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The concentration of hemoglobin in the blood of
normal infants falls progressively during the first
4 to 6 weeks following birth. The decline results
primarily from reduced hematopoiesis, though iron
is present for the manufacture of hemoglobin and
replacement of erythrocytes. The slow rise in
hemoglobin concentration which occurs during the
remainder of infancy may be affected by several
factors, including the rapidity of body growth, the
amount and absorption of dietary iron, and the
amount and conservation of iron which was ob-
tained transplacentally (1). An opportunity to
measure the persistence and utilization of trans-
placental iron during infancy arose as a by-product
of investigations of maternal red cell volume and
hematocrit recently published from this hospital
(2, 3).

MATERIAL ANDMETHODS

In the original studies (2, 3), radioactive iron (Fe)
prepared in the Massachusetts Institute of Technology
cyclotron was administered as donor red cells to 11
women on four to seven occasions during pregnancy.
From these 11 pregnancies and from five subsequent
ones of four of the women, a total of 16 infants were
available for study. The mothers and their infants were
similar in diet, hygiene and general health to the random
population of any obstetrical hospital or well-baby clinic
in this area. Figure 1 shows the hemoglobin concen-
trations of the entire group of infants in comparison
with controls from such clinics.

1 Some of these data were reported at the Annual Meet-
ing, American Pediatric Society, French Lick, Indiana,
May 6, 1950.

2 Supported in part by research grants from the Com-
mittee on Growth, American Cancer Society, to the De-
partment of Pediatrics, Harvard Medical School, and
from the National Institutes of Health to Harvard Medi-
cal School and the Massachusetts Institute of Technology;
also by the joint program of the Office of Naval Research
and the U. S. Atomic Energy Commission (H.M.S. and
M.I.T.)

The total activity of Fe' administered as tagged eryth-
rocytes to each pregnant woman ranged from approxi-
mately 2 to 12 microcuries, equivalent to an initial dose
rate of 0.1 to 1.0 millirad 3 per day in the mother's blood
stream. The amount of radiation received by these in-
fants was calculated according to the procedure de-
scribed by Peacock, Evans, Irvine, Good, Kip, Weiss, and
Gibson (5) on the basis of the experimentally measured
radioactivity of the circulating hemoglobin iron. The
cumulative radiation dose to the blood of the infants
for calculation periods averaging 397 days (range 115
to 580) was an average of 131 millirads (range 30 to
354). The biological significance of these radiation levels
is revealed by comparison with the cumulative dose to
the blood stream received by the infants as a result of
cosmic rays, terrestrial gamma rays and naturally oc-
curring K° in the red cells, during the same observa-
tion periods. The total dose rate from these sources is
about 0.5 millirad per day, and resulted in cumulative
doses averaging 202 millirads (range 60 to 282). Thus
the total radiation resulting from Fe' was, on the average,
less than that due to natural sources.

The first transfusion given in any pregnancy was at
230 days antepartum; the last was usually given within
10 days before delivery. The total of 400 to 700 ml.
whole blood, transfused in units of 100 ml. over a period
of four to seven months, was considered insufficient to
distort the normal hematology of pregnancy. Seven to
15 ml. of maternal venous blood and cord blood were ob-
tained at delivery, and similar amounts of the infants'
venous blood obtained at varying ages thereafter. After
heparinization, aliquots of each sample were used for
R.B.C., W.B.C. and Hgb. determinations, total iron
analyses and Fe' measurements. All procedures fol-
lowed standard practices. The Fe and Fe" measure-
ments were carried out by the methods described by
Peacock, Evans, Irvine, Good, Kip, Weiss, and Gibson
(5).

RESULTS

By the breakdown of the donor cells transfused
during pregnancy, radioactive iron was released

3 The newly recommended, but still unofficial, unit of
energy absorption is the rad = 100 ergs per gm. One rad
= 1.20 rep. = 1.07 rep".
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FIG. 1. HEMOGLOBINCONCENTRATIONSOF INFANTS STUDIED COMPAREDTO CONTROLSOF SIMILAR AGE
Controls consist of a group of normal infants, represented by X's (39 measurements on 33 infants), whose hemo-

globins were measured concurrently with those of the infants whose blood contained Fe"6. Line represents course
of average normals from Diamond, Smith, and Vaughan (4).

