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Background. The fact that only a small percentage of cord blood units (CBU) stored are

actually used for transplantation contributes to raising the already high costs of their processing

and cryopreservation. The identification of predictors allowing the early identification of suitable

CBU would allow a reduction of costs for the collection, storage and characterisation of CBU

with insufficient volume or cell numbers. In our bank we have adopted a cut-off value for using

CBU of 8 x 108 nucleated cells and a volume ≥  60 mL.

Materials and methods. In 365 banked CBU, we evaluated the correlation between neonatal/

gestational parameters and laboratory data used to assess their quality.

Results. Biparietal diameter (BPD) and abdominal circumference were significantly and

positively correlated with CBU volume (r2=0.12, p=0.0011 and r2=0.092, p=0.0063, respectively).

Receiver operating characteristic (ROC) analysis showed that both parameters can be used to

identify CBU with insufficient volume (BPD: area under the curve 0.69, 95% CI=0.57-0.82,

p=0.004; abdominal circumference: area under the curve 0.67, 95% CI=0.54-0.79, p<0.01). BPD

and head circumference, but not abdominal circumference or femoral length, were positively

correlated with white blood cell (WBC) count (r2=0.215, p=0.031, and r2=0.299, p=0.015,

respectively). Abdominal circumference, but not BPD, head circumference or femoral length,

was statistically significantly correlated with the number of CD34+ cells in the CBU. Weight at

birth and placental weight were positively correlated with WBC count, blood volume, CD34+

cell count, total colony-forming units and burst-forming units.

Conclusion. Pre-birth assessment of BPD might allow the selection of donors who would

yield CBU of sufficient volume and WBC count and avoid the costs of collecting, transferring,

storing and analysing CBU with a high probability of resulting unsuitable for transplantation.

Key words: cord blood transplantation; cord blood units; predictive factors; CD34+ cell

count; biparietal diameter .

Introduction
Cord blood has been used as an alternative source

of hematopoietic stem cells. In fact, both term and
preterm umbilical/placental cord blood contains a high
number of early and committed progenitor cells.
Gluckman et al. first reported the successful use of

human leucocyte antigen (HLA)-matched sibling
umbilical cord blood stem cells to reconstitute a child
with severe Fanconi's anaemia1. Since 1988, about
20,000 umbilical cord blood transplants from related
and unrelated donors have been performed2-5.
Paediatric and selected adult recipients have
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successfully received cord blood allografts6-9 for
haematopoietic reconstitution in a variety of disorders
such as aggressive malignancies, congenital
immunodeficiency states, inborn errors of metabolism,
haemoglobinopathies, and marrow failure
syndromes10-12. Only 30% of patients in need of
allogeneic bone marrow transplantation have a fully
HLA-matched sibling donor13.

Cord blood has several advantages over adult
haematopoietic stem cell sources; these advantages
include ease and safety of procurement, rapid
availability, no donor attrition, decreased risk of
transmission of infectious viral diseases, unlimited
supply, wider ethnic representation, abundance of
haematopoietic progenitor cells, enhanced in vitro
proliferative and self-renewal capacity, immaturity of
T-cell-mediated immunity, reduced probability of
causing graft-versus-host disease14-16 and diminished
need for HLA matching17.

Nevertheless, stem cells from cord blood have
several limitations, including delayed neutrophil and
platelet engraftment and immune reconstitution,
uncertain graft-versus-tumour activity, and the modest
cell dose, which can make them unsuitable for larger
recipients9,14,16,18-22.

Cord blood processing and cryopreservation are
very costly procedures; in fact cord blood units (CBU)
require expensive storage in nitrogen tanks, but only a
small percentage of them are used for transplantation.
The aim of the present study was to provide a basis
for the pre-birth selection of cord blood donors likely
to provide CBU of sufficient volume and white blood
cell (WBC) count, which would help to reduce the
costs of collecting, transferring, storing and analysing
CBU subsequently found to be unsuitable for
transplantation.

