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A STUDY OF THE BLOOD IN RICKETS. 

The discovery of the staining properties of the 

dried blood film by Ehrlich in 1879 opened up a new 

field for research, and gave.an impetus to the more 

minute study of the blood. With the new methods 

at their command observers rapidly elaborated the 

haematology of all known diseases, believing that 

they would find a specific blood condition corres- 

ponding with each malady. They produced a vast 

amount of literature, and published results based on 

the study of an altogether insufficient number of 

cases. Their hastily drawn conlusions have since 

been corrected by the more careful work of later 

writers. The number of diseases which could be 

diagnosed by the blood- picture alone was found to 

be very small; many problems were solved, but where 

much light was expected from the new line of study 

disappointingly little help was obtained. 

The state of the blood in infancy and in the 

disorders of infancy has interested a large body of 

workers. The controversy which raged round the 

identity of von Jaksch's anaemia and the variously 



2. 

named splenic anaemias of infancy seems to have had 

the effect of distracting the attention of observers 

from the blood- condition in rickets, the greatest 

etiological factor in that group of diseases. Thus 

it comes that one is struck by the meagreness of the 

literature, and more particularly by the incomplete- 

ness of the reports concerning the blood in rickets. 

The early conclusions were based on the examination 

of one or two cases, and only within the last decade, 

have a few observers attempted a more or less care- 

ful and systematic investigation. 

In the study of the blood in infancy one is 

confronted with a number of difficulties. The pre- 

ponderance of tissue regeneration over tissue waste 

in the first decade of life must have a direct effect 

on the vitalising fluid. The relatively recent es- 

tablishment of functions for producing and destroy- 

ing blood, and the increased toxicity of the serum 

of infants compared with that of adults seem to ex- 

plain the fact that their blood is more sensitive 

to the action of any morbid influence (Cabot (1.)). 

Causes which in the adult would lead to but slight 

anaemia or leucocytosis produce grave anaemia and 

marked leucocytosis in the child. Prominent in this 

respect is gastro -intestinal disorder which is the 
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most fruitful cause of anaemia in infancy. Under 

pathological conditions the blood in childhood easily 

reverts to a more infantile condition. Physiolog- 

ical variations are greater in degree than in adult 

life, e.g. the relatively large digestive leucocy- 

tosis in healthy infants. The backwardness or for- 

wardness of the child's development are to be con- 

sidered at the same time as the normal standard for 

that particular age before any correct inferences 

can be drawn from the condition of the blood. 

At the end of the first year the normal stan- 

dard of the blood is fairly well fixed. The red 

corpuscles average about 5,000,000 per cubic milli- 

metre, the leucocytes range from 10,000 to 12,000, 

the haemoglobin ranges from 70 to 90 per cent, and 

the specific gravity varies between 1.052 and 1.055. 

The percentages of the various forms of leucocytes 

differ considerably from those in the blood of adults 

The limits are given by Gundobin (2.) as follows:- 

Small mononuclears 50 - 70 per cent 
Large mononuclears 6 - 14 " 

Neutrophiles 28 - 50 " 

Eosinophiles 2 - 10 " 

Thus, the infant's blood is richer in white corpus- 

cles, and richer in young form elements, the absolute 

and relative counts of the lymphocytes being three 
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times as large as in the blood of the adult, while 

the "overripe" elements or neutrophiles are half as 

many. The normal percentage of eosinophile cells 

is variously placed by different writers. The 

limits given above are wide because it is found that 

eosinophilia frequently occurs without having the 

same significance as in adult's blood. 

Various forms of Anaemia are common in children. 

It developes much more easily, and more frequently 

as the result of a morbid process in them than in 

adults. Malnutrition is constantly associated with 

anaemia, and this is due to the insufficient pro- 

duction of blood on account of poor food or poor as- 

similation. Anaemia may also occur as the result 

of the general debility associated with close con- 

finement, bad air, unhygienic surroundings: it may 

follow in the wake of the infectious diseases, e.g. 

diphtheria, scarlet fever, syphilis, tuberculosis; 

or it may be secondary to haemorrhage as in epis- 

taxis, haemophilia, purpura or scorbutus. The 

anaemia may, however, be congenital, inherited from 

anaemic parents or from a mother who has suffered 

from syphilis, tuberculosis or malaria during her 

pregnancy. 
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The most practical classification of the anae- 

mias of infancy is that proposed by Monti and 

Berggrun (3.). Under the primary anaemias they in- 

clude simple anaemia, and pernicious anaemia, and 

they divide the secondary anaemias into four classes: 

1. Mild anaemias with leucocytosis. 
2. Mild anaemias without leucocytosis. 
3. Severe anaemias with leucocytosis. 
4. Severe anaemias without leucocytosis. 

In the mild secondary anaemias there is a moderato 

diminution in the specific gravity of the blood, in 

the haemoglobin, and in the red cells, and the lat- 

ter show practically no changes in shape or size. 

In the severe anaemias there is a marked diminution 

in the specific gravity, haemoglobin, and in the red 

cells, and the latter show considerable changes in 

size and form ( microcytes, macrocytes, poikilocytes) 

while nucleated red corpuscles may occur. The 

difference then between these two types is merely 

one of degree. Leucocytosis may occur in associa- 

tion with either form, and the forms with leucocy- 

tosis are much more common than those without, and 

frequently are the more severe. Splenic enlarge- 

ment may occur in all severe secondary anaemias, and 

also in mild anaemia with leucocytosis. The number 

of red corpuscles varies from normal or nearly normal 
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in the mild cases, to two million in the severe, the 

specific gravity from 1.056 to 1.035, the haemo- 

globin from 80 per cent to 30 per cent, and the leu- 

cocytes from normal to 40,000. In general, the 

more severe the anaemia the lower is the specific 

gravity of the blood, the greater the reduction of 

the haemoglobin, the more marked the variation in 

the size and shape of the red cells, and the more 

numerous the nucleated red corpuscles. These last 

are much more abundant in children than in adults 

with a corresponding grade of anaemia. The facility 

with which the spleen and liver resume their former 

role of red cell production partly explains the spec- 

ial involvement of these organs in the anaemias of 

children. 

In the blood of rickets we meet with a secondary 

anaemia showing a number of grades, a condition which 

in its milder forms, resembles closely other second- 

ary anaemias of childhood, and in its more severe 

degrees differs but little from the blood condition 

in the so- called "Splenic Anaemia of Infants ". 

For the purposes of this study I have examined 

the blood in thirty cases of active, uncomplicated 

rickets in children between the ages of 13 months 

and three years. One case of a child aged 0 years 
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I have included because I felt justified in class- 

ing it as a case of pure active rickets. The major- 

ity of these cases were under the care of the physi- 

cians to the Northern Hospital, Manchester, to whom 

I am much indebted for the opportunity of examining 

them. The remainder came under mÿ observation in 

the Out- patient Department of the Oldham Infirmary. 

My examinations were timed so as to exclude all 

avoidable sources of error. In every case the 

blood was taken at least three hours after a meal 

(in order to exclude digestive lymphocytosis), and 

at about the same time of day. The corpuscle enum- 

eration was made by means of the Thoma -Zeiss appar- 

atus, using a dilution of 1 in 200 and Toisson's 

solution as a diluting medium. The red cells de- 

posited on one square millimetre - frequently those 

on two square millimetres - and the white corpuscles 

distributed over eighteen square millimetres were 

counted. This operation was made possible by the 

use of the Elzholz ruling on the Thoma -Zeiss slide, 

a device which considerably shortens an otherwise 

lengthy operation. The haemoglobin was estimated 

with a von Fleischl instrument with which, in my 

opinion, a greater degree of accuracy is possible 

than by the use of the instrument of Gowers. In 
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every instance Tallgvist's "Haemoglobin Scale" was 

used in addition and confirmed the results obtained 

by the Fleischl apparatus to within 5 per cent. 

The specific gravity of the blood was estimated by 

the method of Hammerschlag (chloroform -benzol mix- 

ture), and after a little practice with the blood of 

normal individuals I was able to obtain readings in- 

volving a possible error of not more than1 per cent. 

At the same time a number of blood films were made 

on slides, and the best of these were suitably stain- 

ed and examined under a 1 /12th inch objective. 

Louis Jenner's stain was found to yield the most 

uniform results, and in some cases Leishman's modi- 

fication of Romanowski's stain was used with equally 

satisfactory results. A differential count was 

made of 1000 leucocytes, and in the majority of 

cases the figures were confirmed by a second census. 

The classification recommended by Ehrlich was adopt- 

ed. (Under the term 'lymphocyte' I include both 

small and large lymphocytes, while the term 'large 

mononuclear' covers "transitional" cells and large 

"hyaline" mononuclear cells.) The characters of 

the red corpuscles were noted at the same time as 

the leucocyte census was made, abnormal forms were 

counted, and the estimation per cubic millimetre 

made later. 
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The cases have been divided roughly into three 

groups according to their clinical type: those show- 

ing a mild degree of rickets, those in which the 

process is more severe but in which there is no 

splenic enlargement, and those in which there is 

splenic tumour. The first group comprises 15 cases,' 

the second 11, and the third 4. I would have wish- 

ed for a larger number of cases with enlarged spleen,1 

but the comparative rarity of these cases in pure 

rickets seems to have been even more marked during 

the time available for my study, and cases with 

great splenic enlargement unfortunately did not come 

under my observation. 

The data of the individual cases are as follows: -- 

MILD CASES. 

Case I. H.T. Female child, aged 18 months. 

Bottle fed till 9 months old, indifferent feed- 

ing since; brought with a green -stick fracture of 

left fore -arm; well -developed and nourished; sits 

with slight kyphosis of weakness which disappears 

on suspension; head small; anterior fontanelle 

patent (14" x 1 "); profuse sweating; only three 

teeth erupted; chest small; rosary slightly marked;, 
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heart normal; lungs show slight bronchitis; abdo- 

men large, tense and tympanitic; umbilical hernia; 

liver and spleen normal; bowels show a tendency to 

constipation; moderate enlargement of epiphyses at 

wrists and ankles; tendency to bowing of legs; 

no glandular enlargement. 

Blood examination:- 

Haemoglobin: 60 per cent 
Specific Gravity: 1.050 
Red Corpuscles: 4,110,000 per cubic millimetre 
White Corpuscles: 15,000 " 

Small Lymphocytes: 68.5 per cent 
Polynuclear Neutro- 

philes: 16.8 " 

Large Mononuclears: 12.4 " 

Eosinophiles: 2.0 " 

Basophiles: 0.3 " 

It 

" 

No irregularity in size or form of red corpuscles. 

Case II. F.S. Male child. 2 years. 

Breast fed till 1 year, general dietary since; 

well developed; flesh firm; pale; sits with slight', 

kyphosis, obliterated on suspension; walked at 18 

months. Head large, square: no craniotabes; 

anterior fontanelle still open, (i" x - ") tense. 

