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A B S T R A C T
Less than 25% of children who require hematopoietic stem cell transplantation (HSCT) for primary immunodeﬁciencies (PIDs) or genetic hematological diseases have an HLA-identical sibling. For them, a matched unrelated
donor (MUD), although baring a greater risk of graft failure, delayed engraftment and immune reconstitution, and
severe graft-versus-host disease (GvHD), represents a valid alternative. The stem cell source is also important, as
unprocessed peripheral blood stem cells (PBSCs) contain 5 to 10 times more T cells than bone marrow (BM)derived grafts, a major risk especially for small children with PID. A CD34+ positive selection can mitigate HLA
compatibility issues, but the resulting CD3+ T cell depletion hampers engraftment and facilitates infections. To
mitigate those problems, we decided to add back a certain number of T cells (30 £ 106 cells/kg body weight [BW])
to the positive CD34+ selection derived from MUD BM or PBSCs and report the results in terms of time to engraftment and immune reconstitution, GvHD incidence, infections, and survival. Our aim was to show not only the feasibility and clinical efﬁcacy of this addback but also that PBSC-derived CD34+ selected grafts with calibrated T cell
addback would be equivalent to BM-derived grafts. We analyzed retrospectively our single-center cohort of 76
children (median age, 1.9 years) affected by PID (61) and hematological diseases (15) who received a total of 79
MUD HSCTs with CD34+ selection and addback of 30 £ 106 CD3+ cells/kg BW between 2001 and 2019. We used
descriptive and analytic statistics (chi-square, Student’s t-test, Mann Whitney U test, as appropriate) and constructed Kaplan Meier curves using the log-rank test to compare patients grafted with BM or PBSC-derived inocula. The two groups showed no statistically signiﬁcant differences in terms of age, sex, HLA-mismatch, or amount
of CD3+ cells/kg BW added back to the CD34+ selection. However, the latter being higher in the PBSC group
(P = .0001). Overall engraftment rate was 96% (73/76) and occurred faster in the PBSC group than in BM recipients:
polymorphonuclear cells, 16 versus 21 days (P = .006); platelets, 15 versus 22 days (P = .001). GvHD incidence was
low. No acute GvHD was diagnosed in 24 children, whereas grades I, II, III, and IV occurred in 19, 28, ﬁve, and three
children, respectively (P not signiﬁcant). Chronic GvHD was seen in only two children. The CD4+ count at six
months after HSCT was higher in PBSC recipients as compared to those receiving BM (184 versus 88 CD4+ cells;
P = .003). Overall survival for the whole cohort was 80% at 10 years, with no signiﬁcant difference between the
two stem cell sources (P not signiﬁcant). Viral infections occurred among ﬁve of the PBSC grafted children and 14
in the BM group (P not signiﬁcant), and no patient suffered from post-transplant lymphoproliferative disorder
(PTLD). The results we present show that an addback of 30 £ 106 donor CD3+ cells/kg recipient BW to a MUD BM
or PBSC-derived CD34+ selection gives promising results in infants and young children undergoing HSCT for PID
or hematological diseases. Furthermore, with this manipulation the inherent limits of PBSC-derived grafts can be
overcome, allowing both swift engraftment and immune reconstitution without an increase in GvHD, infections,
or PTLD.
© 2021 The American Society for Transplantation and Cellular Therapy. Published by Elsevier Inc. All rights
reserved.
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INTRODUCTION
Hematopoietic stem cell transplantation (HSCT) from an
HLA-identical sibling is the treatment of choice for pediatric
patients affected by primary immunodeﬁciencies (PIDs) and
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many hematological diseases [1,2]. This donor type allows for
early T cell reconstitution, thus avoiding graft rejection and
reducing graft-versus-host disease (GvHD) and infectious complications. However, the vast majority of children affected by
genetic diseases for obvious reasons do not have an HLAmatched sibling; therefore, in the absence of a suitable related
donor, a matched unrelated donor (MUD) may be an alternative source for HSCT [3]. The advanced techniques of HLA typing have contributed to a reduction in the incidence and
severity of acute GvHD (aGvHD) and other match-dependent
complications following unrelated donor transplants [4].
Beyond HLA matching, ex vivo T cell depletion can further
reduce the incidence of GvHD in children.
The most frequent technique used is CD34+ positive selection that allows for sustained engraftment and leads to an
almost complete depletion of T cells [5,6]. However, recipients
of T cell-depleted HSCT experience a signiﬁcantly higher risk
of graft failure, life-threatening viral and fungal infection,
delayed immune reconstitution, and post-transplant lymphoproliferative disorder (PTLD) [5,7]. On the other hand, high
numbers of T cells are correlated with an increased risk of
GvHD; thus, it is necessary to calibrate the dose of T cells in
the inoculum precisely.
This is particularly important in very young children with
low body weight and receiving unmanipulated stem cell suspensions from adult MUDs, especially if peripheral blood stem
cells (PBSCs) are used, as they usually contain much higher
numbers of T cells as compared to bone marrow (BM)-derived
grafts. In fact, in our research and as described by others, a
PBSC-derived suspension harbors 5 to 10 times more T cells as
compared to a BM-based graft, with a potentially increased risk

