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ABSTRACT. Utilizing an easy and safe procedure for fetal
blood sampling in utero we have studied 409 fetuses for
prenatal diagnosis of rubella, toxoplasmosis, hemophilia,
and hemoglobinopathies. Retrospectively we selected 163
fetuses confirmed as normal at birth and tested between
18 and 30 wk of gestation to establish normal hematolog-
ical parameters and to follow the evolution of ervthropoi-
esis, differential counts, hemoglobin synthesis, and hemo-
stasis. Total white blood cell and platelet counts did not
change during this period. The lymphocytes represented
the main population and we observed a decrease of nor-
moblasts during gestation, The results show a progressive
increase of red blood cells and hemoglobin. This evolution
is demonstrated by the ratio hemoglobin A to acetylated
hemoglobin F, No significant modification of hemostasis
was observed over a |2-wk intrauterine gestation, Thesec
results provide uscful reference valoes for future investi-
gations. (Pediatr Res 20: 342-346, 1986)

Abbreviations

WBC, white blood cell count

RBC, red blood cell count

PLT, platelet count

Hb, hemoglobin

Ht, hematocrit

MCYV, mean corpuscular volume

MCIN, mean corposcular 11b

MCHC, mean corpuscular Hb concentration
RDW, red ccll distribution width

IEF, isoelectrofocusing

Our knowledge of fetal hemaiology is limited due to the fact
thal most carlier studies were performed on aborted fetuses or
under sampling conditions which may have altered hematologi-
cal values. Moreover, only a few hematological values during
gestation have been published (1). Having developed an easy and
safe technique for fetal blood sampling, we selected retrospee-
tively for this study 163 fetuses born healthy at full term delivery
to establish reference fetal hematological values using standard-
ized methods. To date no fetal loss or premature labor has been
aliributed to these felal samplings,
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MATERIALS AND METIHODS

Sampling procedure. The fetal sampling method has been
described in detail previously (2, 3). A real time ultrasound
scanner (ATL MARK III) was used 1o locate the umbilical cord
insertion on the placenta and to determine the best roule of
aceess to it withoul fetal interposition. The transducer was then
maintained immaobile while, under aseptic conditions. local anes-
thesia was performed with 1% xylocaine into the anterdor abdom-
inal wall at the chosen puncture site. No S-mimstic drugs or
other medication were used prior to the procedure. A 20-gauge
spinal needle (10 or 13 cm long), filled with 0.129 M sodium
citrate solution and fixed to a 2 ml disposablc syringe containing
0.1 mi of this solution. was introduced inte the plane of the
ultrasound sector near the transducer, The necdle tip emitted a
clearly visible echo and its progress toward the inscrtion of the
cord was followed on the scope. The vein of the cord was
punctured about 1 ¢m from its insertion.

Immediately after the first drop of blood was obtained, the
syringe was replaced by a new one containing no additive. The
blood sample was immediately transferred into special tubes
containing adequate anticoagulant for biological studies. The
duration of the entire procedure was less than 10 min in 90% of
the cases, and the automated cvaluations of hematological pa-
rameters were completed within 30 min.

FParients. We studicd 409 pregnancies and 435 fetal blood
samplings were carried out {26 repetitive samplings) with the
approval of the ethics committee of the hospital, the medical
expert panel, and the informed consent of the patients. The fetal
samplings were conducted for the prenatal diagnosis of toxoplas-
mosis (285 cases), rubella (37 cases), or hemophilia (30 cases),
for rapid fetal karyolyping (32 cases), or for diagnosis of other
miscellaneous condilions (25 cases). Medical abortions of ai-
fected feluses were performed in 51 cases. For this study, aimed
at establishing hemartological reference values, we obtained data
from 163 fetuses born in good health at fuil term delivery,
without intrauterine growth retardation, and sampled between
18 and 30 wk of gestation. Hematological data also were obtained
from &3 mothers at the date of the fetal blood sampling: thesc
women were selected because of the absence of iron and folate
deficiencies. Their corresponding neonates also were studied (the
cord blood was collected at delivery by direct puncture under
aseptic conditions).

