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ABSTRACT
Umbilical cord blood is a source of blood stem cells that can be transplanted to regenerate a patient’s
immune system. There are other parts of the human body that contain stem cells, but the only sources which
are concentrated enough to be harvested for a transplant are the bone marrow, the circulating blood, and the
umbilical cord. As a source of hematopoietic stem cells for transplantation, cord blood has certain advantages
over bone marrow and peripheral blood. But there is a significant disadvantage. Because the stem cells in
cord blood are more primitive than those in bone marrow or peripheral blood, the engraftment process takes
longer with cord blood, leaving the patient vulnerable to fatal infections for a longer period of time.
Hematopoietic stem cells are capable of evolving into all the specific cell types in the blood and immune
system. They can be found in people of all ages. The three sources of hematopoietic stem cells which are
routinely used for medical treatments are: the bone marrow of an adult person, the peripheral blood of an
adult person, the umbilical cord blood of a newborn baby. When a patient requires a Hematopoietic Stem
Cell Transplant (HSCT), the treating physician will decide which source of stem cells to use. This will
depend on several factors, including but not limited to: the degree of match between donor and patient
(sometimes the donor and patient are one and the same person)(autologous transplant), the expected speed
of engraftment, and the amount of time available to search for a perfectly matching donor.
Although cord blood is so great, not everybody bank it because it costs money. Whereas a bone marrow
registry is just a data base of potential donors, a cord blood registry consists of freezers full of frozen blood
and staff to maintain them. In an ideal world, all babies would have their cord blood harvested at birth (with
parental permission) and stored in public registries, much like public blood banks. In practice, only a
limited number of institutions have the funding to maintain public banks which take donations for free.
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T

he circulating blood cells are formed
in bone marrow through a process
called hematopoiesis. The bone
marrow has an enormous production capacity; it is estimated that
1010 erythrocytes and 108 to 10 9 leukocytes are
produced per hour in the steady state. Furthermore, while cell numbers are maintained within
fairly narrow limits in normal subjects, they can
be greatly amplified on demand.
These huge cell numbers are immediate
descendants of maturing precursors that arise
from a smaller pool of progenitors. The progenitors in turn arise from an even smaller pool
of hematopoietic stem cells (HSC) that are
thought to be mostly in a resting or nondividing
state and have the capacity to self-renew (and
thus maintain their numbers). Hematopoietic
stem cells are multipotent and have the capacity
to differentiate into the cells of all ten blood
lineages – erythrocytes, platelets, neutrophils,
eosinophils, basophils, monocytes, T and B
lymphocytes, natural killer cells, and dendritic
cells (1).
Originally, patients who received chemotherapy which wiped out the immune system
would receive a transplant of blood stem cells
(“hematopoietic” stem cells) from the bone
marrow of a matched donor. The USA National
Marrow Donor Program (NMDP) maintains a
public registry of adults who are willing to
consider bone marrow donation, and similar

registries exist in other countries. Despite these
registries, about 50% of all patients needing a
stem cell transplant cannot find a matching bone
marrow donor.
Umbilical cord blood is also a source of
blood stem cells that can be transplanted to
regenerate a patient’s immune system. There
are other parts of the human body that contain
stem cells, but the only sources which are
concentrated enough to be harvested for a
transplant are the bone marrow, the circulating
blood, and the umbilical cord.
Do not confuse blood, or “hematopoetic”,
stem cells with “pluripotent” stem cells that come
from embryos (Figure 1). Medical research has
found it is possible to use the fundamental, or
pluripotent, stem cells from discarded human
embryos to grow all manner of human tissues.
Obviously, there are serious ethical issues in such
research. Pluripotent stem cells are not the topic
of discussion here. We are only discussing blood
stem cells, which can be removed from the
umbilical cord without harm to the mother or
the baby, and which can generate a complete
immune system of blood cells.
As of late 2000, medical researchers are
finding that under some circumstances, stem
cells from cord blood can grow into other tissue
types, in addition to blood cells. Their growth is
not as diverse as what the “pluripotent” embryonic cells can do, but the potential
applications are staggering. If cord blood could
be a non-controversial source of cells for
treatments like nerve repair, it will revolutionize
medicine. The hope is that, eventually, there
will be established procedures to infuse cord
blood into human beings, get the stem cells to
turn into nerve cells, and have those nerve cells
function in the body to fix the patient’s problem.
Hematopoietic reconstitution in a child with
Fanconi´s anemia by means of umbilical-cord
blood from a HLA-identical sibling was the first
cord blood transplant proceded by chemotherapy (Paris, 1988) (2,3,4). 
Advantages of cord blood banking

