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ABSTRACT. The hematopoietic system of the young
child acquires, through time, the ability to cope with
exposure to a number of environmental toxins and infectious agents. Occasionally, severe aplastic anemia occurs
secondary to exposure to some of these toxins or infectious agents. The occurrence of severe aplastic anemia
provides an opportunity to study the maturation of the
hematopoietic system because often the immune system
is partially intact. Hematopoietic stem cell transplants
permit the study of the complete reconstitution of the
hematopoietic and immunologic system. Stem cell transplants are often used to treat severe aplastic anemia or,
alternatively, may be part of the treatment for an underlying malignant disease or a genetic disease. Sources of
stem cells and the age of the recipient and donor have an
impact on the success of the stem cell transplant. A stem
cell transplantation provides a window of opportunity to
study and observe the normal maturation of the immune
system and the sensitivity. Very clearly, children recover
from severe aplastic anemia and stem cell transplantations more readily with fewer problems and complications than adults. The environmental risks that a child
who received a stem cell transplantation faces are related
primarily to the deficiencies of the hematopoietic system
and immune system during the recovery phase. Therefore, diminished resistance to infectious agents, primarily viruses and other opportunistic organisms, are the
primary risk that children who are recovering from these
transplantations face. There are few data on the susceptibility of these children to the toxic effects of other
environmental toxicants during the recovery period,
which may take years before complete recovery. Pediatrics 2004;113:1051–1057; aplastic anemia, stem cell transplantation, pediatrics.
ABBREVIATIONS. GvHD, graft-versus-host disease; BSA, body
surface area.

A

lthough there are a number of infectious
problems that may have an impact on and
effect the hematopoietic system at various
stages of development, 2 key situations shed a tremendous amount of light on the vulnerability and
the development of the hematopoietic system. The
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first concerns severe aplastic anemia, the occurrence
of this disease, the impact that this has on the child,
and the potential treatment. The second is stem cell
transplantation when, purposefully, agents are delivered to poison the hematopoietic system to make
room for new hematopoietic stem cells. This latter
situation once again gives us a great deal of insight
on the effects of toxins on the hematopoietic system
and also gives us information about the development
of immune-mediated cells from the hematopoietic
stem cell and the length of time for adequate maturation.
In this article, the issue of aplastic anemia is explored in detail with the purpose of identifying the
cell or cells that have been effected and the treatment
that brings back normal hematopoiesis. Once we
have established an understanding of normal hematopoiesis and what happens in severe aplastic anemia, the second issue to be discussed in detail is that
of inducing severe aplasia as part of ongoing treatment for an underlying malignancy or as part of the
curative therapy for a genetic disease and then effecting recovery of immunopoiesis and hematopoiesis through a stem cell transplantation.
SEVERE APLASTIC ANEMIA
What Is a Hematopoietic Stem Cell?

Hematopoietic stem cells reside primarily in the
bone marrow but do circulate in the peripheral
blood. These cells may replenish damaged or missing components of the hematopoietic and immunologic system. The cells can often withstand freezing
for years; thus, these cells can be obtained from bone
marrow or peripheral blood and cryopreserved for
later use. These cells for clinical use may come from
self (autologous) or from others (allogeneic), such as
a related family member or an adult unrelated donor
or an anonymously donated umbilical cord blood
sample.1
Components of the hematopoietic system include
red cells for carrying oxygen, all of the different
white cells involved with infectious and oversight
processes, and platelets. Tissue macrophages derive
from monocytes produced by hematopoietic stem
cells. Components of the immune system in the thymus gland and other lymphoid tissue also derive
from these stem cells.
Pathophysiology

