma eclly are  affected, small
numbers of and even of i
blases may be found in lhe blood The expulsion of thexe cells
wto the blood stresm is apparently a secondary process similar
w0 the so-called "crowding out” of nopmoblasts which often
occurs in leukaemus, For further details regarding levkacmiss,
scepp 14 3nd 15

A reduction m the absolute number of neutrophils in the blood
u known a3 neutropenla. This condition may be without im-
porance except whea the neutrophil count reaches very low
values, Severe eutropema accompamed by elinical symptoms 1t
most frequently found 1n agranulocytons (“ancutrocytosis™ or
“malignant neutropenia™) and tn the so-called splenopathic de-
pression of the bone marrow In chronic neutropenia accompanied
by elmical symptoms, splenopathic depressian of the bone marsow
should always be ruspected, rince the life of the patient may




often be saved by tplenceromy, even when 0o cells are found ia the
bone marrow, The haematological findings need not always be
accompanicd by enlargement of the spleen, but when present this
symptom greatly facilitates the diagnosis A1 a rule, agranulo-
Cytosis runs an scute course, whereas splenopaduc depression of
the bone marrow 13 & chronic affection.
Slft to the left (Arneth}) or regenerative nuclear shift (Schil
ling). Pathological sumuli ofren lead to an increase in the sum-
ber of staff forms 1a the blood, more mmarure stages of de-
velopment, such as juveaile forms, myelocytes and promyelocytes
may also appear in the peripheral cweulaton Thes, 1n acute
wfecuve discases the number of unsegmented neatrophils may
increase by 50 per cent or more (see p g4, Table 11, case g, and
Figs 75B and 75C) In chromc nfections such as pulmonary
wuberculosts, however, it 15 usaally only the staff forms which
show marked hyperplasia (see Table 11, case £, and Fig 75 A)
Apparently, the presence of large numbers of staff forms does
ot necessarily indicate a shift to the lefe, but may be due to the
pathological stimuly inbibiung the developmenc of the matunng
pucleus Whatever may be the causes of the shifr, the determi-
nanon of the percentage of unsegmenred forms has proved of
great pracucal value
In acute snfecuve duseases, espeally in pnesmoma and in
severe ntestinal infections, neutrophilic promyelocytes may also
2ppear 1o the blood. In myelogenous leukaemsas, the shift to the
lefe may extend cven to the nevtrophiloblasts, parucularly ia
acute forms and 1n the acute phases of chromic forms
Shift 1o the right. When the majoncy of the ncutrophils contain
nucles wich more than three segments, the condition 15 termed
shift to the right (Arneth) It frequently occurs 1n diseases of the
liver, and espeeially 1n pernicious anaemia (see Table 11, cases
¢and d, p 54 and Fig 81) The precursors of these hyperseg-
mented forms are the so-called neutrophilic giant metamyclocytes
of the bone marrow (Figs 85B, 86A), in fact, however, these
eells are not true metamyelocytes but myelocytes with prema-
turely indented nucles
A shift to the nght may also occur very oceasionally 19 sepuic
conditions, 1nstead of the usual shift to the lefe (see Table 11,
case ¢, and Fig 82) In some of the nucler the segments are
arranged ia a rosece pateern, giving the impression of an arrested
mitosis
DESTRUCTION
Destruction of the neutophuls follows the same course as that
of all other blood corpuscles (pp 10, 1%, 17, 18, Place4o) Tt
should be noted that dimrcgrating neutrophils, the nucler of
which have condensed 1o a sungle drop (Figs 227D, 330 A), are
Lable to be confused with normoblasts costamng nucles m a
physiological stage of destruction (Fig 231B) The pecuhuar dis-

ARTEFACTS

At one tume, much discussion centred around the granulated
“Fertata cells” found in cases of myelogeuovs leukarmia and 1
bone marrow films Some hacmatologists maiotained that they
were very young stages or parallel histoid stages of development
of normal leucocyzes, while others beld that they were more
marure celle which had become arufically deformed. All the
evidence 13 in favour of the larcer view (Figs 235, 1361, 236K)

Crushed scgmented neurropbils (Fig 233 B), may be dunne
gushed from erushed Iymphocytes (Fig 234), by the Facs that
ther nucler form several small shadows rastead of a ningle
Targe one

DIFFERENTIATION OF THE NEUTROPHILS

The disnncuve features of the neutrophuloblast are shown m
Tables 710 9, pp 42 aad 43 See also Figs 45 10 47

Peroxidase resctlon, Neutrophiloblasts atways give 2 negauve
peroxidase reaction. Normally, all the remaning stages of de-
velopment of the neuerophl, from the promyelocyte I to the scg-
mented neatrophil, are peromdase posuve In uafised prepara-
tons, nestrophuls lose their ability to give the peroxidase reaction
1n about exght months The peroxidase reacnion, especially madi-
fication 1 for monocytes (pp 3%, 2), enables bevtrophubie pro-
myelocytes to be distngusked clearly from promonocytes and
monocytes This 15 of connderable diagnosuc mportance, parts-
cularly ax atypical promyelocytes may closely resemble monoeytes
1n appearance: they may then be recognized by thexr posinve
peroxidase reacuion For examples of the pracucal apphcation of
the reaction sce Figt 3, 54, 93 If the procedure 1 suirably
carmied our, 1t may be used for differentation even in cases where
some of the acutrophils have lost thewr peroxidasc (see Fig 94
and p 38)

Differentiation belween fmmature neutrophily {Juventles and
stalf forms) and monocytes with deeply Indented nuclel,
Genenally speakung, monocytes with deeply indented ucle are
seldom encountered When they do occur, they may be mistaken
far juvenle forms of neutrophils and thus lead 1o a falee diag-
nous of 2 shift to the lefe. The two forms may be distingusbed
by the fact that the eytoplasm of the monocytes stains blue while
that of the neutrophils stams punk (see Figs 44A, $3B) More-
ovex, the nucleol of the monacytes contain less chromatin and
the network 1 loaser. Good staining 1 essenmal for dufferentia-
tion, Giemsa stain piring the best results Wich Pappenheim stain,

integrating forms of neutrophils found 1a acute d lupus
erythematodes (Figs 185, 186) are desenbed on p 18

§ of the may sometmes render differen-
tianon difficalr.

5 THE SYSTEM OF THE MONOCYTES

Tigures 44 A above,
183 C below,
STAGES OF DEVELOPMENT OF THE MONOCYTES
3) Monobiast, Figs 46 sbove, 4§F sbove, 518 above, 1074,
107B, 18D above, 121 A above, 122B, 124, 1194 above, 113G,
190, 213, 214, Tables 7, 8 and 9, pp 42 and 43

4B above, 46, 46F, 49D, 50, $1B, 514, 54, &3, 10710 130, 143, 147, 179, 180, 181 A, 182D above, 122 H below,
186D, 136, 187A above, 188 A, 199, 213, 314, 2274, 227, 138G, 218 H, 119, 233 C, 249, 254, 255

Diameter 16 t0 32 ¢ The mem cell of the symem. The
nucleus 15 round, someuimes slightly 1ndented, and o very nch
wn chromatin. The chromatin nerwork 11 very fine and induancr,
1€ bas a skem-like appearance and the indmidual Fbres are long
As 2 rule, several (2—6) small mucleoh are wisble Thesr pottion
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the chromatin is vanable and the chromatin border tends to be
oad and industinet. The amount of cytoplasm varies in relation
 the size of the nucleus but usually forms 2 moderatcly wide
* « of a fairly intense, cloudy blue colour Like alf blast cells,
blase s latced 2nd the idase reaction 1s

) Promonocyle, Figs. 46E below, 46F below, 5B below, 54,
2+ G, 108, 111, 112, 114, 115, TR6A, 1B A, 122, 123, 125, 127,
23C, 129B, 130, 190, 213, 214
‘The size of the promonocyte vanes within the same hmits as
. of the monoblast. The nucleus is usvally indented but
ccasionally stll round. This stage embraces several generations
*“ch may be distunguished by the degree of indentation of the
* The nucleols are usually no longer visible, and the cyto-
is more :bumhm th:n in the preceding stage. In contrast
the , the is generally
eroxidase negative (see Fig. 1B below) The cytoplasm 15
lways blue and comparatively pale. It shows a distiner azuro-
fulic progranulation with Pappenheun’s stain, but with Giemsa's
tan and the peroxidase reaction the granulation is only weakly
isible, if at all.

) Manocyte, Figs 44 A above, 44B above, 43D below, 5o, 524,
4 83, 108E below, 109, 110, 111D, 112F, 112G, 113 10 122,
23 night, 126, 1298 below, 143 centre, 147, 175, 180, 1814
bove, 181D above, 132 H below, 185 C below, 186D, 136 E,
187 A above, 1884, 233C, 249, 255; Table 6, p 41

“This is the final stage of the system. The nucleus is occasion-
lly round, bot is generally more or less decply indented with
two or even three lobes In the latter case, 1¢ acquires the appear-
ance of 2 capital E Frequently, the lobes lic one above the
sther, paruicularly f the cell 15 not very thioly spread out The

out by the peculiar column-hike arrangement of the liver cells
The appearance of the monocytes may also be modified by func-
tional activity, The monocytes are, in fact, the most antixeme of
all the blood cells and act as the scavengers of the orgamsmy they
destroy and consume corpuscular elements (phagocytoss) and
store up colloids (athrocyrosis), for which reason they are also
known as athrophagocytes The great variety of forms assumed
by the monocyte is largely due to the diversity of substances
taken up and to the varying quantities consumed, As a rule, the
monocytes found in the blood in healthy persons are compara-
tively uniform in appearance, while those 1n the organs are poly-
morphous as they are much more actively engaged 1n phagocytosis
and atheocytosis The more foreign matter taken up by the mono-
cytes, the Jess monle they become. In man, phagocyric and athro-
cytic monocytes arz found in the penpheral blood ooly i the
embryo and in persons suffering from certain diseases In many
species of animal, however, athrophagocytes are a regular finding
1 the blood, even in adults.

Ehrhch termed the monocytes “large mononuclear and tran-
sitional forms”. Owing to their great variation 11 appearance, the
mondcytes, particularly those found in the ussues, have been
desenbed under many different names Thus, all the following
cells appear to be monocytes: hustiocytes, histioleucoeytes, histio-
monoeytes, “polymorpbaus hlsuogcmc migratwry cells” (Weiden-
reich), b dotheltal cells (Aschoff
and Kiyono), cerrain alveolar epnhe]ul cells, Kupffer's stellate
eclls of the Liver, splenocy tes, clasmatocytes (Ranvier) “primitive
migratory cells” (Saxer), macrophages or macrophagocytes (Metch-
mikoff), “specific endothelial cells™ (Simson), “leucocytord cells
of vascular adventitia” (Marchand), polyblasts (Maximow),

“chagiocrin cells™ (Renaut), *lymphoconjunctive cells” (Dominici),
“phagocytic reticulum cells” of the bone marrow (Rohr), “pulp
cells” of the spl:en (Meeschlm), the “plasma cells” of plasma

pucleus contains relauvely hetle ch and has a
oose ssructure which is very characteristic. Neither nucleol nor
post-nucleolar chromatin masses are present The cytoplasm has a
2ull, pigeon-blue colour and exhubits dense clonds of very fine,
ireegolarly distnbuted, azurophilic granules which are best seen
with Pappenheim staining

Mitosts and chromasomex,

The monocytes are normally diplord cells In most cases, their
ability to proliferate probably ends at the promonocyte stage, but
the results of blood-culture expenments suggest that some marure
monocytes may sull be capable of mitosis In levkaemic mono-
¢ytosss, 1t 1 by no means rare to find dividing monocytes in the
blood, and they are also an occasional finding m agranulocytons
and other diseases accompanied by intente monocyte reactions
The chromosomes of the monocytes are thick with obruse angles
ard have 2 greater tendency to aggregation than those of the
neutrophils (Figs 124, 125, 138A, 128B)

POLYMORPHISM OF THE MONOCYTES

The manocyte 15 the most polymorphous of all the blood eclls
1 addition to the normal round form found in the haemoporetic
organs and blood, 1t also occurs, erther as 3 fixed o a1 2 migra-
fory cell, in the interstitial tasue of the organs, where its shape
15 decided by the nature of the surroundings Thus, the Kupffer
¢ells of the hiver, which sausfy all the cnterta for monocytes, owe
shear star-like appearance to the long cytoplasmic processes forced
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cell d cells, Langhans® giant cells, “foreign-
body grant cclls”, the “sympathogonias™ found in the blood in
certan “sympathogoniomas”, and Gaucher cells

PHAGOCYTIC AND ATHROCYTIC MONOCYTES

In blood and bone marrow films, all types of monocytes may
be found, from the non-phagocynic to the athrophagorytic forms
Even the promonocytes are capable of phagocytosis and storage
{see Figs 111 A to 111G, 112E, 114, 114, 1184) A promonocyte
which contains remans of ingested material and 13 1n the procest
of mitosss is shown 1n Fig 125 A. The pecuhar necrobiotic forms
found in acute disserunared lupus erythematosus are also con-
sumed by phagocytic monocytes (Figs 186D, 186E), It is very
probable that the posmve perowidase reaction given by some
monocytes 15 due to the remans of peromidase-positrve material
consumed dunng phagocytosis (Figs t112E, 113, 179B) The
vacuoles oceasionally observed 1 monocytes 1n healchy persons
may also idicate thar phagocysosss has taken place This i
cercainly true of the vacvoles tn septic diseases, particularly 1
meningococcal sepsis (Fig 114} and in endocardins lentz (Fig
113) In films prepared from cutancous eruptions in pavients of-
fering from memngococcal sepsis, all stages of phagocytosis and
vacuole formation may be observed While some monocytes con-
cain intact bactenz, in others the meningococe: have been pantly
digested and vacuoles have begun to form i the surrounding
cytoplasm, 1n the final stage, vacuoles are present which contain
only liqud matenial The formanon of vacuoles at pownts where



phagocytoss of bacteris has taken place, can alw be fo'lamed
ditectly in itro In Leishmanias's (Kala sz2) the LesFonares
are almost invanably found anly m the monocytes of the mnternal
organs, but occasonally a few are afso present in the monocyter
of the blood (Fig 249) In the Oroya fever rage of Caritas
dusease, the infecting parasncs (Bartonella bacsliformi are o
fouad 1 the monocytes (Fig. 254) A combinatios of phagncyton s
and atheocytons is scen 1 the monocytes of she boae marrow i1
malaria, especially 1n the esuvo-aucumnal vanety. The paratizes
are it engulfed a0d digesced by the monocytes, and the indi
gestible prgment then stored (Figs t15 A, 115B)

In man, monocytes of high phagocync actwiey peman fized
in the nssuex and become converted mio senile, degenerate forms
These cells artam a greae size, up 10 63 4 in drameter, the cyio-
plam beng distended with the remaims of ingerted cells (Fiz,
117B) or with stored materal (Figs 118 to 521) The mucleus has
wraally become round and s redced to 3 matl, dry sirscrore,
2 phenomenon which can also be obuerved occanonally m the
phagocytic monocytes 1n the blood {Fig. 1128} In thir form,
atbrophagocyuc monocytes seem capable of contnuing this
exsstence for a very long tume

Speaal forms of athrophagocyue morocyter include the
followins.

1. *Embryo macrophages”, These normally circulate in the
blood of the haman embryo and uuslly contain 4 large variery
of cclls ia the process of dentruction. How unscleetive the pharo-
eytoris of sumslaced monocytes may sometimes be fe llustrared
by Fig, 1164

2. Athraphagaeyile monneytes of (be bane marraw (“phazn:
eyuc rencalom ce'ls” of Rohr) Thete are & regular finding €ven
1 pormal bone marrow. They are seuponuble for the removsl
of the large quastues of waste material contnuouly formed
in ths highly active tarue (Fize, 2168, tr7A, (18 A), They sre
often found local zed in the hacmopointic centres, particulatly
in news of megaloblas (Fig 1728), Bormoblass (Ts 1798
1%2) 2nd plawma cells (Fizs 143, $47), and sre thon Iymn »
“reglonal monoeytes of the haemopnielle centrea”s Theae
monccytes are foand sn 3 rage of drvelngmene—manddateand
promonocytes, matare cel's with Yorme, lbed nuelel (L 1731).
mvoleton fores mich ofd, degenersts nwle, snd peerdunis
or necrotle & urterzaung forms (Figs 1850, 1331 My olien
comtain the remacss of jazeved gr atred manrsd xiving 8
posicive rracton for siom or gerneidise (i 177%) Al thee
properties lerd ssppert t tha yiow that thove eoffe af tha faswen
poiete cemces aze ren sftugeaent e esllt

fa 0f e srtgn Ausvase (ilstsines
Yt i ot rsnel
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0735 where they ertiset, all oy 41a tn be fr 1w, fovtr et
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P B B o L
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Uronataring monnestes ar atds pted sie free
quaty fsnd (n 4 intornal bryans Un'og g woits fur pun,
each ae the Tarebull s (112 005 €y af Frazasn b o guscheds,
vy plagsetie manocytes may e dwn b frasess this gon
ety of it canaze

Qrexsiomally, vl srsze cells are Fueand enmtaining wirars
ot ama't spheren of unfurm aire 8y tarAls ihe purare of
thewe i unktaws, A ue'gie fding is e o' in g 1008 e
wa'ning Youg eryitsilins bod es, e of which hare whgred
bair g thage owing 10 the confired apace,
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Tn one of the faritws in whish & Mereditary fnerense fn
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DIFFERENTIATION OF THE MONOCYTES

The festures which distinguish the monoblasts from other
blast cells may be found in Tables 7 to g, PP 42 and 43, Cases
in which monocytes may be confused with neutrophils have al-
ready been discussed on p. 57.

Peroxidase reaction, Using the original method of Graham-
Knoll, described on pp. 28 and 29, the monoblasts always give a3
negative peroxidase reaction A positive peromdase reaction s

13 frequently accompanied by an increase in the other cells formed
in the so-called lymphanc tissue—the lymphocytes and plasma
cells, Symul Iymphoeytosi, s and plasmocy-
tosis in the blood is characteristic of lympharic glandular fever
(Pleaffer’s disease, Fig 187), while the bone marrow is simlarly
affecred in panmyelopathy (Fig 189)

In monocytic leukaemla, hyperplasia 15 generally confined
10 the monocytes Dependig upon the stage of developmene of
the cells released into the blood stream, the leukaemia may be
& ived blasci s

normally given by a few of the promonocytes and by the major-
ity of mature monocytes (Figs 49 D, s0) Using modifi 1
for monocytes {p. 28 and Figs 524, g4), practically all the
monocytes afe negative; 2 few monocytes are occasionally ea-
cauntered which give a very slight positive reaction bur these
create no particular difficulties since the positive reaction of the
ncutrophils is always much stronger. The positively reacting
portions of the monocytes are apparently derived from ingested
peroxidase-positive cells, mainly from neutroghils and cosinophils.
Evidence for this view is provided by elements such as those
shown in Figs 112E and 113, in which the positive reaction is
canfined to the still clearly visible remains of the jngested per-
oxidase-positive cells. As the digestion of the cells proceeds, the
peroxidase-positive substance becomes distributed throughout the
entire cytoplasm (Figs. 49D, 50) The rapid mactivation of the
peroxidase of the monocytes also points 1o already degenerated,
pardly decomposed material from other cells The atypical newutro-
philic promyelocytes or myelocytes found 1a certain leukaemias
often closely resemble monocytes, and modification I of the per-
oxidase reaction may then be the only certain method of disun-
guishing the disease from true smonocytic f{eskaesua The dis-
2ppearance of the peroxidase from certain of she neutrophils
sometimes feads to confusion with monocytes A method of over-
comung this difficulty is described on p 28 (see also Fig 94)

GBmBrY's meibod of siiver Impregnatlon {sce pp 125, 13). All
forms and stages of development of the monocytes are negative.
“This zlso holds for all other true blood cclls and for the non-
haemopoietic elements of the haemopowetic organs, with the
exception of the fat and stzoma cells (see p. 68 and Fig 199).
In histological sections, the monocytic elements, espeanally the
so-called renculo-endothelial eells, appear to be surrounded by
supportung fibres of resiculin In touch preparavons and films it
may be seen, however, that these fibres originate from the stroma
cells and not from the monocytes

EXCESSIVE PRODUCTION OF MONOCYTES

In many diseases, especially those of a chronie, inflammatory
nature, there may be a pronounced sncrease in the nuember of
monocytes s the blood and 1 the haemopoienc centres (bone
marrow, spleen, lymph glands and vascufar sheaths) Even
though no leucocytasis is present, the monocytes may constitute
g0 per cent of the total number of leucocytes in the blood Ia-
fective dueases i certain stages of which 2 marked monocytosis
occurs, include malania, syphibis and whecculoss (particularly
uberculosis of the splees, the Iymph glands and the bone mar-
yow) In the diseased organs, the degree of monocytoss may be
sl greatee than w the bload

Aeanalocytosis may be sccampamed by marked monocytos:s
wa the blood and the bone marrow In these cases, medification I
of the peroridase reaction enables confusion with neutrophilic
promyclocytes to be avouded (p 18 and Figs g3, 14) Monocytosis

6o

as or orasa
mixed form The absolute Jeucocyte count may be over 109,000
per cumm Oaly by means of the peroxidase reaction is it
possible to decide for certain whether the cells concerned arc
monocytes, or whether they are atypical neutrophilic promyelo-
cyres and myel bl yies n The
possibiliy of a neutrophilic leukaenuz with partal disappearance
of the peroxidase must be excluded This can only be done of the
bone marrow contains peroxidase-positive neutrophils 1n all stages
of development. As a rule, the monocytes in monocytic leukaemia
give a negative peroxidase reaction, even with the oniginal Graham-
Knoll method Some cases of so-called sympathogonioma (mesro-
blastoms sympathicum) are apparently a special form of mono-
cytic levkaemia In addution to the large, localized tumours found
in the wpper abdominal segion, this disease is characterized by
the presence 1n the blood of cells which frequently contain vacu-
oles and which may be shawn to be atypical monocytes in various
stages of development (Figs 213, 214). The discase would thus
seem to be 2 y panicd leukaemia,
a syndrome sumilar to that of plasmocytoma accompanied by
plasma-cell leukacmia. The presence of marure ganghon cells
within the tumours may be artnbuted to the fact thar both the
sympathetic elements and the centres of monocyte formation are
sitwated in the vascular sheaths

Oceasionally, cascs of muxed levkaemias of the “Iymphatic
monocytic tissue” arc seen, analogous to the mixed myelogenous
levkaemias which affect i 1y the basophuls, hl
and neutrophils A cate of this type, a mived monocync and
Iymphocytie leukaemua, is shown 1 Fig 190

Monoeytopenta has not 50 far been described

DESTRUCTION

Dusintegrating forms of monocyzes in the blood and in the

argans are larly frequent m ic 1
aermas (Figs. 237, 328G, 228 H) The destruction follows the
same courte as that of other leucocytes The special, senile forms
of athrocyue monocytes found in the tissues have been mentioned
onp 59

ARTEFACTS

In thio portions of blood and bone marrew fims, the mono-
cytes flatten out to a greater extent than other cells, and they
therefore appear to be the largest cells of normal blood In actusl
fact, however, they are not larger than the neutrophtls, and i
thicker portions of the film are examuaed, the two species of cell
are seen to have the same diameter (Fig 109C) In hestological
sections, therefore, it almost mnvariably bappens that the mono-
cytes are caken for other ¢elly, unless they contain ngested of
stored matenal. The nucler of crushed monocytes usually have
a broad, boomerang shape (Fig 233 C)



6. THE SYSTEM OF THE LYMPHOCYTES

Figs 3o centre, 45C, 44D, 476, 49B, 51C above, 51B centre, 110F above, 131 10 142, 161C above, 181 E, 182 F, 1878, 187G, 111,
193 2334, 234, 238N

STAGES OF DEVELOPMENT OF THE LYMPHOCYTES

) Lympboblast, Figs. 47G, 131 A bottom nght, 131B below,
1338, 1344, 135, 136, Tables 7, 8 and 5, pp. 42 and 43

Dumeter 12—14 ¢ This is the stem eell of the rystem and
the smallest stem ccll of the leucocytes The nucleus 1 round and,
m contrast to other blast cells, the sructure of the chromatia
network is only faintly wisible The chromatin 1s arranged n 2
Yague concentric pattern and, though continuous, contains some
lumpy concentrauons A charactenisue fearure is that, a5 a rule,
the nucleus contains only a single oucteolus Occasionally, bow-
ever, two may be present. The nucleolus 1s of medium size, blue,
and somewhat cloudy 1n appearance In thuly spread lympho-
blasts, there is usually Liedle, of any, covenng of chromatn and
the nucleolus is therefore clearly visible It 15 surrounded by 2
moderately wide barder of chromatin which merges imperceptibly
into the remaiming mass of compact chromann. The cytoplan
has a dark, somewhat uneven, cloudy blue colour, and vanes
width. Like all other blasc cells, the Iymphoblasts are watbost
granulation.

) Protymphoeyte, Figr 131A (the larger cells in the centee
and sbove), 134A (the two cells in the ceatre), 1345

Thu stage closely resembles the lymphoblast 1o appearanc,
but s sometimes larger and the pucleolus 1y induuner. The band
of cytoplasm surrounding the nucleus may be very broad There
s a continvous tranunon from the lymphoblast to the lymphocyte,
and the clamificaton “prolymphocyte™ is withoue great im-
portance

) Lymphoeyte, Figs 30 centre, 44C above, 44D above, 433,
$1C above, 2B, 110F above, 131 10 134, 136E above, 136G,
136H below, 137 to 143, 161C sbove, 182 E above, 182 F, 1878
above, 187G, 138, 190, 233 A, 234, 138N, Table 6, p 41

Duameter: g—12 g, This 18 the end stage of the system and
the smallest lewcoeyte found in the blood. The aucleus s usually
round, but may sometimes be 1ndented, even 10 healthy persons
The chromatin congists of @ more or less dense, lumpy mass, and
the nucleolos can only be recogaized 1n crushed cells (Fig 334D}
The cytoplasm has 2 clear, hght blue colour and o(nnonadﬂ'y
contauns fine, tharply-defined arurophilic gransles, wurrounded
by narrow, clealy visible baloes (Figs 44D above, 1374, 137B)
These haloes are a very charactensuc fearure, since they are not
present in other leucocytes with azurophilic granufauon.

Mitos nd ehromosomen.

The lymphocytes are db{ploxd
Iymphoblasts are very hable w0
n’n‘::oblnu, they cva oty be secognized with certainey 10 dlymph
gland punctate, whete mutoses of basophilic ponmoblasts do m;
oecur The chromosomes are shart, thick and anly shghtly carve:
(Figs 535, 136) Dunng mutons the cyroplasm of the lymp:mm
separates mto two well-marked phases, the basophilic substis
becoming geanular (Fig 136) A& mmilar phenomc;an oceurs
dunag the mutoss of megaloblasn and pormoblasts (P8} 3% 37
390, but 1 the sase of the plama edls, s separiuion of the
basophilic substance u less pronaunced (Figs 155 157} {ﬂndx 3
featare of the Iymphoblasts 18 that very few mitoses sre found ¢

cells When 1 mitons, the
be confused with basophibic

the aes of Iymphocyte formation. This ndicates that erther
mutosis saust proceed very rapdly of the bfe of the indimdual
celis must be very long In rescuve Iymphocytoses (sec Fig
135A), and in lymphauc leckaemias, mutoscs of lymphoblasts
may oceasionally be fouad 1n the blood.

‘THE LYMPHOCYTES IN HEREDITARY ANOMALIES OF
THE BLOOD CORPUSCLES

In Pelger’s spomaly the Iymphocytes also show abnormahity,
the nuclear ehromatn cxhbiting a greater degree of aggregation
than nonmally, especially tn the bomozygonic form. Alder's nnom-
aly affeces the lymphocytes mmlacly to the other leucocytes,
the azurophilic granulsnon in some of them bewng much more
abundaat than vsual (Fig 182 F). Harler's disease {gargoylism)
may be accompanied by Alder's anomaly but sometimes only the
Iymphosyrer show coane granulation In May-Tlegglia's mnom-
aly the characterume basophilic strcaks i the cytoplasm eannot
be dececred in the Iymphocyces as therr cytoplasm 18 already baso-
philic

ATYPICAL FORMS OF LYMPHOCYTES

Rieder forms, These ymphocytes with indented aucler may be
encountered even 11 normal people There may be 3 marked
reacuve increase 1 ther numbers 1 patients with whooping
cough (Fig. 135, and a “prumary™ increase occurs in some leuk~
aemiss (Fig 142) In the case of mdimdual cells, it 15 oficn diffie
eult © be certam whether they are sull diplaid with andented
pucles, or whether they are polyploid. When splenoparhie de-
presion of the bone marrow progresses to panmyelophthuss, the
majoriry of the lymphocytes may have indented nucles, both
before and afrer spleneciomy

Lymphatle ptasma eella, This name is given to very small lym-
phocytes, the eytoplasm of which 1s intensely basophitic, Iike that
of truc plasma cells. The nucler of Iymphatic plasma cells are
markedly pyknouc, 3 sign of ymmunent destruction (Figs 44D
below, 132 E) These cells are not troe plama cells, bor degen-
erated Iymphocytes They may be seen occasionally 1 healthy
persons and are abio a regolar finding n Pelgers anomaly, but
they have no special diagnostic significance

Glant granalation. Ta oceasional cases of fymphatic levkaema,
Iymphocytes may be found contamung very large, azcrophilic
geanules (Fig 134B) In general, however, the Iymphoeytes in
Iymphatic leokaemias arc characterized by the absence of grane
tavon

Lymphoeytes with deonded poelel Lymphocyte nuclei pracu-
cally denuded of eytoplasm are a not unasual finding 11 lymphatse
leukaemua (Figs 1338, 134 A, 141, 142, 190) Such cells may also
be encountered in reactive conditions.

“Atypleal eells™. A characterutic finding 1n lymphaue glandalar
fevet 1 the presence n the blood of giant Iymphocytes which
have been termed “atypical lymphocytes® or “atypical cells™,
Ther Iymphocyuc catvre u confirmed by the fact thic they
eccasionally contain fine, azvrophilic granales surrounded by
small halocs (Figr 1378, 137C)



Polyploidy. Binuclear lymphoeytes (Figs. 1334 to 138C) and
polynuclear Iymphocytes (Figs. 138 D) are sometimes found in the
blood of bealthy persons. In acute | ias, lysoph with
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single, giant nuclei may be found (Figt 142C, 142 D) A pro-
rounced wcrease in the number of lymphocytes, with many atyp-
tcal forms, may occur as a reactive manifestation (e g in whoop-
ing cough, Fig 139), or may be of “primary” origin fin
feukaemias, Fig 140) The only forms which appear to be of
disgnostic Value in levkaemias are the giant, highly polyploid,
mononuclear cells (Fig 142C, 142D) and the small Iymphoblasts
with irregular, “knobbly”, almost denvded muclel (Figs 142 A,
142 B). The atypical mitoses which lead to these forms may also
be encountered (Fig 141 E),

Vacuole formation, Vacuoles are seen occasionally in lympho-
cytes, and are particularly numerous in many of the acute lym-
phatic Jeukaemias (Fig. r41).

EXCESSIVE PRODUCTION AND DIMINISHED
PRODUCTION OF LYMPHOCYTES

Children often show a marked reactive increase in the number
of lymphocytes, and in whooping cough, for example, the ab-
solute leucoeyte count may cxceed roocoe per cumm, the
greater percentage of these cells being Iymphocytes (Fig 139}
In infections Jymphoestosls, a benign discase of limired dura-
tion, the leucocyte count reaches 30,000 10 40,000, the predomi-
nans cells being matare lymphocytes The blood pictuce, therefore,
is very morotonous, resembling that seen in chronje lymphatic
leukaemia Infecsious lymphocytons differs from the latter disease,
however, in its transitory nature and epidemic occurrence and in
the absence of general symproms of levkaemia Lymphatle Jenk-
semla gencrally runs an acute course in children, but ¢ends to
be chronic in adules In some cases, the absolute leucocyse count
exhubits marked floctuations, while in others it remains at a
conseane level, which may be raised, normal or lowered In
children who have normal absolute leucocyte counts and no
obviously atypical lymphocytes in the blood, 1t may be difficult
10 establish @ diagnosis withour making 2 marrow puncture The
bone marrow will be found to contain greatly increased numbers
of lymphocytes, thus confirming the diagnosis It 1s noe 1nfrequent
for the levcocytes in lymphatic levkaemua to exceed 1oo,000 per
cumm, Lymphatle glandalar fever (Pfeiffer’s disease) is charac-
vened by # vatiegated blood pieture, numterous atypical Ilympho-
cytes, plasma cells and monocytes being present in addition to
normal ety {Fags 137, 187)

7. THE SYSTEM OF
Figs. 44B belaw, 44C below, 47
STAGES OF DEVELOPMENT OF THE PLASMA CELLS

a) Plasmoblast, Figs 47H above, 143 top left, 150A; Tables 7,
z and

: anDiagr;rPtfr:‘appmx"lﬁ 4. The sem cell f the system. It has

2 round nucleus with 2 dense structure, the atrangement of the

chromata is vague but tends to be concentne. Tr as motewonhy

that the nucleoh, of which 3—6 are present, tan only be scen

b difficuley av this srage, but become clearly winble in the
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oceurs fairly y in my¢log leuk
ind in (:Iber:ur'ﬂus of the lymphatic system Tt also appears fairly
q! during the treatment of myelogenous leukaemias with

utetkanc and st may then develop into a0 alymphoeytosts,

DESTRUCTION

Destruction of the lymphocytes follows the same course as
that of other leveocytes In the upper part of Fig 131B, a
iymphoblast in a lymphatic lewkaemua is seen in the process of
destruction,

ARTEFACTS

Under the influcnce of external pressure, the lymphocytes
are not pressed flat Iike other blood cells, but are crushed ymme-
diately and lose their eytoplasm ‘They are thus converted into
the so-called Gumprechl'a shadows wuhour passing through a
Ferrata stage (Figs 47G, 135G, 135D, 234) The cytoplasm
cither remains tn the form of small, blue droplets in the viemity
of the crushed cell, or dissolves in the surrounding blood plasma
This pecubiar behaviour of the Iymphocytes on injury may be
usefl w0 establuding 2 differenual dragnoss between acute
Iymphatic and acute myelogenous levkaemia Droplets of cyto-
plasm which have been extruded from crushed lymphocytes (Figs
476G, 234D, 234E) should nor be confused with pachological,
blue blood platelets (Fig 176D) These droplets are, of course,
particularly abundant in Iymph gland punctate

Spindle cells, {¥ig. 110T above) are also mechanieaily produced
artefacts, charactensuic of the lymphocytes The major axis of
these cells generally hies at right angles to the direction in which
the film was spread

DIFFERENTIATION OF LYMPHOCYTES

The features by which lymphoblasts may be disunguished
from other blase cells are to be found in Tables 7 to 9, pp 42
and 43
Peroxidase reaction. Like the plasma cclls, megakaryocytes and

platelets, the lymghocytes are invanably pesoxidase negative 1
all stages of development.

THE PLASMA CELLS

H above, 43, 49C below, 143 to 180, 182G, 186F, 186F below, 137A below, 187B below, 1833

subscquent stage of development The pucleus 15 sitvaged 1 the
centre of the cytoplasm which forms a sasrow border round it
No granulation 1s present.

b) Proplasmoryte, Figs 44B below, 44 C below, 143 helow, 145,
146, 148 A, 148, 150B, 1in, 153, 160A

The proplasmocyte may feach 25 4 tn duameter and is there-
fore conniderably larger than the plasmoblast. The mucleus is
often sl situsted centrally, but may be shghtly cccentnc Jt bas



an indutince chromatin nerwork contasuing several blue nucleol
Thete are geeerally uncovered and are surrounded by 2 narrow
border of chromatia. The cytoplasm has 3 deep blue colovr which
s usually sufficiently intense to mask the shght red component
Surrounding the nucleus 1s 2 pafe halo known a5 the archoplasm
Even undee mommal condunons, vacuoles are oecasionally present
at this stsge (Fogs, 245 A, 145B)

) Plasmoeyte, Figs 47H below, 49C, 143 above, 144, 147, 149,
150G, 151, 153 A, 156, 1608, 136E, 136F above, Table 6, P4t
Diameter: 14 10 20 ¢ ‘The cell is often elongated and the
mucleus 15 eccentric and relanvely small The chromatin structure
15 coarse and dense and has the so-called “cartwheel” arrangement
Even 1 crushed cells, the nucleoli can no longer be seen The
masked red component 15 somenmes weakly vinble through the
decp blue of the cytoplasm. These 1 often a2 wide halo of archo-
plasm closely surrounding the nucleus {Digs. 144, 147, 151}

Granulation,
No granulation 15 present i normal plasma cells

DNuefeofi.