Materials and methods
Umbilical cord blood collection

Three hundred and sixty-five consecutive CBU
collected between January 2006 and February 2008
at the Blood Bank of the AOUP-Pisa (Italy) were
evaluated in this study.

CBU were collected by gravity, puncturing the
umbilical vein and collecting the blood into a labelled
collection bag (Fresenius Hemocare, MO, Italy). After
clamping the bag, the CBU were sent to Cord Blood
Bank and stored for up to 36 hours at 4 ± 2°C before

processing. Aliquots of blood were used for routine
tests, including cell counts, CD34+ and viability
assays, HLA typing, clonogenic and sterility tests.
Testing for transmissible diseases (human
immunodeficiency viruses 1 and 2, human T-
lymphotropic viruses 1 and 2, hepatitis B virus,
hepatitis C virus, NAT HIV, HCV, HBV, syphilis,
toxoplasma, and cytomegalovirus) was also
performed.

Foetal biometry
Foetal biometric data, assessed by ultrasound

scanning, were retrieved from the clinical charts of
the donors. The data collected were biparietal diameter
(BPD), head circumference, abdominal circumference
and femur length in the third trimester, at week 34±7
of gestation. Although ultrasound scanning was a
routine analysis during gestation, data were available
only for CBU collected in the hospital of Pisa.

White blood cell counts
White blood cell (WBC) counts were determined

with an automated cell counter (Cell Dyn 3500R-
Abbott, Altameda, CA, USA) employing two
technologies: multi-angle polarised scatter separation,
which provides the primary WBC count, and
reticulocyte analysis and impedance, which provides
additional information about fragile lymphocytes and
hypotonically resistant red blood cells.

CD34+ cell counts
CD34+ cell counts were determined with the

ISHAGE gating strategy and absolute count beads
using CD34-phycoerythrin and CD45-fluorescein
isothiocyanate monoclonal antibodies (Becton
Dickinson); conjugated 7-AAD PerCP (BD
Pharmingen) was used to stain dead cells. Samples
were analysed using a FACScan flow cytometer and
CellQuest Software (Becton Dickinson).

Colony-forming unit assays
Cord blood was resuspended in Iscove's modified

Dulbecco's medium (Sigma, St. Louis, MO, USA)
containing 2% foetal bovine serum (Euroclone, Milan,
Italy). Cells were plated at a concentration of 2x104

cells/mL in methylcellulose medium (Miltenyi Biotec,
Bologna, Italy) containing 50 ng/mL stem cell factor,
20 ng/mL granulocyte-macrophage colony-
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stimulating factor, 20 ng/mL granulocyte colony-
stimulating factor, 20 ng/mL interleukin-3, 20 ng/mL
interleukin-6 and 3 U/mL erythropoietin. Plates were
incubated at 37° C for 14 days after which the
granulocyte-macrophage (GM), granulocyte-
erythrocyte-macrophage-megakaryocyte (GEMM)
and total colony-forming units (CFU) and burst-
forming units-erythroid (BFU-E) were counted. A
colony was defined as a cluster of at least 40 cells.
Plates were read by two independent readers and the
result was the mean of the readings.

Statistical analysis
Descriptive statistics are presented for each

maternal and neonatal factor. Spearman's rank
correlation, Wilcoxon W and Mann-Whitney tests
were used for the statistical analyses. The level of
statistical significance was set at 0.01 (two-sided) for
Spearman's rank correlation and at 0.05 for the
Wilcoxon W and Mann-Whitney tests. Receiver
operating characteristics (ROC) curves were analysed.

Results
Characterisation of the donors of CBU

Of the 365 donors recruited in this study, (49%
males and 51% females), 82% were delivered by the
vaginal route. The mean weight at birth of the donors
was 3484 ± 389 grams, and their mean gestational
age was 40 ±1 weeks. The donors' physiological
parameters are presented in table I. The mean volume
of the CBU was 118.2 ± 21.8 mL, and the mean total
nucleated cell (TNC) content of the CBU was
1.51x109. A full haematological characterisation of
the CBU is presented in table II.