Aplastic anemia presents with an extremely hypocellular marrow and peripheral blood pancytopenia.
The mechanisms that account for aplastic anemia
include defects of hematopoietic stem cells; defects in
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the marrow microenvironment; abnormal humoral
or cellular immune control of hematopoiesis; and
exposure to drugs and chemicals, infectious agents,
and radiation.2 The major causes are listed in Table 1.
The vast majority of cases of aplastic anemia are of
unknown origin.3
Children usually present with bruising and bleeding as a result of low platelets. It is not uncommon
in children that viral infections, which particularly
predominate in early childhood as children acquire
immunity to common environmental pathogens,
suppress normal hematopoiesis. Blood count suppression is a hallmark of many childhood viral infections, and platelets may be low. However, it is
rare that they reach the level as defined by pancytopenia and hypocellular marrows, the hallmarks of
severe aplastic anemia.
The case fatality rate from aplastic anemia is 50%.4
However, under ideal conditions, a higher percentage of patients are cured. A response to treatment is
defined as no longer needing red cell or platelet
transfusions and having adequate protective numbers of neutrophils. This definition means that blood
counts may not return to normal levels; however, the
children are generally out of danger from opportunistic and other infectious problems.
Unlike in adults who acquire aplastic anemia and
often have well-documented long-term exposures to
particular chemicals or environmental toxins that
may precipitate the occurrence of this disease,4 children do not have the longevity to have been exposed
to some environmental chemical that is a hematopoiesis-inhibiting agent. Thus, most of the cases in children are either idiopathic without an adequate cause
or attributable to hepatitis. Hepatitis viral infections
are particularly common in childhood, and there
seems to be differential sensitivity to the effects of the
various hepatitis viruses from one child to another.
Once the child has acquired some immunity, reexposure usually does not result in a recurrence of the
aplastic condition.
Therapy

Therapy for severe aplastic anemia takes various
forms as shown in Table 2. Androgenic steroids stimulate hematopoiesis and were used as initial therapy
for years. Immunosuppressive therapy, initially beginning with steroids, interestingly resulted in partial to complete hematopoietic and immunologic recovery. Additional investigations demonstrated that
in some patients, the triggering event for the occur-

TABLE 1.

Causes of Severe Aplastic Anemia

Idiopathic
Hepatitis
Chemical
Drugs
Gold
Paroxysmal nocturnal hemoglobinuria
Pregnancy
Fanconi anemia
Dyskeratosis congenita
Pure red cell aplasia
Miscellaneous
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TABLE 2.

Therapy for Severe Aplastic Anemia3

Red cell and platelet transfusions
Antibiotics
Androgenic steroids
Corticosteroids
Hematopoietic growth factors
Immunosuppressive therapy with
Antithymocyte globulin
Cyclosporine
Cyclophosphamide
Hematopoietic stem cell transplants

rence of severe aplastic anemia was an autoimmune
reaction. Infection may have triggered the autoimmune reaction, but it remains unknown which lymphocyte was responsible for the marrow suppression. However, immunosuppressive therapy brings
about clearcut recovery for some children.
Severe aplastic anemia responds better in children
than in adults to the agents listed in Table 2. We
know that those who undergo hematopoietic stem
cell transplantations tend to do better the younger
they are. Children who undergo such procedures
may receive larger doses of stem cells from their
donors, may tolerate cells from a different tissue type
more readily, may clearly repair damage from preparative therapy more quickly, and may come to the
point of transplant having been exposed to and acquired fewer infectious problems in their short lives.
These and other factors have a significant impact on
the improved survival that may occur in children
over adults. In addition, it is vastly easier to generate
a higher platelet count with a single platelet transfusion in a smaller patient than it is in a full-sized
adult, which then may result in potentially fewer
bleeding episodes.
Unfortunately, the inciting cell that triggers the
autoimmune-type of reaction is not known.4 Such
knowledge would help in terms of providing
uniquely directive therapy against the offending cell.
The vast majority of children, like adults, with
severe aplastic anemia do not have a fully matched
sibling donor. Thus, they are given immunosuppressive therapy with the expectation that the therapy
will suppress the portion of the immune system responsible for turning off hematopoiesis and thus
allowing cells to recover. It is interesting that in some
patients who have undergone stem cell transplantations, initially for the first couple of years posttransplantation, the only cells that grew were those of the
donor, but then eventually host cells recovered completely and donor cells were lost or a chimeric state
was established. This certainly confirms that in many
patients, the offending agent that triggered the initial
aplasia may not persist long term, creating a suitable
environment for return of normal hematopoiesis.
Umbilical Cord Blood Collections