into the general pool supplying the mother and
fetus. Therefore, the blood of each infant at birth
contained a measurable ratio of radioactive iron
to packed red cells, from which the ratio of radio-
active iron to hemoglobin and to hemoglobin iron
was calculated. The latter ratio, referred to as
specific activity, has been normalized to equal 100
per cent for each infant's cord blood sample. Post-
natal changes in the specific activities are shown in
Table I (Col. 10) and Figure 2. If each infant's
hemoglobin had continued to be manufactured en-
tirely from iron obtained transplacentally, all
lines of the figure would have been horizontal at
the 100 per cent level. The degree of downward
trend with time is a measure of post-natally ac-
quired iron used in blood formation. Thus, a
specific activity of 75 per cent would indicate uti-
lization of dietary iron for 100-75 = 25 per cent
of the infant's total circulating hemoglobin.4

4 Since the specific activity of only the circulating he-
moglobin was determined and since several pools or com-
partments are involved in the dynamics of iron metabo-
lism, constancy of circulating hemoglobin iron specific
activity could have an alternate explanation. The al-
ternative explanation would rest upon the assumption

The slight rise shown by the specific activities
of blood samples obtained from several infants
shortly after birth is presumably related to the
timing of maternal iron administration. Since
several transfusions of donor cells were given
during the 11 pregnancies in which maternal he-
matology was under study, fetal hematopoiesis
utilized iron with an increasing component of Fel5

that the fetus and infant had a compartment of stored
iron with specific activity much higher than that of the
circulating hemoglobin. Were this the case, dietary
iron might replace original hemoglobin iron in the blood
and the specific activity still be maintained constant by
additional incorporation into hemoglobin of small, es-
sentially negligible, amounts of iron from this special
store. The fetuses, however, were supplied with iron
which constantly contained Fe. In 11 instances, Fe"
-was continuously present in the maternal blood during
the latter two-thirds of gestation, although in slowly in-
creasing amounts. In the other 5, Fe" was present in
the maternal blood in a constant amount throughout the
entire gestation period. In either case it would be ex-
pected that the specific activities of all the iron com-
partments in the body of any infant would be very nearly
equal to each other at birth. The above assumption,
then, would be unlikely and the alternative explanation
improbable.
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TABLE I

(1) (2)
Infant Gesta.

and age.
Specimen Sex,
number etc.

5GB-A -36 wks.
B
C
D
E
F
G
H
I
J

(10)t
"Normal- (11)1

(9)* ized" Blood
(3) (4) (5) (6) (7) (8) Cpm/ml. specific vol.

Age Wt. Length Hgb. R.B.C. Hct. packed activity (ml.)
(days) (Kg.) (cm.) (Gm. %) (X106) (%) R.B.C. (%) (calc.)

Birth 2.53 49 2011 6.2 54.3 185 100 208
7 2.44 49 19.8 5.5 50.0 179 90 192

65 5.45 55 10.7 3.3 31.7 143 84 374
209 7.29 62 12.3 3.9 41.4 71 47 498
309 8.37 67 12.5 6.0 38.3 82 50 575
355 8.4 69 12.5 5.9 37.5 - - 589
616 9.7 77 11.2 4.2 35.7 62 39 701
712 10.0 79 12.9 4.4 36.8 52 30 730
884 11.1 83 13.2 4.8 39.7 37 22 806
973 11.7 84 13.2 4.1 38.0 31.4 18 833

(12) (13) (14)§
Circulating Hgb.

(gm.-calc.)

From From
transpl. dietary

Total Fe Fe

41.6 41.6 0
38.0 34.2 3.8
40.0 33.6 6.4
61.3 28.8 32.5
71.9 36.0 35.9
73.6 -
78.5 30.6 47.9
94.2 28.3 65.9

106.4 23.4 83.0
110.0 19.8 90.2

5GB2-A -38 wks. Birth 2.95 47 15.0
B Sister of 2 2.72 47 16.9
C SGB 9 2.89 47 13.2
D 9 104 5.56 58 12.5
E 193 6.9 60 11.5

6GB-A -38 wks. Birth 3.8 56 2011
C 6 12 3.77 56 19.3
D 75 6.81 62 10.3
E 245 10.5 74 12.0
F 392 12.1 79 13.5
G 644 14.2 88 12.9
H 719 14.5 91 13.4
I 959 16.0 95 12.5

6GB2-A -40 wks. Birth 3.70 56 18.2
B Brother 6 3.38 56 18.5
C of 6GB 57 4.99 58 11.7
D ci 112 6.71 63 12.7
E 490 12.3 76 11.5