In the plasmoblasts, the nucleols can only be seen with diffi-
colty, bt in the proplasmocytes they become elearly wisble
The plasmocytes often contain dense, post nucleolar chromatin
mases

Mitoss and ebromosomes,

The plasma cells are normally diplod cells Matoses are a
comparatively rare finding The chromosomes are thick and
slightly curved, in the later stages of development, they bave a
greater tendency to aggreganon than the chromosomes of other
blood ceffs. Separation of the eytoplasmic constituents dursng
Mutosts 13 nor 50 marked a3 1n the Jymphocytes (compare Fig
157A with Fig. 136,

The nmmﬁ? of’p)h!ma eells may occasionally be observed 1
the blood 1n normal people, Fig 155

THE PLASMA CELLS IN HEREDITARY ANOMALIES OF
THE BLOOD CORPUSCLES

A5 the plama cels consute only & smal proporuen o dhe
toual number of blood corpuscles, bile 1 yet kaown regardag
thesr behaviour 10 these anomalies In the bomorygonc form o
Pelger's snomaly, she chromaun of the plasms cels 1 even sore
abundant and lumpy than sormal The plasma eell “'2;“,{
apecies of blood cell which does ot exhibie granulanon in Alder

anomaly (Fig. 122G)
ATYPICAL FORMS OF PLASMA CELLS

Vacnoles. Even uader normal conditions, plasma cells often
contan several vacuoles, In smll, tha vacuolen the contans
appear colowrles, bur n lacger and ducker vacusle. the cootenn
may be blush or reddh, the depeh of colour depeading on the
concentration T many eacs of piymesvio aod sho 1 2
tve condtons, the vacuoles mav Berome verx ige (it (£5:
152A) Funally, on destracnon, of the ook the contens of the
vicuales may be bersted and fuse wogeher 1o form RS
bodies™ These can be found oot entr 1n breligid .
also 10 bone marrow films (Fig 11

Inelustons. Plasma cells contam 0o grasules Tr s therefore all
the more strking that ia very rare cases of plasmocytoms (Fig
£53A), the plasma cells contam necdieshaped (occasionally thom-
boud) azurophilic unclusion bodses These bodies arz very smiar in
appearance to the Aver rods found in neucrophibic promyelocyres

During the sreatment of plasmocytoma swith amidunes {sulb-
amdine, pentamdine), coarse, lumpy gransles may appear in
the cytoplasm of the plasma celly (Fig 153B) These consust of
the amudine combined with nbonucleic scid and are known as
Snapper-Sehaeid anclusion bodses

“Flaming® plasma cells. In certain diseascs, the red component
of the cytoplasm, which i normally masked by the deep blue
colour, may predomunate and sppear n the form of Yarge, broad,
red streaks (Figs 149 A, 149B) This is espesially feequent in the
presence of a reactive wncrease n the mamber of plasma cell, e g
1 agranulocytons It is necessary, of courss, to ensure that the
staumag technique has not been a¢ fauls

Plasma cells with segmented noclel. In occasional cases of
plasmocytoma, 3 more of less large number of plasma cells may
develop segmented nucler (Fig 148C, 154) This u apparealy
A aemn I VO h

meots which stll have the shape of chromosomes ‘This pheno-
menon trongly recalls the changes which can be praduced by
mitouc possons soch 35 colchicune
Petetette & et or L r

support for the theory that the plasma cells do not belong 1o the
true blood eells, but to the fixed cells of the sues where poly-
plosdy 15 common. The simultancous occorrence of atypical
mitoses (Figs 157, 153 B) indicates the muotic or endomtoric
origin of these polyploid eells

EXCESSIVE PRODUCTION OF PLASMA CELLS

The plasma cells normally oceur only in small numbers in the
tlood, consnruung searcely one per cent of the total Teucocyre
count. On che other hand, 1n the bone marrow they are ye.
markably frequess, and are often arranged in nests conrammg
one or v “regons] moacyes® (e p 5 and Figs 14y ang
x47) It thercfore appears that the isolated plasma eells: which
normally find theic way fato dhe circulation ace only those whieh
become detached aceidentally while prolferation & in progress
Generally, they 2re proplasmocytes beanng endence of degen-

U Lubiod ane Dests of plasma cells 1 the bone marrow a7

wrally eore umerows in ducases with reactive. plaimocyiors
cuch 22 rubells, and are paniculacly sbusdane i ymphogranc:
loma ingunale A rescuve fncrease in the plasma edl pesy oy
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casily be overlooked when making bone marrow counts under ord
immersion, and is best detecred if the preparauon is examined
under the low power, In certain diseases, e.g in splenopathic
depression of neutrophilopoiesis, a marked reactive increase in
the plasma cells of the bone marrow oceurs. This may be disnn-
guished from the primary hyperplasia seen in plasmocytoma by
the fact that the plasma cells remain localized in nests, whereas
in advanced plasmocytoma diffuse infiliration takes place

Plasmocytoma and plasma eell Jeakaemla, Owing to the fact
that plasma cells properly belong to the fuxed cells of the tissaes,
so-called “primary” diseases of the plasma cells usually manifest
themselves as trye malignant rumours, without the development
of a leukaemic condition 1 the blood. The modern view is that
“multiple myeloma” (Kahler's disease) is invariably due to exces-
sive proliferauon of the plasma cells; the tumour form of the
disease is therefore known as “plasmocytoma”, and the rare form
which is accompanied by the discharge of plasma eells into the
blood stream, as “plasmocytoma with plasma cell leukaemia™,
Like lymphate leukaemia, and the leukaemias which affect exclu-
svely the bls, cosinophils, basophils or megakaryocyres,
plasma cell levkaemia is a primary affection confined to a single
speaies of cell. Oceasionally, young cells belonging to other
SN R T IAAC N I

DESTRUCTION

The destruction of the plasma eclls does not differ in any
way from that of other blood corpuscles

ARTEFACTS

The plasma cells arc extremely fragile and in thin films or in
touch preparations their cyoplasm readly escapes, often forming
long filaments

DIFFERENTIATION OF PLASMA CELLS

Like all other species of blood corpuscle, the plasma cells
form a system of their own and have their own stem cells. The
distinctive features of the plasmoblast may be found in Tables
7. 8 and 9 on pages 42 and 43. It should be espectally uoted
that the plasmoblast possesses three 1o six nucleols, whereas the
lymphoblast has only one.

Plasma cells are liable to be confused with osteoblasts, but the
lateer are larger and the cytoplasm has an irregular outline as
the cells are derived from tissue structures Moreover, the archo-
plasm of the osteoblasts is at some distance from the muclevs
instead of in direce contact with it as in the plasma cells (com-
pare Fig. 144 with Fig 201).

ineipally affecred, the plasmocy

ment of the plasma cells
I i or plasmo-

or leuk is termed
eytic (see Figs 150, 151)

For the diagnosis of plasmocytoma, it is importass to knew
that the vast majority of parients show changes in the blood pro-
tein values which are pathognomic (Wuhrmann and Wunderly
1552, see “Litecature® p. 77) These changes are sumilar to those
soen in Tobulinaerd, Idenstrom) bot a differential
diagnosis is made possible by the fact that there is no marked
increase 1 the plasma cells in the latter casc, although a lympho-
cytosis is present.

Plasmoeylopenla, A clinical symprom corresponding to plasmo-
cytopenta has not so far been descnbed

P reaction. Like the lymphocytes, megakaryocytes and
plarelens, the plasma cells are peroxidase negative in all stages of
development.

Unna-Pappenheim staining. This staining may be used not only
for histological sections but also for blood and bone marrow
filme. It was clzimed to be speafic for the recognition of plasma
cells. As Fig 48 A shows, the plasma cells do, indeed, give an
intense coloration, and 1t is of interest that the Russell bodies
also stain mn 2 ke manner (Fig 48 B). The method is not specific,
however, as many blast cells, mcluding the more mature erythro-
blasts, likewise stain deeply, and so do the granules of the eosino-
phils and tissue basophuls (Fig 48 A) This method has, therefore,
not been included in the section on the staiming of films

g, THE SYSTEM OF THE MEGAKARYOCYTES AND PLATELETS
Figr 21 G, 471, 181 to 178, 184, 240 F below

STAGES OF DEVELOPMENT OF THE MEGAKARYOCYTES
AND PLATELETS

4) Megakaryoblast, Figs 47 L, 161 10 164 H, Tables 7, 8 and 5.

pp 1-?-,: :tn:n ‘r:u;akzryoblﬂt 15 applied generally to all young
cells of the system having ungranufated cytoplasm which n:;ns
a pure blue with no 1ed component. Dependiag upon d]mr e-

" maroration, up to three different stages of devclopment
o nerations of megakargoblasts may be distinguished These
:rffz:r from one another in the ize of the ecfl and nucleus and,
n:mmmes. in the number of nucler 33 well. .
be doploid megaksaryoblart 15 the stem eell of the ystem
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(Figs 471, 161A, 16¢B) It bas 2 diameter of apprommately
30 s, The nuclens 1s round, and the chromann 15 somewhat
scanty and without characterustic arrangement. The chromatn
network 13 ill-defined and made up of fine, elongated fibres It
consains several nucleoli which ace small and very wdistact,
Some are covered wich chromatun through which they ghaten pale
blue, they have no well-marked chromatn border The eyto
plasm is moderatcly basophilic. It forms 2 more or less broad
band round the nucleus and often has tongue-shaped or fringe-
like processes.

The setraplord megakaryoblast 1s consderably larger and 1
formed from the diptord tage withoue dvimon of the cyroplam
When karyokincsis 15 accompanied by divinon of the nucleus, 2



el with two diploid mucles 1 produced (Fig 161 D), of the
aucleus remains undivided (eadomutons), a cell with a nog'e
large, treraploid oucleus is formed (Fig 161 E)

The octoplord megakaryoblast is the nexe mage of develop
meat. This zgain anses from the preced ng stage by mcons withe
out divsion of the cytoplusm Depending upoa the type of
Karyokioens which takes place, st may have four diploid muclei
(Fig 163 F), two tercaplord muclei, two diplosd sucler and ome
tetraploid mucleus, one diploid and one bexaplo.d nucleus, or caly
a singls guant octoploid nuclcus (Fig 163 G) The mucleas bas 2
somewhat more compact structure than i the preceding nages
of development.

b) Promegakaryoeyte, Figs 164 I, 165, 167, 163 A 171 A
Maturanon of the megakaryoblast leads to the formaz on of

the P Tt contains a tych

or oryphlic matenal which may be exther Jocahzed or d ffued

Mitos!y 3ed ekromomemen.

The chrommenas of S meptimtivg s pomepiers
7 are g ey ad ik ad Se ane wT ci
ruse. Whea the af’s are wel pread con fa BRI Gemmne
somes w2y be deadly Erfzgmiiied Ta Se mors mimwe rorpa o
develepment, where e depoe of gelypioniv Is gress, laps mome
bers of etrrmosema 2= pmex (T 16: G rha 16 K

THE MEGARARYOCYTES AND PLATIIETS IN
HEREDITARY ANCMALIZS OF THE 2LOCD CUIFUSCIES

1a die beeerozypecs form of Pelger’s azemaly, = el

of the megakayocyms wr Loy fzdemced Gan sormal; @ the

bomorrgons form, the exds 2 romxd Iz May.HeggDn'y

agomaly, e creplarm of the mamire orpalanrocyres 5 Evided

@ iz comparzzively lage aras of gremziomene (Fig 193 D)
dy, gam: plislen are fomd B Ge drea

throughout the cytoplasm. As a rule, the p 21
only one nucleus mnce karyokineus takes place pnncipally by
eadomitosss, both In the case of the promegakaryocyte itself, aad
1 the older blast cells, even in the polynuclear forms of the
carlier stages of development, the chromosomes tead t regrony
themselves to form a single nucleus (Figs 164, 165 K) The
nucleus s esually mote or less tndented. It 15 unprobable that it
ever becomes more than 16- or 3z-ploid.

<) Megakaryoeyle, Figs 166, 178 B

Duameter: approx. 100 p This seage of development of the
system s the last which sull consticates 3 complete ecll. It is
formed by maturanon of the promegakaryoeyte afeer ie bas lost
the power of karyolumesis. The nucleus ussally has nomerous in-
dentanions and s not segmented, in appearance it often resembles

aad,
blood (Fi. 114 E). Ths mepitaryocyseflaeles ymiem as moc
= far bern fomd to prrmepace m azy of the otber anomiti

ATYPICAL FORMS OF MEGAKARYOCYTES AND
PLATELETS

Vacuolex, Vacoolas may be fouad 13 she eysaplasms of the mega
Karyoblasts a3d the promegakaryocytes, ad the mechagically pro-
daced cywplasmic procusss of these cells are sometizes filled
with €y vaoles {Fig. 165 L) These eclls may aleo cossmia
farge rosere-shaped vacuoler of unkaown camtent (Fign 165 Ko
167), simlar to those scen ia otber species of lescocytes (Fig
126 A}

the amlers of a nag In thin, weakly staned p very
numerous, small bloe nueleoli are visible 1 the relauvdy dense
chromatin. The cytoplasm is pink and contains fine, azurophihic
grandles In cells which have not completely mavored, the granc-
fanon is diffused throughout the enure cytoplasm. In fully ma-
ture cells, the gransles he together i mall groups (granslomere)
sepacated from one another by areas of ungranulated cywplusm
(byatomesc).

d) Blood platelet, Figs 170, 171 B, 172 F, 173 0 176D, 177
245 F below.

Diameter: 1—2 s The blood plateler 1s the definve form
of this cell system. It s merely a fragment of cptoplam from
the megakaryocyte, connisting of the azuraphibc granufomere
rurcounded by & narrow border of ongranulated hyslomere

e, e . .
. '

.
only of & VARIKIL ve =)
o dplind daring the de
tion, and shelr finat stages
be enher nucleated (lewco

development, the plateler, contists
plasm. All other eells normally rer
velopment, polyploidy being an exéc]
are stll complete cells which msy
ytes) or non-nucleated (erythrocytes)

Grauolation.

Progranalation 14 not obwcryed in thin sysiem 11;.‘ :,‘n;:
plilic granules which appeas a1 the promegakatyncyie age S0
furute the final granulavan During the procent wurslon
they increase in denuty s0 Ty the e the plaseles viag
6 reached, they are wery caarss anib dutk o el

Myalloe (Fig. 167). Hyalme promegakaryo-
cyten are pathological form found in the bone marrow in certaln
sritant conditions of the eyiem They are relatively large,
fusly mature forms, characcenzed by the fact thar the cyto-
plasm bas a clear blue coloor and is el largely, if not entirely,
ungranulated. Ta other words, certan properties of the eacy
sxages of development penust in the more marure forms.

Hypersegmentation. In permicious anaemia, the bypersemen-
tanion of the mucleus oberved in the neatrophils, eonnophils and
basophils of the blood may be accompanied by 2 namilar pheno~
menon n the promegakaryocywes and megakaryocytes of the
bone marrow (Fig. 168).

Polynuclear megakaryoeytes, Usder certain conditons, some
of the promegakaryocytes underzo mutosia without the chromo-
tomes uniting o form a single, large nucleus, and megakaryo-
eyten with sumerous small nucles are produced (Fig 171). This
s especrally Likely to oceur where relanve anoxaemia i presens,
#1 i the embryo and foetus and fn patients with decompensated
heart falure The indinidual nucler vary 1n size end are pot
necessanly all diploid, us the distnbution of the chromosomes 15
uneven, some of the nuclel are connccted by brdges It 53 not al-
ways eary 1o duungush ruch polynuclear megakaryoeytes from
hughly segmented specimens (cf, Fig 168), nnce the individual
segments of the latter may beeak loose and be musaken for
wngle ducles “The mucles of polynuclear megskaryoeytes are suf-
ficlenly small 10 pam throuth the Tung capullaer and therefore
find thesr way into the penpheral blood, 41 1 myelogenous levk-
semis (Fig 172)
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Deformltles. The final degree of polyploidy of the megakaryo-
€yt appears 10 be frxed, development ceasing after a cerrain
number of mitoses have taken place and the size of the cell then
remaining stationary, Very rarcly, however, particularly large
megakaryocytes are found containing two separate nuclei, each
of rormal size (Fig 178 A). These monster forms (“twinning
deformiries™) probably develop from very young cells in which
a diploid mitosts takes place without division of the cytoplasm

Pathologleal platelets. Fragments of cytoplasm derived from
immature megakaryocytes are known as “blue plateless™, They
are particularly frequent in the blood of patients suffering from
an esseatial or reactive thrombopathy or from myelogenous leuk-
aemia (Fig 176 D) “Blue platelets™ should not be confused
with Hittmair’s particles, which are fragments of cytoplasm
mechanically detached from leucocytes, usually from lymphocytes
(Fig.234) Other platelets which must be connidered pathologe-
cal are the ungranulated or only shghtly granulated platelers
frequently found in myclogenous leukaemia (Fig 175 B} Giant
plarclees (Figs 176 A to 176 D) may be merely portions of nor-
mal megakaryoeytic eytoplasm which have not yer broken down
to their final size, or they may be derived from megzkaryoeyces
in which the areas of granulomere are very large (Fig 184 E).
In the latter case, further reduction in size does not occur. In-
ercased pumber of large platelets are found in the blood in
many reactive affecrions of the bone marrow, pamcul'arly those

other cells This is probably only a special form, or an early
stage, of chrome myclogenous leukaemia, which sometimes af-
feca. the megakaryocytes as well. In the second form (Frg 170),
the increase s confined 10 the megakaryocytes of the bone
marsow and 15 even greater than that in purpura haemorrhagica.
At the same time, the number of platelets in the crculating
blood may reach 2 to 3 million per comm The majonty of the
megakaryocytes show qualitative changes — the nuclei are in-
chined to be fess bighly segmented and the cytoplasm remains
blue In bone marrow films, masses of agglutinated platelets may
be seen, a ph not d in thromb peni:

DIFFERENTIATION OF MEGAKARYOCYTES
AND PLATELETS

The features by which megakaryoblasts can be distinguished
from other blast cells will be found n Tables 7, & and 9, pp 42
and 43.

In the examination of bone marrow films, an imporeant
practical point is the differentiation between megakaryocytes and
osteoclasts. The megakaryocytes have a single nucleus consisting
of a pumber of scgments of various sizes joined by bridges, the
nucleoh are small and often completely 1nvisible. The cytoplasm
is filled with fine granules of uniform size which may be evenly
distributed or arranged 1n 2 patchwork. Often the megakaryo-
cytes are agglutinated with blood platelets Even in pathological,

of an inflammatory nature, and s
(Figs 176 A, 176 D).

Fragments of megakaryocyte nuclel In the blood. Normally,
fragments of megakaryocyte nuclei are very rare in human blood
{Fig. 176 E) though they are a frequent finding 1n the blood of
many animals, Increased numbers of such nuclear fragments are
invariably present in chrome myelogenous leukaemia (Figs 177 B,
177 D), and the same phenomenon is sometimes observed m in-
flammatory dueases (Figs. 177 A, 177 C) It is someumes diffe-
cult to disunguish between small nuclei and detached nuclear
segments (cf. Fig 171 with Fig. 177) Provided that the coagula-
tion of the blood 1s normal, the nuclear fragments and the small
nuclei both aggluunate with the platelets (Figs 172 E, 172 F,

177 A to 177 C).

EXCESSIVE PRODUCTION AND DIMINISHED PRODUC-
TION OF MEGAKARYOCYTES AND PLATELETS

n purpura jea (essential p or
W::Iho‘;‘x gxxe:sd), a form of splenopathic depression of the bone
marrow characterized by a greatly reduced platelet count, the
bone marrow may contain very large numbers of megakaryocytes
They collect 1 large nests contaiping many young forms, cells 1n
mitosis, semle cells and necrobiotic forms Apparently, the break-
down of the cells to form platelets 15 1nhibited Removal of the
rcomes this defect and 1s followed by the releasc of
he blood stream. A simultancous
d 1n the number of megakaryo-
tdom a primary dsorder but
most often of toxic oripm

spleen ovel
large numbers of platelets into ¢
decrease 1n the platelet count an
cytes 1 the bone marrow s e
usually indscates 3 reactive process,
Megakaryoeytle feukaemla is mb—dxnd:({ 1t0 two Gom;: lOn:
form 1s charactenzed by the appearance in the blood o ”if
ibers of megakaryocyte fragments and mmatare stages

66

polynuclear megakaryocytes, the nucleolt are not winible, while
the nuclei are often unequal in size and somenimes connected by
bridges. The osteoelasts, on the other hand, have numerous small,
round nucle, all equal in size, without connecting bridges Each
nuelens coneamns a single, large nucleolus The granules are varr-
able in size, often of gravelik and ladl,

d hout the eytoplasm The never ag-
glutinate with blood plarelets, although masses of agglurinated
platelets are sometmes brought into contact with farge osteo-
clasts during preparation of the film They then give the appear-
ance of agglutination, bur, tn fact, this 15 a purely mechanical
effect Care should be taken to avoid confusion between blood
platelets 2nd  Howell-Jolly bodies or malanal parasites
Figs 173G, 240 ).

gakaryocytes and platelets are in-

er reactlon. The
vamably peroxidase negative

Feulgen reactlon. The nuclet of megakaryoblasts, promegakaryo-
cyees, and megakargocytes are Feolgen posiuve, showing thar
they contain thymonucleic aaid (Fig 21 €} The cytoplasm of
the megakaryocytes and platclets gives a negative Teulgen
reaction. Like the cytoplasm of all other mature cells, 1 con-
tains only punne bodies resvltng from the enzymanc decompo-
stion of noclear substances These no longer give a postive
seaction and are expelled into the cytoplasm when the maturing
nucleus decreases in size

DESTRUCTION

The nucln and cytoplam of the megakaryocytes and
plarcless, unlike those of other speeics of leucocytes, are not
festroyed mmultaneously, nor, as i the case of the erythrocytes,
Joes the destruction of the nucleus precede that of the cytoplasm



Yastead, the nucleus separates from the megakarpocyes nd s
destrucrion follows enher in the haemoporetic eemires themsclves,
or 15 the pulmonary espillaries The remainng eytoplasm esrers
the circulation in the form of blood platclets, which are destroyed
in the blood when therr Funcuon bas been fulfilled.

ARTEFACTS

The cytoplasm of the megakaryocyres and platelers has very
bude mechamcal wrength At the 1ame time, both elements
posscss the capsairy of agsluunanon, and they are therefore more
susceprible 1o arcificial deformation than any other species of
blood corpuscle The larger cell forms, the megakaryoblasts and
megakaryocecs, are more readily damaged shao the small ones

Damaged megekaryoeytes. Even when bone marrow films are
prepaced uriag the mast carefol technique, pracucally il the
megakaryocytes are damaged In some cases, the cytoplasm 1
pulled out s the manaer shown in Figs 181 w0 ¥65, whie m
athers, the mucleus w separated from the cytoplam or the cell
s torn ito several fragmeats A detached Fragment is shown ia
Fig 184D

Agglatlnation. When coagufatron scet in during the preparation
of a blood fulm, the blood placelets agglutinase to farm more or
tess large closs (Fag 574, Swlasly, ta bane marrow films, the
placelers aggh with megakaryoblasts, p

megakaryocytes and detached Fragments of their nuckes and cyto-
plasm. The so-called “platcles-formug megakaryocytes” are
cheeefore agglucinares of megakaryocytes wuh platelets denved
from blood contaminating the sternal marrow Although ic is erve

that the plareless are derived from megakanyosysic eytoplasm,
a3 2 nule they are formed only in the penpherat blood from the
larger decached fragmenrs

Fibein fibres, These are seen arached o the plarelets ia deeply
stamed blood films preparcd when coagalaon i already well
advanced {Fig. 175 A) Otborwise fibrin fibres ase generally
chromophabic

Star forms, As already mentoned, the blood plareless ace very
casly damaged mecbamically, though they are very renstant to

fon The ion of blood films, and
cvea the sumple caverug of 4 raspeasion of blood platelers with
& cover sip, 15 sufficrent to ruprure 3 large aumber of plarelets
and produce star-shaped forms. ), bowever, the suspension is
allowed to dry ia the form of a thick drog, the placelets ar¢ aot
damaged.

Pueado-phagocytosis, Megakaryoeytes and other blood celly may
become superimposed on one another during the prepacation of
blood sad bone marrow films. Morrover, the promegakaryoryter
and megakarpocyres ace large eclls with desp indentasions in
their cyioplasms, in which they readily wap other blood cor
puscles This phesomepon, which is easdy observed ua bistological
seccions, is 0ot a true phagocytons bur aa artefact, though the
smprisoned cells may even show evidence of decomposition, sace
they are unable t excape and graduslly degenersie Howerer,
their substance doss mot pass isto the cytoplarm of the mega-
karyocytes, as would be the case m true phagocytosis such as
extubiced by the monocytes Ths is proved by the fact that the
cytoplasm of the megakaryocytes never gives 2 positive perosi-
Gase reaction, even after dinntegration of unprsoned, peroxidase-
postive. neurrophils



V. Ceilular Elements Found on Marrow Puncture but not Belonging
to the Haemopoietic Systems

Figs 191 to 226

1. CELLS PROPER.TO THE BONES AND BONE MARROW

Tissue with nsoluble tissue
mast cells, heparinocytes), Figs. 188 B, 191, 192,

Diameter: in thick films, approx. 15 #, in thinly spread out
films, up to 25 w. This species of cell does ot normally occur
in human blood, but an exccption has been reported (sec p 19).
A blast cell without granulation 15 unknown, but several granu-
Tated stages of development ean be distinguished. The very young
cells have a single large nucleus with a compact, fine, indistinct
chromatin network; the cytoplasm contains only a few basophilic
grannles There is also a sccond juvende stage in which the
nucleus is sull very large but numerous granules fill the cyto-
plasm (Fig 191 A). In the mature stage, the nucleus is sull rovnd
but 1 small and pykaouc (Figs. 191 € to 192 H). The cyto-
plasm contzins numerous small granules of uniform size, which
show an intense metachromasia with toluidine blue (Fig 192 H)
1f only weakly stancd, the nucleus appears paler than the granu-
Lated cytoplasm (Fig 191 G, 192 F) The mitoses are character-
ized by the marked aggregation of the chromosomes which can-
not be recognized individually (Fig 191 B).

The differences between nssue basophils and blood basophils
are described on pages 9 and so.

“Tissue basophils have not 5o far beea found in normal bone
marrow, but appear in the marrow 1a disturbances of baemo-
poresis, especially in diseases of the neutrophil system. They
ate particularly numerous in essential panmyelopachy (Fig 188)
and also occur 1n May-Heggln's anomaly, lymphatc leukaemia,

and splenopathic dep of the bone marrow.

Vascalar cells (endothehal cells and muscle cells of the vessels),
Figs.193 to 196,

b bane 2 nicow is richly supplied with vesels Conse
quenrly, sternsl martow always contains faicly large numbers of
vaseular cells As these cells are m tissue formauion, they are
generally severely damaged dunng aspiranon of the marrow
and preparation of the film In thin portions of the fll\:n
especialiy, only more oc less denuded nuclel can be scen, aad ie
is then difficult to say whether they denve from endothehal or
When ther tissue relationships have not been
cells are elongated (Figs 193, 194)- I!oln:d

n spindle-shaped if denved from the larger vessels,

l‘):l:‘ !:::mn:e rgund wb:: separated from Amzl'ler, thin-walled
eels, soch as the venous nnuses (Figs. 194 sight, 195, 156).
Whan well spread ont, the pucley have a duameter of 1015 £,
Sete ehromatin nexwork 18 uncharactersstic and rarely concains
e olh, At might be cxpected from chese orupunal tsrve for-
detached eadothelal ells are generally scen lying inmore

e 1 oups. The vascular cells of bone marrow films
or s “g: ’x;du(inguubable from the vascular cells oceasionally
(g 199) e 0 ted From digel blood (Fig 196 aad foom
t;“s::‘uhr il of other organs found 1 touch preparations-

]

muscle eells
discurbed, the vascular
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Stroma cells (fat cells), Figs. 197 to 200

The stroma or fat cells are as widely distributed throughout
the bone marrow ay they are elsewhere in the organusm, and act
as supportung and interstitial tissue. They are the largest diploid
cells and are composcd of a thin membrane of cytoplasm which
encloses a large fat vacuole and is sraversed by true reticulin
fibres (Fig 199) The nucleus may be round or shightly oval
(Figs 197 to 199) The chromarin network has 3 coarse mesh and
the nucleols are not wsually visble. Immediately surrounding the
nucleus 1s a star-shaped zone of polychromatic cytoplasm, while
the penipheral zone 1s oxyphilic. The division between the two
zones 13 less marked in man than in certain animals (g in the
rabbit) A number of pigmented granules are often seen lymg
vear the nucleus The individual stroma cells are connected to
one another by fHilament-like processes to form a network or
reticulum  Since they are the only cells of the hacmopoietic
organs which are joined together in this way and which contain
reticulin fibres, they are, strictly speaking, the only cells to
which the term “retsculum cells” should be applied. The name
stroma cell is 1o be preferred, however, as 1t is more descriptive
of the properties of the ccll and does not ereare the impression
that it is a kind of mulupotent stem cell.

In fibrosis of the bone marrow, such as occurs in rickets,
the cytoplasm is thickened and the resiculin fibres are more
numerous (Fig 200) In cachectic patients, the fat vacuoles are
absent, their place being filled by the swollen cytoplasm con-
taining 2 loose mass of tangled reucalin fibres. This results in
the production of a socalled “gelatmous marrow™ eor “bone
marrow oedema”®

Owing to their pouch-like shape and the almost hquid narure
of their contents, the stroma cells are nearly always damaged
on aspiration of the sternal marrow and in the preparation of
the film The cytoplasmic eavelope 15 tom apart hke a paper
bag, allowing the fat to escape. The collapsed cells, beng
covered 1n fat, do not adhere well to the glass and are readily
washed away or wiped off

Osteoblasts, Figs 201, 202

The ostecblasts are clongated cells, the major axms of which
measures op to 35 # 2nd the munor ams 20 4. The nucleus
may be round or shightly ellptical and the chromaun 1 rela-
tvely abundant with a coarse neework. Ie usually contains two,
2nd occasionally three nucleols, but sometimes only one 15 present.
In thinly spread cells, the nucleoli appear bluc aad of medium
ssze IF the eclls are not very thinly spread, the cytoplasm has
+ deep blue colour and contains 4 errcular, polychromaic zone
of archoplasm at some distance from the nucleus The immarure
forms are small and have clearly visible nucleoli, while the more
matore forms bave more cytoplasm but smaller nucles Mitone
forms are also scen occanonally, the thick chromosomes being



relauvely easy to duungush from one another (Fig 202 B)
The coutours of the cycoplatm are not so sharply defined as 1n
the blood corpuscles, owing to the fact that the osteoblasty are
normally joined togetber 1 the forrs of compace fissuc which is
wra apars in the preparation of the fim

Once the characteristies of the osteoblasts are knows, they
should not readily be confused with plasma cells They may be
recognized by their larger size and by the face that their archo-
plasm 15 sitvated a¢ some distance from the nucleus fastead of
in direct contact with it. Moreaver, tome of the plasma cells con-
tain vacugles, and these arc never present in intact osteoblasts,
A the osteoblasts are ussue cellz and are generally 1o ussue for-
mizias, (it possible that they may be adseaken for tomour cells

Ostesetasts (Howell's polykacyocytes), Figs 201 1o 206

The osteoclast i the largest cell encouncered 10 filme of
the haemopoietic organs, It is a polynuclear, highly polyploid
cell, each muclews being diplod. The chromsta 1 sesaty and
has a sponge-lhe sractare with 2 wefl-defined border. The
mucleus usually contaias a single, clearly visible nucleofur sur-
eounded by a narraw border of chromann, IF the film s Dot 00
ek, the nuchrotus sppears blue Oscassonally, two sucleols 2ze
present The cytoplasm is pale blve and often has & fine, azuro-
philic granulation, thus haviag & cectamn resemblance to the eyro-
Plasm of the megakaryocytes Somenmes, however, 1€ contaiat
groups of azurophulic bodies of vanous sizes, some being very
cotrse These eppeir to be degradation products of bone sub-
sanee {Fig 205) In bone marrow films only fragments of osteo-
clasts are found, bue these may messare op £0 100 4 1o dizmeter
Degending upon the uze of the fragment, the oumber of nuslei

may vary from only 2 few up 10 more than a bundred, The
Targest fragments are thave obtamed oa post-mortem exandnation
whea the cells have become detached from their surroundings
and ase less liable to be torm (Fig 13).

“The number of ostcoclasts in the bone marrow 11 increased
m several diseases of the skeletal system, especially 10 ostestss
fibrosa cystica generalissta (von Recklinghaosen's diseasc), where
she foci contain large numbers of these cells, and fn cereain bone
sarcomas (Figs 107, 208) In rare, rescuve deformmties of the
ostcoclasts, grant nucle: may be found which have faled to divide
dunng karyokinesis, having undergone eadomutosis {Fig 206) In
osteoclase ssrcomas (Fig 207) these cells may adopt the most
bizarre, hous forms, and the atyprcal
mitoses may also be found (Fig, 208)

Osteoblasts and osteoclasts are the cells responsible for bone
growth and are therefore abundant in bone marrow filmy aod
boae secrions from embryos, foctuses and children The bones
of young embryos at fint contain only osteoblasts and osteo-
dlasts Hacmopoesss in the bone marrow docs not begn unol
later, and even then the bone masrow films are found to contain
very large numbers of osteoblasts and ostcoclasts mived with
young blood cells Both types of cell are fare m adults; they
are absent eurely From all extra-medullary haemopoicrie organs
and From mytlogenous metaplasias. The true nature of the osteo~
Blasts and esteoclasts in bone marrow films was for a long
time vnrecogmized The osteoblasts were usually regarded ar
*rerculum eells™ and, owing 10 ther resemblance to plasma eells
and ther nssue formaton, were thought to be “rencolar” stem
cells of the plasma celis The osteoclasts, on the other hand, were
assigned 1o the megakaryocyte sysiem

2. CELLS FOREIGN TO THE BONES AND BONE MARROW

ELEMENTS INTRODUCED AS THE RESULT OF
PATHOLOGICAL CONDITIONS

Temour eells, Figs 209 to 220, 231
1a 15 pec weor of p:nznu fferng from mibgoiok rmours
mesastane romour cells may be found m ihe bone marw Y
are usually easy o recoguize, pnce, beag ussie S A
10 faly Jarge groups, most often seen byng nesr he <8 07
ends of the film Temour eclls may vary goeatly o appear e
and rarely enable the mature of the prumary YOmour €0

P,

Arined curlines and the more Or fess masked pupiiny

19 15 sometimes very &
evoslasm  which forms a ban!

of may a0 ve Wy v =
isunct DU, P 5 ing width ound she
T T

True sympathogonioma ¢
from compact mssue, do mot "
seen 1 bone msrrow o, nos €an the7 he(f::“; e e
calaung blood, They differ 1 s TESpECt

!
A5 (Fig 3325 SR dieee 8
’h‘v; weli-defined border when

eclls of monoblastoms, for, although this it also a locahzed tu-
monr, the cells resemble all other blood eells in having an mract,
sharply outlmed cycoplasm (Fig 213} and 1n finding thewr way
into the penpheral blood (Fig 214)

Metastanc melanosarcoma cells can easly be recognized by
ther dark pigment (Fig 21¢), unless thep are presens in the
leuro-form (Fig  218), when they must be 1dentified by other
chtena.

‘Temour ells in the process of destruction are to be found tn
metaseases contauning xones of necrosy (Fig 242)

In paticnss with metastane tumours, blood From the ear Jobe,
where the monocytes are found n large aumbers, may also con-
tain a few large peroxidase-ncgauve elemenss, nor vormatly
Found 10 the blood These are probably tumour erlls They can
only be found if the car Tobe  not handled before puncrure
Films prepared from the fist two drops are stamed and
cxamined fint under the low pawer, especially at the edges.
1n view of the possibilicy of mustakes and the senous prognons
of malignant rumours, bowever, a posiave finding should not
be consdered sufficient in atself 0 establih a diagnosis, bur
should only be employed ar conlirmatory evidence

Lymphogranuloma cells, Figs. 117 10 210

T cases of Iymphogranuloma, gregarawans obensed by puncs
fure of the affccted lymph glinds contan the charactenstic
gant cells described by Sternberg These are large, bghly poly-

69




ploid elements, the nuclei of which have a coarse chromatin pet-
work and somefimes contain characteristic giant nucleoli of a
brilliaat blue colour, The cytoplasm is often basophilic and
usually damaged. It is sull not known with certainty from which
normal species of lymph-gland cell these pathological giant forms
are denved Their origin may in some cases be traced to gant
chromosomes formed dunng karyokinesis by doubliag of the
parent chromosomes withour subscquent division. This is con-
firmed by the enormous size of the nucleoli and the relatively
coarse structure of the chromatin

ELEMENTS INTRODUCED INTO THE MARROW
DURING PUNCTURE

In its passage through the skin and subcutaneous nissues, the
puncture needle may carry with it cutancous and other clements,
even when protected by 2 mandrin. The most important of these
clements, which may contamunate the marrow specimen, are
shown in Plate 39, Figs 221 to 226, and descrbed in the accom-
panying text as well as on p.1g

VL. Destruction of the Blood Cells

Pp 10, 11, 17 and 18; Figs. 131 above, 180 and Plate 40

The lquefied nucleus of disintcgrating cells behaves in a
manner reminiscent of mercury and forms erther a single round
drop or several small droplers If it 1s very viscous, s¢ may be
distorted and have a streaky appearance Segmented nuclel give
nse to at least as many droplets as they had segments, bue some-
tmes several droplets may coalesce to a single large drop On

- SRR e SN Wb
tertal continues to give 2 dark violet colour with panchromatic
stains, 1t stll gives a positive Feulgen reaction Cells undergoing
di and sull ing basophihic chi are termed
necrobionc (Figs. 131 B above, 180 C, 227 10 231 B, 232); when
basophilic chromatn is no longer present, they are said to be
necrotic (Figs 180 D, 231 C). The destruction of the blood cor-

puscles proceeds in a fundamentally similar manner to shat of
other cells.

In 1 ias, it is not to find biotie and
necrotic forms of young cells, clear evidence that the leakaemic
cells are ynzble to Live and develop Even in blood diseases
which are not of a “primary” nature, however, destruction of
immature cells may sometimes oceur, a5, for example, in the
case of the megaloblast in pernicwous anacmuia (Fig 231 A) Dis-
integratng forms of leucocytes are found in large numbers in
pus. They may also be cbtained aruficially of 2 film 15 pre-
pared from the leucocyte layer of a sample of citrated blood
which has stood for 48 hours in the sedimentation twbe (Fig 230).

The peculiar disintegrating forms found in acute disseminated
lupus erythematosus are shown in Figs 185 and 186 (see also

p1¥)

VII. Artefacts of Cellular Elements of the Blood and Bone Marrow

P. 11, Plate 41, and other illustrations

Mechanically damaged and deformed cells constitute an al-

most inexhaustible source of error in interpreting blood and bone
arrow films.

i The following deformations of the blood cells are those most

fikely to be encountered.

ed cells, When the cells are closely packed, as often
row preparanions and mn thick portions of
may be sufficient 1o cause 2 eeduction in
which then sppear darker in colour. !.:\
essed in this way 1s shown in the top right
:la:!dmtozlelr ‘oofm;irg 143 Even cells which are undoubte.dly ma-
ture may sometimes undergo this type of deformavion {Fig 7t (:1,
b durounting the hypothens that these artefacts are 2 specs

type of wem eell.

Compress:
happens in bone mar
the film, the pressure
size of certain cells,

on. If the nucleas of a mononuclear eel is
ce from both sides and is unable to escape, 2
n Fig 233 A. This type of de-

Steictare foroat
subjected to pressul
nctuse develops, 31 shown ¢
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formation is more common i binuclear cells, a1 the nucles are
readily forced apart allowing the cytoplasm to contract berween
them (Fig 238N). Such artefacts should not be confused with
cells 1o mutosis nor are they a proof of the existence of amtoses

C; Je p! are ily exhibited by all blood
corpuscles (Figs 36 E 39B, 45 B, §9 A, 1355 C, 135D, 236K,
236 L) They occur very frequently on megakaryoblasts and
megskaryocytes (Figs 47 1, 161 to 165, 167) the cytoplasm of
which 15 sof¢ and easily stretched,

When films are prepared from nests of young blood cclls, the
cytoplasm connecuing the regional monocyter with the surround-
ing proliferaung cells may be pulled out to form projections of
the type shown m Figs. 143, 1478 and 179 A

Cytoplasmie Iragments (Figs 33 A, 135 G, 135 D, 153 A below,
134, 134 D, 134 ) Detached fragments of cyroplasm are upually
round Thew ongin can only be determined of they are Iying ia
the vicumry of the cell to which they belong or f they contan



speafic granulation. 1f they are bloc and uagrasulated, shey are
biable to be mistaken for pathological “bluc” biood platelets
Lymph gland prepararions usually contain large numbers of eyto-
plasmic fragments In the case of the megakaryocytes, the de-
tachment of fragments of eytoplasm 1 3 normal physologeal
process which takes place withia the body.

Nuelear profections (Figs 39 B above, 167, 236 K) These pro-
jections connst of chromaun which has escaped from the pucleas
and pencteated into the surrounding cytoplamm They occer
frequently 1 cells which have been ruspended m citrate solation,
and may be exhibited by any species of cell In the megakaryo-
cytes, such aruficial nuclear projections may be mustaken for the
normal pasage of intact muclear subsrance cato the cytoplasm.