of GvHD. A bone marrow harvest contains 1500 £ 106 CD3+
cells, whereas a PBSC suspension contains 18,000 £ 106 CD3+
cells, numbers that can expose patients to more relevant aGvHD
(Figure 1). Because the median age of our group of patients was
1.9 years, and the median weight was 11 kg, the ﬁnal inoculum
would be 150 £ 106 CD3+ cells/kg BW for BM and 1700 £ 106
CD3+ cells/kg BW in the case of PBSCs. Uncontrolled severe
aGvHD increases transplant-related mortality [8] and chronic
GvHD (cGvHD) [9-11]. Nevertheless, donor T cells facilitate
stem cell engraftment and facilitate a swift immunological
reconstitution in the post-transplant phase [12].
We recently performed HSCT where the donor was asked
to donate PBSCs so as to obtain a higher number of CD34+
stem cells. This implied that a higher number of T cells would
be present in the inoculum (5 to 10 times more as compared
with BM), presenting a potentially increased risk of GvHD, as
several studies have reported [13,14]. However, the optimal
dosage of T cells, the role of immunosuppression, and the use
of serotherapy in this context are still unclear. For this reason,
we sought to analyze our cohort of pediatric patients affected
by PID and hematological diseases that were grafted with positive selected CD34 stem cells plus a controlled addback of
30 £ 106 T cells/kg BW from MUDs with serotherapy (anti-thymocyte globulin-Fresenius, ATG-F; Neovii Biotech NA, Inc.,
Lexington, MA) and cyclosporine A (CSA)/mycophenolate
mofetil (MMF) GvHD prophylaxis, with a special focus on the
differences between BM- and PBSC-derived grafts
PATIENTS AND METHODS
Patients
We retrospectively analyzed all pediatric patient who received MUD
HSCT between 2001 and 2019 at the Bone Marrow Transplant Unit of the

Figure 1. Amount of T cells in the unprocessed donor product.
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Children’s Hospital of Brescia, Italy. Written informed consent to transplant
was provided by patient’s parents or legal guardians.
Donor HLA Typing
HLA typing was performed to evaluate the degree of match between
donors and recipients by using allelic typing, with a resolution of four digits
per allele at HLA-A, -B, -C, -DRB1, and -DQB1 loci. In the absence of matched
sibling donors, MUDs were recruited from national and international donor
registries.

