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PART I,

I. SIOLOGY QF BLQO D_HARMOPOTIETIC TISSUES
IF BEARLY LIVE,

Having passed & more or less passive existence in
utero during which time it derived from the parent all
the nourlshment nec essary for the growth and development
of 1ts organs and tissues, the child, after 1t has drawm
its first few breaths, begine 1ife as a separate being
who, in order to survive, must bring in-to action all
the physlological armament of which it 1s possessed. The
respiratory epparatus ensures the aeration and the digestive
apparatus ensures the nutrition of the tissues, while the
excretory systems arrange for the removal of the waste
products of katabolism. Further, the greater part of the
healthy infant's 1life 1s passed in sleep which ensbles the
body tlesues to accumulate sufficient energy to meet the
demands made upon them during the periods of wakefulness.
In this way the sudden and abrupt change of estate which
must come as no small shock to the organism 1s met by
Nature who, in her wiedom, supplies the means for dealing
with this, the first emergency which greets the birth of
& new Soul.

After birth changes take place in every tissue and
in none are they more interesting than in the blood: but
before describing the changes in this vital material 1t

seeans /



seems advisable to give an account of the haemopoietic
tissues in early life and to trace the development of

the blood cellse.

2
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THE HABRMOPOIRTIC TISSURS IN THE EQETUS AND IRFANT,

(1). LIVER. That the liver acts as a haemopoistic
organ in the human foetus between the 8th week and the 8th
month has been proved by a number of workers. (Browningfl)
Mollierfz) NathanfS) and Schriddle(4)among others).

In sections of foetal liver one may observe, situated
between groups of liver cells and lined by a single layer
of flattened endothelium, sinuses which contain nucleated
red cells, megaloblasts, a few normel red cells and varying
numbers of Lympholdocytese These latter cells are about 20
microns in dlameter and, when stained with polychrome
methylene blue, show a large pale nucleus which is often
8lightly indented and which contains one or more small )
purple staining focl of concentrated chromatine. The proto-
plasm 1s deeply basophile and may be seen to contain an
astrosphere situated near the indentation of the nucleuse.
This cell may be likened to the "negative of an ordinary
lymphocyte." (Boudet).

In the liver, however, there ie another source of
blood formation besides the intravascular. In the substance
of the liver tissue, between the liver cells and beneath
the endothelium, arees may be seen containing lympholdocytes,
erythroblaste, erythrocytes and, to a lesser extent, early
forms of grapular cells (myelocytes). It is these arees
which constitute the chief source of blood formation in

the/
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the foetal liver. The cells are probably born into the
general circulation by ruptures occurring at varioues points
of the endothelisal lining. (Jolly)ES) '

About the eseventh or eighth month of intra-uterine
exlestence this source of blood cells is no longer necesesary
and so, having fulfilled their purpose,. these haemopoletioc
areas come to be destroyed by the liver cells themselves
and by the endothelial celle, (Kupffer cells) which have
active phagocytic properties. Nathan and Larier(.a)have
obcerved red cell formation in the liver even after birth
in certain infants who have dled from various causes and
some writers believe that in the severe snaemias of 1nfano§
the foetal organs again become active.

(2). BONE MARROW. The foetal marrow at first consiste
of a spongy network of connective tiesuse cells which later
become repleced in greater part by large mononuclear cells
ldenticsl with those already described as lymphoidocytese.

Such cells are multipotential and from them are formed

both the granmular cells and the erythrocytes. The marrow

8ls0 contalns definite small areas of lymphocyte formation,
but, apart from Lymphatie Leukaemia, this source of lymphocytes
may be regarded as negligible. By the seventh or elghth

month the bone marrow has developed sufficiently to be able

to take over the blood formation for the whole of the body

and 1t is about this time that the liver ceases to act as

a/



(1)
e haemopoletlic organ. Browning, in his study of foetal

white cell production, states that "there can be little
doubt that the function of granular leucocyte production
exerclsed by the red bone marrow in the adult is nothing
more than & survival in one suitable situation of a process
which, in the embryo, was carried on widely throughout

the perivascular connective tissue of the various organs."

In the infant the red marrow extends throughout the
whole length of the long bones and contalnes & very small
quantity of fat. It is only in later years that the marrow
tissue at the ends of the bones 1s replaced by fat. On
microecoplcal examination of the marrow one is struck by
the tremendous activity of the leucoblastic elements in
ite structure. A smear of the bone marrow when stained
shows a far greater proportion of myelocytees than 1is to
be observed in the adult tissue.

Thue, in the young child, the whole of the marrow 1is
actihg at "full pressure" in order to meintain the
physiological characters of the blood end, in consequence,
the individual has no reserves upon which to fall back in
case of emergencye. The result of such a state of affalrs
is that, in the event of any deleterious influence tending
to destroy the blood cells, immature forms will readily be
thrown into the circulation. As will be shown later, thie
ies exactly what does occur in infante who suffer from a
great varlety of disease processes.

At present I am engaged upon a study of the bone merrow
in/
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in infancy and childhood but the amount of work done does
not Justify any remarks or conclusions.

(3). SPLEEN, THYMUS & PLACENTA. There 1s reason to
believe that haematogenesis takes place to a limited extent

in these organs but such sourcee may be regarded ac of very

minor importance.
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THE DEV F 100D CELLS,

Chiefly ae & result of the work of Pappenheim, Wolff,
Dominicl and others on the human haemopoietic orgens and
in view of our knowledge of the comparative cytology of
the lower vertebrates there seems to be a general agreement
at the present time that all the somatic cells have a common
encestor in the undifferentiated connective tissue cell. Thie
cell is multipotentiel and may glve rise to osteoblasts, myo-
blasts, fibroblaste, haemoblasts, etce It is with the haemo~-
hlast that we are concerned just nowe The primitive haemoblast
or Lympholdocyte has alreedy been described when considering
haematogenesis in the liver, but let me repeat that it is a
round cell, about 20 microns in diameter, with a large pale
nucleus containing one or more small masses of concentrated
chromatin and i1t is surrounded by & narrow ring of deeply
basophile protoplasm in which an astrosphere may sometimes
be seen. It will be noticed thaet this description applies
exactly to that cell which is met with in the blood in
myelogenous leukaemie and in cases of very severe amaemia
in children and which is called a Myeloblast.(Naegli).
In these diseases the myeloblast 1s looked upon as the
primitive cell of the granular series and the paremt of
the myelocytee. An examination of the bone marrow in such
ceases confirms the accuracy of this view because every form
of transgition from the non-granular myeloblset (or lymphoidocyte)
to the myelocyte containing either neutrophile, eosinophile or

basophile granules may be observed.
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On the other hand, 1t has alreedy been shewn that the
lympho;docyte is the precursor of the erythroblasts in the
blood -~ forming areas of the liver during foetal life.
Characteristic changes occur in the conformation of the
nuclear chromatin which first adopte the "wheel shaped®
arrangement around the periphery and, later, becomee condensed
to form a cloeely packed reticulume These nuclear changes
are associated with the appearance of haemoglobin in the
protoplasm causing it to stein firet in a polychromatie
and then in an orthochrometic manner.

Finally, it is well known that in certain examples of
acute leukaemia 1t 1s diffioult to decide whether they are
of myelogenous or lymphatic origin because the large cells
Present in the blood may either by primitive lymphocytes or
myeloblastse Shaw Dunévgas shown that, in a proportion of
cases, the oxidase reaction may help to establich the exact
nature of the cells; but this, however, does not alter the ]
fact that the most primitive forms of lymphoblaets and myeloblasts
cannot be differentiated by any kmown namess Tf the bone '
marrow from a case of acute leukaemia of the large cell type
be examined e considerable proportion of these cells may be
observed which do not give a positive oxlidase reaction ang,
further, transition forms between such cells and large or
small lymphocytes can be seen. The obvious conclusion is
that the lymphoidocyte may also be the parent of the lymphocytee.

Owing/
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owing to the multipotential character of the primitive
blood cell it has been descridbed in haematological literature
under no less than 88 different namos(S)but nowadays the term
"Lymphoidocyte® has become more or less univeresl in connexion
with this cell and because, in my opinlon, none of the synonymse
are more sultable, I have therefore retained it.

The following sohemi.describes the modern view of blood
cell development and shows that the lympholidocyte is to be
regarded as the common parent of all the blood celle because,

acting under the influence of forces as yet unknown to us, it

may give rise to erythroblasts, myelooytes and lymphocytese.

Undifferentiated
connective tissue cell.
! T T Megalgkaryocyte
Lymphoidocyte
f T T

Erythroblest Myelocyte Lymphocyte Platelets.

(a) Neutrophile '
Erythrocyte (b) Bosinophile

(c) Basophile

Polymorphonuclear

§a) Neutrorhile
b) Bosdnophile
(c) Mast cell.
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At birth there 1s a polycythaemla which 1s due to the
increased activity on the part of the haemopoletic tissues
and also to the loess of fluld from the body by evaporation.
At this time the red cell count is between 6 and 7 million
per Cemme The haemoglobin is also high and the colour
index 18 about unity. The }eucocyte count is usually dbdpt
20,000 per c.mm. of which 680 per cent are neutrorhil poly=-
morphonuclears. On examinetion of film preparations the
red cells are found to show a uniform degree of stainring
and there 1s very little abnormality regarding either their
8ize or shape. A scanty number of normoblaste are present.
The white celle show no unusual features and_myelocytes are
sbeent as & rule. During the first few weeks of life the
red celle fall to between 4 and 5 million per c.mm. and
within a very short time the nucleated red cells have all
diseppeared. This fall in the erythrocyte count is probably
due partly to the dilution of the blood resulting from the
balence between the intake and output of fluid, and partly
to the destruction of red cells which 1s taking place at
this time, 8s is manifested by the rapid disappearance of
the nucleated forms,f?ﬁt slight degree of Jaundice which 1s
80 common shortly after birth. At first the haemoglobin falls
in proportion to the erythroocytee, but, instead of being
arrested/
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arrested when the red cells find their normal level, it
continues to fall very slowly until-about the sixth month
vhen the average reading is about 70 per cent. The haemoglobin
usually reﬁains at this level until the fifth year-after_{?ich
1t begins to rise. The adult reading of between 90 and 110
per cent 1s probably reached sometime between the ninth and
twelfth year. I am not aware of any theory which will explaln
satiefactorily this chlorotic state of the blood in infancye.
That the dlet of the infant is relatively poor in iron does
not afford an adequate explanation unless it 1is assumed that
the liver cells do not store up the greater portion of the
iron derived from the physiological destruction of the red
cells.

Simultaneously with the decrease in numbers of_tyg_
erythrocytes the leucocyte count falls from about 20,000 to
10,000 per ce.mme This docreaaé occure entirely et the
oxpense of the neutrophil polymorphonuclearss. Meamwhlle
the lymphocytes show a steady increase both relatively and
abeolutely. The following chart (after Hutchieon(g)) shows
the proportion of polymorphonucleers to lymphocytes at

various agese
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Chart showing the phrsiological variations in the
number of whits cells from birth to the

gixth yaar.
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From the above chart 1t will b_o» seen that the average
white o_oll count varies between 15,000 at six months and
about 10,000 at the third year. After the first week of
1ife the variation in the white cell count depends entirely
on the number of lymphocytes which are present because

the/
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the polymorvhonuclears remain very constant at about 5,000
per C.mme. ‘

The adult ratio of polymorphonuclears to Lymphocytes
1s reached by the slxth year of 1life, but I have observed
casee in which it was delayed until several years later.
It would appear that just as abnormalities of certain tissues
produce the various conditions which are grouped together )
under the general heeding of Infantiliesm, so may the haemo=
poletic and adenoid tissues retaln thelr infantile features
and reflect them in the blood as shown by a persistence of
1ts two chief characteristics as emphasized by Hutchison,
viz. (1) Its chlorotic state and (2) The preponderance of
the cells of the non-granular series. This latter phenomenon
1s due to the intense activity on the part of the adenold
tissues throughout the body. The reason for this adenoid
hyperplasia is unknown, because, unless the lymphocytes
subserve some purpose vital to the growth of the organlem
as & whole, 1t is difficult to understand why all this
energy is being liberated.