Crushed cells. If a cell 15 compressed or distoried beyond the
Lirmits of nts elastieity, the firse effect 1 that 1t 13 merely pressed
flat. The nocleus becomes thim, but sull reains its coherent
chromann structure, and if nucleol are presest thep become
clearly wisible The cycoplasm sull adberes to the nuclevs but
u often torn and forms projections of vanous shapes This
type of deformation may be seen in the young stages of develop—
ment of all the bload cells {Figs 3 nght, 46 D centre, 235, 136)
with the excepion of the Iymphocytes The cyroplasm of the
fatter escapes on the slightest injury and dissolves 1 the sor-
rounding plasma (Fig-234) In flartened mutoses, the crushed
chromosomes appear pale 2nd considerably broader aad longer
than isract chromosomes. Flartened blood cells have been re-
garded 21 “haemohistioblasts”, and are koown as "Ferrata cells”
after the haematologut who first described them The term
“Ferrata stages of crushed cells” is more exact. The eorrectacss
of this descnprion is illustrated by the oceanonal finding of 2
binuclesr cell (“twinmng deformity”) ia which ene aucleus and
the neighbounng cytoplaym have been Flatrened to 3 Farrata stage
while the remainder of the eytoplasm and the othes nucleus have
remained yarace This 15 a rare finding, but very mstructive

TF the cells are subjected to a greater degree of trazma, they
are finally crushed or gorn The detached cytoplasm may be
sull visible in the form of droplets or may become dupersed 1o
the rurrounding blood plasma, Cells wich round mvcles give misc

t round paccher knows a3 “Gampreehl's shadows” or *Gomp-
rechts bodies” (Figs.3, 38 C, 47G, 53, 55 & 67, 88, 92, 144 B,
144 C, 156 A, 195, 234 F) Tt would be berter to term them
“Gumpreeht stages of erashed cells”, The transivon from
Berrata stages to Gumprecht suages is particularly exsy t0 re-
cogmze 1 eells m which one balf of the nucleus has been less
severely damaged than the other (Fig 236 L above) The granules
of crushed eells reman mndamaged, especrally 1a she cae of the
cosinophils, and may be ssen lyuog near the muclear shadow, As
already pounted out, the Iymphocytey are crushed directly to
Gumprecht shadows without pasung though 2 Ferrara stage
(Fig 234).

Crushed puclei of segmented leucocytes form several small
shadows instead of a single large one (Fig 233 B) The nuclel of
crushed manocytes usually contract and adopt a typical boomerang
form (Fig 233 C) The chromann of such zucles 1 consequently
more compact than that of crushed puventle forms of meurrophils.

IFacellss d on one of 3 dif-
feent sizc, the smaller csl] may appear to have beea wgested
by the larger, especrally if the differeace in size is very consider-
able, as in te faxe of 3 megikaryocyte and another lescocyte
The smaller cell, which may be exther above or below the larger,
15 wraally sorrounded by 2 halo due to shnnksge on dryig.
Such haloes should not be confused with vacuoles resulting from
partal & gesmon. They are, m face, parucdlady characterutic
of pscudophagocytonss, and may even be scen surmunding blood
platelets mupernmposed on normocytes (Fig 173) The apparently
ingested cells show no evidence of degeneraon.

Another type of pseudophagocytoss, which occurs withia the
body, 1s exhibieed by the megakarpocytes of the bone marrow
These somenmes trap smaller blood cells in the deep indentations
10 their eywoplasm. The Smproned cells may even disiovegrate,
but are not consumed {sce p 67)

Serslehed eells, Celly are very liable 10 be scrarched of stained
preparavions are cleaned with a cloth or with coron wool on
which ol has been allowed 10 dry. The scratches nsually appear
blue on violet or red parts of the ¢ell (Fig 195}

Vill. Soiling of Blood and Bone Marrow Films

Figs 210 t 326, and ocher illustranions

The saling of blood snd bone marrow films by the presence
of foreign cells, has alteady been discussed on page 15

The followiog are farther possible sources of error whea
eXamuning preparanons.

Charcosl particles and pollen. If films are exposed 1o 2 smoky
atmosphere, they may become coptamuaated with charcoal pac-
ucles These may be eanly recognized by their colour and by
theie sharp comers (Fig 131 A below) Sumdar remarks apply 1o
pallen.

Precipltates of ataln (Figs 16, 152B) When a1 solunon of
Giemsa stan 15 diluted with water, a thin, sndeseent film forms
oo the surface. This film should noc be allowed ro come into
contace with the preparauon nde of the shde, a5 it attaches -
sclf firmly and cannot be removed, Small parncles of precipr-
sate are very lable to be deponted on the borders of the central
depressiops 13 bypochromic  mormocytes (Fig 16)  Larger
precipitates (Fig 153 B) may cover whole areas of the prepar-
uon, euher a3 fime granules, or s connndous wiolet stresks,
Small patzhes of s1ain should ot be confused with blood plarelers,
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Glass defects. (Fig 139 A) Scratches in the glass are very
frequent and are unlikely to cause difficulty, On the other hand,
air bubbles in shdes mannfactured from poor quality glass may
be very troublesome. If they are sitvated on the surface, they
may be open to the air, forming round depressions or grooves
which retain staining solurion and become coloured red or violer,
Small bubbles may thus be mistaken for scattered granules, while

farger ones covered by erythrocytes may be confused with
Howell-Jolly bodies or nuclei. Such defects should always be
suspected if the portion of the shde beyond the film contains air
bubbles. Since the Second World War, mcreased numbers of
defective slides have appeared on the market. As they render
valuable portions of the film unsuitable for examinauon and
photographic reproduction, their use should be avoided.

IX. Blood Parasites

Figs. 239 to 296,

Parasites which are likely to be found in films prepared from

mainly those occurring in the blood, and only their morphological

the blood and h ietic organs anclode spi Tepto-
spiras, malarial parasites, trypanosomes, leishmanias, microfila-
rias, bartonellas and The forms considered here are

as seen in the appropriate illustrations, will be
descrbed.

SPIROCHAETES AND LEPTOSPIRAS

Fig. 239.

The muost smportant representatives of this group found in
: Py

man are: Spiroch P duttoni and

Leptospira scterobaemorrbaica.

(Boerella (Fig. 239).
“This 1s the causative agent of Luropean relapsing fever and is
transmitted by the clothes hice (Pediculus vestimenti). Tts Iengt.h
is 10—20 . The spirals are very fme, and measure 2—3 4 in
length In the natural state, they are very regular, but when seen
in blood films, they are greatly distoreed.

Spirochaetes duttonl (Borrella duttont). This is the causauve
ageat of Alriean or tlek relapstog fever, and is very similar to

5 s Morphologicall

2 the two varieties are
ndistinguishable. The vectors are ticks (Ormithodorus moubata)

Leptosplra fcterobaemorchagles. The causauve agene of
Well's dlsease (swamp fever, Ielerus febrills), Transmitted vo
man by watee polluted by the urine of the water rat (Rattus
norvegicus). The parasite can only be found m the blood during
the first few days of the disease, and 11 best seen using dark
ground iltumination. I¢ consists of a very fine filament, § to 25 4
im length, with very close, regolar spirals which give it the ap-
pearance of a mimature rope The ends are pointed and often
curved over in the form of a hook The parasite 19 highly moule,

MALARIAL PARASITES (PLASMODIA)
Figs 240 10 247.

“The malarizl plasmodia are protozoa and belong to the class

of Sporozoa.
Three specie
falciparum, Playmodium
The parasites are trans:
MOSqUILOLs (Anopheles) Bot
in human Bload, bus the

s of plasmodia ate found in man- Plasmadiur
T alanae and Plamoduum vivax
mitted to maa by certan yasienes of
*h sexual and asexual forms are found
formee axc mespable of reproducion
i e buman body, The ascxusl forms ace known 21
:;::l:onl: and reproduce by schizogony. The yourg schizont con-
biron e, briliant fed mucleus, simated 5 3 vacuole ¢
B by & blue fing. The mature schizont (segmentet) con”
vl v:r:l pucler and, after burstng the red cell w_hx:h it has
ins e ke up nto 3 vomber of free merouoites Thoe
e, b evtes and the cycl begin sgain. The sexual
immade freth o the blood of warm-blooded mrimals arc
forms prothe eytes, the males being mierogameiocytes b
Kown eyt They. remun sacine snl e
¢
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blood contaming shem 15 ingested by a female mosquito They
chen mate in the intestne of the insece and produce numerous
sporozaites (falaform bodies} If a bite 13 wnflicted by the m-
fected mosquito the sporozoutes pass 1to the blood and cause a
new infecnon The different species of plasmodia may be
dustnguished from one another by a number of characteristc
features

Plasmodiom falelparum, Figs 340 10 142 Cavics estlvo-
antumnal malsrle.

The young schizont has the form of a very small ning, the
diameter of which 15 approxmately one fifth of thar of an
erpthrocyte, and hitle more than balf that of the corresponding
forms of the other plasmodiz The segmenters (Figs 240 F, 242 B),
which are only rarely found 1 the penpheral blood, contai
about 16 putler, these Tater develop 1ato the young merozoites
The scxual forms (Fips 241, 243C) have & very charactensuc



appearance. They are elongated, besng longer than the dameter
of an erythrocyte, a0d often crescent-shaped (crescent forms).
The famale gametocyre (Figs. 241 A to 241 C) consusts of blae
eytoplasm, i the cestre of which is the small mucleus sur-
rounded by pigment. lo the male gametocyte (Figr 241D,
241 ), the nucleus and pigment occupy almost the entire eyto-
plasm, which bas & reddusb-blue colour The paranites are only
sightly motde They o not cause as increase m size of the
erythroeyes which they mvade, bot if the red cells are deeply
sained, they sometimes exbibic  coarse, irregutst, duty greyuhe
violet granulation, known as Maurer's dots (Fig 240 D} Mono-
cytes containing stored pigment from destroyed parasites may
often be found in the blood and bone marow (Figs 11y A,
g B).

Plasmodlam rmalarfae, Figs 24, 244 Causes quortan malaria,

The young asexual forms are nng-shaped and of the same
size a3 the corresponding forms of Plarmedum vwwaz, from
which they are indiinguishable Thur diamerer 11 appromi-
mately one dhird that of an erythrocyte (Fig 244 C). They soon
elongate to the so-called band forms, characrensc of this specics
oF parasite {Figs 243 A to 243 D) The aduls schizonts {Fig 243}
enucely £ill the inyaded erythrocytes. They uvsually eontam
only 8 puclei {merozortes) surrounding a central mass of pig-
mens (“dasy forms™) The scxual forms (Figs. 244 A, 244 B) arc
round, like those of tertian malaris, but not as Jarge The
parasites arc less moule than Plagmodium vivax As n the case
of fafciparam, there 1s no nerease in nze of the invaded eryshro-
cytes

Plasmodlam vivax, Figs 245 to 247 Causes ter(fen mafarta.

Plavmodues vivaz 13 the most widely distributed mafanat
paraste It i the only species found in man which causes 3
marked ncrease in size and loss of colour of the nvaded eryshro-
crtes The young schizant {Figs 245 A, 245 B), bas 2 nng shpe
with 3 diameter about ene third that of an erythrocyte T dnied
prepasations, the older schizons adopt 2 great ¥anety of forms,

as this parante, 1n contrast to the other ewo, 16 hghly moude
(hence the rame “vivas") and frequently dnes in bizarte posi-
tions The aduls schizont {segmester, Figs 245 D, 245 E) is larger
than 2 nommal erythrocyte and contamns 2bau 12 nucler (mero-
zoites) Its pigment usually collects in the centre. The yauag
gametosytes have no vacvoles (Fig 246 A) and are more com-
pict than the asexual forms. The adule male gameracyes (Figr,
246D, 246 E) is approumately the same fize 25 a mormal
erythrocyte, bar the female (Figs 246 B, 246 C) is somewhat
Yarger Some of the invaded erythrocytes exkibit 2 very charscs
tensue brihant red granulzuon, knows as Sebilffger's dats
{Figs 245 C, 246 B, 247 B)

Plasmodiom evsle 11 2 vanery of Plarmodism eivax which i
of sdennical appearance but caases the mvaded erythrocytes fo
assume an oval form A further difference is that ¢he schizont
divider 110 poly abost 1z merozomes.

PRINCIPAL MORPHOLOGICAL CHARACTERISTICS OF
THE THREE SPECIES OF PLASMODIUM CAUSING
FIUMAN MALARIA

{ malinz)  Young
forms, small and riogshaped, gametocytes, crescent-shaped.
Erythrocytes of normal size, occasionally contain Maurer’s dots

Plasmodlum malatlae (quaran malana) Schizonts, band-
shaped. Erythrocytes of normal size.

Plasmodlam vivax {tertuan malana) Eryehrocytes gready in-
¢reased in ize, often concan Sthiffaer's doss.

In thick drop preparanions, differenanion 1 mose difficule
than 1n films, as the plarmodia, ke the blood eorpuscles, undergo
marked shnakage

TRYPANOSOMES
Fig 248

The trypanctomes ase protozoa and belong to the class of
Flagellates Four species of trypancsome are found in man
Trypanosoma gambsense, Trypanosoma rhodessense, Trypano-
soma cruzy and Trypanosoma rangelh The forms found in the
bload have 4 narrow body with a central nucleus and are moule
"The flagellum 1s artached to the forward end of the parante and
extends backwards along 1ts body forming the euter edge of 4n
undulauing membeane. Ic ends 1n she kinetoplast which s aruated
near the tal end of the body and stams red, like the nucleus
The wypanosomes reproduce by longirudinal division

Trypagosoma gamblense (Figs 248 A, 2488) and Trypane
#oma thodeslense, These are the cansanve sgears of sleeping
slckvess, o kind of memngo-encephalins The two species, bott
of which are found only s Afrca, 2ce almost indisuoguishable
from one another Climically, however, there 15 a clear disne:

ton between the two wfections, the gambiense nfsction having
2 chronic course, while thoderiense slecping wickness is acute The
parastes vary grealy in size, the fevder forms being on the
average, 26 4 long 20d 1 to 3 s thick. They asc transmureed by
the weese fly (Glossina)

Trypanosoma cruzl (Schlzotrypanum eruzl), Fig 248 C. This
parasise 15 the causanve agenr of Chugas® dlsease, an infection
characterized by amaemia, ocdema asd enlargement of the
Iymph glands, spleen and Liver No symptoms attabutable to
affecuion of the cemral Dervous aystem are observed, The para.
siee 13 found osly s Middle and South Amenca asd 1 trans-
musted by the assasn bvg (Triatoms) Its length vares between
15 and 20 # It 15 shorter than the gambiense and thodenense
parasites but bat 2 considerably longer Magellom and x cleadly
winble kinetoplast.
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LEISHMANIAS
Fig 9.

The Lelshmanla are protozoa and, ke the trypanosomes,
belong to the class of blood flagellates. There are three species
of Leish found in man- Leish donovani, Leisbmani.
tropica and Leush, brasdiensis. Morphologi these are
indistinguishable from one another. They are transmirted to man
by small flies, species of Phlebotomus The parasites are round
or oval, 2—6 # i length and have 2 nucleus and 2 kinetoplast
but no external flagellum They are found only intracellularly
within the monocytes of the blood and internal organs. {these
cells are identical with the “reticulum cells® and with certain
“endothelial cells”) The parasites may multiply to such an
extent that they completely fill the cells (Fig 249A) which are
then very easily ruptured Consequently, films very often con-
tain free parasites lying in groups around the naked nuclei of
the cells (Frg 249B).

Lelshmanla donovanl, Fig 249 This is the causative agent of
Intestinal lelshmunlasls or tropical splenomegaly. In Indua, this
discase is known as Kala-azar, and in Mediterranean countries,
where it mainly affects children, as infantile splenomegaly. The

parasites are found pruncipally in the monocyees of the spleen,
the liver, the bone marrow, the lymph glands, the intestines and
the skin In feverith artacks, they may also appear in the mono-
cytes of the peripheral blood. The diagnosis may often be con.
firmed by the presence of the parasmtes in the sternal marrow.

Lefshmanla troplea, Causes orlental boll (Aleppo boil, Buskra
button, ete) This parasite produces centres of infection beneath
the skin, with the appearance of boil-like eruptions which later
develop into ulcers

L Causes Soulh A !

or cutancous letshmanlasls. This species produces uleers durect,
without the preceding appearance of boils They frequeatly
appear upon the face and may also spread to the mucosa,

The last two of these Leithmama remain localized in the
skin, penetrating, at the most, to the regional lymph glands
Consequently, the parasites may sometimes be found i lymph
gland puacture preparations, and therefore also have 2 certam
haematological interest.

FILARIAE
Figs 250 to 243.

The flarize are thread worms, belonging to the class Nema-
todes. Their intermediate hosts are cerrain species of gnats and
flies When transmitted to man, the parautes settle in one par-
ticular organ of the body, which varies according to the variety
of filaria. There they produce larvae, known as microfllarize,
which, in certain species, pass into the blood and may be readily
detected in thick drop preparations Only the microfilariae are of
haematological interest. They have an elongated body, made up
of a chamn of so-called body cells, contamning clearly visible, dark
nuclei, Taken in conjunction with the presence or absence of an
jntegument (sheath), the number and arrangement of (.he nuelel
cnable the species of filaria to be determined. Approximately 2
dozen different filarize are found in man, but only those specics
whose Jarvae pass into the blood are discussed here

1. FILARIAE HAVING SHEATHED LARVAE
(MICROFILARIAE)

Waochererla bancroltl. Causes Filarlasls baneroftl, This filaria
resides in the lymphatic vessels As it multiplies, the vessels be-
come blocked and this, in conjunction with anfections, leads e
The microfilana (Figs 251, 243B) is sbout 280 &
thick. It is surrounded by 2 sheath and the nuclei
Als do not reach to the end of the rail Itis unﬂ"!
y a¢ mght (hence the old name Falaris

dephantias.
long and 7 #
of the body
found in the blood oxt
nocturns}

filarlasls.

s Iotasls, calabar awellings and ocular

an. Cavies 10 S e fubcurancous tisrues and gives rse 1o
llings (~fugitve swellmgs™), but aot to
nesrates into the antenor poruons of the

Loa I
The loa worm roa
flecting cutancous W)
clephantiasis. Ie often pes
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eye ("eye worm®) The microhilarsa (Figs 250 left, 253 A) 1v 25¢
to 300 # long and 6 to 8 s thick, 5o that it 15 about the same
size as that of Wacherera bancrofts. It also has a sheath, but, in
this case, the nucles reach to the end of the tail It is found in
the blood only during the day (Filana diurna),

Wachererla malayl, Causes Tllarlasls malayl or Deug's fila-
Flasts. The parasite resides in the lymphatic vessels and provokes
elephanaasis ‘The mucrofilana (Figs 152, 253C) is sutrounded
by a sheath and is found 10 the blood only at might It duffers
in appearance from Microfslana bancrofts by the presence of two
nuclei in the end of the tail

2 FILARIAE HAVING UNSHEATHED LARVAE
(MICROFILARIAE)

In some regions, more than 9o per cent of the population are
infested with the parasites Infestation does not, however, produce
any tangible symproms of discase

Dipetatonema (Acantboehellonema) perstans, The parasite 15
found in the scrous caviues of the body The microfilana (Tig
250 right) 13 aboue 200 4 long and 4 4 thick, 50 that 1t 11 rome.
what shorter than the speces previously duscussed, and only
half a5 thick. Morcover, it has no sheath The tail 1 short and
contan nuclei right to the powns. The microfdanac may be
found in the blood throughout the 24 hours

Mansonella ozzardL. The only morphological difference between
the mcrofilana of this specics and that of Dipetalonema perstans
i that rc bas 3 pointed tal which contains o mucles



BARTONLLLAS
Fig. 254

The position to be assigned to the Bartonella m the system
of micro-organisms has not yer been sexeted In certam ropeess,
they rescmble the Grahamelta and Rickettoze

Bartonella baclillformis (Fig 254) 1s the only pathogenic species
of Bartonella found 10 man In sts most usual form the orgsnum
15 a small, delicase rod, 1 to 2 #an length and 02 0 05 #n
wdth, mace sasely w has 2 spherical form, with 2 diameter of
03 to 10 # By Giemsa’s method the organsm stamns purple
The Bartonella imvade the erythrocytes and menoceytes and often
adopt a V- or Y-shape They are the caurauve agent of Carrlén's
disease. The first stage, known as Oroya fever, runs an zcute
course accompamied by 2 high temperarure 1§ wnrreated, death
occurs within 2 to 3 weeks tn 20 10 40 ¥s of the cases Examun-
ation of the blood shows that the erythrocytes are packed with

Lurge numbers of organiums, thus confirming the diagnows The
feverwh stage 11 followed by 2 chrome stage, naually called
verruga peruans, which ses in 3 10 4 months aftee she appear-
ance of the first symproms Verruga pervana is characenzed by
the appeatance of nodular and wart ke eruprions on the skin
The parastes arc seansmitted 1o man by certan sand flies (specrcy
of Phlebotomus), but the infection cannot be sramsferred from one
buman beng 1o another Candn's duscase w wideepread in cereain
parts of the Andes between 2 height of 2400 and 1005
fert Thu region sacludes not enly Peru but also Ecvadar and
Cofumbia The dusease is pamed afser the Peruvan phynician
Carnibn, who infected himself with the diesse in 1885 and
demonstrated the cemmon cause of the 1wo forms Unforrunately,
the experment had a facsl ourcome The causstive orgamem was
discavered in 1939 by another Peruman physican, Barton

BLASTOMYCETES
Figs 2g5 and 356

“The Blastomycetes belong 1o the yeast family and reproduce
by budding
[t Zymo-
nema brasitlenals), This 15 the causauve organnm of Btasto-
mycosls brasiilensis or South Amerlean blsstomyeosts, and 15
the only representative of the genus which 15 of hacmatological
mterest. It 1s generally found in she lymph glands and ws detec
wom w Jymph gland punctare offers & useful means of confirm-

ing the diagnoms 1 doubtful cates The organum u spherical,
double-walled, and varies 1n sze Up 1o 33 i in diameter It it
chromophobic and srongly refracung 1o Lght I the lymph
£lands, the orgamams either oceupy giant celly (Fig. a5y), which
are apparemly hishly polyploid monocytes (f Fig. ty), or
form large groups in the mecrouc turue (Fig. 356) Sometimen
they are surrounded by & ring of neutcophils or eomnophils.
The duscase 1t widely distributed 1n South America, erpecially
1a Brau! The mfecuon wsually warcs in the buccal gamty
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Plate 1

Erylhrocyles: Normocytes and Megalocytes
Stages of development and ditferences In alze and structure

Figure 1. Normacytes: stages of developmans e .. . v - P .

. £ ik magro
pronormobiasts (macronormoblasts, macroblasts (I . - - . P v present
arg: in A, befow, & polychromatic noemoblast, » . .

Bang marrow fdms from children with secondary anzemia and cof

PRLI
8 of normat appearence Pappanheim ataining (1
of the Chifdren's Haspital, Basle)

By courtesy

Figure 2. Normocytas : stages of development {Text on pp 44, 45),
2} Pronormoblast (damaged)
(. b} Macronormablast (very lerge epecimen)
) Basophili normobfasts
d) Polychramatiy normoblasts
&) Oxyphilic normoblasts with nuclege structyrg
) Oxyphitic normobissts with slructurslass ngefor
Also present are deformed Pormacytes

Anzemia In 2 child with normoblasts of agemaf ppearance,
Bone marrow film Pappenheim staining

(Texton p 45} Centre: two Promegaioblasts Laft: twy ba:

re 3, Megal : atages of ¢
Slcgt:zm fight: oxyphilic megaloblast with structureless nucleus. In additlon, on the extrame right 1s "!H!f'\ld meg3loblast Bglgu,
crushed, denuded nucleus (“nuclase shadow”) of a mature megaloblast, So-called “megatoblastic MErrow”, characterigti of un.
el naemia,
'rol:::ric’l’::: ::::m‘la leloru treatment Man aged 65 Bone martow film from ths same case a5 in Figures 4, 250, 2729, 37—-40¢,
40E, 41. 86, 101B, 163G, 1784, 231A, 236K, Glemss staining.

30philic megalabiasts

M n p.45).
Figure 4. stages of ot o > )Bnanﬂc megeloblast
b) Polychromatic megaloblast with two Hawa"—./olry bodies
€) Oxyphillc megatoblast with nucleas Structure
d) Megafacyte with HowslinJolly budy Al pregant grg Megalacytes
and normocytes Polkllacytosly and anlaocytos)s

Perniclous snaemia bafors trestment Bore mareny #im,
. Glemsa staining (From the same cass as Figure 3, ec}
.:ou

1, Blood film Glemas stelning
1t on p 45) Healthy Individusl.
Figurs 5. Normocytes (Te.

ure m fightly eifiptical
Fl 6. Megalocytes (T 45). Some of the magalacytes are siigl e s 1
focytes (Text on p. lemsa ataining (From the same case as Fig ng N
,g ’ o an aged £5. Blood film, Gle:
P fore treatment. Woman ag, [
erniclous enaemia bef

fze of promegafoblasts. The distingulshing 102tyry
ronormoblasts may atisin the s s never reach the o)
e e saruor structure. o1 the muciwun In 1o macropronarmotlasts. Normocyt taeof
bly coarsel
1s the noticeal

megalocytes.



Sandoz Atlas of Haematology Plate 1

Magnificatian 1 1200

Normacytes stages of development
b and macro

3 Megalocytes stages of development 4. Megalocytes stages of development
Two promegaloblasts two basophilic and an oxyphilic A basophibe, a polychromatic and an oxyphilic megaloblast,
megalobfastin bone marcow in untreated pernicious anaemia megalocyte with Howell Jolly bodies

5 Normocytes 6 Megalocytes
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Plate 2

Erythrocyles: Normecytes
Cal! forms In anomalies; reactiva and artifictal morphofegical changes

Figure 7. Complete carrisra of slliptocylasls (Text on p 46) Allthe normocytes are ellptical (oval}
Blood fim Pappenhaim ataining (By courtesy of Dr S J Lestrer, Leysin}

Figure 8. Partlal carrlers of elliptocytosis (Texton p 45) Of the normocytes completely isible, approximately 5% have # more
or less pronounced elliptical form,
Blood fim Giemsa staming

Figure 8 Drepenocytosis (sickle cell anomaly) (Text on p 46) Normocytes, some showing drepanocytosis The sickle cells &
more Intensely stamed than those which are not deformed

The presence of some crenated red blood corpuscles indicates that the formation of sickla cells is not equivalant to the production
of crenated farms

Drepanocytc (sickle cell) anaemia Negro boy Blaod film Wright's stainng (By courtesy of Prof L R.Limaral, Chicaga)

Figurs 10 pherocytes (Text on p 45) of diffarent sizes and with very deep coloration dus 1o the thickness
of the colts

Congenttal hasmalytic [aundice during the crisls Blood film Giemsa staining

Notica the small diameter of these cells in comparison with the normocytes in Figure 5 snd the megalocytes m Figur .

Figurs 11. Hall-moon (crescent) bodies (Text on p 47) The crescent badies are the lorge, pale elomenta They contain no
hagmaglobin and stam pure red
Hypochromic snzemia Blood hlm, Pappenheim staiing

Figure 12. A. Crenated red blood corpuscles (Text on p 46) Some of the normocytes sre crenated These farms are artefacts*
when films ara allowed to dry slowly, cell fluld passes from the normocytes Into the surrounding plasma which bacomes increasingty
hypertoruc o3 drying proceads

Healthy person Giemsa staining Blood him

B. “Burr-Cells™ (Texton p 47) Fivo of the normocytes exhibit a peculian, bizarre deformation, giving tham a resemblance to the
clinging burrg of certain planta, particularly the cells at the top feft and In the centre (Schwartz and Motto [1]} They ere a kind of
poikilocyte, cf Figure 14

troated with Blood fim Papp staining (By courtesy of the University Modical Clinle, Zurlch).




Plate 3

Erythroeytes: Normocytes and Megalocytes

Changes In size and structure; overproduction of immature, non-nucleated elements

Figure 13. Anisocytosls (Text on p 47). The existence of marked differences in size among the erythrocytes Is known as aniso-
cytosis This figure shows and ytes lylng slde by side.
Pernicious snaemia before treatment Blood fim. Giemsa stainlng

Figure 14, Poikilacytosls (Texton p 47) Poikilocytes ere irregularly deformed erythrocytes,
ruptured erythrocytes The paar-shaped form, fike that in the top left hand corner, is frequent.
From the s2me film as Figure 13,

Often they are only fragments of
Anisocytosls is also present

Figurs 15, A. Target celfs (Text on p 46) Thres target cells. An anulocyte and a drepanocyte are also preaent,
Drepanocytosis in a negro boy. Blocd film From the same preparation as Flgure 9
B. Anulocytes (Text on p 47) Normocytes with central depression due to lack of haemoglabin; so-called enulocytes or pessary forms
Hypochromic anaemia in leukasmia, Blood film Glemsa stalning

Figure 16, Central acldophllic stippling in anulocytes (Text on p 47). Antlocytes as In Figure 15 B, but with red stippling around
the central depression,
Hypochromic anasla. Blood film Pappenheim staining

Figure 17. A. Polychromasla (Text on p 47) Two bluish-red (polychromatic) normocytes Anulacytes are slso present.
Socandary ensemia In leukaemia, Blood film, Glemsa staining From the same case as Figure 158,
B. Basophilic stippling (Text on p. 47) Two normocytes with blue, so-called basophilic, stippling
Hypochromic sneemla. Blood film Giemsa stalning

Figure 18. Proerythrocytes (raticulocytes, text on pp 44,47) Proerythrocytes or reticulocytes are elemants which reveal basophific
granulos and filaments g reticutar sub on supravital staiing by Wolfer's method with Hirsch-
feld's hasmolytic stainlag they exhibit & felt-like flocculation The proerythrocytes are the normal. non-nucleated procursors of the
normocytes: as a rule, therefors, they ars somewhat larger than mature normocytes,

Cases of hypochromle anaemia Blood films

Left: Wolfer's stain (see p 27, stalning method d)

Right: Hirschield's stain (see p 27, staining method )
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Plafe 4

Erythrocytes: Normocytes and Megalacyles

Inclusion bodle

ntrence of nucleatsd atages Into blood stream

Figure 19 Spectal forms of narmocytes (Text on pp 43,47,48) A. Normocyte containing amall particles of nuctear dust (chromatin
dust) B Normocyte with Cabot's eing € Twa tetreplold normocytes (normocyle twine). mature stages of manonuclear or binuclesr
totraglod noemoblasts D and E. So-called “siderocytes™, normocytes containing particles which glva a positve Prussian blue
reaction for Iron.

A. Healthy Individual B Syphils i a child. C. Hasmolytc disease of the new-born. D and E. Atrophy or fibroals of the spleen
A. Bone merrow film B ta E. Blood fims. A. snd B. Pappenheim staining C Glamsa stalning D, and E. Grinsberg's Prussian
blus resction (p. 31, stalning method q).

Figure 20 Helnz-Ehrlich bodles (Text on p 18). Helnz Enrlich bodies sre small blue globules which re found In the cptoplasm
of |h- normocytes They usually accur singly
contalning a violst-colaured network, are also present.
Pationt ende sulphonamids therapy Blood fim Nila blua sulphate stalning (By courtesy of the University Madicat Clinlc, Zurich)

Figure 21. Howsli-Jally bodies (Text on pp 47, 48) A. G talning Two of the contaln Howel-Jolly bodies
Tho sbasnce of & halo surrounding the Howell-Jolly bodies, end thelr Romageneays, dack appesrance distinguish Yhem trom super
Imposad blood platslats (ssa Figurs 173)

B ond © Feulgen resction (p 31, staining method p) The raddish-viclet colour Ts glven only by trua nuclear substance (thymo-
nuclele acif) In B ebova ls & normocyte containing s Feulgen-positiva Howsll-Jolly body. which indicstes that these particles elso
conalst of nuclear substance Bolow, for comparlaon, are o segmented routrophil ond @ lymphacyts, whils C. shows some plasma
cells and a megskaryocyts The nuclel only can be seen as they sre always Faulgen positive; the cytoptasm ls always negstive and
thorefsre remaing fvslsible, The blosd plotelsts, Uke the cytoplasm of the megekaryacytes from which they are derived, also falt ta
give the Feulgen reaction [2,3] The erythrocytes show only thelr own yellowish coloration.

A and B Condition following sptenectomy C, Plasmocytoma Bons marrow film

Figure 22. Entrance of normoblasts Ints bload atream In hasmolytic disaass of the new-born (Text on p 48)

8 Pronormablast,
5) Bagophillc normoblasts,
¢) Polychromatic normobla
° ) Oxyphilic normoblast with nuclear structurs,
0( 4 Twinning dafaremty of & basophilc normoblast.
a @ 1) Dumag-d narmoblsst with ruptured nucleus
poaltive new-born with hemelytic di
iaviors Tovate or neonatorum) due ta s th
‘ @ rhasus-negative mother by the Rh factor Blood fim Pnpplnhn(m
‘° ° staining

Figure 23, Toxic basophilic stippiing and normoblusts In blood (Text on pp 47, 48) A and B Two macrocytes with proncunced
basophulic (“toxic™) stippling; in the coll in B. s fragment of 3 Cabot ring may alao ba seen {for a complets ring, * 198).
€. and D, Oxyphific normotlasts with basophilic stippling, the cell In C. contalns u rosotte-shaped nucleus and below Is en elipticst
magafocyte E. Polychromatophilic normoblast.

Perniclous anaemin beface treatment. Blood tim Giamsa

laing

Flgure 24, Magaloblasts In bload (Text on p. 48) Megalctlasts In varlous stages of development.
Parnicious anyemia without treatment {befors the Introduction of liver therapy), prior to desth Blood film Giemes atoining



Plate 5

Erythrocytes: Normocytes and Megalocyles

Immstura forms In perniclous anaemia and elliptocytosls

Floure 25: Magalocyles In an embryo and In a c2se of pernicious anaemia (Text on p, 43) in A and B. and In C. ebovs
ore thras promagalobfasts. The fine auclear etructure is very similac i all three colls Tha size of the colf and the alzu’ of the
auclsus relative 1o that of the cytopiasm are greater In C. and the stsinlag ch ars more In the embryo
megalocyloste Is 2 physiolagical condition, whereas in pavants with 2nzamia it s ical. The
botween the magaloblasts I C. and normal megalablasts are epparently due merely 1o the severe nature of the systemic digsase,
1,0. they are socondary changas Balow are four oxyphilic megalablasts with structureless nuclel. They are similar In every rsspul.‘f:
The megaloblast in C. below contains Howell-Jolly badies, which probably desive from sbercant cheomosomes. The calfa do not give
» peroxidase reaction.

A ond B from an embryo of about three montks. Umbilical blood film Graham-Knall peroxidase reaction.

C. Untreated perniclous saasalz, Bans marrow fim. Glemsa staining.

Figure 26, Oxyphilic megsfoblasts and & normoblast In embrya blood (Text on p. 43), The thres megatoblasts are oryphilic,
the normoblast and the #djscent mormocyte are polychromatic. All the calls have structursloss {disintegrating) nuclel, Indu‘::nlmé
that denucleation Js Imminent. The dilference In size betwoen the magaloblasts and the normablast 18 very marked '

The same embryo o8 In Figures 25A. and 25 B. Cardise blood {dm. Glemsa staining

Flgure 27, Nest of normoblasts and a promegaloblast In untrested pernicious snsemia (Test on p. 45) Nest of normo-
blasts with pi foblast below, The are ly smaller than the Tap feft, 8 it
2 more compact nuclear struciure than the promegaloblast s

Pernicious anaemia before trestment. Bone marrow m from the same cese es Figure 3 Glemsa staning

Figure 28. Polychromatic and oxyphilic normoblasts Iy the bone marrow In untrested pecnlclous anaemia (Textonp 45).

Twa palychromatic and threa oxyphilic normoblasts, ono with basophilic elippling The nucleus of one of ths polychromatic narmo-

Masts has beon partly squeszed out duciag the preparation afthe film, this is an artelact (pseudo-expulsion af the nucleus),
Pornicious snaemia before trestment, Bone marrow fim from the samo case. Giamsa stalning g

Figure 29. Normobiasis In the bone marrow in treated parniclous snsemia. Hest with three basoghilic normoblasts on the
foft ond five polychromatic normoblasts on the right.

Perniclous snaemia 2fter cure by hwer therapy, Bone marrow Him from the same csse as in the two preceding fiqures
Gismsa staining.

Eftiptocytosis. Bone marrow Him. Poppenniim BISUIDY. () Guuisud) wi mis w s s, 838

Figures 23, 27 ond 28 Indicate that in untreated pernicious ansemla the blood and the bone marrow aiso contaly
normoblasts In addition to mege Joblasts.
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25. A B 3
A and B megaloblasts from an embryo In blood,
€ megaloblasts in pernicious 3naema In bone marrow

26 Oxyphiic megaloblasts and a normoblast In blaod
from an embryo

27, Nest of normoblasts and & promegaloblast in untreated
pernicious znaemia (bone marrow)

28 Polychromatic end oryphikc normoblasts In untreated
permcious anaemia (bone marrow)
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29, Normablasts i bone marraw in treated pernicious anaemla,

30 Round normoblasts (n bone marrow in elliptocytasis
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32, A 3] 3
Mitosis of normoblasts A and B prophase, metaphase, telo-
phase C twinning deformity with dissocisted karyokinesis
upper nucleus in prophase, lower In interphase

8
Forr of bin In eryt Detect:an by the
Lepehne reaction A In normablasts, B in megaloblasts

34 A
X A
Tetraplold normoblasts with two diplo:d nucle (tainning Highty polyploid glant pronormablasts
In C there Is dissociated necroblasis A Multpolar etosis with numerous chromosomes of
normal size, B polynuclear Interphase

deformities)
(necrobiotic) nucleus

above, fiving nucleus, below, dead

£ -
£ mononuclea®
shghtly compre’,

4
1 pronormoblasts
Highty polrplold gian clear
© metaghase wih giant chromasomes D manonu By potor
interphase W

th giant nuclealus



Plate 6
Erythrocytes: Normocytes and Megalocyles

Haemoglobin formation: typieal and atypicsl mitoses; deformities

Figurs 31. Hasmoglobln farmation In erythrocytes, Detection by the Lepehns roaction (Text on pp. 23, 44,45, stsining method g,

Teble 29). The stages contalning haemoglobin have olive-green cytoplasm

A Normoblasts

) pronormeblasts (negative),

b) basephilic normoblasts (Positive),

©) oxyphllic narmablasts with nug

d) normacytea (strongly positive),
Angemia fn #n mdult with normotlasts of normal appearence
Bone matrow fim

B. Megaloblaste
) promegaloblast (negative),
1) basephitic megalobtast (posiuve),

g} exyphihc megaloblast (strongly posftive),

f‘ 1) part of » megatocyts (atrangly positive).