3

Table 1
Patient Characteristics and transplant details
Characteristic

Value

Gender, n (%)
Male
Female
Age at HSCT, median (range)

45 (59)
31 (41)
1.9 yr (2.6 mo to 15.5 yr)

Diagnosis, n (%)

Conditioning Regimens and GvHD Prophylaxis
Patients received conditioning, according to the European Group for Bone
Marrow Transplantation (EBMT) and the European Society for Immunodeﬁciencies (ESID) Guidelines (https://www.ebmt.org/ebmt/documents/esidebmt-hsct-guidelines-2017). All patients received CSA as GvHD prophylaxis,
administered with Anti-T-Lymphocyte Globulin, (Grafalon, Neovii Biotech,
Graefelﬁng, Germany) (ATLG-F) that had been infused at 7.5 to 15 mg/kg
over 3 days and/or MMF and/or methotrexate (MTX).
Stem Cell Source, Selection of CD34+ Stem Cells, and Graft Composition
The source of hematopoietic stem cells was BM or PBSCs obtained by
apheresis. Positive selection of CD34+ progenitor cells has been realized with
the Miltenyi system, which uses in vitro immunomagnetic microbeads
(monoclonal antibodies bound to magnetic beads) to allow the binding of
speciﬁc cells and their subsequent purging by utilizing magnetic sorting on
separation columns (one-step, semiautomated MACS device, CliniMACS; Miltenyi Biotec, Bergisch Gladbach, Germany). The purity of cellular subsets and
viability were determined by ﬂow cytometry using BD FACSCanto II and BD
FACSDiva software (BD Biosciences, San Jose, CA). All grafts described in this
study, irrespective of the source, after the positive CD34 selection had a controlled addback of donor T cells calculated within the negative fraction. Building on our previous experience we assumed that we should stay in a range
between 10 and 60 £ 106 T cells/kg BW in the inoculum. Analyzing our data
in itinere, we assumed that we could aim for approximately 30 £ 106 T cells/
kg BW.
Evaluation of Engraftment, Immune Reconstitution, and Donor Chimerism
Engraftment was evaluated ﬁrst after 3 consecutive days with an absolute leukocyte count > 1 £ 103/mL in the peripheral blood of the patient.
Immune reconstitution was monitored 6 and 12 months after HSCT by
immunophenotyping and proliferative response; immunoglobulin levels
were also measured. Chimerism evaluation was performed by quantifying
ﬂuorescent-labeled PCR products from donor and recipient alleles at short
tandem repeat (STR) loci with the AmpFLSTR Identiﬁler Plus PCR Ampliﬁcation Kit (Life Technologies Corporation, Foster City, CA) containing 15 polymorphic STR loci and amelogenins. Data were analyzed using GeneMapper
ID 3.2 software (Applied Biosystems, Foster City, CA), which calculated the
amount of donor DNA. Donor chimerism was determined on peripheral blood
lymphocytes and polymorphonuclear cells (PMNs) at the ﬁrst evaluation and
successively on cell subsets as necessary. Cell subsets were isolated using
Miltenyi magnetic particles. The purity of each subset was determined by
ﬂow cytometry using BD FACSCanto II and BD FACSDiva software.
Survival
Survival time analysis started from the date of HSCT; in patients who
received two HSCTs, only the date of the last procedure was considered. For
overall survival (OS), death as a result of any cause was considered an event
in the Kaplan Meier curve.

PIDs

61 (80)

Hematological diseases

15 (20)

Donor’s HLA compatibility, n (%)
10/10

31 (39)

9/10

26 (33)

8/10

14 (18)

7/10

8 (10)

Stem cell source, n (%)
PBSCs

27 (34)

BM

52 (66)

Conditioning regimen, n (%)
PBSCs
Myeloablative

16 (59)

Reduced intensity

11 (41)

BM
Myeloablative
Reduced intensity

45 (87)
7 (13)

Number of cells infused, median (range)
PBSCs
WBC £ 108/kg BW

1.26 (.24 5.86)

CD34+ £ 106/kg BW

18.8 (3.42 36.5)

CD3+ £ 106/kg BW

30.0 (10 60.5)

BM
WBC £ 108/kg BW

3.28 (.78 7.31)

CD34+ £ 106/kg BW

11.6 (1.71 24.5)

CD3+ £ 106/kg BW

32.5 (16 60.6)

Number of days to PMN recovery, median
(range)
PBSC

16 (8 31)

BM

21 (12 47)

Number of days to PLT recovery,
median (range)
PBSC

15 (4 76)

BM

22 (9 180)

