
STUDIES IN THE AN/EMIAS OF
INFANCY AND EARLY CHILDHOOD
(From the Children's Hospital and the Department of Diseases of

Children of the University, Birmingham).

Part I.-Introduction
BY

LEONARD G. PARSONS, M.D., F.R.C.P.

The last decade has witnessed a great revival of interest in diseases of the
blood due primarily to the epoch-making discoveries in pernicious anamia

by Minot and Murphy, which in their turn developed out of the work of
Whipple and Robscheit-Robins. This renaissance of haematology has
included the anaemias of childhood, and for the new and increasing knowledge
that we possess of these disorders we are chiefly indebted on the clinical side
to our country woman Helen Mackay, and on the experimental side to Hart,
Steenbock, Elvehjem and Waddell of the University of Wisconsin, U.S.A.
During the past three years at the Children's Hospital, Birmingham, my

colleagues and I have been engaged in an attempt to apply the results
obtained by other workers and ourselves in the treatment of nutritional
anaemia in rats, to the elucidation of some of the problems of nutritional and

other anaemias in the infant and young child. Our experimental results with
the description, classification and therapeutics of the various clinical forms

of anaemia we have encountered, are recorded in the present series, under
the following headings:-*

Part I. Introduction.
Part II The effect of yeast on nutritional anaemia in the rat.
Part III. Anhwmatopoietic anaemias (deficiency diseases of the erythron):

nutritional anwemia and the ansemias of prematurity, scurvy and coeliac
disease.

Part IV. Haemolytic (erythronoclastic) ansemia of the neonatal period.
Part V. Haemolytic (erythronoclastic) ansemia of later infancy and childhood.-
Part VI. Ansemia in mother and child.
Part VII. Monocytosis in myelosis.
Part VIII. Leuksemia.
Part IX. Reticulo-endotheliosis in severe ansemia.
Part X. The haematocrit in clinical medicine.

* Parts IV-X will appear in the next and ensuing numbers.
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ARCHIVES OF DISEASE IN CHILDHOOD

J. S. Haldane' has recently written ' the blood in the living body is a
living structure actively maintained,' and this conception of the blood
as not merely a vehicle for the conveyance of material to and from the
body cells, but as a tissue or organ, consisting of not only the circulating
cells but also of their predecessors, has led to a better understanding of
many of the problems presented by the an2emias. This point of view
has been particularly stressed bv Boycott2 and Witts3, and the former has
suggested the word ' erythron' to connote ' the tissue which is made up
of the circulating red cells and the cells in the bone marrow (and some-
times elsewhere) from which they arise.' The cells, therefore, which
comprise the erythron are the reticulo-endothelium of the marrow and
extra-medullary haemopoietic centres, megaloblasts, normoblasts, reticu-
locytes and erythrocytes.

The erythron in early childoood.
Haematopoietic centres.-The erythron in infancy is anatomatically

even more widely spread than in the adult, because although the change
over from the embryonic depots of blood formation occurs during the
later months of gestation, this change is gradual and blood formation
continues to take place in the shafts of the long bones, the flat bones, the
liver, spleen and lymphatic tissues throughout the early months of post-
natal life. There is thus little, if any, reserve bone-marrow space
in the infant, and therefore in time of stress the extra-medullary centres
in the liver, spleen, pancreas, etc., may be recalled into activity. There
may even be actual absorption of bonte to increase the marrow space,
and this to an extent which may be demonstrable in a radiograph.

With the onset of adolescence the red bone marrow begins to recede
from the long bonies and to be replaced by fat. According to Piney4,
whose observations we can confirm, the red bone marrow in the shafts
of the long bones is pink in colour from birth until the age of three or
four years; at seven years it becomes less pink and the surface appears
greasy, but no macroscopic fat is visible until the age of twelve or
fourteen years. These fatty changes occur more rapidly in the long bones
of the lower than in those of the upper extremity. To ensure the normal
development of the red cell certain factors have to be supplied to the
haTmatopoietic centres. For the maturation of the normoblast to the
erythrocyte Witts points out that iron, copper, Vitamin C and thyroxin
are all necessary. The recent work of Strauss and Castle5 shows that the
maturation from megaloblast to normoblast can oiily occur in the
presence of a ' hamatinic factor,' formed by the interaction of an
intrinsic factor present in normal gastric juice, and an extrinsic factor
which they believe to be B2 or a substance closely allied to it.