B

FIGURE 1. The diagram of stem cells (adapted from 21)

irth is a one time opportunity to help society
by donating child’s cord blood to a public
bank. There are three sources of stem cells for
transplant patients: bone marrow, circulating
blood, and cord blood. The first two exist in all
healthy adults, but cord blood can only be
harvested and stored at birth. It is easier to
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match transplant patients with cord blood than
the two sources of adult blood. Hence,
establishing public banks of stored cord blood
from donors with diverse tissue types can save
many lives.
Birth is also a one time opportunity for the
family to save their own child’s cord blood.
Transplant patients recover better when they
receive stem cells from a related donor, instead
of an unrelated donor. If there are new medical
advances developed in the future which can
repair the body with stem cells from cord blood,
then families which saved cord blood will have
access to those treatments (2,3,4).
Advantages – As a source of hematopoietic
stem cells for transplantation, cord blood has
certain advantages over bone marrow and
peripheral blood:
z
Cord blood contains a greater concentration
of highly proliferative hematopoietic cells.
Although each cord blood unit contains a
relatively small total number of hematopoietic stem cells, these cells are fully
capable of reconstituting hematopoiesis in
both children and adults (5,6).
z
Cord blood collection can be performed in
a manner that entails less discomfort and
morbidity for the donor than collection of
bone marrow or peripheral blood stem cells.
It is less expensive to store and, once banked,
can be retrieved much more quickly than
peripheral blood or bone marrow (7).
z
Cord blood has been shown to have lower
rates of infection with cytomegalovirus (CMV)
than bone marrow, potentially resulting in a
reduction of post-transplant complications
caused by this virus (8,9).
z
Once a cord blood unit has been collected
and preserved, it is immediately available for
transplantation. In contrast, compatible
bone marrow and peripheral blood stem
cells are usually available only after the
identified donor has been medically cleared
and the bone marrow or peripheral blood
stem cell collection completed, resulting in
significant delays (10).
z
Because the stem cells in cord blood are less
mature than those in bone marrow or
peripheral blood, they carry much lower
incidence of graft versus host disease
(GVHD). Thus, cord blood transplants do
not require a “perfect match” between the
donor and the patient. In the world of
transplants, this is a very big advantage (11).
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In a study where all patients received an
HLA-matched transplant from a sibling, and
the results were controlled for age, the
relative risk of cord blood versus bone
marrow was 0.41 for acute GVHD and 0.35
for chronic GVHD.
The accepted explanation is that cord blood
carries much less GVHD than bone marrow
because the newborn baby is “immunologically immature” – ie., the immune system
has not had time to be exposed to various
foreign bodies and develop reactions against
them (12). 
Disadvantages of cord blood transplants
versus bone marrow transplants or
peripheral blood stem cells

B

ecause the stem cells in cord blood are more
primitive than those in bone marrow or
peripheral blood, the engraftment process takes
longer with cord blood, leaving the patient
vulnerable to a fatal infection for a longer period
of time. This is a significant disadvantage (13,
14).
Research is underway to speed up engraftment. Expanding the number of stem cells in
cord blood makes it possible to transplant bigger
patients, but does not speed up engraftment.
In August 2004, a research team at led by Hal
Broxmeyer at Indiana University School of
Medicine announced that they can speed up
engraftment by inhibiting or deleting CD26, an
enzyme on the surface of stem cells. The initial
publication describes research on mice, but
human trials are planned (15).
More and more diseases are now recognized
to have a genetic basis. We have always known
that some diseases are passed by inheritence.
Now we also recognize that some genetic
mutations confer a greater predisposition to
disease. Many of these inherited predispositions
do not manifest until adulthood. Plus, if the
donor has one of these predispositions, some
of the drugs that transplant patients take could
trigger a malignancy in the donor cells. On one
hand, older donors are better because they
have more medical history to rule out inherited
mutations. On the other hand, older donors
are worse because they are more likely to have
an acquired mutation, from exposure to disease
or chemicals, etc. At this time, it is not clear
whether older or younger donors are better. It
is possible to test donor cells for inherited
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mutations, which would be present in every cell.
But with hundreds of known mutations, only a
limited number can be screened with a reasonable amount of blood (16,17). 
The long-term survival among recipients of
bone marrow transplants versus cord blood
transplants