- = -
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LEUCOCYT S_T0 TE INFECTIVE

EROC BSSES.
------- 000=~=uven

In most cases of infectlon with pyogenic organiems
the bone marrow rescts by throwing in to the circulation
an increased number of cells of the granular series.

The leucoblastic apparatus 1s called upon to supply an
incressed demand for polymorphonuclear leucocytes and

1t seems to do this with considersble ease. On the other
hand, these cells are carried off into the blood stream
before they have reached maturity. This, however, is
just what 1s to be expected when it 1s recalled that the
marrow has no reserves upon which to fall back in the
event of an emergency. When a film of the blood 1is
examined the nuclei of the granular cells are usually
found to have only two lobes and this is significent

of the youth of these cells. Such cells may be called
Meta-myelocytes or fransitionale. In examples of simple
leucocytosis 1n children myelocytee are quite common but
they are rarely present in a proportion of more than & per
cent. ,

If we turn our attention to the behaviour of the
lymphocytes in examples of eimple leucocytosis 1t will
generally be found that they are elther normal or diminished

in/
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in number.

In a critical review of the more recent literature in
which it 1e stated that sepsis may be an occasional cause of
an absolute lymphocytésis, Tidy(logoncludes that there is no
satisfactory evidence of such being the case. Tidy glves no
criteria showling what he would regard as sepsis but, it must
be admitted that the examples he quotes from the literature
would tend to support his conclusione.

I, however;qpneumonia in infancy may be regarded as s
gseptic condltion; I have observed four cases in which there
wag an absolute lymphooytosise The cases are detalled in the
following table, along with a number of others which show what

is regarded as the normal reactions to such infective processese.

Table: showing difference between calculated and expected-
pumber of Lymphocytes 1n various cendiﬁisna;_______-
=R o Y ®0o -
L e ~ P ~O Lo
L 3o 349 @ 0 0
¢ g L0 S ¢ e
o.| ¥g Disease. gg ISR 5‘5’5‘ Difference.
530
26 13 Marasmus 14,500 8,858 | 9,000 | Minus 2,200
9 13 Diarrhoea | 14,800 4,833 | 9,000 4,400
3 14 Marasmus 20,000 | 3,720 | 9,000 5, %00
0 13 Pneumonisa 17,200 | 8,440 | 9,000 5,800
58 9 Pneumonia 23,100 ! 8,930 | 9,000 2,100
15 11 Marasmus 25,400 7,874 | 9,000 1,200
18 3 Pneumonia 17,900 | 4,117 | 9,000 4,900
105| 28 Bronchitis| 15,800 1,782 | 6,000 4, 300
41 25 Pyelitis 14,800 | 4,814 | 6,000 1,400
112| 38 Pneumoniea 20,400 | 3,590 | 5,000 “1,500
1 17 Pneumonia 21,000 | 85080 | 7,500 Lasis
32 24 Pneumonia 23,400| 8,084 | 8,000 | = —-e=--
100 31 Abscess of | i e
) ., Lung. 19,800 8,272 | 5,500 - -z
2 17 Pneunonia 22,700|14,775 | 7,500 | Plus 7,200
2% 18 Pneumonia 19,000( 9,785 | 7,500 2, 200
8 19 Purpura ' ' T ' -
simpl ex. 18,700(10,955 | 6,500 4,400
13 30 Pneumonia 29,200({10,220 | 5,500 4,700
90 14 Pneumonia 49,800({13,392 | 9,000 4,90q
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The followlng are the average figures obtained

from an analysis of the four cases which show an absolute

lymphocytosis. ,
Total White Cell Count 30,125.
Expected No. Lymphocytes. "7y B75.
Calculated No. Lymphocytes. 12,063.
Difference. ‘ 4,888,

It will be observed from*the Table that therelis a
case of Purpura Simplex in which there is a lympho-
cytosis. I can make no comment on the phenomenon because
we are very much in the dark regarding the explanation of
lymphocytosls 1in generale.

With reference to the four cases of pneumonia, it 1is
not clear what 1s the explanation of this reasction to
‘infection on the part of the lymphatic apparatus. If it
were due to some unknown chemiotactic influence exerted
by the infective agent (as in Whooping Cough, for instance)
the phenomenon should be almost general in cases which are
clinically identical. Such, however, appears not to be the
case.

I cannot help thinking that 1t must come to be
explained by & hypersensibility of the lymphatic system
Present in certain individuals and somewhat closely
gelated to that loosely defined condition known as the
Status Lymphaticus. It is known that in many examples
.0f sudden death in children while asleep or under the

influence of narcotics an abnormal hyperplasia of the

thymo-/
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thymo~-lymphatlc system 1s the only pathological featur
detected at the autopsy: and, further McNeil(ll)has sﬁown
that a simllar finding may be made in certaln cases of
pneumonia in which the patient d:lred suddenly without showing

the usual reactions to the disegsg.

- -y wn "
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l« A short description 1s given of the haemo-
poletic tissues in the foetus and young child and it 1is
observed that they are working at such a high pitch that
the organism has virtually no reserves upon which to fall
back in the event of any toxic process tending to destroy
the blood cells.

2. The development of the erythrocytes, granular cells
and lymphocytes 1is described and 1t 1s explalned how they
all come to be regarded as the offspring of the Lymphoidooyte
which, in its turn, is derived from the Undifferentiated
Connective Tissue Cell.

2« A description is given of the changes which take
place in the actual and relative numbers of the various
blood cells from dirth untll about the sixth year. It is
shown that in infancy the blood is chlorotic and that tpe
colour index seldom reaches unity. There 1s also an un-
explained adenold hyperplasia which 1s manifested in the
blood by a reversal of the adult ratio of lymphocytes to
Polymorphonuclearse

4. The leucocytic reactlions to pyogenic infective
proc esses are described and it 1e shown that in most cases
the bone marrow throws into the circulation an increased

number /
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number of granular cells, a varying proportion of which have
not reached maturity. In certain instances, in addition to

a neutrophile leucocytosis,there is an absolute lymphocytosis;
and i1t 1s suggested that an explanation for this phenomenon
may be found by assuming & hypersensibility of the 1ymphatic’
systen and thus considering it as one of the less grave mani-

festations of the Status Lymphaticus.
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IT. LEUKARMIA IN _INFANCY AND CHILDHQOD.

Leukaemla must be regarded as a relatively uncommon
disease and, therefore, in order to gain a reasonably
comprehensive idea of 1ts gyyptomatology and haematological
features I have collected 100 cases of the disease occurring
in children under 8 years of age. (See Appendix). ' ’

In this series there are 70 cases of Lymphatic Leukaemia,
19 of Myelocytic Leukaemla and 11 of the so-called Myelo-
blastic Leukaemia.

The greatest care has been taken 1n selescting the
cases so that there could be 1little or no doubt as to the
diagnosiss This was especlally difficult in regard to
examples of Myelocytic Leukaemla because a number of cases
reported under this dlagnosis would almost certainly appear
to be examples of severe anaemia in childhood or the so-
called von Jaksch's Anaemia.

However, I belleve the serles of cases here quoted
to be genuine and to give a reasonably accurate ascount of
the symptomatology and blood changes in the varlous forms
of Leukaemla in infanoy and childhood.

In view of the fact that the symptoms of all forms
of leukaemia in childhood are very similar they will be
treated together and when there 1s any marked difference
it will be clearly shown. The blood changeé will be desoribed

separately.



21,

ETTOLOGY.

It 1s not proposed at this point to enter into a
discussion on the special etiology of leukaemia but in
Part II of thls Thesis there 1s an account and discussion
regarding the observations which have been made with
roeference to the etlology of this disease. Only the general
features in the etlology of leukaemia will be considered
heree.

Age. The following Table shows the result of an

analysls of the ages of the cases in this series.

Ia.'blg Te

Age T
in Tr'Se 1ste.| 2nd.| 3rd. |4th.| 5the. |8th.| 7th.| 8th.
Lymphatic. 12 |13 8 18 8 8 5 2

- I

Myelocytic. V4 4 2 0 0 o] 0 3
Lynmpholdo- 0 1 2 1 2 2 1l 2

cytice.

Total:- 17 18 12 |17 10 11 8 7

From this table there is one interesting fact to de
learned: namely that there are roughly twice as many ceses
of leukaemia océurring in the first four years qf 1ife as
there are in the subsequent four years. This 1s well
demonstrated in the following chart in which the cases

are arranged in blennial perilods.



Chart showing ag2 incidence of Leukasnmia in

biennial periods(100 cases).
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In nos. 4, 41, 48 and 83 the age of the infant when

1t came under examination was below two months and it seems
probable that these may be regarded as examples of congenital
leukaemlias. The latter case came under my own observation

in Professor Findlay's wards and the history seemed to

date back to the time of birthe In each 1t was stated

that the mother was not suffering from leukaemia and this
may be expected because there are several cases on record

in which women who were the victims of leukaemia have

given birth to normal children. These factse have been

brought /
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brought forward against the theory that leukaemla is
infective in origin and they seem to support the view
that it 1s related to the malignant pro&esees; "a sarcoma
of the blood." (Banti). |

Sexe In 94 of thls series the sex was known and of
these 82.87 per cent were males. This is in accordance
with the statements generally made that the disease 1s
more common in the male subject.

Social Conditions. There 1s no evidence that
leukaemia 1s relatively more common among the poorer
classes than the wealthy. The only observation which I
have made 1in this connexion is that, in so far as my limited
experience goes, the dlsease appears to be more common among
country dwellers than among those who live in the large towmns.
T make this observation with every reservatlion but it would
be interesting 1f accurate statistics could be furnished on
this pointe.
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SYMPTOMATOLOGY.

Onset. The onset of leukaemia may be insidious or
abrupt. In the former case the patient gradually becomes
less active; he may be lethargic and somnolent; he is frequently
irritable and suffers ffom loss of appetite; he tends to lose
weight and, as & rule, he becomes pale. This stagze may last
for one or two months and the dlagnosis of the disease 1s
difficult, but, sooner or later, increasing pallor, haemorrhages,
enlargement of the spleen or superficial lymphatic glands will
appear and suggest the existence of some grave disorder of
the blood. These symptoms may occur independently of any
previous 1llness or they may follow such dlseases as malaria
(nos. 34 and 38), pneumonia (no. 18), or mumps (no.58).

When the onset is abrupt the patient may be suddenly
stricken down with fever and great prostration. On examination
nelther the spleen, liver, nor superficiai lymphatic glands
may show any palpable enlargement and the only symptom likely
to suggest the possibillity of leukaemia may be either a purpuric
rash or a severe attack of epistaxis. However, even in the
cases with the most acute onset the patient generally 1lives
long enough for the majority of the main clinical features of
the disease to manifest themselves.

Symptoms. The following pable i{llustrates the symptoms
of leukaemia in infancy in the order of their frequency. In
& regrettable number of instances no note has been made to

indicate the presence or absence of a particular symptom,
but / e
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but such 1ls tesbe expected in any analysigs of thie kind.