Umbilical cord blood is another source of stem
cells. Approximately 30% to 45% of all blood associated with a fetus is circulating in the umbilical cord
blood and in the placenta. At the time of birth, this
blood contained within the placenta and umbilical
cord is usually thrown out. The umbilical cord blood
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and placental blood are rich in hematopoietic stem
cells, with a stem cell concentration per milliliter at
least 100-fold greater than is found in the peripheral
blood of a normal adult. These cells are naı̈ve and
seem to have increased proliferative potential. Umbilical cord blood can be collected in the first 5 to 10
minutes after delivery before the blood clots, and
aliquots can be sent for infectious disease testing and
typing with the remainder cryopreserved.
Two types of umbilical cord blood banks have
been established. The first is the anonymous blood
bank. Usually private funding or public funding will
pay for the processing and storage, and these samples of umbilical cord blood are then available for
study and transplant purposes in individuals who
need such umbilical cord stem cells. The original
donor of the stem cells no longer would be able to
have access to these because all identifiers would be
removed. The second type is a private business
whereby individuals direct that umbilical cord blood
from their children be cryopreserved for their subsequent use at a later time. A substantial amount of
money is charged initially for cryopreservation and
then a yearly fee for storage. Very clearly we do not
know the full potential uses of these stem cells in the
future or exactly the length of time through which
these cells remain viable.
Because of the newness of this technology, only
recently born children would have such cord blood
saved. Already reported have been 2 individuals
whose parents had saved their umbilical cord blood
at the time of birth and who subsequently developed
aplastic anemia and used their own umbilical cord
stem cells to effect normal hematopoiesis and recover from the underlying problem (John Wagner,
personal communication). A greater number of individuals have received umbilical cord blood from siblings. In these situations, one child may have already
developed a leukemia or other disease that is best
treated with a stem cell transplantation and the
mother then becomes pregnant with another child.
At the time of delivery of the second or subsequent
child, umbilical cord blood is saved, typed, and subsequently used to treat the effected child in the family.
A third situation has already developed whereby
when a child has a genetic disease that is best treated
with a stem cell transplantation, parents have undergone collection of oocytes, fertilization of the oocytes
in the laboratory, typing of some of the early cells in
the blastocysts, and selection of those embryos developing with an identical tissue type and without
the underlying genetic disease, and then at the time
of birth, umbilical cord blood is collected from the
fully matched and otherwise genetically normal
child and used for transplantation purposes in the
child who needs new hematopoietic stem cells for
disease correction.5
STEM CELL TRANSPLANTATION
What Happens With a Stem Cell Transplantation?

Hematopoietic stem cell transplantations are often
performed to replenish what was missing at birth.

This would be clear in the situation of someone with
severe combined immunodeficiency, born without
an intact immune system and therefore unable to
fight most of the common infectious problems. However, stem cell transplantations are more often performed to provide what has been eliminated as part
of the treatment for an underlying disease. The best
example is the child who undergoes a stem cell transplantation for the treatment of leukemia. Usually the
leukemia has become resistant to previous therapies.
The child then receives increased doses of chemotherapy and radiation, thereby eliminating the hematopoietic and immunologic system. These systems
are then reconstituted after the completion of the
chemotherapy/radiation preparative therapy by an
infusion of hematopoietic stem cells from an alternative source. These stem cells will then engraft, and
reconstitute the immune system and the blood-forming system.1
The expectation is that the high-dose chemotherapy and radiation will have helped to eliminate all
vestiges of the underlying leukemia. In the process,
other parts of the body that are fast growing and
have been irreparably damaged can be repaired with
the infusion of the hematopoietic stem cells.
Many components of the immune system and the
blood-forming system therefore will be reconstituted
with an infusion of hematopoietic stem cells. The
stem cells come from an alternative source, such as a
sibling who is a perfect tissue match, an unrelated
bone marrow or peripheral blood donor who also is
very closely matched, or alternatively an umbilical
cord blood sample saved anonymously and tissue
typed.
Recovery After a Hematopoietic Stem Cell
Transplantation

Table 3 provides an indication of the timing of
hematopoietic and immunologic recovery after
transplantation. The recovery of the immune system
is critical after a hematopoietic stem cell transplantation because death or significant morbidity is often
attributable to infectious problems that occur from
an immature or incapable immune system. Prophylactic measures to prevent infectious complications
are less costly and cause fewer problems than hospitalizations for significant infections. A number of
prophylactic measures are often taken to try to prevent such infectious problems from occurring.6 –11
The obligate neutropenia that occurs after a hematopoietic stem cell transplantation may last anywhere from 9 to 21 days. Neutropenia beyond that
point often means that the stem cells have failed to
engraft. Epithelial barriers, which are not necessarily
TABLE 3.

