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Summary
Introduction: The goal of the Cord Blood Bank Basel is to
provide umbilical cord blood (UCB) for allogeneic stem cell
transplantations from unrelated donors. Our registry con-
tains 1,044 units, 12 have been released for transplantation
(1%). In the past collection mainly took place at the
Women’s Hospital Basel, where only 10% of deliveries re-
sulted in HLA-typed and frozen transplants. The aim of our
study was to evaluate the high deferral rate. Materials and

Methods: During a 4-week period we assessed every deliv-
ery at our hospital by a questionnaire on patient data, con-
sent procedure, inclusion or exclusion criteria and reasons
for performing or not performing UCB collection. Results:

164 women delivered at our institution (135 vaginal deliver-
ies, 29 cesarean sections). Among these, 131 were eligible
for autologous UCB donation, whereas 33 women had to be
excluded due to their medical history (26), triplet delivery
(1), post partum hemorrhage (1), congenital malformation
(1) or chorioamnionitis (4). Of the eligible women, 17 re-
fused donating UCB, and 29 women underwent a cesarean
section. 11 women were admitted under painful contrac-
tions. 18 had to be rejected due to lack of laboratory facili-
ties at the weekend. Finally, 43 UCB samples had been
taken, 2 for private banking purposes (4.6%), 21 (48.8%) for
the public bank, and 20 samples (46.5%) which had to be
discarded due to a low cell count. Conclusions: Donor selec-
tion is efficiently performed before the collection process.
The rate of donor deferral and UCB sample discard is high
and comparable to other UCB banks. The yield of UCB
transplants could be increased if UCB collection would be
additionally performed during cesarean section and with in-
creased laboratory facilities during the weekend.

Schlüsselwörter 
Spenderauswahl · Nabelschnurblutentnahme

Zusammenfassung
Einführung: Das Ziel der Nabelschnurblutbank Basel ist es,
Nabelschnurblut(UCB)-Stammzelltransplantate von unver-
wandten Spendern zur Verfügung zu stellen. Momentan
sind 1044 Transplantate registriert. Bisher fand die UCB-Ent-
nahme an der Universitäts-Frauenklinik Basel statt, wobei
zirka 10% der Geburten zu einem HLA-typisierten Transplan-
tat führten. Unsere jetzige Studie soll die hohe Rückwei-
sungsquote näher untersuchen. Material und Methoden:

Während 4 Wochen haben wir bei jeder Geburt in unserer
Einrichtung Patientendaten, Einverständnisprozeduren, Ein-
und Ausschluss der Patientin und Gründe für die Entnahme
respektive Nichtentnahme von UCB erhoben. Ergebnisse:

164 Frauen haben in unserer Klinik entbunden (135 Vaginal-
geburten, 29 Sectiones). Von diesen erfüllten 131 Frauen die
Kriterien für eine UCB-Spende, während 33 Frauen  auf-
grund ihrer Anamnese (26), einer Drillingsgeburt (1), einer
schweren postpartalen Hämorrhagie (1), einer kongenitalen
Fehlbildung (1) bzw. einer Chorioamnionitis (4) ausge-
schlossen wurden. Von den 131 geeigneten Frauen gaben
17 keine Zustimmung zur Entnahme, 29 wurden per Sectio
entbunden, 11 kamen mit schmerzhaften Wehen. 18 UCB-
Entnahmen konnten aufgrund fehlender Laborkapazität am
Wochenende nicht durchgeführt werden. Schließlich wurde
bei 43 Frauen eine UCB-Entnahme durchgeführt, von denen
2 in einer privaten autologen Bank (4,6%) und 21 (48,8%) in
einer allogenen Bank gelagert wurden; 20 Proben (46,5%)
mussten aufgrund zu geringer Zellzahl zurückgewiesen wer-
den. Schlussfolgerungen: Die Donorselektion erfolgt effi-
zient und kostensparend bereits vor der Entnahme. Die
Rückweisungsrate ist hoch und mit anderen Nabelschnur-
blutbanken vergleichbar. Die Ausbeute an UCB-Transplanta-
ten könnte durch eine Entnahme bei Sectiones sowie eine
Ausweitung der Laborkapazitäten während des Wochenen-
des erhöht werden.
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Introduction