7GB-A -41 wks. Birth 3.24 50 14.6
B 9 2 2.95 50 14.3
C 6 3.12 50 14.5
D 25 3.52 54 13.0
E 213 7.16 66 12.0
F 374 8.6 74 11.7
G 612 10.6 80 12.3
H 793 11.4 87 12.5

8GB-A 38 wks. Birth 3.34 52 16.511
B 9 7 3.04 52 17.1
C 36 4.4 57
E 265 8.8 74 13.4
F 367 9.5 78 13.5
G 650 11.9 87 13.1
H 825 13.4 93 14.4

9GB-A -40 wks. Birth 3.02 50 1911
B 9 2 2.67 50 18.8
C 6 2.87 50 16.7
D 197 8.2 66 12.0
E 366 10.2 74 12.5
F 623 11.8 80 11.8
G 744 13.0 85 12.3

4.4 46.0
4.3 46.5
3.5 39.6
4.3 37.2
4.2 33.4

65.7
5.0 64.0
3.3 30.9
4.0 40.6
5.1 41.6
4.4 37.1
4.9 37.5
4.9 35.4

4.7 56.1
5.1 53.3
3.6 30.1
3.7 32.0
4.7 36.0

4.5 40.4
4.5 47.9

49.3
4.1 39.8
4.0 41.6
4.9 37.6
4.2 33.8
4.8 36.4

44.6
5.1 49;7

33.6
4.5 43.4
4.7 52.3
4.6 40.7
4.8 39.1

56.9
5.6 51.4
5.0 46.6
3.9 42.2
4.8 38.6
4.3 33.6
4.6 34.1

93 100 232 34.8 34.8 0
106 102 198 33.5 34.2 -0.7
92 97 207 27.3 26.5 0.8
97 101 397 49.6 50.1 -0.5
74 75 461 53.0 39.8 13.2

62.8
68.2
70.3
45.2
41.6
35
33
24

134
145
157
162

70

93.5
94.8
85.8
88.8
81.0
50.0
26.7
33.6

277
321
332
170
128
122
116

537
572
510
410
364
324
241

100
110
103
74
62
49
45
33

332
304
479
709
802
955
994

1,079

66.4 66.4 0
58.7 64.6 -5.9
49.3 50.8 -1.5
85.1 63.0 22.1

108.3 67.1 41.2
123.2 60.4 62.8
133.2 59.9 73.3
134.9 44.5 90.4

100 308 56.1 56.1 0
101 283 52.4 52.9 -0.5
98 374 43.8 42.9 0.9
99 479 60.8 60.2 0.6
53 787 90.5 48.9 41.6

100 248 36.2 36.2 0
123 223 31.9 39.2 -7.3
113 233 33.8 38.2 -4.4
105 277 36.0 37.8 -1.8
109 521 62.5 68.1 -5.6
62 639 74.8 47.1 27.7
28 761 93.6 26.2 67.4
38 843 105.4 40.1 65.3

100 261 43.1 43.1 0
124 242 41.4 51.3 -9.9

341 - - -

73 643 86.2 62.9 23.3
66 703 94.9 62.6 32.3
51 868 113.7 58.0 55.7
42 967 139.2 58.5 80.7

100 252
97 209
89 221
90 560
70 692
57 800
42 885

47.9 47.9 0
39.3 38.1 1.2
36.9 32.8 4.1
67.2 60.5 6.7
86.5 60.6 25.9
94.4 53.8 40.6

108.9 45.7 63.2

* Observed cpm/ml. corrected for decay.
t Specific activity at t = t

Specific activity at t = 0 (birth)-
$ Blood volumes calculated from: A. Surface area by Du Bois and Du Bois (6) formula: S.A. = Wt.0-4u X L.0-72

X 71.84; S.A. in sq. M., Wt. in Kg., L. in cm. B. Regression equation for volumes at birth calculated from data of
Mollison, Veall, and Cutbush (7) on 28 normal infants: y = 58.9 + 0.456X; y = blood vol. in ml./Kg., X = hct. in
Col. 8 (this table) X 0.95 (as correction for trapped plasma to conform with hcts. used by Mollison et al.). C. Regression
equation for volumes after birth derived from data of Russell (8) on 40 normal infants and of Karlberg and Lind (9) on
64 normal infants: y = 1937X - 149; y = blood vol. in ml., X = S.A. in sq. M.

