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Since slight grades of anaemia in infancy increase the susceptibility to
infection', it is desirable that clinicians should be able to recognize these
minor deviations from the normal haemoglobin level, and consequently a
standard for normal physiological percentages is of obvious value. For this
reason the author published in 1931 a suggested ' normal hawmoglobin curve
for the first year of life " giving haemoglobin percentages for the blood of
infants for each month of age up to 12 months. It was then pointed out that
the figures would require modification should evidence be forthcoming, for
example, that our technique gave values that were too low. Such evidence
is now available, hence a revised curve is shown in this paper. The original
curve contained no values for the first two weeks of life when, as is well
known, the normal hawmoglobin percentage of infants is dropping rapidly,
and figures for the 1st and 8th day of life are now added. The ' average
haemoglobin values,' similarly revised, based on large numbers of breast-fed
and artificially fed London babies, are shown on the same chart for purposes
of comparison.

The Price-Jones-Haldane heemoglobinometer standard.-The haemoglobin
estimations on which the figures are based were made throughout with a
Haldane haemoglobinometer, which is widely used in this country. The
accuracy of this colorimetric method with a properly standardized Haldane
tube was shown by Price-Jones2 in 1931, as follows:-The haemoglobin
content of the blood of 20 men was simultaneously determined by the
following three independent investigators: (1) by Dr. Price-Jones using one
of the original Haldane haemoglobinometer tubes prepared about 30 years
ago; (2) by Dr. G. P. Wright by the ferricyanide method; and (3) by
Professor D. B. Hill using the Van Slyke method. Translated into terms of
oxygen capacity in cubic centimetres per 100 c.cm. of blood, the average
values obtained by the three methods were as follows : -Van Slyke's method,
20 67 c.cm.; ferricyanide method, 20 20 c.cm.; Haldane's haemoglobinometer
method, 20-8 c.cm.; or in terms of the clinical standard the haemoglobin
percentages were: 111 8, 109 2 and 112 25 per cent. respectively. It will be
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222 ARCHIVES OF DISEASE IN CHILDHOOD

seen that the average values obtained with the hemoglobinometer and by the
Van Slyke method differed by less than 0 5 per cent. The haemoglobinometer
estimation was made from capillary blood, and the chemical estimation from
blood from a vein.

Price-Jones has himself recently prepared a standard solution of blood
for use in what may be called the Price-Jones-Haldane standard, and this
he finds accurately matches the original Haldane standard of 32 years ago
(personal communication). Unfortunately, however, during the intervening
period there have been numerous standard tubes on the market which have
differed considerably from the original, although, like the original, 100 per
cent. on the tube was said to correspond with an oxygen capacity of
18 5 c.cm. per 100 c.cm. of blood. The whole of the author's work on
' nutritional anaemia in infancy,' published in 1931, was based on one of
these standard tubes which was of a darker tint than the Price-Jones-Haldane
standard (see Table 1). Since Price-Jones' standard has been so thoroughly

TABLE 1.
COMPARISON OF H2EMOGLOBIN VALUES OBTAINED WITH HA3MOGLOBINOMETER PREVIOUSLY

USED AND WITH PRICE-JONES-HALDANFR STANDARD TUBE.

Author's blood

Infants under 24
hours old

Infants on 8th
day of life

Standard tube
previously used by

author

Hb. %

91-6

1356

121-7

No. of
estimations

24

37*

33*

Price-Jones-Haldane
standard tuibe

Hb. %

982

1458

1308

No. of
estimations

24

29*

23*

Difference per
100% on author's
previous standare

+ 7-2%

+ 7-5%

+ 7-5%

* In comparing the two methods in infants of the same age, different sets of
cases were used.

checked, it is to be hoped that all new standard tubes put on the market
will conform to his. That the colour matching can be done with considerable
accuracy is shown in the figures mentioned above, as well as in the last
column of Table 1 showing three sets of comparative haemoglobin estimations
using the darker standard tube and the Price-Jones-Haldane standard tube
respectively. The average values of the readings obtained by the two
methods differed in one set of estimations by 7-2 and in the other two by
7 5 per cent. Nevertheless, in the author's experience, two estimations made
from two pricks in the same individual (e.g., from two fingers), on the same
occasion may differ by as much as 5 per cent., though usually by not more
than I to 3 per cent. In dealing with babies it should also be remembered
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REVISED HiEMOGLOBIN LEVEL 223

that the values obtained from a prick in the heel differ from those obtained
from a prick in the ear'. The estimations upon which the curves in this
paper are based were obtained from a prick in the heel.