[ ( Untegated pernicious anaemia Bone marrow fim,
(By courtesy of Dr K A.Punachel, Arvsa)

In neither epecias of erythracyts da the blast cefls contain the bload pigment The and p '
izsts are tharsfore colourlass fike the leucocylss, and the Lepshne reaction is negutive Only the later, more mature steges, the
basaphilic and contaln

¢ structurs (strongly positve),

Figure 32. Mitasas of normoblasts (Text on p 45} A Basophilic pormoblast In prophess B Left: polychromatic normoblast
In metaphasa Right: basophilic normablast in telophase; the muclear epindle Is clearly visible ©. Tetraploid pronormablast with
two diplold auctel {twinming datormity) and drssociated keryokinesia® the upper Nuclous fs in prophose, the lowse in intershuse

ating nuclous”) — The eytoplasm hes the p mattled of mitosis The chromosomes of the
hormoblzsts arg less sasy to distnguish than those of the megsloblosts, cf Flgures 37 to 41 As In el erythrocytes, the Graham.
Knoll paroxidase reaction Is negative

A endB norma C severs of ery ! film A.and C.Papp: stalning B Greham-
Knoll pororidase reaction (C by courtesy of Prof A. Alder, Aarsu)
Figure 33. Yetraplold normoblasts with two diploid nuctel (twinning deformities) (Fest on p 23) A. and B above* both cells
contaln two Ing nuclel of nqual size C Disspclated nacroblosie in the upper cell the lower nucleus ls fiving. the upper nucleus
Is dood (nacrobiotic) Normally the death of the arythrocyte nuclal dugs not take place unti the stage of the oxyphiic erythroblast
ached, hars desth has accurred much earler, but only In ona of the two nuclel in A, port of the cytoplasm which has escaped

00 Iying near the ugpsr pact of the call In the form of & deoplet (blus pseude-platelet). B Below basophlic normoblast, C below,
macronormoblast,

A Ansemia In 8 child, bone marrow fln B Hoemolytic dissase of the new-born, blaod fim. C. Pathologica! srythropolesis, same
patient &8 Figura 32C, bone marrow him. {C by courtesy of Prof A. Atder, Atrau)

Figures 34 to 36. Highly polyplold giant pronormoblasts and # highly palyplold normocyte (Text on p 23).

A. Multipolar mitosis with numerous chromasomes of normal size. The chromusomas have divided end the Ruclal have doubled
at sach karyokinoss, a3 I3 normally the ruls, anly the cytoplasm haviag remsined undwided B Polynuclysr Interphase (“resting
wuclel™) The nuctel are of various sizes and partly cover one anather ; they are probisbly six In number Smail nuctsoll C. Metophass
with glant chramosomes Tha giant chramozomes have spparently arisen during the praceding karyokinsses as the result of repeated
doubling of the chromosomes withaut division. About 24 chromasomes can bs counted. D 2nd E. Giant pronormoblasts In Interphas,

In D a normocyte s tylng on top of the glant cell (heeudophagocytosis) I F. the guant o
prassues of o polychramatic normoblast

rmocyts has been Indanted by the

PR PR e - . e -
Iha intermedizte stages from glant o glant
—can alag ba obaerved, but are not shown hel

Yta—guant basophitic,

st oryphive




Piate 7

Ep: ylhracyfe : Meg, 9alocytee

Tyolcat and atypicar Mifosey 4 and defarmad Cellg

Flgures 37 o 45, Mitoges 2nd def, rmlh! of meg, nbl 2t on Pp. 23, 24 45. ) e rofe; loua an emla beforg gurmgn:.
Bong o Mm!la o 0 Casey g 2 staining pyg,, sa7f 39 00 w0, and 41, ™ the 0 as F‘D o,
F:gure 4 oM the same €359 a5 Flgurg 6,

Flnuru 37 end 3g, Typical frltoseg ol diploid Megaloblagty At Basophy 2g2lobla sy Polychrgpy, t': M0Galobiagy
e( Onspirem), g Mataphas, @ (monastey) - 3n2phage (diastory gy earopha ™ (d:smram) add: ro polycf mm,m_-

rnegaloblast s visibig ln B.ang o Gum, mprachty o shadoy alu Crushag mequlablastl To e Noteg 0 the @ larg, tha 85t

f the Metaphasg, @ B, ap, d the very smal hots the diaster of the a03phagge C.

Flnures 39 ang 40, ln!erph 23 (ro. Testing phasu") and Mitogge of Polyplory rnegaloblu!a
Inferphage Crasting phass") of 3 totrapyyry Megaloblags with i diplopg Nucler, (g 1q the prog,

o o
to b lnlerpre!ao‘ 23 evidengy of 2mitosts In dd: on d:p old baa M sgaloblﬂs}s Can bhg Soen beloy ing, and
Figures 39 eng 49 show thay Multinyclgy, ‘Mitiey ™ Blypicat Mitogey and ney from BMmitogeg,

Figurg 41, A2 Atypicat Mitosls of 5 megaloblagt with g e aber, mosumaa, Len, alocyte with 4
bodies. Polychmmatlcmegalnblast ith tg nycre; an wall-\lallyb oies Th. fottor agy ,, rob u, e rom, e
8Omes whigy, 9 longer Capabla of i, dapundunl or karyokin, n03is ang COMS trang, Horm, 0 the ,,"mbm"
Haws"-JuIIy bodres,

® How, alwally
Inb Ortant g,

Figure 43, Me, “023loblasts 4, d a ufmnh"obl 23t (Tabtey 5 7.8,9, 43} 5,/0 romega, Vn s wiy totcar s
mesh, fing, radia) p nuclear Slructypg Top right, peyt, *Ophiloblagy (m Iablast cl phlhc Sarieg) ﬂwnnh, Nnvnlura
Joar gtpy, Voture fn " &ddition, the top left-hang l:or or is a p, 0philic me, 2ga) !abl s! wlth 2 matyey nautraphmc myel, P

Rucloar 812 naytrg and i h ba M Fight.han, COrner, pany of 3 Monacyry
IS flgyr darnons!rulas the Structura) d:'leranras betw, " the p m galablusu end stom cells o ong pectes of luucae,m,
Pernicious 3n26mia befors freatmeny Bone m, marrow ﬁlm Glamn
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39 A B
Tetraplod megatoblasts with two diptoid nuctes (twinning
deformities) A in Interphase, B In prophase

w0 C D €
The same C In metaphase, D in anaphase,
E megaloblast with five nuctel

“ A B
Megaloblasts
A stypical mitosis with aberrant chromosomes,
B twinning deformity wish Howefl-Jolly bodies

42 Megaloblasts and one neutrophifcblast In untreated
perniciovs anasmia (bons marrow)
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Plate 8
Anaermia In rats fed on a det of cows’ milk snd semolina; ro3porse to treatment with Ferro-Calclum-Sandoz,
Above : hasmoglobin curves Below maceoscops Prussian Blau reaction on vanous organsof treated and untreated animats,
0% Hb Haemaglobin 1n g ¢4 ——
19 //\ 7T Normatdiet /
4 M N
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T .
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I / controls
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e g Liver
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Plate 9@

Leucocytes: differentiation of mature elements and stem cells

Figures 43 and 24: mature leucocyles

r Ying wib evpultita ¢ B T T
granules of uniterm size )
f'lglv.:'rgrlﬁpl‘ 1e0e »ith baso "n .E’Y.‘.‘.'n n in normal me‘ui Hims: monocyles, lymphorytes, plasma ceity
[ - L. . Coa L VO
normal fymphocytes. o '
Figures 45 end 47: stam cells of leucocytes (myeloblaste) {Text on p. 42, Tebles 7,8.5)
. . e - P . - . . . .
8, 803 C, sbove; eosinaphilablaats. B. Large specimen with dark blue eytapiasm and & largs, ch if d nucleofus beneath

the hight pateh In the nucleus. Small, rouad, achromanc dots can ba seen In the nuclaus snd cytoplasm € Small, flattaned specimen
containing fat vacuoles, lsolated achcomatic dots and 2 large biue, glstening aucleatus. Sea also Figures 61, 67,

D. top 20d battom: neutrophiloblasts Round nuclel with fairly coarse structure: the chromatin fibres are fong and the nuclel
caatain several bive nucleoti, surrounded by denss chromatin dorders. Left centrs: ffattened neutrophiic promyelacyte It, Right centre
segmanted nautrophil, See also Figures 71, 88, 89, 5.

G. cantrs: fymphoblast Cosrse, lumpy aucleus with a distinct, blue rutleslus Belaw la a iymphocyts with cytoplasmie projsction.
A e e twa naled iymphocyta nuciel end & roond, dotochad fragment of cytaplasm. To sach a1 the crushod Fmpboostos s
amail pucieolus has becoms viaible, See aiso Figures 115, 133.

H abova* twa plasmoblasts, Dark cells with round nuclel, having denss, Indistinct chromatin networke and no visible aucleoll Tha

- LT S S S
; ) e 4 = am o som - - P

L. LT ey R
appeacance, slthough same of them are from leukaamic patients Apaet f -
fivent nuclsal, the basophiloblasts in A may 4130 be Considered oy bo et Loty
appearance.

Figure 48, Ditfsrentiation by mesns of Unna-Pappenhaim stalning (Text on 564
A a)three b} g ¢) theea
mystocyla, e) immature neuirophid
8. Plasmacyte The cytoplasm Is filfed with Ruasell bodles end th
18 Just visible on the margin a1 th haft. ' gresn nucleua
The intense red coloration is glven not only by the cytoplasm of the gl
158 b the Puasell bodies bt 2100 by the cytoplasmn of (he normesieres o ma Solle
S e P - .. .
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Plate 10

49, A 8 c
Graham-Knoll peroxdase reaction.
mature leucocytes In blood and bone marraw

s0.
Graham-Knoll peroxidase react.on .-
monocytes and neatrophils

Negative Graham Knoll peroxidase reaction of stem cells

(bone marrow)* A neutrophiloblast, B monoblast and
promonacyte, C macronormoblast .

EN

83. Modification [ of the peroxidase reaction

arrow
Positve peutrophils and sosincptils

s2. A B
A Modification f of the peroud,

c
asa reactign
-« U monocytes negative B and ¢ moddmahu(: ﬁ”:?

. eroxidase reaction onf,
ction only eosinopiils pogitisg
oA
‘,.:’i
>
e
I oo
S
VA
3
marraw



Plate 10

1 tes: Differenfiation of § yies with the peroxid reacti

Figurs 49. ham-Knalt p reaction with [Textonpp 28,29} The perarilase-p parts vary from
yollowishgrosn 4o brown A abovs: sirongly pasitne segmentad eaznsphil A helow wsgmented Basaghul with a few positve {greyiste
brown) growdes B shova, T above, and D. abave: five strongly gos-hiva nauteaphils at varipus stages of matumity B, below: negative
Jymghacyte T below: pagative plzama el D, below, positive monbeyty

A8 and D, Bloed (dm C. Bone marcaw &l

Figure 59, Graham-Knelt perosidass reaction with malure feucacyles {Texton pp 28,20) A, sbovs snd boftam fel: two
strangly positwa segmentsd neutraghds Centre: lairly strangy poaiues monacrte Bottom right, weakly positve manocyta B, Thres
postive sagmented neutrophily and 2 nagatve monocyte.

Healthy ndwiduals Sload fims,

3

VA4 eaaes

Flgurs 61, Negath b , ction of stem celis (Text onpe 99

positive sogmented easinophd B Adove: negativ = "

nagauve macronorsaobiast, The few perttfasa, » »le

from a crushed aqsnophd Ahove. two negatively v en fe
Bona marraw bims Graham-Keoll paroxidase =o» +

As Figares 49, 50 end 51 ahow, the Graham-Knolt peroxidase reatiion Js usunlly strongly positive In scainophils and
nevtrophits, varies from strongly positive ta aegative in manocyles, ta ussslly negative In &loed baxaphils wnd slways
negstive jn the meg: aystom and in and plasma cells, AN specion of stem colls (blast
calls) are puroaidaze negative

Figura 62. Special modifications of the paroxidass reaction (Teat pa nn o0 0%

A Moddlcatiun U of the pecoxidase rgss=e * + @ ¢ v * et e e e -
B poa =8 0 -

. . e e s e e s e
se v we PR cie e . .
EN [N . . e e e e e P

‘ . S e e e .
Unlng Lolthe rasction, cin ba Weatified with cartaunty, becture thoy ive & nepstne

freaction whereaa the neutrophlls, with which they sre most iable to e contused, resct positively
Modification 11 eneties the eosinaphis 10 be Mentifled with certainty 33 they are 4hw iy velin which give & positive
lgeeen) roaction.

Figure 53 Modiicatian 1 of the garoxldaes reaction In normsl bane marrowe (Taxt on pp 28.29), All sfemaats give » strong
posinve teacton Khova bt nsutrophils, the two Jarge onbs on the Aight being promyelosytes Balow  twa segmentad eusinophiis
Ia addilinn, part of & ceushed aucteus {Gumprechr'a akadaw) may he sedn at the extreme tag

Meutthy tndiiduat Bans marrow him,

Figurs 54, Modifization) of the poroxidars reaction In thy bane marcow In agesnilocylosis (Text on p 23) The theee

parandase-gasitne graen. colle are nevtrophdls, the aua Below on s foft baing 2 p Hevtrohits wibititing peroaids

failura were nat prasant, go that the thres percxidzae-negative calls must de monoeytas Top centre’ threa blood plateleta
Agrenulacytesis with menouytosts Bone marrow fim

It certaln disanuan, such e agranvlocytosts and teukaamia, in which atypiest calf Sorms sra presant, the Mentficstion
of monacrtas may be ddficul, sepacially in bone macrow fiime la thaaw cases, the ppesraace sione Is ned sufficient
o anable the celis 1o be Idanbfind an monoeyies; they must aiso give & nagative result in madification | of the peroxidass
roaction and the presence of neutrophits axhibitieg peroxidase-fallere {55 2857 snd Figues 24} must be #xctudnd,
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Plate 12

Leukocytes: Eosinophils

Stages of development; anomalies; reactive and leukaemic changes

Figurs 61. Eoslnophlls: stages of develapment (Texton p 50) A befow sosinophiloblast with farge nuclaatus, the vialet colour 1
due to tha covering of chramatin A. sbove 2and B below . eosinophiic promyelocyte I still exhiblting achromatic dots but eontaming
some specific grenclation B above and C  easimophilic promyelacytes I with azurophilic progranulation and definitive eosinaphilic
granules Achromatic dots are na longer present.

Werlhof's disease with no quaitative changes in tha eosinophds Bone marrow film Pappenheim staining

Figura 62, Eosinophils: stages of devalopment (Textsnp 60} D 18 with tes locatized
i the centre and a fow dispersed azorophii granules E. Sem-matare sosinophiic myelocyts with eosinaphilc and azuroghilic granles
F. bottom left mature sosiaphiic myelocyts Right luvenlle easinaphil Above. basophilc pramyelocyte L The calls In F, are
“micro-forms” obtainad from a ase of chronic myaloganous leukagmia with very marked proliferstion

D Lymphatic leukasmia, E. hasmolytic disease of tha new-born, F.chromc myslogenous leukaernia D Bone marrow film, E.and F.
blood fims, D and F Pappenheim staming E.Giemsa staining

Figura 63, Normal segmented eosinophils in blood (Text on p 51, Tables 6,10, pp 41,51) Mature sostnophils The mafority contaln
two pouch-shaped nuclsar segmonts, a typlcal feature present in 80% of all normal eosinophils A abave: elongated staft-form of
aosinophil C below eosinophil with thees nuclear segments

Blood fims with normal eosinophils A and B Pappenheim staming, C Giemsa staming

lopping Pernicious anaemia (Tablo 10) D Two “towc™ semi-mature eosinophiic myelocytes with numerous azurophilic and @ faw
eosingphilic granules Lymphogranulama In a six-ysar old chid From the same case es Figures 65 and 69 € (By courtasy of the
University Paediatric Chime, Zorich, cas reported by R F Landolt [9])

Blood fllns A, Perondase reaction, B and € Giamsa stalning, D Pappanheim staining

Figure 65 In the blood In lymphog (exton p 52) One staff cosinophll and elght eosinophile with medium
segmentation I addition, a Juvenile neutroptul can be sean below on the lst

Blood film from the same case 2s Figures 640 and 69C The blood contained 122900 leucocytes per cumm, 90%%5 of which were
sosinophlls

Figure 66 Immature eoslnophils In the bload In myslogenous levkasmia (Textonp 52} Eosinophilic promyelocytes | and I1 As
I ususl, the granules of the eosinaphila not only surround the Auclal but also lie above end benoath them

Acute myeloblastic phase of chronic myelogenous leukaemia From the same case as Figures &6 B, 64 A, and 89 Blood film
Giemsa staming (By courtesy of the University Medical Chinc, Zurch)



Plate 13

Leucocytes: Easinophils
(Concluded)
Leukaemic changes; mitoses and abnormal cells

Figurs 67. Eosinophllic lsukaemla (Text on p 62) Blood film Centre: group of five Intact cella Left: sosinophiloblast Above:

eosinophilic promyelocyte Below this are three eosinophilic myelocytes end, on either side, 2 nucleus from & crushed eostnophilic
p the azuropl and granules from which ere scattered In the vicinlty

Girl aged 18 The blood contained 80,000 leucocytes per cumm., 71%, of which were eosinophils This figure comprised £4°%/;

hilic pr an and 17%, 1s. The remalning 29% was mads up of 13%, neutraphils

and 16%, lymphocytes. Pappenheim stalning (By courtssy of Dr. A. Piney, London [10]).

Flgure 68. Eostnophitic leukaemla (Text onp 62) Bonsmarrow fim. hille pi and mysl: g vacuoles,
The vacuole In the promyslocyte et the bottom right is the largest and almost fills the I Red or granules
{rom crushed sosinophils are scattered over the entire preparation.

From the same case as Figure 67, The bane marrow contalned 97% 949/, belng pr end myelocytes, and 3%,
staff forms and segmented easinophils. The remaiaing 3%, of the cells neutrophils, and F

staining {By courtesy of Or. A, Piney, London [10]).

Even In bone marrow films prepared from hsalthy Individuala the eosinophils may exhibit Jarge vacuoles. These
vacuoles contain fat released from stroma cells damaged durlng marrow puncture. The fat Is taken up by the eoslno-
phils and stalns with Sudan I11. This property Is evident aven In eoslnophlloblasts, see Figure 45C

Figure 69. (Texton pp 51,52). A. In teloph The ¢ of the ohls ra thick and
aggregated  Left, a staff eosinophil : above, a pr 11; below, a B. Tetraploid eos! b
tto with two diptold nuclal (twinring deformity) G, Tetraplold eosinophll with two ssgmented diplald nuclal, the mature
stage of a binuclear myslocyte Lke that shown In B Above: segmented eosinophil of normal size

¥ Healthy Indwidusl, bone marrow fitm, Giemsa stalning B Chronic myelogenous leukaemia, blood fim, Pappenheim staining
€. Eosinophilic reaction, blood fim, Pappenheim staining

Figure 70. Highly polyplaid segmanted eosinophils (Text on p £2) A, Eosinophil, probably octoploid, with four segmented
dlaid nucte of convoluta structure  Also prasent are some atypical neutrophiloblasts B Jurenls polynuclear eosinophil, probably
Teplld (. Figurs 1068 showing  neutraphil 1 the same stage of development with a simllar dagres of polypleidy) Close to the
nucleus, below on tha right. Is & vacuole

Boaciive or primary myelasls In tuberculosts. From the ame case &5 shown in Figure 105 A Bone marrow fim, Pappenheim
staining (By courtesy of De. S J Leitner, Leysin)
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Sandoz Atlas of Haematology Plate 14
Magnification 1:1200

71. Neutrophils- stages of development 72, A B
ohiablast, p 1 and 11, semi-maturo Neutrophils« stages of development,
myelocytes and mature myelacyte. Myelocytes, metamyelocytes, juverile forms, stalf forma,
segmented forms,

73. A
Neutrophils : stages of development
Juvenle forms, staff forms. segmented forms.

7 8 4 76 A B
" Regenerative 351 (shi8 to the left) cf neutropt 1 Granulation ol nautrophils in blood Giemsa staining,
puclet in blood A ehron® pulmonary tuberculos s A no granuletion B scanty and medium granulstion,

1h Doeble’s inclusion bocies € medium and excessive ( toxic ) granulation.

8 and C pneymona, »i



Plate 14

Leucacyles: Newtraphils

Stages of devaiopment and reactive changes

Figures 71 21 74, Neutrophile: Stages of development (Test on p 53)

Figure 73, ¥ R = wa"  Figure T2, =) Maturs neutrophiis myelocytss, b nevtrophific
2} neuteoghi. - s o e matamyelacytes, ¢} Juvende seutrophll, d) stalf ceutrophid,
myslacytes, @+ - .. ) sogmentad nautroph, ) camprossst basophibe parmobiast,
Vlasts, gleden =+ ..o - ) pastel s &
shadaw)
Figura 73. R0 o . . - - 89 form. Als present are tea exyphilie
pormat v 4w m . “ e -

Figur ¢ .. . - . e e,

Figurs 4. A, svove:
nautrophils (one on
Tha Begmentact
Regments

AHedlrg ¢ e

ssgmentsd nevtrophd  Befaw. 1§ peutraphl with nn goe-

it 8bave, two oA the s>l s 14 enn v ne ' aa 4
DU A .

T

Figars 75. “Shift ta the JeH™, or regensralive shitt, aftucting the naclel of the peutrophils In fha ter ' =y )
A, Chsorie puimonary tobercutosis (Teble 13, p 54} Thees $1aff nevtrophits at 4a we . - . . Y
indicates the prareace of chromic nflammse=s £+ % .. - e e .
chromati=n IS0 W - e e e N th eea s
boosm e s - « o ..

t .

Figure 76. Granulstion of the peutraghlle In the blood: Blemsa stalning (Text on gp 27.56) A. Neutroghlls without granulation.
One 15 & 812 farsn, 0 twd a1 Segmentad (theee and fvs Segments tespectivaly) B Thron sagmentad nautroghls. The uppermast
ona has scasty granuiation (), the oiher two madum granulation C+) €. One ataf form (extramn right) 20 G segmentsd
eeutrophiia Tha uppermost celf has medium pranlation (44, the other Swo profuss, xo-calied * toxie granulation® {44+

A and B. hagithy lndvwiduat C putenonsry geageana Elacd fims

The gresanca of “laxic” granutation san be sstabiished with certalnty tnly whan slmpls Clemas 2talning 1s uaed,



Plate 15

Leucacytes: Neutrophils
(Continued)
Hereditary familial anomalies and reactive chenges

Flgure 77. Pelger-HuBt's anomaly In man (Text on pp 54,55, Tabla 12).
A. Homozygotic form. Two mature neutrophils and 4
A Homo: u i nd two mature eosinophits, all with round nuclel composed of very coarse, lumpy
Blood film from a two-yesr old girl suffaring from epilepsy but atherwise norma! and in
i good health. Both parent: bit
heterozygotic form of Palger-Hudt's anomaly, the only conds vnder which a h indwldual ¢ould b:apr:d:c:?, T’r:s";:
the only casa so far known. Peppenheim staining (By courtesy of Dr. N. Haveckamp Begemann, Leyden {11]) '
B, Heterozypolic form, Three Pelger neutrophlla: above and below, segmented form; centre, staff f 3
has the highly characteristic pince-nez form [12] ’ orm The cal ot the battom
C. Partial carrier form, Above: normal neutrophll with medium Below* b: Pelger I having
characteristic pince-nez form. In contrast to the nuclel of normal peutrophils, the nucls! of Palger catl: o
chromatin, end have a coarss, lumpy structura {13] por clls 27 short, thick end flch in
B 2nd C. Blood films from adults, Glemsa stalnlng,

In practice, the heterozygotic ife

Is the most Imp t, since noarly eif Pelger individual

e hetarozygotic.

Figure 78, Pelger-Hubt's anomaly In rabbits (Text on pp. 54, 55, Teble 12)
Ll a e i SN

A, Momozygotlc lorm, F'> st # dmanhife bl o . 2y - e
not segmented, but withi = = B P . . st
B. Heterozygotlc form. .- . - .- [ an. .

C. Partial carrier form. * .2 = = - - -, e P ' . . .

pince-nez form [16]
Blood films from rabbits exhibiting various forms of Pelger-Hudt's anomaly, Pappenheim staining (A By courtesy of Prof, H. Nachts.
heim, Bertin} T
The neutrophlls of rabbita have a marked hi hil , & secondary featura diff
he neutrophils of man. @ them from
Pelger-Hug's anomaly hes Identlca) cheractoristics In man 8nd In rabbits. Sacondary quentitative ditferences may
be seen from Table 12, p. 55. The anomaly sffecta not only the neutraphlls but it species of biood celts, However,
a# the changes sra most noticezble In the neutrophlis, this specles has been chosen for the llustrations, '

Figure 79, Pseudo-Pelgercells (Text on p 65). A above, B, und C.: two staff nautrophils and e blsegmented neutrophit
{plnce-naz form) Yhess cells bear a great ressmblance to true Pelger phils of the ygotic type. but tha ch 4

aggregates are smaltar ond less sharply outlined A. below: unchanged, normal staff neutrophll, The cells contaln Doehis’s inclusion
badiss and foxic granulation, svidence that a severe, aculs infection Is prasent.

27 year old patient with severs enteritls. The blood contained a high percentage of Pefger-iike neutrophily (45, of alt neutrophiia)
After recovery, only pormal nautrophils wers present. Pappenheim staining  (By courtesy of Dr. F Heckner, Tbttingen [16)),
D. Neutroghils with round nuclel, resembling thoze of homozygotic Pelger Hudt's anomaly. in & rabbit with the hatecazygatic form, after
Intravenous Injection of colchicine The nuclel have & coarss siructurs, butare not Iragmented and are more voluminous than fn r;bmu
with the true homozygotic form of the anomaty, while the mutteus Is larger in comparieon with the cytoplasm, ¢f Figure 78 A More-
over, only soms of the neutrophlls have round nuclel Tha phenomenon I8 most pronouncad about 12 hours after ths edmintatration
of colchicine, 2nd tizappears again in approximately the sams fime. Pappenheim staining (By courtasy of Prof H Nachtsheim, Bariin (17])

Flgura BO. Hareditary hypersegmentation o? nsutrophil puclsl (Text on p 56) Thres nsutrophils, esch with four nuclesr

mants {Table 11, p
“?{uallhy dult showing the anomaly {5} Blood fim. Glemsa ataining

Hypersegmentation of neutrophll nucle! In perniclous enasmls (Text on p 57) A. Neutrophils In pernlclous snaemis
(Table 12, p 54) B. Cryptogenic perniclous anzemla (Table 11, p 84). The neutrophils contain hypersagmentsd nuclal,

‘A faft, there s & target-normocyta (cl, Figure 154)
ainlng (A. By courtasy of the Unlversity Pelicfinic, Basle).

Figurs BY.

of pregnancy

{w £dddon, In
Blood filme. Pappenhaim st

tation of neutroghil nuclel (“shift to the right") In aepaia (Texton p 57 Tabie 11 p 54).
the nuclel, an extremely rare resction tn infections
m. Pappenheim staining (By Courtasy of the University Polictinic, Easte)

Resctive hypersegment
th hypersegmentation of
£ :?d\ ghlegmon of the chest wall Blood fir

Figurs B2.
Heutsophds wh
Moribund #d
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Sandoz Atlas of Haematelogy
Magnification 1:1200

Plate 16

83 B, 84. Immature neutrophils with excessive granulation in the bone

Neutrophils and monacytes: marrow In agranulocytosis (“taxlc marrow”)

A.in the bone marrow In agranulocytesis.

B in the blood In preumonia,

[
) < 1 .
? ' - '
X

85, [ 86

. A B
Patholagical neutrophils in the blood

A vacuclated neutrophil, B giant metamyelocyte in

myelogenous leukasmia, and C.in pernicleus anaemia.

B
Glant metamyelocytes In the bone marrow in pecnicious
anaemia* A

C basophilic

A
or Neutrophilic promyelacytes 11 with Aver 8 rods

1n leukaemid

88. Acute myelogenaus leukeemia with sma'i neutrophilabiasts
(micromyelotiasts) Blood



Plate 16

Leucocytes: Neutrophils
{(Cortlnyed)
Comparison with monocytes; reactive changes; pathological forma; leukasmias

Figure 83. Nevtrophlls and monocytes (Textonp 57) A. left- two neutrophiic myslacytes with profuse taxic granufation Right
two considerably smaller monocytes  baing from a thicker portion of the film thay were unable ta flatten out In thelr vsual manner.
B Two staff neutrophuls (below) and & manocyte with a aimilarly shaped nucleus The manocyte may ba distingulshed from the neutro-
phils by lts blus cytoplasm, which shows up perticularty wall with Giemsa staining and by the looset structurs of tha nuzleus,

A Agranulocytosls, bons marraw film, Pappenheim staining B Pneumonta, blood film, Giemsa staining

Monacytea of the bons marrow may easily be confused with and In tha tlood,
monocytes with deep nuclear Indentations mey be mistaken fr luvenils or stoft n.mnphn., cf Flgure 444

Figure 84, Immature neutrophils with profusa granufstion In th- bone mlrrovt In agrenulocytosts (“taxic marrow™ pp 16,
27, 86) Neutrophils with profuse, toxle granulation (+++) Two ytes, two mature myel (almost meta-
myelocytes), four juvenile myelocytas and three ataff forms

Agranulocytosls In the recovery phass Bone marraw film Weak Pappanheim staiming

Figure 85, Pathologleal netrophils fn the blaod (Text on pp 16, 66) A.Vacuolated neutrophi] with staff nucleus, the two ends of
which have become . B and C. Glant P! ths one In C. contalning an Indistinct
vaculs In the uppor part of tha cytoplasm,

A 20d B Chronle myelogenous leukaem’a, Pappenheim staining C. Perniclous anasmia, Glemss staining Blood film.

Figure 86 Glant metamyslocytes in the bone marrow In perniclous anasmia (Text on p 16) A. Two giant noutrophillc metamyslo-
cytes B A glant eosinophilic metamyelocyto, for comperison C A glant basophific fer, Alsop .
harmat basophil and a segmented neutrophil The nuclel of the basophils show the characterisic reddish ingo

Untreated peroiclous anagmia Bone marrow film Giemaa staiing

Glant metamyelocytea era very often observed in perniclovs anaemia, but they may alss occur In other dises:

especiafly In other types of anasmia and In myelosis (Figure 85B) They 2re the precursors of ths corresponding
hypersegmentad cells.

Figure 87, Neutrophlllc promyelocytes II with Auer rods In feukaemia (Text on p 55) A Two neutrophlic promyelo-
cytes, the lower cell containing normal zurophilic progranulation, the upper one azurophilic noedies, the so-caflod “Auer rads
B Noutrophillc promyelocyte I with Ausr rods I addition. normocytas with central depressions, so-called anulocytes (cf Figures 158,
and 88),  symptom of the concarmitant hypochomic nnuam)a

Acuts leukamia with 11, Pappenheim stalaing 8, From the same
»s Flgures 91 and 92. (A. By courtosy of the Unlunlty Medical Clioic, Baslo B By courtesy of the Unlversity Medical Cllnle, Zurich),

Ausr rods are found only In nevtrophilic promyelocytes and only In leukasmic patients.

Flgure 88. Acute myslogenoua leukaemia with of amall (Text on p £6)
Neutroghilablasta, the majerity of which are small (upprexlmnmy the lln of an erythrocyte} lnd conslst of almoet naked nuclel Thiz
Te due 1o tha Iargs number of cella and the acute character of the disease An abrormal feature Is the presence of only ons or two
aucleall (patholaglcal reduction in the number of the nucleoll, ase pp 43,63), In the majority of cells no nucleol at ell are vislbfe To the
right of the centre fa & 1 azuroptilic pr is prasent In the nuclear indantation end
the nucleua contains a large nucleolus, probably produesd by the fuslon of several nucleoll of rormal sizs The presence of typical
nsutrophillc promyslocytes 11, | e, of other more nearly maturs neutrophlls, excluded a dlagnosls of lymphatlc leukaernia Such
can 8lso be distingulstied by the fact that the granulated stagea glv ltve poroxidase rezction whersas the lymphocyt
nagative In the top right hand corner Is & cell In mitosia ond below, a Gumprecht's shadow fram a neutrophiloblast. Anulocytes ars
alao present.

Blood im Pappenhelm stalning




Plate 17

Leucocyfes : Neutrophils

(Continued)

Leukaemlas
Figure 89, Myeloblastic crisls In chronic f A, sbove four h The nuclei have a
loose chromatin network and contain two or thres nucleolt most of which era rather indistinct. Below: maturs neutrophilic myelocyte
P: helm stalning, B Graham-Knoll pe reaction, Like all blast cells, the neutrophlloblasts are peroxidase negative in the

centre are three hat more mature p: p phils.
Myelosis with & blood leucocyte count of 103,600 per cumm, 64%, belng neutrophilctlasts, Blood fitms. From the same case 83
Figures 56 B, 64 A and 66 (By courtesy of the Unlversity Medical Clinle, Zurich)

Figure 90, Acute & with pi i of trophllle pr 1 ining Auer rods.
(Text on p. 56} A Three well spread out neutrophilic promyslocytes 1, each containing one Auer rod In the nuclear Indentatlon near
the lower nuclear pole. The nucler show atypical Indentations (“paraforms™) and contaln larga nucleoli formed by coalescence
(pathologlcal reduction In the number of nucleali) Giemsa stalning B Graham-Knoll peroxidase reaction Slx simular cells to those in
A, but poorly spread out. In the nuclear Indentations, they are peroxidase positive These promyelocytes I differ from thefr precursors,
the neutrophiloblasts, azly In the presence of a single Auer rod and In glving a posltive peroxidase reaction

Leukasmla with 5%, neuts and 58% p 1, the absolute leucocyte count being nermal Blood film.

A. and B, are from the sams blood film, the slide having been cut lengthwise. One half was stained with Gremsa stain and the other
was subjected to the peroxidass reaction, The cells in B., being in a thicker part of the film, are smaller than those In A, and show
fewer details. This figure INustrates the dependence of the cellulac diameter on the thickness of the fitm

Figure 91, Acute ia with pi of neutrophilic promyelocytes Il (Text on p 65) A, Nest
of neutrophilic promyelocytes IL The abundant azurophilic progranulation ls characteristic The nuclecll are barely visible Fappenheirn
etaining B Graham-Knoll peroxidase reaction. The cells are strongly positive

Leukaemla with a blood lsucocyte count of 4,500 per cu mm, 849 belng neutrophilic promyelocytes 11 Bone marrow films. From
the same case as Flgures 678 and 2.

Figure 92, Auer rods In neutrophilic promyelocytes IT (Test on p. 66). Some of the promyelocytes 1T contain only azurophic
granules, Aver rods are present in three cells on the left. The crushed cell at the top contains a fow azurophilic granules ag welf as
Aver rods,

From the eame case and preparation e Figure 91A Bone marrow film Pappenheim staining

Figure 93, Acute myelogenous leukaemia with styplcal Nk ph p 1 Il (Text onp 57)
A Promyelocytes 31 with lobulate nuclel like those of the monocytes Glemsa staining The azurophilic progranulation does not show
up as well 85 In Figure 81 A, where Pappenhicim staining was used B. Graham-Knoll peroxldase reaction The cells are strongly
posltia and must therefore be Identitied 23 promyelocytes 11 ond not as manoeytes,

Leukaemia with 2 blood leucocyte count of 4,900 per cu mm , 86% being promyelocytes Blood fims. (By courtesy of the Unlversity
Medical Chialc, Zurich)

Leukaemia with atypical neutrophilie p
or all of the pathologlcat cells give

‘) differs trom In that some
positive peroxidase reaction. If only some of the neutrophils are positive, as in

Figure 94, the Is termed *peroxil fallure
Flgure 94, Acute myelogenous leukaemla with atyplcal, 1k p! P 11, soma of which are
peraxidase negative, (Text on pp 28,67, 60) A Group of sk yte-hiki The cells ers all similar In ap-

»
pearance but thres glve a atrongly positive peroxidase reaction, while the other thre sre negative Below: polychromatic normablast
8 Twa sagmented neutrophils The lawer ons gives o atrangly posltive peraxidase reaction, the upper ono fa nogative

Acute myelogencus leuksemla (with styplcal promyelocytes 11) Blood film, Graham-Knoll paroxidase rasction (By courtesy af the
Unverslty Policlalc, Baste)

A partial peroxidsse-faliure In the nevtrcphils can only bs established with cerlalnty when, 28 In thia case, some of
the mature segmented neutrophils in the blood also show n negative reaction (It bone marrow fims the neutrophits mey
become negative 83 8 rosult of macoration but ths is without eignificance)
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Plate 18

95, Chronic myelogenous fevkaemia:
various stages of development of the neutrophils
in the blood.

96. Myelogenous leukaemla with extremely chronic course;
some of the neutrophils are hypersegmented Blood

97, Chranic myelogenous levkaemia fn Pelger-Hult's anamaly
Bloo

98.

Mitoses of normal neutrophils In bone marrow
A

in prophase B p
mataphase, C promyelocyte 1 in anaphase

o [f In metaphase, E.in telophase.

o
D promyetocyt
F. :\ydn:y‘l in metaphsse

°
Mitoses of neutrophiloblasts in nsutrept tottyatc
Joukemia® A fn prophase, B In mers hasy
C.1n anaphase Bone marrow



Plate 18

Leucocyles; Neutrophils
{Continyss)

Lauknemias; mitases

Figure 85, Chrante myslogenous leukaemla (Text on pp 15, 66). Neatrophific leucacytes In verious stages of devalopment*
metamyslocytes, juvantie neutrophds, staff forms, sagmented neutraphits and fop ¥ight, & nautrophlioblast. Below, part of & ysgmented
warlnophits extreme lett, » nosmobizst.

Laukasmia with & leucocyta count of 350000 per cumm Blond W Fappanhesm staining, From the sama case as Flgures 62F. sad
€38 (By courtesy af the Univeraity Poficiinic, Basle}

The ximuitaneous overproduction af Kaversl spacies of blood celia is characteristic of chronle myelagenaus Jeukanmla,
Ses siso Flgure 123

Flgure 88 Chronlc myelogancus fevkaemia of very long standing (Texi o pp 15 56) Ona joventa neutrophl) and fvs neutros
phily with megium segmentatian and hypersegmantstion of tha nuclel.

Myelosis of tnare thar 10 yaars’ duration, with & leucocyte count of approzimately 53,000 per cuen. 3t Qe tme of the lnvastigation
Biood Him Gremas staining

Figure 9. Chronle mysfogenoys laukasmia In Felger-Hiets anomaly (Toxton ¢ 5] Ons neutraphillc promyafocyts, two
somi-matirs snd two mature myslucytes, one juvaniie rewirophit and one atall weutrophll AY sisgas show the avclear structurs
charactaristz of PelgerHadt's anamaly

Hatacatygotic form of Pelger-Husts anomaly {“compete carsier™} b Youkperta

approsimately 100000 per g men), Blood fim (By couetasy of thy Univerady Mecical Cliic, Zurlch, caga roparted by W uber (18],
Theto must be teug Pelger cells end not pasuto-Pelpss calis hecsusa the nuckal axhibit tha typicel atructure, ven In the sssly stagaes

of developmant, and baczuns the family Bistory was positive, the daughter of tha patlent lso showng the rnomaly

Figures 98 £nd 90, Mitases of normat nevirophils fn the bone marraw (Test on p. 53). A, Proghaze, 8.0 £ metaphases,
© enaphese, E teloghate, A. Neutraphiohisat with ungranulated cytopienen. B. and C. Promysiocytes L. Thene calls are na lorger
then ne\mophﬂob!uu. snd tha cyoplasm I wso b, bt contama o fow aaaropic granules D, ond E, Promyelocytas 1 Thess are
Mat: e, Fink cytop! ke that of meturs neutrophits.

