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In the present study we assess the effect of recombinant
human erythropoietin (r-HuEpo) upon levels of fetal Hb (HbF)
and adult Hb (HbA) in preterm infants. Twenty-eight "healthy,"
appropriate for gestational age infants with birth weights 900
1400 g entered the study at 3 wk of age. Fourteen infants were
randomized to receive r-HuEpo, and 14 infants served as con
trols. Four controls and six r-HuEpo treated infants had been
transfused before study start, whereas four control infants were
transfused in the course of the study. The untransfused infants
showed a high HbF/Hb ratio during the study with only a weak
tendency to decline toward the expected time of delivery. The
total Hb mass increased (p < 0.05) more in the r-HuEpo-treated
infants than in the untreated, whereas the rise in HbF mass was
similar in the two groups. After each transfusion, the HbF/Hb

Before 35 wk of gestation more than 90% of the Hb in the
blood is fetal. Thereafter, the HbF/Hb ratio decreases slowly,
and amounts to about 80% in full-term infants at birth (1). The
mechanisms regulating the switch from synthesis of fetal to
HbA as well as the timing of this switch have remained
controversial (2). Some studies conclude that environmental
factors, e.g. birth, seem to be accompanied by a gradual
decrease in the synthesis of HbF (2-4). Studies in preterm
infants (5, 6) and experimental animal studies (7) indicate that
the switch is related to the postconceptional age, and that a
"developmental clock" rather than environmental factors con
trols the Hb switching. The time of the switching has, however,
not been clarified.

Recent studies have shown that r-HuEpo treatment increases
the postnatal red cell production in very low birth weight
infants (8-13). This increased red cell production has been
reported to favor HbF production (8, 12, 13). It is, however,
still an open question whether, or in which way, the r-HuEpo-
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ratio reverted gradually to the ratio expected at the infant's
postconceptional age. There was no difference in the production
rate of HbF between r-HuEpo-treated infants and controls. The
present data indicate that the HbF/HbA ratio in preterm infants is
subject to the same programmed mechanisms which govern
intrauterine erythropoiesis until term and that exogenous r
HuEpo does not influence this pattern significantly. (Pediatr Res
38: 729-732, 1995)

Abbreviations
r-HuEpo, recombinant human erythropoietin
HbF, fetal Hb
HbA, adult Hb

induced rise in erythropoiesis influences the HbF/Hb ratio, and
further studies addressing this problem have been called for
(14).

The purpose of this study was to estimate and compare the
net changes in HbF and HbA during the postnatal period in
very low birth weight infants, with and without r-HuEpo
treatment.

METHODS

The data were collected from the 28 pre term infants who
completed a previously described randomized investigation of
the influence of r-HuEpo treatment on the erythropoiesis dur
ing the anemia of prematurity (11). The infants in this study
were all appropriate for gestational age with birth weight
between 900 and 1400 g, healthy and without ongoing infec
tion. None needed artificial ventilation and fraction of inspired
air (Fi02) was less than 40% oxygen. The study period lasted
from age 3 wk to age 8 wk with an additional assessment at 16
wk. They were all fed human milk (mother's milk or bank
milk) fortified with human milk protein to yield a daily protein
intake of about 3 g/kg. Eighteen milligrams of iron were given
daily from the start of the study and doubled if serum iron fell
below 16.0 j1.mol/L. Fourteen infants were randomized to
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receive 100 U/kg r-HuEpo (Eprex, Cilag, 2000 U/mL) s.c.
thrice weekly from wk 3 to wk 7, whereas 14 infants served as
control s. Blood was samp led wee kly in the amount of about 1.2
ml.zweek.

Six of 14 infants in the r-HuEpo group and 8 of 14 in the
control group received HbA blood transfusions, either before
or during the period of observation (" transfusion group") .
These infants were slightl y younger, with lower body weight
and Hb concentration than the nont ransfused infants. There
were no differences with respect to gestational age, birth
weight, weight gain, or initial Hb concentration between the
r-HuEpo treated infants and the controls (Table 1).