Red blood cells.-On account of the anoxaemia of intra-uterine life
the infant at birth has a blood of high concentration, the erythrocytes
numbering about 7 millions per c.mm., and the haemoglobin as estimated
by Haldane's method being often 120 -per cent., or even higher. During
the first week of extra-uterine life the uiumber of red cells falls to betweepi
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ANAEMIA IN CHILDHOOD 87

5 and 6 millions, perhaps nearer to 6 than 5 millions, and during the
period of infancy remains at that figure; further, this fall in red cells
occurs whether the child is born by Caesarean section or naturally. In the
embryo the blood conltains many nucleated red cells, a state of affairs
which may be present at birth in the condition known as erythroblastosis
of the new-born. Normally, however, the numbers of ilormoblasts diminish
in the later stages of pregnancy, and although present at birth they sooii

I'

14)

90~~~~~~~~~~~~e

410~~~~~~~~1

'~~ ~ ~~~~~~~~~ S S

4o 1 ,' 0
JoS
20 I

4 S89 /
-DtnMETER/^

FIG. 1.-Price-Jones curves constructed from data given by van Creveld6.
Ideal curves for the smallest (6-686,u) and largest

(7-718,), mean diameters within normal limits
for adults and children.

.... Curve for full term infants at the 4th week of life.
Mean diameter 8266,u.

Curve for premature infants at the 4th week of
life. Mean diameter 7 912,u.

disappear but may return in response to abnormal stimuli. At birth the
red cells show variations in size and shape, and van Creveld6, by means

of Price-Jones curves, has investigated the changes which occur in them
during the first few weeks of life, both in full-term and premature infants.
During the first week of life the curves of premature and full-term
children are similar and show a megalocytic tvpe of curve with a greater
degree of anisocytosis than occurs in older children or adults. In the
second week of life the curves show little difference except that the

mean diameter of the red cells inereases a little. During the third and
following weeks the curves of premature and full-term children separate,
the mean diameter of the red cells decreasing in the premature children
and anisocytosis being more marked than in full-term children (Fig. 1).
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ARCHIVES OF DISEASE IN CHILDHOOD

in full-term children the mean diameter of the red cells decreases in the
fifth week and remains about constant from the sixth week onwards
(Fig. 2), anisocytosis becomes definitely less, and thereafter the curve
approaches more and more the adult type. The mean diameter of the
red cells in premature children reaches its smallest figure at the age of
eight weeks and after that time the anisocytosis slowly becomes less
after the tenth week, a slow increase in the meani diameter occurs, and
probably about the eighteenth to twentieth week the curves of premature
and full-term children are identical.
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FIG. 2.-Price-Jones curves constructed from data given by van Creveld6.
Ideal curves for the smallest (6-686tu) and largest

(7 718,u), mean diameters within normal limits
for adults and children.

.... Curve for full term infants at the 6th week of life.
Mean diameter 7-7208,u.

Curve for premature infants at the 6th week of
life. Mean diameter 7 547,u.

The life of a red blood cell, according to Rous, is about three weeks,
when, worn out by the buffeting it has received in the peripheral circula-
tion, it breC'ks up. The debris of the red cells is removed by the
reticulo-endothelial cells of the spleen, liver, and bone marrow, which
split the hanmorlobin into bilirubin and an iron-containing fragment. The
iron-containing !raament is stored as hbmosiderin in the liver and spleen,
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ANA]MIA IN CHILDOHOD8

and is used for the formation of fresh haemoglobin; the bilirubin is
excreted by the liver. With excessive haemolysis the amount of bilirubin
may be too much for the liver to excrete and jaundice occurs (' retention
jaundice ' of Rich7); jaundice produced in this way gives an indirect
van den Bergh reaction in the blood serum. The bilirubin excreted into
the intestine is in great part converted by the action of bacteria into
urobilinogen, but a small part is re-absorbed. The greater part of the
urobilinogen is excreted in the faeces, but some of it is also re-absorbed,
taken to the liver and reconverted into bilirubin. If the amount of
urobilinogen is excessive, as occurs when a large amount of bilirubin due
to hwmolysis is excreted by the liver, it passes into the general circula-
tion and is excreted in the urine in which it may be oxidized to urobilin.
In this way the presence of an excess of urobilin or of urobilinogen in the
urine is indicative of haemolysis.