Timing of Immunologic Recovery
Type

Recovery Time

Neutropenia
Epithelial barriers
B cells
CD4 cells
CD8 cells
Antigen-presenting cells

9–⬎21 d
Variable
Up to 2 y
Years
Months
1 mo to 1 y
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part of the immune system but certainly are the first
barrier preventing the acquisition of infections, may
be variable in terms of the recovery, depending on
the occurrence of graft-versus-host disease (GvHD)
or radiation-induced damage. Infectious problems
that gain access through a damaged or defective
epithelial barrier may either destroy immature hematopoietic cells that are growing or alternatively
suppress their growth. This will then result in a
number of infectious problems. It is for this reason
that patients who undergo hematopoietic stem cell
transplantations are often kept in isolation not only
to prevent the acquisition of infections resulting in
significant morbidity and mortality but also to prevent exposure to bacteria, viruses, and fungi, which
in essence will delay ultimate recovery. For example,
even the occurrence of cytomegalovirus infection
without disease is associated with a suppression of
blood counts and delay in recovery.12
Mature T-lymphocytes and many of the lymphocyte subtypes will take a minimum of 6 months but
sometimes as long as 2 years to recover, depending
on the type of transplantation that was done and
depending on the occurrence of other infectious-related problems, which often may delay recovery.
B-lymphocytes may often take up to 2 years to recover fully. The pace of immune recovery is related
to the occurrence of particular infectious problems
posttransplantation. The characteristics of the immunodeficiency that occurs after a stem cell transplantation increases the susceptibility to almost all viral
infections, fungal infections, parasitic infections, and
bacterial infections.9,10 In an example of immune recovery (Fig 1), studies done with peripheral blood
lymphocyte subsets in those who underwent T-lymphocyte– depleted transplantations showed that recovery often took at least 12 months and perhaps as
long as 24 months in some patients before they were
fully protected against most of these opportunistic
infections.9
Factors That Affect Speed of Hematopoietic Recovery

Many factors affect the speed of immune recovery.
The age of the host and the age of the donor seem to
be critical, although it is unknown exactly why this
may be the case. There is no question that the presence of a thymus may help with trafficking of lymphocytes from the donor graft and thereby shorten
the time for maturation of these lymphocytes. Thus,
children who still have intact thymus glands have
faster recovery of their immune system than adults
after similar stem cell transplantations. Investigations have taken place whereby thymic epithelium
has also been transplanted into hematopoietic stem
cell recipients with the idea in mind that this may
actually help to process hematopoietic stem cells
from the donor graft and help with the development
and maturation of lymphocytes in the new host.
Unfortunately, these investigations have failed to
demonstrate any effect, but this may have been because the thymic epithelium is usually not derived
from the host or the donor but rather from a third
party. It is perhaps possible that third-party thymic
epithelium may not in any way be able to participate
1054

in the maturation of lymphocytes of a different tissue
type.
Younger hosts tend to do better and have a more
naı̈ve immune system that then allows acceptance of
the donor graft and permits a donor graft to take
without a higher degree of GvHD. In addition, some
hosts may get by without any GvHD preventive
medications. This actual effect accounts for why in
utero hematopoietic stem cell transplantations have
been explored. Early inoculation of hematopoietic
stem cells into a young fetus theoretically should
permit the cells to grow unimpeded without any
signs of rejection, and therefore the underlying problem or genetic disease is corrected with these cells.
To date, very few positive results have been seen
from this method, but the theory still holds.13
Younger donors likewise behave in a similar manner in that the hematopoietic and immunologic cells
derived from the donor graft seem more willing to
accept the recipient as self, and thus there seems to
be much less GvHD. In addition, cells from younger
donors have increased growth potential and seem to
reconstitute the hematopoietic and immunologic system more quickly. It is not known whether these cells
proliferate and differentiate more quickly or their
course is unimpeded by any GvHD, because GvHD
occurs less frequently and less intensely than in
adults. If the latter is the case, then the lack of acquisition of an infectious problem may allow the cells to
mature more quickly and therefore reconstitute the
patient more readily.
Many donors for smaller children are consistently
larger; thus, it is possible from a larger donor to get
an increased number of stem cells for transplantation
purposes. It has been difficult in humans to document adequately that the number of hematopoietic
stem cells transplanted will actually make a difference in terms of long-term outcome. Some preliminary information from umbilical cord transplants
suggests this to be the case, and other information
was available from other transplant investigations.14
It is interesting that the use of umbilical cord blood
increased the possibility of using hematopoietic stem
cells from widely tissue-typed– disparate hosts.
Long-Term Recovery