5.8 C.0. 20d F. Venrhof's mm‘ E. spaglery Narmal nautrophis Bons marrow fims, Peppenhelm atalning
Flgsres 98 end B9 demanstrate & rula of ganers! validity for the mitaslx of bload ceffs (ct, Figures 324, 328, 37, 3 and
124) n young celle and in the warly phasea of division, the chromosomes are well separated snd tharefore saster 1o

distinguish than Iy mare mature calis and In the later phases of mitusls, when thay fe closer togather and are oHan
aggregated,

Figurs 100, Mioals In neutrophliobfastic louksemia {(Text on p 86) A, Prophasn, B metaghese, C. ansphasa A.leht two
oryphilic qormablasts with welldefinad nucloar struchirs; B two mectrophiloblasta, the upper one baing particularly easy to
distinguish by tta blua, sharply defined nucleoli; C. shave and below, 's shedows of emudged The nevtre-
philobiasts i tarphese are smalier then nurmel and their mitonas are thersfors elso tmalier than the norma) mitozes depicied i
igurk 98 The chromasomes Nie closer togather Tha raduction in 2ize of the Sells Is poaelbly dur ta thy markad Incraass innumbsrs
and to thele mors rapid production
2uts mysfogensus {micrsneutoaphiiobizstic) toukaemis with & blood count of 2600 Jeucoryles par cumm Fiim prepared from
bone merrow very Ach In calls Pagpenhatm staming {8y covrieny of Prot Gigon Baala).




Plate 19

Leucocytes: Neutrophils
{Concluded)
Mitoses and deformed cells

Flgure 101. Frophases of speclal neutrophilic pr A. Pelger.pr I with fewer and thicker chramosames
than normal p In addition, d kil and 2 with almost denuded nucleus B. Giant
myelocyta In pernlclous anzemia.

A Heterozygotic form of Peiger-Hudt's anomaly, complete carrler, Bone marrow fim. Pappenheim staining B. Perniclous pnaemis
befors frestment. Bone marrow film Giemsa staining The szurophilic granutation Is mora clearly visibla in A, than in B, owing to the
use of Pappenheim stalning

Flgures 102 and 103. Tetraplold neutrophils with two diplold nuclel, so-called twinning deformities (Text oa p 56)
A, Blnuclear myelocyte, transition stage to metamyelocyte, B and C binuclear fuvenlles, U. blnuclaar segmanted nautrophil with
symmetrically situsted nuclel E. F. and G sbove. binuclear segmented neutrophlls with entangled, asymmatrically situated nuclel,
Lelow: normal segmented neutrophis, In addition, In A, norrocyte with cantral acldophitic stigpling, ses Figure 16

A to . cheonle louk E.toG healthy duals. Bload films. D Pe heim etaining, ather filtws Glemsa stalning

Twinning deformities of nevtrophils owe thelr apparent hyper to the fact that they coataln
two nuclel; they can be distinguished from simple diplold cells exhibiting trua hypersegmentation by the fact that they
are twice as large (cf. Figures 80 to 82).

Figure 104. Alypical mitoses of neutrophliic promyelocytes (Text on p. B6) A Neutrophllic promysiocytes In prophase with
atypicel Irregular disposition ofthe chromosomes Dwing to the use of Glemsa stalnlng. the granules are only Justvisible B Binuclear
{tetraploid) neutrophilic promyelocytel 1n mitosis (double metaphase) This cannot be the ansphase of » normal cell because the
spaces In the chromosome eaters are too large The symmetrical arrangement of the granules un either slds Is striking A mifosls of
this type gives rise to a cell with lour nuclel T. Large promyelocyte 1 exhibuting an unknown degree of polyploldy since only a glant
aggregate of tangled chromosomes can be d:stinguished The lower pole ol this cell is occupled by a rosette of vacucles, cf. Figures 1064,
and 165 K. o protein-ike substance s probably present,

A. Chronic myslogencous loukasmia, Bone marrow kim, Glemsa stalning (By courtssy of the Unlversity Medical Ciinle, Zurich).
B Werlhol's diseasa In a child, Bone marrow fim. Pappenheim stainlng (By courtesy of the University Children's Hospltal, Basle)
C. Neutrophilic promy leukaemia Blood fim staining (By courtesy of the University Policlinic, Basle).

fFigure 105. Falyplold neutrophliic promyelocytesI (Text on p 56) A Tetraploid procyelocyte I with twe diplold nuclel.
8 right: octoplold peomyelacyte I with one tetraplold and two diplold nuctel. This has erlgen from & pracursor cantalnlng two
¢iplold nuclel, ane of which underwent normal mitosls and divided campletely whils the other underwent endomitasls, remalaing un-
diided und thatafors as large 85 the two other nuclel together (cf. Figure 159 right) Further nuclear division and maturatian of such
stypicet cetls withaut dvision of the cytoplasm results in monsters such a5 that In Figure 106 B.. taken from the seme cass On lha'

Medical Clinic, Baste)

Figurs 106 Highly polyploid neutrophils (prabably 16-plold) (Text on p 56). A. Promyalacyte 11 with aight, probably diploid
puciet 1 conteine @ numbse of large vacuoles, including 2 rosette-shaped group below cn tha right. In the ceatre, beginring
aryphiia 8 Sl ocyte or juvenile, g two probably octoplold nuclel The cell in A resembles  promagakaryacyte
with eight nuciei, but contalns szurophilic granutation In cytoplasm which Is stll basophllic ; the granulation of the promegakarydcytes
dams not oppesr until the cytoplasm ia polychromstic, Besides, the same preparation also contalned other nsutrophlls which were of
nfion eppasrence butwera lass bghly polrplold or normal dilold promyelocytes In addition, it contained some unmistakatle aosinophila

Hibiting the s2ma bigh degree of polyeicidy (see Figure 7DB). “The cell In Figurs 1068 aiso provides proof of the axlstenca of such
b aisolold neateoghile, for i Is Impossile to confuss i with any other cefl Finally. Figure 106 A. eannot be an osteactast. sincs,

PR - . .

) .. . - e ., - e .
B o e .
. ey e e L S e e a0 e e e

8. .Frem the um.n ¢ase end proparal
' . uch s those 0 Figures 1058 and 105, are unable 2 reach the paripheral blod, since they are stopped,
(nti!:: 1l:¢‘ul.' by the refatively racrow capliiaries of the lungs.
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c 108. D E F. G
Monacytes - stages of development
Monoblast, promanacytes.

107. A
Monocytes: stages of development
A and B. monoblasts, C promonocyte.

110, 3 F
Mature monacytes. D and £ with deeply Indented nuctet,
F with segmented nuclous Blood

109. A 8
Mature monacytes with shightly indented nuclef Blood.

o "2 F
s of ine E andF theszme perpildase resztion G monocytes

B
s and monocytes contalning remnat 3 meatrophils showny pRaJocriaus of erythrocyt
+uc isease of the news an ythrocytes
Hlood In haemo'yuc € gnd ne
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m. A
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Plate 20

Leucocytes: Monocytes
of devalopment and phagocytic forms In the blood

Figure 107. Monocytes: stages of devalopmant (Texton pp 67,68) A.and B Monoblasts. A. Younger form Intensaly basophilie
cytoplasm, distinct nuclsolh B Mors mature forms paler cytoplasm, Indistinct nuclaoll C h Irregularly shaped nucleus
Owing to the stalning method used, the granules are only faintly visible Negative peroxidass reaction Ses also Figure51 B InA.thers
1o slso a lymphocyte containing a nucleolus.

Marked monocytic reaction In Bone marrow film monacytes Gesham-Knoll peroxidase reaction
From the sama cass as Figures 54, 124, 133 4., 1488 and 220A.

Figure 108. Monocyles: stages of developmant (Textonpp 67,58) D shove., typicsl monoblast with Inlstinct ruclsol, somewhat
Irragularly shaped nucleus and ungranulsted basophilic cytoplasm Below promonccyte E. above, F. and @ Promonocytes In various
stages of maturity In E., beluw, there s also a vacuolated atypical mature monocyte In D, 8nd E, the refatlvaly coarse azurophilic
granules of the promanacytes ars only feebly visitle, awing ta the use of Giemsa stalning, whareas In F. snd G they show up very
plalnly since Pappenheim stalning was employed

D and E. Haemlytic disease of the new-barn From the ssme cose as Figures 62 E., 111, 112E. end 112F  Blood fim Glemaa
stalning F. ond G Eona marrow fim Papp stalning The are normal I

Figures 109 snd 110. Mature monocytes In the blood (Text on p 68) A. to E. Mature normal menocytes with Indented nuclel
of various widths F Mature monccyte with segmented nucleus The definitive, ezurophtic granulation has a fine. cloud-ike
eppearance, and Is shawn up more claarly by the Pappenheim staining used in A. and B than by the Giemsa stalaing In C. to F Tha
cytoplasm Hself has & pale pigeon-blus colour, Also 1o be ssen are s segmented neutrophil In C on the right, a lymphatic plasma cal
1 F. above, and & staif neutraphil in F. below In C, the diameter of tha monocytes Is no greater than that of the neutropbil, bacsuss
the cells ore lylng In & thick portion of the Kim, as Is evident from the supsrimposition of the erythrocytes In thin portiona of fitms,
the monocytes have a greater dismeter than the neutrophils only because they flatten out to 2 greater degree
A to £ Healthy adults F Lymphatlc glandular fever In 8 child A, and B Pappenheim staiing C. to F. Glemsz stalning

Flgures 11t and 112, F and g remnants of Ingested materlal In blood (Text on p 68)
A to C promonocytes and D twa monocytes contsining remnants of Ingested material The round, dark violet, homogensous Inclusion
bodles, some of which are lying above the nuclel, a#¢ nuclear remnants from Ingested cells Furthermare, the manocyte In D below
hos taken up two normocytes (erythrocyte phagoeytosls) the lower of which has lost most of Its colour, E. Promonocyte centalning
the remzina of en Ingested neutrophll, the lquafied and condensed nucleus of which Is surrounded by peroridase-posttive cytoplasm
The remainder of the cytoplasm of the monocyte I still perosidasa negative Monocytes glve a posltive peroxldase reaction throughout
the cytoplasm only after mors complete digestion of peroxidase-positive cells F. below mature monacyts contalning a vacuols end
two Ingssted normatlasts, the cytoplaam of the latter has been partly sxtruded This monocyte Is peroxidase nagotive bacause it has
taken up anly negatively reacting cells, its refatively large slze and comparatively smsll, rounded nuclesus are charecteristic features
Slsgeing 2trophic monacytea Which hove parformed 8 grest deat of phagosytosts or sthrocytoss T F above thersts also » paroridase-
positive neutrophil The arythrocytes in E. and F show & dirty greylsh-red coloration dus to the peroxidase reaction G bottom leht
monacyte contalning two Ingested normocytes Above normal monocyte On the right, twa nautrophils contalning Ingested normocytes
(erythrocyto phagocytosis)

A to F Haemolytic di o of the new-born Blood films A to D Glemsa staining E and F Graham-Knoll peroxidase resction
G Blood film of & mixturs contalning erythrocytes and leucacytes of blood group AB and blaod plasma of group O, from healthy
porsons  Pappenheim staining (By courtesy of Dr W Baumgartner, Interlaken [15])

Flgures 108D, 108 ., 111, 112E. and 112F dsmonstrata that In hasmolytic disesss of the new-barn not only fuvenils erythracytes
(see Figura 22), but slso monobtast;

group Is mixed, phagacytosls of erythrocytes may be abserved not only In monacytes but also in neutrophils
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Leucocytes: Monacytes
(Continued)
Ph and yiosis (storage) In the blood and bone marrow

Figure 113. Monocytes containing remnants of In;
gested material in bl i

very thinly spread out monocytes Cell on left and upper cell in the contre: :orn‘:r:’lda:‘u;nr:f::.;:l:lh.. l,-.yn:‘:. (;'r,.;; onp 58) Group of
cyte. Lower cell In the centre and cell st bottom of Hlustration: with pi th ?en;na:lsyc:“uou‘hd m'u“o‘
Ingested cefls, On tho exts 2 . s
pegruxldasa vowcton ot part of @ positive neutrophil, The erythracytes are stalned greyishred from the

Eni . -
of Pr::c(u;l-::;s I[;::l:) Film from earlobe blood, Graham-Knoll peroxidase reaction. From the end portion of the film (By courtesy

Phagocytic monocytes zre very llabls to rupture during the preparation of blood films, especlally at the thin end of the fitm it Is to
be noted that only the ingested material gives a positive peroxidese reaction (cf. Flgure 112E) Tha finding of such cells In the blood
of adults Indicates the presence of 2 septic disease, and Is especially pathognomlic of endocarditls lents. Thess forms zre best
seen in blaod taken from the previously undisturbed ear-lobe, where the manocytes accumulate, constituting about 40%, of the leuco-
cytes even In healthy subjects, Phagocytic monacytes are most fikely to be found In films prapared from the first drop of blood and
towards the edges and ends of the films,
Figure 114, Monocytes containing remnants of Ingested material and large numbers of vacuoles, In blood In meningococ-
cal sepsis (Text on p 68). A.and B Monocytes with email vacuoles Some of the vacuoles contain minute viofet Inclusion badiss,
probably remains of Ingested meningococel The lower monocyte In A. 8130 contalns the necroblotlc (homogeneous, liquefied) ramalns‘
of the nucleus of an Ingested ce!l in B above and to the right, twinning deformity with averlapping nuclel.

| sepsis (Wat ‘mderichsen’s sy in a child, Blood film with 85% monocytes, 60%, contelning small

vacuoles Pappenhelm staining. (By courtesy of the University Children’s Hospital, Basle)
Figure 115. Phagocytic and athrocytic (storage) monocytes In the bone marrow In malarla (Text on p 69) A and B
Nui typleal stored dark brown plgment from malarial parasites The monocyte above and to the right In B.
2lso contains remnants of the nucleus of an Ingasted cefl, whils the monocyte below contalna a normocyte €, Monocyte; the cytoplasm
glves a posltive (blue) Turnbull blue reaction, showing the presence of stored Iron, and containg 8 fow plgment granules

A. and B Estivo-autumnal malarla Bone marrow film with 40%/, manocytes Pappenhelm stalning (By courtesy of Dr. Parret-Gentll,
Basle). C Tertlan malarla Bone marraw film. Turnbull blue reaction
Figure 116, Monocytes containing Ingested and stored materlz], from emb
(Texton p. 59) A. A so-called +embryo macrophage” {older p! ) Ining two pi The cytopl cone
especially In tha vicinty of the Ingested cellz, These both have completely intact borders and nuclel. All
three cells are monocytes, since they il have blus cytoplasm and typlcally shaped nuclel and sl glve negative peroxidase reactions
The monacyte is unable to digest its own stem cells, ona Juvenile monacyte having even undergone divislan after being Ingested OF
Interest ars the matked Increase In size of the phagocytic monocyte and its tenuous atrophlc nucteus B Monocyte contalning vacuotes
and remnants of Ingested cells, 8 so-called athrophagocyts As In A, the nucleus hos the characteristic thin, flattened sppearance
and Is poor In chromatin, Also visible era five oxyphilic normoblasts, some with structureless nuclel, snd one [uvenile neutrophis

A Threemonth old embryo. Film prepared from ‘umbilical blood Graham-Knoll peroxidase reaction. B Healthy sduft. Bone marrow film

Pappenhelm staining )
The vacuoles of athrocytic monecytes usually contaln & proteln.like substance, which may be colourless or coloured

depending upon the concentration and material. In the human embryo, In primitive vertebraten end In evertobrates,

thess large monocytes, contalning Ingested ‘and stored material, are found circulating In the blood stream. tn the

human adult, however, aithough they are always present In the hasmopaletic organs, they find their way Into the blood

etroam only under pathologlcal conditiona.

Manocytes contalning Ingested material,

B binuclser monocyte contalaing n
A e m uninner cell with a nuclous of foose stru
.

ryo blood and from adult bone marrow

tsins numerous vecuoles,

from the bone marrow (Text on p 69} A Monocyte containing remnants
umerous Ingested sickle cells (drepsnocytes)—a typical finding in

Figure 117,
cture, B Is enold ce'l the nuclel being rounded

of the nuclal of Ingestad cells.

the bone marrca  ® i cel u ldcel
and atrophic. - - " . . . : )
A Warlhof's == == e R—

Bone marrow fiui 1 uppur
Vorying degrees of
nucteus, eerly phagocytosis
s from Ingeste

sthrocytosis (storsge) (Text on p ) A F with philic p
t’s'ngm Increase in cell yolume B Senile monocyte containing an ebundence of stored

Figurs 11B.
4 colis Fina! atage of & starsge call The large size of the cell and the amall roundeq

Typleal indented
materlal and nuclezr remnant;
re characteristic

nucP‘l:::n:cywm-. Bone marrow iim with no guahtative

taln proteln snd
red substances usually con!
l:ﬂ‘:phme or basophillc and then staln pink or blve.
«which has stained Elus C"blue plgment macrophages™)-

changes In the monocytes Peppenhem staining
may be colourless s In Figure 118, However, they can also be
Moeschtin [20) has ralerred to monocytes contalning etored material
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Monocyles containing remnants of Ingested material, in
bload in endocardiis lenta, peroxidase reaction

14, A
Monocytes containing remnants of Ingested materlal and
numerous vacuoles, m blood In meningacoceal sepsis

15,

16, A
nd Manocytes containing lo-

8
A.3nd B Monocytes contaiming pigment from
falciparum, Pappenheim stainng C Sideromonacyte in
tertian malara, Turnbull blue reaction Bane marrow

@
gested and stored material A in the blood of an embryo,
B in the bone marrow of 2n adult.

17, A

Monocytes containig Ingested materlal In bone marrow
A slight increass In coll votume B phagocytosis of mickle
cells with marked increase in cell volume.

B
Varying degrsss of athrocytasls (storage)
A.in » promanocyte
B in & senils monocyts, bone marrow
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R i

A
Gaucher's disease. Monocytes, athrocytosis of hpoids:
A young monotyle, sarly athrocytosis,
B. older monacyte, advanced athrocytosls Bane marrow,

120,

o
C.and D the same Final stages of athrocytosts
("Gaucher’s cells™)

121,
Monocytes in the bane marrow exhublung pecutiar forms of
athrocytosis A storage of spherical bodies,
B starage of ceystal-tke bodiea

Manocytosts
A In the bload In pneumocotcal meningitis,
B In the bane marrow in syphiis

Mnnocyﬁ:lau\almh with predaminance ot manoblasts and
promonacytes Blood.

123,

12¢, A 8 [ o
Witosrs of moncb'ssts In 1he bary myrrow
& and B prophsss, C.metaphase O tatophase
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Leucocyles: Monocytes
(Continued)
Athrocytosls In the bone marrow; reactive and “primary” cverpreduction of monocytes; mitoses

Figures 119 and 120, Storage monocylfes In Gzucher’s disease In the bone marrow (Texton p 59). A Mature manoeyte
showing early athrocytosis of cerebroside; the top mght hand portion slso shows phagocytosis Indented nucleus withloose structure
B C 2nd D Senile monocytes in termina! stages of athrocytosis The stored substances are colourtess In C., pink In B and bluish
In D Small, round, dry. atraphic nuclel Marked Increase In celt yolume, ao-called “Gaucher’s cells™, In C. a group of blood platelets
can be seen next to tha nutleus, either supsrimposed on o beneath the celf

Gaucher's disease Bone marrow film Pappenheim statning (By courtesy of the University Clinic of Paediatrics, Zurich, Case
reported by G Fanconi and C. Gasser [21])

Cerebroside is usually stored as a felt-like mass of needles, but Is sometimes amorphous, as In the present ca:
Tn the twa other atorage diseases, Niemann-Pick's disease and Hand-Schiller-Christian’s disea: amorphous storage
Is the rule.

Figurs 121, Monscylss in the bone marrow exbibiting pecullar forms of athrocylosls (Text on p 59 A Monotyte
contalning pale pink, spherical bodias of regulas size ; thelr origm Ts unknown but they are an accasional finding In bone marrow films
B Monocyte containing peculiar pala blus, elongated trystal-tike Incluslon bodies, oma of which are bent double Unlgue finding,

A Werlhof's diseass, B Complate carrier of Pelger-Hudl's anomaly Bane marrow films Pappenhelm staning

Flgure 122, Excesslve production of monocytes (Texton p 60) A. Group of manocytes {chance accumufation). Top, mono-
blast with three indistinct nuclel Below. three almost mature monocytes and a group of blood platelets In reactive monocytosla
monocytas, promonocytes and even manablasts can be found In the circulating blaod, of Figure 108D B Nest of monoblasts and
promonocytes Indistinct nucleoll On the right, a normoblast.

A Pneumacoccal meningius In a child with a leucocyte count of 48,000 per cumm., 3%, being monocytes Nuclesr ahitt of tha
neutrophils to the stage of promyslocytes Bload film Giemsa staining, B Syphilis with leucopenia Bana marrow film with 42%/,
manacytes, 37%s belng monoblasts Poppanhelm staining From the some case s Figures 127,128 8 and 128C. (By courtesy of
the Unlversity Medical Clinic, Basle}

Flgure 123 Monocylic feukaemia with pi of (Text on p 60). The sl cells on
the lekt are young promonocytes Their nucler have the typical, slightly blumd structure and contain several Indistinct nucleoli.
'm :ytoplnm lt t muuled blue, with line azurophilic granulation Dn the right, Is & monocyte with zn atyplcal, almost Pound nucleus

BLU) NiBull Uy WaS FUIBY QUL Ly The 13CT that typical neutrophis In af) -!anu of development we:
posttive peroxidase resction

present and m.u gav

In acute monocytlc leukaemla the nuclel may not be Indented, as they are In norma! persons snd In subscute e:
of monacytic leukuemia,

Figurs 124, Mitoses of mancblasts In the bons marrow (Textonp 58) A 2nd B Propha:
Ax in 3l other species of Blood cell In mitosls, the cytoplasm has @ mottled appezrance, but It do
Blurrad, relatively thick chromosames, with obtusa angles

Agranulocytosls Bans marrow fim with 26%, manocyt
Graham-Knoll peroxidase reaction. From the same

C. metaphase, D, telophase
not contaln & true gronulation.

, 6%, neutrophlls and 63% Iy phocyt-a Quslitatively normat monocytes
and prepsration as Figures 54 and 1
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Leucocytes: Monocytes
(Conctuded)
Mitoses and abnormal cells.

Figure 125. Mitoses of promonocytes (Texton
p-58). A Phagocytlc promonocyts In b

can be Identified a8 an erythrocyte, This cell provides proof that even while st upulfly: of u:;:rg;:; dl(v)l::ln:lﬂl\h. ehuton bodes
monocytes may engage In phagocytosis B. Promonacyte In prophase. C. Large, pathological promonoc: lo.l ”:-‘l-"w”" e
round chromatin borders of the nucleoli can still be seen. The chromosomes tn 2!l thres cells have blumd’ tlln U iy
thick, a feature characteristic of monocytes. outlnes end re relatively
CY‘A. Anzemla Bunlehmnrfow film, Pap;;anhn!m staining B, Haemolytic disease of the new-born Blood film, Glemsa stalning C. M

ic with p of lasts snd p Blood film. , oo
ey o . ood film. Pappenheim ataining From the same case as

Figure 126. Tetraplold monacytes with twa diplold nuclel (twinning deformities) (Teaton p.59) The two separate nuclel
uclel

In each monocyte can be readily distinguished.
A and B. Extensive pneumonia in the terminal phase. Blood film Giemsa staining C Cooley's diseass, Bone marrow film Pappen-

helm staining.

Figure 127. Tetraploid monocytes In blood (Texton p 59) A. Promonocyts with two diploid nuclel (twinning deformity) B and

C. Promonacytes with one tetraploid rucleus (monster cell)
Syphills with noutropenia Blood fim Graham-Knoll peroxidase reaction. From the same cose as Figures 122 B, 1288 and 128C

re monocytes are: negstlve peroxidase reaction, Indlstinct nuclear siructure,

The characteristic features of Immatu
philic granulation with Glemsa sHer the peroxl-

lnvisible or poorly visible nucleoli, and very wezk stalnlng of the azure,
dase reaction.

Figure 128, Polyplold monocytes (Text on p. 69). Tetraploid binuclear monoblast In metaphase (double monaster) Charecteristic
ghort, thick chromosomes with somewhat indistinct outiines B Polyplold monotlast in prophase The degres of polyploldy was
Impossible to determine {compars this large aggregate of chromasomes with the amatl ans in tha diplold mitosts In Figure 1258 )
€ Mononuclear, polyploid promanocyte, probably octoploid The nucteus Is (ndistinct, snd has & sponge-like structure with one vacucls

The cytoplasm contains azurophilic granules
A. Healthy indwidual Bone marrow fim Giemsa staining B und C from the same case a8 Figures 122B and 127 Bone marrow

film Pappenheim staming

Figure 129. Monocytes In Iymph gland punctate [n Bosck'a diseass (Text on p 69) A. sbove. monoblast with Indented
nucleas and two nuclech. Below, denuded nuclous of 2 {ymphocyte B sbova® largs, atypical promonocyte Belew normal monoeyte
C. Atypical monoblast with ruptured cytoplasm and partly fused mucleali, 8 kind of “epitheliold cell”,
Boeck's dinease {lymphogranulomatosis benlgna) Lymphgland punctate Poppenhelm staining (By courtsayof Dr S J Leitner. Laysin)
Even In normal healthy persons monacytes n all stagea of development are to be found not only In the bone marrow,
but also In other organs, especially i the splaen and In the lymph glands.

ant cell In Tymph gtand punctate In Boeck's disesse (Teston p 69) Part of & Langhans glant
and the patchy azurophilic granulation evidence of the monocytic origin of this glant celt it must
N aass.fn which the cytoplasm failed to diids, or by tusion of the kiquetied cytoplaam of

Hs—Lke the epithetiord cells parently monoeytes

ble Lenghans® glant ce
due to toxic effects (“polsoned monocytes™) From th me case and preparation

Figure 130, A Langhans® ol
coll The pigeon-blus cytoplasm
bove doveloped sither by & succession of
s The latter explanstion Is lass probe
ere pathological changes

sevarsl c
which have undergone
a3 Figure 129

by foreign bodien and the glant celte sesn n other Intactions (ses Figurs 255)

namaly glant polynuctesr monocyt

It in probable that the glant cells caused
are also of 8 fundamentally similar nature,
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125, A 8
Promonacytes in prophase A with remans of ingested
matenal, B in haemotytic disease of the new-born,
€ In promanacytic leukaemia

8
Tetraploid monocytes with two diptord nuctei (twinning de-
formities) A.B n blood In termnal phase of preumania,
C in bone marrow in Cooley's disease

1272, A B c
Tetraploid monocytes In the blood in syphills

A with two diploid nucle, B and C each containing one
tatraplowd nutteus

128 A
A Tatraploid manoeyte In mitosis (double metaphase),
B and C highly polyplold promanacytes In prophase andin
interphass {resting phose)

129 A B c
Monaeytes in tymph gland punctate in Boock s disease
(sarca dosis)

A manoblast. B giant promonocyts C atypical monoblast

130 Langhans’ giant cell (atypicat polynuctear manocyte?) in
iymgh gland punctate in Bosck s diseass
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131, A 8.
Lymphocytes: stages of development and a disintegrating

(necrobiotic) cell

133 A B . A 8
Lymphocyte nests In bone marrow: Lymphatic leuksemia A.lymphoblasts and fymphocytes In
A in sgronulocytosis, bonemarrow, B lymphocytes with unusually coarse azuro-

8 In acute lymphatic leukaemia. phitic granutation

c ] 136. E F G M
135, A B Lymshettsstatalympradanoris € proptase F mtashars
ptoses of hymehoblasts e G snazhase. H telophase Lymeh gland purctate
ver. tlood:

Proptases: A-In glanduls

D in tymphadenosis, rmsh gland punctate
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Leucocytes: Lymphaocyles

Stages of developmant; leuksemlas; mito:

Figure 131, Lymphocytes: stages of development (Text on p 61) A. Nest of ymphocytes Bottom right, @ lymphoblast,
The remaining colls 2re mara or less mature lymphacytes No nucleoll are visible owing to tha fact that the cells ars lylng relatively
close together and evan In lymphoblasts the nuclscll ars usuzlly covered Above, on tha right, there Is also a peroridase-posltive
neutrophil, below which Is a polychromatic normottast. The small Black square below an the right Is a charcoal particle B below.
Iymphoblast with charactaristic solitary nucleolus In o fine, close-mesh chromatin network Abave: sightly crushed, necrobiotc
Iymphoblast (disintegrating farm) Tho wiscous basophilic chromatin Is distributed throughout the thin oxyphilic chromatin In the form
of isclated drople lso Figures 227

A Chid Narmal bne marrow fim Graham-Knoll peroxidase reaction  Lymphocyle nests in healthy bona marrow are  regular
finding In children and are occasionally seen in ndults B Lymphatc leuksemia, film preparad from lymph gland punctate Pappesheim
stalning

Flgurs 132 Mature lymphocytes In blood (Texton p 613 A to E.: norme! lymphocytes The nuctel are dense and cloud-hke
with 2 coarss, lumpy, non-reticular structure The cytoplasm in B and D contains sharp, splinter-shaped azurophilc granules sur-
rounded by amall, pala haloes, which are characteristic of lymphocytes, cf the upper cellIn Figure 44D In C and D the ruclel have
shightly indented sutlines, so-calied “Rieder forme”. Such cells can slso be found tn emall numbers (3 healthy perscas, especially In
chidron E. Particularly small lymphocyts, so-called "iymphatic plasma colt”, Deep blus cytoplasm und pyknatic but not hquefied
nucleus with coarss lumpy chromatin This cell Is not # plasma cell, but » semls, degenerated lymphocyte such as is occasionatly
s0en aven In heslthy parsons, cf the lower call In Figure 44D
Blood hims A and C to E. Giemsa stalning B Pappanhelm staining

Flgure 133. Lymphocyle nests In the bone marrow. A. Maturs specimens only with no nucleol, Including some Rieder farms,
B Malnly lymphoblasts each with one nucleolus, only the lymphciast at the bottom contains two nucleoh The cell atiave on the
I8 v pathological “blua™ blaod platefet.

A Agranulocytosis Bans marrow fim Grahsm-Knofl peroxidase resction From the sama cess end preparation 2a Figures 54,
107,124 B Acute lymphoblastic feuksemia Bone marcow film Graham-Knolt peronidase reaction.

Figurs 134, Two cases of lymphatic leukaemla. A. Lymphoblasts and lymphacytes In the bon. marrow (Texton p 62)
Two lymphablasts surraundad by seven lymphocytes having almost denuded auclel forr

Chronic lymphatic leukaemls Bone marrow film, Pappenheim staining I lymphatic laukaemia, the honn marrow may contaln more
than 90%, lymphacytes.

B, Lymphocytes with particulsrly coarse azurophilic granulation (Text on p 61) Tha cytoplasm of the lymphacytes cuntalns
peculiar, aphericel azurophiic granulas of various sizss Vary rare finding I lmphatic leukasrois, the lymphocytes ¢o not uavally

P . - . - .
Bogles, which usually occur singly They staln pink, ks the erythroeytn but do rat contain hanmoqhbln since they give m.uu
Lepehne reaction

Figures 133 end 136, Mitoses of lymphoblasta (Text on p 61) A.to E Prophases in various stages ¥ Metophes
and H telophase The mitosia. beglns with a breaking up of the chromatin, during which phase the nucleoll can still be in B and
€ The chramasomes of the lymphoblasts are short end thick, their angles are obtias, and they lis close tagether In G and H the
cytoplasm fs mottied 1n wppearance ¢f Figures 32 and 37—40 In C and D. portions of the cytoplasm have become datached In
the form of dropleta during preparation of the film, owing to the fact that the cytoplos™ of the lymphocytes doss not pross flat fike
that of ather Blood cola, but brasks up Immediataly, cf Figures 47G., 234 D snd 234 £,

A Lymphatic glandulsr fever Elood film Glemsa
Pappanhalm

Q snaphoes

taining B to H, Lymphatic leukasmia Flim prepared from lymgh gland punctate
aining (By courtesy of Dr S J Lsltner, Leysin).
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Leucocytes: Lymphocyles
(Concluded)
Atypical and deformad celfs

Figure 137. Typlcal and atypical lymph in fandular fever (Text 0n p 61). A B. and C.: three lympho-
cytes of normal size and four stypleal lymphocytes of larger size than normal Some are ungranulated and the others contaln
szurophilic grenules surrounded by characteristic haloes, No nucleoli are visible
Lymphatic glandular fever Blood film Giemsa stalning
In tymphatic glandular fever, 1s by and
styplcal forms, cf. Figure 187,

in the bleod and by the presence of

Flgure 138. Polyplold lymphocytes (Text on p. 62) A. Tetraplod lymphocyte with two nuclel  Both nuclel are normal In size

B. Probably diplold lymphocyte with two nuclel. The small subsldiary nucleus is apparently derlved from a small group of chromesomas

split off during mitosts. C. Similar to A, but with a connecting fdament; this does not Indicate amitosis but is derlved from a

chromesome connecting bridge formed during the last atypical mitosts, ¢f Figures 40D. and 40E. D. Lymphocyte with four nuclel
Healthy person. Blood films. Giemsa stalning,

Figure 139. Lymphocytes with atypical, partially heteroplold nuclel, rom a case of severe whooping covgh (Text onp £2)
A ond B lymphocytes with severe reactive anomalles of the nucleus (polyploldy, hypodiploldy and Risder forms) in A, below there
Is 2lso part of an lmmature neutrophll,

Whooplng cough In a child Final stage with a leucocyte count of more than 100,000 per cu mm. Blood fitm. Psppenhelm staining
(By courtesy of tha Children's Hospita], Basle)

The pale blue “granules” on the left are dus to glass defects, resulting from small eir bubbles which kave burst during manufacture
of the shde, These glass defects retain staining solution and sppear pale blue to derk violet n colour; when erythrocytes are super.
imposed on them, they may be mistsken for Howell-Jolly bodies or nuclel of erythroblasts Efongated glass defects of this nature have
been described as micro-orpanisma and held to be the causative agent of cancer, (Text on p 48 [23]).

Figure 140. Lymphocytes with atyplcal, partially heteroplold nuclel, from a case of chronlc lymphatic leuksemia (Text on
pp 61, 62) Lymphocytes with severely delormed, atyplcal pulel, similar fo thoss In Figure 139, but of “primary™ origln So-called
“paralymphocytes™, mora correctly termed “atypical lymphacytes™,

Lymphatic leukasmia In an old man with & leucocyte count of 219,200 per cu mm , 93%; baing lymphocytes  Blacd him, Glemsa
stalning (By courtasy of the University Medical Clinic, Zurich)

Figure 141, Vacuolated atypical tn acute L (Texton p 62) A and B : Lymphoblasts with highly
vacuolated cytoplasm and large groaved or Indented nuclel The nucleolus Ia either invisible or very Indistinct Ona of the celta In B
is In prophase and shows a line of separation, it i probably the mitosls of a binuctear cell,

Acute tymphatic (fymphoblastic) leukaemla In a young child with & white bload count of 6,450—41,000 per cu mm,, 94 % belng lympho~
cytes Bone marrow film Glemsa stalning (By courtesy of tha Children’s Hospital, Basle).

Figure 142 Atyplcal lymphoblasts (Text on p 62) A and B - atyplesl lymphoblasts with simast denuded nuclel of irreguien,
[ polyplord (spparently actoploid) lymphocytes with nuclel of fobulated, wrinkled
appearance, similar to those In A and B To be noted is the narrow bordsr of cytoplasm In the cells in A, and B, although they are
lylng in the thin part of the film tn A ebove. thers s 8130 » paroxidase-positive neutrophil

Acuts sleukeemic lymphatic feukaemia in 8 emall child with 80%/g lymphocytes In the blood Bloed fitm Graham-Knoll peroxidase
reaction,

As Figures 131, 133 end 142 show, lymphocytes ere always peroxidase negative.

From Figures 139 and 140 )t Is svdent that = knowledgs of the entics clinical plcture, passibly even of the course
of the disesss, Is needed to declde whathar gualitative and quantitative changss in the lymphocytes sre reactive or
teukeemic {“primary’} In origin, The most conclusive svidence of the existence of leuksemla Is provided by the
presence of denuded colls and glant forms in the blaod (i Figure 142), snd by » high percentape of lymphocytes in
the sterns] marrow Figures 1338, 134 A. and 141).
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143. Plasma cells stages of development 144, A B c
F or . pt , bene marrow, Mature normal plasma cells in bare marrow,

|-
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148, [:] c [}
Almm mature plasma cells In blood
soma containing vacuoles

148, A
Aypicel plavems ce”s A aad B with indented ructer

rrow A In rutells, . wih segmerted nucleus

A
Nests of plasms cells in bone ma
8, In ymphogranuloms inguina'e.
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Leucocytes: Plasma Cells

Stages of development; atypical calls

Figure 143. Plasma cells: stages of development (Text on PP 62, 63) Nest of normal plasms cells In profferation Top left:
plasmoblast with central nucleus and small, dark blus border of cytoplasm Below two proplasmocytes, the aucleus of the one on the
tight contalning five nucleoll Above. twa plasmocytes with eccentri¢ nuclel, tha one on the left contalning & sharply defined vacuote,
the one on the right wadged batwaen the other tells — The cytopfasm has & particularly deep blus colour which masks the red com-
ponent (“cyanophifia™) in tha middla sre two monocytes with indefinite outlines and cantaining atrophic auclel Such cefls, which
cftan contaln stored material, can frequently be found as “ragional monocytes™ in the centres of formation of various specres of blood
cell, especially in thasa of the erythrocytes, ¢f Figures 147, 179, 120 (Text on p 69 [24])
Anaemia In an adult. Bons marrow film  Giemsa staining

Flgurs 144 Mature normal plasma cells In the bone marrow {Texton p 63) A B ond C.: eccentric nuclel with so-called
“cart-wheel structure” and In diract contact with the zona of pale archoplasm The cytoplasm of some of tha cells contalns vacusles
In a few calls, small particles of cytoplasm have become datached In B and C. sbove, crushed nucle! (Gumprecht's shadows) are
2150 visible

Two healthy adults  Bone marraw films A, Glamaa stalning, B and C Pappenheim stalrng

Flgures 145 and 148, Proplasmocytes In blood (Text on p 63} Proplasmocytes and almust mature plasmocytes, some of which
contain prematurely pykaotic nuclet In Figures 145 A, end 145C nuclech are claarly visible  Figure 146 C. shows very coarse, lumpy
chromatin, so-called “cart-whesl structurs™. Tha vacuotation of the calls Ia Indistinct In Figures 145 A. and 145 B, distinct but fine In
Flgures 146 A and 146 B, snd coarse in Figurss 146C end 146D The contents of the vacucles have a pele reddish-blue colour
Healthy persons and patlenta without qualitative thanges in the pl23ma cells 1458 Pappenhoim stafning, otherwlise Giemsa stalning

Mature plasmocytes can seldom he found In the blood. Usually, It ls the proplasmocytes which are released Into the

blood stream.