TABLE II,
inalysis of symuptons, |[Present. | Absent.
Pnlarged Spleen. 82 4
Enlarged Glands. 84 13
Heaemorrhages. 78 8
Fevere. 70 4
Enlarged Liver. 70 19
Digestive disorders. 44 3
Gingivitis and Stomatitis, 37 7
Cardlac Murmurs. 0 9
Enlarged Tonslls. 24 11
Albumenuria. 20 20
Oedema. 19 13
Dyspnoea. 17 3
Pain. . 1—6 11
Retinal changes. 12 8

It will be observed that there are five principal
symptoms, namely enlargement of the spleen, 11ver and
lymphatic glands; haemorrhages and fever. The other
symptoms, although they may constitute an important part
of the general picture in given cases, are of relatively
infrequent occurrence.

We shall now consider these and other features of
the disease in detail.

(1). Splenic enlargement. Enlargement of the spleen per
se during the first four years of life 1s of 1ittle significance
for it is well known that in many‘examples of pneuﬁonia,
tuberculosis, syphilis and gastro-enteritis in infancy the
sPleen becomes palpable and may even appear as & very large

mass/
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(1)

mass in the abdomene. In the more severe forms of anaemia
the spleen 1ls almost constantly palpable although the degree
of enlargement bears no relation to the severity of the
anaemia-(z) Enlargement of the spleen, however, appears to
be the most constant symptom in leukaemla during childhood
and 1t 1s advisable to make & blood examination in every
case presenting this feature, because, although there may
be no evidence of leukaemia,'there is always something to
be learned from a study of the appearances of the blood.
The spleen often fluctuates in size to a small extent during
the course of the disease and when the volume diminisghes, as
it does after a haemorrhage or an attack of diarrhoea, the
parents sometimes offer the opinion that the child ie looking
better and that the appetite has improved. During the last
few days of the 1llness it 1s often noticed that she sﬁleen
decreases in size and this may be associated with a similar
decrease in the size of the superficilal lymphatic glande and
with a fall in the white cell count.

(2). Glandular BEnlargement. From the table it will
be observed that in all but 13 cases there was some degree
of glandular enlargement, although in a number of the children
the increase was either very slight or limited in extent. The
significance of the occasional absence of glandular enlargement
is interesting in that it seems to show once and for all that .

the primary lesion 1s in the bone marrow. Nowadays it appears

to/



to be an accepted fact that the blood 1s never leukaemic
until definite changes characteristic of the disease have
taken place in the bone marrow, and the occasional instances ‘
of leukaemia which arise from time to time showing no enlarge-
ment of the glands "go to prove that acute leukaemia, whether
lympholid or myelocytic, 1s due to changes in the bone marrow,
the other hae?ggoietic organs being involved, if at all,
secondarily." Thie 18 In accordance with the opinilons

(4) (5) (8) (7)
expressed by Neumann, Walz, Pappehhelin, Brandenburg
and others. "

In the oases presenting‘enlargement of the glands the
most common group appears to be the cervical glands. The
mesenteric glands are almost always enlarged but it is not
often that they can be palpated with certainty. The medi-
astinal and bronchial glande are also frequently involved
and may give rise to distressing symptoms.

(3). Haemorrhages. Bleeding may occur in three forms:
(a) a purpuric rash, (b) ecchymoses and (¢) bleeding from
the mucous membranes.

(a.) purpura. This 18 one of the commonest symptoms
of leukaemia. The rash may appear all over the body or 1t
may be limited to a small area. Frequently it occurs in the
form of successive crops of small petechlal haemorrhages
coming on for no apparent reason and bearing no relatlon to

the severlity of the dlsease.
(b)/
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(b). Bochymoses. The parents may have noticed that
the child "bruised easily" and during the course of the
illnees large extravasations of blood may take place.
Probably the commonest site for these haemorrhages 1is
over the sacrum but they may be found almost anywhere.

(c). Bleeding from mucous membranes. In the large
majority of cases of leukaemia bleeding from the gums
takes place. Such haemorrhage occurs as a persistent
oozing of blood and may be a prominent factor in the
production of the anaemla. It may be the principle symptom
and lead to a faulty diagnosis of Barlow's Disease. Epistaxis
is another common symptom and when it occurs it 1s usually
severe and prolonged and it 1s likely to recur from time
to time .during the course of the illness. Welaena 1is quite
common and haematemesis occure in a few cases. Haematuria
is rare.

The following table showe the relative frequency of

haemorrhagee in the various forms of leukaemila.

TABLE III.

No. of cases in ﬁ{i Percentage of

which note regarding cases in which

Haemorrhages was Haemorrhages

made. ' were presente.
Lymphatic 85 93.6%
Myelooytic 14 78.8%
Lymphoidocytic 8 75.0%
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The explanation of this tendency to haemorrhage in
leukaemlia 1s not far to seek. The platelets, as has been
shown, are formed f»om the megakaryocytes in the bone marrow,
and, when the extenslve changes which take place in this
tissue in leukaemia are considered, it 1s obvious that the
normal processes by which the platelets are manufactured are
generally upset, and, consequent on their decrease in number
in the blood stream, the physiological methode fer the control
of heemorrhage are 1in sbeyance. Further, the greater tendency
to haemorrhage in lymphatlc leukaemla can be explained by |
the almost complete annihilation of the normal activities of
the bone marrow by the rapid proliferation of the lymphatisc
elements in 1ts structure. .

(4). Fever. Some degree of fever was present in 70
cases, in 7 it was stated to be absent and in 2% it was not
mentionede There is nothing characteristic about the tempera-
ture chart of a case of leukaemia. Sometimes the fever 1s
of the continued type, sometimes of the swinging type, but
epeaking generally, it is capricious and irregular. The
temperature may be normal for days on end and then, for no
apparent reason, it may rise to about 100°F., only to fall
again sooner or later. oOccasionally the temperature may
go up to 108°F. At the beginning of this 1llness in children
there 1s usually, however, some form of fever, and thie is

one of the points which make the clinical plcture of leukaemia
so/
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so silmilar to that of many acute infectious diseases. At
the termination of this disease the temperature may fall
and be accompanied by a decrease in size of the spleen,
liver and lymphatic glands and a fall in the number of leuco-~
cytes in the blood. On the other'hﬁnd, the patient may die
with hyperpyrexia suggesting seme toxic action on or a
leukaemic infiltration of the pons variolii.

The etlology of the disease being unknown, it 1is
impossible to explain the fever, but there are four
possibilities: namely, (1) that it is & manifestation of
the systemic reaction to a specific infection, (2) that it
1s the result of some secondary infection with pyogenic
organisme, (3) that it is due to the digestive disturbances
which occur during the course of the illness and (4) the
posslbllity suggested by Treadgold,(s)that it 1s due to
the action of degenerated leucocytes on the heat centres.

(5). Hepatic enlargement. Enlargement of the 1liver
was present in 70 of thls serlies and in 19 }y wvas stated
not to be enlarged. In how far these flgures are accurate
as regards the enlargement of the organ it is 4ifficult to
ascertain because in young children the lower horder of
the liver can usually be palpated half to one inch helow
the costal mergin, and it is qulte possible that this has
been recorded as an actual enlargement in a proportion
of cases in which there wae really no increase in its welght.

However, it is quite certain that in the majority of cases

in/
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in which a post mortem examination is performed the liver

is found to be definitely enlarged. The relative frequency
of hepatic enlargement in the three varieties of leukaemis ’
was a8 follows:- Lymphatic leukaemia 80.84; Myelocytic 1euk-
aenisa 75.0%; Lymphoidocytic leukaemie 86.87.

(8)- Digestive disturbances. Symptoms refersble

to the gastro-intestinal system were present in 44 cases

and in 5% no note wae made; probaebly because these symptoms
were considered too insignificents Such symptoms are
anorexia, diarrhoea, vomiting and constipation. Haematemesis
end melaena were present in a few patients. The tongue 1s
generally furred and the gums are frequently ewollen and
bleeding. 87 children 1n this series suffered from stomatitis
or gingivitis. The tonslls were enlarged in 24 cases; in

il there was stated to be no enlargement and in 85 no note

weae made.

(7). Cardio-Vascular Symptoms. In & considerable

number of cases & note has been made of the condition of

the heart and pulse. The pulse 1s generélly soft and of

low tension. Tachycardie and Bradycardia are not mentioned
a8 being present although the heart's actlon is often rapid
when agsocisted with pyrexia. The organ 1s sometimes found ’
to be enlarged and‘a murmur or bruit coincident with veptric-
ular systole is to be heard in a porportion of cases (%0 in

this series). Post mortem examination seldom 1f ever reveals

the/
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the presence of an endocardities and it must, therefore,

be supposed that the explanation of the dilatation and of
the murmurs 1s to be found in the 1mpaired state of nutrition
of the myocardium.

(8). Genito-urinary symptoms. In 3 cases 1t wae stated
that the kidneys were large and easily‘palpated (nos. 25, 88,
32) but with these exceptions there 1s no note of the size
of the organs in any of this series. 1In several instances
the post mortem findings showed a consldereble enlargement
of the kidneys. Albumbnuria is not uncommon but seldom
appears to be present in the same quantity as in acute
nephritiss The uric acld output 1s increased due to .
Yatabolism of the excessive endogenous proteln assoclated
with the leucocytosis. Raematuria 1s rare.

(9). Respiratory symptoms. Dysphoea is not an uncommon
symptom in leukaemla. It may be due to enlarged glande in
the neck pressing on the trachea or larynx, as was the case
in No. 4, and from which cause the child died. Agaln, dyepnoee
may be due to enlarged bronchial and medlastinal glande
pressing on the recurrent laryngeal nerves or on one of
the larger bronchi. In infants with leukaemia the tonsilg
are often enlarged and 1t is to be presumed that the naso-
pharyngeal adenold tissue 1s also hypertrorhled, and 1t is
quite poesible that these factors may play a part in the
production of dyspnoea. Finally, dysphoea may exist es

a/ - _ -’ g]/‘/’,
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a manifestétion of the severe degree of anaemia which is so
constantly present.

A mild bronchlitis 1s proiably present in the majority
of cases but it causes no symptoms of importance. Some degree
of oedeme of the lungs is always present and is assoclated with
the anaemia. Pneumonia may occur at any time during the course
of the dlsease, but, as a rule, 1t is not associated with the
usual reactions seen in the healthy subjlect, an'd, in some
cases, it may only be discovered at the post mortem examination.

(10). skin. One of the most constent features of
ljmphatic leukaemia is the occurrence of heemorrhages elther
into or beneath the skin. These phenomena have already been
described. Sweat rashes are not uncommon in childhood and
when present in cases of leukaemla probably bear no relation~
to the disease. Herpes occurred 1n one of this serieg (no.20)
and it may be accounted for by haemorrhage taking place in or
some toxic process acting on the posterior root glanglia.
Ulceration of the skin occurred in one case (no.l?)._ 0 edema,
of the skin and subcutaneous tlssues was present in 19 of
this series. It may be generallsed and assoclated with ascites
or it may be limited to the face or ankles. In a porportion
of cases Nodules may be bresent and the condition has been
called Nodular Leukaemias by Ward(g)who has collected & number
of cases. According to Ward the nodules probably arise from
the scattered foci of lymphoid tissue which occur throughout

the meso- and hypoblastic tissues. The nodules do not appear
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in the eplblastic tissues such as the epldermis or the central
nervoue system although they frequently grow from the subjacent
flbrous tiseue of the skin (no.54) and the dura mater. The
cutaneous nodules differ greatly in size and in colour. They
may be as small as & pin's head or as large ae & cricket ball
and their colour 1s dependent upon the depth from the surface
end ﬁ;y be modified by interstitial haemorrhages. The nqdules'
mey be preéent thrqughout the alimentary tract. Finally, the
nodul es may occur in connexion with the bones; parficularly

the bones of the head; and it 1s these tumours which frequently
have the green colour characteristic of Chloroma. (nos. 89, 95).
In some cases, however, the colour may be absent or it may

fede very rapldly after removal of the tumour, but it can often-
be brought back by immereing the tissue in hydrogen peroxide.(IO)
The nodulee, wherever placed, may become smaller in size or
even dlsappear suddenly.(g)

(11). Retinal.Changes. It is unfortunate that in 82 of
this series no mention has been made of the appearances of the
fundus ocull. In 8 it was stated that there was no abnormality
and in 12 certain changes were observed. The commoneg@ lesion
consisted of one or more small retinal haemorrhages (11 cases).
In one case pallor of the dlsc and fundus was noted and in

another, in addition to retinal haemorrhages, there was =

neuroretinitise.
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THE BLOOD.
------- 000====cmm
(a). G COXS ATTIONS.