§ For negative values in this column see comment in legend of Figure 4B.
il Measurement not made; birth hgb. assumed from birth hct. and values from next blood sample.
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TABLE I-Continued

(1) (2)
Infant Gesta.

and age. (3) (4) (5) (6) (7) (8) C:
Specimen Sex, Age Wt. Length Hgb. R. B.C. Hct. p
number etc. (days) (Kg.) (cm.) (Gm. %) (X16O) (%) F

(9)*
pm/ml.
)acked
1.B.C.

11GB-A -38 wks. Birth 2.77 47 16.8 5.1 48 42.3
B 7 2.64 47 13.0 4.0 35.5 44.5

C 64 5.27 57 9.5 3.3 29.6 41.5
D 216 9.7 72 13.2 4.2 41.2 27.0

12GB-A -40 wks. Birth 3.61 49 20.5 6.2 67.4 267
B 2 3.26 49 15.8 5.0 49.5 362

C 6 3.44 49 13.7 4.2 51.4 296
D 127 7.21 65 11.9 3.8 38.2 232
E 225 8.4 70 13.3 5.8 39.0
F 372 9.8 74 10.0 4.8 36.9 260
G 541 10.9 80 12.4 5.2 38.6 198
H 757 11.8 87 14.4 4.7 39.4 147

12GB2-A -40 wks. Birth 3.66 53 16.9 4.6 56.0 143
B Sister of 7 3.46 53 17.8 5.1 57.6 146

12GB
9

13GB-A -39 wks. Birth 3.2 45 20.3 5.0 58.4 156
B 9 2 2.86 45 12.9 4.2 40.4 160
C 6 2.92 45 12.4 3.9 35.5 189
D 70 5.1 59 9.5 '3.6 27.8 177
E 153 7.4 66 12.0 4.0 38.3
F 373 10.0 78 12.3 4.6 35.3 123
G 526 12.1 83 14.2 4.4 38.8 76

15GB-A -42 wks. Birth 3.77 55 17.1 5.1 57.9 165
B c1 5 3.63 55 20.3 6.0 62.1 186

C 31 4.37 57 15.7 5.1 47.6 194
D 85 5.9 62 12.0 3.5 35.8 192
E 250 8.9 71 13.4 5.4 46.5 118
F 389 10.6 77 12.1 5.7 36.6 118

16GB-A -40 wks. Birth 3.04 48 18.8 5.7 62.5 90¶
B 7 2.96 48 18.1 5.1 56.3 93

C 50 4.43 56 11.0 3.6 29.9 102
D 102 5.87 64 11.0 3.4 32.2 109
E 185 7.48 69 12.2 4.0 36.9 86
F 382 9.8 76 9.7 3.4 30 66
G 576 10.8 81 11.8 3.8 32.6 42
H 718 11.6 86 11.3 4.0 33.7 35
I 891 12.5 90 10.8 4.0 27.7 28.7
J 961 12.5 92 10.8 3.5 32.4 32.5

16GB2-A -40 wks. Birth 3.01 52 21.6 5.2 64.5 309
B Brother 7 3.09 52 21.0 5.4 55.7 333
C of 16GB 27 3.57 56 13.9 4.8 41.0 326
D and 210 7.5 70 10.4 4.5 33.8 230
E 16GB3 293 8.45 75 10.4 4.3 29.7 206
F 383 9.2 78 9.3 4.6 33.4 216

G 453 9.5 83 9.6 5.2 32.9 186

16GB3-A -40 wks. Birth 3.4 50 19.3 4.4 60.2 185
B Sister of 5 3.18 50 19.8 4.6 57.4 203
C 16GB and 48 4.51 58 10.5 3.3 30.6 218

16GB2

17GB-A -42 wks. Birth 4.39 56 15.8 5.1 49 82
B 2 3.77 56 16.3 5.1 49.4 86

C 7 4.23 56 13.7 5.0 46.4 85
D 363 12.2 80 11.2 4.4 36.1 62

(12) (13) (14)§
(10)t Circulating Hgb.

"Normal- (11)4 (gm.-calc.)
ized" Blood

specific vol. From From
activity (m7l1.) transpl. dietary

(%) (calc.) Total Fe Fe

100 221 37.1 37.1 0
100 194 25.2 25.2 0
107 380 36.1 38.6 - 2.5

70 663 87.5 60.4 27.1

100 318 65.2 65.2 0
129 236 37.3 48.1 -10.8
126 246 33.7 42.5 -8.8

85 515 61.3 52.1 9.2
- 601 79.9

109 676 67.6 73.7 -6.1
70 771 95.6 66.9 28.7
46 864 124.4 57.2 67.2

100 305 51.5 51.5 0
100 269 47.9 47.9 0

100 269 54.6 54.6 0
l11 192 24.8 27.5 -2.7

120 196 24.3 29.2 -4.9
115 386 36.7 42.2 -5.5

531 63.7
79 719 88.4 69.8 18.6
46 837 118.9 54.7 64.2

100 317 54.2 54.2 0
102 291 59.1 60.3 - 1.2
105 339 53.2 55.9 - 2.7
103 438 52.6 53.7 - 1.1