Slight sweating; hair thin, fair; 10 teeth; chest 

small, retracted above attachments of diaphragm: 

marked rosary; heart normal; lungs - bronchitis; 
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Abdomen full, soft; liver and spleen not enlarged; 

bowels rather costive; epiphyses moderately en- 

larged; legs bowed outwards; no glandular enlarge- 

ment. 

Blood examination:- 

Haemoglobin: 
Specific Gravity: 
Red Corpuscles: 
White Corpuscles: 
Small Lymphocytes: 
Polynuclear Neutro- 

philes: 
Large Mononuclears: 
Eosinophiles: 
Basophiles: 

55 per cent 
1.048 

5,150,000 per cubic millimetre 
13,300 " 

60.1 per cent 

26.3 " 

12.2 " 

1.1 
0.3 " 

tt 

tt 

It 

" 

No irregularity in size or shape of red corpuscles. 

Case III. E.B.B. Female child. 2 years 9 months. 

Bottle fed since birth till 18 months old. 

"Anything going" since. Came for bending of legs; 

cannot walk yet. Well nourished; firm flesh; 

colour good; back straight; head square; Anterior 

Fontanelle still patent (£ "); hair coarse, lanky; 

12 teeth; chest small, contracted; moderate rosary; 

heart and lungs normal; abdomen large, tense; 

liver and spleen normal; bowels costive: epiphyses 

markedly enlarged; anterior and lateral bowing of 

tibiae; no enlarged glands. 



Blood examination:- 

Haemoglobin: 
Specific Gravity: 
Red Corpuscles: 
White Corpuscles: 
Small Lymphocytes: 
Polynuclear Neutro- 

philes: 
Large Mononuclears: 
Eosinophiles: 
Basophiles: 

12. 

70 per cent 
1 .052 

4,230,000 per cubic millimetre 
16,800 " 

50.8 per cent 

35.0 " 

4.8 " 

9.0 " 

0.4 " 

It 

" 
" 
ft 

An occasional normoblast seen. Slight tendency to 

Polychromatophilic degeneration. 

Case IV. D.F. Female child. 3 years. 

Breast for one month: bottle for 12 months: 

general diet since 1 year. Fairly well developed; 

somewhat flabby; general health good; can stand 

and creep but cannot walk; back straight; head 

large, square; patent fontanelle (2 "); slight 

sweats; chest small, contracted, flares out at 

diaphragm; well marked rosary; heart normal; 

Lungs - Bronchitis; abdomen very large, flaccid; 

liver enlarged, but spleen not palpable; epiphyses 

at wrist large; tibiae bowed; no glandular enlarge- 

ment. 



Blood examination:- 

Haemoglobin: 
Specific Gravity: 
Red Corpuscles: 
White Corpuscles: 
Small Lymphocytes: 
Polynuclear Neutro- 

philes: 
Large Mononuclears: 
Eosinophiles: 
Basophiles: 

13. 

75 per cent 
1.053 

5,070,000 per cubic millimetre 
17,500 " 

56.2 per cent 

36.8 " 

4.3 " 

2.5 " 

0.2 n 

n 

n 

n 

n 

No variation in size or shape of red cells. 

Case V. E.L. Male child. 2 years. 

Breast fed till 15 months old: general diet 

since. Well developed and nourished; flesh firm; 

skin healthy; can walk and stand; head large and 

square; fontanelles closed; 7 teeth; chest fairly 

well formed; slight rosary; heart and lungs 

healthy; abdomen large, soft; liver and spleen 

normal; bowels tend to be loose; epiphyses moder- 

ately enlarged; tibiae bowed; no glands enlarged. 

Blood examination:- 

Haemoglobin: 
Specific Gravity: 
Red Corpuscles: 
White Corpuscles: 
Small Lymphocytes: 
Polynuclear Neutro- 

philes: 
Large Mononuclears: 
Eosinophiles: 
Basophiles: 

68 per cent 
1.052 

4,650,000 per cubic millimetre 
17,000 " 

55.3 per cent 

34.2 " 

8.6 " 

1.5 
0.4 " 

n 

It 

Slight variation in size of red corpuscles. 
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Case VI. A.M. Female child. 2 years 9 months. 

Breast fed for 1 month only; bottle till 1 

year; general diet at same time and since. Pale; 

somewhat emaciated; flabby skin and muscles; 

stands but cannot walk; sits with slight dorsal 

kyphosis, only partially obliterated on susperìsion. 

Head rather small; parietal bosses; fontanelle 

just closed; hair long, thin, lanky; sweats slight 

ly; chest contracted, narrow, with marked flaring 

at diaphragm; well marked rosary; heart and lungs 

healthy; abdomen large, lax; liver slightly en- 

larged; spleen not palpable; bowels regular; 

epiphyses slightly enlarged; bones fairly straight, 

but tibiae tend to bend; glands not enlarged. 

Blood examination:- 

Haemoglobin: 
Specific Gravity: 
Red Corpuscles: 
White Corpuscles: 
Small Lymphocytes: 
Polynuclear Neutro- 

philes: 
Large Mononuclears: 
Eosinophiles: 
Basophiles: 

75 per cent 
1 .055 

4,050,000 per cubic millimetre 
9,400 n n 

66.4 per cent 

26.5 " 

6.0 
0.9 " 

0.2 " 

Morphology of red cells normal. 

ff 

n 

n 

n 
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Case VII. R.G. Male child. 18 months. 

Breast fed till 11 months: general diet since. 

Well developed; nutrition fairly good: rather 

pale; general health good; able to walk: sits up: 

back straight: head square, rather large; anterior 

fontanelle patent (14" x 1* ") sunken; hair thin, 

lanky; sweating slight; 9 teeth; chest small, 

flares out at diaphragm; rosary well marked; heart 

and lungs healthy; abdomen large, flaccid; liver 

and spleen not enlarged; bowels regular; epiphyses 

slightly enlarged; tibiae bowed; few small shotty 

glands in neck. 

Blood examination:- 

Haemoglobin: 
Specific Gravity: 
Red Corpuscles: 
White Corpuscles: 
Small Lymphocytes: 
Folynuclear Neutro- 

philes: 
Large Mononuclears: 
Eosinophiles: 
Basophiles: 

54 
1.048 

4,830,000 
17,100 

47.1 

44.2 
6.6 
1.5 
0.6 

per cent 

per cubic millimetre 
" 

per cent 

" 
" 

tt 
" 

It 

It 
" 

No changes in morphology of red cells. 

Case VIII. E.W. Male child. 2 years 2 months. 

On breast for 12 months; general diet since: 

been ailing for last 9 months. Cannot walk or 
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stand, creeps; slightly emaciated; flesh flabby; 

pale; cold extremities; sits up: marked lower 

dorsal kyphosis, only partially obliterated on sus- 

pension; chest small, with diaphragmatic flare and 

slight rosary; heart sound; some bronchitis; 

abdomen very large but flaccid; liver and spleen 

normal; bowels regular, no diarrhoea; epiphyses 

slightly enlarged; tibiae curved; no glandular 

enlargement: 

Blood examination:- 

Haemoglobin: 
Specific Gravity: 
Red Corpuscles: 
White Corpuscles: 
Small Lymphocytes: 
Polynuclear Neutro- 

philes: 
Large Mononuclears: 
Eosinophiles: 
Basophiles: 

74 
1.053 

5,250,000 
15,000 

55.1 

39.0 
4.9 
0.8 
0.2 

per cent 

per cubic millimetre 
" 

per cent 

It 
" 

" 
" 
It 

" 

Moderate number of microcytes; some poikolocytes. 

Case IX. T.S. Male child. 1 year 7 months. 

Breast fed till 6 months; general dietary since 

Well developed and nourisred, but flesh rather flabby 

Can walk, stand and talk. Back shows slight 

kyphosis of weakness; head large, square: anterior 
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fontanelle still open (" x i"); no sweating. 

Teeth cut late (12 months), 12 at present; Chest 

shows mid -sternal prominence and slight retraction 

in lower part; moderate rosary; heart and lungs 

normal; abdomen of moderate size, flaccid; liver 

2" below right costal margin; spleen not palpable; 

bowels regular; epiphyses only slightly enlarged; 

legs straight; no enlarged glands. 

Blood examination:- 

Haemoglobin: 
Specific Gravity: 
Red Corpuscles: 
White Corpuscles: 
Small Lymphocytes: 
Polynuclear Neutro- 

philes: 
Large Mononuc l ears : 
Eosinophiles: 
Basophiles: 

62 per cent 
1 .050 

4,450,000 per cubic millimetre 
10,600 " " " 

53.0 per cent 

36.0 " 

7.0 
3.5 " 

0.5 " 

It 

It 

it 

No change in size or shape of red cells. 

Case X. A.S. Female child. 1 year 9 months. 

Breast for 14 days only; Nestle's Food for 

2 months; milk and barley water since; general 

diet at 13 months. Healthy appearance; good 

colour; muscles firm; sits up well and can walk; 

head square, but normal size; parietal bosses; 

anterior fontanelle open (1" x 1 ") tense; no 
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sweating at present, formerly profuse; 16 teeth; 

chest shows slight transverse retraction in lower 

part; very slight rosary; heart and lungs healthy; 

abdomen negative; liver and spleen normal; 

epiphyses slightly enlarged; no glands palpable. 

Blood examination:- 

Haemoglobin: 
Specific Gravity: 
Red Corpuscles: 
White Corpuscles: 
Small Lymphocytes: 
Polynuclear Neutro- 

philes: 
Large Mononuclears: 
Eosinophiles: 
Basophiles: 

65 per cent 
1 .054 

4,850,000 per cubic millimetre 
11,500 " 

53.8 per cent 

38.0 " 

7.4 " 

0.6 
0.2 

" 
It 

r, 

Red cells normal in size and shape. 

Case XI. A.A. Male child. 2 years 7 months. 

Indifferent dietary for many months; fairly 

well developed and nourished; muscular condition 

fair; back straight; can walk. Head large, 

square; anterior fontanelle almost closed, tense; 

used to sweat; chest narrow with transverse sulcus 

and costal flare at diaphragm; rosary well marked; 

heart and lungs healthy; abdomen large, flaccid; 

bowels regular; liver 2" below right costal margin; 

spleen not palpable; epiphyses at wrists and ankles 
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markedly enlarged; tibiae slightly bowed; clavicles 

angular: no glandular enlargement. 

Blood examination:- 

Haemoglobin: 
Specific Gravity: 
Red Corpuscles: 
White Corpuscles: 
Small Lymphocytes: 
Polynuclear Neutro- 

philes: 
Large Mononuclears: 
Eosinophiles: 
Basophiles: 

67 per cent 
1.055 

4,150,000 per cubic millimetre 
13,300 " 

57.0 per cent 

30.3 " 

6.8 't 

5.5 " 

0.4 " 

" 
" 

tt 

It 

No change in size or shape of red cells. 