Figure 147. Nests of plasma cells In tha bone marrow (Text on pp 63, 64) A Nest containing five plasma cells Naarby are
four and portions of paroxldase-p loucocytes  Above* part of a ragional monocyte B Five mature
plasma celts aurrounding & reglonal monocyts

A Rubella Bons marrow film Grsham-Knall paroxidase reaction. (By courtesy of the University Madical Clinle, Zurich) B Lympho.
granuloma Inguinale (Nicolas-Favre's diseass) Bons marrow film Pappenhelm staining (By courtssy of the University Medlcal
Clinte, Zurich}

Nasts of plasma cells In the bons marrow are mors common In patients suffering from rubslls than in healthy

sons. The relative plasma call count In the bons marrow picturs Is nat necessarlly higher, howsver, 28 i may

h-ppm that no nests arse Included in the count. in lymphogranuloma Inguln however, the count always revi
Ingrease In the numbsr of plasma colls,

Figure 148, Atyplcal plasma cells (Text on p 63) A. Proplasmocyts with Indented nuclous and thres nuclecfl, one of which fs
very largs B Proplasmocyts with Indented nucleus € Proplasmacyte with segmented nucleus (five segmants) The cytoplasm Is
¥ocuolated In all thess calls Normally, the nuclel of the plasma cells 87# not asgmented

A Healthy individusl, Blood film Glemss stalning 8 Agranutocytosls Bons marrow film. Graham-Knoll peroxldase reaction
C Plasmocytoms Bone marraw fim Pappenheim stalning From the same case as Figure 1548 (8y courtesy of the University
Medical Chnle, Zurich),
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Leucocyles: Plasma Cells
(continued)
Atyplcal colls; loukaemia; plasmocytoma

Figure 149, Atyplcal plasma cells {Text on
p.63). A and B Plasma cells with pronounced o "
plzsma cells). Occasional finding In varlous diseases C. Normal, well spresd out, vucuofa(od ;’l‘:smu'::llcl::z:::n:ﬂ( "amA’nq
rulka. lhnd andE:empalnlunl of the cytoplasm is scarcely visibla In normal cells, sven when they are well spread out parisen Ax 2
end B, Essantlal panmyelopathy. From the same case as Flgurs 183. (By court
C. Myelosis. Bone marrow fiims Pappenhelm staining y couresy of the Univeraty NodiealCli, Zurich)

Figure 150. Plasma cells [n the blood In plasmocytoma with plasms cell teukzemia (Te
ert on p. 64) A P
with farge nucleus. In the centre of the nucleus, near the vacuols, Is a group of Indistinct ruclaoll Tho’hordzr of cyt:’pr!:i:?:

narrow and d B Two p several nucieoli, In the centrs Is a megmentad n
3 eutrophl 3
almost mature plasma cells, some of which contain small vacuoles. ¢ irophl €. Thrae
A 2nd B. Acuta prop lsukoemiz with soms bl Blood fim  Pappenhelm stalning (By courtesy of the

University Medical Clinle, Lavsanna). C. Chronic plasma cell levkaemia Blood film, Graham-Knofl peroxidass reacti
of tho Unlversity Medical Clinic, Basle). P eaction  (By courteay

Figure 151. Plasmocytoma, so-callad “multipls mysloma™ (Text on p 64) Nest of lalrly maturs plasma cells One Is
binuclear and snother contains two vacuoles, while two cells have been compresasd, The pale archoplasm s In direct contact
With the nucleus, In contrast to that of the ostacblasts which flas ot some distancs from the nucleus, sse Figures 201, 202
The outlines of the cells ere sharply defined The spaces between tha cells result from the shrinkage which takes place on drying
To be roted Is the typical oystershell form of some of the cells.

Plasmocytoma without plasma cell feuksamla (the more common farm) Bore marrow film.  Pappoenheim staining (By courtesy
of the University Medicat Clinlc, Basle)

Figure 152, Speclal elements present In plasmocyloma (Text on p. 63). A. Well apread out plasma cells contalning pumen
oua vacuoles, some of which ere very large The blush cotour of the vacuole contents Indicatas the presence of partly condensed
proteln-ke substances. B So-called Russeli corpuscles formed by fuslon of the contents of vacuoles of destroysd plasma cells,
cf. Figurs 48 B. The reddish-vlolet filamentous structure on the Jalt is ® precipitate of stain

Plasmocytoma Bone marrow films. Pappenheim staining. (8 by eourtesy of Dr. S J Leitner, Leysin)

Figure 153, Two cases of plasmocytoma with Incluslon bodles [n the plasma cells (Taxt on p 63). A. Crystaliine Inclu.
«lon bodies. The cytoplssm contalns sharply defined azoropillic needles, similar I sppesrance 1o Auer rods One of the cells ia
In prophase  Near the fower cel s o small datached fragment of cytoplasm.

Plasmocytoma with plasma coll faukaemls Bona marrow fim. Pappenkeim stalning (By courtesy of Dr, B Steinmann, Bern [25]).

B. Snapper-Schneld Incluslon bodias. Thess inclusion bodies form during treatment with amidines (stitbamidine, pentamidine)
and conslst of amidine end nbonucleic acld  They sre purely basophilic granules of various sizes [26)

Patlent with o ¥ ofter stibsmicine trestment.  Peppenheim stalning (B courtesy of the Univarsity Medical Clinte,

Freiburg. Germeny)

(Text on p €3} A and B Plaama colls with highly
m. The club-fike shape of the sagments and thelr rosette formation Indicate that they
ere not the rosult of & normal segmentation procsas but ere due 1o mitosis having been serasted In metaphass This may have
besn coused by some metstollc product o medicament which acted as 2 muam: 701[0&

A Plasmocytoms with numerous sagmanted plasma ce'ls B Plasmocytoma with ,m:;
s Flgurs 148C. Bone marrow fims. Pappenhelm staining (By courtesy of the

Figure 154, Plasma calls with d ruclel in p!

aegmentsd nuclai and yecuolated cytopla2

omented plosma cells From the ssme
niversity Madicsl Cinic Zurich)

case B
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A.2nd B “flaming™ appearance of plasm cells due to
atypical red stamng C welt spread out normal plasma cell

151, Plasmocytoma
plasma cells in the bone marrow

15:

2, A ;]
Plzsmocytomas
A with highty vacuolated plasma cells
8 with extracellutar Russell corpuscles Bone marrow

h v

153
Plasma cefls from plasmocytomas in the bone marrow
A with crystoline inclusion bodies B with Snapper-
Schneid x inclusion badies after stibamidine traatment,

. 8
Plasma cells with segmented nuclet In plasmocytoma
Bene marrow
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155. A B. c 0.
Mitoses of plasma cells in the blood:

A prophase, B anaphase.

€.2nd D nuclear unrest immediately after division

157, A
Plasma cells In bone marrow A dipleid cefl in metaphase
i mity)

andtetraptoid cellmithtwodip
B atyplcal prophase.

'3 Tn plasmocytoma:

lsgma ¢
189. Octoglord 61 G with one tetraplold

Teft, with four ¢ pled nuclel,
and teo ¢ 3loid puclel

136, A, 8
Plasma cells In narmal bone marrow: A tetraploid celt
with two diplold nuclel (twinning deformity),
B hexaplold (7} cell with three diplaid nucle!

158, A

3 B
Plasma cells in plasmocytoma  A.tetraploid, with two
diplold nuclei (twinning deformity} and with singte
tetraplold nuclaus (monster): B multipolar mitosls

. A [
Hgly potyploid muttimuclese flasms ca® wom atyoical
suctel Plasmocytoms



Plate 28

Leucocytes: Plasma Cells
(Concluded)
Mitoses and deformed cells

Figurs 455, Mitoses of plagma cells In blood (Text on p 63) A Prophass, B anaphase, € ond D plasma cells shortly
sfter & campleted telophase with nucloar unrest still spparent In B the cyloplasm contains a few Indistinct vacuoles, while In
C they aro more distinct. The two daughter cells In C and D must have complated thelr separation In the wat film, otherwise
they would nat bo ying side by side This Indicates that the blood does not inhibit mitosls

A and B healthy individuals, C. lymphatic glandutar fevar, D chronlc intestinal affection Blood fifms A, 2nd B Glamsa staining
€ snd D Pappenheim staming.

A ond B, show that mitosls of plasma cells occasionally fakes place in the blood even In healthy persons. Except
under pathological conditions, the lymphocyts Ia the only other speciea of blood cell which can enter tha blood stream
in a stage stil capatle of proliferation, but this, 130, Is an extremely rars finding.

Figure 156 Polyplold plasma cells In normal bone marrow (Text on p 63) A. Above fetraplold plasma cell with two diploid
nuclel (twinning deformity) Below* two normal (diplold} plasma cells and # nuclear shadow B Hexaplaid plasma csll with three
diploid nucler, it 1s probable that this cefl was originally octaplold with four nuctel but that a portion contalning @ nucleus has
been detached

Individyals with rormal bone marcow Bone marrow films A Pappenheim staining B Glemsa staning

Figure 157, Mitosss of plasma cells In bone marraw (Text on p €3) A. Bolow* normal mataphasa of & proplasmocyte Above*
totraplold plasma cell with two diploid nucle) B Bolow: atypical prophase of a polyplaid proplasmocyte Above large, pathological
plasmocyte

A, Indwidual with normal bona marrow B Plasmocytems Bone marrow films A, Giemsa staming. B Pappenheim staining
B From the sama case os Figure 160 (By courtesy of the University Medical Chinc, Basle)

Figures 158 and 159, Polyploid plasma cells In sternal marrow in plasmocytoma (Text on p 63) Flgurs 158: A Twa tetraplold
plasma cells, tha upper with two diplold nuclel (twinming deformity), the lower call with four diplod naclei (menster), B tetrapalar
taloghase of a polyplold plasma cell. Figure 1591 on tho laft s on octoplold plasma cell with four diploid nuclel, formed a3
the result of a totrapolar telophase e3 in Figure 158B.; on the right, an octoploid plasma celt with one tetraploud and two diplard
nuctei (ses Flgure 105B) A number of vacuoles can be mare or less clearly distinguished In tha cytoplasm Diplold plasma celis
are present in Figure 1584, top left, and Figure 1588 befow In the upper cell in B, the paramitotc mottfed appearanca of
the cytoplasm lo clearly evident

Patient with plasmacytoma Sternal marrow Pappanhelm staining (By courtesy of the 2 Medical Clinlc of the University, Basls)

Figure 160. Highly polyplold plasma cells with several nuclel In plasmocytoma (Text on p 63) Largs fuvenile polyploid
plosma cells A Cell with six overlapping nuclel of nearly squs! sizes (12-ploid), the nuctel are probably joined in pairs B Cell
with six nuclsl, which are fused In palrs of negual size, glving them n skittle-Lke appearance, Those palrs have besn formed by
atyplcal mitoses owing fo unequat dwlsion of the chromosomes and the formatian of chromosome bridges

Plasmocytoma  Bone marrow film  Pappenhelm staining

Figures 174 A, 146 B, and 150 C. shaw that plasma cells ars peroxidass negative.



’

Plate 29

Leucocytes: Megakaryocyte-platelet sysiem
Stages of davelopment

Flgures 161 10 163. Megakaryocytes: stages of development (Text on pp 64, 65).

A and B. Diplold megakaryoblasts. The cells are relatively farge. the structurs of the nucleus fs vague and the muc! ol era Indistin
d . 3 [
| gt era Indistinct.

D and E.Tetraploid megakaryoblasts, The cell in D hes two diplold nucfel, the one in E. has a singl
. la tetraplold nuc
hole In the nucleus In E.1s filled with cytoplasm &nd s not a nuclealus, ? plald iciaus The round

F.2nd G. Octoploid megakaryoblasts. The cell in F. has four diploid nuctel, the one In G has & single octoplold nuclaus,

H.1 and K. Endomltoses or fused mitoses. H. shows a polyplold st In
ond K. 2 promegakaryocyte In metaphase, Foum o - apromegetaryocyte n prophase,
L. Promegakaryocyte In Interphase {resting stage) The cytoplasm has eiready bacome partially ecidephilic or pelychromatic, This
the p yocytes from the megakary 1n which the cytoplasm Is still completely basophilic The transition
from megakaryoblast to promegakaryocyte is not linked with any particutar degree of polyploldy, for the oxyphific component can appear
8t an esrly or st 8 late stage of development.
To be noted are the very characteristic cytoplasmic projections and detached fragmenta of cytoplasm 1o be ssen InA.8.0 E.F.I K.
end L. They Indicate the extragrdinary fragiiity of these ceils, a property connacted with the formation of blood platefets, of which they
are the parent elements Othar large cells may slso develop cytoplaamic projections (ses Figure 35E.), but nct with the same regu-
lasity The csll In K. contalns o rasette of vacuoles, and Is bordered above by partly blood platelats N: b ere present
InG and H
A. Chronic myelogenous teukaemia B, Normal bone marrow C D E.F.H [ and L.Werlho'a dise:
1a greatly Increased but thalr appearance ls normal G Untreated pernicious anaemiz K. Gauche
mosrow fiims A B.end G. Glemsa atalning. C. to F. and H to L. Pappenheim stalning

All the elements ere normal In eppearance.

he number of megakaryocytes
diseses A Blood fim B.to L.

Figure 166. Part of & normal, fully mature megakaryocyle (Text on p 65) Gient cell: with the magnification here emplayed
only part of the cytoplasm could be shown Dense, Irregular, lumpy nuclsus; oxyphilic cytoplasm with fine szurophitic granulation.
Top right: compresaed srythracytes coloured gresn as the result of the Lepehne reaction The megakeryocyto only takes up the

subssquent Gismsa stain

Bons sarrew film from an individual with cells of normat appeerance Lepshne peroxldase reaction.
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161 A B c.
Megakaryocytes stages of development
A and B diplord megakaryobiasts, C mitosis

162. p E
Megakaryocytes stages of development

Tetraploid megakaryoblasts* D with two diplold nuctel,
E. with one tetraplaid nucleus Bone marraw

Megakaryocytes  stages of development.
Octoploid megakaryoblasts F with four diploid nucled
G with ong octoploid nucleus Bone marraw

Megakaryocytes stages of development,
Endomitoses H polyploid megakaryablast in metaphase
1 promegakaryocyts 1 proghase

Magakaryocytes stages of development
Promegakaryncytes K in endomitotic metaphase,
L. resting etage

166 Normal fully maturs megakaryocyts Bane marrow
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169. Essentiat thrombacytopenla
Overproduction of megakaryocytes in the bone marrow

168. A 8
A promegakaryocytes and B megskaryocyle with nutlsar

hypersegmentation in perniclous anaemia
11600

B
yte and B. patholeg es!
alt pucien

. A
& pathatogica) promesakaryoc
magkarysens cents.ning numerous ¥

. e ArrOm

e - i ——— e s
170. Megokaryocytic feukaemla

Overproduction of megakaryacytes and platatats

Bone marrow,

172 C
Small nuclel fram patholosical megetanacyes et 159

Same exse as Aarnd B
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Manal o nlatelof "

L ytes: Megakaryocyle-p Y
(Continued}

Atypleal megakeryocytes; reactive overp n of megakaryoey!

1n Figures 168 end 170 a magnification of only 1 600 has been used, in Figure 169 3 magniticatlon of 1 450

Figure 167, F “hyaline™ {Text an p €5) Relatively Iaoss nuclear structurs. The cytopasm is
basophific and clear blue In colour, axurcphﬂlc qmnulu belng present only In the Indentation cof the nucleus A rosette of vzcucles
surrounds the granules At this stage of development, the cytoplssm fs normally almost completely exyphilic. pink In colour, and
contains azurophilc granules, a8 In Figure 165

Patient sutfaring from aplastic anaemfa Bone marraw Pappenheim staining

Figurs 168. F ¥ and s megakaryocyte with nuclear hyp ensemla (Text on p 65)
AendB Two and a megakaryocyte with nuclel Some o' the nuclear ssgments heve bacome
detached fram the highly ramified nucloar mass The unequal size of thess segments distinguishes them from osteoctast nuclel which
sre all equal In size, cf Figures 203 to 205

Pernlcious ansemia, treated cases Bone marrow hims. Pappenhaim staming

In perniclous anaemla, not only the neutrophils (Figure B1), sosinophils (Figure 64C) and basophils but slso the megs-
Xaryocytes have highly segmentad nuclal, aven In treated cases.

Figure 169, Reactive overproduction of megakaryocytes in the bone marraw In essential thrombocytopenta (Texton p €6).
Nost of mix megskaryocytas The nuclal ara partly covered by a thick layer of granulated cytoplasm Thes ll-dafinad appearace of
the nucleus In thick parts of the film should not be taken Bs evidence of the passage of Intact nuclear substance into tha cytoplasm,
since when megakaryacytes are spread out thinly the nuclel are sharply defined No platelots are wisible

Easential thrombocytopenia (WerlhoF's isease) Bono marrow fim Papponheim staining (By courtasy of the University Medical
Clinic, Zurich)

Figure 170. Megakaryocyhic leukaemia (Teston p 66} On the feft are three promegakaryocytes with pathological Hus cyto-
plasm The cells are agqlutinated with a large mass of platelets lying to the right. A denudsd nacrobiotic nuclaus from & megakaryo-
cyte and 2 faw stray leucocytes are to be seen in the midst of the platslets

yoeyte leukasmia by marked of yacytes In tha bone marrow and by Increass in th
number of platelsts n the biood up o 3000 000 por cu mm (By courtasy of the Univeraty Medical Clinlc, Lausanne, case publshad by
G Hemmeler [27])

Figures 171 and 172, Psthalagical megakaryocytes contalning numerous nuclel; passage of nuctel into the blood stream
(Tertonp 65) A. Promegakaryocyta containing slght nuclol, six of which partially covor one another The nuclal are probably diplold,
B Megakaryocyts contalning 12 approximately diploid nuclel of unequel eize € to F Megakaryocyte nuctei which have baen released
Into the blood stream 1n C.2nd D the nuclel ara lying free, while In E and F they sre agglutinated with blood platefets Characterfatic
dark-coloured, danss chromatin, Lylng above the megakaryocyte In B Is an erythrocyte which haa turned green dus ta the Lepehns
reaction, slmilarly caloured erythracytes are ta be seen on tha left of tha picturs

When o megakaryocyte develops normally & celt with a single glant pucleus results owing to endomitosis or fused mitoses, In the
pethologicat megakaryocytes shown hare however the nucler have continued to dwide mitotically eight up to the maturs stage, in the
same manner a3 osteoclast nucle: normally da (cf Figures 203 to 205) The matura o may b
from ostaoctasts by the dansity of the chromatin, the sbsence of mucleoll and the fact thet the nuclel are often unequsl In size and
may be Joned by bridges Moreover, some of the magaksryacytes in such cases have normal auctel, and alt Intermediate forma betwaen
trese and the polynuclear cells are present. The nuclel of tha potynucl may be from osteoclast
nuclel by the fact that they contain aeveral small nucleoll, although these are often concealed Ostecclast nuclei generally have only a
single nucloolus which is relatively large and clearly visible (Figures 203 204) The nuctel of tha polynuctear megakaryocytes sre
able to geln entranco to the perpheral blood owing to the fact that they are wmall £nough to pass through the fung cepillaries,
wheress normal megskaryocyte nuclsi ora too largs to do this The production of polynuclear megakaryocytes hos besn stodisd
matnly by Kabeltz (28]

Man oged 60 with marked cardiac congestion Bone marrow film. Ley

hne resction. (By courtasy of Prol A Atder Asrau).
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Leucocytes: Megakaryocyte-platelet system
(concludad)
Platslets; fragments of megakaryocyte nucte!; twinning deformity
In Figure 178 a magnification of oaly 1:600 has been used

Flgure 173. Norma! blood platelets (Text on p 65) A B and C. Normal blood platstets, lyla h

superimposed on normocytes. The platelets have & granular structurs and their nuilmpu ere nnl’thr-;:ry’gd:H::dln ;{r:::‘l::o:v[!. som;

©on normocytes, they are surrounded by haloes. The normocyte In C. below contalna one Howell-Jolly body. Howatl-Joll pbréTposo

homogeneous, have sharply defined outlines end zre not surrounded by hatoes. ¥ bocles ere
A and B. Haalthy Individuats. C. Fibros(s of the spleen. Blood films. Glemaa staining

Flgure 174, Agglutinated blood platelets (Text on p 67) The Individual platelets can be distingulshed

las, Thelr hyzlomers has coalesced to form & cohergat mass This [s & common finding In mg. end p:ﬂ.‘::,':f::,z(ﬁ":,',ﬂ“ V:n-

there has been a delay In thelr preparation, while In bons marraw films, owing to the tims taken In carrying out marrow pun:(u: " );n

early congulation phenomenon Is always seen, provided that na heemorrhagic diathesls is present. In bone marrow films, lharﬂu:; ‘m‘

ot aautmated bload pltolats oftan contains megskaryoblasts, pramegakaryocylss magakaryocytes or Iragments of thase

cells, since all the stages of devalopment In this aystem possess the characteristic property of egglutinating with one another [3] °
Individual with normal blood platelets Blood film. Glemsa stalning

Flgurs 175. Blood platelets under special conditions (Text on pp 66, 67) A Blood platelets with pdherent fibrin nsedles, These
noedles have sharp outlines which distingulsh them from the leregular cytoplssmic processes. Fibrin needles can be seen In'deayl
Steined fims prapared from eoagulating blood In gereral, fibrin is chromophabic towards Pappanhaim stsin and takes on only o p.y:
pink cotour. B Pathological blood platelets of relatively largs size The two fower oney have normal grenulation the two In the centre
oo only sparsely granulated, end the ans sbove an the left Is ungranulated. Ungranulated blood platelets are distinguished from

erythrocytes by their pure pink colour, free from any tinge of yeion
A. Individuet without foglcal changes B My louksamia Blood fims Giemsa stalaing,

Flgure 176. Glant platelats and fragmenta of m sryocyts nuclel In blood (Text on p 66). A to C Lergs fragments of
cytoplasm from megakaryocyte: so-called glant plateleta™. They have falled to divide into platelets of normal aize D Pathological
platelet with blue hyslomare, so-called “blye platetet”, cf. Figure 1338 E. Very dense fragmant of & nscroblotic megskaryocyte nuclous
P bich has found its way by chanca Into the circulating blood

‘x ond D Chronic myslogenous leukaemia, B., C. and € Heslthy Individusls Blood kima. A.B.C E. Glemsa etaining D. Pappenheim

statning.

cyte nuctel In blood (Test on p 66). A. B C.2nd D Donse fragments of megakaryocyts

Figure 177, Frogments of megakaryo
. In A and B they are agglutirated with numerous platslets, [n C,

nuclel, or, possibly smelt nuclel from polynuctear megakeryocytes
only with 8 few platelets.

l Praumotoccsl menlaglils. From the same caso 58 Figurs 1224 B and D, Chronic mystoganous leukaemia C Endocardits lenta
Blaod films A, Glemsa stalaing B €. D. Pappenheim stalning.
karyocyts nuclel ean often be found In the clrculating blood In chronic myslogenous feuk
iy g n heslthy Individuste. They egolutinate essily with platelets. ukaemia,

Fragments of me:
and occaslonally In othar dis:

ryocyts (Teston p 23). A Binuclese megokaryocyts Two fully mature, polyplord
puclel of lrreguler ghape, aimost mirror Images of each other, In & common cytoplasm Both nuclel sre normalin size B A we')
o

lous for compartson.
o mosmat megotaryocyte with & single PUC !
'p:.ljn:r:-ud ernicious snasmia. 8. Hasithy In¢ividual, Bone matrow fime. Giem

Figure 178. aywinning deformity” of = megaks:

ta'ning
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Scattered blood platelets In C an erythrocyte with
Hawell-Jolly body Is #'so prasent. Blood
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176. A 8 ¢ o
A toD undwided fragments of cytoplasm (giant platetets),
D being a " blue platelet”, E fragment of a megakaryocyte
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B pathological forms
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Plate 32

179. 180, 3 ]
Regional monocytes: Regional monocytes In normoblast nesta,
A.In 2 megaloblast nest, B In a normoblast nest. C. with necrobiotic nucteus,

Bone marrow, D with necrotic nucleus Bone marrow
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181. A
Alder's anomaly profuse azurophiic granulation of the

teucocytes Pappenheim stalning

182, E F G H
Alder's anomaly E 10 G Pappenheim staining
H modified perandsse reaction for cosinophils
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Plate 32

Leucocytes:
Regmnal monocyles of the haemopoietic nests
fiecting several species of blood cell simultaneously

Figures 179 and 180. Regional monocytes In haemopolatic nests (Text on p 59, ses also Figures 143, 147) A. In g megalo-
blast nest. The reglonal munocyts may be seen towards the top of the picture in the centra it has & small, mature nucleus and its
cytoplasm is extendad in lung, tontacle-ike processes which envelap the surrounding megafoblasts and even appear to penstrats In-
&ids them, s In the cate of the cell below B In  normoblast nest. The regional monacyte Is spread out very thinly and accuples
almpst the entire wsusl field The grean mass ot the top canslsts of ingested peronidase-pasitive material Below this is the nucleus,
which fs poor In chromatin and Indented Below the nucieus Ia a pale wiclet mass cf ingested material On the right, sre & few nacro-
biotic nuclel and other debris from celis which have been consumed On the left and below may be seen 1 few normoblasts from the
Targs nest, in tha centrs of which the regional monocyts is lying G, and D In normoblast nests In C. the regional monocyts s In the
centre The nucleus Is necrobiotic and liquetied, a sign that the cell is dying Below zre two Intact promonocytes, Above are some
normoblasts from the heemeporetic centre in which these monacytes 2re situated n D & reglonal monocyte s lying in the centra of a
nest of normoblasts The cell is necrotic and the nucleus completely dissipated, destruction having progressed farther than In € The
streaks In the cytoplasm sre causad by the remains of ingested material [24]

A Untreated parnicious snaemia Giamsa staning B C D Coolsy's disoase B Graham-Knoll peroxidass reacuon, C. and D. Pappen-
heim stalmng Bone marrow fims (B C. 2nd D. by courtesy of the Children's Hospisal, Basts).

Figures 181 and 182, Alder’s anomaly of lsucocyts granulation (Text on p. 16) Unuaually profuse azurophilic granulation of
olf leucocytss with the exception of the plasma cells Mature stages Hereditary anomaly A. Above, a monocyte, below, & basophil
B ond © Above twa eosinophits. The granules ars violet to greenish-gray Instead of red, this is a typical finding Below, two neutro-
phis D Above a monocyte Below two neutrophils E. Eelow’ a neutrophil Abave lymphocyte without grenulation F. Lymphocyte
with profuss granulation G Vacuofated plasma coll without granulation M Above* perosidase-positiva sosnophil The abnormal violet
granules hava remalned The other cells ore a peroxidase-negative neutraphil and a monecyts,

All the basophils ecsinophils and neutrophils, most of the monacytes, and a smaller fraction of the fymphacytes contaln abnormal
granulation The bascphily can be cloarly differantisted from the eosinophils by means of the peroudasa reaction or staining with tolul-
dine blue The puclel of many neutrophils are pals In colour and covered by dense granulation, an appesrance not sean under normal
conditions

Alder'a anomaly In o ten year old glrl Biood films A.to G Peppenten staining H Modifled peroxidase reaction for eosinoptuls.
(By courtesy of Prof A. Alder, Aarau (20}

Figures 183 and 184. Hegglin's (May-Hegglin's) anomaly or hereditary polyphylic disorder of maturation {Text on p 16}
A. Basophil B Abovs ecsinophil Below two neutrophils C Above percxidase-positive neutrophil Below monocyte In afl the cefls,
the cyloplasm contains blue Incluslon bodies The spacific granutation of the basophil has bean washed out, with the resuft that the blug
patches have become visible D Detached fragmant of cytoplasm frum a megskaryacyte The unusually large size of the patches of
granulomers Indicates the future formatian of grant platelets E. Giant platelets in the blood

May-Hegglin's anomaly In a man agad 50 A.B C and E, Blood fiims D Bons marrow film A and C Graham-Knoli percxidase
reaction B and D Psppenheim staining, E. Giemsa etaining (By courtesy of Dr, R. Hegglin, Zurich [30])
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Leucacyles:
Lupus erythematosus cells
Simultaneous overproduction of different species

Figures 185 and 186, P ! In fupus - so-called "L.E, colis" In the bon,

P %) A B wnd C Phagocylic neutraphile, & Three Juvenile nautraphila in pnp of which the cytoptasm conl:ln: lr:::srl::. E::::::
nuctear remzing. B. Segmented neutrophit and juvsnile neutrophil containing Ingestad nuclear materls! C. sbove« necratic nucleus
surrounded by thres segmented neutrophils. D. above end £ centra: monocytes contalning ingested nuctear material F. Cantre:
single, disintagrating neutrophll contsinlag a homageneous, necrotic nucleus sad with 2 border of granulsted eytoplasm. G. Crushed
necratic nucleus exiruded fram a phagocytic reutrophil. In D below thers is slso 5 monccyte, and in E. below and £. below there are
a few plasmocytes

Woman aged 43 suffering from pcuts disseminsted lupus erythemstosus. Bons marrow film. Lelshman stalung (Pagpanhetm
staining using speclally prepared May-Grinwald solution). (By courtesy of Prof. L, Bsrman, Detrolt {1])

The amorphaus masses must bs nuclear substance, since the Feulgen resctlon is pesitive, In patients suffaring from fupus
erythiematasus, such necrotic nucls! may ba found anywhare In the body flulds a0d tsyues.

Blood plasma taken from erythematosus patients may give rlse to similar disintegrating forms In tha £lood and Nssue Huids of healthy
Individusts. The process of destructlon Is not quite the same a8 that normally observed, cf. Flgures, 227 and 232, The nuclol do rat
tiquefy and become homogensous, but form a coherent, felt-Tke mass. a3 can be sean In crushed epecimens (Figure 156 G) Unlke
ordinary necrolic nuclel, which behave like drops of mercury, thess nucle! do nof break up Into small droplets, Moreovas, they do
not stain 8o deeply L. E. cells were first dascribed by Hargraves, Richmond a7d Marton {321

Figure 187, Lymphatic glandular fever (Text onpp 60, 62). A. Above: 8 monocyts Balow: & #talf neutrophid end & pls:
plasmocyts] with vacuoles B Above: lymphocyts with Indented nucleus. Below: 2 pi €. Two fymphocytes w
tstlc hatoes surrounding the azurophilic granules The upper lymphocyta Is sbaormally large

Lymphstic giandular faver (Infectious mononucleosis) In # child Blood film. Giemaa staining From the same caas aa Flgure 137,

In tymphatic glandular fever there is overproduction 21d aften deformatian of the blood cells which ace produced tn the lymphatle
Hasue, i &, the lymphocytes, monocytes end plasma cells The bload picture therefors presents many different forma and is naid to b
“varlegsted ” in contrast to the blaod picture, malnly lymphacytes, found in lymphatic leukaemia and Infectious

tymphocytosis.

sma cell fpro-
ith ch, 4

Figurs 188, Bone marrow film In essential panmyslopstby (Text on pp. 14,607 A Two monocytes surrounded by fymphocytes
B Abova: tissue basophit end atelf nsutrophll. Balow: twa plasma cells of different sizes, ons contalning vacuoles Severs! fymphacytes
zea alsa present Marked averproduction of the cells of the so-called *lymphetic tissue™ of the bane marraw, with disappearance of the
true myefogsnous efemants )

Essentia! panmyatopathy In an adult. Bane marrow fitm. Pappenheim stsining. From the
(8y courtesy of the Unlversity Madical Clinie, Zurlch)

ame case ¢ Figuras 19TA 191 C ond 19)

e my L il hils, neutrophlls and normoblests In blaad (Text on p 14)

g“:" ’89;" ‘ih‘rx\l'm of the centre is 8 neutrophilcblzst, sbove which, slightly more 1o 1ha lalt, s an easinophl with partty baso.
e Below the n I and sTightly ta the FGht, sre two polychromatic normeblaats while further fo the right,
philie g manted bsacphils Also present are & number of stall form wnd sagmented nectophlls Simaltanaous “primary’
hove thesw, ere two ¥ eg ntrance of erythrotlzats Into e Llocd stresm is vevally & secondary process

tood cefls Th
duction of varlous species of tlo
nvom;:" ta annemly ar to the “crowding out” of profiferating cella from the bane marrow

Fim, Pagperhelm staining

due ¥
Chranic myeloganous Teukaemla Blood

ined hoeytic and ic leukaem'a (Test on p €0) To the laft of the centee o g ymahtlagt with
Flgure 190, tes surrounded by ine denuded lymphocyte ructel To tha feft of and above the ymzhokisst ir & very youns mono.
slmost denueed e '“hv. fhaad carner are two rather more matu-e Tasts tn add tion, five p T 478 prasent. Altroush
last, and in 1he 1op right ercely visble, owing to the staiaing methad used. these large cols myrl Be monocytes sirce they were
the suroshite prame “‘l ::mn l’n mature monocyies and the paroxiiase reachon wis negutive That they were ngp warly ¢
sccompanled by tranaitiony Tortl B0 L 0 hay cou'd e confused, was evide-t from the (act st the who'e seriee of neutray
o n.u(rcp?ﬂ!‘;l!: ﬂ1"‘1 :Lp:o::n 0% and ofl stages [rom the promystacyt erwards sowed the nerfrol Btrongly pos.tive peraridage
regent in 1o
:'."‘:M Thres crumed nm“m o ‘: i:::: Jeutsemia In an Infant, The white E200d evunt fluctut’sd Ev'weea & 100 end 770000 per
Acute, comtinad bl m.::n'a?ﬂﬂ €57’y manacytes and 307 hmphecytes GrahemKncT persudese rascton (D courtery
. t !
:T 'L:T‘cm:.ﬂ'nz;ﬁ,: Basle, cave putl sted by F Hauver (3]}
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Plate 33

B

Lupus erythamatosus Phagacyic feucacytes in the bono
marrow, so-called L E." cells

Phagacytic neutrophils

186 D E

D 2nd E. phagacytic monocytes, F. disintegrating leucocyte
which hs not been ingested, G flattenad disintegrating
nucleus Same casa 2 Fig 185

187,

A
Lymphatic glandutar fever
staff neutrophil, monocytes, plasma cells, typical and
atypicat fymphotytes in blood

Essential panmyelopathy
ovorproductian of ymphocytes, monocytes, plasma calls
and tissue basophils Bone marcow

189 Chronic mysfaganous leukaemia

basophils, easinophls neuteopbuls and aarmatlasts
In blood

190 Combined lymphatic and monacytic leukaemia
Bons marrow
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191, A B c. B
Tissus basaphils
A Juvenie form, B mitosis, C flattened and 0 spherical
mature forms Pappenheim staining Bore marrow

192. E. F. G H
Mature tissus basophls:
E and F. Pappenheim stainlng © Giemsa staning,
H toluidine blue staining Bone marrow

194, Blood vesse! with both elongated snd round calls,
the latter at the alte of rupture Bone marrow him

195, Nuclel of vascu'ar vy Bane marrow tim




Plate 34

Nan.h s tin el "

in the bone marrow:
tissue basophils and vascular cells

Figures 191 and 192, Tissua basophlls (Text on p 68) A. Juvenile form with largs nuclous of looss structure B Anaphase Very
Indistinct chromosomes, Glving the appearance of a twinning deformity € to H Mature stages C, Well spread out cell containing
numesaus fire granules D Poorly spread out cell having the sppearance of o black azhers and easlly mistaken for extraneoua
matsriat The nuclsua Is scarcely recognizable and the individual granulea cannat be 4 E Coll with dark,
nucleus F. Cell with insufficiently stamed nuclsus G Cll with somewhat Indistinct granulation Daspits Glemsa staming, the granules
have not baen washed out. H Cell with pals blue nucleus and intense metachromasia follawing tofuding blua staining

Patients suffering from diseases which gravaly Inhibit haemopajesis In the bone marrow. A. C.and D Panmyslopathy, from the same
case 25 Figurs 188 B Chronic lymphatic leukaemia, adult. E G and H Acute lymphatic leukasmia, chid F Carcinoma with meta-
sto3es In the bans marrow Bone marrow films A, ta F. Pappenheim staining G Glemaa staining H Toluiding blue staining

Figure 193, Bone marrow film contalning blood vessel with elongated calls (Text on p 68) Section of a blood vessel, protably
of @ small artery 1t Is Impossible 1o determine whether the sfongated fuclei belong to smaoth muscle cells or to endothelial cells.
Adult, Bone marrow Kim Pappenheim staining

Flgurs 194, Bone marrow film containing blood vessel with both elongated and round nuclel, the fatter ot the slte of
rupture (Test on p 68) Probably frem a collapsed venous sinus The cells are most likely to bs endothellal cells as their nuclel have
assumed 8 roundod form t the relaxed ruptursd end on the mght. Vascular calla sre moture specialized slaments the nuclel of which
ara rarsly recognizstle

Adult. Bone marrow fim Peppenheim steining

Figure 195, Bone marrow film contalning nuclel of vascutar colls (Text on p 68) Group of four nuclel from vascular calls
Mature specimens without distinct nuclacli Well defined chromatin network. Most of the nucler have assumed the round retaxed form
after baing separsted from their tissue relationships Tha lowsr nucleus s Tyiog 1n 8 long eharacteristically spindle-shaped strip of
cytoplasm Theae calls are probably derived from a venous sinus, bacause the nuclel of vascular calls from srteries and large veins
retein their slongated farm alter relaxation The uppermost nucleus has & scratch running through ft. The change I colour from siofet
ta pura blus Is cheracteristic of mechanical Injuries to fixed and stalned cells, A neutrophikc myslocyte and & aormablast are also
prosent,

Adult Bons marrow fim Psppenheim etaining

Groups of round nuclel of vascutar colfa are common in bone marrow filma

Figura 196. Blood film contalning nuclei of cella trom a cutaneaus vessel (Text on p 68) Four naked nuclel of vascular celle,
probably from o small vein The nuclel are less epread out than thase in Figure 195, but athermiss do ot differ from them Here, too,
the charactaristic arrangement In groups can be saen Simifar nuclel wers ot present elsewhore in the film.
Hoalthy adutt. Film prepared from digital blood obtalned sftsr squsezing and rubbing the finger, Glemes staining
Vascular endothellal calla or thelr danuded nuclel similar to thoss shown In Figures 193 to 196 can b found in touch
preparations of many ergans,




Plate 35

Non-haemopoietic elements of the bone marrow:
stroma cells and osteoblasts
In Figures 197, 199 and 200 8 magnification of onfy 1:600 has been used

Figure 197. Bone marrow film contalning poorly spread out stroma cells or !at cells (Texton p 63) Three stroma cells
or their romnants The fat hes been dissolved out. In the cell an the left, the thin membranous cytoplasm containing 8 central nucleus.
has baen preserved whereas In the twa cails on the right, it has been largsly destroyed

Adult Bone martow film. Part of a bone marrow fragment. Pappenheim stainlng

Figure 198. Bone marrow film containining a well spread out stroma cell (Text on p 68) The membranovs cytoplaam, which
formed a spherical envelops round the fat vacuole, has ruptured, openad out and then becoma folded over. The border is therefara
Irreguiar. The cytoplasm contelns & vory mature. almost strophic nucleus without nuclecti, and the fine, oxyphilic reticular structure
can sull be Just distinguished The fat has escaped

Adult. Bone marrow him. Pappenheim staining

Figure 199, Reticulin networks In stroma cells (Text on p 68) A ond B The reticulin fibres In the cytoptasm have been made

visible by sitver Impregnation, The tibres are long, unlformly thin and sharply outlined They have stained Jet Elack, in contrast to the

violat colour of the other elements. The nuclel are in the centre A From a thick portion of the fitm, B From a thin portion of the fitm,
Child Bone marrow film [34) Gdmdn'e silver and gold impregnation (p 30}

Figure 200. Flbrosis of stroma cells In rickets (Text on p. 63) Tha thickened, pouch Lke cytoplasm shows a distnctly fibrous
structure even with panoptic staining, the fibres radiating Into the surrounding ares kke & corona The central portion of the celf, cane
taining the nucleus. has been tom out. Finding in “fibrovs marrow™,

Vitamin-D resistant ricksts In 8 chdd. Post-mortam bons marrow fim Pappenheim stalning (By courtesy of tha Chidrans Haspital,
Basle)

The siroma or fat cells of the bons marrow do not differ In sny way from simllar cells In other parts of the body.
They are highly speclalized cells and do not potsess multipotent properties. In the prepsration of bone marrow fitme,
the thin membranous cytoplssm of the fraglle stroms cells is usually ruptured and the fat

Flgure 201, Group of ostecblasts (Text on pp. €3, 69) Four esteoblasts. The nuclel are eccentric and e3ch containg two o thrae
blue nucleoli The cytoplasm is extensive and desp blue with 8 pale round eres of srchoplasm at some distance from the nuclous.

tasts
low: » monocyte and severs! lymphotytes and normob!
e.c‘;'na with no:'rul bone structure Bone marrow fim. Peppenheim atalnlng (By courtesy of the Children's Hospits!, Bagte)

1, comparatively young osteotlasts They are thinky apeesd aut an
02. Osteoblasts (Text on pp €8, €9). A Three gm2 o ond teo
;xﬂ:, ::clzevﬁ "are claarly viible in each of the nuclel Areas of archaplasm ere afsa present. § Osteotlast In prophase Casrae ahorply
u:'.ﬁnod ehromotomes. The cytoplasm contalns paeudovacuoles procuced by the Incorporelion of drops of bone marrow tat. Betow
'yf:;';m’:ﬂ.,x, {mperfects In 8 €hld, accompanied by everproduction of oteotissts Bone marrow Him. A Pazounheim staining,
Y Inung (By courtesy of the Chitdren’s Hosoital, Basle).

th mature plasma celle. The latter, hows:

B Gems

fused wi
teoblasts ars most fikely to be ton
o s, contsin Ao visible nucteot, and thelr

P 8re only half the alee of
srchoplasm s Immediately adjacent to the nucleus,
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197. Stroma cells (fat ceis) of the bone marrow
Pappenheim staining

138, Flattened stroma cell of the bone marrow
Pappenheim staning

[}
Reticulin networks A In 3 stroma cell in an almost
intact fragment of the bone marrow
B n a flattened stroma cell Gomor staining

11200

200, Stroma cell fibrosis In nckets Bane marrow
Pagpenheim staiming

201 Group of osteoblasts Bone marrow film from a chitd

202, A [:}
A, group of osteoblasts, B, osteoblast In prophase
Bone marrow
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Plate 36

1:450

203. Ostenclast. Bone marrow film from a chitd

teoclast with profuse granulation 208, Part of an osteoclast containing three diploid nuclei ang
one pathofoglcal, octoploid, giant nucleus which hag a
boomerang form

205, Part of an os!
Bone marrow.

e . Wt ppien
Osteoctant conts aung po'pp'ed 208. Or'ecctaatic s3ecema MU polor 4o ny puthlgoe.
207. Ostecclaste sarcerd oreroelatl Seme Case b 15 20 1 o s o

o8 byped 51a 4 auclee Bane rarree



Plate 36

Non-h poi ! ts of the bone marrow:
osteoclasts
In Figurs 203 a magnification of only 1 450 has besn used

Figure 203. Osteoclast (Text on p 69). Part of 21 osteoclast with mora than 50 nucle ch containing & blue nucleclus.
Overpraduction of osteactasts In a child suffering from vitamun-D-rosistant ricksts Post-mortem bone martow film Pappenholm
staining (By courtesy of the Children's Hospital, Baste).