The transfused blood consisted of HbA red blood cells from
freshly tapped 0 blood, suspended in plasma from AB blood to
give a hematocrit of 60%.

Blood for determin ation of HbF was collected at postnatal
age 3, 5, 7, 8, and 16 wk (some infant s also at wk 4 and 6). The
percentage HbF/Hb (HbF%) was determin ed with a modifica
tion of the spectrophotometric method of Fogh -Andersen et al.
(15) using a Radiometer OSM3 Hemoximeter. To minimize
the the blood sampling the analysis was performed in 100-J.LL
samples of packed heparinized red blood cells , i.e. the rest after
removing plasma for other analyses , suspended in 100 J.LL of
0.9 % NaC!. In a pilot study on 11 individual full-term infants
at birth, mean HbF% was 79.8 (rang e: 71- 89). In seven
samples taken from one pool of newborn infants HbF % was
81.1 (79 - 82) . Dilution of a blood sample with HbF % of 89
with HbA blood to 1/2, 1/4, and 1/8 of the original gave HbF%
valu es of 46, 22, and 12, respectively.

Hb mass was calculated as Hb (gldL) X actual bod y weight
(g) X 0.08, whereas HbF and HbA mass were calculated as Hb
mass X HbF% and Hb mass X (100 - HbF) %, respectively.

Statistics. Test of group differences were based on t tests or
regression analyses. Initi al values (at age 3 wk) were , when
appropri ate, used as cova riates to compensate for differences in
initial values and to increase the power of the tests. When
describing the HbF% versus time relationship, we used a
smoothing spline constructed by the JPM statistical system
(smoothness parameter = 100).

RESULTS
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Figure 1. HbF levels (%) in individual, nontransfused infants vs postconcep
tional age. Infants treated with r-HuEpo (e), controls (0). There were no
statistically significant differences between the two groups. The line represents
the combined spline curve for both treatment groups (see text).

observed . There was no statistically significant difference in
HbF % between the controls and the r-HuEpo-treated infants.

Figure 2 show s the changes in HbF and HbA mass in the
nontr ansfused infants. During r-HuEpo treatment, from wk 3 to
wk 7 postnatall y, the total Hb mass showed a marked rise in the
r-HuEpo-treated infants (p < 0.01) , but only a minor increase
was found in the control infants . For both groups the major part
of the rise in total Hb mass durin g wk 3 to 8 was accoun ted for
by an increas e in HbF mass, 4 g in the controls and 5 g in the
r-HuEpo-trea ted infants. The absolute increas e in HbA mass
was smaller, 3 g in the r-HuEpo-treated infants and 1 g in the
cont rols. From wk 3 to wk 8 the production of HbA was
slightly higher in the r-HuEpo-treated infants than in the
controls, but this difference between the groups did not reach
statistical significance. From the 8th to the 16th wk the HbF
mass remained essentially unchanged in both groups, and the
further marked rise in Hb mass was due to a rise in HbA mass
only.

After the depression of HbF% caused by HbA transfusion,
there was a rise in HbF % toward the leve l observed in the
nontransfused infants, both in the r-HuEpo-treated and control
infants. Figure 3 illustrates the changes in HbF % following
transfusions for 5 of the 14 transfu sed infants, all with HbF
measurements determined within 1 wk after the last blood
transfusion .

Table 1. Some characteristics of nontransfuse d infants

Data are presented as mean (SEM). There were no differences between the
treatment groups (r-HuEpo and controls).