A

mong pediatric patients, the overall survival
rates are comparable for the two transplant
types, but the causes of death differ with each.
Among cord blood transplants, the most
common cause of death was complications
during the long wait for engraftment. Among
bone marrow transplants, more patients died
of severe Graft-Versus-Host Disease. Despite the
fact that cord blood seems to lack graft-versustumor activity, cord blood transplants were not
associated with higher rates of patient relapse
(18).
Among adult patients, perfectly matched
bone marrow is preferable to cord blood, but
mis-matched bone marrow and mis-matched
cord blood yield comparable outcome. In
2004, two studies were published in the New
England Journal of Medicine which announced
that cord blood transplants are suitable for
adults who lack a perfectly matched HLA
donor. The USA study found no difference
between outcomes of cord blood transplants
(150 patients) with 1 or 2 HLA mis-matches
versus bone marrow transplants (83 patients)
with one HLA mis-match. A perfect bone
marrow match (367 patients) is still better than
cord blood for adult patients (19). The
European study compared 98 cord blood
transplants (98 patients, 94% of them mismatched) with bone marrow transplants (584
patients, all matched). There were no significant
differences in occurance of chronic GVHD,
transplantation-related mortality, relapse rate,
and leukemia-free survival (20). 

Arguments in favor of private banking
z

One is that, as today’s children grow up and
some of them develop cancer as adults,
autologous (self) cord blood transplants will
become more common. The reason is that
pediatric cancers and adult cancers are
completely different diseases at the cellular
level. While pediatric cancer patients rarely
receive autologous transplants, among adult
cancer patients the autologous transplants

are more common than transplants from
donors.
z
Secondly, recent news reports constantly
announce new medical advances using stem
cells. Future applications will probably
include tissue repair to various organs of the
body.
z
Another factor families should consider is
whether the odds given for the “average
baby” apply to you. Some families do have
a higher predisposition to cancer and
immune disorders.
z
Finally, if a family has children of mixed
ethnic background, it may be impossible to
find an adult bone marrow donor who is a
perfect match. In that event, cord blood
from even a partially matched sibling would
be invaluable. It takes at least a month less
to search for a cord blood donor than to
find a bone marrow donor. Median time to
chose a cord blood unit is 13.5 days (range,
2-387), compared to median time to
approve an unrelated bone marrow donor
of 49 days (range, 32-293), in a summary
of 171 donor searches over the course of a
year at the University of Minnesota. The
“additional time taken to obtain a BM donor
was predominantly due to the additional 30day interval (range, 10-101 days) required
to clear the donor” (21).
A person can receive a cord blood transplant
until the age 70. A study at the University of
Minnesota transplanted patients who were not
eligible for high-dose chemotherapy, either due
to age, co-existing medical problems, or
previous treatment. The median age was 49
(range from 19 to 69). They received reduced
conditioning chemotherapy, also known as a
“mini transplant”. Sustained engraftment was
89% overall, and 98% in patients who had
ablative chemotherapy (enough to wipe out
bone marrow) within three months prior to
transplant (22). 
Limitations to banked cord blood as lifelong “medical insurance”
1. Diseases which require transplantation of
blood stem cells are still rare, although the
list of diseases amenable to such treatment
is steadily growing. They are very rare among
children and become more common in
adults.
2. The banked cord blood only provides
insurance for so long as the frozen cells are
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The optimum cord blood storage
container – bags or vials?