73 626 83.9 61.2 22.7
64 736 89.1 57.0 32.1

100 261
97 217
93 335

106 450
87 556
68 699
39 777
35 847
25 916
33 934

49.1 49.1 0
39.3 38.1 1.2

36.9 33.9 3.0

49.5 52.5 -3.0

67.8 58.3 9.5

67.8 46.1 21.7

91.7 35.8 55.9

95.7 33.5 62.2

98.9 23.7 75.2
100.9 33.3 67.6

100 262 56.6 56.6 0
96 246 51.7 49.6 2.1

104 295 41.0 42.6 -1.6
81 562 58.4 47.3 11.1
64 641 66.7 42.7 24.0
84 694 64.5 54.2 10.3
69 742 71.2 49.1 22.1

100 289 55.8 55.8 0
102 236 46.7 47.6 -0.9
110 353 37.1 40.8 -3.7

100 352 55.6 55.6 0
103 304 49.6 51.1 -1.5
113 328 44.9 51.2 -6.3

79 818 91.6 72.4 19.2

T Sample lost in laboratory; cpm/ml. assumed on basis of 7-day sample and trend in counts for other infants.
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Age-days

FIG. 2. NORMALIZEDSPECIFIC ACTIVITIES OF 16 INFANTS UP TO 32 MONTHSAFTER BIRTH

The lines connect consecutive data for each individual infant. The black dots (unconnected) indicate average
values for the means of the following age groups:

1. Birth 6. 151-216 days
2. 2-12 days 7. 217-309 days
3. 13-31 days 8. 310-400 days
4. 32-100 days 9. 401-675 days
5. 101-150 days 10. 676-973 days

The shaded section indicates the area bounded by 2 standard errors above and below the best curve through the
average values.

The average normalized specific activities above 100 per cent are interpreted as resulting from circumstances of
maternal Fe'5 administration (see text).

as birth approached; As a result, hemoglobin in
fetal erythrocytes made shortly before birth must
have contained more Fe55 than hemoglobin in cells
of earlier manufacture. Survival of these younger
cells after degeneration of the older ones would
produce the effect observed. Blood from the five
infants born after the later pregnancies during
which no Fe55 was introduced showed little or no
specific activity rise in the early post-natal period.

The relatively constant level maintained by the
specific activities plotted in Figure 2 until approxi-
mately 100 days after birth indicates no appreci-
able use of food iron for hemoglobin formation
during this time. Thereafter, dietary iron appears
in the circulating hemoglobin in progressively in-
creasing amounts. At 800 days (26 months) for
example, approximately 20 to 50 per cent of the
hemoglobin is still formed from transplacental
iron, the remaining 50 to 80 per cent from dietary
iron.

A statement of the actual amounts of trans-
placental and dietary iron in the total circulating
hemoglobin requires knowledge of blood volume.
This could not be directly obtained but an approxi-

mate value was calculated from physical measure-
ments of each infant at each sampling. The
formulae used for derivation of blood volumes ac-
cording to the data of other investigators (7-9)
are described in the note under Table I, and the
calculated blood volumes are shown in Column 11
of that table.

The total amounts of circulating hemoglobin,
computed from calculated blood volumes and meas-
ured hemoglobin concentrations, are listed in
Column 12 of Table I and plotted in Figure 3.
The mean total circulating hemoglobin at 2 to 3
months of age was approximately equal to the
mean at birth; the mean at 1142 to 2 years of age
was twice that at birth.

The amounts of hemoglobin iron of transpla-
cental and dietary origin, calculated from specific
activity measurements, are listed in Table I and
shown graphically in Figures 4A and 4B. Fig-
ure 4A indicates that the mean amount of hemo-
globin made from transplacental iron remains es-
sentially constant throughout the period of these
investigations. However, the elevation of the
mean by some 20 per cent above the birth level
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FIG. 3. TOTAL CIRCULATING HEMOGLOBINOF 16 INFANTS UP TO 32 MONTHSAFTER BIRTH
(For details of plotting see Figure 2.)

at approximately 200 to 400 days suggests hemo-
globin formation from transplacental iron in ad-
dition to that which was in hemoglobin at birth.
In the following discussion, such iron will be re-
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FIG. 4B. HEMOGLOBINFROMDIETARY IRON OF 16 INFANTS UP TO 32 MONTHSAFTER BIRTH

Negative values for individual and average hemoglobins from dietary iron may arise partly from statistical con-

siderations and partly from the fact that some of the normalized specific activities of Figure 2 are greater than 100
per cent.

