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It is well known that the red corpuscles of the
newborn are larger than those of the normal adult.
Little study has been made, however, of the size
and number of the corpuscles of the fetus. The
purpose of this communication is to describe cer-
tain observations on the size and number of the
red cells in the blood of the fetus and newborn of
several species of mammal; namely, man, rabbit,
pig, rat, cat and dog. In the species examined,
it has been found that low erythrocyte counts and
large red corpuscles are consistently found in the
fetus, and that the younger the fetus the lower is
the red cell count and the larger the red corpuscles.
As compared with the blood of the adult of the
same species, there is in the fetus what may for
descriptive purposes be spoken of as " anemia "

of the macrocytic type. As the fetus develops,
the erythrocyte count rises and the mean size of
the red corpuscles diminishes in a manner which
reminds one of the changes which take place in
the blood of patients with pernicious anemia dur-
ing the response to liver therapy.

REVIEW OF LITERATURE

Malassez (1) in 1875 and Cohnstein and Zuntz (2) in
1884 observed that the erythrocyte count in the early
stages of development of the fetus (rabbit, dog, sheep) is
low, and that it gradually increases. In 1889, the former
measured the diameters of the red corpuscles (3) of a
human fetus of four and one-half months and found the
cells to be larger than those of adult blood. The excep-
tionally large size of the earliest nucleated red corpuscles
of the embryos of mammals was noted much earlier than
i889, however, for Milne-Edwards (1857) (4) quotes
Prevost, Wagner, Gulliver and Bischoff in this connec.-
tion.
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8 Stephen C. Clark Fellow in Surgery.

Jolly (5, 6) studied the blood of rat fetuses and new-
born, and pointed out that in this species the red cell
count even at birth is only about one-fourth of that of the
adult whereas in the rabbit and human newborn the
erythrocyte count is essentially the same as in the adult.
Nicholas and Bosworth (7) observed an increase of
hemoglobin from 30 to 65 per cent in rat fetuses ranging
from the twelfth day of the fetal period to the newborn
stage. Kindred and Corey (8) found increasing erythro-
cyte counts in rat fetuses 15.4 to 43.0 mm. in length (six-
teenth to twenty-second day). Smith (9) reported di-
ameter measurements as well as red cell counts in rats
from two days before birth until the adult stage was
reached. She found a gradual increase in the number of
corpuscles until the twenty-third day of life when their
number began to increase rapidly, attaining the adult
values at about three months of age. Throughout this
whole period the mean diameter of the red cells, their
color index and variability, and the proportion of reticulo-
cytes, gradually decreased.

Knoll (10, 11) has recorded successively increasing red
cell counts in human fetuses one to six months of age.

Zeidberg (12) studied rabbit fetuses and found an in-
crease in hemoglobin from 8 to 12 grams during the last
third of pregnancy (twenty-second to thirty-second day)
and an increase in packed red corpuscles from 28 to 42
per cent. He noted, moreover, that the proportion of
basophilic red corpuscles decreased during this period
from 28 per cent to 4 per cent. von Deseo (13) seems to
have been the first to measure the mean volume and
hemoglobin content of the red corpuscles in fetal blood.
In 25 beef fetuses ranging from 22 to 9 months of age
he observed, as the age of the fetuses advanced, an in-
crease in the erythrocyte count from 3.74 to 7.80 million,
in hemoglobin from 7.65 to 10.83 grams and in volume of
packed red corpuscles from 34.0 to 42.3 cc., whereas the
mean corpuscular volume decreased from 90.9 to 54.2 c.iA.,
mean corpuscular hemoglobin fell from 20.5 to 14.0 micro-
micrograms and mean corpuscular hemoglobin concentra-
tion fluctuated between 20.9 and 25.6 per cent.