The collection, storage and transplantation of stem cells de-
rived from umbilical cord blood (UCB) has become a routine
procedure and represents a good alternative to bone marrow
and peripheral blood mobilized stem cells. Comparable to
these, UCB stem cells are used to treat malignant and nonma-
lignant hematological diseases, congenital immunodeficiencies
and solid tumors. The advantages of UCB stem cells, namely
the fast availability of HLA-typed frozen transplants, their im-
munological immaturity and their high proliferative and seed-
ing capacity, led to the establishment of public UCB banks
worldwide where more than 150,000 UCB units are stored [1].
More than 5,000 UCB transplantations have been performed
worldwide, not only in children but also in adults who now ac-
count for about one third of all recipients [2]. Especially in
adults, the limited cell number in UCB is a significant issue, as
3–3.5 × 107 nucleated cells/kg are needed at minimum for a
successful UCB transplantation [3, 4]. But only 12% of the
current inventories in established public UCB banks contain
sufficient cells to transplant patients weighing more than 60 kg
[5].
Several studies have shown that cell numbers in UCB are in-
creased under certain instances, e.g. gestational age and birth
weight, early cord clamping, operative deliveries, prolonged
labor, low pH at delivery, Caucasian or Hispanic ethnicity,
male sex [6–10]. Since the cell dose is correlated with the
speed of engraftment and overall treatment success, strict cri-
teria are set for UCB samples to be accepted for an allogeneic
UCB bank. Required numbers of nucleated cells increased
from the beginning of UCB transplantation from 2.1 × 108 to
10 × 108 nucleated cells nowadays [11–14]. These high cell
numbers lead to a relatively high deferral rate of UCB sam-
ples ranging from 20 to 90% [12, 15, 16]. 
Though limited cell numbers in UCB are the major cause to
discard a UCB sample, there are other significant problems in
recruiting UCB donors before drawing the UCB that are not
well studied. At our institution over the years only 10% of de-
liveries resulted in registered UCB transplants. This study
aims to analyze the reasons for deferral of donors before UCB
is sampled and for discard of UCB units in order to optimize
the UCB sampling efficacy. 

Materials and Methods

Recruitment and UCB Collection 
UCB collection for the Cord Blood Bank Basel has been initiated in 1997,
and our effort was approved by the local ethics committee. All steps from
the recruitment of women to the processing and registration of UCB
transplants are performed according to standard operating procedures
(SOP) and guidelines edited by the Foundation for Accreditation of
Hematopoietic Cellular Therapy (FACT).
Optimally, recruitment for UCB donation takes place during the prenatal
visit at the outpatient department of our institution or, if not yet informed
by the referring gynecologist, during the admission to our labor ward.