(For details of plotting see Figure 2.)
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MIATERNAL IRON IN BLOODDURING INFANCY

nevertheless, the findings suggest that at least some
iron is available to the infant from non-hemoglobin
stores.

Similarly, the data as a whole do not allow the
conclusion that the terminal downward trend of
the mean in Figure 4A definitely indicates a loss
of transplacental iron from the blood, even though
such a loss appears to have occurred in individual
infants, as will be discussed below. The decline
of specific activities shown in Figure 2 results
primarily from dilution with dietary iron. Fig-
ure 4B indicates the average amount of hemo-
globin made from iron obtained from the diet:
essentially none before the 4th month,5 about 10
grams by 6 months, 22 grams by 1 year, and 65
grams by 2 years.

DISCUSSION

Direct measurement of iron intake and loss was
not attempted in these studies. Relatively little
information has been found in the literature re-
garding the amount of iron normally absorbed
and excreted by infants, particularly during the
first few months after birth. Oettinger, Mills, and
Hahn (10) have demonstrated that tagged iron
administered by stomach tube is absorbed by
term and premature infants at a few days of age.
At least under the experimental conditions of that
study, the rate of incorporation of iron into hemo-
globin is extremely small (0.01 jg. Fe per day)
compared to total circulating hemoglobin (150
mg. Fe). Incorporation of 0.01 pg. Fe per day
would not have been detected by the methods of
the present study. Oettinger, Mills, and Hahn
(10) gave no data regarding the excretion of the
test iron. Balance studies by other workers (1)
indicate that infants of less than 3 months are in
net iron equilibrium on a daily intake of about 0.15
mg. per Kg., and in negative balance on smaller
iron intakes. Such figures do not differentiate
between iron which fails to be absorbed and that
which is excreted from endogenous sources into
the bowel, except as excretion may be inferred
from the negative balances when the diet contains

5 Assuming constant daily incorporation of dietary
iron into hemoglobin resulting in a significant decrease
in the specific activity at 4 months, the rate of incorpora-
tion would have to be at least - 50 ug. Fe per infant per
(lay to be detectable at this time.

less than 0.15 mg. per Kg. If the infant's en-
dogenous iron loss is actually 0.15 mg. per Kg.
per day, that amount would be disproportionately
large compared to the total daily iron loss of 1.0
mg. usually assumed for the 70 Kg. adult.

Thus while it lhas been demonstrated by others
that the infant mav both absorb and excrete iron,
the amounts have not been accurately determined.
The present investigation suggests absorption and
loss of much less iron than is implied by available
balance data. In the infants of this study, as a
group, there was no indication of either absorption
or loss during a period extending into the fourth
month after birth. The decline of hematopoiesis
(11) and reduction in mean red blood cell size
and mean corpuscular hemoglobin (12) normally
occurring in this age period, together with dilu-
tion by body growth and blood volume expansion,
produce the fall in hemoglobin concentration ap-
parent in Figure 1. The total amounts of hemo-
globin of the infants studied are shown by the
mean in Figure 3 to have remained fairly steady
until a rising trend appeared at about 60 days.
Thus, the amount of hemoglobin began to in-
crease 1 to 2 months before there was evidence of
any dietary iron in the blood (Figure 4B).
Transplacental iron was apparently sufficient for
the beginning expansion of circulating hemoglobin.

Between the third or fourth month and the
end of the second year of age, the concentration of
hemoglobin increased only slightly, while the total
amount of hemoglobin was doubled, primarily by
addition of that made from dietary iron. The
data presented in Figure 4A indicate that little
of the original hemoglobin iron left the blood dur-
ing this period, whereas some transplacental iron
from stores may have participated in the increase
in hemoglobin.

The amounts of transplacental iron apparently
emerging from "stores" varied in the individual
infants. It might be expected that the total
amount of iron in hemoglobin at birth would
parallel the amount stored elsewhere and that an
infant born with a relatively low total circulating
hemoglobin would have comparatively little stored
iron for later blood formation. To test this possi-
bility, the largest addition of hemoglobin from
stored iron for each of the 14 infants studied for
more than 100 days was plotted against the total
hemoglobin of that infant at birth (Figure 5).
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Except for one instance (Infant 5GB), the data
suggest that infants with low total hemoglobin at
birth seemed to have relatively large amounts of
stored iron available for later hemoglobin manu-
facture.