Proposed standard haemoglobin curve.-Graph I and Table 2 show
(a) the proposed standard normal hsemoglobin curve for the first year of life;
and (b) the average values obtained for breast-fed and bottle-fed babies
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artifLctalls fed

12C

JIG

ZI-I

a.
90

70

I 2 3 4 5 6 7 8 9 10 it 02 13(.
AGE IN MONTHS

GRAPH I.-The 'nornial ' and the ' average'
haemoglobin levels during the first year of
life, in terms of the Price-Jones-Haldane
standard.

respectively; all figures being revised to conform to the Price-Jones-Haldane
standard. To do this 7 per cent. was added to each figure previously
obtained; thus to 70 per cent. there would be added 4-9 per cent., and to
120 per cent. there would be added 8 4 per cent., and so on.
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224 ARCHIVES OF DISEASE IN CHILDHOOD

The technique for obtaining and estimating the blood, as well as the
data on which our previous curves were based, were described and discussed
in 1931.

The new figures added are for babies under 24 hours old, and on the 8th
day of life. These were obtained from healthy babies born in the Mothers'
Hospital, London. These babies varied in birth weight between 5- and 93 lb.
The figures given for the 'average ' haemoglobin level in breast-fed babies at
birth and on the 8th day of life include babies weighing 5 lb. odd at birth.
The figures given for the 'normal' at these ages is for babies weighing 6 lb.
and upwards at birth. 5-lb. babies show haemoglobin levels considerably
above the average, hence the normal birth value is about 3 per cent. less
than the average birth value.

TABLE 2.
'NORMAL AND AVERAGE H2EMOGLOBIN VALUES IN TERMS OF THE

PRICE-JONES-HALDANE STANDARD.

'Average' haemo globin values
' Normal'

Age h£emoglobin Breast fed Bottle fed
values Hlb. %, No of cases Hb. % No of cases

Under 24 hours 143 per cent. 145-7 62
8th day ... ... 130 ,, 1314 55

I1 months ... 106 ,, 1056 84
1- 2 ,, ... 88 ,, 83-5 120 80 0 42
2- 3 ... 74 73-1 123 69 4 99
3- 4 77 ,, 74-4 103 71 0 111
4- ,, ... 81 ,, 78-2 92 74-3 114
5- 6 ,, ... 86 ,, 782 86 75-8 116
6- 7 . .. S6 ,, 77-8 67 745 113
7-- 8 ., ... 86 ,, 76-4 61 73-5 115
8- 9 ,, ... 86 ,, 73.9 65 73-2 100
9-10 ,, ... 86 ,, 74.6 60 72 2 85
10-11 ,, ... 86 ,, 728 59 70 7 74
11-12 ,, ... 86 ,, 73-1 55 70-1 66
12-13 ,, ... 86 ,, 73-9 47 69 1 58
13-14 ,, ... 86 ,, 76-4 37 704 .35

The figures given for normal values after the first week of life were
obtained as follows: the values at 1-1 month, 1-2 months and 2-3 months
were averages for groups of breast-fed babies living in their own homes;
those for 3-4 months of age and upwards were based on ha~moglobin values
obtained with iron treatment, because it was assumed that these values more
truly represented the optimum or normal than the lower values obtained at
this age from babies without iron treatment.

Summary.
Figures are given for a proposed standard normal haemoglobin -curve

for the first year of life. These are based for the most part on work already
published by the author, but have been recalculated to conform with readings

 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.8.45.221 on 1 June 1933. D

ow
nloaded from

 

http://adc.bmj.com/


REVISED HAEMOGLOBIN LEVEL 225

obtained by the Price-Jones-Haldane haemoglobinometer standard tube.
New figures are given for babies under 24 hours old and for the eighth day
of life (Table 2 and Graph I).

A set of figures have also been given in Table 2 showing: (1) the average
hawmoglobin values for breast-fed babies; and (2) the average haemoglobii
values for artificially-fed babies.

The work on which this paper is based was undertaken with the help of
a personal grant from the Medical Research Council, to whom the author
offers her sincere thanks. Her thanks are also due to the resident medical
staff and nursing staff of the Mothers' Hospital for their assistance in the
investigation of the haemoglobin level in new-born babies.
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