Healthy pregnant women are eligible for UCB donation if they and their
partners have an unremarkable medical and family history, no risk of in-
fectious diseases (HIV, Creutzfeldt-Jakob disease, malaria, etc.) due to
their behavior and recent stay in areas with high prevalence of these in-
fectious diseases as well as negative serological testing for HIV, hepatitis
B, toxoplasmosis and syphilis during pregnancy. Any chorioamnionitis, se-
vere maternal bleeding or fetal malformations are exclusion criteria for
UCB sampling. Informed consent is obtained before delivery and in the
absence of painful contractions that might hinder a sufficient decision
making. If the pregnant woman consents, UCB sampling is undertaken
after delivery of the infant, after which we routinely perform early cord
clamping and administration of a bolus injection of 5 IU of oxytocin.
These procedures are routinely used to prevent severe post partum hem-
orrhage. If the woman wants to leave the cord unclamped until any pulsa-
tion stops, UCB sampling is not performed. UCB sampling is performed
by the obstetrician who is also responsible for the delivery itself. The pla-
centa is still in utero, and the umbilical vein is punctured near the cord
clamp with a UCB collection system (Macopharma, Unepharma S.A.
Mouscron, Zuchwil, Switzerland) by gravity after disinfection using an al-
cohol-iodine solution. UCB sampling is performed only after vaginal de-
liveries, because UCB sampling during cesarean section is recently not
feasible due to a lack in sterile collector bags that meet the sterility crite-
ria for use on the operating table. Moreover, ex utero sampling by not
specifically trained personal usually revealed a low cell count. 
Units with an estimated weight of more than 100 g (collector bag with
UCB and 35 ml citrate-phosphate-dextrose-adenine) determined in the
labor room are sent within 6 h to the stem cell laboratory of the depart-
ment of hematology and stored at 4 °C until further processing which
takes place within 24 h. Laboratory facilities are available between Mon-
day morning and Friday afternoon. Accordingly, UCB collection is per-
formed between Sunday morning and Friday noon. The total number of
nucleated cells is determined using a Coulter Counter. If a minimum of 
8 × 108 nucleated cells are collected, the UCB sample is further processed
and stored.
We performed a prospective study within a 4-week period (from August
20 to September 16, 2006) to evaluate the reasons for deferral of donors
and discard of UCB samples before processing. The obstetrician in charge
had to fill out a questionnaire after every delivery. Here, we assessed
donor eligibility, UCB sampling, and reasons for not sampling.

Results

The Cord Blood Bank Basel contains 1,044 samples that are
registered at the national stem cell registry. 12 UCB trans-
plants have been released for allogeneic UCB transplantation
(1%). Additional 122 UCB samples in the inventory of our
bank consist of 52 samples for family-directed UCB transplan-
tation. Another 25 samples are not yet ready for registration.
45 UCB samples (3.8%) had to be discarded after processing
due to quality issues (positive maternal serological testing,
bacterial contamination, technical issues).
During the study period 164 deliveries took place at our labor
room. 131 women (79.9%) were eligible for UCB donation,
and 43 cords could be collected. From the eligible patients, 88
cords could not be collected: 29 underwent a cesarean section,
18 delivered during a weekend when the stem cell laboratory
had no facilities, and 17 patients gave no consent (table 1). Of
the 33 women who were not eligible for UCB sampling, 26
had to be excluded due to their medical history or risk behav-
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ior (i.v. drug abuse, multiple sexual partners, tattooing or
piercing under nonsterile condition, etc.) or recent stay in
countries with a high prevalence of certain infectious diseases,
i.e. malaria, Creutzfeldt-Jakob disease as assessed by the ques-
tionnaire (table 2). From the 43 collected UCB samples, 6
were not send to the stem cell laboratory because of low vol-
ume, and 14 were rejected by the laboratory due to low cell
count. 2 UCB samples were collected for an autologous pri-
vate UCB bank. Finally, 21 UCB samples (12.8%) were
processed and stored frozen.

Discussion

UCB stem cells are increasingly used for hematopoietic stem
cell transplantation in children and adults. Accordingly, since
the first transplantation in 1988 many public UCB banks have
been established worldwide. However, quality issues have
come up only recently [17–19]. UCB banks voluntary follow
certain guidelines for collection, processing, and cryopreserva-
tion. All procedures are strongly regulated in SOP and
precisely documented. As a result of this process quality re-
quirements have increased over time, and units that had been
suitable before may no more be sufficient today. As a conse-
quence, the quality of the UCB units for stem cell transplanta-
tion improved, but in the same setting donor eligibility de-
creased and discards of UCB samples have increased.
The aim of our study was to evaluate possible problems in
donor selection and UCB collection during a short-time peri-
od to be able to improve our process. In reviewing the rela-