Figure 204, Part of a thinly spr: clast (Text on p 69) Ench of the nuclel contains one and occasionally two distinct
blus nucleoli The cytoplasm s blua and contslns azurcphiic granulation
Child. Bone marrow fim Pappenheim stalaing (By courtesy of the Childcen's Hospltal, Boste).

Figure 205. Part of sn osteactast with profuns granalation (Text on p 69) Thick portion of the ilm Some of the nuclel are
supenmposed on others and their nuclaoli can hardly be distinguished The cytoplasm contains azurophilic granules, those on the
¢ight baing pacticularly caurse, dark vialet and gland-llks In appesrance A few lymghocytes are also present.

ChId with normal bons atructurs Bona marrow fim. Pappenheim stainlng From the same prlvlndon o3 Figure 201.

Flgure 208, Part of an osteoclast contalning o deformed puclevs (Text on p 69). Thres singls diplold nuclel of normal stze
and ane large, boomerang-shapad giant rucleus, probably octoplold Apparently, two of the proceding keryakinesss ware endomitotic
and unaccompanied by division of the nuclel Very rare finding

Child Bone marrow film Pappenhsim staining. From the same preparation as Figure 204,

Figure 207. Osteactast sarcoma (Text on p 66) Pathologicsl esteoctast cantalning six polyplofd and four hypodiplold ructol
Osteosarcoms of the right femur Touch preparation from the bone merrow Pappenhe:m stalning (8 courtesy of D P. Lopes
Cardazo, Leyden [35])

Figura 208. Osteoclast aarcoma Pathological multipolor mitosls of » polyplold nuclaus with slander chromosomes
From tho same preporation a2 Flgure
In 8ddition o a few of norml the
fogitat hetaroplaidy, the slemants shown hers belng exireme examples

also containad definite tre

ftlonal forma exhibiting patho-

Only fragments of ostecclasts are found In bone marrow p differ from meg >
having numerous unconnected nuclel, of spproximataly Ilnlhﬂll llxl each l:nnh(nlnq a solitary nucleolus Morwnr {hl
,..nuv.- very In alze and the cells do not sgglutinate with blood platelets. The osteoclasts of mammals also ressmble

the of fower . which have no megakaryocytas
" Ostooblasts and osteoclasts are found only in the bones, and accur In particularly large numbars during childhood,
whm they take part In bone growth. In adults they are usually rare. Ustectlasts ware first dexcribed and clearly diterentinted
by M Esser [36)
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Non-haemopoietic elemenis in bone marrow:
cells of tumour metastases

Figurs 209, Metastssls of & stomach carcinoma In the bone marrow
t cancer cells with overproduction of the ¢ i
Hssue (Text on p.69). Large specimans detached from & compact mess of tissve. The cosrse chromatin network Is d"!:'f;ﬂ:‘:llb::
The nucleus below is In early prophase Most of the cytop'asm has been destroyed, the remaindar being Indistinct and of n pale, un"u;
biue colour. Batwaen ths cells, steips of plnk connectivs tissue can bo seen. '
Cancer of the stomach. Bone marrow film. Pappenhaim stalning, {By courtesy of the University Medical Clinic, Zunch).

Flgure 210, of a stomach carc| [n the bone marraw: cancer cells with 2zurophilic granulation (Text on
p 69). Three cancer cells of & differsnt type from those In Figure 209, elthough the primary tumour is also & slomach cancer They ar
derived from looser tissue end their cytoplasm has therefors suffered leas Injury during the preparation of the ffm. The nucleyl nr:
lobed and irregular. and the chromatin network Is Indistinct. Some [arge nucleoti may ba seen ghstening through the chromatin, The
cytoplasm Is palo blue with szurophic granclation, No Intracelfular connective tissue is present. )

Concer of the stomach. A different case from that in Figure 209 Bono marraw film. Pappenhelm stalning (By eourtesy of the
Univarsity Medical Clinic, Zurich)

As Figures 209 and 210 demonstrate, the cancer cells of metastases in the
patient to another.

me organ may ditfer greatly from one

Metastatic eancer cells in the bone marrow (Text on p.69) A Above: mitasls of 8 polyplold cancer colt Short,
of irregular The nymber ef c! Is higher than normal, Ind.cating that the
stlutsr collagen fibres can be clesrly sesn This preparation contalns » num-
palyplold cancer coll four glant, blue nucleoli;

Figure 211,
thick, sharply-defined
cells are polyplold Hers, too the plak colour of the Interc:
Ser of scratches running disgonally from 1o to bottom, B Large.
from & bona marrow metastasls To the rght: damaged tissue basophil

A Cancer of the stomach Bona marrow fim From the same case es Figure 209 B. Carclnomatesis From the sasme csse as

Figure 232, (By courtasy of the Unlversity Madical Clinc, Zurich)

Figurs 212, 1s of & true T in the bone marrow (Text on p €9) The cells ore of varlous eizes and, In
most cases, the cytoplasm Is ragged or torn off Thia appesrance Is characteristic of ce'ls in Klms prepared from compact tissue and
contrasts with the well-dafinsd outlines of the cells in the two followirg pictures

Patient with a large adrens! tumaur. Identified Nstologically as a sympathogonioma Bone marrow fim. Pappanhelm staining (By cour.
tasy of Dr. A. Pinay, Landon. Case published by Piney, Mallarms, Ross, Kipfer and Barnard [37]).

* In the bone marrow In loma™; perhaps In Teuk
tlined ce'ls with dark tlus eytoplasm Above: cell in matsphase Short, thick chromosomes with

eutrophilic myelocyte Unlke the cells of tumour tmetastases or other compact
ther but are lylag singly s'de by side Lke atem cells of blood corpuncles
) Bone merrow fim. Pappenheim staining. From the same case as

Figure 213. *Sympathogonla’

(Text on p €0) Vacuolated, sharply ou

Indistinet outines. To the right of this cell is 8 n

tissues, these cells are not connected with one ano
oma™

So-called sy
Figute 214. (Br

courtesy of the Children's Hospital, Baste)

. hogonloma™; perhaps manoblasts In 1
.0 : . I . . 'L T . N
.
. «r = « 8 [ I T . . pptrentty mono.
' L " . e . spparently s pro-

4 atsge of develozment

ogorloms ™, Bood fi'm.

nd the tlood contsin 'l stag

atypiea! fronocytes These cells are perciiéase negative Tre
G

Pappenhsim stalning From the same ¢ s Figure 213
of cevslepment, from blast cals through geanulated forms v to fypicat and
¢ pecogniticn 1 alded by the fact that the whole neytrozhil series tg
tien peroridane renction. This form of aympath

Zes. from the promyelocyte I anwards, gire 8 pot rpathogoniome
pravect 4nd (0 T n;-c:?.. i3 the Eiaod atresm, seems fo be 8 monatisntoms sczampanied by monablast ¢ lesksemis. o bing of
wihrel " . ;': ;\;::“. parsitetin plasmocytom eemgenied by plasms ce leskaeria (33} The extatence of trvs sympsthogoniome,
Jeskaeris ®

o in Figure 212, ls nct questioned ty plecing these ¢ in 8 separste category
.

ronocyte, the nex
So-cal'ed ~sympath
The bone marrow ¥
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209 Metastasis in the bone marrow trom a gastrlc carcinoma. 210. Metastasis 1n the bone marrow from a gastric carcinoma
carcinoma cefls with azurophihc granufation

carcinoma cells with production of connective tissve

212. Metastasis in the bene marrow from a true

Metastatic carcinoma celis in the bone marrow’ sympathogonioma

A. polyploid mitosis, B polyploid, mononuctear cell
contaming giant aucleoll,

213 “Sympathoganla” In the bans marraw s
*sympathoganiama”
Mongblasts In monoblastic levkaemia?

214, A 8
e " in the blood In
Moncblasta in monoblastic leuksemia?
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216. Metastasis In the bone marrow from & melanossrcoms

+ Metastasis In the bone marrow from & melanosarcoma

215, He!ha's asl ':I; mononuclesr cells contoimag metonin Highly polyploid muttinuclear tumoar eell, whieh doss not
'ghly polypl contsin pigment (so-called leuco form)

218, A B
217, Lymphogranuloma  Sternberg giant colls l Lymshograrstam- Stormberg glan s
Left, intact cefl, rlqht;‘lla’ne:cd ce’lllconnmmq typical A Waligolar mitoals with sme hrormmsomes & .
giant nucteolus Lymph gland punctate

mitosis with large chromosomes Lymph gland punctate

RN
LA T

y — ternt 2t ce?
219, Lympragranuioma: bighly pc'yp'fd Sterntery ¢
w th geveral higtly polyplard ructer
Lymsh gtand punctate

220.
Lyrphogranulers 1 rby gprend o o ¢ L
corts mng gt puclech Lymes ¢y g

"3 g ant ety
B
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Nk PURTY 1

of the bone marrow:
cells from tumour metasfases

Figure 215. Metastasls of a mefanosarcoma in the hane marrow (Text on p 69) Two highly polyplald mononuclear manstar
calls and  falrly mature epithelial cell the eytoplasm of which contalns dark masses of melanin

Patient with a melanasercoma arginating from a pigmanted naevas Bane marrow film Pappenhem etaiming (By courtesy of the
University Medical Ctinic, Zurich).

Figure 216. Metastasis of 2 melanasarcoma In the bona marrow (Text on p 69) A glant palyplold cell containing 5 nucte) and
glant nucleah Above on the left is a mononuclear lumaur cel! The cytoplasm has alveolar vacuolation but daes nat contain any pigment.

Pationt with 3 melanosarcoma originating from a pigmented naevus So-called “leucoform”, the majority of the tumour calls being
fras from pigment. Only a few of tha mare mature cells contained pigment ond these resembled the celf on the right In Figurs 215
Bone marsow film Peppenhem atalning (By courtesy of Dr B Wiedermann, Olomaouc, Czechoslovakia)

Flgurs 217. Lymphogranuloma+ Sternberg glant eslis (Text on pp 69, 70) Relatively young monanuctear cells, stif only shghtly
polyplold The Intact cell on the faft contains severa! nuclecli but they are rather Indistinct The cell on the right Is well spread out and
the single, bius glant nucleolus can be clearly seen Threa fymphocyles ore slse present.

Lymph gland punctate from a patient with lymphogranuloma Pappenheim staining From the same preparation as Flgures 218 and 219,
(By courtesy of the University Medical Clinlc, Utrecht}

Figure 218. Lymphogranuloma: Sternberg glant cells (Texton pp 69 70) A. Multipolar h
Mitoses of this type give rise to polynuclear lymphogranuloma celis the nuclel exhiblting a low degres of pulyp!uldy B Cell contalning
ono or two highty polypleld glant nuclel In endomitosls, the chromasomes ars relatvely farge Mutases of this typs give rise to fympho-
granuloma cells with glant auclel and often containing glant nucleoll,

From the same preparation as Figures 217 and 219

Figure 219, Lymphogranuloma: highly pofyplold Sternberg glant cell with several highly palyplold nuclel (Text on pp £9,70).
No claorly isible nuclecll Abovo on the right there Is elso a monanuclesr lymphogranuloma call.
From the same preparation sa Figures 217 and 218

Figure 220 Lymphogranuloma: Sternberg glant cella (Texton pp 69,70) A. and B Thres well spread out Sternberg glant cefls
Loose nuclear structure, typlcal blus glant nuclecli The cytoptasm, which fa blue In A and pate pink in B, bas been largaly destroyed
Lymphogranclama, Lymph gland punctate Pappenhelm stalning (By courtesy of the Univarsity Medical Ciinic Lausanne)

The discovery of glant cells with enormous blus nucleoll In the tymph gland puncta
cal findings, confirms the diagnosls of lymphogranuloma. La
other disesses and are due to severe mitalic disturbanc

ken In conjunction with the clinl-
rge cefis with glant nucleoll may, however, elso be found In
ct Figures 35,36 211 8




Plate 39

Non-haemopoletic elements in bone marrow:
adventitious epithelial elements
fa Figurs 225 a magnification of ealy 1:600 has been used

Flgure 22t. C L
Fgere 2le (1 (Text on p 19). Sharply cutlined, wrinkled polyhedrat slement with no
Bane merrgw film, Peppenhalm stalning.
Cutansous scales very often occur as extraneous elements In bors marrow films as well as in Eood tima. They are ge:
elngly, but sametimes In groups, and may be covered with bacteria ¢

Mty found

Figure 222, Nucl d (Texton p 19) epldermal with
several ol
but still containlag & nucleus Surrounding It 2re Bome some poly eryth and & fow " c.::s and weinkles
Bons marrow film. Pappenhetm stainiag.

Figure 223, Sshaceous gland cells from the skin (Text on p. 19) A. 2nd B Large, alvaolar, peroxldase-negative elements, The
sebaceous matter has been dissolved out from the alveoll Thasw should not be canfused with fat cells (stroma cella) of the bone ma;m
Bone marrow film Groham-Knoll peroxidase resction, ”

Flgure 224, Sebaceous gland cells In skin film (Textonp 19) A.end B Cells similar to those In Fig 223, but B Is a some.
what less mature epecimen and contains fewer vacuoles "

Skin film prepared from the point of a starnal puncturs needle: 8 placs of skin was removed from the sternal reglon of the victim
of an accident shortly efter death and then punctured w th the needle Pagpenheim stalning

This film was prepared In order to ascertain which elementa are Lkely 1o te transfarrad by the reedle from the skin to the sternat
marrow during marrow puacture In eddition to sebaceous gland ce'ls. skin fitms contaln cutaneous scafes, tiasus basophils vascular
rue tat cells, halr foliiclas and sweat gland colls Of those elements, only the tssue basophlls vascular cells and true fre
duced In the bone marrow The remainder are elaments specific to the skin.

calls, t
calls (stroma cells) are also proc

Figure 225. Hale root (Text on p 19) Raot of 8 halr with hair follicle alill attached.

Bone marrow Nim. Glemsa staining

Flgure 226. Eplthelial cefl and bacteria from the mucous membrane of the buccal eavity (Text on o 19) Large wocat
mucosal ceft of the buccal cartty, covered with varlous kinds of bacterls

Bone marrow fim. Pappenheim staining

Eplthetial colls from the buccal mucosa
preparation of the fitm. If only sofated eplth
Indicates that 150 drop of salive hes fallen
surrounded by ® ring of hagmelyzed cells.
mucous #pithelial cells may, of course, also pecur

may be expelled on ta the bone marrow fi‘m with drops of saliva when speaking during thy
efial calls a0 cbserved, surraunded by bone marraw elements 59 1n the Mustestion, this
Into the usplrated marrow telors the fim was prepared 1 they sre seen bying in 5 ém
the drop must have falten on to the drisd preparation Lefory ising Contamination e
In blood fitms.
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221, Contamination of bone marrew film
cutaneous scale {keratinized epithelium}

222. Contammation of bono marrow film
cutaneous epithaial cell with nucleus

Contanunation of bone marrow film
sebaceous gland cells from the skin

225, Contamination af bone marrow film

226, Contamination of bone marraw fim
epithelial cell covered with bacteria from the buccal mucosa
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227, A B [ 0 3 228, F. G. ) X
N Necroblotic disintegrating forms of leucoeytes in blood,

D. 230. A. B.
Artiicially produced necrotiotic disintegrating forms
of laucocytes In mormal tlood

229, A 8 c
In bone marrow

e [ 232, Hecrobict £ € mintesrat mg farmy ol mgeays Mo
marrow
. rotic’ ¢ &8 Ateseat 0g lorm of 8 megatctiset, in bone
LMJC heemate RoPctiasts m 1 Stuctureless auc'sl
o pore ratrg £3rm of & ne-trophlobiant.
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Plate 40

Disintegrating forms

Figores 227 and 225 grating forma of In the blood (Text en pp 10, 14,18 70 A Necrotiotic
col, probatiy  manacyte B C,2ed D Necrobiotic forma of nautrophils, bs B, and C the figuafied chromatin hes broken up info swveral
drops and in D it has candensed to » aingle farge drop, E. form ot 2 ots F Pariof s aucleus In the
Srocass of dostruction The basophdiz chraatin 18 #issous and haa broken up tnta slngls drops Tha oayphilic chramatia ls less viscous
and holds the nucisar fragment together @, Bolow: negrotiotis form of & promonacyts. The basaghilic chromatin has broken vp into
Sragments and Ia surcaundsd by the axyphilc chromatin: & narrow burder of cytoplaarn fs Just visibla around the periphery Abava: latact
gromanacyte. H Necoohiotic form of a promanacyte The besophific chramatin fs coherent but containg Rales through which thy ory-
ohilie chromatin 1s visthta £ and K. Remnonts of destroed leucocytes, na langer capadle of identification

AT.D and ! Heahthy lndividusle B, Hoemotytic disoase of \hs wewborn E . 204 H Monocyic Sedkbria with predomioance
of monablasts &nd pramanooyies From the sama case as Figures 123 end 125C ¥, Chronic myelogensus Jeukaemia, K. Lymphatlc
glandular fever Blosd fims 4 fo £,G. 2ad H Pappeshsim staing F. 4 a0d K, Glemss staining

Figuen 229 forms of In the bane mervow {Teat an pp, 10, 11, 18,70} A. Necrobiotic form
of & monocyls, B Necroblatic farm of 8 feucocyts no langae capable of Idantificstion The nuclaus has asparated Into faue drops of
baxophilic chedmatln, thres of which sre surrounded by a nactow bardar of axyphitic chromstin € Above* necroblatic form of & peutro~
philic pramyelacyts 1L, The Beaophitic chromatia has becoms eonulsihied and is dispersed in the farm of drops throughout th oxyphilic
chromatin, Both chromatin components 8re Soroxidase negative, as acw st ductesr aubstancey Os the other hand, the erlopiaam gives
8 strongly positivs paroxidasa reaction, Ths celf damonstrates thet the pink substance surrounding 1ba drops of basaphilic chramatin
In nacroblouc cells le oeyphilic chromatin and eat cytoplasm Ealow? intact peroxid: 2 wo form
of  fauzacyts no longer capabia of tdantfication, Probskly necroblosie tollowing an arrested mitosls, as can be deduced from the
cagatts whaps of the puctevs and the mottled epprarancs of tha cytaplasm

A Agranuloeytoats 8. £. D, Levkasmias A and C. Geaham-Knoll pormaidesa razction, B Glems:

taining D Foppeaketm stalalig,

Reating nuclet ar chromasomes containing hamageneas dark fumps, a8 in D, &3 not shways balong 10 feua nserablotic calls They
rry afsn resutt If the filma are fixed (o2 saen sher preparstion, i fixing solutians containing waler are used, or if the fims atcidant-
afly came o contact with afiefi ar #cld The lumpa may ba sftuated In the cantre of the nucleus pr they may form & bread rlag
sround the circumforence Ax g result of this aeparatioe, the remuinder of the nucleus s poor in chromatin and tharelare ntaing
wenkly Th chromatln structure fs fost Suth artificis] products can be eastly distingoishad from true necradlotic celts becsues
#15 the nucleated elements, of fuadt in the atfacted past of tha fim wihibit 5 similar appearance If athar prepacstions ors made from

the eame case end sre fixed and staned carefully, perfectty satsfaciory stalning taxes place, Indicating the druhcial natuce of
the changas

Flgurs 230, grating forma at produced artificlally {n vifro In aotroa! blsed (estonp 70%
A B and O Naceoblotic formp of nevirophifs € Necroblotic forma af twa sewtrophils, two #osinoghils and ane mosocyts (in th
centre) The auclel are liquefiad and tharafara struclurelass, sad have esther broken up into small droplats or condonsed to foem 2
#ing's drop Te asutrophil in A, (lowar calf} resambies a parmoblast is sopesrance This is oot tha case howsvsr since tha Indiddual
drom wham the blood way takan was In good health and bad na normoblasts in the baod Morsover 3 porosidase-posltive neutrophit
with b Eimitar necrobiotic nucleus can bs seen in O 5 & normoblsst would ba paraxidass segatis in histological ectians nscrobiotic
Torms oF soainophils with round, condensed nuclal, kks the lowsr cella tn G, 6rs isblo fo bo mistaken far easiaophiic mysicyiey

Thtae hesithy individusls Fiims from the lautocyte layer of 5 vemgle of titratad biond which had stood of room tempecsiura for
A8 hours R, B and T Gismes ataining D, Geahom-Knolf peroxidzxe reaction

Flaure 231, Necroblotic forms of srythroblasts and necrotic Jorm of # neutrophiloblast (Text on pp 19, 11, 18, 701 A Netro-
Eiotic distatageating form of 2 bseaphiic megalablast, the development of which has bean arrested, cf Figurs 33C B Two olychromatic
normodlasts with siructureless {ascrobiotic] nuclel in the upgar sormobiast, the nucleus has been partially tacced out mechanicatty
Wke thet of the monacyts in Flgurs 230 C Normobissts with necratictic nuctel ars the norma) precureory o normotrtes G Netratic
dieimtagrating Jorm oF @ sutrophifoblast. Thet the coll Is natrodr aad nat secrobioUt is shawn by the act that the nucleus ng langer
contains basaphilc chromatin but s camplately decalerized Yrm colt ia surrounded by Intact ceutrophiloblsats, rermoblasts nd &
Gumpracht's whadaw

A Unirsoted parsiciovs snasmia B Ansemis ina chnld G Nestrophioblaac Jeuksemia From the same case 28 Figurs 100 Bane
marrow Bims A Gismas stalolng B Grsham-Knall parandass reaction. € Pappenheim staining

Flaure 232, Recrobletis forme of mefartatic £xncer colis in he bone marraw {Tast on p 70) Partly intast, partly dininte-
grating tumour colls from a naceotic bone msrrow metastasls

Carcinamatcsts Bona marrow film Pappantaly stalning From the ssrme cass

Figure 2118 (39},



Plate 41

Artefacts

Flgures 233 to 238, Varlous kinds of artefacts produced from blood corpuscles and bone marrow celts (Text on pp 70,71)

A. Stricture formation In & norms! manonuclear fymphocyte The cell is constricted in the middls. The normocytes lylng nesr the
constriction have slso been damaged If the cell had besn complotely divided, two artificlal microlymphocytes would have besn
produced Artefacts of this kind ara rere, but may be produced from sny species of blood corpuscle

B Below: crushed segmented nautrophll Above: Intact neutrophll When a segmented lsucacyte Is crushed, the number of chromatin
patches produced is generally equal to the number of nuclear segmants peessat In the intact coll The “postnuciectar chromatin
masses” (lower middle segment) are clearly visibla

€. Crushed monocyte. When s monocyte is crushed, the nucleus shrinks. bacomes very small end adopts a boomerang shape
The chromatin Is therefore more compact than that of crushed juvenile neutrophils, which ars atherwise slmilar In sppearance

0. Crushed lymphocyte The blue nucleclus which, in the Intasct mature iymphocyte, Is always hidden by the dense covering of
chromatin, now becomes clearly visibla Most of the Cytoplasm has been detached and hes partly dissolved in the surrounding
blood plasma, the remalnder being visible below In the form of a smal blus droplet (“pssudo blus blood platelet”), see Figure 47G.

E Contre: simltar frag of from lymphocytas Abova and below: two lymphocytes. which are onty slightly daformed.

shadows or ruclear ghadows

F. Two crushed lymphocyte nuclel: the cytop! has dissppi . leaving the so-calied Gumprecht’
The spaces are not nucleoll, Also prasent sre two Iatsct lymphocytes

G Two Intact neutrophilic promysfocytes 11 for comparison with H Saveral blue nucleoll, sbundant azurophilic granulation

H. Simitar cell but from 8 thin portion of the fitm and therefora crushed. The chromatin network and nuclecli can be eeen maore
clesrly than in the Intact cells, and the Cytoplasm hes bean extruded forming fong projections

I Above: sncther crushed neutrophific promyelocyts 11, giving ® poaltive peroxidase reaction. Below" Intact promyelocyte II.

The cells H snd 1. above are known as “Ferrata ce

Into the cyloplasm Such nuclear projections are easlly produced when

X. Neutrophilic promy 11 with nuclear proj
blood Is mized with clirate solution

L Above: megaloblast. One half of this

(Gumprecht'a shadow) Below: Tabl
» stroma cell (fat cell) of the bone marrow: the remains of the cytoplasm have been drawn out in &

cell has been pressed flat (Ferrata stage). while the other hall has been crushed
with L

M Flattened nucleus of
spindle shape Belew to tha left Is 8 normeblast.
plold nuctel The nuclel have been forced epert snd the cytoplasm has contracted In

N Bolow: tetraplold lymphocyte with two &
normal lymphocyte.

the centre {stricture formation) Above:
teus has been partly expelled and a constri
Told basophiic normektiast with four diplald nuclel The bottom nuc! striction hos
L] ﬁ,:::a o the iytop‘"'“ Botwoen It and th other muclel, Also prosent are & normotlsst with rosette-shaped nucteus, and o
nuclear shadow
" on has formed in the centre, 23 8 renult of
hific noemoblast with four giplold ruclet A eonstrict a olt of the forcin
P oc':mc”m?,::i e eth ol which hes tao nuclel Above: thres normoblaste Belaw: Gumprecht's shadow °
”lat I-cmu:\ more probatle that the strictures In M N end O, sre mechanically produced, ke the one in A, than that thoy are

due to incompleted amitoses.

el poogle snd from patients A.B C.and D blaod fims, E end F tymph gland Elmp G 1o P
marrow which was aspirated Inta citrste aofution. AB.EF GH snd K Pappenteim Maining,
L and M Grahsm-Knofl perguidase reaction

Films prepared toth from o
bone marrow Hims. K. from bone
CO.LN O and P. Gloms staining.
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Plate 42

239. A B
Retapsing fever
Spirochastas recurrentis in blood fitm.
A.lndian ink predaration, B Pappenhelm staiing
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Plate 43

Blood Parasites:
Plasmadium vivax, Trypanosomes, Leishmanias, Microfilarias
In Figure 250 a magnification of only 1: 400 has been used

Flgure 248, Tertlan malars. Asaxual €ycly of Plasmodium vivax In bloed {oxt on 5. 73). A.8 and © Rlag forms and
amoebold forms D.end E. Segmanters. F. Frea merozoites Blood films,

A, befow and B.: young schizonts, #ing forms The normocyte in B has been Inyaded by twa parasites A sbove end C.: more mature
schizonts, emoebold forms All the Invaded normocytes ere markedly incressed In slzs and have fost their colour In G, the lavaded
rotmocyte contsiny Schifiner's doty. These are bright red and dispersed throughout the eatice coll The segmenter In E. contalng
humerous merazoltes. {n F., the pigment has collscted In the centrs of the merozoite group

Figure 248, Tertlzn malaris, Sexual eycle of Plasmodlum vivax In bloed (Test on p 73) A B ond €, Famals g3matocytes,
D and E. male gametocytes Blood films,

The young gametacyte in A.differs from young schizonts In having 8 compact structure without vacuoles The femaly gametocytey
in B and C contain smaller and more compact nuclel then the msle gametocyts In 0. The nuclaus of the gomatocyte In E. has broken
up Into smafl pieces This Is the first stagn of gameta formation (exflageliation) and is rore'y found In human boad The nermocyts in
A. contzing pale blus granules, the usua! basaphilic stippling Infectsd normocytes with basophitic stippling contan, a8 in this Prepar
ation, onfy young parasites The mormotyte in B. contalns SchGfner's dots In B.to E. the normacytes have besn Inyaded by oider
parasites and are Incrensed in slze

Figure 247, Yertlan malaria, Thick drop preparation (Text on p 73) A.Ring forms, B Gametocytes,
Numercus ring forms, most of which are grsstly deformed. The Schiffner's granules of tha gometocytas are not yery distinct In

thick drop preparations.

Figure 248, Trypanosomlaals (Texton p 73) A.Trypanosoma gemblense In human blood B Trypancsoma eomblanas I guinea
pig blond C. Trypanosoma cruzi in guinea pig bload Blood filma

The fagellam, undulsting mambrans end Sinetoplast can ba clearly saen. aspeclatly In B The inotopiast and fisgetium rg doubls
because the parasites have begun to civide. The parasite In C. near the top. has a particutarly long flagelium, a characterialic featyre

of Trypanosoma eruzl,

Figurs 249. Laishmanlasls (Tert on p 74) A end B Lalshmanla donovan! In monocytes from hyman bone morrow The monocyty
In A.ia 8 well preservad specimen snd has a amall. strophic. vacuolated nucleus The cytoplasm contalna numsroys Parasites The
monocyte in B i vary Mattened and hss a round, atrophle nucleus The parasites con be clearty seen, ‘mm of them are ova( and
contaln two deeply stalned bodies The larger body Is the peinclpal nucleus (trophonucteus) the smatier one the Mnetoplast, Aty

tlast
resent In B are o lymphocyte and a normot!
4 1n man, lsishmanias cccur only Intracellularly In monocytes

los The shaath Is cleatly visitle and the o ot
. Fitarlasle (Textonp 74) Lelt microfilaris (lsrve) of Los wctol axtond oy
Ef::’::.’:,.a :llr.hr. 11 n?lha right. Right microllsria of Dipatalonema perstans 1t is shorter #nd tNinner nd 1y fot surroundeq by
il leucocytes ar o prevent.
Tel sgals 2tend as lor as the end of the tall A few

e et atte aa fon wnd Dipetaanema peratans, Thck crop prapsaton Toe asefeation hare 1e only 1 400

::],.- "‘,‘5 248 2478243 and 250 are from presarations provided by eourtesy of the Suiss Tropicel st tete Bevte Figurs 205

gury .

18 by courtesy of Prof. C. Jidnez-Cusz, Or G Panisgue and Or J Paranes, Medrid
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251, Fllarlasls
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The batratuce on haematology has grown o such 42 estent
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faly somlze bbbographues A i of relereses 1o pabte;
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Blood and bone marrow films, stzining
of 26—31
cleaning of 28
Blood basophils 4—6, 9, 10, 16, 41—43
49, B0, Figs 43, 45, 49, §5—60,
62, 86, 181, 189
artefacts o
atypical granvlation of 16, 43
basophilic metamyelocytes 49
basophilic myeloblasts, sce baso-
phuloblasts
basophilic myelocytes 43, Fig §6
basophilic promyelocytes 1 49, Figs
45, 35 56
basophihe promyelocytes IT 49, Fig
6

b
basophiloblasts (stem cells) 42, 43,
49: Fugs. 45, 55
chromosornes of 43, Fig 60
destruction of 5o
differentiation of 9, 41—43, 50
excessive production of 15, 49, 36
fuaction of 10
giant metamyelocytes 17, Fig 86
granulation of 9, 16, 27, 41, 43, 50
hypersegmentation of 17
in allergic conditions 43
in anomalies 49
1 basophilic levkacmia 14, 49, 50
Figs. 45, 555 59
mitosis of 49, Fig. 60
mucleolt of 49, Figs 45, 55
polyplordy 23, 43
segmented 41, 49, Figs 43,49, §7: 58
specific staining with toluidine blue
18, Fig 57
stages of development of 49
stem cells, see basophiloblasts
Blood cells or blood corpuscles
anomalies of 11, 12, sce also Ano-
malies of blood cells
artefacts 11, 70, 71, see also under
Artefacts .
¢changes in, “primary” 14—16
reactive 12—14
classification 1oto groups, species and
stages of development 2, 35, 4
cytoplasm of 8, g, sce akio under
Cytoplasm
destrucuon of 10, 11, 17, 70, Fgs
33, 131 180, 185, 186, 117231
diameter of 11, 38
duploid 7. 15, 20, 31
enteance into circufation 16, 17
excessive production of 131§
formation and snes of formation
1,56
funcuons of 10
grapulanion of 5. 4%
in cntogenens 43
atvration of 6, 7, 16 17

g

Blood cells or blood corpuscles
nuclei of 7, 8, sce also under Nucleus
and the individual eell specics
nucleoli of 8, 43, sce also under the
individual cell species
origin of §, €
polyplady 7, 15, 2024
red, see Erythrocyres
reproduction of 6, 7, 15, 16
under abnormal condiuons 11—18
under pormal conditions 6—11
white, see Levcocytes
Blood films marking of 25
on cover stips 2§, 54
on microscope shides 25, §4
technique of preparing 25, 26
staining of 26—31
storage of 25
Blood flagellates 73, 74
Blood formula, sce Blood picture
Blood mast cells, sce Blood basophils
Blood parasites 72—75, Figr 239—256
Blood picture, vatiegated 62, Fig 187
relagive 25, 38
Blood plarelets, see platelets under Mega-
karyocytes and platelets
Blood volume, circulating 36
Bone marrow Fibrosis 68, Fig 200
Bone marrow films 18, 25, 39
contaminaton with skin elements
19, 70, Figs 221—22§
contamination with mucosal ele-
ments 19, 70, Fig. 226
containing elements not belong-
ing to the haemopoietic systems
13, 19, 63—70, Figs 191—216
fat droplets in 16, Figs 53, 56,
70, 72, 85, 86
hacmomyelogram 39
soiling of 71, 72
wssue basophils 1n 68
wumor eells 1 19, 69, Figs 209 10
120
Bone marrow, haematopoiesis 1n §, 6, €9
Bone marrow metastases, see Tumour eells
Bone marrow oedema, stroma ¢ells i &3
Bone marrow picture 39
Bone marrow puncture 2§
Bone marrow sarcoma, osteoclasts m 69,
Figs 207, 208
Bone metastases, sce Tumour cells
Bones and bone marrow, cells foreign to
19. 69, 70, Figs 209—216, 132
Bones and bone marrow, cdlls proper 0
18, 68, 69, Figs 188, 191—208
Borrelia detom 72
recurtentis 73
Brlliane cresyl blue staiming 10, 27, 44
Brug’s filanass 74
Burr cells 47, Fig 12

C

Cabot's rings (ring bodies) 16, 48, Figs
19, 23

Cachexia, stroma cells in 68

Cadmum reaction, Wunderly-Wuhrmana’s

37
Calabar swellings (Loiasis) 74
Canada balsam 13, 30
Carriba's dusease §9, 75, Fig 254
Cartwheel puclei in plasma cells 63
in eryshroblasts 44, 4¢
Cedar oil 25, 28, 30
synthetic 28
Cerebroside storage 59, Figs. 119, 120
Chagas’ duscase 73
Charcoal particles in blood and bone
marrow films 71, Fig. 131
Chenucal consttuents of the blood, nor-
mal values (atranged alphabecically) 4o
Children, osteoblasts and osteoclasts 1
bone marrow of 63
Cholesterol storage 59
Chromaun particles 48
Chromosome bridges 24
Chromosomes, see Mitosis and under the
individual cell species
Chronic infections 57
Chronjc leukaemia, see Levkaemia
Clasmatocytes 4, §8
Classification of the blood corpuseles 2,
35 48
Clot retraction tume 36
Clothes hice 72
Coagulation, agglutinarion of blood plate-
lets 10, 66, 67
Cosgulauon tme 36
Colchicine 63
Colloidopexia fo
Colour coefficient 32, 37
Colour index 37
Complete carrers 12
of elliprocytosis 46, Figs 7, yo
of Pelger's anomaly 54, Figs 77, 78
Compressed cells 70, Figs 72, 343
Connectsve usve fibres surrounding ru-
mour cells 63, Figs 209, 211
Cooley’s anacmia 13, 46, 45, Fig 238
Cover-slips, blood films on 25, 54
Crenated forms of erythrocytes 46, Figs

9 12
Crescent forms in malana 73
Crowding-out etlect 13, 17, 48, 16
Crushed blood cells, see under Arcefacts
Cutaneous leshmaniasy 74
Cycle of development of plasmodia 72
Cytoplasm of the blood corpuscles 8, 41,