Donor chimerism at ﬁrst follow-up, n (%)
Total

60 (76)

Mixed

18 (23)

Autologous

1 (1)

Donor chimerism at last follow-up, n (%)

Data Collection and Statistical Analysis
Data were retrieved from the lab records and clinical charts of the
patients, and Excel sheets were compiled (Microsoft Corporation, Redmond,
WA). Descriptive statistics were analyzed using Excel; for analytic statistics,
the chi-square test (for categorical variables), Student’s t-test (for continuous
variables with normal distribution), and Mann Whitney U test (for those
with non-normal distribution) were used. Kaplan Meier curves were built
with Statgraphics (Statgraphics Technologies, The Plains, VA) using the logrank test (Mantel Haenszel analysis) for signiﬁcance. In all tests, P < .05 was
considered signiﬁcant.

RESULTS
Patients
We included 76 patients (31 females, 45 males) who
received a total of 79 MUD HSCTs (three males received two
procedures each). Median age at transplantation was 1.9 years
(range, 2.6 months to 15.5 years). Our patients were affected
by PIDs (61 patients) and hematological diseases (15 patients)
(Table 1). We treated 23 severe combined immunodeﬁciency

Total

54 (68)

Mixed

22 (28)

Autologous

3 (4)

Cumulative incidence of aGvHD, n (%)
Grade 0

24 (30)

Grade I

30 (38)

Grade II

17 (22)

Grade III

5 (6)

Grade IV

3 (4)

Cumulative incidence of cGvHD, n (%)
Absence

77 (98)

Grade limited

1 (1)

Grade extensive

1 (1)

Follow-up time, median (range)
PBSCs
BM

2 yr (2 mo to 10 yr)
13 yr (1 wk to 19 yr)
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Table 2
Patient Diseases
Disease

n (%)

PIDs
Severe combined immunodeﬁciency
Combined immunodeﬁciency

23 (30)
3 (4)

Inborn errors of immunity
T cell deﬁciencies
Omenn syndrome

3 (4)

HLA class II deﬁciency

2 (3)

Phagocytic cell disorders
Chronic granulomatous disease

4 (5)

Leukocyte adhesion deﬁciency

1 (1.3)

conditioning (used in 11 PBSC HSCTs and seven BM HSCTs)
was conducted mainly by utilizing treosulfan-oriented protocols. The decision to use one or the other regimen was based
on the EBMT and ESID Guidelines (https://www.ebmt.org/
ebmt/documents/esid-ebmt-hsct-guidelines-2017).
Graft Composition
The median numbers of infused cells were 18.8 £ 106 CD34+
cells/kg BW plus 30.0 £ 106 CD3+ cells/kg BW in PBSC-derived
inocula (n = 27), and 11.6 £ 106 CD34+ cells/kg BW plus
32.5 £ 106 CD3+ cells/kg BW in BM-derived suspensions (n = 52)
(Table 1, Figures 4, 5). The difference in CD34+ cells between BMand PBSC-derived grafts was signiﬁcant (P = .0001), whereas the
difference in the CD3 addback was not (P = .45).

Hemophagocytic syndromes
Lymphohistiocytosis
Wiskott-Aldrich Syndrome

3 (4)
17 (22)

Other
TRNT1 deﬁciency

1 (1.3)

LRBA deﬁciency

1 (1.3)

Hyper-IgM syndrome

1 (1.3)

Hyper-IgE syndrome

2 (3)

Hematological diseases
Aplastic anemia

3 (4)

Fanconi’s anemia

1 (1.3)

Kostmann’s syndrome

2 (3)

Sickle cell disease

1 (1.3)

Talassemia

1 (1.3)

Osteopetrosis

7 (9)

Classiﬁcation based on Gennery et al. [15].