tionship between the number of deliveries at the collection
site and the number of transplants retrieved, we noticed that
only about 10% of deliveries result in registered UCB units. 
Our results show that the majority of our patients in the deliv-
ery room would be eligible for UCB donation. The main cause
for omitting UCB sampling at our institution is a cesarean sec-
tion where we have noticed rather low cell numbers when col-
lection takes place from the placenta ex utero (data not
shown). This is the reason why we do not consider patients
with cesarean section for UCB collection at the moment. This
statement is in contrast to the evidence in the literature and
our own former experiences that retrieved cell numbers are
elevated in cesarean sections [7, 9, 20]. However, these results
were obtained using either a separate person to perform UCB
sampling only and without time delay or using a sterile collec-
tor bag on table directly after delivery of the baby. At the mo-
ment there are no sterile collection sets available in Switzer-
land that would meet the sterility standards of our hospital.
Moreover, there is no separate person for UCB collection
only. The midwife primarily takes care for the infant after de-
livery which leads to a relatively long time span between cord
clamping and UCB collection, resulting in very low numbers
of nucleated cells. Whether cell number is a critical issue in
both primary and secondary cesarean section is currently
under investigation to adjust our policy.
Other reasons for not collecting UCB in eligible patients are a
delivery at a time when the processing laboratory is closed
(16%) or the fact that the pregnant women have not given
consent (16%). These two factors can hardly be influenced.
Most UCB banks collect UCB between Sunday and Friday to
allow processing of the unit within 24 h, and a prolongation of
the working period of the laboratory would significantly in-
crease personnel costs [21]. Storage of UCB longer than 24 h
would decrease the yield of nucleated cells and CD34+ cells
[22]. The consent procedure at our institution usually takes
place during the routine outpatient pregnancy visits around 
4 weeks before the estimated date of delivery or when the pa-
tient in labor is pain-free due to an epidural anesthesia in the
1st stage of labor. In contrast to other institutions and in ac-
cordance with the FACT guidelines, we do not perform any
UCB sampling without consent before delivery. The sampling
is performed with the placenta still in utero by the obstetrician
who is also responsible for the delivery and cannot leave the
delivery room to collect blood ex utero in a separate room [15,
23]. Thus, the ex utero technique is not applicable, but to col-
lect UCB first and ask for consent afterwards is unethical not
only in our opinion [24]. This statement relates not only to the
collection procedure itself but also to the extensively required
medical and personal information and the disclosure of abnor-
mal results in the blood of infant or mother, where sufficient
information should be given to the mother beforehand.
These above mentioned issues lead to a relatively high rate of
cases where either no UCB sampling is performed (54%) or
donation is deferred, mainly because of the maternal medical

Reason Number Percentage

Workload 9 8.3
Cesarean section 29 26.8
Preterm 2 1.9
Contractions 11 10.2
Twins 2 1.9
No consent 17 15.7
Weekend 18 16.7
Low cell count/volume 20 18.5


Total 108 100.0

Table 1. Reasons for
not collecting or
processing of UCB in
108 of 131 eligible
patients (21 allogeneic
UCB and 2 auto-
logous UCB not
included)

Reason Number Percentage

Chorioamnionitis 4 12.1
Medical history 26 78.8
Fetal malformation 1 3.0
Triplet 1 3.0
Post partum 

hemorrhage 1 3.0
 

Total 33 100.0

Table 2. Reasons 
for donor deferral 
(n = 33)
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history (20%). These observations are in accordance with
other UCB banks which had deferral rates as high as ours [14,
15, 25, 26]. From the UCB samples collected, about half have
a nucleated cell count lower than the current standard. This is
in accordance with the information given by other UCB banks
where low cell count is found in 2–80% of samples [12, 14, 15].
Since at our institution the obstetrician in charge, and not a
separate experienced collector, is responsible for both the de-
livery and the UCB sampling, continuous training and quality
control is an ongoing issue.
In summary, our results show that the donor selection in the
Cord Blood Bank Basel is feasible and efficiently uses the re-

sources because donor deferral mainly takes place before UCB
is collected. Most women admitted for delivery are eligible for
UCB donation. However, several logistic problems such as
UCB sampling in cesarean section or restricted laboratory fa-
cilities are reasons not to collect UCB in a considerable part of
these women. Within the collected UCB samples, low cell
count is the major quality issue leading to discard in about half
of the samples. This number could only be decreased when ob-
stetrical factors (such as fetal weight or operative delivery) that
are known to increase cell number would be used to further se-
lect donors. But every further selection would most probably
decrease the number of stored UCB samples. 
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