Effects of neonatal parameters on CBU
Gestation duration. No correlations were found

between the duration of gestation and any of the CBU
parameters considered (volume, TNC count, CD34+

count, CFU count, BFU-E count, CFU-GM count and
CFU-GEMM count) (Table III).

Placental weight. While significant positive
correlations were found between placental weight and
volume (p<0.001), CD34+ count (p<0.001), CFU
count (p<0.01), and BFU-E count (p<0.01), there were
no correlations with TNC count, CFU-GM count or
CFU-GEMM count (Table III).

Birth weight. Strong positive correlations were

found between the donors' weight at birth and volume
of the CBU (p<0.001). Birth weight also correlated
with TNC count, CD34+ count, CFU count and BFU-
E count (all p<0.01). No correlations were found with
CFU-GM count or CFU-GEMM count (Table III).

Delivery. The only correlation found with the route
of delivery was for TNC count (p<0.05). No
correlations were found with volume, CD34+ count,
CFU count, BFU-E count, CFU-GM count or CFU-

Table I - Antenatal and neonatal characteristics
considered in the correlation with suitability of
the donated CBU

Parameters Mean±SD Range
or percentage

Duration of gestation (weeks) 40±1 37-42

Placental weight (g) 606±114.7 300-1,120

Birth weight of baby (g) 3484±389 2,780-4,320

Biparietal diameter (mm) 83.96±4.5 74-97

Head circumference (mm) 298.97±12.4 265-331

Abdominal circumference (mm) 285.47±21.84 239-361

Femoral length (mm) 63.39±4.04 53-78

Route of delivery
   vaginal 82%
   abdominal 18%

Gender of baby
   male 49%
   female 51%

Table II - Laboratory parameters considered in the
correlation with suitability of the donated CBU

Parameters Mean±SD Median Range

Volume (mL) 118.2±21.8 74.9-201.9

TNC count (x109) 1.51±0.96 0.64-2.99

CD34+ count (x106) 3.1 0.211-19.1

CFU count (x106) 0.33 0.025-11.5

BFU-E count (x106) 0.24 0.00-7.67

CFU-GM count (x106) 0.07 0.00-3.81

WBC/mL (x107) 1.07±0.44 0.034-2.29

CFU-GEMM count (x106) 0.01 0.00-0.14
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GEMM count (Table III).
Gender of baby. No correlations were found

between the donors' gender and any of the CBU
parameters considered (volume, TNC count, CD34+

count, CFU count, BFU-E count, CFU-GM count or
CFU-GEMM count) (Table III).

Effects of foetal biometric parameters on CBU
Biparietal diameter. Positive correlations were

Table III - Neonatal parameters associated with volume, TNC count, CD34+ count, total CFU count, BFU-E count,
CFU-GM count and/or CFU-GEMM count*

Parameters Volume TNC CD34+ Total CFU BFU-E CFU-GM CFU-GEMM
count count count count count  count

Duration of gestation NS NS NS NS NS NS NS
n=363 n=362 n=362 n=345 n=345 n=345 n=345

Placental weight p<0.001 NS p<0.001 p<0.01 p<0.01 NS NS
n=358 n=357 n=357 n=340 n=340 n=340 n=340

Birth weight of baby p<0.001 p<0.01 p<0.01 p<0.01 p<0.01 NS NS
n=354 n=353 n=353 n=342 n=342 n=342 n=352

WBC/mL NS p<0.001 p<0.001 p<0.001 p<0.001 p<0.001 p<0.001
n=365 n=364 n=364 n=347 n=347 n=347 n=347

Route of delivery NS p<0.05 NS NS NS NS NS
n=365 n=358 n=365 n=347 n=347 n=347 n=347