MATERIAL AND METHODS

Through the courtesy of the Department of Obstetrics,
blood was obtained from 12 obviously non-viable human
fetuses removed by hysterectomy. Blood was secured by
cardiac puncture immediately following removal of the
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fetus. The approximate age of the fetuses was estimated
from the crown-rump length and the entire length on the
basis of the charts of Keibel and Mall (14) and Streeter
(15). Blood was also obtained, by jugular puncture,
from 3 premature infants at the Harriet Lane Home.
The values for the blood of newborn infants which are
used for Figure 4 represent the average of 31 determina-
tions made immediately after birth, and 18 determinations
made at intervals until the twenty-fifth day of life (16).

Rabbits of blue-black Dutch stock and of mixed lab-
oratory stocks were mated in our own laboratory and,
since the buck and doe were together for three or four
hours only, the age of the rabbit fetuses studied could be
estimated with accuracy. The fetuses were removed by
hysterectomy and the blood immediately obtained. When-
ever possible, blood was secured by cardiac puncture. In
the case of very small fetuses the heart was cut open and
the blood was drawn into a capillary pipet as it welled
out. In order to obtain sufficient amounts of blood, in a
number of instances the blood of several fetuses from the
same uterus was mixed.
The blood of rat fetuses was obtained in the same way

as that of the rabbit fetuses. The rats were not deliber-
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ately mated, however, and the age of the fetuses had
therefore to be calculated from weight and crown-rump
length on the basis of data published by Donaldson (17).
The age of newborn rats was determined from accurate
litter records. The rats were of an inbred laboratory
stock on a standard diet (18).
Pig fetuses were obtained in a neighboring abbatoir.

The uteruses of pregnant sows were brought to the lab-
oratory immediately after the animals had been slaugh-
tered and the fetal blood was there collected without delay.
In no instances had clotting commenced, and in some of
the pig fetuses the heart was still beating when the blood
was withdrawn. Blood was frequently collected from
the umbilical cord, it having been found that the erythro-
cytic content of blood obtained in this way was the same
as that of blood taken from the heart. In the case of the
smaller pig fetuses, blood was taken directly from the
heart in the manner already described. The age of the
pig fetuses was estimated from their weight and crown-
rump length on the basis of Warwick's data (19). Blood
of newborn pigs was obtained by cardiac puncture on ani-
mals at the U. S. Research Center, Beltsville, Maryland,
through the courtesy of Dr. Hugh McPhee.
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FIG. 1. ERYTHROCYTE COUNTS (E), MILLIONS PER C.MM.), MIEAN CORPUSCULAR VOLUME (U, CUBIC MI-
CRONS), MEAN DIAMETER IN WET PREPARATIONS (X, MICRONS), PROPORTION OF NUCLEATED RED CORPUSCLES (A)
AND OF RETICULOCYTES (A) IN THE BLOOD OF 98 PIG FETUSES, 22 NEWBORN PIGS, AND 5 ADULT PIGS.
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FIG. 2. ERYTHROCYTE COUNTS ((D, MILLIONS PER C.MM.), MEAN CORPUSCULAR VOLUME (*, CUBIC MI-

CRONS), MEAN DIAMETER IN WET PREPARATIONS (X, MICRONS) AND PROPORTION OF NUCLEATED RED CORPUSCLES
(A) IN THE BLOOD OF 34 RABBIT FETUSES AND 8 NEWBORN RABBITS, COMPARED WITH AVERAGE VALUES FOR THE

ADULT RABBIT.

Blood of newborn dogs and cats was obtained by cardiac
puncture on animals born in the laboratory. The age of
fetuses was estimated from weight and crown-rump

length (20, 21).
The blood was collected either in heparin or without an

anticoagulant, it having been found that coagulation is
extremely slow and imperfect in the blood of young

fetuses. Hemolyzed specimens were discarded.
Fresh blood preparations and blood smears were made,

and two diameters of 25 to 100 unselected red corpuscles
in the wet and in the dried, stained films (Wright's stain)
were measured by means of a calibrated ocular microm-
eter. The proportion of nucleated corpuscles was deter-
mined in the stained preparations. Reticulocyte counts
were made in wet preparations to which a small quantity
of brilliant cresyl blue (1 per cent in normal saline) had
been added. Erythrocyte counts (two in each instance),
hemoglobin and hematocrit determinations, and calcula-
tions of the mean volume and hemoglobin content of the