Do patients ever recover a normal immune system? The answer is complex and often depends on
the occurrence of other problems posttransplantation. It is likely that patients never recover a normal
immune system and that some defects seem to persist long term. However, many children will be able
to resume all previous activities and return to school
with a markedly decreased susceptibility to acquiring opportunistic or common infectious problems. In
addition, the tissue-related damage from the preparative therapy may be more short lived in a younger
patient as a result of enhanced abilities to recover
and repair tissue damage.
Recovery seen after stem cell transplantation mimics the development of the immune system as we see
it in early infancy and childhood. During early infancy, particularly in a preterm infant, the immune
system is extremely immature, and such individuals
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Fig 1. A, Time to recovery of normal lymphocytes; shaded area is the normal range. B, Time
to recovery of CD4⫹ cells after stem cell transplant in children.

are known to acquire infectious problems with tremendous ease. Because of the naı̈veté of the immune
system of the very young child, particularly the premature infant, a number of measures are used prophylactically to try to prevent infections until the
immune system can mature. In addition, such individuals often require repeated immunizations with
the same antigens to effect a normal immune response that is protective. An example is the tetanus,
diptheria, and pertussis immunizations that are provided during the first year of life. For those older
children and adults who have never had these immunizations, less frequent immunizations are required with smaller doses of antigenic material to
effect an adequate response because those individuals have an intact immune system. Despite that some
children posttransplantation may have normal num-

bers of neutrophils within 2 months, these neutrophils often do not migrate well or ingest or kill
bacteria well, mimicking what is seen in the newborn. It may take several months before we see normal maturation of neutrophil function, an example
of the pace of immune recovery.
Infants are often susceptible to infectious problems, particularly viral problems, if immunity has
waned from the mother and an underlying immunodeficiency is present. Children after hematopoietic
stem cell transplantation proceed in the opposite
direction in that they start out with a naı̈ve and
immature immune system and slowly their own
takes over and grows to protect them. Children after
stem cell transplantation do not have the luxury of
having immune cells or immune products from another source persisting unless these have been given
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on a prophylactic basis. Thus, during the early
months after hematopoietic stem cell transplantation, the child remains susceptible to a wide variety
of bacterial, viral, and fungal infections. The susceptibility persists for many months, awaiting recovery
and maturation of the immune-mediated cells.
As children progress from the time of a stem cell
transplantation and as their immune system begins
to recover, there is much less concern regarding infectious problems. The same sort of progression occurs as a normal child matures in that we become
much less concerned with fevers and other commonly occurring infectious problems in the older
infant and child than we are in the newborn.
Children tend to tolerate hematopoietic stem cell
transplantations much better than adults for a number of reasons. First, their tissues tend to repair much
more quickly after the damaging effects of the preparative chemotherapy and/or radiation. Second,
children are more likely to receive larger doses of
hematopoietic stem cells in the transplant process
because the donors tend to be larger or adults. Cell
content and cell number may be critical in terms of
the pace of immune recovery. Children still have an
intact thymus gland that, although may be depleted
of lymphocytes from the preparative therapy, still
contains the architecture that allows for replenishment of germinal centers and trafficking of lymphocytes through the gland itself. In addition, umbilical
cord stem cells almost uniformly are used for transplantation only in children, and, as mentioned above,
these may provide increased ability to grow well
with much less GvHD in the situation in which
GvHD would be looked on as an adverse event. For
these and potentially other reasons, children tend to
tolerate this noxious procedure.
SENSITIVITY TO CHEMOTHERAPY AS
PREPARATION FOR A STEM CELL
TRANSPLANTATION OR AS TREATMENT FOR A
MALIGNANCY