Table 3
HLA Donor/Recipient Mismatching in 22 Children Transplanted with 8/10 or 7/
10 Donors
Characteristic

n (%)

A, DPB1

4 (18)

C, DPB1

4 (18)

A, C, DPB1

3 (14)

A, B, C

7 (32)

A, DQB1, DPB1

1 (4.5)

B, DQB1, DPB1

1 (4.5)

C, DQB1, DPB1

2 (9)

patients, 38 inborn errors of immunity, and 15 hematological
diseases. A complete list of the diseases is provided in Table 2.
Comparing the group of BM recipients with that of PBSC recipients, there were no signiﬁcant differences in age (P = .17), sex
(P = .13), or HLA match (P = .08).
Donor/Recipient HLA Compatibility
HLA compatibility between donor and recipient was 10/10
or 9/10 in 57 HSCTs and HLAs and was 8/10 or 7/10 in 22
HSCTs (Tables 1, 3). No signiﬁcant difference for GvHD incidence and severity and overall survival were detected between
10/10 or 9/10 and 8/10 or 7/10 (Figures 2, 3).
Conditioning Regimens and GvHD Prophylaxis
In most cases (16 PBSC HSCTs and 45 BM HSCTs), conditioning was via myeloablative conditioning (MAC) regimens
(Table 1), including total body irradiation (200 to 400 rads) or
chemotherapy (busulfan-based conditioning with ﬂudarabine
and ATLG-F or cyclophosphamide). Reduced-intensity

Evaluation of Engraftment, Immune Reconstitution, and
Donor Chimerism
The median time for neutrophil and platelet engraftment
was 18 days after HSCT (range, 8 to 47 days for neutrophil and
4 to 180 days for platelets); in the PBSC group, recipients had a
shorter interval (16 and 15 days, respectively, for PMNs and
platelets [PLTs]), as compared to the BM group (21 and 22
days, respectively, for PMNs and PLTs); statistical analyses conﬁrmed the signiﬁcance of those differences (P = .0067 for PMNs
and P = .0019 for PLTs).
Immunological reconstitution of both the cellular and the
humoral compartments was completed by 12 months at the
latest, with a median CD3+CD4+ absolute cell count of 624
cells/mL (Figure 6). Comparative statistical analysis showed a
lower CD4+ absolute cell count at 6 months in patients that
had received BM (88 CD4+) as compared to those that received
PBSCs (184 CD4+), a signiﬁcant difference (P = .00338). In contrast, at 12 months, the PBSC and BM CD3+CD4+ absolute cell
counts were similar (P = .18).
Only four patients needed long-term (>12 months) immunoglobulin replacement; two of them received four cycles of
rituximab for hemolytic anemia in the post-engraftment
period. The proliferative lymphocyte response to mitogens
was normal in 80% of patients by day +100 after HSCT; the rest
of the patients normalized within a year. Full donor chimerism
was achieved in 3/4 of the patients at the time of the ﬁrst evaluation (76%) and persisted in 2/3 of the patients until the last
follow-up (68%). Mixed chimerism was achieved in 23% of
patients at the time of the ﬁrst evaluation; in one case, autologous reconstitution occurred. At the last follow-up, 28% mixed
chimerism and 4% autologous chimerism were detected. Only
three children lost the graft at a median time of 5 months and
needed a second procedure, again with a T cell addback of 30
CD3+ £ 106 cells/kg BW (Table 1). One patient, affected by
chronic granulomatous disease, received two transplants (one
BM and one PBSC) because after only 19 days from the ﬁrst
HSCT the chimerism analysis showed early failure (0% of
donor). The second patient, affected by leucocyte adhesion
deﬁciency type I, lost his ﬁrst BM graft after 2 years; chimerism
analysis showed late failure (0% of donor), and the patient
received a second BM HSCT. The third patient, affected by
sickle cell disease, received two HSCTs, both from PBSCs; nevertheless, he presented again an autologous reconstitution due
to the presence of auto-antibodies directed against the HLA
antigens of both of the two MUDs.
GvHD
In 24 HSCTs (30%), the child did not show any aGvHD; in
another 47 procedures (60%), only grade I or II aGvHD was
diagnosed. Grade III or IV aGvHD was diagnosed after PBSC
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Figure 2. Cumulative incidence of severe aGvHD grades III and IV after HSCT, as determined by the Kaplan Meier method stratiﬁed by mismatches.