red corpuscles were made as described elsewhere (22, 23).
Two chief sources of error must be kept in mind in in-

terpreting the results of these studies: (1) except in the
case of the rabbit fetuses, the age of fetuses has been
estimated from data for length and weight and is there-
fore only approximate; (2) when the fetuses were very

small, such minute amounts of blood were available that
values in the smaller fetuses for hemoglobin, volume of
packed red cells, and mean volume and hemoglobin con-

tent of the red corpuscles cannot be considered as repre-

senting the same degree of accuracy as is possible when
studying the blood of adults (23). Erythrocyte counts,
however, may be considered as being quite accurate in al-
most all instances, and diameter measurements represent
of course the same degree of accuracy for fetuses of all
sizes.

OBSERVATIONS

Details of the blood studies are published else-
where (24). Erythrocyte counts, mean corpuscu-

lar volume, mean diameter (in wet preparations)
and the proportion of nucleated red corpuscles and
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reticulocytes in the blood of fetuses and newborn
of the pig, rabbit, rat and man are shown in
Figures 1 to 4. The data are so plotted that a

comparison with the values found in the adult
may be readily made. It will be noted that the
erythrocyte count is very low in young fetuses
and increases as the fetus develops. The mean
volume and mean diameter of the red corpuscles
are at first very much greater than in the adult,
and decrease as the red cell count rises.

In a few instances marked differences in the
erythrocyte counts of litter mates, even greater
than one million cells, were encountered. Usually,
however, the counts fell within a range of 300,000
cells per c.mm. It is of interest that the mean

sizes of the red corpuscles of litter mates agreed
without exception within limits of technical varia-
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tion even when great differences in red cell counts
occurred.
Even at birth the erythrocyte count was found

to be tower than that of the adult, and the cor-

puscles were larger than is normal for the adult.
This was found to be especially true of the rat,
as Jolly had noted (5), but was observed also in
the blood of the other species of mammals ex-

amined. Our studies in the rat indicate that al-
most two months elapse before the values of the
adult are attained.

Comparison of the blood of the fetus vith macro-

cytic anemia in the human adult

In many respects the changes which have been
observed in the blood of patients with pernicious
anemia under the influence of liver therapy, are
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FIG. 3. ERYTHROCYTE COUNTS ((D, MILLIONS PER C.MM.), MEAN CORPUSCULAR VOLUME ( *, CUBIC MI-
CRONS), MEAN DIAMETER IN WET PREPARATIONS (X, MICRONS), PROPORTION OF NUCLEATED RED CORPUSCLES (A)
AND OF RETICULOCYTES (A) IN THE BLOOD OF 11 RAT FETUSES AND 67 NEWBORN RATS, COMPARED WITH AvER-
AGE VALUES FOR TIRE ADULT RAT.

.- WI6.14mg. F-r-r%IWLIF

840
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FIG. 4. ERYTHROCYTE COUNTS (0), MILLIONS PER C.MM.), MEAN CORPUSCULAR VOLUME (*, CUBIC MI-
CRONS), MEAN DIAMETER IN WET PREPARATIONS (X, MICRONS), PROPORTION OF NUCLEATED RED CORPUSCLES (A)
AND OF RETICULOCYTES (A) IN THE BLOOD OF 12 HUMAN FETUSES AND 3 PREMATURE INFANTS, COMPARED WITH
AVERAGE VALUES FOR 49 FULL TERM NEWBORN INFANTS AND THE NORMAL ADULT.

similar to those which take place during the
normal development of the blood corpuscles in
the fetus. The senior author has described else-
where (25) the variations which take place in
mean corpuscular volume in cases of pernicious
anemia during liver treatment. There is a strik-
ing resemblance between the curves which repre-

sent the changes in pernicious anemia and those
shown in Figures 1 to 4.

