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Fetal Blood Ferritin and Cobalamin
in Normal Pregnancy

Abstract

In a cross-sectional study of 75 singleton pregnancies at 16-38
weeks gestation serum cobalamin and ferritin concentrations
were measured in fetal and maternal blood samples. Fetal
serum cobalamin concentration did not change significantly
with gestation but ferritin concentration increased. The me-
dian fetal serum concentrations of both ferritin and cobalamin
were significantly higher than the respective values in the
mother. The median fetal-maternal ratio for ferritin was 3.2
and for cobalamin 1.2. These findings demonstrate that from
at least 16 weeks gestation, there is efficient iron storage in the
fetus and transfer of cobalamin from the mother to the fetus

Fetal blood

Introduction

Iron and cobalamin play a vital role in
growth and development; iron is essential for
erythropoiesis while cobalamin is necessary
for synthesis of nucleotides and therefore cell
growth and division. Iron is stored mainly in
the form of ferritin [1]. The measurement of
ferritin rcliably reflects the total body iron
stores in both adults and newborns [2]. Pre-
vious studies of umbilical cord blood samples
obtained after delivery have demonstrated
higher concentrations of ferritin and cobala-
min in the fetal than maternal circulation (ta-
ble 1) [3-18]. Furthermore, studies involving
the injection of radioactively lavelled iron and
cobalamin to women undergoing termination

against a concentration gradient.

of pregnancy or prior to delivery and subse-
quent measurement of radioactivity in the
placenta and fetal tissues have suggested ac-
tive transport across the placenta [19-21].

The aim of this study was to establish refer-
ence ranges for fetal serum ferritin and cobal-
amin concentrations with gestation and to
investigate their relative fetal-maternal ra-
tios.

Patients and Methods

Fctal blood was obtained by cordocentesis [22] (n =
63) or at clective cesarcan section for breech prescenta-
tion or previous cesarean scection (n = 12). In all cascs,
maternal venous blood was collected from the antccu-
bital fossa immediatcly before fetal blood sampling.
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Table 1. Litcrature review of previous studics examining fetal serum concentration,
maternal serum concentration and fetal-maternal ratio (F/M) for cobalamin (ng/1) and ferritin

(ng/N)

n Gestation  Maternal  Fetal FM
Cobalamin, ng/l
Baker ct al. [3] 104 38-42 190 390 2.0
Zachau-Christiansen et al. [4] 365 38-42 240 373 1.6
Loria ct al. 5] 80 38-42 198 430 22
Vaz Pinto et al. [6] 30 38-42 236 375 1.6
Giugliani et al. [7] 51 38-42 340 799 2.3
Present study! 72 16-38 250 288 1.2
Ferritin, ug/l
Rios ct al. [8] 20 38-42 18.0 117.0 6.5
Fenton ct al. [9] 33 38-42 12.0 174.0 14.5
Hussain et al. [10] 51 38-42 58.0 183.2 32
Kelly ctal. [11] 115 38-42 30.3 169.0 5.6
Bartlid and Moe. [12] 54 38-42 29.1 144 4 5.0
MacPhail et al. [13 103 38-42 21.3 71.1 34
Puolakka ct al. [14] 47 38-42 59.0 262.0 44
Celada et al. [15] 64 38-42 13.8 81.0 6.1
Okuyama et al. [16] 35 38-42 9.6 160.5 16.7
Milmanet al. [17] 85 38-42 21.0 128.0 6.1
Wong and Saha (18] 72 38-42 17.4 142.0 8.2
Present study? 68 16-38 10.6 79.6 7.5

I Median values.