The lymphoidocyte has already been described as the
common pearent of the blood celles and it 1is ob#ious that
thevvariety of leukaemia which will occur depende on
whether the unknown influence responsible for the disease
causes differentiation along myelocytic or lymphocytie
lines. In the leukaemias, however, differentiation of
the cellse 1s alwaye incomplete and it 1ie this lack of
complete differentiation which constitutes the difference

between a simple leucocytosis and leukaemla.

Lymphoidocyte.
z/// ’»
Myalocyte- ) Lymphpcyte.
Y et :: \@i»
B. c.

A glance at the above dlagram shows that if differentiation
ceasee at B there must obviously be & Myelocytic leukaemis
and 1f at C a Lymphatic leukaemia. But there are cases in
which there is an almost complete absence of differentiation
and in which the majority of éells observed 1p the blood are
lymphoidocytes. Such cases constitute the so-called Myelo-
blastic or, better, Lymphoidocytic leukaemia.
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(b). LYMPHATIC LEUKARMIA.

The blood flows easily from a prick in the ear, finger
or in the lobe of the ear. It is paler and more watery than
in the healthy subject and as a rule it does not show the
normal tendency to rapld coagulation.

Serum. The serum may appear quite normal or 1t may
contaln a moderately large quantity of fat, as 1t did in
no. 58. In none of the cases of this series was the Wassermann
reection said to be positive. A positive Widal was obtained
in no. 8. In some cases the serum may be frankly jaundiced
and the Van den Bergh test may give a diphasic reaction,4
presumably indicative of compression of the small 1n§rgéhepatic
bile channels by round cell inflltration. This was recently
observed by me in a boy of 9 years in the Royal Hospital for
Sick Children. The case 1s not included in this series. In
7 cases & streptococcus was said to have been cultivated
from the blood and inm no. 57 I 1solated a streptococcus which
multiplied rapidly under anaerobic condltions but which,
although 1t eurvived under aerobic conditions, grew less
freely. Streptococci, however, may be isolated quite frequently
during the terminal stages of many 1lllnesses 1h childhood.

Red Cells. The total red cell count 18 always decreased
and towards the emd of the 1llness 1t may fall below a million
per cubic millimetre ( nos. 8, 13, 40, 54, 84). The average
red cell count was 1,946,000. Irregularity in size and shape

of/
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of the corpuscles is present and polychromasie and basophile
stippling are common features. Nucleated red cells are
generelly présent but, as & rule, they are sscanty in number;
The e?ythrocytes stain well and the average Haemoglpbin
was 31 per cent, which gives & Colour Index of 0.818. The
platelets are decreased in number.

White Cells. 1In this series.there was 8 leucocytosls 7
in 58 cases; in 8 the total white cell count was either .
decreased or within normel 1limits; and in 4 no note was
made. The average leucocyte count was 210,245 per cubic mm.

It would appear that in the cases in which the onset
is not very sudden and in which the patient does not seem
to be seriously 111l the white cell count is high and may
oven exceed a million per wmubic millimetre (nos. 10, %1, 41, 52)
When the onset 1s abrupt and the patient is prostrated and
obviously in a perilous condition the white cell count may
not be raised and there may even be a frank leucopenia. During
the last few days of the 1llness the leucocyte count almoet
always falls and thie is regarded as a grave factor in the
immediate prognosis.

The ohe constant feature about the blood in lymphatioc
leukaemia 1s the high relative increase of the lymphocytes.
Whatever the total white cell count may be the lymphocytes

are always relatively in excess of normal and in this series

averaged 94 per cent.
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Characters of the Lymphocytes. The type of lymphocyte
which dominated the blood picture was noted in 52 of this

geries. In the majority of cases (81.54%) the micro- and
mesolymphocytes were the predominating cellse In these
forms the nuclems staine deeply and thé cytoplesm is scarcely
visible. In some examples, however, the largg lymphocytes
are present in the greatest proportions.(%8.48%4). Such
cells have a rather paler nucleus than the small forms and
in it one or two nucleoll may be observed. The cytoplasm

ls not abundent and, so far as my experience goes, seldom
if ever, contains the azurophll granules which are so
commonly encountered in the lymphocytes of healthy blood.

In films from every case of lymphetic leukaemla,
lymphoidocytes may be found. Sometimes they are present
in quite large numbers and the blood picture represents
an intermediate stage between Lymphatic leukaemia and
Lymphoidocytic (myeloblastic) leukaemia.

A large number of the lymphocytes seen in a film of
lymphatic leukaemia present some abnormality which leads to
their being regarded as pathological cells in 6ontradietin9tion
to the healtﬁy lymphocytee which appear in a simple lympho-
cytogis. Such abnormalities consist of extreme scantiness
of the cytoplasm, vacuolation of the cytoplasm, changes in
the nucleus indicative of karyolyeis and the familiar "shadow"
or "basket; cells which are found so often in cases of

leukaemis with & high cell count. These latter forms represent

the/
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the penultimate stage of the lymphocytes which have undergone
cytolyels, although a certain proportion of them are due to

a8 bresking up of the already fragile lymphocytes in the
meking of a very thin film.

(c). KYFLOCYTIC LEUKAEMIA.

"Rgd Cells. The average total red cell count in this
series was 2,114,800 which is about the same as that observed
in the lymphatic variety. The average Haemoglobin was 31.8
per cent, giving a Colour Index of 0«78. The blood platelets
are usually somewhat increased but they may be diminiehed in

number. ] o

White Celle. The average whlte cell count was 139,020
per cubic millimetre. This figure 1s much lower than that
obtained in the cases of lymphatic leukaemia in this seriles.
In no case wae there a leucopenie.

Apart from the clinical featuree of these cases, the
characteristic which compelled a diagnosis of leukaemla wes
the high proportion of myelocytes present in the blood films
(average 32 per cent). Such a myelocytosis 1s not observed
in any other condition in infancy or childhood. Further,
post mortem examinations were performed in %58 per cent of
the cases and the diagnoeis was stated to have been confirmed
by the appearances observed. -

The following figures represent the average differential

count/
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count of the white cells obtained from this series:-

Polymorphonuclears 38.7%

Bosinophiles 3.8%,
Lymphocytes 25.0%
Myelocytes 32.0%

There is one interesting fact to be learhed from these
figures, and that 1s that in Myelocytic Leukaemia in

infancy and childhood there is a large absolute lymphocytosis
which accompanies the increased output of the normal and

abnormal cells of the granuler serles.

(¢) LYMPHOIDOCYTIC LEUKAEMIA.

Bed Q§11 » The average red cell count in the 11 cases
of this series was 2,088,400 per cuble millimetre. The
Haemoglobin was 31 per cent and the Colour Index was 0.775.

White Cells. In this form of leukaemia the white cell
count 1s low 1ln comparison with the other verietles; the
average here being 47,962 per cubic millimetre. The average
proportion of lymphoidocytes (or Myeloblasts) present in

a8 differential count was 58 per cent.

b

An average differential count gives the following figures:-
Polymorphonuclears. 9.8%

Eosinophiles. 2.04
Lymphocytes. 22.5%
Myelocytes. 4.8%

Lymphoidocytes. 58.0%
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Comparative Table of the Haematologicél.features in the

threé varieties of Leukaémia.

TABLE IV.

Lynmphatic Myelocytic Lymphoidocytic

Leukaemia. Leukaemia. Leukaemiae.
Total Red Cells. 1,946,000 2,114,800 2,084,400
Heemoklobin. 31% 31.8% 319
Colour Index. 0.818. 0.762 0.775
Total White Cells. 210, 245 139,020 47,982

Course of the Disease.

The course of leukasemis in

infancy is always e short one, and, therefore, the disease

must be regarded as & uniﬁggmly acute procees at this time

of 1ife. Seldom, 1if ever; are remiesions of the symptoms

observed. Once the dlsease has developed, the patlient passes

steadily down hill and within 2 or 5 months death takes place.

The following flgures ehow the average duration of the illness

in 73 per cent of thie series:-

Lymphatic Leukaemia.
Myelocytic Leukaemia.

2.0 monthse.

4.3 monthse.

Lymphoidocytic Leukaemla.2.1 months.

The apparent relative chronicity of the.disease in the

Myelocytic form is largely to be accounted for dby the

protracted course of Noe. 78 in which 1t 1s stated that the

chiia/
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child lived for 2 years after leukaemla had developed.

The figures in this sefles seem to show that 1n childrem
the éverage duration of the illness varies but little
irrespective of whether the large or small lymphocytes
dorinate the blood picture or whether the case 1s even a

definite Lymphoidocytic Leukaemla.
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ATIO SPL ENJC
ANARMIA AND LEUKARMTA.
----- 000==~=~

Before discussing the.question of the reletion between
Infantile Splenic Anaemias and Leukaemia it would appear
advisable to consider the clinical features of thie condition.

The symptom complex was firgt described by von Jaksch(ll)
and called by him Anaemia Pseudo-leukemica Infantum. Von
Jaksch believed it to be a dlsease sul generis end held that,
although it bore certein resemblances to leukaemis, i1t was
not related to such a grave disorder.

Other writere(lz)have since described the condition and
have supported von Jaksch's view, but 1t would seem that the
majority of workers(ls)believe it to be a form of simple
anaemla occurring éecondary to a number of causes. Its
clinical features have been summed up under the title of
Infantile Splenic Anaemla.

CLINICAL FBATURES.

The clinicael features may be summarised by saying that
the condition ie charascterised by enlargement of the spleen
assoclsted with the presence of anaemla, degenerate and
embryonic red cells and myelocytes in the peripheral blood,
and that i1t rarely, if ever, appears after the fourth year

of 11fe. The liver and lymphatic glands may be enlarged;

a/
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a leucocytosis may or may not be present: rickets 1s almost
always présent; and Hutchison(14)pointed out that the condition
tends to occur 1n more than one member of a family and that
it is especially frequent in twins. Haemorrhages may occur
although they do not constitute nearly so prominent a feature
as in leuksemia.

With regard to the appearances of the blood, in my series
(see appendix) of 27 cases which presented all the features

characteristic of the disease the following were the averages

obtained: -
Age 18 months.
Red Cell Count. 3, 390, 000.
Haemoglobin. 44 per cent.
Colour Index. 0.7

White Cell Count. 17,200.

In 9 cases the celle of the granular series were in
excess of the lymphoc¥tes, but in the remainder the proportion
of lymphocytes to polymorphonuclears was withlin normal limits
(about 3 to 23. The averagekperoentage of myelocytes observed
in differential counts of 300 cells was 2.3.

DISCUSSION.

Three theories have been postulated with the object of

bringing this conditilon 1ntb relation with leukaemia.