Superficial examination suggests that the macro-

cytosis observed in the blood of the fetus is much
greater than that of pernicious anemia. Mean
corpuscular volumes as great as even five and
six times the normal have been found in the blood
of very young fetuses, whereas in pernicious
anemia it is unusual to find an increase in mean

corpuscular volume to as much as even twice nor-

mal. It must be borne in mind, however, that in

pernicious anemia erythrocyte counts below 1 mil-
lion cells are quite unusual and values lower than
0.5 million are rarely, if ever, encountered. The
extremely high values for mean corpuscular vol-
ume were observed only in those instances in
which the erythrocyte counts were as low as 5
per cent of those of the adult, and less; that is,
they correspond in terms of human blood to red
cell counts lower than 250,000 per c.mm. When
corpuscular volumes corresponding to similar re-

ductions below the normal adult red cell count

are compared (see Figures 5, 6 and 7) the degree
of macrocytosis in the fetus is found to be quite
similar to that of pernicious anemia.
Not only is the mean size of the red corpuscles

in fetal blood greater than that of the red cells
of the adult, but a great degree of anisocytosis is
present. As the fetus develops, this anisocytosis
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FIG. 5. COMPARISON OF VARIATIONS IN THE ERYTHROCYTE COUNT (R.B.C.) AND

MEAN CORPUSCULAR VOLUME (C.V.) OF PIG AND HUMAN FETUSES OF DIFFERENT
AGES WITH THOSE OF A PATIENT RECEIVING LIVER THERAPY FOR PERNICIOUS ANEMIA.

All values have been calculated in proportion to the normal for the adult of each
species. The complete line represents the blood of the pig fetuses. The values re-
corded are the averages of those obtained for each day of fetal life, shown in Fig-
ure 1. The interrupted line represents the blood of a case of pernicious anemia.
This curve commences in a position corresponding to the forty-third day of pig
fetal life because at this time the red cell count of the pig fetus was the same in pro-
portion to the normal red cell count of the adult pig, as was the erythrocyte count of
the patient in proportion to that of the normal human adult.

The large black circles represent erythrocyte counts and the black squares mean
corpuscular volumes of -human fetuses, expressed in proportion to the normal human
adult values. The red cell counts of the human fetuses are superimposed on the
erythrocyte curve for the case of pernicious anemia, and the mean corpuscular volumes
are placed in the corresponding position above them.
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FIG. 6. COMPARISON OF VARIATIONS IN THE ERYTHROCYTE COUNT (R.B.C.) AND

MEAN CORPUSCULAR VOLUME (C.V.) OF ANOTHER CASE OF PERNICIOUS ANEMIA
TREATED WITH LIVER, WITH THOSE OF PIG FnuTsUS OF DIFFERENT AGES.

Values are plotted in proportion to the normal for the adult of the species as in
Figure 5. The red cell count in this patient was 40 per cent of normal when treat-
ment was commenced. The curves for the pig fetuses are the same as those shown
in Figure 5, but the first portions of these curves up to the point at which the erythro-
cyte count of the pig fetus had reached 40 per cent of that of the normal adult pig,
have been omitted. The proportion of reticulocytes in the blood of the case of per-
nicious anemia and in the blood of the pig fetuses are also shown. The complete lines
refer to the pig fetuses, the interrupted lines to the case of pernicious anemia.

2 7 12 17 22 27 32 37 42
PERNICIOUS ANEMIA- DA.rYS AFTER INSTITUTION OF TREATMENT.
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diminishes in a manner which again brings to
mind the changes which occur in pernicious anemia

under the influence of liver therapy (Figures 8
and 9).

FIG. 8. DISTRIBUTION OF THE DIAMETERS OF THF RED CORPUSCLES IN THE BLOOD OF PIG FE-
TUSES COMIPARED WITH TIHOSE OF THE BLOOD OF THE NEWBORN AND THE ADULT PIG.

Cells measured in fresh (wet) preparations.
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FIG. 9. DISTRIBUTION OF THE DIAMETERS OF THE RED CORPUSCLES IN THE BLOOD OF HUMAN FETUSES
COMPARED WITH THE ERYTHROCYTES OF THE NORMAL ADULT.