2 Changes with gestation; the values given arc thosc at term.

The indications for cordocentcsis were (1) prenatal
diagnosis of blood disorders such as haemophilia A
(n = 15); (2) fetal karyotyping for women of advanced
maternal age who booked late or in whom amniocyte
culture had failed or a low maternal serum a-fetopro-
tein level had suggested a significant risk of chromo-
somal defect (n = 10); (3) karyotyping for fetal malfor-
mations such as mild hydronephrosis, unilatcral multi-
cystic kidncy or congenital diaphragmatic hernia (n =
33), and (4) fetal blood grouping in red blood cell iso-
immunised pregnancies in which the fetal blood was
subscquently found to be Coomb’s test negative (n =
2). In 3 cascs at 16-17 weeks, fetal blood was obtained
before clective termination of pregnancy for social
indications. In all cascs, the fetal abdominal circumfer-
cnce at the time of cordocentesis was within our refer-
ence range for gestation and the fetal karyotype was
normal. Furthermore, the fetuses did not have the
blood disorder for which they were investigated. Klei-
hauer-Betke testing confirmed that all cordocentesis

samples contained only fetal blood. The project was
approved by the hospital’s cthical committee and in-
formed consent was obtained from all the mothers.
Fetal (0.5-1.0 ml) and matcrnal (5 ml) blood sam-
ples were collected into plain tubes, centrifuged for
10 min at 2,000 rpm and the serum collected and
stored at -20°C. Radioimmunoassay kits werc uscd
for mcasurement of cobalamin (Becton-Dickinson,
Oxford, UK) and ferritin (Biorad Laboratorics, Hamel
Hamsted, UK). Because sample volumes were insuffi-
cient for all assays, ferritin was mcasured in 68 samplcs
and cobalamin in 72 samples. The intra- and interas-
say coefficients of variation were 6.4 and 8.4% for
cobalamin and 4.7 and 6.9% for ferritin, respectively.

Statistical Analysis

Regression analysis was uscd to examinc any rela-
tionship between measured variables and gestational
age, and 1o cxaminc relationships between fetal and
maternal levels. Additionally, paircd t test was applicd
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Fig. 1. Fetal and maternal scrum ferritin concentration (a; ug/l), and fetal-maternal ferritin
ratio (b) in 68 normal pregnancies plotted on the appropriate reference range with gestation

(mean, 5th and 95th centile).

to cxamine significance of differences between fetal
and maternal levels. For thosc measurements that were
not normally distributed, the distribution was made
Gaussian by logarithmic transformation. To produce
the reference ranges with gestation in the original units
the limits of the calculated reference range in loga-
rithms were subjected to anti-logarithmic transforma-
tion.

Results

Fetal serum ferritin concentration in-
creased significantly with gestation [fig. |;
log o (ferritin) = 1.28 + 0.016 x gestation, SD
=0.305,r=0.349, p<0.01], maternal ferritin
decreased [fig. 1; log;o (ferritin) = 1.46 - 0.011
x gestation, SD =0.315,r=-0.245, p<0.05],
and fetal-maternal ferritin ratio increased
[fig. 1; log;o (ratio) = -0.185 + 0.028 x gesta-
tion, SD = 0.326, r = 0.511, p < 0.0001}]. In
contrast, there were no significant changes
with gestation in fetal serum cobalamin con-

centration (fig. 2; median 288 ng/l, r = 0.15),
maternal serum cobalamin (fig. 2; median
250 ng/l, r = -0.16) or fetal-maternal cobal-
amin ratio (fig. 2, median 1.2, r=0.21).

There were significant associations be-
tween fetal and maternal serum concentra-
tions of both ferritin (r = 0.324, p<0.01) and
cobalamin (r = 0.522, p < 0.0001), and the
fetal serum concentrations of both ferritin
and cobalamin were significantly higher than
respective values in maternal serum (ferritin:
mean difference 50 pug/l, SEM 7.5, t = 6.78,
p< 0.0001; cobalamin: mean difference
63 ng/l,SEM 17.3,t=3.66, p<0.001).