Biological investigations. Usually we obtained approximately
2 ml of blood and divided it into three aliguots: about 500 4l
anticoagulaled in lyophilised EDTA K, from Sarstedt (rcf.
32332); 400 pl collected in 0.129 M sodium citrate solution in
an Eppendorf microtube (ref. 72698), ratio 9/1; and about 500
al drawn into a heparin-lithium dry mixture. The remaining
blood was not anticoagulated. Hematological parameters were
determined with a Coulter Counter S Plus II.



HEMATOLOGICAL DATA OF NORMAL FETUSES

The following parameters were measured in the hospital lab-
oratory immediately afler the sampling: WBC. RBC, PLT, Hb,
Hi, MCV, MCIL MCHC, and RDW. The tustograms of the
volumes of WBC, RBC, and PLT were recorded. The blood
smears were stained with the May Grunwald Giemsa method for
the differential blood count. From these data and the white cell
counts provided by the Coulter, the number of nucleated red
cells was determined. The Kleihauer Belke test (4), used to
confirm the absence of contamination by maternal blood, was
done using the fetal Hb test from Boehringer.

Biochemical measurements. Hb samples consisted of 0.2-0.5
ml of EDTA anticoagulated fetal blood. Standard procedurcs
were used for b studies as described by Basset et al. (5). The
tests used included LE.F., citrate agar clectrophoresis. and scan-
ning of the gels with a densitometer (Cello-System, Sebia,
France). The results provided information aboul the expression
of adult 11k related ta gestational age and the frequency of Hb IY
Sardinia (475 Thr-136 Ala).
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Fig. 1. Graphics terminal which displays histograms of white cell, red
cell, and platelet disteibution curves of a mother and her related fetus.
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Ferritin was measured in 14 cases using a radioimmunoassay
kit (Ferk-CEA, France).

Coagulation tests were performed on 103 frozen plasmas with
a single stage method for antihemophilic A and B factors, proac-
celerin, prothrombin using KC 10 Dade (AHS). Factor VIIE and
[Xs related antigen activitics were measured by ELISA (Stago)
and adapted on an Ol € + D {Kone-Westinghouse). All the
factor VIII activities were compared to the WHO’s reference
plasma 80/511 (6).

RESUHLTS

I'ypical distribution curves for WBC, RBC, and PL'T volumes
are presented in Figure 1 for a mother and her fetus at 20 wk of
gestation. Only one peak of WBC is obscrved in the fetal histo-
gram. The mean and SD of the main hematological parameters
are summarized for 63 (gtuses in Table | and compared with the
data of 63 newborns {cord samples at birth) and their mothers.
The (etal values were obtained at 22-23 wk of gestation. The
fetal WRC is low compared to adulls (3.92/8.76 X 10¥ liter; the
PLT level is within the normal range and was never below 150
% 10%/liter: the RBC count is 3.04 = 0.07 x 10"/liter with a
high mean MCV (1254 = 1.2 F1). The hematocrit 1s 37.9 +
0.7% and the Hb 12.4 + 0.24 g/100 ml.

In order to better assess the evolution of the hematological
parameters, we sclected 163 fetuses confirmed retrospectively as
normal at birth, Hematological values from 1§ to 30 wk of
gestation are presented in Table 2,

We ohscrved a gradual decrease of the MCV and an increase
of the hematocrit, Total WBC counts did not change during this
period, nor did the platelet counts. The increase of RBC s not
substantial ranging Irom 2.66 to 3.52 x 10'*/liter.

Linear regression analysis between MCV, MCH, RBC, RDW,
Hi, Hb, WBC. PLT, or MCHC and gestational age were deter-
mined by least squared fitting, Significant correlations were
observed between MCV, MCH, RBC, RDW, 1, and Hb versus
the weeks of gestation as shown in Figure 2. No correlation was
found between WBC, PLT, and MCHC versus geslalion age.