HSCT in two children (7.4%), 7 and 19 days, respectively, after
transplantation. In BM HSCTs, six children (11.5%) had grade III
or IV aGvHD at a median time of 18 days after the procedure

(range, 3 to 33 days) (Figure 7). Neither the difference in any
aGvHD (P = .26) nor that among high-grade aGvHD (P = .56)
between the two source groups was signiﬁcant. cGvHD

Figure 3. Overall survival of patients after HSCT, as determined by the Kaplan Meier method, stratiﬁed by mismatches.
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Figure 4. Number of selected CD34+ cells infused in each HSCT (PBSCs and
BM, respectively).

occurred in only two children (one limited, one extensive);
both patients had received BM stem cell transplants. The onset
of cGvHD was at 4 months after transplantation (Figure 8).

Figure 6. T cell immune reconstitution focused on CD3+CD4+ absolute cell
count before 6 months and 6 months and 1 year after HSCT.

Survival
Overall survival for the whole cohort was 80% at 10 years,
with no major differences between the two different stem cell
sources (P not signiﬁcant): 80.8% (21/26 patients) in children
who received a PBSC-derived graft and 82% (41/50 patients) in
children who received a BM-derived graft. Median follow-up
time was longer for the BM recipients (13 years; range, 1 week
to 19 years) than for the PBSC recipients (2 years; range, 2
months to 10 years), with an OS among the former of 80% at
19 years (Figure 9). With regard to event-free survival (EFS) in
BM recipients, it overlapped OS (80%); in the PBSC recipients,
due to one graft failure, EFS was 77%.
In our cohort of patients, we observed only 23 episodes of
infections during the post-transplant period. Cytomegalovirus
(10 patients), Epstein Barr virus (seven patients), adenovirus
(four patients), and human herpesvirus 6 (one patients) were
the most frequent infections that occurred. One patient was
affected by Aspergillus. Among the 15 patients who died, the
causes of death were severe aGvHD (cutaneous and or gastrointestinal) in two patients and intestinal cGvHD in one patient;
two children died of disseminated cytomegalovirus infection,
and viral infections were comorbidities in ﬁve of the 10 children who died of organ toxicity (cerebral hemorrhages, respiratory failure, cardiac complications, or multiple organ failure).
No patients presented PTLD.

Figure 5. Number of CD3+ cells infused in each HSCT (PBSCs and BM, respectively).

DISCUSSION
The risks and beneﬁts of T cells in the HSCT inoculum are
well understood, although the optimal dose of donor T cells
remains unknown. Several reports have suggested that partial
T cell depletion or T cell addback may mitigate the adverse
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Figure 7. Cumulative incidence of severe aGvHD grades III and IV after HSCT, as determined by the Kaplan Meier method, stratiﬁed by stem cell source.

effects of profound T cell depletion [16,17]. Consolidated data
demonstrate that in the haploidentical setting the critical
number of CD3+ cells to avoid GvHD is nearly .10 £ 106 CD3+
cells/kg BW [18]. In the MUD setting, the risk for GvHD is

obviously higher and is further increased by using PBSCs as
the stem cell source, especially in children [19]. In fact, PBSCs
and young recipient age are independent risk factors, even
when an HLA-identical sibling is the donor [20].

Figure 8. Cumulative incidence of cGvHD after HSCT, as determined by the Kaplan Meier method, stratiﬁed by stem cell source.
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Figure 9. Overall survival of patients after HSCT, as determined by the Kaplan Meier method stratiﬁed by stem cell source.