Cells measured in fresh (wet) preparations.
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In the smears of fetal blood, numerous erythro-
blasts were observed and large numbers of polv-
chromatophilic red corpuscles and reticulocytes
were found. Macroblasts as well as a number
of normoblasts were seen. The nuclei of the red
corpuscles were usually small and pyknotic.lbut
occasional cells with larger nuclei composed of
reticular chromatin were observed.
The proportion of immature cells founid in the

blood of the fetuses examined, is in(licate(l in

Figures 1, 2, 3, 4 and 6. In the youngest fetuses
observed, all the red corpuscles were nucleate(l.
These erythroblasts decrease in number very rap-
i(lly. The proportion of reticulocytes falls more

slowly. In Figure 6 the proportion of reticulo-
cytes in a case of pernicious anemia and(I in the
blood of pig fetuses of v\arious ages are comlpared.
It is of interest to observe that the number of
such cells present in the blood of the case of per-
nicious anemia, from the time liver therapy makes

its effects on the reticulocytes noteworthy until
normal reticulocyte counts are reached, is approxi-
mately the same as in the blood of the pig fetuses.
The intensity of blood formation in the pig

fetus and in pernicious anemia under the influence
of liver therapy, may be compared in another way.
In Table I are recordedI the number of ervthro-
cvtes (Column 2) and( the percentage (Column 5)
as well as the absolute numl)er (Column 7) of
reticulocvtes in the b)lood of pig, fetuses and new-

born pigs of various ages. The lproportion which
the red cell counts of the fetus form of the red

cell count of the adult pig is also shown (Column
3). The correspondinig human erythrocyte counlts
have been calculated (Column 4). Considering
each of the latter counits as the initial ervthrocvte
counts in cases of pernicious anemia, the maximum
percentage of reticulocytes which may be expected
following a single dose of liver extract given
intravenouslv. has been calculated for each red
cell count accor(ling to the formula of Bethell and
Goldhanmer (26) (Column 6). he expected
miiaximumliil concentration of reticulocytes has also
been calculated in absolute numbers according to
the forrmula of Alinot et al. (27) (Column 8).

Comparison between the values for reticulocytes
recordledl in Columns 5 and 6, and in Columns 7
and 8 of Table I, cannot be ma(le unreservedly.

TABLE I

Comparison of reticulocytes in pernicious anemia and in pig fetuses and ntewborn

Pig fetus or newborn Percentage of reticulocytes Absolute ntumber of reticulocytes
Corresponding

R.B.C. in R.B.C. in
Age R.B.C. proportion to liBuman Observed Calculated Observed CalculatedI

R.B.C. of adult (Pig fetuses) maximum (Pig fetuses) maximtum

___2 3 4 5 6 7 8

days millions per cent millions per cent per centt millions millions
Pig fetus

21 0.40 5.8 0.30 100 76 0.40 0.67
26 0.29 4.2 0.21 99 81 0.29 0.69
32 0.39 5.6 0.29 100 76 0.39 0.67
48 2.82 40.8 2.08 56 22 1.58 0.32
49 2.70 39.0 1.99 34 24 0.92 0.33
50 2.43 35.0 1.78 35 28 0.85 0.38
53 2.70 39.0 1.99 32 24 0.94 0.33
54 3.52 50.9 2.60 27 14 0.95 0.21
56 2.98 43.0 2.20 35 20 1.04 0.29
72 3.62 52.2 2.66 8 13 0.29 0.20
78 3.00 43.3 2.20 14 20 0.42 0.29
82 3.47 50.0 2.55 11 15 0.38 0.22
86 3.48 50.2 2.56 5 15 0.17 0.22
90 3.84 55.5 2.82 6 11 0.23 0.17