They are as follows:t- o -

) (15)y(158), (17)

1. That it is an aleukaemlc stage of true leukaemia. (- )
18

2. That it is midway between simple anaemia and leukaemia.

3. That 1t 1s a transitlion between Pernicious Anaemia and
- (19)
Leukaemla.
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With regerd to the first theory that Infantile Splenic
Anaemia 1ls an aleukaemic stage of true leukaemia, 1t is true
that the blood picture, in so far as the white cells are
concerned, is not typlcal of leukaemia although there may
be a fairly high leucocytosis, but 1t is difficult to
understand why a proportion of the cases should not, at some
time in thelr course, become frankly leukaemic. Such, at
least not infrequently, happens in the examples of aleukaemic
leoukaemia which are occasionally encountered in the adult.
Further, no authentic cases of a transition from Infantile
Splenic Anaemic to leukaemia appear to have been recorded.

Again, 1t has been sald thet Infantile Splenic Anaemla
represents an intermediate stage between simple anaemia
and leukaemia. Certainly, the appearances may be suggestive
of such being the case, but there is no evidence that it bears
any etiological relationship to the latter disease, because,
as has been mentioned, the transition ls never complete and
the sequence, Simple Anaemia, Infantile Splenic Anaemia,
Leukaemls has never been observed.

Finally, let us consider the theory that Infantile
Splenic Anesemia is a transition stage between Perniclous
Anaemis and Leukaemia. The appearances of & blood film
from certain examples of the disease are very similar to
the so-called Leukanaemis in the adult, and, doubtless, this
resemblance 1s responslble for BEngel's conceptlon of the

disease. An examination of the red cells 1n many cases

of/
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of Infantile Splenic Anaemia shows them to have all the
features which, in the adult, would jJustify a dlagnosis of
pernicious anasemla. It must be remembered, however, that

in the infant such & blood picture has not the same
signlificance as in the adult. TIn the infant a megalocytosis
with a high colour index and the presence of numbers of
megaloblasts signifies no more than a grave disorder of

the haemopoletic tissues from which the patient may recover
completely if the cause of the ansemis is eliminated. Even
although the cause of the condition cennot be définitely
ascertained;.with‘hygienic surroundinée and good nursing,
recovery may be said to be the rule. Further, if a pernicious
anaemla ever occurs in 1lnfancy, 1t must be excessively rare,
and, certalnly, I have never seen a case which could be
given such a diagnosis.

With regard to the white cells, it has already been
shown that the appearances encountered in a blood film are ;
by no means typical of the leukaemlc state. Again, Thursfie{20)
has shown that the histological appearances of the organs do
not show the features consldered characteristic of leukaemia.
Finally, in my series of cases the symptom complex was
associated with a number of known toxic processes, e.g.
tuberculosis, pneumonia, syphills, etc.

Tn the light of these obdervatlons it seems Justifiable
to conclude that the so-called Infantlle Splenic Anaemilsa

bears no etlological relationship to the leukaemic processes.
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A hundred cases of leukaemia in children under 8 years
of age have been analysed and the following observations
have been made:~

(1)« The relative frequency of the three forms of

leukaemla at thlis period of 1life may be taken as follows:=

- Lymphatic Leukaemia. 70 per cent.
Myelocytic Leukaemia. 19 per cent.
Lymphoidocytic Leukaemia. 11 per cent.

(2). Leukaemia is about twice as common.during the
first 4 years of 1life as 1t is in the subsequent 4 years.

(3) 62.87 per cent of cases of leukaemia occur in
male subjects.

(4). An ahalysis of the symptomatology of }eukaemia
has been made and it shows that there are five principal
features of the disease, namely; enlargement of the spleen,
liver and lymphatlic glands; haemorrhages; and fever. Other
symptoms which are of relatively less frequent occurrence
are described. Most of the symptoms are considered in
some detall. A

(5)« An account is gilven of the blood victure observed
in each variety of leukaemia and the relatibvnship between
the types of leukaemia 1s explained by reference to the
physiological development of the blood cells.
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(6), It is shewn that all forms of leukaemia
in early 1ife must be regarded as being acute and that
the expectation of 1ife, once the disease is established,
is but a matter of a few weeks,

(7)., The theories.sﬁggesting that Infantile
Splenic Anaemia bears an etlological relationship to
leukaemia are discussed and the conclusion submitted that

no such relstionship exists,
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PART 1I.

INFECTYVE ANAEMIA AND LEUKAEMIA IN FOWLS.

During the past twenty years knowledge regarding the
pathology of Leukaemisa has undergone little change. The
etiology of the dlsease in the humasn subject remaine
obscure, but there are two theories, neither of which cean
be taken as proved; (1) that it is of the nature of a
tumour; a "sarcoma of the blood" (Banti);(l)and (2) that 1t
is due to some infective agent.

The first attempt to transmlt human leukaemia to lower
enimals was made by Mosler(z)in 1872.and since that date a
multitude of experiments have been performed with the same
oblJect in view and the results have been uniformly negative.

Ellermann and Banésgnd Hirschfeld and Jacoby(4)-1n
1909 each inoculated material from fowls suffering from
Leukaemia in to rabblts, gulnea pigs, doves, guinea fowl
and turkeys but did not get any "takes." From these experiments
1t would appear that heterologous inoculations are unable to
reproduce the disease, even when the experimental animals are
subject to spontaneous leukaemia.

The first homologous transmission experiment was done
in 1874 by Bollinger(S)who inoculated material from a

leukaemic dog in to other dogs. Several workere in later

years/
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years repeated Bollinger's experimente but no positive
results appear to have been recorded. The first succesasful
trensmission of leukeemle was done in 1908 by Ellermann and
Bang(S)who used material from leukaemic fowle with which they
were able to pass on the disease through several generationse.
Since that date Ellermann has transmitted at least 8 strains
of the disease; one of them (Strain H) having gone through
12 generations.(e) Ellermann's observations were confirmed
by Hirschfeld and Jacoby in 1909,(4) by Schmeisser(V)in
1915 and by Magnueson(e)in the same year. Thus, although
leukaemia 1s met with among other animals, e.g. cats, dogs,
cattle and horses, 1t 1e only in fowle that transmiesion
experiments have been successful. However it would be well
to remember that experiments of this nature may fail, and
that for no apparent reason. Ellermann states that after 3
successive inoculations with different materiel, each in to
8 animals, ﬁ% got a negative result. Not until the fourth
inoculation did he succeed; after having used 32 animals.
The work which 1e here described was undertaken with
the object of studying the appearances met with in fowl
anaemia snd leukaemis and 1n the hope that by this means
some light might be shed upon the etiology of the similar

diseases in the humen subject.
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In order properly to understand the morbid appearences
of the blood and haemopoletic tissues in fowls suffering
from anaemle and leukaemis 1t 1s essential that one should
be famlliar with the morphology of these tissues in the
healthy bird.

Samples of blood for examination are taken from the
comb by snipping & piece off with a pair of scissors.

Method of counting the blood cells. To 15 c.ce. of

Gower's solution add one drop of a 0.5%4 solution of Crystal
Violet and, after shaking, filter. This is used aes the
diluent. An ordinary red cell counting pipette is usest.
After the blood is drewn up in the pipette and diluted with
the above solution it should be allowed to stand for 10
minutes and then shakep for a minute, after which the cells
are counted in a Thoma-Hawksley haemocytometer chamber.

The lymphocytes and thrombocytes staln deep blue while

the nuclel of the red cells are very faintly stained. The
Polymorphonucleare can be recognised by their highly
refractilegranules. It has been suggested that, owing to
the cells adhering to the sides of the pipette, the above
method 1s not accurate when counting the white cells. That
such 1s not the case is proved by the constancy of the
readings and by the close agreement between the figures so
obtained and the results of s differential count in a fllm

preparation; in which case the average reading is one white

cell/
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cell to every 100 red cells.
The followlng flgures represent the average of 14 blood
examinations in different healthy hens between the agee of

one and three years. The extreme varietions are also noted.

BErythrocytes. 5?070,000 2,190,000 to %,850,000.
Haemoglobin. 60%(sahll). 45% to 84%.
Thrombocytes.  31,000. 22,800 to 40,600.
Leucocytes. 30,000 17,000 to 35,500.

Staingse I have found Leishman's s$ain to give the
most satisfactory results for the study of smears of fowl
bloods The pure stain is left on the coverslip for 1}
minutes and then dlluted with twice the quantlity of distilled
water, after which 1t is allowed to stand for 15-20 minutes.
The film is then washed in water until the granules of the
Polymorphonuclears are bright red. After drying in the alr
(not over a flame) the film 1s mounted in neutrsl balsam. On
the other hand, Jenner's stain is very useful, if not
essential, in the study of pathological blood and I have made
it a routine to use both these stains. Other stains which
may be mentioned are Ehrlich's Triacid stain, Pappemheim's
Panoptic stain and dilute Giemsa's stain, but, although each
has its own particular merits, it is doubtful whether more
information 18 to be obtained from these methods than from

a satisfactory Lelshman or Jenner preparation.
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MORPHOLOGY OF THE BLOSD CHLLI .

Erythrocytes. These are flat elliptical biconvex
discs, about 7.5 by 13.5 microns in size, containing
heemoglobin and a small round or ovoid nucleus with a
closely set deeply staining chromatin network. The cells
are very uniform in slze but occasionally a large round
cell with an excentric nucleus may be observed. Thece
megelocytes are present in the blood of every fowle With
903.1: the staining of the protoplasm 1is ezaétly the same
as in the red cells of man. Disintegrated free nuclel
which stain diffusely of a light violet colour are found
in considerable numbers in some film preparations. These
forms are not to be observed when the fresh bhlood is
exanined unfixed, and, therefore, it is probable that
their appearance is largely an artefact associated with
the making of a thin film. I have repeatedly observed
that in the thicker parts of a f1lm these dlsintegrated
nuclel are not present.

Thrombocytes. These occur in the blood as pear
shaped or almond shaped cells of about the same gize
as the erythrocytes and have a clear haemoglobin-free
protoplasm and a round or oval nucleus containing demse
chromatin granules. The protoplasm often contains a
fow azurophi%g%ranules- According to the observations

(10)
of Werzpbersg and Bedson i1t would appear that

the/
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the thrombocytes have the same functlon as the mannalian
platelets but that they are not morphologically releted
to the same; rather do the thrombocytes throw off fragments
of material which correspond to the mammalian platelets.
Lymphocytes. These cells resembie very closely the
human lymphocytese. The large'and the small vaerieties are
met with. Azurophil granules may frequently be obssrved
in the cytoplasme. '
Monocytes. These cells are larger than the lympho-
cytes and possess a feebly basophlle protoplasme The
nucleus occuples the greater part of the cell, is kidney
shaped and its structure consists of a rather pale chromatin
network which does not stain so deepkXy as the closely
packed network in the lymphocyte. The monocytes are
comparable'to the large mononuclear (large hyaline)

leucocytes recognised in human bloode.

Polymorphonuclearse These cells occur in two dlstinct
forms:~

(1) Eosinophiles with rod shaped granules. These
cells are crowded with spindle shaped highly refractile
eosinophile granules arranged, as Gruner aptly puts it,
like iron filings before a magnet 1s placed near them.
The nucleus of such cells 1s rather dark and lobed and
resembles in structure that of the mammalian neutrophile

leucocyte. These cells correspond in number to the

neutrophil/
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neutrophll leucocytes in the mammalla and they are increased,
as the followlng experiment proves, when pyogenic organisms
are introduced 1nto the bodye.

Experimente 100 million living staphylococcus pyogenes
sureus from a 24 hours culture were 1lnoculated subcutaneously
into the anterior abdominal wall of a healthy'fowl on 4th
August, 1923. The followlng table shows the changes which
took place subsequently in the blood.