Case XII. J.W. Male child. 1 year 2 months. 

Breast fed; slightly emaciated; marked pallor; 

muscles flabby; cannot walk; back shows tendency 

to dorsal kyphosis from weakness: head rather small, 

square with parietal bosses; anterior fontanelle 

patent (2tt) tense; hair thin, fair: slight head 

sweats; chest small, narrow, with slight diaphrag- 

matic flare; rosary slightly marked; abdomen large, 

lax; Liver, spleen and bowels negative; epiphyses 

very slightly enlarged; bones fairly straight; 

no enlarged glands. 



Blood. examination:- 

Haemoglobin: 
Specific Gravity: 
Red Corpuscles: 
White Corpuscles: 
Small Lymphocytes: 
Polynuclear Neutro- 

philes: 
Large Mononuclears: 
Eosinophiles: 
Basophilés: 

20. 

54 per cent 
1.050 

4,200,000 per cubic millimetre 
11,400 " " ++ 

60.1 per cent 

31.1 " 

7.1 " 

1.3 
0.4 " 

" 

" 
" 
+ 

Many macrocytes and some macrocytes seen. No varia- 

tion in shape of red cells. 

Case XIII. J.C. Male child. 13 months. 

Breast till 10 months old. Somewhat emaciated; 

flabby muscles; can stand but not walk; sits with 

slight kyphosis of weakness; head normal in size 

and shape; anterior fontanelle still patent (i ") 

tense; slight sweating: only 2 teeth; chest small 

with slight rosary; heart and lungs healthy; 

abdomen large, tense; liver 2" below costal margin; 

spleen and bowels negative; slight enlargement of 

epiphyses; tibiae tend to bend; no glands enlarged. 

Blood examination:- 

Haemoglobin: 
Specific Gravity: 
Red Corpuscles: 
White Corpuscles: 

78 per cent 
1.058 

4,675,000 per cubic millimetre 
18,000 " " 
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Small Lymphocytes: 
Polynuclear Neutro- 

philes: 
Large Mononuclears: 
Eosinophiles: 
Basophiles: 

70.8 per cent 

16.4 " " 

11.2 " ft 

1.3 " " 

0.3 n .3 

No variation in size or shape of red corpuscles. 

Case XIV. L.F. Female child. 2 years. 

Well developed and nourished; good colour; 

firm flesh; sits up weld., and can walk; head nor- 

mal in size and shape; anterior fontanelle just 

closed; chest narrow in upper part with slight 

flare at diaphragm: slight rosary; heart and lungs 

healthy; abdomen negative: epiphyses moderately 

enlarged; tibiae curved (sent in for forcible 

straightening). 

Blood examination:- 

Haemoglobin: 
Specific Gravity: 
Red Corpuscles: 
White Corpuscles: 
Small Lymphocytes: 
Polynuclear Neutro- 
philes: 

Large Mononuclears: 
Eosinophiles: 
Basophiles: 

70 per cent 
1.060 

5,150,000 per cubic millimetre 
13,000 " 

fl 
" 

65.0 per cent 

27.2 " 

7.3 " 

0.3 " 

0.2 " 

It 

" 
tt 

It 

No variation in size or shape of red corpuscles. 
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Case XV. P.R. Female child. 1 year 8 months. 

Artificially fed since 2 months of age; had 

summer diarrhoea at 3 months; small child; slight- 

ly emaciated; muscles weak and soft; cannot walk; 

sits with kyphosis of weakness; head small, round; 

anterior fontanelle still patent (? ") slack; bad 

head sweats; 8 teeth cut; chest small, with slight 

diaphragmatic flare and marked rosary; heart and 

lungs normal; abdomen negative; organs healthy; 

epiphyses at wrists and ankles moderately large; 

bones small, soft, bent mostly; no glandular en- 

largement. 

Blood examination:- 

Haemoglobin: 
Specific Gravity: 
Red Corpuscles: 
Mite Corpuscles: 
Small Lymphocytes: 
Polynuclear Neutro- 

philes: 
Large Mononuclears: 
Eosinophiles: 

59 per cent 
1.049 

4,650,000 per cubic millimetre 
14,000 " 

79.3 per cent 

14.0 " 

6.1 r 

0.6 " 

It 

" 

It 

No basophiles seen in counting 1000 white cells. 

Numerous microcytes seen, but no variation in shape 

evident. 
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SEVERE CASES. 

Case XVI. J.S. Male child. 15 months. 

Artificial feeding since birth; small,emaciat- 

ed,pale child; muscles very flabby; cannot walk 

or stand or sit up; back shows marked permanent 

kyphosis; head large, square; anterior fontanelle 

patent (1" x ) tense; hair thin; severe sweats; 

only 1 tooth cut; chest small, marked retraction 

above diaphragm attachment; rosary well marked; 

heart and lungs healthy; abdomen large, flaccid; 

liver, spleen and bowels healthy; epiphyses moder- 

ately enlarged; tibiae bowed; glands not enlarged. 

Blood examination:- 

Haemoglobin: 
Specific Gravity: 
Red Corpuscles: 
White Corpuscles: 
Small Lymphocytes: 
Polynuclear Neutro- 

philes: 
Large Mononuclears: 
Eosinophiles: 
Basophiles: 

50 per cent 
1.048 

5,000,000 per cubic millimetre 
13,000 " " 

n 

68.4 per cent 

21.5 " 

8.6 " 

1.0 
0.5 " 

f, 

tt 

t, 

t, 

Numerous microcytes seen, but no change in shape of 

red cells observed. 
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Case XVII. L.P. Female child. 13 months. 

Brought up on condensed milk; cow's milk for 

last 2 months; emaciated, pale; brought on ac- 

count of "wasting "; general muscular weakness; 

persistent spinal kyphosis; cannot walk or sit; 

head large, square, with parietal bosses; anterior 

fontanelle widely open (3" x 3 "); sagittal suture 

unclosed, and posterior fontanelle still patent; 

craniotabes marked; hair thin, scanty; profuse 

head sweats; chest small, with marked rosary; 

heart and lungs normal; abdomen negative; epiphyse 

enlarged; tibiae bowed; no glandular enlargement. 

Blood examination:- 

Haemoglobin: 
Specific Gravity: 
Red Corpuscles: 
White Corpuscles: 
Small Lymphocytes: 
Polynuclear Neutro- 

philes: 
Large riIononuclears : 

Eosinophiles: 
Basophiles: 

58 per cent 
1 .049 

4,290,000 per cubic millimetre 
16,500 " " 

It 

68.3 per cent 

21.8 " 

7.0 " 

2.6 " 

0.3 " 

tl 

" 
tl 

" 

Numerous macrocytes and some macrocytes, but no 

poikilocytes. 

Case XVIII. S.B. Female child. 1 year 8 months. 

Very indifferent feeding since birth. Small; 

very pale; emaciated, with flabby muscles; able to 



25. 

creep and stand, but cannot walk; back shows 

kyphosis of weakness; head large, long; anterior 

fontanelle still patent (2 ") sunken; hair thin, 

scanty; slight sweats; teeth late in eruption; 

chest narrow in upper part, with slight flare at 

diaphragm; rosary slightly marked; heart and lungs 

healthy; abdomen negative; epiphyses slightly en- 

larged; tibiae tend to bend; no glandular enlarge- 

ment. 

Blood examination:- 

Haemoglobin: 
Specific Gravity: 
Red Corpuscles; 
White Corpuscles: 
Small Lymphocytes: 
Pol ynuc l car Neutro- 
philes: 

Large Mononuclears: 
Eosinophiles: 
Basophiles: 

49 per cent 
1.045 

4,700,000 per cubic millimetre 
13,000 " 

62.0 per cent 

33.2 " 

3.4 " 

1.0 
0.4 " 

" 

It 

" 

!I 

Marked variation in size (micro- and macro- cytes); 

a moderate degree of poikilocytosis; a small number 

of normoblaste (16 per comm.) 

Caso XIX. D.S. Female child. 2 years 9 months. 

Admitted a month previously with fractures of 

both femora. Fairly well nourished; pale; muscles 

rather flabby; head square but normal in size; 
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anterior frontanelle still patent (£ ") tense; hair 

abundant, dark, coarse; profuse head sweats on 

admission, better now; chest small, costal flare 

at diaphragm; well marked rosary; heart and lungs 

normal; abdomen large, tense; organs healthy; 

marked enlargement of epiphyses at wrists and ankles; 

no glands enlarged. 

Blood examination:- 

Haemoglobin: 
Specific Gravity 
Red Corpuscles: 
White Corpuscles: 
Small Lymphocytes: 
Polynuclear Neutro- 
philes: 

Large Mononuclears: 
Eosinophiles: 
Basophiles: 

65 per cent 
1.056 

4,750,000 per cubic millimetre 
10,000 " " 

60.5 per cent 

32.6 " 

4.3 " 

2.0 
0.6 " 

I 

It 

" 
It 

Numerous Microcytes; a moderate number of normo- 

blasts (37 per c.mm.); slight poikilocytosis. 

Case XX. E.F. Female child; 2 years 10 months. 

Breast fed for 18 months; indifferent feeding 

since. Small, pale, ill -nourished; flesh flabby; 

can stand and creep but unable to walk; sits with 

slight lordosis - obliteration of dorsal curvature; 

head large, square, with parietal bosses; 

fontanelles closed; profuse sweats some months ago; 
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chest ill -formed; marked "pigeon- breast" and 

diaphragmatic flare; ribs very soft and angular; 

well marked rosary; bronchitis of lungs; heart 

healthy;. abdomen large, tense; liver 3" below 

costal margin; spleen not palpable; bowels regu- 

lar, no diarrhoea; epiphyses very markedly enlarged; 

tibiae tend to bend; no glandular enlargement. 

Blood examination:- 

Haemoglobin: 
Specific Gravity: 
Red Corpuscles: 

69 
1.058 

5,200,000 

per cent 

per cubic millimetre 
White Corpuscles: 12,600 " 

Small Lymphocytes: 52.9 per cent 
Polynuclear Neutro- 

philes: 36.0 " 
" 

Large Mononuclears : 9.2 " 
It 

Eosinophiles: 1.6 tt It 

Basophiles: 0.3 " 
11 

Very slight variation in size of red cells. 

Case XXI. F.T. Female child. 1 year 9 months. 

Small, emaciated child, with flabby, weak 

muscles, and cold extremities; back shows persis- 

tent kyphosis; head small; parietal bosses; 

anterior fontanelle patent ( ") tense; profuso 

sweats; chest small, with slight flare in lower 

part; marked rosary; heart and lungs healthy; 

abdomen negative; epiphyses markedly enlarged; 
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tibiae curved; no enlarged glands. 