The reduction in the number of erythrocytes at birth is brought
about by a process of haemolysis. The degree of haemolysis and of the
resultant bilirubinsemia varies considerably; usually it is either in-
sufficient to produce obvious signs or is enough to cause a jaundice of
varying degree, the physiological jaunidice c f the new born (icterus
neonatorum). According to Goldbloom and GO)tlieb8 the fragility of the
red cells directly after birth is greater than normal, and their resistance
only increases after the appearance of icterus. These authors have also
been able to demonstrate experimentally the truth of the statement that
icterus neonatorum is due to the change from the anoxaemia of intra-
uterine life to conditions in which the oxygen supply is much greater.
Their experiments consisted in keeping guinea pigs for two or three weeks
in an atmosphere at less than normal pressure, and then transferring them
to one of normal pressure, thus subjecting them to the same change, as
far as oxygen tension was concerned, as occurs in the passage of the
feetus from the pre-natal to the post-natal state. As a result of this
change there was a fall in the number of red cells and bilirubinaemia
occurred.

Sometimes in the new-born child hoemolysis is severe and unchecked,
and a profound anaemia of the haemolytic type develops within a few days
of birth. This form of haemolysis occurs in familial icterus gravis. As a

result the bone marrow is stimulated and the extra-medullary centres of
the erythron recalled into activity and a form of erythroblastosis of the
new born is produced. Apart from this syndrome there are, however,
milder degrees of haemolvtic anaemia in earlv infancy for which this process
is responsible, and these, according to van Creveld and Heybroek9, are

met more frequently in premature than in full-term infants.

Haemoglobin,-The haemoglobin also falls after birth although this fall
continues over a longer period than the drop in thie red cells. The fall
in the haemoglobin has been the subject of extensive study by Helen
Mackay who has constructed three curves representing: (a) the ideal

89

 on M
ay 15, 2023 by guest. P

rotected by copyright.
http://adc.bm

j.com
/

A
rch D

is C
hild: first published as 10.1136/adc.8.44.85 on 1 A

pril 1933. D
ow

nloaded from
 

http://adc.bmj.com/


ARCHIVES OF DISEAS1E IN CHILDHOOD

haemoglobin curve throughout infancy which is produced when the child
takes an adequate amount of iron: this is the highest of the three curves;
(b) an intermediate curve representing the haemoglobin in breast-fed
infants; and (c) the lowest curve representing the h.Tmoglobin in the
artificially fed. These curves are shown in Graph I. By regarding the
highest curve as the ' ideal ' normal and the others as the ' normal '

normal for breast and artificially fed infants respectively, it is possible to
classify infants as shorit of circulating haemoglobin or not according to
their age and diet. The question whether or not the ' ideal ' normal or
the ' normal ' normal for breast or artificially-fed children is the
'physiological ' normal has been argued, but it would appear that a
haemoglobin percentage which is attained when a healthy child of two
years is on a mixed diet cannot be abnormal, and such a figure can only
be obtained during the lactation period if the ' ideal ' normal curve is
achieved.

GRAPH I.
H2AMOGLOBIN CURVES IN INFANCY (MACKAY).
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ANEMIA IN CHILDHOOD9

Diseases of the erythron in infancy and early childhood.

Like other tissues the erythron is prone to disease. Morphologically
it may show hyperplasia, hypoplasia, or aplasia of the bone marrow.
Witts postulates two degrees of hyperplasia: (a) the normoblastic reaction
in which the number of normoblasts in the circulating blood is greatly
increased, and in the adolescent child the red marrow spreads into the
shafts of the long bones; (b) the megaloblastic reaction, a more profound
change in which not only is the red marrow increased as in the normo-
blastic reaction, but the level of cell differentiation is shifted back to an
earlier stage in which megaloblasts proliferate actively and even appear
in the peripheral blood. In hyperplasia of the marrow nucleated red cells
may easily be washed into the blood stream and appear in the circulating
blood, but an increased turn-over of red cells does not necessarily occur;
indeed, there is often a diminished output of cells because they fail to
mature. The presence of nucleated red cells in the blood stream is
therefore only evidence of hyperplasia of the marrow, not of increased
blood formation, but if reticulocytes are also present then increased blood
formation is taking place. The routine examination for reticulocytosis
and the estimation of its degree is of the greatest importance in the
study of anaemia, and any therapeutic measure which does not result in a
definite reticulocytosis within four to six days from the time of its applica-
tion must be written down as inadequate.