A signiﬁcantly lesser amount of T cells (<.05 £ 106 CD3+
cells/kg BW) in the graft bares an increased risk of graft failure
in pediatric recipients [21,22]. In addition selective T cell
depletion is strongly associated with an increased risk of PTLD
[23,24]. The primary objectives of this observational retrospective study were to estimate the incidence and severity of
aGvHD and cGvHD, the incidence of primary and secondary
graft failure and infections, and the functional immune reconstitution following CD34+ selection, plus controlled CD3 addback in pediatric recipients.
We found that CD34+ selection plus a controlled addback of
30 £ 106 CD3+ T cells/kg BW can reduce the risk of grades II to
IV aGvHD and extensive cGvHD in pediatric recipients undergoing MUD HSCT along with serotherapy (ATLG-F at 7.5 to 15
mg/kg BW over 3 days) and GvHD prophylaxis. Furthermore,
the addback of 30 £ 106 CD3+ cells/kg BW not only can accelerate immune reconstitution but can also be protective against
primary graft failure, as well as viral and fungal infections. The
beneﬁt of this approach is particularly relevant for PBSCderived inocula that usually have higher amounts of CD3+ cells
as compared to BM-derived grafts.
The CD3 addback procedure and the amount of T cells
infused are in line with another recent report that had an addback within the same logarithm (10 £ 106 CD3+ cells/kg BW)
[16]. The use of the addback of 30 £ 106 CD3+ T cells /kg BW
unselected resulted in low GvHD incidence and severity. In
fact, aGvHD of grades 0 to II resulted for 71 procedures (90%),
whereas GvHD grades III and IV presented in only eight procedures (10%).
Most important, in our series only one child died because of
cGvHD (1%) compared to the 20% incidence mortality reported
for patients transplanted with unmanipulated PBSC grafts
[11,16, 25]. However, when comparing such data, the type of

donor, donor/recipient matching, and GvHD prophylaxis/therapy must be considered. With regard to HLA donor/recipient
matching, in unrelated BM or PBSC transplantation donors
matched for HLA-A, HLA-B, HLA-C, and HLA-DR1 alleles have
been found to be the most preferable. The effects of HLA mismatch may differ depending on the year of transplantation and
the form of GvHD prophylaxis administered [26-29]. Within
our cohort of transplants, 31 were grafted with a fully matched
donor, and 48 received a HLA partially matched donor.
Low T cell numbers in the graft are responsible for a graft
failure incidence of nearly 16% [21]. Low T cell numbers
(<.20 £ 106 CD3+ cells/kg BW) in the graft have also been
reported to be associated with poor engraftment in adult
patients [20]. In our series, we experienced graft failure in
only three patients (3.9%), all of whom were retransplanted
from a second different MUD donor. In keeping with published data [1,12], these results suggest that a deﬁned T cell
addback in the range we used is a reasonable strategy to
improve engraftment, as conﬁrmed by statistical analysis
demonstrating that this strategy allows PBSCs to engraft even
faster than BM.
The third major challenge in T cell-depleted HSCT is the
delayed T cell immune reconstitution, which may increase the
risk for viral and fungal infection. Using a median T cell addback of 30 £ 106/kg BW unselected CD3+ cells, as described,
we found high and probably protective numbers of CD3+, CD3
+CD4+, and CD3+CD8+ cells 6 months and 12 months after
transplantation. Again, the effect was most evident in the PBSC
recipients, who had statistically signiﬁcant higher values
already at 6 months after HSCT. We observed only 23 episodes
of infections during this post-transplant period.
Unfortunately, in our series, seven out of 76 patients (9.2%)
died from infection; however, this percentage was much lower
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than what has typically been reported after T cell-depleted
HSCT. The risks for lethal infection complications during the
ﬁrst 6 months after HSCT have been reported to be 16% for
viral infections and 10% for fungal infections [21]. Another
recent study reported an infection-associated mortality of 8%
using an analogous approach, but with a slightly lower T cell
addback of 10 £ 106 CD3+ cells/kg BW [16].
In conclusion, our approach overcomes many of the limits
of purely CD34 positive selected grafts, especially from PBSCs,
which is most important for infants and young children. Our
data show that, in pediatric patients affected by primary
immunodeﬁciencies or hematological diseases, the outcome of
HSCTs from matched unrelated donors, BM or PBSCs, can be
improved in terms of engraftment, GvHD incidence, and functional immune reconstitution by adding to the CD34+ selection
a controlled number of donor CD3+ T lymphocytes at a median
dosage of 30 £ 106 CD3+ cells/kg BW.
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