Blood examination:- 

Haemoglobin: 
Specific Gravity: 
Red Corpuscles: 
White Corpuscles: 
Small Lymphocytes: 
Polynuclear Neutro- 

philes: 
Large Mononuclears: 
Eosinophiles: 

.. 

Basophiles: 

55 per cent 
1.052 

4,950,000 per cubic millimetre 
12,80.0 " n n 

72.8 per cent 

20.0 " 

6.4 " 

0.4 it 

0.4 " 

n 

n 

tr 

Numerous microcytes; majority of red corpuscles 

undersized; some polychromatophilic forms. 

Case XXII. M.K. Male child. 2i years. 

Fairly well developed; pale; muscles flabby; 

cannot stand; cries on being moved; persistent 

kyphosis of spine; head large, round; bones soft 

but no craniotabes; anterior fontanelle widely 

open still (1 *" x 1 ") tense; most teeth erupted; 

chest small with slight diaphragmatic flare and 

well marked rosary; heart and lungs healthy; 

abdomen moderately large, tense; liver and spleen 

normal; no diarrhoea; epiphyses enlarged at wrists 

and ankles; tibiae tend to curve; a few enlarged 

glands in neck and groins. 



Blood examination:- 

Haemoglobin: 
Specific Gravity: 
Red Corpuscles: 
White Corpuscles: 
Small Lymphocytes: 
Polynuclear Neutro- 

philes: 
Large Mononuclears: 
Eosinophiles: 
Basophiles: 

29. 

45 per cent 
1.049 

3,950,000 per cubic millimetre 
11,700 It te 

59.7 per cent 

26.9 " 

6.2 " 

5.1 
2.0 " 

" 
11 

11 

" 

Red corpuscles mostly undersized; numerous micro - 

cytes; a moderate number of normoblasts (69 per 

c.mm.); some polychromasia and poikilocytosis. 

Case XXIII. R.E.C. Male child. 2 years 4 months. 

Small, pale, weakly child, unable to sit or 

even stand up; persistent spinal kyphosis; head 

normal in size and shape; anterior fontanelle still 

patent (2 ") tense; chest small, with slight flare 

at diaphragm and well- marked rosary; heart and 

lungs healthy; abdomen negative; epiphyses slight- 

ly enlarged; legs fairly straight; no enlarged 

glands. 

Blood examination:- 

Haemoglobin: 
Specific Gravity: 
Red Corpuscles: 
White Corpuscles: 

60 per cent 
1.053 

3,900,000 per cubic millimetre 
15,300 " " " 



30. 

Small Lymphocytes: 
Polynuclear Neutro- 

philes: 
Large Mononuclears: 
Eosinophiles: 
Basophiles: 

71.7 per cent 

18.3 " " 

9.3 " n 

0.2 " 

0.5 " 

Slight variation in size of red corpuscles; some 

microcytes; a large percentage of "transitional 

cells" amongst the 'large mononuclears'; marked 

polymorphism in all the varieties of leucocytes. 

Case XXIV. G.A. Female child. 2z years. 

Very poor condition on admission 2 months ago; 

much improved since; fairly well nourished at 

present; colour fair; muscles very flabby still. 

Has had Diphtheria; back shows persistent kyphosis; 

cannot walk yet; head large, square; anterior 

fontanelle widely open (1" x 11 "); no craniotabes; 

mastoid processes very prominent; also peculiar 

marked prominence of zygomatic arches; slight head 

sweats (profuse on admission); teeth late in erup- 

tion; chest small, with very marked transverse 

sulcus and flaring at diaphragm; rosary well marked; 

ribs soft; heart and lungs healthy; abdomen nega- 

tive, except slight enlargement of liver; epiphyses 

markedly enlarged; tibiae tend to bend; no glan- 

dular enlargement. 



Blood exmination:- 

Haemoglobin: 
Specific Gravity: 
Red Corpuscles: 
White Corpuscles: 
Small Lymphocytes: 
Polynuclear Neutro- 

philes: 
Large Mononuclears: 
Eosinophiles: 
Basophiles: 

31. 

68 per cent 
1.058 

4,895,000 per cubic millimetre 
20,000 " " n 

71.0 per cent 

19.0 " 

8.0 " 

1.6 
0.6 " 

It 

" 
11 

Very little alteration in size and shape of red 

corpuscles; a few microcytes seen. 

Case XXV. E.R. Female child. 2É years. 

Bottle fed from birth; bad family history 

leading to severe malnutrition; had bronchitis, 

better now. Small, emaciated,pale child; flesh 

flabby; sits with marked general dorsal kyphosis, 

which is not obliterated on suspension; cannot walk; 

head large, square, with parietal bosses, and patent 

anterior fontanelle (1i" x 12 ") but no craniotabes; 

hair thin, fair; slight sweating; teeth small, few, 

late in eruption; chest small, ill -formed, very 

marked "pigeon- breast" with deep lateral and trans- 

verse sulci; rosary marked; heart and lungs healt- 

hy; abdomen large, soft; liver and spleen normal; 
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bowels - diarrhoea on admission, better at present; 

marked epiphyseal enlargement; bones small and 

flexible; no glands enlarged. 

Blood examination:- 

Haemoglobin: 63 per cent 
Specific Gravity: 1.050 
Red Corpuscles: 4,550,000 per cubic millimetre 
White Corpuscles: 14,400 It 

Small Lymphocytes: 58.8 per cent 
Polynuclear Neutro- 

I, philes: 32.3 " 

t, Large Mononucloare : 4.9 n 

n Eosinophiles: 3.5 " 

Basophiles: 0.5 " 

Red corpuscles mostly undersized; numerous micro- 

cytes; normoblasts present (38 per c.mm.) 

Case XXVI. R.McE. Female child. 6 years. 

Mother small, rhachitic; spent most of infancy 

in workhouse; dietary entirely predisposing. 

Small child, poorly developed; nutrition fair at 

present; flesh firm; pallor marked; has improved 

markedly in these respects since admission to 

hospital 3 months ago. Cannot walk without support: 

back - scolio- kyphotic in lower dorsal region; head 

small; parietal bosses slight; fontanelle closed; 

no sweating at present (profuse on admission). 
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Teeth all present, small, soft; gums very spongy 

on admission, but much better now; chest small, 

narrow, flaring at diaphragm; angular clavicles; 

well- marked rosary; heart and lungs healthy; 

abdomen very large, tense; liver 2" below costal 

margin; spleen not palpable; diarrhoea on admis- 

sion, stopped now; epiphyses enlarged; arms and 

legs curved; bones very flexible; few enlarged 

cervical glands. 

Blood examination:- 

Haemoglobin: 30 per cent 
Specific Gravity: 1.039 
Red Corpuscles: 4,150,000 per cubic millimetre 
White Corpuscles: 15,700 " 

Small Lymphocytes: 59.0 per cent 
Polynuclear Neutro- 

philes: 33.6 " 
ft 

Large Mononuclears: 5.6 " 
It 

Eosinophiles: 1.0 " 
" 

Basophiles: 0.6 " 

Myelocytes: 0.2 " 

Considerable variation in size of red corpuscles 

(micro- and macrocytes); poikilocytosis well marked; 

normoblasts (157 per c.mm.) many showing punctate 

granular degeneration. Slight polychromasia. 
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CASES WITH ENLARGED SPLEEN. 

Case XXVII. L.C. Female child. 2 years 2 months. 

Bottle fed since birth; general diet with 

bottle since 15 months old. Brought because she 

cannot walk; can stand but not for long: sits and 

slides about on buttocks in a curious manner; back 

straight; fairly well nourished; slight pallor; 

muscles firm; head large; anterior fontanelle 

patent still (1/3 "); profuse sweating; chest small 

with slight expansion at diaphragm; marked rosary; 

heart and lungs normal; abdomen large, soft; liver 

lam" below costal margin; spleen just palpable; 

bowels regular, no diarrhoea; epiphyses enlarged; 

tibiae curved; legs weak; knee -jerks present; 

few enlarged glands in groins. 

Blood examination:- 

Haemoglobin: 
Specific Gravity: 
Red Corpuscles: 
White Corpuscles: 
Small Lymphocytes: 
Polynuclear Neutro- 

philes: 
Large Mononuclears: 
Ecsinophiles: 
Basophiles: 

54 per cent 
1 .045 

4,450,000 per cubic millimetre 
10,000 " " " 

55.0 per cent 

34.3 " 

7.7 " 

2.6 
0.4 " 

,1 

t, 

Very little alteration in size or shape of rod 

corpuscles; many undersized cells but comparatively 

few microcytes. 
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Case XXVIII. C.M. Male child. 22 years. 

Previous feeding very indifferent. Small, 

pale, emaciated child; muscles soft and flabby; 

skin thin, transparent; unable to walk, but can 

stand and creep; back straight: sits up; head 

rather small, square; slight parietal bosses; 

anterior fontanelle patent (2 "); sweating slight, 

profuse on admission; chest narrow, marked diaphrag- 

matic flare; rosary well marked; heart and lungs 

normal; abdomen large, tense; liver 11" below 

costal margin; spleen enlarged, palpable, 2" below 

costal margin; bowels regular, no diarrhoea; 

epiphyses slightly enlarged at ankles and wrists; 

bones soft but fairly straight; 

largement. 

Blood examination : - 

Haemoglobin: 29 
Specific Gravity: 1 .039 

Red Corpuscles: 4,200,000 
White Corpuscles: 10,000 
Small Lymphocytes: 47.6 
Polynuclear Neutro- 

philes: 41.1 
Large Mononuclears: 9.1 
Eosinophiles: 1.4 
Basophiles: 0.4 
Myelocytes: 0.4 

no glandular en- 

per cent 

per cubic millimetre 
" 

It 

per cent 

tl 
" 

It 

" 
" 

" 

Red corpuscles mostly undersized; numerous micro - 

cytes; some macrocytes; slight poikilocytosis; 

normoblasts (120 per c.mm.); marked polychromasia. 
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Case XXIX. W.R. Male child; 1 year 4 months. 

Bottle fed from birth; had broncho- pneumonia; 

no history of syphilis. Small, pale, emaciated 

child, with flabby muscles and persistent dorsal 

kyphosis; head large, square, with frontal and 

parietal bosses; anterior fontanelle widely open 

(1}" x l2 ") tense; no craniotabes; slight head 

sweats; teeth late in appearance; chest small: 

marked rosary; heart normal; bronchitis, but no 

consolidation in lungs; abdomen large, tense: 

liver 2" below costal margin; spleen just palpable; 

bowels rather loose; bones small, soft; tibiae 

tend to bend; epiphyses moderately enlarged; one 

or two small soft glands felt in neck: none palpable 

elsewhere. 