Newborn
1 4.11 59.4 3.02 5 9 0.18 0.13
6 5.12 74.0 3.77 3 2 0.15 0.08

15 5.36 77.5 3.95 7 1 0.39 0.06
24 5.55 80.0 4.08 8 1 0.44 0.04
33 5.45 79.0 4.02 2 1 0.12 0.04
43 6.61 95.5 4.86 1 1 0.06 0.05
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A number of objections to such a comparison
come to mind; thus, the calculated reticulocyte
counts represent the maximum expected number of
reticulocvtes in a series of cases of pernicious ane-
mia, and do not indicate the changes which would
occur in the blood of a single individual. Again,
the formulae for expected reticulocvte response
were derived empirically from observations in
cases of pernicious anemia in which the reduction
in the red cell count was never as low as in some
of the instances for which the formulae are here
employed. It is evident that the data shown in
Table I afford only a very rough comparison; yet
it is one which is useful in giving some concep-
tion of the intensitv of blood formation in the
fetus.

Certain points of difference between the blood
in cases of pernicious anemia and that of the fetus
must be mentioned. Probably the most striking
difference is that poikilocytes, although present in
fetal blood, are fewer in number, and the ex-
tremelv bizarre forms so characteristic of Addi-
sonian anemnia, are rarely, if ever, found (Figure
10). Again, it is not unusual to find in pernicious
anenmia a few ervthrocvtes which are poorlv filled
with hemoglobin. In the fetal bloods studied
such cells were not observed. Finally, as judged
by icterus index. blood destruction was no greater
in the fetuses of the pig, rabbit, rat, dog and cat
than in the adult of each of these species. In the
human fetuses, however, the icterus index was
usually high, being 25 in two instances, 20 in one,
17 in two and 16, 15, 12, and 7, respectivelv, in
four other fetuses. The Van den Bergh test, car-
ried out in only two of these bloods, gave a strong
indirect reaction in one instance in which the
icterus index was 25 and a slight indirect reaction
in the instance in which the icterus index was 15.

DISCUSSION

It is fully appreciated that the morphologic
similaritv between the blood in cases of pernicious
anemia and that of the developing fetus may be
but a superficial one, and the agent which influ-
ences one set of changes may be quite different
from that which leads to the other. Yet the
resemblance is so great that comparison seems
justified. There is, moreover, similarity in other
respects. In the bone marrow of patients dying of

pernicious anemia during relapse and in marrow
obtained by biopsy at this time, extensive prolif-
eration of primitive cells is found (28, 29). The
megaloblast of Naegeli is described by him as oc-
curring only in the blood of the early embryo and
in that of pernicious anemia (30). Even extra-
medullary blood formation occurs in pernicious
anemia as was first noted bv 'Mever and Heineke
(31) and by Schridde (32). It was, in fact, the
finding of foci of extramedullary hematopoiesis
in the spleens of some cases of liver disease in
which we were interested, and the observation
that such foci were associated in most instances
with macrocytic anemia (33), that led us to under-
take the studies here recorded.

It is our impression, derived from the study of
the changes which take place in the size and num-
ber of the red corpuscles of the fetus, as well as
in the proportion of erythroblasts and reticulo-
cytes, that in many respects the blood of thze de-
veloping fetus resetbles that of c(ises of pernicious
anemtia which are beinig subjected to an effective,
continuous and extremtely potenit stimnulus to blood
formationt.

It would also appear from our studies that the
macrocytosis of the newborn, frequently consid-
ered to be the result of physicochemical changes
in the blood, really represents a final stage in the
development of the blood in the fetus. In com-
lparison with the blood in pernicious anemia, the
blood of the newborn is similar to that of cases
in incomplete remission. An apparent contradic-
tion to this hypothesis is the polycythemia which
has been reported in the blood of newborn infants
by some investigators (34). Actually, greatly
varving results have been recorded (35), and it
is doubtful if in the newborn infant which has not
become dehydrated, the red cell count is even as
high as in the normal adult. In studies made with
Eastman and Jack (16) one of us found erythro-
cvte counts in newborn infants which were slightly
lower than the average values for adults. Guest's
recent observations on the blood of the human
newborn (36) are in exact agreement with our
own.