Differential counts are summarized in Table 3. Because aci-
dophilic normoblasts are present in a normal fetal differential
and because nuclei of normoblasts are counted as WBC by the
Coulter, we thought it was relevant to record their presence in
the differential count among 200 cells. The lymphocytes repre-
sent the main population and. during gestation, there is a pro-
gressive decrease in normoblastic cells from 12 £+ 8o 4 £ 3.5%.

Coagulation factors [rom 103 fetuses are summarized in Table

Table |. Principal hematotogical data of 63 Mood samples
collected from fetuses herween 22 and 23 wh of gestation
compared to the data of 63 cord blood samples at bivth and the
corresponding mathers the day of the fetal blood sampling
{mean + S}

Relative mothers
at the day of the

New borns

Fetuses (22— (cord samples

23 wk) at delivery) blood sampling

WIBC (< 10%iter) 3924017 1111+ 442 .76 £ 048
RBC (> 10" 1iter) 3.04 £ 007 356 +076 386 =005
Hb (g/100 mi) 124+0.24 1329 1.6 12,1 =0.17
Ht (%) 379207 41.2 = 6.02 305
MOV (F1) 12544 1.2 11881 = 14 239+ 08
MCOH (pg) 41 £2.27 3825+ 9383 =01
MOHC {2/ 100 mh 28165 3499114 336=x072
Red cell distnbution 194 £ 186 2033+ 1.4 13.6 208

width
Platelets (x 10%/1i- 24f = & 2995 + 384 244 = 10

er)
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Table 2.
Wk of WBC (x Platelets RBC {x Hb {g/100
sestation  10%/liler) (10%/liter) 172/ liter) ml}
18-20 420083 24213448 2662029 1147078 3
(s =125
21-22 419+ 084 2582+ 5365 2960206 1228+089 3
{n— 33)
23-25 J95+ 069 25943+4245 306026 1240077 1
{n==01)
26-30 444 £ (.85 2533534 £366 3.52+032 1335+1.17 4
(h=22)
MY CH
it 4 Y Mpg 4
507
135 ¥Y=1642—161 X ¥=511—046X
X7 0,3 112 H1 12201
40_\
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115 20 r 0507
X X
20 25 30 weeks 20 25 30 weeks
vor §Y ROW § ¥
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Ht Hb
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Fig. 2. Relattanships between RBC, 11h, Hr, RDW, MOV, MCH

values and the gestational age of 163 normal fetuses by means of
regression lincar analysis.,

4: antihemophilic A (coagulant and anligen relaled activities),
antihemophilic B, proaccelerin V., and prothrombin [1. The mean
value lor factor VITIC was 40% and for factor 1X 9% between
19 and 21 wk. Mcan factor V and I levels were respectively 39
and 13%, and VIIIRAg 39%. These values remained cssentially
unchanged through 27 wk. Mcans and SD values for pregnant
women lhe day of the samplings were: VIHIC 160 = 80%,
VINRAg 190 £ 110%, IX 90 + 20%, V 85 £ 10%, and 11 95 +
15%.

Repetitive samplings were carried out on five pregnant women
with the aim of exanuning the evolution of sefected cnzyme
aclivities and myoglobin values relating 1o a possible prenatal
diagnosis of muscular dystrophy. Figure 3 illustrates the evolu-
tion of the RBC and the MCV values for the five fetuses each

Ivalurion of hematological values of 163 normal fetuses during pregnancy (mean + SD) from

FORESTIER ET 1.

studies performed with a

Red cell

MPTIC (g/  distrhution

H1 (%) MCV(F1)  MCH(pg) 100 ml) width
586+ 320 13392+ 883 4314271 32+ 238 2064+ 228
8333210 13006 £ 6,17 4139 £332 31732278 20015+ .92
B39+ 241 12619623 4048 £ 288 321432 1020+ 162
15343310 NB1T7Tx575 3704+ 367 3215+355% 1835+ 1.67

sampled three times or more during gestation. The results show
a progressive increase of RBC in all the fetuses in good correlation
with our normal hematological values during gestation (sce Table
1 and Table 2).