still viable. So far, research has confirmed
the long-term viability of cord blood for up
to 15 years, but the existing literature on
cryogenic storage of living cells indicates that
storage for decades is feasible (23, 24, 25).
3. The banked cord blood only provides
insurance providing there are enough stem
cells in the sample for a successful transplant,
even after your new baby grows up to
become a much larger adult. Again, on-going
research is exploring several methods to
transplant large adults with banked cord
blood.
4. Even among adults, where autologous
transplants with one’s own stem cells are
more common, there are alternate sources
of stem cells in the patient’s bone marrow
or circulating blood. Over the course of a
lifetime up to age 70, the probability that a
person will require a transplant of her own
stem cells (“autologous” transplant) is 1 in
450 or 0.23% and the probability of
requiring any transplant, from yourself or
another person (“autologous” or “allogeneic”
transplant), is 1 in 220 or 0.46% (26).
5. Many regenerative therapies are being
developed which use the patient’s own stem
cells. One of the most common and
promising is the use of stem cells for heart
repair. Adult patients who have banked cord
blood would have a ready source of stem
cells for regenerative medicine. But they also
have a rich source of stem cells in their bone
marrow.
When parents bank the cord blood from a
new baby, in the near term they are most likely
providing medical insurance for that child’s
siblings, and only in the long term when the
donor grows up will they have value for selfuse.
It’s not clear yet which cord blood collection
method is optimum, gravity drip or syringe.
Studies have shown that pulling the blood out
with a syringe tends to draw a bigger sample
than simply letting the blood drip by gravity into
a bag (27). We are currently using the gravity
drip method, with large quantity samples
confirmed (Figure 2). We have started in
November 2006 the cord blood collection, in
Elias Hospital, and we have by now a number
of samples confirmed in private banking. 
146

E

xisting scientific studies do not show a
significant difference between the cell dose
and cell viability of cord blood stored in bags
versus vials. There have been successful
transplants with cord blood that had been
stored for years using either method. Historically, the use of bags and vials have existed in
parallel for over a decade. On one hand, public
cord blood banks have always stored cord
blood in traditional blood bags, presumably
because they were founded by traditional
blood banks and this was a consistent practice
for them. But, on the other hand, research
institutions usually stored cord blood in vials,
which allow multiple portions per collection and
are less expensive to maintain. There have
always been pros and cons to vials versus bags
as a storage method. Vials have the advantage
that the cord blood is stored in multiple
portions, which gives the family the option to
use part of the collection and save the rest. Vials
have the disadvantage that because they are
very small, they are very prone to temperature
fluctuations, and should not be transfered in
the lab without insulation. Bags have the advantage that they are a “closed system” where
the blood can be processed and stored in the
same container, thus minimizing the risk of
contamination during a transfer. Bags have the
disadvantage that they shatter if not handled
carefully. 

FIGURE 2. Collection of cord blood stem cells during a cesarian
section
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Diseases Treated by Blood Stem Cells

H

ematopoietic stem cells are capable of
evolving into all the specific cell types in
the blood and immune system. They can be
found in people of all ages.
When a patient requires a Hematopoietic
Stem Cell Transplant (HSCT), the treating

physician will decide which source of stem cells
to use. This will depend on several factors,
including but not limited to: the degree of match
between donor and patient (sometimes the
donor and patient are one and the same
person), the expected speed of engraftment,
and the amount of time available to search for
a perfectly matching donor (Table 1)

TABLE 1. The main diseases that benefits from cord blood transplant or bone marrow transplant (adapted
from 21)
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Legend:
Yes = By using cord blood, the transplant can be performed and we can obtain the cure
= By using bone marrow, the transplant can be tempt and the goal of the procedure is curative
Yes- = The transplant is being used but we can’t obtain the healing, only the increase of life expectation
(Yes) = The transplant can be used and lately it was performed experimentally but in the present the results are not well precised
± = In some cases we use the transplant and the definitive healing is possible but the procedure is not a standard one because of high risk
exp = Just an experimental method
No = Transplant is not performed