Date. White cell Polymorphs, Polymorphs
count. wilth rods. with grains.
Before
expt . 23,190 30.0% 637
5e8.23. 66,400 61-3% 1.8%
Be8.28. 50,000 50.3% 237
708.250 %9!200 4806% 306%
8.8.25. 44,100 29.87 3.89,
9.8.23. 34,100 33.0% 4.3%_

This experiment along with the other facts considered
before appears to Justify the opinion of Kasarinoff(ll) ’
according to whom these cells, which he calls the "pseudo-
eosinophils of t he bird," correspond with tye polymorphonucl ear
series of mammallan leucocyte. These pseudo=-oosinophils,
however, do not give the oxidase reaction.

(2). Eosinophile with fine round granules. These
cells are found in much smaller numbers than the above
type of cell. They glve a positive oxidase reaction. The
nucleus is lobed and stains deeper than that of the pseudo-
eosinophile. These cells have been called the "true

eosinophiles of the bird." (Rasarinoff).
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Mast Cells. These correspond to the mast cells as
they occur in man. The protoplasm 1s foamy and often
vacuolated and the granules appear to be sltuated in the
vacuolese. The granules are more numerous, coarser and of
less constant size than in the humanmast cell; and they do
not staln in the same metachromatic manner but rather of a
deep violet coloure. The nucleus 1s usually rounded and is
of the ;ymphocyte type-

Differential Jount of L.eucocytes. In each case at
least 300 cells were counted. The following figures

represent the average differential count in 14 different
healthy hens and show the extremes that were encountered.
Rod bearing. 274 (22 to 46%)

Polymorphonuclears
Grain bearing. 44 (1 to 8% )

Lymphocytes. 574 (48 to 727)
Monocytess. 104 ( 5 to 14%)
Mast Cellse. o% (1 to 8%).

THE HARMOPOIETIC TISSUES.
Bone Marrow. The marrow of the femur and tibia is

red throughout except in birds over two years of age in
which it is often fatty in the tibla. As in man, the
marrow tissue 1s intersected by a number of fine cancellous
bony spicules which make 1t rather difficult to shell out
without damage. TIn the tibia the splcules are much fewer

in number and, therefore, since I have notlced no difference

between /
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between marrow teken from the femur and that taken from the
tivia, I usually take from the latter situation.

Under the low power of the microscope the marrow tissue
is found to consist of (1) vascular areas completely filled
with red cdlls; (2) a delicate fibrous comnective tissue
framework in which are to be seen (a) celles belonging to
the granular series; (b) scattered foci of lymphocytes and
(c) fat cells, the nuﬁber of which 1s inversely proportional
to the activity of the particular plece of bone marrow under
observation. On examination with the high power the vascular
areas are found to be venous sinuses enclosed by a single
layer of epithelium, and in them the process of erythropoiesis
maey be observed. A number of large round basophile cells are
seen in the sinuses and the trabeculae. The trabeculae
contaln the cells of the granular serles and scattered foci
of lymphocyte formation. Wegakaryocytes are not present in
the marrow of the fowle On examinatlon with the oil immersion
lens the basophile cells referred to above are found to be
lymphoidocytes (vide infra). These cells are present in
the sinuses along with adult red cells and some of thelr
progenitors. Mitotic figures are present in a number of
the erythroblasts and occasibnally among the lympholdocytese.
The cells in the trabeculae are myelocytes and metamyelocytes
having a single oval or lobed nucleus and a number of large
round granules which often staln unc ertainly, 1i.e. neither

frankly oxyphlle nor frankly basophlle. Groups of

adult/



Ao-H/n /ouiC

PT-- A
F = .o TVEMBsH
r - 1
vl
LI A VAL . *
d .V@ﬂl]f";jiir,_ij;,-\’ > T e
1 i

HL*-2..
Ijjbv v'r .



adult polymorpvhonuclears with lobed nuclel and spindle sh:;;d
oxyphile granules are present in smaller numbers. Mast

cells are very rarely seen. WMitotlc flgures are not zommon
among the granular cel}s.

Liver. Weight 30-40 grammes. The general structure is
simtlar to that of the human organ. WYormally, however,
accumulations of lymphocytes or of myelocytes are to be
found in relation to some of the portal tracts. There is
no evidence of.red cell formation in the liver of the adult
fowl. Advaenced fatty degeneration of the liver 1s often
found in birds which have ceased to lay and which have not
led an active exictence.

Spleer. Weight i.s-z.g grammese. The structure of the
spleen ls similar to that in mar. The organ contains a number
of Malpighian follicles of various sizes composed of lymphocytes
and surpounded by an abundant pulp tirccue whisch 1s divided
up in to lobes by fibrous trabeculae running inwards from
the capsule. In the normal adult fowl follicles with active
germ centres are not usually seen although such 1s quite
common in young birds. The pulp tissue contalns lymphocytes,
erythrocytes and polymorphonuclear leucocytes.

Kildney. Welght 5.0-8.5 grammes. Microscoplcally the
organ 1s the same as the human kidney. I have not observed
any evidence of red cell formation in this organ but in the
pelvis of the kidney areas of active white cell production

are a fairly constant feature.
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Thymus. The gland extends oh-eéch side of the neck from
the upper attachment of the pericardlum to the angle of the
Jew. It lles in the same anatomicel position as the cervical
lymphatlc glands in man. Thus the thymus of the fowl, instead
of being a single gland mass, may be considered as having
been unraveled. Hassal's corpuscles are present in fair
numbers and pélymorphonuclears are frequently found in them.
The pulp of the gland 1s composed of lymvhocytes along with
a few red cells and polymorvhonuclears. T have not observed
any lymphatic glands in the fowls examined; and this is in
accordance with the statement of Fllermann that lymphatic
glands are absent in all birds except ducks and geese.

DEVELOPMENT OF THE BLOOD CELLS.

Were Dantschakoff 1 has described in considerable detail
the method of blood formatlon in the chick and in the fowls
which T have examined I have been able to observe most of
the stages which she describes. All the blood cells may
be traced back to the undifferentlated connective tissue
cell which is multipotential; being capable of becoming a
fivroblast, an osteoblast or a haemoblast. It is with the
haemoblast that we are concerned. The undifferentiated
connective tilssue oeli becomes spherical, the protoplasm
becomes deeply basophlle and surrounds, as a narrow ring,
the nucleus which is round, pale and contains a small ceytrai

deeply staining mass of chromatine. This cell 1s about 20

microne/
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microns in dlameter and may be called the primitive haemoblast
or lymphoidocytes. The lympholdocyte, in 1ts turn, may be the
perent of either erythrocytes, lymphocytes or cells of tne
granular series. In the adult bone marrow lympholdocytes

are quite common and cells representative of the various steps
in the formation of the normal blood are to be seen. The
central chromatin mass is found to break up in to a number of
particles and to be distributed throughout the nucleus; tpe
astrosphere, which 1s present in the most primitive haemo~-
blasts, disappears and tﬁe cell substance becomes relatively
more abundant. Polychromatophlle erythroblasts showing scanty
haemoglobin formation in the protoplasm and a radlal arrangement
of the nuclear chromatin are present in moderat® numbers and
1t 1s among such cells that mitotic figures are most commonly
observed. Finally, forms having smaller nuclei with less of
the wheel shaped structure and a more oxyphile cell body of
elliptical shape are present along with the normal adult
erythrocytes.

T have not been able to observe the development of the
thrombocytes but it is almost certaln that they are derived
from the lympholdocytes in the same way as the red cells, )
only no heemoglobin is formed in the cell su'bata.nce.(m)’(l2 )

Turning to the cells of the granular series; in the adult
bone marrow a very scanty number of cells may be found showing
8ll the characters of the lympholdocyte but having, in addition,

& few oxyphile granules embedded in the cyteplasm around

the/
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the astrospheres Present in much larger numbers are the
true myelocytes in which the central chromatin mass has
broken up in to two or more particles, the astrosphere has
disappeared, the cytoplasm has become much less basonhile and
the granules have InCreased ln number and size. The gramules
in these ceolls are often mixed; some belng oxyphile and others
basophile. Other cells are present in which the nucleus
1s lobed and the cytoplasm contains both round and spindle
shaped granulese These ceils may be called metamyelocytes.
Finally, adult polymorphonuclears are found having the
characteristic spindle shaped granules of uniform size
embedded in their cytoplasm. The mast cells and the true
eosinophiles are almost certainly formed in exactly the same
menner as has been indicated for the pseudo-sosinophiles.
TECH EOQOF T SMISSION IMENTS, .

Oowing to the rapld onset of post mortem change in bhirds
it 1s advisable to kill the diseased@ animal in agony by
wringing its neck. After portions of the haemopoletie
tissues have been placed in fixing materlal for histological
purposes an emulsion of part of the liver or spleen 1s made
with silver sand in normal salline and then centrifugalised
for a short tlme. The supernatant fluid is decanted and may
be inoculated intravenously or intraperitoneally at once or
after filtration through a Berkefeld candle. Cultures of
the organs may be made on various medla. In my experiments

T used nutrient agar slopes, bouillon, Bulloch's meat medium

¢
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and Noguchl's kidney and ascitic fluld medlum aerobically and
anaerobically. All my culture tubes after incubation at 5700.
for varying periods up to one month remailned sterile with
the exceptlon of one tube of Woguchi's medium (aerobic) in
which a coliform bwcillus was found after a few days.
LEUKAETIA AND AFAERMIA IN FOWLS.
Up to date, I have not seen an example of leukaemls
in fowls and the followling description of the diseasg is
taken from Ellermann's "Leucosis of Fowls," London, 1921.
Myeloid Leukaemisa. As in man, the disease may come on
very rapldly or in an insidlous manner. The animal suffers
from lethargy, anorexia and a varying degree of anaemisae.
Once the condition has manifested itself in the blood the
bird loses welght rapidly, and, in the course of a few
days, perishes. As a rule the red corpuscles are reduced
in number and embryonlic forms are present. The haemoglobin
1s deficient. The white 0cells are very much increased in _
number, even reaching as high as 1,000,000 per cubic milli-
metre. The predominant element 1s a cell with an irregularly
shaped nucleus containing a delicate chromatin network and
having a rather basophile protoplasm in which there are no ‘
granules. These cells are called "poikilonuclears” by Eller-
mann and they would appear to correspond to the non-granular
polymorphonuclears occurring in human leukaemla and referred to
by Pappenheim as "Die leucoblastische Riederzellen." Cells
similar to these but having a round nucleus and a scanty

protoplasm/
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protoplasm are also numerous and they are not dlssimilar to
the lymphoidocytes :or myeloblasts (Naegli) which occur

in man in cases of acute myelold hyperplasia. The myelocytes
are large cells with a faintly basophlle protoplasm containing
round granules of irregular size. In contradistinction to
leuksaemia in man the typlcal polymorvhonuclears are not
absolutely increased in number. Thus it would apvear f,ha.t

an abnormal form of hyperplasia 1s taking place, thus:=-
Lymphoidozyte (myeloblast) . Metamyeloblast - Poikilonuclear

In d0me examples of myelogenous leukaemis in fow}s the

normal form of myeloid hypgrplasia occurs,‘thus:-
Lymphoidocyte ~-Myelocwyte -~ Metamyelocyte = Polymorvnhonuclear.
Aleukaemic cases are very rare but have been observed.
Finally, examples of the disease in which myelocytic tumours
were present have been seen. These tumours would appear to be
analogous to the chloromata.

Regarding the appearance of the organs, we find changes
1identical with those observed in leukaemia in man, i.e. enlarge-
ment of the spleen, liver and kidneys, all of which show mottled
areas of varlous sizes which on microscopical examination prove
to be islets of myelold metaplasia. The bone marrow shows a
hyperplasia of the myelold elements and the: sinuses are
frequently found to be packed with embryonic red cells.