It cannot be argued that those infants born with
much circulating hemoglobin were necessarily
lacking in iron stored elsewhere, since they may
not have been required to draw upon such iron
later. Nevertheless, it is apparent that the full-
term infant's iron resources cannot be predicted
from his hemoglobin concentration and body size
at birth. Some prediction of low fetal storage
can be made when the maternal hemoglobin con-
centration in late pregnancy is pathologically low,
as shown by the work of Strauss (13). But
Woodruff and Bridgeforth (14) found no such
correlation when the hemoglobin concentration of
the mother's blood remains above 9 grams per
cent. In the present investigation, the hemoglobin
of one mother fell to 10.2 grams per cent; all
others had more than 11 grams per cent hemo-
globin during the last trimester of their pregnan-
cies.

Data from infants followed sufficiently long
indicate that dietary iron not only continues to
be added to transplacental iron but gradually be-
gins to replace it in hemoglobin formation during
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the third year, as is suggested by the late down-
ward trend of the mean in Figure 4A.

The preceding discussion applies to the general
pattern of iron utilization in the infants as a group.
Variations shown by certain individuals deserve
brief presentation. Perhaps the most interesting
was Infant 5GB. While not premature by the
usual standards of weight, this infant was born one
month before expected date of confinement. The
evidence obtained from ten blood samples over a
period of 973 days is shown in Figure 6. The
infant, a Negro male, gained weight slowly after
two months of rapid growth. In spite of two
rather severe infections he had no definite anemia,
though medicinal iron (ferrous sulfate, 240 mg.
per day) was prescribed for 6 weeks in his sec-
ond year when his hemoglobin was found to be
11.2 grams per cent. His mother's dietary intake
of iron during pregnancy was rated as very poor;
his own diet was relatively high in iron during the
first six months and then somewhat lower but
still adequate.

Because of his small size this infant's total cir-
culating hemoglobin was only 42 grams at birth.
As Figure 6 shows, dietary iron appeared in his
hemoglobin by 65 days after birth. This process
continued so consistently that by 2 years only 30
per cent of the iron in his hemoglobin was of trans-
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100 days.)
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placental origin. At no time was there evidence
of stored iron appearing in blood formation. The
provision of medicinal iron at 600 to 640 days
was followed by a slight increase in hemoglobin
concentration and in total circulating hemoglobin.
The data suggest that the increased hemoglobin
was not manufactured from transplacental iron.

In summary, this infant, born prematurely to
a poorly nourished mother, was outstanding among

the group by virtue of his low total hemoglobin at
birth and the consistently small contribution of
transplacental iron to later hemoglobin formation.
Both of these features might well be consequences

of prematurity. About 70 mg. of iron originally
present had disappeared from this infant's blood
at 32 months. Although not excessive in amount
when compared to the trend of mean values, 70
mg. of iron represented an inordinately large pro-

portion of that acquired by this infant during fetal
life. The data further suggest that iron added to
this infant's oral intake was utilized for hemoglobin
formation.

Infant 6GB (Figure 7) affords an interesting

comparison. His mother had been well-nourished
before and during pregnancy. His own diet was

excellent and he remained free of infections. Al-
though born 13 days before the expected date, his
birth weight of 3.8 Kg. argues against any sig-
nificant prematurity. He gained about 30 per cent
more weight than the infant just considered during
the 32 months over which both were followed.

The iron metabolism of this infant and that of
the premature one juist discussed are similar in
many respects. Their hemoglobin concentrations
were similar at birth and thereafter. Neither
showed evidence of any significant utilization of
stored transplacental iron. Both formed approxi-
mately the same amounts of hemoglobin from
dietary iron at comparable ages. Finally, about
the same amount of transplacental iron (70 mg.)
had apparently disappeared from the blood of
both at 32 months of age. However, Infant 6GB
was not only larger at birth but gained more

weight thereafter. As a result, he consistently
maintained a higher total of circulating hemo-
globin, a relatively larger proportion of which was

INFANT 7GB
0 Weight OTotal circulating Hgb

0

Hgb -Gm%--w n

Medicinol iron

0

X Hgb from transplacentol ron

00

H

Iron

c\j

120F 120

10.0- oo00

80

4.0

2.0

0

- s0
E

..