Discussion
The data of the present study demonstrate

that in normal human pregnancy the fetal
serum ferritin and cobalamin concentrations
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Fig. 2. Fctal and matcrnal scrum cobalamin concentration (a; ng/l), and fetal-maternal
cobalamin ratio (b) in 72 normal pregnancies. Neither fetal serum concentration nor maternal
concentrations changed significantly with gestation.

are significantly associated with respective
maternal serum concentrations and the levels
in the fetal circulation are higher than the
maternal. The fetal-maternal ratio of serum
ferritin increases with gestation and is much
higher than that of cobalamin which does not
change significantly between 16 and 38
weeks. The fetal-maternal ratios throughout
the gestational range examined were similar
to those reported in studies of blood obtained
after delivery at term and demonstrate effec-
tive placental transfer and efficient storage of
iron in the fetus from at least 16 weeks gesta-
tion.

The mean fetal-maternal ratio for ferritin
increased from 1.6 at 16 weeks gestation to
7.5 at 38 weeks. This increase in the mean
fetal ferritin concentration with gestation
could be explained by the increase in placen-
tal iron transfer. Indeed, Fletcher and Suter
[19], examined the placental transfer of radio-

labelled iron and reported that the average
daily transfer increased from approximately
0.4 mg/day at 16 weeks to 4.7 mg/day at 30
weeks. Effective accumulation of iron in the
fetus in the form of ferritin is presumably
aimed at fulfilling increasing requirements for
expansion of the fetal red cell mass [23]. Addi-
tionally, high fetal iron stores are necessary
for the postnatal period, because iron concen-
tration of breast milk is low [24]. The signifi-
cant association between the fetal and mater-
nal concentration of ferritin suggests lower
fetal iron stores in anemic mothers.

The relatively low fetal-maternal ratio of
cobalamin suggests that although there is
some degree of active transport across the pla-
centa it is not as efficient as the transport of
iron. Moreover the association between the
fetal and maternal concentration of cobala-
min suggests that there is a preferential trans-
port of cobalamin across the placenta that is
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dependent on the levels in the mother. In-
deed, in women with marginal deficiency in
cobalamin, the newborns often have subnor-
mal concentrations and may develop megalo-
blastic anemia, especially if breast fed [25,

26].

This study has established reference ranges
for fetal serum concentrations of ferritin and
cobalamin with gestation, and provides the
background for the assessment of pregnancies
complicated by maternal malnutrition/mal-

absorption, impaired placental perfusion and
fetal hemolytic anemias.

0 000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000 0000000000000

References

Jacobs A: Serum ferritin and iron
stores. Fed Proc 1977,36:2024-
2027.

Cook JD, Lipschitz DA, Laughton
EMM, Finch CA: Serum ferritin as a
mcasure of iron stores in normal
subjects. Am J Clin Nutr 1974:26:
681-687.

Baker H, Ziffer H, Pasher I, Sobotka
H: A comparison of matcmal and
foetal folic acid and vitamin B12 at
parturition. Br Med J 1958;1:978~
979.

Zachau-Christiansen B. Hoff-Jor-
gensen E, Ostergard Kristensen HP:
The relative haemoglobin, iron, vi-
tamin B, and folic acid values in
the blood of mothers and their new-
born infants. Danish Med Bull
1962;9:157-166.

Loria A, Sanchez-Medal DL, Labar-
diniJ, Soberon J, Karchmer S: Com-
paricion entre el estado nutricional
de la madre y del recien nacido. Gac
Mcd Mcx 1969:99:229-239.

Vaz Pinto A, Santos F, Midlej MC,
Almeida AM, Gama MP: Vitamin
B); and folic acid in maternal and
newborn sera. Rev Invest Clin 1973;
25:341-344.

Giugliani ERJ, Jorge SM, Gon-
calves AL: Scrum vitamin B); levels
in parturients, in the intervillous
space of the placenta and in full-
term ncewborns and their interrcla-
tionships with folate levels. Am J
Clin Nutr 1985;41:330-335.