Lymphatic I.eukaemia. Clinically there is no evidence
of disease but the bird dles suddenly and unexpectedly. The
lymphatic hyperplasia is entirely extravascular and the blood

shows/
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shows no leukaemic changee The liver, spleen, kidneys, and
often the thymus and lymph nodes in the intestine are
enlarged. Nodules of varying slzes are present throughout
the tissues and these, on microscopical examination, prove
to be masses of large lymphocytes. In some cases there are
definite tumours suggestive of Sternberg's leucosarcomatosis.
The bone marrow in this disease may be normal or it may contain
small scattered accumulations of large lymphocytes.

Pernicious Ansemia. All my experiments have been
performed with material from fowls which have been suffering
from this disease. The condition begins insidiously with
lethargy, anorexia, loss of welght and anaemia. As the
condition progresses the bird becomes distinctly jaundiced
and the anaemia hecomes severe. Remissions may occur during
which the bird appears healthy and the blood shows little
or no abnormality. Eventually, however, the animal dles and
the characteristic changes are found in the organa; In film
preparations of the blood one may observe every form of
immature and degenerating erythrocyte. There 1s a large
proportion of lympholdocytes and basophile erythroblastse.
The white celle are usually within normal limite both
absolutely and relatively but an occasional myelocgte 1s
by no means infrequente The thrombocytes are diminished in
number. On examinatlon of the organs, the liver and spleen

are usually found to be enlarged but this is not always

the/
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the case. The Prussian blue reaction ie vositive. On
microscopical examination, the caplllaries of the various
organs are seen to be uniformly packed with primitive red
cells. The Malplghian bodies of the spleen are very small
or, in some cases, qulte atrophied while the pulp is densely
infiltrated with all forms of erythroblasts. In the bone
marrow the trabeculae are atrophied and very little nmyelo-
genous tissue 1s observed. The marrow fat is very much
diminished or even entirely absent. The sinuses are dilated
and filled with lympholdocytes and other primitive red cells.
Occaslionally scattered areas of myeloid metaplasia may be
seen in the liver.

As examples of thls disease I shall qyote my OWn Cases.

Fowl 8. White Leghorn. Recelved on 1lst May, 192%, from
a poultry keeper in thevnorth of England.

Blood examination:- Red cells. 519,000.

Haemoglobin. 10%.
Colour index. 0+:98:"
White cells. 31,200.
Thrombocytes. 12,100.
Differential count:- Polymorphonuclears. 19.3%.
Lymphocytes. 88.8%
Monocytes. 4.3
Mast cells. %.0%
Myelocytes. 4.%%

The bird was very jaundiced and it remeined lying on
the ground and could not be enticed to take elther food or
drinke On 5th May, 1923, the bird.was killed.

Liver/ |
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Liver. Welght 51.4 grammes. The organ appears normal
and there are no nodules on the surface or on section. The
cut surface is reddish in colour. The Prusslan blue reaction
is strongly positive. The gall bladder 1s full of bile and
no calculi are present. On microscoplical examination, the
capillaries are dilated and filled with lymphoidocytes and
erythroblasts. There are numerous areas of myelogenous
hyperplasia scattered throughout the organ but they are found
chiefly around the portal tracts. There 1s much haemosiderin
present in the liver cellse. The Prussian blue reaction is
well marked and it is observed that the iron is almost
entirely locallsed to the liver cells and endothelial cells,
being present only in the smallest quantity in the areas of
hyperplasia or infiltratione.

Spleen. Weight 6.7 grammese The organ 1is very soft.

On section it is dark in colour and the Malphghian bodies are
not vieible. The Prusslan blue reaction 1s positive. On
microscopical examination, the Malpighlan bodies have
entirely disappeared and the pulp 1s densely packed with
cells, chiefly primitive erythrocytes.

Kidneys. Weight together 13.2 grammes. XNo abnormality
18 detected on naked-eye examination. On microscopicel
examination the caplllaries are found to be considerably
dilated and filled with erythroblaéts- occesional myelocytes

are to be seen. The Prussian blue reaction 1s positive.

Bone)
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Bone Marrow. The marrow is very red but no definite
abnormality 1s noticed on naked=sye examination. Wicroscopically
the fat 1s found to be very much decreased. The trabeculae are
almost entirely atrophied and the myelogenous tissums 1s
conspicuous by 1ts absence. The slnuses are greatly enlarged
and are uniformly densely pecked with lymphoildocytes and other
primitive types of the red cell eserles. Occasional mitotic
figures are observed.

EXPERIMENT, An emulsion of the liver and spleen from the
above fowl was inoculated at once in to a (a) 2 rabbits with
a negative result (one rabbit died 2 weeks later from some
laboratory infection and the other died of coccidiosis 3 monthad
after inoculation); 4 healthy fowls of the same breed (White
Leghorn) and each about one year old with one positive result
(vide infra); and (c) in o tubes of Woguchi's medium in which
it was incubated for 3 woekslunder aerobic and anaerobic
conditions. On examination the tubes appeared sterlle. The
medium was then inoculated in to 2 rabblts and 2 fowls. The
result of this inoculation was negative in the case of the
rabblts after 9 weeks and in the fowls after 6 months.

The following is the hlstory of one of the fowls inoculated
directly from Fowl 8.
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Total
FOWL F. Total Eb.| CeIX. White Remarkse.
Red: Cells. 4 Cells.
4.5.23. 2,770,000 54 1. 25,900 | Weight 3 1lbs. 10 ozs.
: Inoculated the follo
: ) ' T ing day. ‘
B.8.23. 2,780,000 54 1. £6,370 | Appeared quite heal- .
__ ____| thy. __
15823 2,190,000 35 .8 | 30,100 | Appeared healthy. Wo
abnormality detected
- in film preparsations.
25106230 890,000 12 7 34,000. | Jaundice of 2 days
' duration. Films
showed many abnormal
i red cells.
9¢11.23. 740,000 10 o7 33,400 | Condition unchangede.
Welght % 1bs A ozs.
J Rilled.

The thrombocytes were counted Just before the bird was
killed and were found to number 12,300 per cubic millimetre.
In this connexion 1t is worthy of note that the fowl bled
profusely and for an abnormally long time whenever its comd
was snipped in order to obtain blood for examination. This

was never noticed until the bird had developed definite signs

of disease.

On examining stained preparations of the blood the chief
feature is the relatively very large number of embryonic red ﬁ
cells. Every stage in the development of the red cell may
be observed from the lympholdocyte to the adult erythrocyte.

Differential Count. Polymorphonuclears 27.%%

Lymphocytes 57.8%

Mast Cells 8. 3%

Monocytes 5.8%

Myelocytes 8.0 !
Bone Marrow Smear. The predominant cell is the same as 1

is seen in the blood films in such large numbers, l.e. the !

lymphoidocyte/
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lymphoidocyte. Every stage from this édrly form to the normal
erythrocyte 1s to be obéérved. Nitotlc figures are qulte common
end a few large eryfhrocytes are to be seen with two distinct
nucleli. Myelocytes éﬁd polymorphonuclears are preéent in
rglatively small numbers.

Liver. Weight 49 grammes. The lower part of the right
lobe showe some slight mottling on the sufface. The organ is
dark red in colour. The gall bladder is rather distended and
full of bile but no calcull are present. The Prusslan blue
reaction is positive. On microscopical examination the
capilléries throughout the organ are seen to be dilated and )
filled with red cells and their precursors. Patches of myelo-
genous hyperplasia are scattered through Bhe section. A
considerable quantity of haeﬁoeiderin 1e visible in the
liver cellse.

Spleepe Weight 14.6 grammes. The organ 1s slightly
mottled on the surfacee. On section it 1s dark red in colour
but 1s quite firm in consistence. The Malplighian bodies seem
scanty and are difficult to detect. The Prussian blue reactlon
158 weakly positive. On mliocroscoplcal examination the Malpighlan
bodiees are not well defined and seem to be atrophied and
diminished in number. The pulp 1s pakced with cells; chiefly P
primitive eryfhroblasts- Mitotic figures, although scarce,
are present among the cells in the pulp tissue.

Kidneys. Weight together 13.8 grammes. Fo abnormality

is detected on naked-eye examination. Microscopically, a

number/
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number of the caepillaries &are diléted and fllled with many
forms of red cellse This "capillary stacsis" occurs as
scattered patches and is not evenly distributed throughout
the organ. The glomerull appear to contain more cells than
normallys many having the same morphological character as
the lymphoidocytes. ‘

Bone Marrow. The naked=cye appearances suggest
nothing abnormal. Stained preparastions show that the fat
is very much diminished and that the slnuses are dilated
and closely packed with red cells in all stages of formation.
The trabeculae are atrophied; the general sppearances
suggesting that they have been crushed out of existence by
pressure from the dilated sinusese The myelogenous tlssue
is conslderably diminished and only exists in the form of a
few socpttered focl. Mitotic forms are to be found among
the primitive red celle and myelocytese.

EXPERIMENT. An emulsion from the liver and spleen
from the above animel was 1Inoculated at once in to 8 healthy
fowls of the same breed (White Leghorn) end each about one
year olds Part of the eﬁulsion wase filtered through a
Berkefeld candle and each of 3 fowls received 5 ce.ces of
the filtrate, the others receiving an equal quantity of
the unfiltered material. Cultures made in bouillon, in
Noguchi's kidney and ascitic fluid medium and on the blood

sgar plates both before and after flliration showed no
growth after 7 days.
The /
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The following le the history of one of the fowle inoculated
from Fowl F.

Fowl l.h. white Leghorn. On 9th November, 1023, the
bird was inoculated intravenously with 5 c.ce. of the unfiltered
emulsion of liver and spleen from Fowl F. 6n the day of
inoculation the bird welghed 3% pounds and the haemog19bin
was 67% (Sahli). A month later the welght was 3 1bs 10 ozs
end the haemoglobin was 84%. On 11th Feb., 1924 the welght
had increased by % ozs. and the haemoglobin was &85%. On
the 20th March the welght was 4 1bs 2 ozs and the haemoglobin
had not altereds On 30th April the bird was found lying
deade Previous to thls no Jaundice, lethargy or loss of
welght significant of illness had bwen observed and it
wae assumed that the anlmal was healthy. This fowl could
not have been dead for more than half an hour before it was
dlscovered and a post mortem examination was performed at
onces The welght was 4 lbs. The skin was not Jaundiced and
the fat ﬁhroughout the body appeared to be normal in quantity.
The heart, lungs and alimentary tract appeared healthy. The
following is a description of the appearances found in the
blood and organse

Blood films. The fllme were made from the heart
blood immediately the thorax had been opened. The blood

ricture is that of a megaloblastic anaem;a. There sare

a/
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e large number of erythrobvlasts 1p all stages of maturity

but mitotic forms aré scarces. The mejority of the primitive

red cells contain no haemoglobin and appear to be basophill

erythroblaste or lympholdocytese There 18 a considerable

decrease, both absolutely and relatively, in the npmber of

celle of the granular series.' The following 1s a differential

count of 300 white cellst=

Polymorphonuclears. 10.0%
Lymphocytes. 79.0%
Mast cells. 1.%7,
Monocytes. 8.%%
Myelocytes. L4

Bone Marrow Smear. Dry films and wet films fixed

at once in Zenker's fluid are made. The films are stained

with Leishman's stain, Ehrlich'e triacid stein and with

haemalum and eosine. The striking feature, on examlning

these preparations, 1ls the scanty number of adult

erythrocytes and of granular cells. The large

majority of the cells are primitive erythroblasts.