A clinical study of the anamias of infancy shows that the majority
may be classified into two main groups: (1) those in which there is a
deficiency in one or more of the elements necessary for the synthesis of
h,Tmoglobin, or for the production of the erythrocyte, or for both of
these (the deficiency or anhaematopoietic anaTmias); and (2) those in which
there is increased destruction of the erytlironic elements (the haTmolytic or
erythronoclastic anaemias).

It is possible that a deficiency anamia may arise even when the diet
supplies all the elements necessary for the production of red cells with
their normal content of hamoglobin since absorption from the alimentary
tract may be defective. Again, even with adequate absorption the body,
for some reason, as pointed out by Josephs, may fail to carry out the
synthesis of haTmoglobin. The an2emias in the second group are generally
described as haTmolytic, but such a description implies that they are the
result of destruction of the circulating red cells (haemolysis), and whereas
this may sometimes be the case, at other times the precursors of the red
cells in the haematopoietic centres may be damaged or even destroyed.
Haemolysis may, and probably usually does, accompany such damage to

the haematopoietic centres, but theoretically it is possible that the injury
may be limited solely to the haTmatopoietic centres. For these reasons

it seems wiser to give this group of anmemias a name which suggests that
the whole or any part of the erythron may be attacked, and it is for
this reason that we have introduced the term ' erythronoclastic.'

9i
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ARCHIVES OF DISEASE IN CHIILDHOOD

Although at first sight these two groups seem to be quite sharply
differentiated, a closer acquaintance with the ansemias of infancy shows
that it is sometimes difficult to determine in any particular case if the
anaemia arises solely as a result of a deficiency of some factor essential
for haematopoiesis or as a result of destruction of some part of the
erythron. For instance, it is possible for an anaumia to be produced as a
result of abnormal destruction of the erythron, but to be continued as a
deficiency disease; in other words, the factor which causes the anamia
may differ from that which prolongs it. This state of affairs is perhaps
best exemplified in the ansemia of prematurity. Then again the effects of
infections upon the erythron may further complicate and obscure the
picture; thus, an infection may be responsible for severe or mild
haemolysis, which in its turn may be engrafted on a deficiency anaemia.
Again, not only may haemolysis occur in the course of a nutritional
anaemia, but there is clear evidence that in many instances the haemato-
poietic portions of the erythron also suffer damage, as is shown by the
fact that in infections the beneficial effect of iron is greatly diminished,
or even absent. In this way a premature child suffering from anawmia
may have developed anaumia as a result of prolongation of the haemolysis
which normally occurs at birth; may continue to be anwemic from a
nutritional deficiency; and may become more anamic as a result of
infection and may be resistant to treatment by iron until the infection is
removed. In such a case the classification of the ansemia and the un-

ravelling of the mechanism of its production would present considerable
difficulties; indeed, one writer has gone so far as to say that a case of
chronic anaemia due to a single aetiological factor is a great rarity.

Josephs"1 has attempted to investigate the mechanism of production
of anaemia in children by estimating the amount of urobilin in the urine.
He regards the rafio of the ' urobilin ' excreted per day to the total
circulating hazmoglobin as a measure of the amount of blood destruction
which is taking place. In the term ' urobilin ' he includes all the
substances giving Elman and McMaster's reaction for urobilin, and he
defines a unit of blood destruietion as the daily excretion of 0.4 mgrm.
'urobilin ' per gramme of circulating hamoglobin. Assuming that the
blood volume is 76 c.cm. per kgrm., the amount of circulating hoemoglobin
is obtained from the formula Wt. (in kgrm.) x Hb (grm. per 100 c.cm.)
x 0.76. If the haemoglobin is stationary the units of blood destruction
and formation, when calcuiatea in this manner, are equal. This method
of investigation failed in premature children during the first four months
of life, but was useful for ' post-infectious anaemia.' In the anaemias
produced by infection ' urobilin ' was found to be increased. Sometimes
such a rise was found without infection, but this was not due, as has been
suggested, to some toxic substance in milk, e.g., fat, because without any
change in diet the cells and ha?moglobin might increase and then the
' urobilin ' decreased.
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ANAEMIA IN CHILDHOODI