Blood examination : - 

Haemoglobin: 
Specific Gravity: 
Red Corpuscles: 
White Corpuscles: 
Small Lymphocytes: 
Polynuclear Neutro- 
philes: 

Large Mononuclears: 
Fosinophiles: 
Basophiles: 
Myelocytes: 

53 per cent 
1.053 

4,585,000 per cubic millimetre 
22,000 " " n 

69.0 per cent 

27.7 " 

5.7 " 

O .3 " 

O .1 " 

O .2 " 
1! 

Red Cells mostly undersized: some polychromasia. 
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Case XXX. L.M. Female child. 3 years. 

Feeding very poor since birth. Small, emaciat- 

ed, very pale child; restless; cries when handled; 

muscles flabby; cannot sit up; kyphosis of weak- 

ness; head large, square; marked parietal bosses 

and sunken sagittal suture forming deep groove; 

anterior fontanelle just closed: hair thin: 

seborrhoea; slight head sweats; chest small, narro' 

with flare at diaphragm and well marked rosary: 

heart and lungs healthy; abdomen large, tense; 

liver slightly enlarged; spleen palpable 2t? below 

costal margin; no diarrhoea; epiphyses slightly 

enlarged; bones soft, but fairly straight; some 

slightly enlarged glands in groins. 

Blood examination:- 

Haemoglobin: 
Specific 

Gravity: 
Red Corpus- 

cles: 
White Cor- 

puscles: 
Small Lympho- 

cytes: 
Polynuclear 
Neutrophiles: 
Large Mono - 
nuclears: 

Eosinophiles: 
Basophiles: 
Myelocytes: 

a b 

30 per cent 33 per cen 

1.036 1.038 

2,750,000 per c.mm. 

8,900 II It 

2,600,000 per c. 

9,200 " 
tt 

54.4 per cent 57.5 per cen 

37.0 " 

6.3 tt 

1.5 1 
tl 

J 

0.6 tt 

0.2 tt 

tt 

" 
I} 

11 

35.2 t, 

5.1 tt 

1.7 ,t 

0.3 ,I 

0.2 tt 

If 

" 
tt 

" 

The examinations were made on successive days. The 

red corpuscles showed marked variation in size 
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(microcytes and a few macrocytes) and shape (poikilo- 

cytosis); polychromatophilic forms were common, and 

a small number of normoblasts were present (32 per 

c.mm.) 



No. 
of 

case 

- 

Age in 
years. 

4. 3 

5. 2 

9. 112 

13. 112 

14. 2 

15. 1 
16. 1 

3 

172 17. 

18.' tra 

i 1 
- 

Type 
Sex of dis- 

ease.Haemo- 
Specific 

ease. globin gravity. 

Ratio of 
Erythro- Leuco- whites Colour 
cytes. cytes. to reds. index. 

Small. Poly- Large 
Lympho- nuclear Mono - 
cytes. Neutro- nuclears 

phils. 

39. 

Eosino- Baso- Morphology cf 
philes. philes. Erythrocytes. 

F. 

M. 

F. 

F. 

M. 

F . 

M. 

M. 

M. 

F. 

M. 

M. 

M. 

F. 

F. 

M. 

F. 

F. 

Mild. 

" 

" 

n 

n 

,t 

n 

n 

n 

n 

It 

n 

n 

TI 

n 

Severe 

n 

rt 

60 

55 

70 

75 

68 

75 

54 

74 

62 

65 

67 

54 

78 

70 

59 

50 

58 

49 

1.050 

1.048 

1.052 

1.053 

1.052 

1.055 

1.048 

1.053 

1.050 

1.054 

1.055 

1.050 

1.058 

1.060 

1.049 

1.048 

1.049 

1.045 

4,110,000 15,000 

5,150,000 13,300 

4,230,000 16,800 

5,070,000 17,500 

4,650,000 17,000 

4,050,000 9,400 

4,830,000 17,100 

5,250,000 15,000 

4,450,000 10,600 

4,850,000 11,500 

4,150,000 13,300 

4,200,000 11,400 

4,675,000 18,000 

5,150,000 13,000 

4,650,000 14,000 

5,000,000 13,000 

4,290,000 16,500 

4,700,000 13,000 

1/274 

1/387 

1/251 

1/289 

1/273 

1/421 

1/223 

1/350 

1/419 

1/421 

1/312 

1 /3 68 

1/259 

1396 

1332 

1/384 

'1/260 

1/361 

0.7 

0.5 

0.8 

0.7 

0.8 

0.9 

0.5 

0.5 

0.6 

0.7 

0.8 

0.6 

0.7 

0.6 

0.6 

0.5 

0.6 

0.5 

68.5 

60.1 

50.8 

56.2 

55.3 

66.4 

47.1 

55.1 

53.0 

53.8 

57.0 

60.1 

70.8 

65.0 

79.3 

68.4 

68.3 

62.0 

16.8 

26.3 

35.0 

36.8 

34.2 

26.5 

44.2 

39.0 

36.0 

38.0 

30.3 

31.1 

16.4 

27.2 

14.0 

21.5 

21.8 

33.2 

12.4 

12.2 

4.8 

4.3 

8.6 

6.0 

6.6 

4.9 

7.0 

7.4 

6.8 

7.1 

11.2 

7.3 

6.1 

8.6 

7.0 

3.4 

2.0 

1.1 

9.0 

2.5 

1.5 

0.9 

1.5 

0.8 

3'5 

0.6 

5.5 

1.3 

1'3 

0.3 

0.6 

1.0 

2.6 

1.0 

0.3 

0.3 

0.4 

0.2 

0'4 

0.2 

0.6 

0.2 

0.5 

0.2 

0.4 

0.4 

0.3 

0.2 

0.5 

0.3 

0.4 

Normal. 

Normal. 

Few normoblasts. 
(21 per c.mm.) 

Normal. 

Slight variation 
in size. 

Normal. 

Normal. 

Moderate number Of 
microcytes, somo 
poikilocytosis. 

Normal. 

Normal. 

Normal. 

Many microcytes 
Some macrocytes. 

Normal. 

Normal. 

Numerous Micro - 
cytes. 

Many Microcytes. 

Moderate Varia- 
tion in size. 

Marked variation 
in size, some 
poikilocytes, a 

few normoblasts 
(16 per c.mm.) 



No. Type 
of Age in Sex of dis - 

years. case years. ease. 

19. 

20. 

217 F. Severe 

F. 

Haemo- 
globin 

65 

69 

Specific 
gravity. 

Erythro- 
cytes. 

1.056 4,750,000 

1.058 

Leuco- 
cytes. 

10,000 

5,200,000 12,600 

21. 
9 

F. It 55 1.052 4,950,000 

22. 21 M. It 45 1.049 

12,800 

Ratio of 
whites 
to reds. 

1/475 

1/412 

Colour 
index. 

0.6 

0.6 

1386 0.6 

3,950,000 11,700 1/337 0.5 

23. 
4 2T M. n 60 1.053 3,900,000 15,300 1/254 0.7 

24. F. n 68 1.058 

25. 21 F. n í83 1.050 

4,895,000 20,000 1/244 

4,550,000 14,400 

0.6 

1/315 0.6 

26. 6 F. n 30 1.039 14,150,000 15,700 1 /2 64 ;0.3 

27. F. 

Spleen 
palp- 
able. 

54 1.045 4,450,000 10,000 1/445 

Small 
Lympho- 
cytes. 

Poly- 
nuclear 
Neutro- 
phils. 

Large 
Mono - 

inuclears 

Eosino! 
philes. 

Baso- 
philes. 

60.5 32.6 4.3 2.0 0.6 

52.9 36.0 9.2 1.6 0.3 

72.8 20.0 6.4 0.4 0.4 

59.7 26.9 6.2 5.1 2.0 

71.7 18.3 9.3 0.2 0.5 

71.0 19.0 8.0 1.4 0.6 

58.8 52.3 4.9 3.5 0.5 

59.0 33.6 5.6 1.0 0.6 

55.0 34.3 7.7 2.6 0.4 

40. 

Morphology of 
Erythrocytes. 

Numerous Micro - 
cytes,few normo- 
blasts (37 per 
c.mm.) slight 
poikilocytosis. 

Slight variation 
in size. 

Numerous Micro - 
cytes,some poly - 
chromatophilic 
forms. 

Marked variation 
in size, some 
normoblasts (69 
per c.mm.) poly - 
chromatophilic 
forms,.slight 
poikilocytosis. 

Slight variation 
in size. 

Nearly normal, 
few microcytes. 

Numerous micro - 
cytes,some normo- 
blasts(38 per cmn) 

Considerable var- 
iation in size, 
with poikilocyt- 
osis. Some normo- 
blasts (157 per 
c.mm.) Granular 
and polychromato- 
philic degener- 
ation to slight 
extent. 

Nearly normal. 
Few microcytes. 



No. 
of 

case 

Age in 
years. 

Sex 
Type 

of dis- 
ease. 

Haemo- 
g lobin . 

Specific 
ravit gravity. 

Erythro- 
e tes. Y 

Leuco- 
ytes . 

Ratio of 
whites 

to reds. 

Colour 
Index. 

Small 
Lympho- 
cytes. 

Poly- 
nuclear 
Neutro- 
phils. 

Large 
Mono- 
nucleare 

I 9.1 

philes. 

28. M. 
Spleen 
palp- 
able. 

29 1.039 4,200,000 10,000 *1/420 ; 0.3 47.6 41.1 1.4 

29. M. n 53 1.053 4,585,000 22,000 1/208 0.5 69.0 27.7 I 5.7 0.3 112 

30. 3 F. n 30 

33 

1.036 

1.038 

2,750,000 

2,600,000 

8,900 

.9, 200 

1/308 

1/282 

0.5 

0.6 

54.4 

57.5 

37.0 

35.2 

6.3 

5.1 

1.5 

1.7 

Average in Mild Cases. 65 1.052 4,697,600 14,800 1/317 0.6 59.9 30.1 7.1 2.1 

Average in Severe Cases. 56 1.050 4,575,900 14,090 1/324 0.5 64.1 28.6 6.6 1.8 

Average in Cases with 
Enlarged Spleen. 41 1.043 3,996,200 12,800 1/314 0.4 56.5 35.0 5.7 1.4 

Average of All Cases. 58 1.050 4,526,100 13,900 1/325 0.6 60.9 30.7 6.7 1.9 

Baso- 
philes. 

`t1 

Morphology of 
Erythrocytes. 

0.4 

0.1 

Moderate variation 
in size. Slight 
poikilocytosis. 
Marked polychro- 
matic changes. 
Some normoblasts. 
(120 per c.mm.) 

Slight variation 
in size,occasion- 
al polychromatic 
changes. 

Marked variation 
0.6 in size & shape. 