Mitotic forms are not common but occasional megaloblasts

with twin nuclel are prement.

Bone Marrow. The colour of the marrow appears %o

be a slightly darker red that is usual in the healthy fowl X

=

and the fat 1s almost entirely absent. On microscopicsal

examination/
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examination, the tissue 1s found to be almost free from‘fat
end to conslst of greatly dilated sinuses which are densély _
packed with lymphoidocytese Adult erythrocytes and evéﬁ”;
polychrometophil erythroblasts are very scanty. The '
dilatetion of the marrow sinuses appears to have crushed

‘out of exlstence by far the greater part of the tf@feoﬁlar
framework, and, in consequence, the granular cells are present
only in a few scatteed foci. Mitotic figures are'present in
small numbers.

Liver. Weight 50.2 gms. The organ 1s smooth and red,
and it shows no mottling on the surface or on section. There
1s slight fatty change. The gall bladder is not dlistended
and i1t contains no calcull. On microscopicﬁi examination
the capillarles between the groups of liver cells are foung
to be distended and packed with lympholdocytes and erythro-
blastse Adult erythrodytes are also present in falr numbers.
The areas of myelogenous tissue around the portal tracts are
not hypertrophied or increased in number, but surrounding
a number of the vessels small desnsely packed foci of
lympholidocytes may be seen. Beneath the endothellal lining
of the capillaries and in the substance of the liver cells
there are a few areas consiting of lymphoidocytes, erythroblasts
and myelocytes similar in appearance to the haemopoletic foci
~to be seen in the foetal orgen. These appearances are not normal

and/
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and suggest that ective blood formation 1s occurring and
that the liver has returned to its foetal function of
haematogenesise. There 1s no cirrhosis. The Prussian
blue reaction is very weak and is limited to the celle
of the endothelial lining of the liver capillaries.
Spleens Welght 2.8 grammés- The organ 1is firm'
and it 1s dark red in colour both on the surface and
on sectlone. The Malplghian bodies are visible but are
not very clear. On microscopicél examination, the pulp
is densely packed with lymphocytes, lymphoidocytes and
red cells. Granular leucocytes are scanty. Some of
the Malpighian follicles show active germinal centres.
There is no cirrhosis and the Prussimn blue reaction is

not presente.

'89.

Kidpeys. The orgsns are pale but no gross abnormality

18 to be detected on naked-eye examinatlion. Microscopically,

very 11ttle infiltration of the capillaries 1s observed, but,

here and there, scattered throughout the section dilated

capillaries are seen contalning lymphoidocytes and other

erythroblasts. There 1s no hyperplasie of the myelogenous

element which is present in the pelvis of the kidney and
the granular cells which are found in the section are not

in excese of normal.
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THE VIRUS OF FOWL ANAEMIA AND LEUKARMIA.

It has been shewn that the pernicious type of anaemis

in fowls can be transmitted to healthy birds by the inoculation
of an emulsion of tissue from the diseased bird. In my
experiments the disease has been passed through two generations
as follows:~

FOWI 1.

$
Fowl F.

¥
Fowl lehe

Further, Fllermann has reproduced the dlseace even after

the emulsion has been passed through a Berkefeld or Reichel
filter. This experiment disproveethe suggestions made that
the reproduction of the condition is due to the grafting of .
tumour cells, or that what is called leuk?eg%a in fowls 18
'Beally a form of tuberculosis. (Burchardt)%bf From this

the conclusion may be drawn that the causal agent 1is elther
of the nature of a toxin or a living filterable virus. But
Ellermann has shewn that the incubation period of the disease
18 progressively shortened by peassage fhrough animals until

e certain point i1es reached at which it remains constant. On
the other hand, however, many passages may be ?ade the
proportion of "takes" remains very corstant (30 per cent).

It 1s very difficult to imagine, therefore, how this noxious
agent /
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agent can be a toxin while the proof that 1t is of the
nature of & llving virus is almost conclusive.
It has been abundantly proved that this virus is

not strictly specific because 1t may cause pernicious
anaemia in one fowl, myelogenous leukaemie in another
and lymphatic leukaemia in a third. The following figures
show the relat$ve frequency of the various forms obteined
by Ellbrmann;(h4)Anaemia 89 per cent, Myelogenous Leukaemia
18 per cent, and Lymphatic Leukaemis 13 per cente.

| Nothing 1s known regerding the natural transmission
of the disease among fowls but 1t has been suggested
that some blood sucking insects perform the role of
disseminating agentse While experimenting with certein
of these insects Ellermann(14)recent1y had one positive
result when useing Cimex lectularius, but ﬁntil this
observation has been repeated many times no definlte

conclusion can be drawne.

ISCUSS 0 ANALOGY B AEMIA AXD PERNICTIOUS
ANERMIA IN FOWLS AND IN THE HUMAN SUBJECT.

¥yelogenousg Leguksemis. In fowls: this condition occurs

in & myelocytic form; a myeloblastlic form; an aleukaemic
form, and finally, as a leukaemla associated with tumour
formatione The dlsease is uniformly fatal and is not
usuelly associated with a marked degree of anaemla.

Histological examination reveals a proliferation of the

parent /
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rarent celles of the granular series throughout the haemo-~
poletic tlesues; and this proliferation is not associated
with the normal nuclear and cytoplasmic differentiation
which occurs in a simple leucocytosis. Thus the clinical
manlfestations of this disease In the fowl correspond very
closely, if not identically, with human myelogenous 1leuk-
aemia, while the morbid anatomy of the two conditions 1s
strikingly similsar.

Lymphatic Leukaemia. In this disease the analogy 1is
not so close becmuse there is no leukaemlc change in the
blood. However, the morbid anatomy of this condition
presents very similar features to human lymphatic leukaemie.

Pernicious Anaemia. A description has been gliven and
examples cited of an anaemia which 1s progressive and
uniformly fatel in its course, although remissions may
occur during which the fowl ie apparently healthy. It has
been shown that there are primitive and pathologleal forms
of red cells in the blood corresponding with a pathologicel
form of erythrogenesis in the bone marrow, and that there
is an abnormal deposit of iron in the organs. The parallel
between this anaemls in fowle and the cryptogenic pernicious
anaemia in man appears to be very close.

It has been shewn, however, that thle anaemle and
leukaemia in fowls are infective in orlgin and are caused

by the same agent. If 1t be accepted that these diseases
in/
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in fowls are analogous to the simllar pathological processes
occurring in man 1t may, therefore, be justifilable to‘EOntinue
the analogy further and to suggest that pernicious anaemia

and the two forms of leukaemia in the human sublect are
closely identified with one another in thelr etiology and

that this is of the nature of an iInfective process. The

toxlc nature of pernicious anaemisa In men appears to be
accepted by all clinlcians and pathologists.

The pathological evidence in favour of this was afforded by
Muir(IS)in his study of the bone marrow in several cases of
the disease. "In the marrow there is a return to a sort of
embryonic conditioneececece..ce This reversion is not a primary
pathological condition, but a proceses compensatory to the long
standing drain. These changes are chiefly of the nature of
degenerations, and are to be referred principally to direct
toxic action." With regard to leukaemia Muir(le again has
summed up ouf knowledge of the etiology of the disease as
follows: "In the absence of knowledge regarding the agent
producing the excessive proliferation of leucocytes we

cannot definitely assign the place of leukaemla in the
category of disease. On the whole it presents most points

of analogy to the growth of tumoure, the analogy being
especially stiriking in the 1ymphat1civariety but, on the
other hand, 1t 1s not absurd to suppose that 1t may yet -
prove to be due to a microparasite." Goodall and Alexander(lv)

discuesing/
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discussing examples of acute myelocythaemis and chloroma,
while adhering to the view that the leucoblastic proliferation
is more cloeely allied to tumour growth than to any other
condition, make the suggestion "as something more thaen a mere
speculation than leukaemia 1s closely allied to a malignant
process, and that both leukaemis and malignant disease may

yet prove to be the result of infections."

In this connexion examples in which the disease wae
apparently contaglous may be quoted. obrastow(le)in 1892
descrfbed & case of acute leuksemia occurring in & male
nurse who was attending a patient suffering from the same
disease. Bie(lg)in 1910 described a similar case in which
a servant girl who was responsible for cleaning the patient's
bedroom developed the dlsease shortly before the patient diede.
Arnsperger(zo)investigated e small area near Heldelberg where
leukaemia was apparently endemic. Finally, Arnsperger and
Weiss(zl)quote examples in which there was an undoubted
femily tendency to leukaemla.

If then one goes so far as to say that the experiments
with leuksemia in fowlse seem to lend a certaln amount of
support to thetheory that humean leukaemia is due to some
infective process, one 1s immedlately faced with the second
part of the analogy, viz. that humen leukaemie and some
cases of perniclous anaemls are each different manifestations
of one and the same pathologlcal processe. Fundamentally, each

of/
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of these diseases consists of a pathological form of hyper-
plaslia occurring 1n response to some unknown influence acting
on the marrow. Here, however, the simllarity between the two
conditions seems to ende On the other hand, it 1s interesting
to note that, speaking generally, lymphatic leukaemls 1s

most common in early chlldhood at which periogagymphatic
elements in the body are most active; that myelocytic leukaemia
18 chiefly a disease bf young adult 1life whem the myeloid
tiesues are working at "full pressure;" and that pernicious
anaenla is a disease of senescence during which the whole
haemopoletic system 1s liable to react in a pathological manner
to any prolonged destructive agent. Thus when the blood
forming tissues are in a vigorous state of activity a
proliferative process tends to take plece; whereas after

this stage has been passed and the tissues have entered

upon & perilod of relative quiescence a destructive process

is thelrule. Anomalous appearances of the blood, such as

the so-called Leukamaemla, in which it 1s hard to say whether
myelocytic leukaemla or perniclous anaemia is the primary
condition, lend some support to the theory that these dlseases
are related to one another. Agalnst this there 1e the fact
that-ohly one case appears to have been recorded of leukaemia
developing in & patlient infected with the bothriocephalus
1atue,(22 8 parasite'which is not infrequently assoclated

with an anaemia of the pernicious type. The explanatlon of

this/



thls may be what 1is at present no more than an hypothesis,
viz.: that leukaemle 1s caused by a specific agent which in
1ts turn 1s only one of the several agents capable of

producing a pernicious anaemie.

- em e e W
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l. The appearances of the Blood and Haemopoietic
Tissues in the healthy young fowl are described.

2. A detalled account is given of the appearances
of the Blood and Haemopoletlic Tlssues 1n three examples
of fowl ansemlia and experlwents are described showipg
that from the original Fowl 8 the dlsease was trans-
mitted to the second generation at which point the
strain died out. |

%. The analogy between Leukaemia and Perniclous
Anaemia in fowls and in the human sublect 1s discussed.
The analogy appears to be very close and In view of the
fact that these conditions are of an Infective nature in
fowls the possiblllity that they are of a simllar nature
in the human sublect 1s discussed. PFurther, since the
virus in fowls is capable of giving rise to each variety
of leukaemle and to pernicilous anaemia, the question of
whether or not leukaemla and pernicious ansemia 1n the

human subject are related to one another 1s discussede.

97
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CONCLUSION.

It 1s obvious that no final conclusions can be
drawn regarding elther the infective nature of 1leukaemla
or the etiological relationship between leukasemlsz and |
pernicioue ancaemia; but 1t seems reasonable to believe
that the experimental work which has been done on
leukeaemlia in fowls glives some added support to the
infective theory of the similar disease in man. That
some close etlologlcal relationship exlsts between the
cryptogenic pernicious anaemie and leukaemis can be
looked upon as but a theory, postulated as the result
of argument by analogy, but at the same time worthy

of some consideratione.
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