The crucial thing for a successful transplant
is not the volume of the blood sample, but the
number of stem cells it contains. These are
measured with a stain ”CD34+” that picks out
all mononuclear cells, including stem cells.
The optimal (transplant) dose is about 20
million nucleated cells per kilogram of body
weight (one kilogram equals 2.2 pounds).
“...patients who received no more than 10
million nucleated cells per kilogram had a 75
percent probability of death, whereas recipients
of at least 30 million nucleated cells per kilogram
had a 30 percent probability of death” (28).
On average, a cord blood sample contains
8.6 million nucleated cells per millileter. The
optimal transplant dose requires harvesting 1
millileter of cord blood for every pound of
patient weight (1 ml and 1 cc are the same
amount) (28, 29).
A few private cord blood banks freeze the
blood whole, while most process it. There are
two stages of processing: Volume Reduction and
Separation.
Volume Reduction can be accomplished
either by sedimentation or spinning in a centrifuge. (Note: sedimentation uses a chemical
called “Hespan Starch” or “Hetastarch” which
is made by Dupont Pharmaceuticals.) Afterwards, the blood components are separated
so that: red cells are on the bottom, plasma (a
clear white liquid) is on top, and in the middle
is a pinkish layer called the “buffy coat” which
contains the white blood cells, including stem
cells. At this point, a gentle spin in a centrifuge
is sufficient to isolate the white blood cells. Most
public banks stop processing at this point and
store the white blood cells in bags.
150

Separation of mononuclear cells is
accomplished by further centrifuge spinning of
the white cells. One protocol for doing this which
is routinely used by stem cell researchers is
called “Ficoll-Hypaque” density gradient
centrifuge. The separation step reduces the
volume of the collection to only a few milliLiters,
which makes storage in vialsfeasible.
MonoNuclear Cells: Hematopoietic stem
cells are identified with a characteristic surface
molecule called “CD34+”, but only 1-2% of
the MNC are actually stem cells. When parents
bank cord blood, and they receive a follow-up
lab report saying that so many billions of cells
were stored, the lab is actually counting MNC,
not stem cells. This is the standard medical
procedure.
Common sense suggests there is no reason
to process a sample when you don’t know if it
will ever be used. Separation of MNC adds to
the laboratory cost of processing, and this cost
is passed on to the consumer.
Financial Pro: Lower storage costs
z

The smaller is the volume of the final sample,
the less cryogenic nitrogen it takes to preserve
it.

Medical Pro: Advantages of removing red
blood cells
z

z

This minimizes any reaction of the patient
to incompatibilities with the ABO/Rh blood
type of the donor. (Strange but true: two
people can have “matching” HLA types but
different blood types).
Moreover, the cryo-preservation solvent that
is added before freezing tends to rupture
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z

red cells. Thus, when the stem cells are
thawed for transplant they must be washed
to remove the solvent and the hemoglobin
released from the ruptured cells (it is toxic
to kidneys).
Given the above, some banks will brag about
having a very low “final hematocrit”, which
refers to the red cell count after processing.

Medical Counter-argument: Red cells don’t
have to be removed

C

ord blood transplants are less sensitive to
blood type incompatibilities than transplants
of adult bone marrow. The earliest cord blood
transplants used whole blood. Nonetheless, at
this time it has become standard medical
practice in the USA to separate out red cells
prior to freezing (2,3,4).
It is inevitable that some stem cells will be
lost in the process of skimming off the buffy
coat or separating the MNC. Just what fraction
of the stem cells are lost is hotly debated.
Everybody likes to claim that their method of
processing is better because they lose fewer cells
– BUT – studies in the medical literature (see
below) do not even find a significant difference
between the viability of processed versus unprocessed cord blood. There is a large uncertainty, about 20%, in measuring the recovery

of viable stem cells, and this uncertainty exceeds
the difference between one processing method
versus another.
Rubinstein P. reports “almost total recovery”
of viable hematopoietic progenitor cells after
volume reduction, freezing, and thawing (30).
After Ficoll gradient separation of cord blood,
the recovery rates of MNC and CD34+ cells
were, respectively, 55% and 107% (a recovery
over 100% indicates this experiment is not very
accurate – editor) (31). Kletzel M. found no
statistically significant difference between
separated UCB versus unmanipulated UCB
regarding cell viability or recovery of MNC (32).
Although cord blood is so great, not everybody bank it because it costs money. Whereas
a bone marrow registry is just a data base of
potential donors, a cord blood registry consists
of freezers full of frozen blood and staff to
maintain them. In an ideal world, all babies
would have their cord blood harvested at birth
(with parental permission) and stored in public
registries, much like public blood banks. In
practice, only a limited number of institutions
have the funding to maintain public banks which
take donations for free. For most parents, cord
blood donation is not an option because the
number of locations served by public banks is
very limited.
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