Polychromatophilio 
0.3 forms. A few normo - 

blasts(32 per c.mm) 

0.3 

0.6 

0.4 

0.4 

Note:- Myelocytes were present in four cases, 0.4 per cent in cal3e 28, 0.2 per cent in each of the others (26, 29 and 30). 
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The results of the blood examinations are more 

evident perhaps in the tabular statement. I shall 

sum them up briefly, and then proceed to a critical 

discussion of the literature. 

The number of the red corpuscles shows little 

or no departure from the normal standard. The 

haemoglobin is invariably diminished both absolute- 

ly and relatively, and the colour index is low. 

The specific gravity is lowered, but frequently not 

to the same extent as the haemoglobin. In the 

majority of cases a moderate degree of leucocytosis 

is found. which, however, does not seem to bear any 

relation to the clinical type of the case. The 

ratio of white to red corpuscles is correspondingly 

slightly above the normal average (1 to 500). The 

differential counts show a well marked lymphocytosis 

in every instance, and in the great majority of 

cases a lymphocytosis greater than what is considered 

normal in children at that age. There is a corres- 

ponding diminution in the percentage of polynuclear 

neutrophiles, since the percentages of the large 

mononuclears and of the eosinophiles fall well with- 

in the normal limits. A small percentage of baso- 

phile cells ( "mastzellen ") is almost invariably pre- 

sent, and in severe cases a few myelocytes ( not 
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noted in the table) are occasionally found. Lastly, 

variation in the size, shape and staining capacities 

of the red cells is frequently to be seen, and is 

most marked in the severe cases with low haemoglobin 

percentage. Nucleated red corpuscles in small 

numbers occur in the more severe cases, and these 

are mostly normal in size. 

The early reports in literature do not help 

one much on account of their incompleteness. Rehn 

in 1878 (4) made a very cursory examination of the 

blood in rickets and records a diminution in the red, 

and an increase in the white corpuscles. 

Monti in 1894 (5) reported on the blood in a 

number of cases of rickets of which he had made an 

apparently incomplete study. He found all the 

forms of anaemia described by him in his classifica- 

tion in rhachitis, the more severe forms generally 

corresponding with the severe cases. He could 

trace no definite connection between the clinical 

course of the cases and the blood condition. The 

majority of his cases with splenic tumour showed 

leucocytosis, but he hesitates to draw any conclusio 

from this fact in as much as certain cases with larg 

spleens showed no leucocytosis, and others without 

splenic enlargement exhibited a high degree. He 
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concludes that "rickets per se does not cause any 

peculiar anaemia, but that, according to the severity 

of the r1iachitic process and the associated involve- 

ment of the blood- forming organs, very different 

forms and gradations of chronic anaemia may occur." 

Luzet in his thesis (6) makes special reference 

to the blood in cases with splenic enlargement. In 

such cases he thinks all stapes of blood change may 

be found from mild anaemia to leukaemia. In his 

opinion the splenic tumour causes leucocytosis, in- 

creases the anaemia, and makes the prognosis worse. 

Gundobin in 1893 (2) reported negatively on the 

condition of the blood in rickets. He found the 

same grade and type of anaemia in r achitic as in 

other poorly developed infants, and concludes that 

rickets as such causes no peculiar pathological 

change in the leucocytes, and that such changes as 

do occur in the latter are dependent on concurrent 

involvement of the internal organs. 

Weiss reports on six cases in the same journal 

(7). In all cases of severe rickets he found a 

leucocytosis, the main part of which was made up of 

mononuclear cells. Transitional forms were numerous 

and the polynuclear neutrophiles relatively diminish- 

ed. 
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Rotch (8) speaks of two cases the blood examina- 

tions of which were made by Wentworth. One case 

showed splenic enlargement and had congenital 

syphilis, the other suffered from a severe grade of 

rickets. He found a marked diminution in the num- 

ber of red corpuscles, and a relatively greater re- 

duction in the haemoglobin, the colour index being 

0.6. The case with splenic tumour showed a leuco- 

cytosis of 20,000, but no differential count of the 

white cells is given; there was also considerable 

variation in the size and slight variation in the 

shape of the red cells, but no nucleated elements 

were found. The results are apparently inconclu- 

sive. 

Felsenthal in 1893 (9) published an admirable 

resume of his results in the blood examination of 

12 cases of rickets between the ages of nine months 

and two years. Nine of these cases were mild with 

little or no splenic enlargement, the remaining 

three showed signs of severe rickets and had large 

hard spleens. The red corpuscles in these cases 

varied from 3,995,000 to 5,092,000, and he concluded 

that the number of erythrocytes was normal or almost 

normal in rickets, while he could trace no evident 

relation between the number of red corpuscles and 
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the severity of the case. In some cases of severe 

rickets with great weakness of the bones and marked 

splenic enlargement he found over 5 million red 

corpuscles, and in one case of moderate severity and 

no splenic tumour he counted only 4,381,000. He 

was unable to explain the lack of agreement between 

the red cell count and the clinical type of the 

disease. The number of white corpuscles he found 

constantly increased - "twice to five times (:) the 

normal" - and the majority of these were small and 

large mononuclear cells. In all instances the 

haemoglobin was diminished, invariably to a greater 

extent than the red corpuscles, and the oligochro- 

maemia was a marked feature. In severe cases he 

found nucleated red corpuscles, mostly normoblasts, 

never in very large numbers, some showing mitotic 

figures. Variation in the size of the red cells 

was common and occasionally polychromatic changes 

were evident. 

In 1897 Morse (10) published his results based 

on a study of 20 cases. These include nine of mild 

rickets, four of severe rickets and seven with 

splenic enlargement. He agrees with Felsenthal's 

findings as regards the number of the red corpuscles 

and the absolutely and relatively diminished pro- 
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portion of haemoglobin, but questions his statement 

about the constant increase in the leucocytes. Be 

finds a leucocytosis more frequently in cases ex- 

hibiting splenic tumour, and corroborates DMonti's 

conclusions that leucocytosis may or may not be 

present, and that it bears no relation to the sever- 

ity of the case or the degree of splenic enlargement. 

In the differential count his results do not agree 

with those of most observers. He finds an average 

of 44 per cent of small lymphocytes and 46 per cent 

of polynuclear neutrophiles in his twenty cases, and 

concludes that with leucocytosis there may be an 

increase in any or all of the varieties of white 

corpuscles. In the cases where the spleen was en- 

larged he notices an increase in the percentage of 

eosinophile cells. Variations in the size and 

shape of the red corpuscles are noted along with 

the occurrence of nucleated forms, but are not com- 

mented upon. These results lead him to the same 

negative conclusions as Monti obtained - that rickets 

is frequently associated with anaemia of no charac- 

teristic type, that leucocytosis is inconstant, and 

that there is no constant increase in one or other 

form of white corpuscle. 

We find then from the literature that there are 
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only three observers, Monti, Felsenthal and Morse, 

who have made more or less complete examinations of 

the blood in rickets; the others have made cursory 

investigations in too few cases to warrant any con- 

clusions being drawn from them, or have specialised 

along one line of blood examination as Pock, 

Schlesinger and Bernhard (see below). The results 

obtained by Morse differ from those of Felsenthal 

in certain essential points, while the non -committal 

statements of Monti do not help us much in elucidat- 

ing the matter. My results agree fairly closely 

with those of Felsenthal, and in the various steps 

of the blood analysis with those of the majority of 

haematologists. 

The average number of red corpuscles in my 30 

cases (4,526,100 per cubic millimetre) agrees close- 

ly with that found by the majority of observers. 

The reduction in the number of the red cells is 

slight then, but may vary in a general way with the 

severity of the case, c.f. the average of 4,697,600 

per c.mm. in the mild, 4,575,900 in the severe cases, 

and 3,996,200 in cases with splenic tumour (vide 

table). As a general rule the advanced cases with 

splenic enlargement show a greater degree of anaemia 

than do those without involvement of the viscera. 
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Some observers find a considerable reduction in the 

number of erythrocytes. Hock and Schlesinger (11) 

found an average of 2,500,000 in cases with and with- 

out splenic enlargement. Von Jaksch (12) describes 

a case in which the red cells reached 750,000 and 

Luzet (12) one where they fell to 1,590,000. Such 

low counts have frequently been found in cases where 

gastric or intestinal derangement is a prominent 

feature, and where the nutrition has suffered severe- 

ly, e.g. Hayem (12) found only 685,000 red cells per 

c.mm. in an infant of 2 months suffering from chronic 

gastritis. The great reduction in the red corpus- 

cles in von Jaksch's and Luzet's cases is no doubt 

referable to some such complication. It is diffi- 

cult to determine to what extent gastro-intestinal 

disturbance which is practically constant in rickets 

influences the fall in the number of red cells, and 

how much of the anaemia is to be attributed to the 

rhachitic process per se. The frequent discrepancy 

between the clinical type of the disease and the 

severity of the anaemia suggests that there are 

other influences at work besides the evident disease. 

My cases II. and VII. of mild rickets illustrate 

this when compared with cases XIX. and XX. of the 

severe type. In the former we have 55 and 54 per 
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cent, haemoglobin with 5,150,000 and 4,830,000 red 

corpuscles, and in the latter 65 and 69 per cent 

haemoglobin with 4,750,000 and 5,200,000 red cells 

respectively (vide table). One of Morse's cases 

of mild rickets had 5,024,000 red cells per c.mm. 

and only 48 per cent haemoglobin, while in a severe 

case he counted 5,290,000 with 67 per cent and in 

one with splenic tumour 4,724,000 with 77 per cent 

haemoglobin. Felsenthal comments (vide supra) upon 

this in speaking about the number of red cells. 

This discrepancy can I think be attributed to the 

degree of malnutrition which is not always on a par 

with the severity of the rhachitic process. Thus 

it seems that though the anaemia follows in a gener- 

al way the type of the disease its grade is more 

intimately related to the degree of malnutrition 

and gastro -enteric disturbance. 

The absolute and relative reduction of the 

haemoglobin seem to be in agreement with the findings 

of most writers. Warner (13) and Morse (14) have 

found this condition to hold good generally in the 

primary and secondary anaemias of childhood. This 

diminution of the haemoglobin to a greater extent 

than that of the red globules gives us a colour 

index which corresponds to that in chlorosis. My 
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average for 30 cases is 0.6 and is identical with 

Morse's average for 20 cases. Felsenthal's results 

point in the same direction, but as he does not give 

the full details of his work one cannot quote fig- 

ures. Hock and Schlesinger (11 loc. cit.) report 

one case with 60 per cent haemoglobin and 2,300,000 

red cells, giving a colour index of over 1.2. Such 

a case, however, must be regarded as exceptional 

and should not affect the findings in a large number 

of cases. 