Hb type was characterized in 125 samples: 45 (36%) individ-
uals had carricd & fraction of felal Hb with the TEF pattern of
1Ib F Sardima (75 Thr—136 Ala) (7); samples with a different
chain mutation have been detected. In the complete group, no
o variant was found, two cases of sickle cell trait and one case of
Hb E were noted. Hb Bart's was suggested in 13 cases, but clearly
scen in nine. Unfortunately, sample volumes were too small to
allow precise quantiiation. In only one case, Hb Bart’s clevation
was accompanied by a microcytosis as delined in Table 2. Table
3 shows the ratio of Hb A 10 acetylated b F (Hb A/Hb Fac) as
a function of the gestational age. Acetvlated Hb F is a constant
fraction of total Hb F and represents about 8% of Hb F. These
values, altheugh overlapping, are proportional to gestational age
with the following formula: y = 0.019x + 0.47 (r = 0.4) (y = b
A/Hb Fac ratio; x = gestational age in weeks). In two cases of
suspected g-thalassermnia trait, Hb A/Hb Fac ratios were found to
be low for the gestational age (20 wk of gestation—ratio 0.45, 22
wk of gestation—ratio 0.2). In one case, we found a low level of
Hb Fac. as compared with a normal Hb A fraction for gestational
age. GGamma chain variants had a high Hb A/Hb Fac ratio.

Ferritin values measured 10 [4 cases were between 19 and 9%
ug/liter {mean x SD: 51.07 £ 19.64; wk of gestation: 23.5 = 4),

DISCUSSION

For the present study we utilized a Coulter S Plus 1, a very
accurale instrument and well adapied to small volumes of blood
and rapid identification of fetal blood by analysis of WBC and
RBC volumes. Fetal bone marrow erythropoiesis begins between
the 16th and 18th wk of gestation (8) as liver hematopoiesis (9)
is challenged by hepatocyte proliferation (10-13). It has been
noted that the changes in the number of circulating normoblasts
between [ and [8 wk is associated with a progressive maturation
of these cells (10). There 15 a diminution of the diamecter and
densification of the nuclens and more acidophilia. In our study,
the number of lale normoblasts markedly decreased (from 13 +
6 to 5 = 4%} during the 12-wk period ol gestation studied. Qur
values are lower than previously reported (14). The normoblasts
had almost the same evtological feature throughout this period.
In contrast, changes in RBC and Hb levels were rather small.
Maturation is demonstrated by a diminution of MCV and RDW,
and by the moderate increase in Hb A synthesis. Adull 1Ib is
sufficiently separated from cither Hb F or acetvlated Hb F by
IEF {15). Since acetylated Hb F is a constant fraction of Hb F
(16, 17}, it is justified o follow the increase in Hb A synthesis
by the Hb A/lIb F acetylated ratio (18) using [EF and gel
scanning.
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Table 3. Some aspects of fetal differential cowns from 18 10 30 wk of gestation of 163 normal fetuses fmean £ SD)
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Table &. Evofution of coagulation factors of 103 normal jefuses
during pregnancy and their relutive mothers imean £ 5D)

Friuses
{wk of
gestationy VIO (%)
19-21 4= 12
(=751

1X
(%)

39+ 125 9425

VIl RAg
V) B

Wil 13+4

22-24
i — 44)

3%+ 13,

2l

64413 G+3 4053

2527 432.
{(n—44)

L)
H
ro

63+ 13

160 + &0

Mothers 190+ 110 90 x 20 B3+ 1) 95 £ 15

No cytological or guantitative changes were obscrved in plate-
lets dunng the fetal period studied. This may indicate that malure
megakaryocytopoiesis is completed before 18 wk and before bone
marrow crvthropoiesis has begun {197, lnterestingly, PLT were
never below 150 % 10%/liter in normal (etuses. Neutrophils were
very low and increased slightly from about 0.2 (20th wk) to 0.4
% 10°/liter (30th wk). This pattern also is obvious in cases
sequentially sampled and conirasts with the ncutrophilia ob-
served al birth. About half of the granulocytes are band lorms
throughout the studied period. This neutropenia also appears in
the WBC volume distribution curve (Fig. 1.