Castle and his associates (37) have demon-
strated that pernicious anemia develops as the re-
sult of the deficiency of an "antianemic princi-
ple " which is formed by the interaction of an
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FIG. 10. THE BLOOD OF A HUMAN FETUS COMPARED WITH THAT OF A
CASE OF PERNICIOUS ANE.MIA. Magniificationi 1170.

A. Humani fetus of approximately 98 days. R.B.C. 2.2 million,
mean diameter (stained preparation) 8.45 A.

B. Pernicious anemia. R.B.C. 1.68 million, mean diameter (stained
preparation) 8.21 A.
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HEMATOPOIESIS IN FETUS AND PERNICIOUS ANEMIA

" extrinsic factor " in the diet and an " intrinsic
factor " secreted by the stomach. It is now well
known that the administration of this principle,
which is found in greatest concentration in liver,
is followed by active blood formation, progres-
sively decreasing macrocytosis and a rapid disap-
pearance of anemia. It seemns quite plausible that
the antianemic principle of Castle may be the same
or very similar to the substance which causes the
blood of the fetus to develop in the manner
described.

Presumably, there is no gastric digestion in the
fetus and no combination of " intrinsic " and
"extrinsic " factors takes place as occurs after
birth. If a substance similar to Castle's anti-
anemic principle influences the blood of the fetus,
it probably comes through the placental circulation
from the stores of the mother. It is of interest
to point out that antianemic principle has been
found not only in the liver, kidney and brain, but
also in the placenta (38).

Investigations are in progress which seek to
determine whether or not there is any relationship
between fetal hematopoiesis and that observed in
cases of pernicious anemia treated with liver.
The clinical implications of such a relationship,
if it can be proved to exist, are of great impor-
tance. It is now generally agreed that in Addi-
sonian anemia the degree of anemia is closely
dependent on the degree of deficiency of anti-
anemic principle. If there is a similar relationship
between the quantity of antianemic principle avail-
able and the formation of blood in the fetus, the
effect of a deficiency of this substance on the
mother and on the infant, may be readily visu-
alized.

If the fetus derives antianemic principle from
the mother, this may be expected in some in-
stances to cause so great a depletion in the stores
of the mother that she herself develops macro-
cytic anemia. It is characteristic of the so-called
" pernicious anemia" of pregnancy that it de-
velops only during pregnancy, it is relieved by
liver therapy, it does not recur following delivery
even though liver therapy is discontinued, and it
may reappear at a succeeding pregnancy (39).
These characteristics conform exactly to what
might be expected if the fetus withdraws anti-
anemic principle from the mother. That per-

nicious anemia of pregnancy is uncommon, indi-
cates that the majority of pregnant women form,
during the normal processes of digestion, quanti-
ties of antianemic principle which are adequate to
meet their own requirements and those of the
fetus. Strauss (39) has observed in cases of
macrocytic anemia in pregnancy that the quan-
tity of gastric secretion is often deficient and, in
addition, the diet taken by the mother is frequently
lacking in animal protein. In these instances the
formation of antianemic principle falls below the
needs of mother and fetus and macrocytic anemia
develops.
An infant for whom an inadequate amount of

antianemic principle has been made available dur-
ing the gestation period, may be expected to de-
velop anemia characterized by macrocytosis and
by ready response to the administration of liver
extract. Such an anemia might be expected to be
more common in premature infants, for these
have been afforded a shorter period for the acqui-
sition of antianemic principle, and in twins if they
have developed, during the intrauterine period,
under conditions in which only a limited amount
of antianemic principle is available. If the lack
of antianemic principle in the infant is the result
of deficient formation of the material by the
mother, it would not be unexpected that the re-
sulting anemia would reappear in the progeny of
succeeding pregnancies.
That these considerations are not hypothetical