Thus the blood of rlliachitic children usually 

shows a simple "chlorotic" anaemia (I employ the 

term reservedly having no intention of misusing the 

word 'chiorosis' which is confined to a type of 

anaemia in adolescent women), but grave secondary 

anaemia may occur in cases where the malnutrition 

is a prominent feature. 

The specific gravity of the blood and its 

fluctuations in disease have been carefully studied 

by Hock, Schlesinger (15), Monti (16) and Schmaltz 

(17). In healthy individuals the specific gravity 

and the haemoglobin run parallel. In children the 

specific gravity bears a direct relation to the body 

weight and the state of nutrition (Monti), and in 

any disturbance of nutrition it seems that the 
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parallelism is disturbed. Thus Monti finds that 

in mild anaemias of children the specific gravity 

is not lowered to the same extent as the haemoglobin, 

and the same holds true, only to a greater degree, 

in the severo secondary anaemias. Hock and 

Schlesinger find that the specific gravity is lower -I' 

ed in rhachitic anaemia disproportionately to the 

reduction in the haemoglobin. Felsenthal and 
the 

Bernhard (18) are inclined to believe thatAfall in 

the specific gravity is proportionate to that in the'' 

haemoglobin. My results agree with the conclusions' 

of Hock and Schlesinger. The majority of my cases 

show a much greater reduction in the haemoglobin 

than in the specific gravity - notably Case XXII. 

where a specific gravity of 1.049, which in health 

is associated with 60 per cent haemoglobin, stands 

opposite a haemoglobin estimate of 45 per cent, and 

Case XXIII. where a specific gravity of 1.053, cor- 

responding in health to 75 per cent haemoglobin, is 

accompanied by 60 per cent haemoglobin only. Com- 

parison of my figures with Schmaltz's table, which 

I append, will illustrate this point in the larger 

number of cases. 

The question of leucocytosie is a vexed one, 

and very difficult to settle. As I have pointed 
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out,a comparatively large degree of leucocytosis may 

be called forth in young children by a slight stim- 

ulus physiological or pathological, and I do not 

think this fact has been sufficiently appreciated 

by observers in the course of their examinations. 

In this respect I have been careful in every case by 

so timing my examination to obviate physiological 

variations in the blood, and further, by carefully 

excluding as far as possible pathological causes of 

variation I have succeeded in securing a typical 

blood -picture of pure rickets. The averages in the 

white corpuscle count of my cases point to a slight 

degree of leucocytosis in the disease. My averages 

are lower than those of most observers, and this is 

perhaps due to the great care that has been taken 

to eliminate disturbing influences. According to 

Cabot (1. loc. cit.) the counts range from 15,000 

to 40,000. Felsenthal finds a constant leucocytosia 

- in one case amounting to 30,000. Monti and Morse 

agree that leucocytosis may or may not be present, 

and I can endorse their finding. In the severe 

cases most writers note a higher degree of leuco- 

cytosis, and many are inclined to connect a marked 

leucocytosis with the more severe type of the dis- 

ease where splenic tumour exists. Limbeck (19) 
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refers the excess of leucocytes principally to the 

co- existent gastro- enteritis which is often present. 

If this were the case one would expect the white 

cell count to vary directly with the degree of 

anaemia present which is proportional to the amount 

of gastro -intestinal disturbance. This view is not 

supported by the figures I have obtained, since the 

majority of my cases with severe anaemia show no 

leucocytosis, and marked leucocytosis appears in many 

cases with only a slight degree of anaemia. Luzet 

(19) connects the excess of leucocytes with the 

hyperplasia of the spleen, but Fox and Ball (20) in 

an examination of over 60 cases of rickets with 

splenic enlargement find only slight leucocytosis 

on examination of the blood. The frequent absence 

of leucocytosis in cases with enlarged spleen as 

also its common absence in well- marked cases of 

"splenic anaemia of infants" negatives this conclu- 

sion. Ewing (21) suggests that the hyperaemia of 

the bone marrow may tend to discharge an unusual 

number of white cells into the circulation, a pos- 

sibility which, he thinks, is favoured by the pres- 

ence of erythroblasts and myelocytes. In this case 

the leucocytosis should roughly follow the grade of 

severity of the rhachitic process, for the marrow 
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changes and the presence of abnormal cells in the 

peripheral blood stream are only associated with 

the more severe cases, and this conclusion I do not 

find supported by the results of my blood estima- 

tions. Bearing in mind the instability of the 

blood in infants I think it is impossible to say 

more than that a slight degree of leucocytosis occur 

in the majority of cases, that this may reach but 

never exceed 30,000 per c.mm. in uncomplicated 

rickets, and that it is doubtful whether the extent 

of the leucocytosis corresponds to the clinical type 

of the disease, or to the grade of the anaemia pre- 

sent. 

Coming now to the differential count of the 

white corpuscles one is immediately struck by the 

uniformly high percentage of lymphocytes in the 

cases tabulated above. Several cases show that the 

normal physiological limits have been exceeded, and 

others with lower percentages are still to be re- 

garded as pathological on account of the increased 

white cell total. For example, cases IV. and V., 

although showing small lymphocytes to the number of 

56 and 55 per cent respectively, have nevertheless 

a degree of lymphocytosis on account of the total 

leucocyte counts of 17,500 and 17,000 per c.mm. 
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Such a lymphocytosis is a common feature of blood 

disturbances in childhood; it frequently has the 

same significance in the infantile blood that a high 

percentage of polynuclear neutrophiles has in the 

blood of adults. Ewing (19. loc. cit.) discussing 

the variations in the proportions of lymphocytes at 

different periods of life writes thus: "Anything 

which interferes with the natural development of 

the infant retards the progress of the change in the 

proportion of the lymphocytes which is found to be 

relatively high in anaemic or poorly developed chil- 

dren. Sometimes the development of lymphatic 

tissue reaches an excessive grade, and a condition 

known as the 'constitutio lymphatica' is established, 

marked by a lymphocytosis, with simple hyperplasia 

of many lymph nodes and of the red marrow, by 

rhachitis, and by many other developmental anomalies," 

He also quotes Rieder, Monti, Berggrun who have 

found a constant well marked increase in the number 

and proportion of lymphocytes in the blood of 

rickets, and this fact he refers to the lymphoid 

hyperplasia and the hyperaemia of the bone marrow 

in this disease. Bushnell (22) correlates the 

lymphocyte to anaemias "(1.) in the action and re- 

action of the highly active blood tissues. (2.) in 
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alterations in the nutrition and metabolism of the 

body, (3.) in most cases due to injurious influ- 

ences, as defective diet, infection etc." The 

results of Weiss and Felsenthal corroborate the 

fact of the lymphocytosis in rickets, but Morse's 

findings point to an equal distribution of the lym- 

phocytes and polynuclear neutrophiles. The latter 

assigns an average of 45 per cent to each of these 

types, but his results stand in such marked opposi- 

tion to those of every other observer that one is 

inclined to doubt the accuracy of his census. My 

average of 60.9 per cent lymphocytes to 30.7 per 

cent polynuclears agrees closely with that of most 

observers, and the 79 per cent of lymphocytes in 

case XV. is not so exceptional since Rieder (23) has 

recorded a case with 75 young cells in every 100 

leucocytes, the child being four years old. 

The proportion of polynuclear neutrophile leu- 

cocytes suffers a reduction on account of the rela- 

tive increase in the lymphocytes since the other 

white cells remain within normal limits. The aver- 

age of 30 per cent I have obtained corresponds to 

the results of others - Morse alone excepted, who 

found 45 per cent polynuclears as an average in 20 

cases. That this reduction is not an absolute one, 
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and therefore not pathological, is proved by the 

fact that when the total leucocyte count is normal 

or below normal the percentage of polynuclear neutro- 

philes is still well within the normal bounds. 

The number of large mononuclear and "transi- 

tional" cells appears to be about normal. My counts 

show very little variation above or below the aver- 

age 6.7 per cent, and no case exceeding Gundobin's 

limit of 14 per cent. Amongst Morse's cases there 

are four showing 14 per cent and over, but on ac- 

count of the greater variation in his counts his 

average for 20 cases is identical with mine. Weiss 

notes an increase in the transitional forms. .I 

have found this in one or two cases (e.g. Case XXIII.) 

but cannot state it as a rule in rhachitic blood. 

Felsenthal records in one case the presence of a few 

exceptionally large mononuclear cells showing a 

large nucleus and only a small ring of protoplasm. 

His language is vague and leaves one in doubt whether 

the cells he describes are giant cells from the 

marrow or merely rather large mononuclear leucocytes. 

In a few of my cases I have found mononuclear cells 

( "hyaline cells ") of somewhat larger size than the 

average, and in others I have been struck by the 

polymorphism of the mononuclear elements (i.e. 
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showing a great variation in size between the small 

lymphocyte and the large "hyaline" mononuclear), 

but these facts seem to me not worth more than pass- 

ing mention. 

In the matter of the percentage of eosinophile 

cells there is some slight difference of opinion. 

Morse finds an average of 3 per cent in his cases; 

Weiss found 16 per cent in one subject, while Hock 

and Schlesinger report 20 per cent in another. 

Rieder (23) in four cases and Cabot in three cases 

found no eosinophilia. My own average of 1.9 per 

cent fairly represents the proportion. Granting 

the fact that eosinophiles are relatively numerous 

in infancy I certainly think that cases such as 

those mentioned by Weiss, Hock and Schlesinger show 

an eosinophilia very probably due to intestinal 

parasites rather than one characteristic of rhachitic 

blood. My own case III. with 9 per cent eosino- 

philes I am inclined to discount for a similar reason. 

Regarding the occurrence of basophile leuco- 

cytes or "mastzellen ", I have found very little re- 

ference in the literature. Felsenthal casually 

mentions finding "a few" in one differential count, 

but no other writer speaks of thèm in connection 

with rickets. The percentage appears to vary little 
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from the normal, and I have found these cells con- 

stantly present in all but one case (No.XV.). They 

appear to have no conclusive significance in the 

blood we are studying. 

In four cases (XXVI., XXVIII., XXIX. and XXX.) 

I have found a small percentage of myelocytes (0.4 

per cent in case XXVIII. and 0.2 per cent in each 

of the others). These cases all show marked 

anaemia and severe rickets, and no doubt the occur- 

rence of these abnormal cells in the peripheral 

blood is due to the great blood poverty and perhaps 

to the marrow hyperaemia. Small proportions of 

these cells are common, however, in extreme anaemia 

of adults (Hayem, Krebs (24)), and since blood 

changes in infancy are more rapid and more easily 

provoked their occurrence under these conditions is 

not to be regarded as exceptional. 

The morphology of the red corpuscles shows a 

wide range of variation from the normal. In the 

majority of cases the red cells were undersized 

(microcytes); macrocytes were occasionally, but 

rarely, found. Poikilocytosis occurred more read- 

ily in the severe cases with marked anaemia, and it 

seemed to correspond in degree with the grade of the 

anaemia. Polychromatophilïa of the red cells was 
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noted in a number of cases, all exhibiting a marked 

degree of anaemia, and in one case (No.XXVI.) 

punctate basophilic or 'granular' degeneration was 

seen, more especially in the nucleated forms. 