I
-c n60

~04
.-

_o 40

0

0

(X)
0

0

r5

20

w

10

,0

x

0

400

300

6
E

200

C.,to

100

0

0 100 200 300 400 500 600 700 800
AGE- DAYS

FIG. 8. IRON UTILIZATION IN A 3.24 KG. INFANT BORNWITH Low TOTAL
CIRCULATING HEMOGLOBIN; BIRTH TO 26 MONTHSOF AGE

Data show emergence of transplacental iron from stores during first 200
days, and suggest similar emergence between 600 and 800 days. For com-

ment on parenthetic symbols, see legend of Figure 7.

1400

f

Nl



MATERNALIRON IN BLOODDURING INFANCY

made from the transplacental iron present in his
hemoglobin at birth. ItIis perhaps unfortunate
that this infant had so good a diet. Otherwise his
resources of stored transplacental iron might have
become apparent. As they stand, his data indi-
cate the large contribution which may be made by
the hemoglobin at birth to iron needs throughout
infancy.

In contrast to the two infants just discussed, the
data from Infant 7GB (Figure 8) indicated the
emergence of considerable transplacental iron
from stores. This infant was born 9 days after
expected confinement to a mother whose diet
had been good. Birth weight was 3.24 Kg. The
hemoglobin concentration of 14.6 gm. per cent in
cord blood was low, without apparent reason from
the obstetrical history or studies made during this
mother's pregnancy (3). The similarity of hemo-
globin concentrations in samples taken at 2 and 6
days after birth substantiates the measurement
from cord blood.

The infant was fed from the breast for 120 days,
and thereafter artificially but on an adequate diet.
For unknown reasons, the family physician pre-
scribed ferrous sulfate in dosages from 40 to 160
mg. daily for most of the first year. The data of
Figure 8 suggest that none of this iron was used
for hemoglobin during the first 7 months, whereas
about 100 mg. of transplacental iron, which could
not have been in the, blood at birth, apparently
entered the circulating hemoglobin by 200 days.
Similar emergence of iron -from stores in other
infants born with low concentrations or total
amounts of hemoglobin has been commented upon
above. From 200 to 600 days, transplacental iron
in hemoglobin decreased to below the birth level.
At some time between 600 and 800 da.ys after
birth, and following a moderate attack of infecti-
ous mononucleosis, a second emergence of trans-
placental iron is suggested by the data. This in-
fant's blood showed approximately the same cal-
culated amount of transplacental iron at 26 months
of age as was in her hemoglobin at birth. It is
difficult to relate the two periods of medicinal iron
administration to the appearance of iron from
storage in this child's course.

SUMMARY

Sixteen infants of mothers who had received
transfusions of red blood cells containing Fe55

were studied for periods up to 32 months of age.
Measurements of R.B.C., Hgb., Hct., total iron
and Fe55 of erythrocytes, were made from umbili-
cal cord blood and from venous blood obtained
at intervals during the study period.

Results from the 16 infants as a group indicated
very little or no utilization of dietary iron for
hemoglobin until 3 to 4 months after birth. At 1
year, iron of transplacental origin constituted

70 per cent of total hemoglobin iron; at 2 years,
40 per cent. In absolute terms these values

correspond to - 170 mg. transplacental iron at
birth, - 200 mg. at 1 year, and - 160 mg. at 2
years in the total circulating hemoglobin. At 2
years, over 90 per cent of transplacental iron was
still utilized for hemoglobin.

A 20 per cent rise in transplacental iron at 200
to 400 days over that present in hemoglobin at
birth suggested utilization of iron stored elsewhere
during fetal life. Infants with relatively low total
circulating hemoglobin at birth tended to show
relatively large amounts of such stored iron in
later hemoglobin manufacture.

Individual infants deviated from the pattern
described for the group. In particular, a pre-
mature infant of 36 weeks' gestation had low total
circulating hemoglobin at birth, no evidence of any
stored iron in later hemoglobin formation and
proportionately high utilization of dietary iron,
which first appeared in hemoglobin at 65 days af-
ter birth.

It is concluded that the hemoglobin of normal
infants (A) utilizes iron obtained during fetal life
throughout infancy, (B) incorporates significant
amounts of dietary iron only after 3 or 4 months
of age, and (C) by two years reaches a total of

115 grams, composed of - 70 grams from
dietary and A- 45 from transplacental iron. Pre-
maturity increases the proportionate contribution
of dietary iron.
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