It can be interpreted either as a strong margination or, more
likely. as the physiological initiation of granulopoiesis in the
hone marrow (19). Anatomophysiological data (8, 20) support
the latter hypothesis, This observation also further supports the
absence of maternal contamination.

Fosinophil and monocyle counts were relatively constant from
the 181h to the 30th wk of gestation, Some fetal lymphocytes are
larger (but vary considerably in size) with a cytoplasm more
basophilic than typical lymphocytes. The absolute counts are
relatively stable, These obscrvations disagree with those previ-
ously reported (21, 22).

Excluding the prenatal diagnosis of hemoglobinopathies, Hb
abnormalitics are surprisingly numerous. The geographic origin
of the foreign families was aboutl 7% from North Africa, 2%
from South East Asia, and 1% from black countries. In this
population, wwo cases of Hb S and one case of Hb E were
detected by TEF {5). In two children from 8-thalasscmic heter-
ozygole mothers, the expression of 1Ib A was lower than usual
with a Hb A/Hb Fac ratio below 0.5. This method already has
been used for antenatal and neonatal diagnosis of g-thalassemia
(23, 24, It this foreign population is withdrawn. the frequency
of heterozygote and homozveote fetuses for Hb F Sardinia 1s
36% for the French population. This is very close to previous
data for Caucasian newborns in the United States (25) and in
the Netherlands (26). Hb Bart’s was detected in a group of 13
fetuses. A severe microeytosis, {111 Flat 20 wk compared to our
relerence value: 134 + 9) was obvious in only one {a felus of
black African origin) of these cascs, Extrapolating frem reported
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Fig. 3. Lvolution of the RBC and the MOV values of five fetuses

each sampied three times or more during the gestation.

Table 5. Evolution of 1ib AfHb Fac ratio beiween 19 and 36 wk
of gestation (mean £ SD;

N, HbA

Wk of ol T
gestation cases I{hFac
19-21 34 086 = (113
2224 44 0492+ 018
25-27 15 094 + 021
28. 30 7 100 = 0.2
31-36 9 119 = 0,08
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fincings in black newhorns (27), this lailer case might be an -
thalassemnia trait. A surprising finding was the detection of three
difterent ~ chain variants (2.3%). Other recent studies have
permitted identification of a large number of such variants, which
may be more frequent than previously thought (23),

In the small number of cases in which ferritin was evaluated,
no large ditferences were seen between individuals of varying
gestational age. We did not measure forritin values in mothers
the day of the samplings. However, our normal values in the
newborn range [rom 95 to 350 pg/hter and from § to 30 in
pregnant women at the 3rd trimester of pregnancy.

As indicaled in Table 4, blood factors VIII and V are about
40% of the activity between 19 and 27 wk. Factors Il and [X
(vitamin K dependent) arc lower {around 10%). We did not
observe any significant increasc of these parameters.

These data confirm the results in prenatal diagnosis of hemo-
philia (which is usually performed at the 18th wi of pregnancy)
and the development of hemostasis in the human fetus (28, 29).

In conclusion, 1t has been possibie (o establish normal hema-
tological parameters lor a large group of 163 fetuses over a 12-
wk period (from the 18h to the 30th wk of gestation). In a lew
cases, we were able to obtain senal measurements of hematolog-
ical values 1o assess fetal crythropoiesis. This work suggests that
studics of selected aspects of human prenatal biology are possible
without significant risk 1o the fetus from the 18th wk of pestation
to birth, We have conducted 435 fetal blood samplings without
accident by direct puncture of the umbilical cord under ultra-
sound. This procedure, already routinely used for prenatal diag-
nosis of hemophilia (31} rubella (32). and 1oxoplasmaosis (33).
could be applied to a wide range of new possibilities (34).
including the study of the transplaccntal passage of drugs (35,
36). the administration of intrauterine therapy (37), and possibly
for letal monitoring.
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