These findings correspond broadly to those of Morse, 

who, however, makes no mention of polychromasia, but 

Felsenthal notes the polychromatophilia of Ehrlich 

in two cases of severe rickets with marked anaemia. 

Lastly, the occurrence of nucleated red 

corpuscles in certain cases completes the blood 

picture. These also appear only in cases showing 

marked or severe anaemia. The normoblast is the 

prevailing form: Morse notes the occurrence of 

megaloblasts in one case only - severe rickets with 

high grade of anaemia - and Felsenthal has observed 

numerous megaloblasts in one case with splenic 

tumour and 40 per cent haemoglobin. The more severe 

the anaemia then, the more marked it seems are the 

changes in the red cells. The appearance of 

erythroblasts in the blood of young children is no 

uncommon thing in blood disturbances. Nucleated 

forms are common in all severe secondary anaemias 

of infancy, and they have the same significance as 

the myelocytes when they occur in the peripheral. 

blood. In this instance their appearance may be 
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regarded as due to the marrow change or as a result 

of long- continued severe anaemia. 

The consideration of the profound degree of 

blood -disturbance involving the appearance of ab- 

normal cells in the peripheral circulation and assoc- 

iated more especially with splenic tumour naturally 

leads us to inquire into the relation of the so- 

called "Anaemia Infantum Pseudoleukaemica" of von 

Jaksch to rickets. As a preliminary let us first 

consider the part that the enlarged spleen plays in 

rickets and its relation to the blood condition. 

The frequency of splenic enlargement in rickets 

has been variously estimated. Fox and Ball (20) 

out of several hundred cases of rickets found an en- 

larged spleen in 25 per cent, and in 63 cases examin- 

ed with splenic tumour rickets could only be posi- 

tively excluded in one. Kuttner (25) and von 

Starck (26) call attention to the ease with which 

splenic enlargement takes place in children under 

pathological conditions. The former found a splen- 

ic tumour in 73 per cent of his cases of rickets, 

the latter in 68 per cent. The largest spleens, 

von Starck says, were found in cases of severe anae- 

mia and rickets which have been designated as anae- 

mia infantum pseudkleukaemica. He confirms his 
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results by referring to a number of autopsies made 

in such cases, but concludes that splenic enlarge- 

ment is common in children apart from rickets. This 

statement probably accounts largely for the great 

differences in the various estimates. The most 

potent cause of splenic enlargement in children 

apart from malaria is malnutrition secondary to 

gastro -enteric disturbance. This alimentary dis- 

order is frequently associated with chronic tuber- 

culosis, congenital syphilis, and rickets (Epstein 

(27)). Now impoverishment of the blood is special- 

ly noticeable after gastro -intestinal disorder, as 

I have already pointed out. If then we are to re- 

gard the malnutrition as a potent cause of splenic 

tumour, we can naturally expect also a considerable 

degree of anaemia in these cases, a conclusion which 

is confirmed by the results of the blood examina- 

tions. 

The controversy which for many years raged rounc 

the classification of the various splenic anaemias 

of children may be considered closed, and most auth= 

orities now regard as identical the group of symp- 

toms and blood changes variously described by the 

Italians Cadarelli, Fédé, Somma (28) as "anaemia 

splenica infettiva dei bambini ", by Bruhl (29) as 
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" splenomegalie primitive ", and by von Jaksch (30) 

as "anaemia infantum pseudoleukaemica ". The most 

recent writers, objecting to von Jaksch's cumbrous 

and misleading name, and taking exception to the 

infectious origin ascribed to the malady by the 

Italian writers, call it simply the "splenic anaemia 

of infants ". The symptomatology of the disease is 

briefly as follows:- a gradual onset, nutrition 

invariably poor - frequently emaciation -, skin of 

a waxy or yellowish ( "blassgelb ") tint, constant 

enlargement of the spleen, with or without moderate 

enlargement of the liver. The blood shows a con- 

stant diminution in the number of red corpuscles, a 

variable reduction in the haemoglobin percentage, 

while leucocytosis may or may not be present. The 

characteristic change in the blood, as pointed out 

by Hayem (31) Luzet (6) Felsenthal (9 loc. cit.) 

Hock and Schlesinger, and more recently emphasised 

by Fowler and Melland (32. 33) is the occurrence of 

a large number of nucleated red corpuscles, many of 

them showing mitotic figures. Klein (34), Fowler 

and Melland note the occurrence of myelocytes in 

small numbers, the last observer regarding this as 

a constant factor. 



65. 

Opinion seems still to be divided on the point 

whether this splenic anaemia of infants is a primary 

disease or merely a form of severe secondary anaemia 

following rickets, syphilis, or gastro -intestinal 

disease. The American observers Wentworth (35), 

Cabot, Rotch,and Stengel (36), and in Germany 

Fischl (37) strongly maintain the latter view, while 

the original observers, and more recently Melland 

and Fowler, believe it to be a primary disease and 

constitute it a separate clinical entity. The 

close connection between rickets, syphilis, chronic 

gastro- enteritis and this splenic anaemia as empha- 

sized by Fischi and Epstein seems to be the origin 

of this division. From a careful study of all re- 

ported cases it seems that rickets is a very frequent 

accompaniment, and alimentary disturbance a constant 

association in this disease. Out of 92 cases re- 

ported in literature by 18 observers I find the 

rhachitic factor mentioned in 79 cases or 86 per 

cent, and malnutrition noted in nearly all the cases. 

Now the essential difference between the blood in 

rickets and that in splenic anaemia of infants lies 

in these facts - that in the latter process we find 

constantly a small percentage of myelocytes, reach- 

ing occasionally 10 per cent (vide case of Fowler's) 
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and always a moderate or large number of erythro- 

blasts, many of these being megaloblasts, and mitotic 

changes being very commonly present; while in 

rhachitic anaemia with associated splenic tumour 

myelocytes are only occasionally found in small 

numbers (0.2 to 0.6 per cent), and nucleated red 

cells are inconstantly present, rarely exhibit mi- 

tosis, while megaloblasts seldom occur. Thus it 

seems that the most severe cases of rickets may 

show less pronounced degenerative blood changes than 

are found in less severe cases of splenic anaemia 

(vide Melland). Further, the.prognosis in splenic 

anaemia is bad, a large percentage of cases succumb 

to pulmonary complications (bronchitis and broncho- 

pneumonia), while in pure rickets with splenic in- 

volvement complete recovery is practically the rule. 

These differences, along with other minor points in 

the symptomatology, seem to me to separate splenic 

anaemia of infants from the anaemia associated with 

severe rickets, but I think that the common factor 

of a deranged intestinal metabolism is the primary 

cause of each of these anaemias. This conclusion 

is hinted at in the writings of several observers. 

Thus Rotch, "We know that in infants the same blood 

changes as in splenic anaemia often occur in connec- 

tion with an enlarged spleen in the course of, or 
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following any disease of nutrition. We are there- 

fore in the position of attempting to make a diag- 

nosis between two conditions which are practically 

the same." Fowler regarde rickets as the most im- 

portant predisposing factor, and notes that where 

more than one member of a family was affected rickets 

was also present. "Perhaps," he says, "one may 

gain a hint as to the etiology from the fact that in 

bad cases there is always wasting, and that in 

rickets splenic enlargement and anaemia seem un- 

common if the nutrition is not interfered with." 

Felsenthal remarks that in his opinion there appears 

to exist a close connection between anaemia splenica 

and rickets and the "pseudoleukaemic process" can 

easily develop in rhachitic soil. Lastly, Fisch1 

speaking of von Jaksch's anaemia concludes, "The 

diverse etiology is not so hard to understand if we 

regard the manifestations as a result of severe 

general disturbances." Thus it seems that, though 

splenic anaemia of infants cannot properly be clas- 

sified amongst the primary anaemias, yet, presenting 

as it does a constant clinical picture and definite 

blood changes, it may rightly claim for itself a 

distinctive title. Its etiology though still obs- 

cure in the absence of any characteristic patholog- 

ical changes (as found post -mortem) includes as a 
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constant factor that cachexia from which rickets so 

frequently springs, and I think we may, so far as 

our present knowledge goes, with perfect justice re- 

gard the deranged alimentary metabolism as the prime 

cause of the disease. 

Conclusions:- 

Most cases of rickets show anaemia. This 

anaemia may be of any form and of any grade of sever- 

ity. It follows in a general way the severity of 

the rhachitic process, but is more intimately related 

to the degree of malnutrition and gastro -intestinal 

disturbance. The common form of anaemia is that in 

which the red cells suffer a slight diminution in 

number, while the haemoglobin undergoes a relatively 

greater reduction so that the colour index averages 

0.5 to 0.7. The specific gravity is lowered but 

not to the same extent as the haemoglobin. Leuco- 

cytosis may or may not be present, and it does not 

seem to be associated in any way with the clinical 

type of the case. The white corpuscles show a con- 

stant increase of lymphocytes, and a relative re- 

duction in the polynuclear neutrophiles, the other 

varieties remaining within normal limits. Abnormal 
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cells and degenerative corpuscle changes are evident 

in the severer grades of anaemia. 

The splenic enlargement follows the degree of 

malnutrition which also leads to the anaemia, hence 

the frequent association of a severe grade of 

anaemia with splenic tumour. 

The 'splenic anaemia of infants' may develop, 

and frequently does in common with rickets in a soil 

prepared by defective assimilation the result of 

deranged alimentary functions. Although it is 

closely associated with rickets the blood constantly 

shows the presence of abnormal cells - erythroblasts 

in moderately large numbers, and a small percentage 

of myelocytes (1 -10 per cent). Though the border 

line between the anaemia of severe rickets and splen- 

ic anaemia is hard to fix, yet, if the symptomatology 

be taken into consideration along with the definite 

and constant blood changes above referred to, there 

need be no difficulty in separating the two condi- 

tions, and assigning to the latter a place as a 

definite clinical entity. 
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Schmaltz's Table: Relation of Haemoglobin to 

Specific Gravity. 

Specific 
Gravity. 

Haemo- 
globin. 

Specific 
Gravity. 

Haemo- 
globin. 

1.030.. .. 20 per cent ± 1.049.. _. 60 per cent 
1.035._ . 

30 " " 1.051.. -. 65 " 

1 .038 .. .. 35 " " 1.052.. _ . 70 " 

40 1.0535. -. 75 " " 

1.0425. .. 45 " 1.056 - . .. 80 " " 

1.0455. .. 50 " 1.0575. - - 90 " 

1.048 . -- 55 " " 1.059.. -.100 " 
It 
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