In the first and second National Wilms’ Tumor
study, there were a number of toxic deaths in infants
who had what was thought to be a highly curable
tumor.15 When these individual patient records were
reviewed, the cause of death during the treatment
was attributed to a number of toxic effects on the
liver and the lungs from the chemotherapy but also
to prolonged cytopenia followed by the acquisition
of an opportunistic infection while the white blood
cell counts were low. On additional study, it was
found that when chemotherapy doses were figured
on body surface area (BSA) for the smallest of the
children in these studies, the amount of drug given
was almost twice as much compared with what
would be given if the dose were figured on body
weight, given that the usual conversion factor of 30
kg ⫽ 1 m2 of BSA. The ratio of BSA/body weight at
birth is approximately 0.06 and drops by the end of
the first year of life to 0.04.15,16 In subsequent studies,
the chemotherapy doses were halved for those
younger than 1 year, with no change or decrement in
the long-term survival rates for those with Wilms’
tumor.15,17
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It therefore was clear that on the basis of the other
clinical studies of the efficacy of certain chemotherapy drugs for those with Wilms’ tumor, for certain
groups of patients, too much drug was administered
when calculated on BSA, and subsequently the children had prolonged cytopenias leading to opportunistic infections or, alternatively, to hepatic or pulmonary toxicity.16 The same effect was seen with
other malignancies that occur in childhood and require alterations in the chemotherapy doses and recalculation if possible on body weight instead of
BSA.
It is of interest, then, to consider the situation when
Busulfan is used as preparation for stem cell transplantation. As discussed in the previous section, patients who undergo stem cell transplantations need
to have room made within the marrow cavities and
lymphoid organs for the new stem cells to engraft. In
addition, some children who undergo stem cell
transplantations are treated with high-dose chemotherapy to eliminate their underlying malignancy in
addition to making room for the additional stem
cells.
Busulfan is often used as part of the preparative
therapy for children with genetic diseases such as a
mucopolysaccharide disorder, sickle cell disease,
thalassemia.18 In these children, there is no malignancy to eliminate. The sole purpose of the preparative chemotherapy is to suppress or eliminate permanently the child’s hematopoietic stem cells, which
give rise to the blood cells and immune cells, making
room for new stem cells to engraft. By eliminating
the child’s immune cells, this will help ensure that
the new stem cells will not be rejected. For the new
stem cells to work to correct an underlying hematopoietic or enzyme disorder, the new stem cells have
to engraft and have to function in a stable environment.
Busulfan doses were figured per kilogram of body
weight on the basis of all of the work done in the
adult transplant world.19 –21 When the doses for children, particularly the young children, were then figured per body weight, clearly the children were underdosed and there was inadequate elimination of
the underlying hematopoietic and immune system,
leading to eventual regrowth of the child’s own stem
cells and eventual rejection of the stem cells from the
donor. Unfortunately, this was not discovered until
long after a great number of children were treated
with doses calculated on body weight instead of
BSA, in which case the stem cell transplants did not
work. However, when Busulfan dosing and pharmacokinetics were worked out, it then became clear that
the doses were initially inadequate to get complete
stem cell suppression/elimination, with eventual
growth of the new stem cells leading to a curve of the
underlying disorder.
Thus, the use of chemotherapy drugs may have a
differential sensitivity in children depending on the
intended use, and the same principles may apply in
other situations when looking at the effects on children of chemical or other nontherapeutic drugs,
when the effect may be related to exposure based on
body weight or BSA.
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CONCLUSION

Severe aplastic anemia and hematopoietic stem
cell transplants permit the study of not only the
effects of environmental toxins and chemicals but
also drugs on the developing immunologic and hematopoietic system and also permit one to observe
the pace of recovery and ways to affect that recovery.
Particularly with hematopoietic stem cell transplants, one can see the proliferative potential of hematopoietic stem cells derived from a variety of
sources and how these eventually will reconstitute
the immune system. Very clearly, children recover
from severe aplastic anemia and stem cell transplantations more readily with fewer problems and complications than adults, and, to some extent, this may
be related not only to the dose of stem cells that they
receive but also to the environment in which the
transplantation takes place. The presence of a thymus, the more rapid ability to repair tissue-induced
damage, and the greater ability to withstand the
toxic effects of therapy all have an impact on the pace
of recovery.
The environmental risks that a child who receives
a stem cell transplantation faces are related primarily
to the deficiencies of the hematopoietic system and
immune system during the recovery phase. Therefore, diminished resistance to infectious agents, primarily opportunistic organisms, is the primary risk
that children who are recovering from these transplantations face. There are few data on the susceptibility of these children to the toxic effects of other
environmental toxicants during the recovery period,
which may take years before complete recovery. The
major risks that these children face are the disease for
which the transplantation was necessary and the
complications of the transplantation.
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