Rios E, Lipschitz DA. Cook JD.
Smith NJ: Relationship of matcrnal
and infant iron stores as assessed by
determination of plasma ferritin.
Pediatrics 1975;55:694-699.
Fenton V. Cavill 1, Fisher J: Iron
storcs in pregnancy. Br J Haematol
1977;37:145-149.

10

16

Hussain MAM, Gaafar TH, Lau-
licht M, Hofbrand AV: Reclation of
maternal and cord blood scrum fer-
ritin. Arch Dis Child 1977:52:782-
784.

Kclly AM, Macdonald DJ. McDou-
gall AN: Obscrvations on maternal
and fetal ferritin concentrations at
term. BrJ Obstct Gynaccol 1978:85:
338-343.

Bartlid D. Moe PJ: Hacmoglobin
and serum ferritin levels in mothers
and infants at birth. Eur J Pacdiatr
1980:134:125-127.

MacPhail AP, Charlton RW. Both-
well TH, Torrance JD: The relation-
ship between maternal and infant
iron status. Scand J Haematol 1980;
25:141-150.

Puolakka J, Janne O, Vihko R: Eval-
uation by serum ferritin assay of the
influence of matcrnal iron stores on
thc iron status of ncwborns and in-
fants. Acta Obstet Scand Suppl
1980:95:53-56.

Celada A, Busset R, Gutierrez J,
Herreros V: Maternal and cord
blood ferritin. Helv Pacdiair Acta
1982:37:239-244.

Okuyama T, Tawada T, Furaya H,
Villee CA: The role of transferrin
and ferritin in fetal-maternal-pla-
cental unit. Am J Obstet Gynccol
1985;152:344-350.

Milman N, Ibsen KK. Christensen
JM: Scrum ferritin and iron s:atus in
mothers and newborn infants. Acta
Obstet  Gynccol Scand 1987;66:
205-211.

Wong CT. Saha N: Inter-relation-
ships of storage iron in the mother,
the placenta and the newbom. Acta
Obstet Gynecol Scand 1990;69:
613-616.

19

20

21

22

23

24

25

26

Fletcher J, Suter PEN: The transport
of iron by the human placenta. Clin
Sci 1969:36:209-220.

Pommcrenke WT, Hahn PF, Bale
WF, Balfour WM: Transmission of
radioactive iron to the human fetus.
Am J Physiol 1942;137:164-170.
Luhby AL. Cooperman JM. Don-
nenfeld AM, Herrero JM. Teller
DN, Wenig JB: Observations on
transfer of B, from mother to fetus
and ncwborn. Am J Dis Child 1958:
96:532-533.

Nicolaides KH, Soothill PW, Ro-
deck CH, Campbell S: Ultrasound
guided sampling of umbilical cord
and placental blood to assess fetal
well-being. Lancet 1986;i:1065-
1067.

Nicolaides KH, Thilaganathan B,
Mibashan RS: Cordoccntcsis in the
investigation of fetal erythropoiesis.
Am J Obstet Gynecol 1989;161:
1197-1200.

Murthy GK, Rhca US: Cadmium,
copper iron, lcad, manganesc and
zinc in evaporated milk, infant
products and human milk. J Dairy
Sci 1971;54:1001-1005.

Roberts PD, James H, Petrie A,
Morgan JO, Hoffbrand AV: Vita-
min By, status in prcgnancy among
immigrants to Britain. BMJ 1973:3:
67-72.

Lampkin BC. Shore NA, Chadwick
D: Mcgaloblastic ancmia of infancy
sccondary to maternal pernicious
anemia. N Engl J Mcd 1966:274:
1168-1171.

Abbas/Snijders/Sadullah/Nicolaides

Fetal Blood Ferritin and Cobalamin in
Normal Pregnancy

€202 J9qUeAON |0 UO Josn uopuo 86s]109 s,Buiy Aq Jpd°L0BEIZ000/EEL98.LZ/¥ L/L/6/3Pd-0[oIE/PY/WOD" JoBIex)/:d)Y WOy papeojumod