Gender of baby NS NS NS NS NS NS NS
n=361 n=360 n=360 n=343 n=343 n=343 n=343

* based on Spearman's rank correlation, Wilcoxon W and Mann-Whitney tests.
NS = not significant ; WBC= white blood cells; TNC=total nucleated cells; CD= cluster of differentiation; CFU= colony-forming unit; BFU-E=
burst-forming unit - erythroid; CFU-GM=colony-forming unit – granulocyte-macrophage; CFU-GEMM= colony-forming unit - granulocyte-
erythrocyte-macrophage megakaryocyte

Table IV - Foetal biometric parameters associated with TNC count, CD34+ count, total CFU count, BFU-E count,
CFU-GM count and/or CFU-GEMM count*

Parameters TNC CD34+ Total CFU BFU-E CFU-GM CFU-GEMM
count count  count count count count

Biparietal p<0.05 NS NS NS p<0.05 p<0.05
diameter n=101 n=102 n=93 n=93 n=93 n=93

Head p<0.05 NS NS NS p<0.05 NS
circumference n=66 n=67 n=61 n=61 n=61 n=61

Abdominal NS p<0.01 p<0.01 p<0.05 p<0.01 p<0.01
circumference n=85 n=86 n=78 n=78 n=78 n=78

Femoral length NS NS NS NS NS NS
n=101 n=102 n=93 n=93 n=93 n=93

* based on Spearman's rank correlation
Abbreviations as for Table III.

found between BPD and TNC count, CFU-GM count
and CFU-GEMM count (all p<0.05). No correlations
were found with CD34+ count, CFU count or BFU-E
count (Table IV).

Head circumference. Positive correlations were
found with TNC count and CFU-GM count (p<0.05).
There were no correlations between head
circumference and any of the other CBU parameters
considered (Table IV).

Pre-birth selection of umbilical cord blood donors

Blood Transfus 2010; 8:36-43  DOI 10.2450/2009.0081-09



40

Blood Transfus 2010; 8:36-43  DOI 10.2450/2009.0081-09

Urcioli P et al.

of 82.76% and specificity of 53.06% for determining
whether CBU were suitable for use, while a cut-off
of 281 mm for abdominal circumference showed a
sensitivity of 79.31% and specificity of 51.02%.

Discussion
Cord blood is an effective alternative source of

stem cells for related and unrelated allogeneic stem
cell transplantation. The dose of TNC/Kg has been
shown to be strongly correlated with engraftment and
graft survival in recipients of cord blood transplants
from unrelated donors. Based on a Eurocord study,
Rocha et al. hypothesised that a minimum dose of
2x107 TNC/kg (in the pre-cryopreservation sample)
is necessary for successful transplantation23.

For these reasons a small volume of cord blood
and a low number of cells in the unit represent the
main drawbacks of placental blood as an alternative
source to bone marrow for haematopoietic stem cell
transplantation. The expansion of cord blood cells is
being studied as a method of increasing the number
of progenitor cells, but conclusive data on this strategy
are not currently available24; thus, at the moment,

Figure 1 - ROC analysis of biparietal diameter with an area under the curve of 0.69, 95% CI=0.57-0.82, p=0.004. The
cut-off shown has a sensitivity of 82.76% and a specificity of 53.06%

Abdominal circumference. Positive correlations
were found between abdominal circumference and
CD34+ count, CFU count, CFU-GM count, and CFU-
GEMM count (all p<0.01) as well as with BFU-E
count (p<0.05). There was, however, no correlation
with TNC count (Table IV).

Femoral length. No correlation was found with
any of the CBU parameters considered (Table IV).

Correlations between foetal biometric parameters
and CBU suitability

When BPD, head circumference, abdominal
circumference and femoral length were considered as
criteria for screening CBU to be stored in view of
their clinical utilisation, only BPD and abdominal
circumference were found to allow pre-birth
identification of suitable CBU.