»n
basophilic stpphing of 16, ¢4 47
granulation of ¢, 41
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Erythrocytes

fat stamung of 30

function of 10

giant chromosomes in 24, 48, Fig 35

giant normocytes 48, Frg 36

glant nucleoli 1n 24, 45, Figs, 35, 36

giant pronormoblasts 24, 48, Figs 34
© 36

haemoglobin content of 7, 37, 43,
Fig 3t

half-moon (crescent) bodes 46, 47,
Fig 11

Henz-Ehrlich bodies 18, 30, 47, Fig
20

Howell-Jolly bodies 18, 24, 31, 43,
47, 48, 66, Figs 4, 21, 25, 33, 41,
173, 254

1n ammals 46

mitosis of 43, 45

normal values of 38

nuclear destruction 43

nuclear dust (chromatin dust) 48, Fig
9

nucleols of 43, 45

poikilocytes 47, Fig 14

polychromasia of 47, Fig. 17

polyplod 22, 23, 48, Figs. 32—36,

39, 40
procrythroblasts 43
proerythrocytes 3, 10, 13, 27, 38, 43,

47, Figs 18, 20
reduetion in nuelear size during matur-

ation 43
resutance of 38
reticulocytes, see proerythrocytes
siderocytes 18, 47, Fig 19
substantia granulofilamentosa 1n ro,

27, 430 45
volume of 38

Erythrocytosis 14

¥ see
discase of the new born

Erythrophagia Fig 112

Erythropoiesis (erythrocytopotesis) 13

Essential panmyelopathy (panmyelosis),
see Panmyelopathy

European relapsing fever 71, Fig 239

Examination of blood and bone marrow,
technique of 2531

Eye worm 74

F

Falciform bodies in malana 72
Fat cells 1n the bone marrow, see Stroma
cells and Sebaceous gland cells
Fat droplets 1n bone marrow films 16, 30
in blood 30
Fat vacuoles wn cosinophuls 16, 50, §1,
Fig 68
tn stroma cells 68

82

Ferrata cells (Ferrata stages of crushed
cells) see under Artefacts and Regional
monocytes

Ferro-Calcium-Sandoz, Plate 8

Ferronicum, Plate 8

Feulgen reaction 18, 31, 48, 66, 70, Fig 21

Fibrin fibres in blood films 67, Fig 175

Fibroblasts, fibrocyses, sce Stroma eells

Filarize 74, Figs 250153

Filaniasis bancrofti 74
Brug’s 74
diutna 74
malayi 74
nocturna 74
ocular 74

Fixation of preparations, sce Stains and
Staining

Flagellates 73, 74

Flies 74

Foam cells see Storage cells

Foreign-body giant cells 48, 59

Forms for blood examinanons 32, 33
bone marrow picture 32, 34, 35

Freezing pownt of blood 36

Fugitive swellings 74

Functions of blood corpuscles 10

G

Gametes (gametocytes), sce under Malar-
1al parasites
Gametocyzes, see under Malaraal parastces
Gaucher eclls 58, 59, Figs 119, 120
Gaucher's disease 59, Figs 119, 120
Gelantnous bone marrow, stroma cells
i 68
Generauve stem cells 7
Grant cells, see Megakaryocytes
1n blastomycosis 59, 75, Fig 225
foreign body 58, 59
im tumours 23, €9, Figs 207, 108,
11, 215, 216
Langhans' 43, 59, Fig. 130
Sternberg's 23, 24, 69, Figs 217 to
119
Giant chromosomes 10, 23, 24, 48, 70
Gunt granulation 61, Figs 134, 205
Guant Iymphocyes 61, Tig 137
Giant metamyelocytes 17, 57, Figs 85,86
Guant nucler 20—24, 69, Figs 35, 36,
127, 128, 142, 158, 166, 167, 207,
213, 215, 217219
Giant nucleols 23, 24, 42, 48, o, 51, 5).
69, 70, Figs 35, 36, 61, 88, g0, 216,
217, 220
Guant platelets 66, Figs 176, 184
Guemssa's stain 8, g, 26, 27, 41, o, 53,

§6—s8
Glandular fever 56, 65 62, 63, Figs 137,
187

Glass defects (defective shides) 48, 72,
Fig 139
Glossina 73
Graham-Knoll peroxidase reaction 8, 16,
28, 29, 60
Granulation ¢
aadophibic {cosimophilic) g, so—s3
azurophilic g, 16, 49, s0—53, §6, 8,
61, 63, 69
basophitic metachromatic g, 41, 68
cosinophilic 9, so—g3
neutrophilic 9
of blood basophils g, 27, 41, 49, 50
of cosinophls g, 41, 51, 52
of Iymphocytes 9, 41, 61
of megakaryoeytes and platelets o,
65, 66
of monocytes g, 41, 58
of nevtrophils 9, 32, 41, 53, 56
of ostcoclasts 69
of twmour cclls 6o, Fig 210
progranulation g, 53, §8
toxic 16, 27, 53, 53, 56, Figs 76, 84
Granulation anomaly, see Alder’s anomaly
Granulocytes (collective term), see Blood
basophuls, Eosinophuls, Neutrophils
i , see A 1

P
Granalofil 5 4
,sec p Y

Erythrocytes

mahignant, see Lymph

Toma
Granulomere 65, 66
Grouping of blood corpuscles 3, 4
Gumprecht's bodies, Gumpreche's shadows,
Gumprecht's stages of crushed cells,
see under Arrefacts

H

Haematoblasts, see Stem cells
Haematocrit method 36
Haematogon:a, see Stem cells
Haematopoiesss, see Blood  corpuscles,
formaton of
Haemocytoblasts 3, 41
Haemoglobm 1o, 25, 37, 40, 43, 47
concentration 37
content 32, 37
increased 48
lowered 46, 47
Haemogram 38
Haemohustioblasts (Ferrata cells) 57, 63,

7t

Haemolytic disease of the new-born 13,
48, Fig a1

Haemolyuc jaundice, congemutal 12, 46,
Figs 10, 34—36

Haemomyelogram 39

Hair elements (in bone marrow films) 19,
Tig 15



Half-moon {crescent) bodies 46, 47. Fig

i
Half-moon forms (cresceats, erescent
forms, crescenric  gametocytes) im
malara 73
Haloes in pseudophagocyrony 71
surroundung blood platelets 48
granules €1
auclei 44, 6
Hand Schiller-Chrisan's duease g9
Hegalin's anomaly, sec May-Heggha's

anomaly

Heinz-Ehelich bodies 18, 30, 47 Fig 20

Hepann g, 19

Heredwary bypersegmenration of  the
neatraphuls 12, 16, 54, 58, Fig 80

Herediaty 1ncrease 1 segmentation of
he cosimophits 1z, 18, Bl 53, Fig 64

Heteroploid cells 21

Heterozygotie mamfestanon of Pelger
HuEy anomaly 16, B4, 5. Figs 7078

Hirschfeld’s scan (for proeryrhrocytes)

Histiocyuc endothelsal cells §§
Hisuiogemie migeatory cells 58
Huiclevkocytes 53
Husnomonocytes 18
Hitmar's parucles 66
Hodgkin's duease, scc Lymphogranuloma
“Hofs” 8, 43
Homozygoue manmifestation of Pelger-
Huer's anomaly 16, 54, 85, Figs 77.78
Howell-Jolly bodies 18, 24, 31, 43. 4%
48, 66, Figs 4, 21, 15, 3% 4L
$7h 354
differentiation from blood
Platelets 48, 66, Fig 173
differenniation from glass defeets

Horler's disesse 61
Hyalime promegakaryocytes 65, Fig 167
Hyalomese €5
Hyperscgmentation 16, 17

of blood basophils 17

of conmoghils 17, 51, Fig €4

of tymphocytes 17

of megakaryocytes 65, Fig 169

of neutrophils 12, 18, 17, 4, 16 §7

Figr So~iz

of plasma cells 17, 63, Figs 143, 154
Hypersplesism 1
Hypochromia 46

L

Teterus Febnlis (Weil's disease) 72
famidiat haemolyric 12, 46, Figt 1o,
436
baemolyticus ncomatorum, we Hacmo-
Irtic diseace of the new-horn

Inclusion bodies, see Doehle's inclusion
bodies

Infectons 3. 17

nfections Iymphocytosis 62

Intestinal inbections, shifs o she lefe

37
Tntesninat Jeshmaniasis 74
Sutosications see Porsonung
Tron-contaming monocytes, see Sedero-
‘monocytes
Iron-contamng normocytes, sce Sidero-
ey
Tron deficiency anaemia 13, 47, Plate §
Tron therapy 13
with Ferro-Calesam-Sandoz, Plate 8
with Fercomeum, Plate ¢
Teration cells, Turk's 3. 4

J

Jaundice, congemtal haemolync 1z, 48,
Figs 19, 34—35
Jolly bodses, see Howell-Jally badies

Leucoblasts, sce Stem cells

Leucocytes 4o 41—41, 4367, Figs 42 ta
199, 227—531, 133~—236, 238
absolure couats of 13, 25, 3¢
pasopulic, s Blood basophils
classificanon of 43
eonnoplulie, see Eossnophils
neutrophulic, see Nevtsophls
normal valuss of 38

Lewsocytord cells 1n vascular advenutia

13
Leueocyrosis 13, 25, §6
Leucopemua 13
Leucopiess, see Blood cells, ongm of

PR
Leucoass, sce Levkacmua
Levkaemia 1 15, 17, 23 24 1Y 70
alenkaeoue 1§
atypical nucles in 22—24 36
basophidic 14, 14, §o, Figs 4, 55, 59
&iferenual dhagnosis beeween acute
fymphatic and scute myelogenous
forms 62
eosmop‘n"f 14, 15, 53, Figs 67, 68
H i

Juvende forms, scc under Basophils,
Eounophils, Neutrophils

K

Kabler's disease. tee Plasmocytomsz

Kala-azar 19, 74, F1g 249

Karyokinesis, sc Mitosis
disspeiated 16, Fig 32

Karyolys, karrorrhews, see Destruction
of blood cellt

Kunewoplasss 73, 7¢

Kupffer cells 18

L

LE cdls 13, g7 58
Laoghans' gant <lls 11 g5, Fig 130
Large mozonuclear forms 53
Lagvae of filanac 74
Lead possoning 16, 47
Lerhmania 53, T Fig 349
brasihiensis 74
dogovant 74
tropica 74
Leshmamasss ¢9 T Tig 249
Lepehne's peroidise reaction 28, 19, 43
0 47, Fig 3t
Lepocytes 46
Lepwspira 72
\cserchaemorthagica 7¢

leuhaemuc 15
tymphatie (ymphosytee) t4. 61, 61,
Figs 15t 13—136, 4141
megakaryocyte nucler, bebaviaur in 66,
[
megakaryoerte 14, 66, Fig 170
micro-forme w $6, Figs 33, B9, 103
muved 14, 63 Figs 189, 190
enrxed lysphocyuc and monocyuc 63
Fig 198
monocytic 14 63, Figs 113, 213, 104
myeloblasts 1n 56
myelogeaous 14y 59, 53, 33, 56, 17
6i. 66, Figs 55 g9 67, 68, 87 0
97: 100, 231
acute 15, 50, 53, 36 57
chrome 1f, §o. §2, §6, 46
acute exacerbanons of 2 46, 37
nentraphilie th, 15, 56, Figs $p—o7
sormoblasts @ 15, 5%
plasma eell 14, 53, 62 Fig 150
polyplowdy 1 23, 14
remussions 15
secondary eelease of young cells into
the blood rream 15, 48, 16
Liver damage shift o the nght 1n 57
Loa los 74
Lowss 74
Lupus erythematosus, acute dissemnated
19 g7, 38, Figs 185, 180
Lymph gland puncture 15, 61, 62, 71, 7
Lymph glands hacmoporens w &
Lymphadenoms, sce Leukacmiz  tym
phauc
Lyniphatic (iymphave monocyuc) uswe 6

L3



Lymphatic glandular fever g6, 60—63,
Figs 137, 187

Lymphauc lcukacmia, see under Levk-
aemia

Lymphate plasma cells 61, Figs 44, 132

Lymphobl.

M

Macroblasts (macronormoblasts) sce under
Normocytes
Macrocytes, see under Normocytes

see under Lymphocy

Lymphoconjunctive cells 58
Lymphocytes 3—6, 10, 61, 62, Figs. 30,

44 47, 49, ST, 52, 110, L3114,
161, 182, 187—190, 233, 234, 238

artefacts 11, 57, 62, 71, Figs 135, 234

atypical (“atpical cells™) 61, 62,
Figs 137, 187

chromosomes of 61, Figs. 135, 136

denuded nuclei of 61, Figs 133, 134,
141, 142, 190

destruction of 62, Fig 131

diminished production of 61

excessive production of 62

giant granulation of 61, Fig. 134

granulauon of g, 41, 61

Gumprecht's shadows from 62, 71

in anomalies 61

in infectious lymphocytosis 61

in lymphatic glandular fever 61, 62,
Figs 137, 187

in lymphatic levkaemia 14, 61,6268,
Figs 131, 133136, 140—142

1n splenopathic depression of the bone
marrow 61

in tuberculosis 62

1n whooping eough 61, 62, Fig 139

Iymphatc plasma cells 61, Figs 44, 132

Iymphoblasts 42, 43, 49, 53, 61, Figs.
47, 131, 133—136

mature 41, 81, Figs, 30, 44, 49, 51,
§2, 110, I3I—I134, I36, 137, 161,
182, 187—190, 233, 234, 238

mueosis of 61, 62, Figs. 135, 136, 141

nucleols of 61

peroxidase reaction of 62

polyplody 22, 62, Figs 138—142

prolymphocytes 61, Figs 131, 134
Ricder forms 17, 61, Figs 132—134,
139, 140

spindle cells (spindle forms) 62, Fig

110
stages of development of 61
stem cells of, see Lymphoblasts
vacuohizanon of 61, Fig 141
Lymphocytosis 60, 62, 64
10 macroglobulinaemia 64
infectious 62 )
Lymphogranuloma 23, §1, 52, 63. Figs.
217, 220
Lymphograncloma ingunale 63, Fig 147
Lymphoid renculum  cells, large, e
Seroma eells
small, see Vessel cells
Lymphopeata (lymphocytopenia) 62
Lymphopoicsis 6

84

, see under Malznal

Marrow, see Bone marrow

Marrow, depression of, see Splenopathuc
depression of the bone marrow

Mast eclls, see Blood basophils and tssue
basophils

Mature blood corpuscles, differeatiation

Maurer’s dots, see under Malaria
May Id-Giemsa stain, see under

May-Hegeln's anomaly 12, 16, 49, 52,

parasites of 41
Macroglobulinaemia 64
M; , see under Normocy
Macrophages 58 Stains and staining
Macrophagocytes 58
M blasts, see

blasts under Normocytes
Malana 72, 73, Figs. 115, 240—247
Anopheles as vector of 72
athrophagocytosis 1 59, Fig 115
estivo-autumnal (faleparum) g9, 73,
73 Figs z40--242
Mauter's dots in 73, Fig, 240
mosquitoes as vectors of 72
quartan 73, Figs 243, 244
Schiffner’s dots in 47, 73, Figs 245,
247
tertian 73, Figs. 115, 245247
vectors of 7z
Malarial parasites (plasmodia) 72, 73,
Figs. 240—247
asexual forms of 72, 73
band forms of 73, Fig 243
crescent forms of 73, Frgs 241, 242
daisy forms of 73
detection of, in thick drop pre-
parations 31, 73, Figt 242, 244,

147

differentiation from blood platelers
66, Fig 240

falerform bodies 72

gametocytes of 73, 73

macrogametocytes of 72, 73

merozoutes of 72, 73

microgametacytes of 7, 73

morphological characteristies of 73

pigment of 59, 73, Figs 115, 241,
243, 245

plasmodium  faleparum  (immacu-
latum, esuvo-autumnal parasite)
72, Figs 240242

plasmodium malanae (quartan para-
nite) 73, Figs 243, 244

plasmodium ovale 73

plasmodium wivax (praecox, tertian
parasite) 73, Figs 245—147

schizogony of 72

schizonts of 72, 73

scgmenters of 72, 73

sexual and asexual cycles of 71, 73

sexual forms of 72, 73

sporozotes of 72

Mansonella ozzards 74
Marking of eells 25
of films 25

36, 59, 61, 65, 68, Fugs 183, 18,
Meducerranean anaemiz, see Cooley’s an-
aemia
Megakaryoblasts, see under Megakaryo-
cytes and platelets
Megakaryocytes and plselets (megakaryo
cyte-plateler system) 2, =7 9
10, 14, 22, 42, 43, 48, 632, 04—67,
Figs 47, 161—178, 184, 240
aggludnation of €6, 67, Figs 170,
174, 177
artefacts 67, Figs. 161—16;, 184
atypical forms of 16, 64
deformities 68, Fig 178
destruction of 66, 67
differentiation 42, 43, 66, 69
dimunsshed production of 14, 66
cxcessive production of 15, 66
fat staining of 30, 3
fibrin threads on platclets 67, Fig

175
giant plarelets 65, 66, Figs 176, 184
granulation of g, 6y, 66
granulomere 65, 66
hyalomere 65
in May-Hegglin's anomaly 6
n megakaryocytic leukaemia 14, 66,

Fig 151
m Pelger's anomaly €5
in pernicious anaemia €5
n purpura haemorrhagica (essentral

thrombocytopensa) 66, Fig 169
10 relaive anoxaemua (decompen-

sated heart falure) 65, Figs 171,

172
1 Werlhof's disease 6, Fig 169
megakaryoblasts 7, 42, 43, 64, 85,

Figt 47, 161—164
megakaryocytes 65, Figs 163—171,

178

chromosomes of 65, Figs 161,
163, 165

endomitosss of 65, Figs 164 165

Feulgen reaction of 66, Fig 21

hypersegmentation of 65, Fig 168

mitosts of 65, Figs 161, 164, 165

monster forms of 66, Fig 178

necrobionic forms of 66

nuclear fragments in blood 65, &6,
Figs 172, 176, 177
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with ic leukaemia

6o, Figs 213, 214
Menacysosis §8, 6o
Mononuclear cells, farge 58

gtant metamyelocytes 17, 57, Figs. 85,
86

giane nucleoli of 53

fectious, see
fever

Monster cells 23, 66

Mosquitoes 72

Multiple myeloma, ste Plasmocytoma

Muscle cells of vessels, see Vaseular cells

Myeloblasts 3, 42, 53

Myelocytes, sce under Basophils, Eosino-
phils, Neurrophils

Myelogenous leukacmia, see under Leuk-
aemia

Myelogram 39

Myeloma, see Plasmocytoma

Myelosis, see Leukaemia, myelogenous

N

Necrobiatic disintegrating forms 10, 70,
Figs. 131, 180, 127—232
Neerosis in bone marrow metastases, Fig
232
Necrouc disintegraung forms 10, 70, Figs
180, 231
Nematodes 74
Nephelogram 37
Neutropema 13, §6
in ageanulocytosis 14, $6
in splenopathic depression of bone
martow §6, §7
malignant 56
Neutrophilia 56
Neutrophilic leucocytes, see Neutrophls
Neutrophilobtastic leukaema 56, Figs 88,
100, 231
halob!. sec under hil:
Neutrophls 26, 10, 53—57, Figs 21,
f1—44s 46, A8—4 71106, 112,
113, 142, 181=81), 185189, 227
o 231, 233, 235, 236
artefacts 57, Figs 233, 235, 236

of 9, 16, 32, 41, §3. 56
hypersegmentation of 16, 17, $4, 6.
$7, Figs 8o—82
Beredutary 12, 16, §4, 56, Fig 80
m pernicious anaemia 17, §4. §7.
Fig 81
of pregnancy §4, Fig 81
n sepsis 17, 54, Tig 82
in anomalies 16, 54—s36
in wmfections §5—57
in leukaerma 14, $3, 55, $6
1 toxie marrow §6, Fig 84
juvemle 5, 53, 57, Figs 65, 72 73,
75, 84, 95, 97, 102, 106
mature, sce segmented
microforms 56, Figs 88, 89, 35
mitosis of 53, Figs 98--101, 104
neutrophilic metamyelocytes §, 53,
Figs 72, 84—36, 95, 96
myeloblasts, see neutrophiloblasts
myelocytes, immature, see promyelo-
eytes 11
mature 53, Figs 53, 71, 72, 84, 99
semi-matute §3, Figs 71, 83, 84,

97
promyelocytes I 3, 5, §3, 56, Figs
3. 75, 83, 99, 98, 104, 10§
promyeloeytes 11 3, 5, 53, 36, Figs
46, 534 $4. 69, 77, 91—94, 97, 9%
101, 106, 235, 236
neutrophiloblasts (stem eclls) 42, 43,
49, 53, Figs 42, 46, 51, 71, 38, 85,
95, 100, 189, 231
nuclear picture of (Table) 54, 55
nuclear shift, regenerative 57
in pneumonia 54, Fig 75
in pulmonary tuberculosis 54, Tig

75
nucleols of s3
“para-mycloblasts” 56

atypical forms of, in | 7
56, 6o
myeloblasts 56
myelocytes 6, 60
promyclocytes 63
Aver 1ods 9, 16, $6, Figs 87, 99, 92
chromosomes of §3, Figs 98—101,104
destruction of 44. §7, Figs 227—231
differentiation 41—43. 57
between staff neutrophils and seg-
mented neutrophils 54
from monocytes §7, F1g3 44 53 54
83,
dmesihod producuon of 14, 58
Dochle’s snclusion bodies in §5 6,
Figs 75, 183
ex:egsnv?pmdncnen of 13, 1. 38
far staumng of 32

86

3
perouidase reaction of 53, 57, Figs
49—54, 8991, 93, 94, 112, 113,
230
fadure of in certan neutrophils
18, 6o, Fig 94
phagoeytic 10, 18, Figs 112, 185
polyploidy of 22, 13, 16, Figs 101
to 106
reduction 1n number of nucleols g3,
Figs 83, 9o
segmented 42, 53, 54 Figs 21, 46,
49733, §4 7374, 76—82, 84, 36,
94—96, 102, 103, 109, 113, 141,
181183, 185, 189, 133
shift 1o the lefr, see nuclear shift, re-
generauve

Neutrophils

scaff form of 53, 54, 57, Fags 44, 52,72
to 75, 83, 85, 95, 110, 183, 187—189

stages of development of 53

stem eells of, see neutrophiloblasts

toxic granulation of 16, 27, 55, 36
Fig 76

vacuoles 1n 55, 56, Figs 85, 1o4—106

Niemann-Pick’s disease 59
Nomenclature (terminology) 1—3
Nermal values of hacmatological data

36—40

bleeding time 36

blood picture 38

blood platelets 38

blood volume 36

bone marrow picture 39

cadmwm reaction 37

chemical constituents of the blood
{tn alphabetical order) 40

clot retraction time 36

eoagulation time 36

colour cocfficient 37
index 37

erythrocytes (absolute count, dia-
meter, volume, resistance) 38

freezing point of the blood 36

haemoglobm 37
concentration 37

haemogram 38

hacmomyclogram 39

hydrogen fon concentration 36

leucocytes (absolute count, nuclear
shuft, nuclear shift index) 38

nephelogram 37

packed cell votume 36

plasma 36

proerythrocytes 38

prothrombin time 36

saturation ndex 37

sedimentation rate 36

specific weight (blood, plasma and
serum) 36

Takata Ara reaction 36

wiscosity (blood and serum) 36

Weltmann reaction 36

Normoblasts, see under Normocytes
Normocyte system 44
Normocytes 1—s, 6, 42—38, Figs 1, 2,

5. 7—11, 15—23, 26—36, 51, 175,
io, 189, 231, 238
anomalies of 46
drepanocytes 46, Figs 9, 15, 117
elhiptocytes 46, Figs 7, 8, 30
micraspherocytes 46, Fig 10
ovalocytes, sec elliptocytes
sickle cells, see clliprocyes
anulocytes 47, Figs 15, 17, 43, 50, 66,
87, 83, 95, 95, 96. 102
with central acidophilic suppling 47,
Figs 16, 102
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“Perozidase failure” in certawn neutro-
phils 28, 60, Fig. 94
Pessary forms (pessary cells), see Anulo-
cytes
Pleiffer's disease, see Glandular fever
Phagocytic monacytes, ste under Mono-
cytes

sce under
resiculum cells §8
Phagocytosis 10
Phlebotomus 74, 75
Phosphaude storage §9
Pigment, sce under Malanal parasises
Planocytes 46
Plasma 36
Plasma cell levkaemia 14, 15, 64, Fig 150
pneumonia §8
Plasma cells 2—6, 10, 62—64, Figs. 44,
47—49, 143—160, 182, 186—188
and the peromdase reaction 44, 64
archoplasm of 63, 64, 69, Figs 144,
7
artcfacts 64
atypical forms of 63
cartwheel nuclei of 6y
chromosomes of 63, Figs 155, 157,
158
destruction of 64
differenuanion from osteoblasts 64,

69
differentiation of 41—43, 64
excesive production of 15, 63, 64
fat staining of 30
“flaming” 63, Fig 149
in acomahes 63
in glandular fever 63, Fig 187
in lymphogranuloma ingomale 63,
Fig. 147
in plasma cell leukaemia 14, 15, 64
Fig 150
in plamocytoma 15, 63, 64, Figs
151—154, 1§7—160
in rubellz 63, Fig 147
\nclusions in 63, Fig 153
Iymphatic, see Lymphocytes
mature 44, 63, Figr 49, 143 144
147, 149—152, 156, 160
mitosis of 63, Figs. 155, 157, 158
nests of 59, 64, Figs 143, T4ds 147
nacleols of 63—6% .
plasmoblasts 42, 43, 62, Figt 47,
143, 150
plasmocytes 63
phsmocympenia 64
polyplosdy of 1. 23, 63, Fign. 156
to 160
post-nucleolr chromaun masses 1 63
proplasmocytes 62, 63 Pt 44
143, 145, 146, 148, 190, 151, 163
degencration of 63, Figs 145, 146

88

Plasma cells
Russell bodies in 63, 64, Figs 48,

152
segmented 63, Figs 148, 154
vacuoles in 16, 63, Figs. 145, 146,

149, 192, 159
Snapper-Schneid inclusion bodies in
63, Fig. 153
stages of development of 2, 4, 5.
62, 63
Unnz-Pappenheim  seaining of 64,
Fig 48
Plasmoblasts, sec under Plasma eells
Plasmocytoma (multiple myeloma) 13,
63, 64, Figs. 151—134, 157—160

Plasmocytosis 60, 63, 64

Plasmodia, see Malanal parasites

Plateler deficiency 14

“Platelet-forming” megakaryocytes 67

Platelers, scc under Megakaryocytes and

platelets

Preumonia, Dochle’s inclusion bodies in

56
nuclear shift in 54, 57, Fig 75
polyploidy in 5, Fig 126
Poklocytes 47, Fig 14
Porkilocytosis 47
Poisoning 13, 17, §6

lead 16, 47
Polten (in blood films) 71
Polyblasts 58

Post-nucleolar chromaun masses 8, 49,
51, 53 54, 58, 63, Fig 233
Precipitation of stains 47, 71
Pregnancy, pemicious anzemia of 45,
Fig 81
Preservation of preparations 25
Proerythroblasts 43
Proerythrocyte staining 27
Procrythrocytes, see under Er
Proerythrocytosis 47, Figs. 18, 20
Progranulation 9, §8
Proliferation of the blood cells 6, 7
abnormal r2—16
Prolymphocytes 61, Figs 131, 134
Promegakaryocytes 65, Figs 47, 164,
165, 167, 168, 171
Promegaloblasts 42, 43, 45
Promegalocytes 4, 45
Promonocytes, see under Monocytes
Promyclocytes, scc under Basophils,
Eosinophils and Neutrophi!s
Py bl. see under N y
Pronormocyte erists {reticulocyte crisis) 47
Pronormocytes 45, Figs 18, 20
Proplasmocytes, see under Plasma cells
Prothrombia time 36
Protozoa 7274
Prussian blue reaction, macroscopic, Plate 8
Gruncberg's, for sideracytes and
sideromonocytes 18, 31, 59, Fig 19
Pseudo-Pelger-cclls 55, Fig 79
Pscudo-phag i

"

Fig 17
Polycythacmia 24, 50
Polyglobulia 14
Polykaryocytes, sce Osteaclasts
lymorphonuclear basaphils,
etc, scc Segmeared basophils, et
under the respective cells
Polymorphous histiogenic migratary eells

58
Polyphyletsm 4, 6
Polyploidy 15, 20—24

in lymphogranuloma 3, 63, 70, Figs
217—330

of blood basophils 21, 23, 49, Fig 60

of cosinophils 13, 23, 52, Figs 69,70

of lymphocytes 23, 23, 62, Figs 138
to 142

of megakaryocytes 7, 21, 31 65, Tigs
163171

of megalocytes 23, 43, Fogs 3941

of monocytes 22, 59, Figy 126—130

of neutrophils 23, 13, 56, Figs 102
to toé

of normocytes 21, 33, 4%, Figr 19,
31—36, 238

of osteoclasts 21, 69, Figs 303308

of plasmocytes 22, 13, 63, Figs 156
to 163

, sce under Arcefacts

Pseudo-regeneranve blood picture, sec
under Pelger’s anomaly

Pscudo-shaft 1 blood picture 17

Pulmonary tuberculosss, nuclear shife 1n
$4. 57, T1g 75

Pulp eclls of the spleen 58

Pucme bodies 1 megakaryocytes and
platelers 66

Purpura haemorthagica 66, Fig 165

Pyknoss, sce Disintegrauing forms of
blood cells

Q

Quartan malana 7y, Figs 143, 244
Quick’s method (prothrombin time) 36

R

Rattus norvegicus, transmussion of lepro-
spira by 7

Reactive changes 1 the blood corpuscles
ta—ty

Red blood corpuscles, see Erythrocytes

Reduction 1n number of nucleol 13, 42,
$3. 70

Regional monoeytes, sce under Mono-
ertes



Reltpsp, fever 5, Fig
Reprodum
Renstangy op - throcyrey 1y
Reticulyy £ibreg 19, 6o, €8, Fig 199
Rericulocyte cnsis .
Reticulocy ey (proery!hmcyrrx) 3o, gy,
38, 45, 47 Fugs pg, £
18 gy

Rmculocndntbclul eells 1o, 13, 6o

m el

e Strom, celly
mphaen . Vasular ety 1o
2 eclly

Phagocy,e ", Phagocyue g
eres
Retracton ggme ©F blood crory 36

4Blocnn copp, 18
R

5 iy 33,

N

Saliva lemengy 9 Fig 556
Sznd»ﬂ:e: 75

Saruratign (o »

Searjer fe " Dochley Nclusion Bodyey
m g

Schlling’ g4y oF ol sty

S:bxzorytc 74

Schizogony Cobizogeneny o Dalaryy

Schizong, 72 73

Schiittners g t 47, 33, 52y

Schifler.cy, 205 iscase

Seratcheq “ellt 3, Fiy

*baceon, ghad oor” L —
Filmy B8 233 .,

Sedimentygg Taie of ¢y OV tes 4y, 14

Setmentarygp F mucle; e

Senyf nOCytes go o

Sepus, pgnrglncnuuon M 54 55, Fg
N

tee unge, Malargy Parage,
N TN
Hypuugm eurat o

omaly o, 46, Figy 9 1 rry
S 47 Figy LRI

Stderocyzes 8,31, 4 Fig 1y
TTection of (Gn?nrberg'l Prusyay

2 reaction) 51, kg
Sideromongey, 79, Fig 3y
Silvee Pt tian, Somory 1o, gy
St e, AW filmg
7 Figs 13y e
fat cqfy
ir of,

Selar celly 1y
Slecping chncyy Fig 248
Shdes, bloog M1 oy 4 26 54
TEPPEr-Schneid oy Tug =65, By
i]
Soing of biaeg 4 Bone mappyy, filmy
%7070 Figy 226
by cha, I pa, 74 Fg
3
by defe, the dldey »,
Fg
b7 pollen 5,
5 pr DD o rrging .
Figs 14,
TANC 4o, cells 5
“Specifc 20theliaf cepryn 5
Speaific Weighe of 36
Spherocye, (Phercay U}t Mg
#pherocy,

Spleen, ealy, of 55
Kspangy of 4, 55
2 purpyr, lutmnnba:lu 65
Sibrogyy
Aaemopy, Mn g
Spknecra 4% 5,
0 purpue, bae, Orthagicy 66
Splemc gy
Splenocy,,

4
‘ropical 5y p,
Splenopay, Presnon of e bone g,

Sporoza ,,
poronltCJ 7z
20, Pernicious ndemg
S formy f connoppy, s Fg g,
of Beutroph,)y 5 54, g5 Figs 4
52, )1‘7’. s ~8y, 31, tro, 183,

gy
Staing guq Staiaung 1o, 23 g,
APPlicatign, of 26
28 cresyl by, {Wolferry stain)
> 22, 44
Feutgen Feacton gy 3 &,
Fg
foe basoppy, (mlmdmel:luemﬂllod)
£

Peroxs.
¢ reaceon 1y, 1, g, Figs
s 18,

Tepehnes, Peroxi.
dase fFaction) 2g, " 146, Fig

for fate (5,4, ™ methogy 3
{Sudan ppo 'y method)

for Pucley, #0bitance (Feulge, re-
on) 1y, 3y, % 70, Iig 4y

for POy ey ey {retictlocy e,
27, 44, 45

for derocysey CPrusag gy, e

et0n) 15, a1, Fig g

for ndemnonocym (Prugg blge
Feictiony gy

for serommy eells(utye, Pregnitiony
9, 65

57
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Hromg cepyy 30, 6
rinchergs, Prusnan g, Feacnon
for erocytey 20d g
<rtes 5y
Hirsehfegy, (For Proetythrocy e,y
7, 44, 35



Staios and Staining
panoptic 9, 16, 41, 44
Pappenheim’s (panoptic) 16, 27, 41,
47 50, 58
peroxidase reaction 28, 29
Graham-Knoll's (for general dif-
ferentiation) 18, 29
Lepehne's (for erythroblasts) 28,
29, 43—46, Fig 31
Undritz?  modification I (for
monocytes) 28, 29, §7, 60
Figs. 52, §4
Undrie’ modification 11 (for
cosnophils) 28, zg. 52, Figs
52, 182
Romess’ Sudan 11 (for fats) 30
Schilling’s thick drop method 31
table of 26
tnacd 9
Undnez' tolwdine blue (for baso-
phils) 9, 28, 50
Unna-Pappenheim 64
Wolfer's {for procrythrocytes) 27,

44
Wright's (panoptic) 26, 2%, 4t
Sternal puncture® 25
Sternberg's giant cells 23, 24, 69, 79
Figs 217, 220
Sulbamidine 63, Fig 153
Stippling, basophilic 16, 47, Figs 17, 23
28, 30
Seorage cells 59
diseases §9
Stricture formation, se¢ under Artefacts
Stroma cells of bone marrow 18, 19, 62,
68, Tigs 197—200
fat vacuoles 1n 22, 68
Gombri's spraific staimng of 30, 60,
Fig 199
n cachenia 63
1n fibrosis of the bone marrow 68,
Fig 200
in gelatmous bone marrow 68
in cedema of the bone marrow 68
in rickets 68, Fag 200
pigment granules 10 68 )
Fenculin Fibres in 19, 30,68, Fig 199
Subsidrary nucler 23, Fig 138 )
Substantia granulofilamentosa (reticulo-
filamentosa) 30, 27: 43 43
Sulphonamides 38
Soper-Pelger cells Tigs 77, 78
Swamp fever 72

Sympathetic ganglion lls, marure 6o,

Fig 112 o
Sympathicogonia ©f sympathogonia 58
éo, Fig 212
sympathogonioma cells 5% 69, 69. Fig
12

Synonyms 1. 3. 4

90

T

Tcell, Arneth's 53
Takata-Ara reaction 36
Target cells 46, Fags. 15, 81
Technique of blood and bome marrow
cxamnation 25—3t
Terminology 1—3
Teruan malaria 73, Figs 115, 245—247
Tetraplord megakaryoblasts 64, 65, Fig
162
Thalassaerma, see Cooley’s anaemia
Thesaunismosis §9
Thck drop method of staimng 11, 31, 52
for duagnosis of flanasis 74,
Figs 250153
for differentiation of malamal

parasites 73, Figs 242, 2440
247

Thread worms 74

“Thrombocytes” (blood platelets) see

under Megakaryocytes and platelets
Thrombocytopenta (shrombopenia) 14,66
T el .

acid 1 megakaryocy
nucled 66

Tick relapsing fever 72

Ticks 72

Tissue basophils 6, g, 18, 19, 50, 68,
Figs 188, t91, 191
chromosomes of 68, Fig 191
differentiation from blood basophils
E 1
in agranvlocytosis 68
aomals 19, 50
in disturbances of haemopoiesis 63
1n lymphatic levkaemia 68
1n May-Hegghn's anomaly 68
1n panmyelopathy 68, Fig 188
1n splenopathic depression of bone
marrow 68
metachromasia of 9, 30, 68, Tig 192
mutosis of 68, Fig 197
occurrence in bloed 19, 50
1n bone macrow 68
stages of development of 68, Figs.
191, 192
wludine blue stamimg (speaific) 3,
68, Fig 192
Tussue mast cells, see Tissue basophuls
Toludine blue staming 9, 28, 50
Toxic granulaton 16, 37, §3. $5. 56,
Figs 76, 84
Toxic marrow 56, Fig $4
Transinonal forms 58
Teansmutters (vectors) of blood parasites
72—75
Tnaad staning 9
Triatoma 73
Tropical eonmophilia 51, 51
splenomegaly 74
Trypanosoma eruzt 73

Trypanosoma gambiense 73
rhodesiense 73
Trypanosomes 73, Fig 248
Tscese fly 73
Tuberculosis 59
lymphopenia m 62
monocytes tn 60
nuclear shuft 1n 54, Fig 75
Tumour cells (im bone marrow) 19, 48,
69, Tigs. 207—216, 232
chromosomes of 69, Fig 211
differentiation from osteoblasts 69
disintegrating forms of 69, Fig 232
giant nucles of 69
nucleol of 69
mitotic forms of 69, Fig 211
necrobiotic forms of 69, Fig 232
with fibres of connective ussue 63,
Figs 209, 211
Turk’s stritation cells 3, 4
Turnbull blue method for detection of
sideromonocytes 3, Fig 115
“Twinming deformities” (binuclear cells)
23, 43, 43, 49, 66, 71

8]

Unna-Pappenheim stamng 64, Fig 48

v

Vacuoles 16, §3, 55, 56, 58, §9, 61, 63,
65, Figs 45, 47, 48, 68, 85, 104 t0
106, 113—116, 144—146, 152, 159,
165, 167
n eosinophils 51, Tigs 68, 70
in lymphocytes 62, Fig 141
1n megakaryocytes 65, Figs 165, 167
n monocytes §8, Figs 113116, 118
to 121
1n neutrophils 56, Figs 85, 105—106
1 plasma cells 63, Figs 47, 48, 144
© 146, 152, 159
rosette-shaped 56, 65, Figs 104, 106,
165
Vaquez disease (Osler-Vaquez disease) 14
Vaniegated blood picture 61, Fig 187
Vascular cells 18, 19, 68, Figs 193—196
detached 68, Figs 195, 196
elongated 68
endothehal eclls 44, 68
m ussue formauon 68 Figs 191

194
muscle eclls 68
spindle shaped 68
with sphencal nucler 63, Figs 193
o 196
Vascular sheaths, haemopoiesss 1n 6
Vectors (transmutters) of blood parasites
72—7%
Verruga pervana 75
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Wrighey ftarg (panopy, ) 26,2, o
Wncbereria bang, £ 74, Figs 25 a4y
malay, 74 Figs 212, g5,
X
Xlene 5, 30

z

Zymonenn branl:ensu 7%, Figy 255, 156