is suggested by the experience of pediatricians.
Parsons (40) refers to a "primary anemia of the
newborn " which is macrocytic in type and " fre-
quently occurs in premature children or in twins
and particularly in premature twins." The eryth-
roblastosis of the newborn which has recently
received a great deal of attention (41, 42) is
characterized by familial history, macrocytic ane-
mia, erythroblastosis, increased blood destruction,
increased deposition of iron pigment in the tissues
and extensive extramedullary foci of blood for-
mation. These findings at once bring pernicious
anemia to mind. Liver therapy does not seem to

have received serious trial in these cases but it is
interesting to note, even though it appears to be
an isolated instance, that Bernheim-Karrer and
Grob (43) reported successful prophylaxis by
the daily feeding of 100 grams of liver during the
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last ten weeks of pregnancy, in a mother who had
previously given birth to two infants who died of
"icterus gravis." In other types of anemia in
infants, liver therapy has been reported as being
of value (44, 45).

Clinical observations quite analogous to those
postulated as associated with deficiency of anti-
anemic principle, have been reported in connection
with iron-deficiency anemia in pregnant women
and their offspring. Hypochromic microcytic
anemia is not uncommon in pregnancy, and is
generally considered to be the result of the com-
bined effects of deficient diet, faulty gastric se-
cretion, and the increased requirements for iron
due to the needs of the fetus (39). Infants born
of mothers with this type of anemia, are not ane-
mic at birth, but they frequently develop moderate
to severe degrees of anemia during the first year
of life (46). This anemia may be relieved by
administering iron to the infants, and it may be
prevented by giving iron to the mothers during
pregnancy (46).

There is little information concerning the blood
of infants born of mothers suffering from either
true pernicious anemia or macrocytic anemia of
pregnancy. It is generally stated that such in-
fants are not anemic at birth. Even if this is
true, it does not necessarily invalidate the hy-
pothesis presented for, in the case of iron defi-
ciency at least, the fetus seems to withdraw iron
*for blood-building at the expense of the mother
and in spite of her increasing anemia.

SUMMARY

1. Determinations of the erythrocyte count,
mean corpuscular volume, mean diameter and
proportion of nucleated red corpuscles and reticu-
locytes in the blood of fetuses and newborn of
man, the pig, rabbit and rat, are graphically re-
corded.

2. It is shown that in very young fetuses of
the species examined, the erythrocyte counts are
very low and the red corpuscles are very large
when compared with the values for red cell count
and size in the normal adult of each species. As
the fetus develops the erythrocyte count rises,
and the red corpuscles become smaller. The pro-
portion of nucleated red corpuscles decreases very

rapidly, while the percentage of reticulocytes
diminishes more gradually.

3. In all of the species examined, some macro-
cytosis was found to be still present at birth; and
in the rat, rabbit, pig, cat and dog the erythrocyte
count was lower than that of the, adult. In man,
the erythrocyte count is approximately normal at
birth. In the newborn dogs examined, the counts
were substantially below the adult values and in
the newborn rats they were approximately one-
third of those of the mature rat.

These observations suggest that the macrocyto-
sis of the newborn represents a final stage in the
normal development of the blood.

4. Comparison is made between the develop-
ment of the blood in the fetus and the changes
which occur in the blood of cases of pernicious
anemia in response to liver therapy.

5. The blood of the fetus resembles in many
respects that of cases of pernicious anemia which
are being subjected to an effective, continuous and
extremely potent stimulus to blood formation.

6. It is suggested that the antianemic principle
of Castle may be responsible for the described
changes in the blood of the fetus, and that this
principle passes to the fetus from the stores of
the mother. On this hypothesis it is possible to
visualize the mode of development of " pernicious
anemia " of pregnancy. The significance of this
conception in regard to anemia in infants is also
considered.

We are indebted to Dr. I. P. Earle and to
Mr. J. H. Zeller of the U. S. Research Center,
Beltsville, Maryland, for securing for us blood
from newborn pigs; and to Messrs. William J.
Schmidt and William A. Oktavec, Jr., as well as
Miss Mary Smith, for technical assistance. Mr.
Milton Kougel made the microphotographs.
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