The condition known under the various names of von Jaksch's
anaemia, splenic anaemia of infants, anaemia pseudo-leukaemica infantum,
is difficult to place in any classification. Iln the past this group of
anaemias has been a medley, but in our opinion the condition
known in this country as von Jaksch's anaemia is really a form of
haemolytic anaemia, and we have therefore dealt with it under that head.
F'rom time to time there have been described in the literature instances
of anaemia occurring in the new-born child and described as congenital
anaemia or primary anaemia of the new born. Some of these fall into the
category of the haemolytic (erythronoclastic) aneTmias, whereas others
are deficiency diseases and due to defective ante-natal storage.

Aplastic anaemia is extremely rare in infancy. It is recognized by
the complete inability of the marrow to reproduce any of its three series
of blood cells, erythron, granular leucocytes, blood platelets. Its aetiology
is as yet undetermined, although its occurrence is sometimes regarded
as the result of a congenital tendency to marrow aplasia. There is,
however, no evidence justifying this view to the exclusion of the
possibilities that it is either a deficiency disease affecting early myeloid
cell development, or a primary destructive disease of all the marrow series,
erythron, thrombocyte, and myeloid leucocyte system, which has
completely and irrevocably paralysed the bone nmarrow. In the cases
we have observed the evidence was in favour of the latter view, under
which head they have therefore been classed.

Sickle-cell anaemia and acholuric jaundice are regarded by Boycott
as congenital malformations of the erythron. Finally, continental writers
have described an anaemia which develops in some babies who are fed on
goat's milk. Goat's milk anemia is characterized by the presence of
megaloblasts in the blood stream and is probably a deficiency anaemia
possibly allied to the megalocytic form of deficiency anaemia
occasionally found in celiac disease, and which is described in detail in a
later paper (Part III).

Leukaemia.-Leukaemia is not, of course, a disease of the erythron,
but it is impossible adequately to consider the anaemias of childhood
without including a survey of leukaemia, for at least three reasons: (1) the
mnechanical or toxic effect on the erythron produced by leukaemia is so

marked that a severe grade of anaemia is produced; (2) the light thrown
by a careful study of the cytology of the blood and haematopoietic centres

on the question whether extra-medullary centres are functioning as either
leucopoietic or haematopoietic foci, or both; (3) the help afforded by the
correlation of the cytological features of the peripheral blood with those
of the tissues in assessing the roles played by the various blood cells.
For these reasons we have included in our studies all the cases of
leukeemia seen in the last three years on which an autopsy has been
performed.

Methods.-H&emoglobin has been estimated by Haldane's method in which
100 per cent. represents 13.8 grm. of haemoglobin per 100 c.cm. of blood. The
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94 ARCHIVES OF DISEASE IN CHILDHOOD

instruments used were standardized against those used by Price-Jones12 with which
he found the mean percentage of haemoglobin in 100 healthy men to be 105 and
the range 96 to 116, and in 100 healthy women a mean of 98 and a range of 90 to
110. The samples of blood giving these figures were taken by pricking the skin,
a method which has been adopted by us. Dr. Helen Mackay informs us that on
comparing her hoemoglobinometer with the Price-Jones standard there is a
difference of 7 per cent.; 107 per cent. on the Price-Jones standard corresponding
to 100 per cent. on her instrument.* This difference should be borne in mind when
comparing our results with those obtained by her, and explains why the infants
who recovered from nutritional ansemia gave a haemoglobin of 84 per cent. whereas
in her cases the value on recovery was 80 per cent. The other methods used
have been those ordinarily employed in the clinical investigation of anaemia, and
in addition, during the last four months Price-Jones curves have been constructed
in a fair number of instances and estimations of cell volume, etc., made by the
haematocrit.
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* A new paper on this subject by Dr. Mackay will appear in the next number.
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