Figure 1 shows the relationships between HbF% and
postconceptional age in nontransfused contro l and r-HuEpo
treated infants. HbF% remained high until the age of 38 -40
wk in both groups. The reafter a marked decline in HbF % was
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Figure 2. Mean values (SEM) of HbF (- - ) and HbA (.....) masses vs

postnatal age for infants not being transfused before or during the study.
r-HuEpo-treated infants (e); controls (0).
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Figure 3. HbF (%) vs postconceptional age in individual preterm infants
transfused with red blod cells within 1 wk before a HbF measurement. This and
the subsequent measurements until age 8 wk are displayed. (r-HuEpo-treated
(e) and control infants (0).) The line represents the spline curve for HbF
development in untransfused preterm infants (see Fig. 1).

DISCUSSION

Previous studies in preterm infants indicate that the switch
from HbF to HbA synthesis is related to postconceptional age
rather than to time of birth (5, 6), although the mechanisms
controlling this switch are not fully understood (2, 7). Although
some studies report a gradual fall in HbF levels in premature
infants with increasing gestational age (5, 6, 16, 17), the
present results suggest a stable level of HbF% until close to the
expected date of delivery (wk 38-40 postconceptionally). In
these nontransfused infants born at a mean postconceptional
age of 30.5 wk, HbF remained high at about 90% of total Hb
until wk 38-40. The net rise in HbF mass during this period
was greater than that of HbA mass. During these weeks the
active erythropoiesis (11) produces predominantly fetal Hb.
The postnatal continuation of HbF production is also clearly
demonstrated in the slightly younger, more anemic infants with
several HbA blood transfusions before or during the study.
Reduced HbF% levels are initially observed, and then a net rise
in HbF takes place (Fig. 3). The present results support the
work by Brown et al. (18) also suggesting continued HbF
production postnatally in preterm infants.

In experimental animal studies (19, 20) and in sickle cell
diseases (21), Epo stimulation induces increased HbF produc
tion. Recent studies of the effect of r-HuEpo treatment on
erythropoiesis in very low birth weight infants apparently
indicate that r-HuEpo treatment favors production of HbF at
the cost of HbA (8, 12, 13). This is in contrast to our current
findings in the nontransfused infants where r-HuEpo had a very
small influence on the HbFlHbA ratio.

In the study of Emmerson et al. (12) Hb was kept at a certain
level either by r-HuEpo treatment or by transfusions. A reduc
tion in the amount of HbA blood transfused by r-HuEpo must
necessarily have led to higher HbF in the r-HuEpo group than
in the controls. Likewise, in the study by Shannon et al. (10)
previously transfused infants with initially low HbF and no
further transfusions during the r-HuEpo treatment were bound
to have a rise in HbF. This finding is consistent with our
observation of a strong tendency to re-establish a high HbF%
after blood transfusions. In the work by Bard and Widness (13)

the increased HbF synthesis observed in the r-HuEpo-treated
infants was due to a skew age distribution: the r-HuEpo treated
infants were slightly younger with a synthesis of HbF lasting
longer than seen in the placebo treated infants (Widness J,
personal communication).

In the present study the transfused control infants had the
same rapid increase in HbF as had the infants treated with
r-HuEpo (Fig. 3). There was no evidence to indicate that
r-HuEpo influenced the relationship between HbF and HbA in
these transfused infants.

The prolonged maintenance of a high HbF level and the
consequent delay in shift of the Hb O2 dissociation to the right is
in theory unfavorable for O2 delivery to the tissues in anemic
infants. Thus, in an anemic preterm infant a given therapeutic rise
in Hb would theoretically produce a greater quantity of available
O2 when the rise in Hb is caused by HbA blood transfusion than
if it is due to the infant's own production, spontaneous or r
HuEpo-induced (22). However, adult blood has clearly other
disadvantages (e.g. blood-borne infections, human immunodefi
ciency virus, cytomegalovirus, hepatitis) (23) that make red cell
transfusions undesirable for preterm infants.

In summary, the present data indicate that at least up to the
expected date of delivery the Hbf'/H b ratio in preterm infants
is subject to the same programm ed mechanisms which govern
the intrauterine erythropoiesis until term. Exogenous r-HuEpo
influences this pattern only marginally.
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