ROC analysis of BPD showed an area under the
curve of 0.69 (95% CI=0.57-0.82, p=0.004) (Figure
1) and that of abdominal circumference showed an
area under the curve of 0.67 (95% CI=0.54-0.79,
p<0.01) (Figure 2).

A cut-off of 83.8 mm for BPD showed a sensitivity
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Figure  2 - ROC analysis of abdominal circumference with an area under the curve of 0.67, 95% CI 0.54-0.79,
p<0.01. The cut-off has a sensitivity of 79.31% and a specificity of 51.02%

improvements in the methods of collecting and
selecting CBU are the directions being taken to
increase the efficacy and reduce the costs of cord blood
transplantation.

Several studies have been carried out with the aim
of identifying parameters that may affect good
placental blood collection.

In our analysis we considered neonatal and
biometric parameters and found that the birth weight
correlates positively with CBU volume, CD34+

number, TNC count, CFU count and BFU-E count.
These data are in partial agreement with those of
Ballen24 and Mancinelli25. Moreover we found positive
correlations between placental weight and CBU
volume, CD34+ number, total CFU count and BFU-E
count. In previous studies Askari26 and Solves27

reported that placental weight seemed to be the
determining factor for increased TNC number.

In accordance with Sparrow28 we observed that
TNC count was higher in cord blood collected from
babies delivered spontaneously than from those
delivered by Caesarean section. This could be due to

a foetal response to the stress of labour. The positive
correlations between placenta and neonatal weights
and an increased number of CD34+ cells is probably
due to placental ageing, which could lead to
progressive foetal hypoxia and consequently to the
generation of defence mechanisms tending to increase
haematopoietic cells and circulating blood volume.
In our study the numbers of total CFU and BFU-E
were significantly correlated with placental and
neonatal weight and WBC count, while the numbers
of CFU-GM and CFU-GEMM were positively
correlated with WBC count. Our data demonstrate that
neonatal and placental weight affect BFU-E counts
but not the numbers of CFU-GM and CFU-GEMM.
In contrast, Ballen and co-workers24 found that CFU-
GM increased with high neonatal weight.

Biometric parameters (BPD, head circumference,
abdominal circumference and femoral length)
evaluated by ultrasound at the end of the gestational
period also correlated with the above-mentioned
laboratory parameters. In particular, WBC count
correlated positively with head circumference and
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BPD but not with abdominal circumference or femoral
length; CD34+ cell count showed a statistically
significant correlation with abdominal circumference,
but not with BPD, head circumference or femoral
length.

This positive correlation is probably due to the
dimensions of the liver and its residual haematopoietic
activity. In fact, during the course of ontogeny, the
homing site for haematopoietic stem cells shifts with
a certain predictability from the yolk sac to the liver/
spleen and then to the marrow. Zanjani29 has shown
that before the development of the bone marrow,
transplanted haematopoietic stem cells (whether
derived from the liver or marrow) home exclusively
to the liver or spleen. Despite a change in homing,
followed by the expansion of the marrow
compartment of the haematopoietic stem cells, these
cells do not participate actively in blood cell formation
during most of the prenatal period. Liver and spleen
remain major haematopoietic organs throughout
gestation. It is only during the perinatal period that
the marrow becomes the principal site of
haematopoietic function. However, the molecular
basis underlying the termination of embryonic liver
haematopoiesis is poorly understood, and the
anatomical origin of haematopoietic stem cells at birth
is not fully resolved.

ROC analysis was conducted in order to establish
numerical cut-off values for each biometric parameter.
Of all the CBU discarded because of insufficient
volume, 69% had been collected from donors with a
BPD under the cut-off value and 76% from donors
with an abdominal circumference under the cut-off
value; these CBU would not have been collected had
these parameters been applied.

These observations suggest that pre-birth
parameters might be useful for identifying and
selecting the potential best collections. This would
reduce the costs of history taking, collection and
processing of CBU, optimise the collection procedure
and minimise the number of rejected CBU.
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