
Abstract. Background/Aim: Immune recovery is a key
factor in the management of patients after allogeneic
hematopoietic stem cell transplantation (allo-HSCT). This
study analyzed the factors contributing to immune
reconstitution after allo-HSCT. Patients and Methods:
Overall, 65 children with malignant or non-malignant
diseases were included in multivariate analyses. Results: The
following factors contributed to a faster immune recovery:
peripheral blood as a stem cell source and reactivation of
CMV infection for CD3+ and CD4+ lymphocyte
subpopulations; reactivation of CMV infection for CD8+
subset; donor EBV-IgG+ and no EBV reactivation for CD19
lymphocytes; recipient age below 10 years and peripheral
blood as a stem cell source for NK cells. For CD2 and
CD4/CD8 ratio no factor was significant in multivariate
analysis. Conclusion: Patients receiving a graft from an
EBV-IgG-positive donor and not having early EBV post-
transplant viremia show faster recovery of the B-cells, while
patients with early CMV-DNA-emia have a better re-
establishment of T-cell subsets.

Hematopoietic stem cell transplantation (HSCT) is an
effective therapeutic approach in many malignant and non-
malignant diseases including hematological, oncological,
immunological and metabolic disorders. The clinical efficacy

of HSCT is determined by many factors, including
immunological reconstitution of the recipients’ immune
system. Delayed immune reconstitution might be a common
cause of failure of HSCT, mainly due to infectious
complications (1), while rapid immune reconstitution is
associated with a lower transplantation-related mortality
(TRM) and a longer survival after HSCT (2). Many factors
might contribute to the efficacy of immune recovery. The
objective of this study was the analysis of immune
reconstitution by monitoring of lymphocyte subset cell count
in children at different time points after allogeneic (allo)-
HSCT and analysis of pre- and post-transplant factors
affecting the reconstitution, with focus on cytomegalovirus
(CMV) and Epstein-Barr virus (EBV) serostatus.

Patients and Methods
Patients. Sixty-five children including 35 boys and 30 girls, who
underwent HSCT at a median age of 10 years (range=0.8-18 years),
from peripheral blood (PB, n=35) or bone marrow (BM, n=30),
from a matched family member (MFD, n=24) or matched unrelated
donor (MUD, n=41) for a malignant (acute lymphoblastic leukemia,
ALL, n=30; or acute myeloblastic leukemia, AML, n=22) or non-
malignant disease (bone marrow failure, BMF, n=13) were included
in this study and analyzed for the speed of immune recovery after
the transplant and for risk factors influencing lymphocyte
reconstitution. Children were eligible for inclusion in this study if
they had 10/10 HLA (Human Leukocyte Antigens) MUD or 6/6
matched MFD. In case of unrelated donors, one allelic mismatch
was regarded as HLA match. Exclusion criteria were: primary
immunodeficiency disorders, subsequent HSCT, relapse or death
after HSCT. All children were transplanted between 2010-2014.
Informed consents were obtained from the parents. The study was
performed according to the institutional guidelines and was
approved by the Institutional Review Board.

Transplant procedures. Median infused CD34 cell dose was 6.8×106/kg
(range=2.1-17.7×106/kg), and median infused CD3 cell dose was
4.1×106/kg (range=1.5-72.1×106/kg). Fourteen recipients including all
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BMF patients received a non-myeloablative or reduced intensity
conditioning preparative regimen. Anti-thymocyte globulin was used
in all MUD transplants and in all BMF patients. Acute (n=15) and
chronic (n=7) graft- vs. -host disease (GVHD) was assessed according
to current standards (3). GVHD prophylaxis consisted of
ciclosporin±methotrexate, with addition of methylprednisolone in
patients with BMF. All children were prophylactically administered oral
antibiotic, acyclovir, fluconazole and cotrimoxazole until the end of the
immunosuppressive treatment. 

Viral surveillance and infection. CMV and EBV IgG serostatus of
donors and recipients were investigated before transplantation (donor:
CMV+, n=30; EBV+, n=45; recipient: CMV+, n=36; EBV+, n=38)
(4). After HSCT, all patients underwent weekly blood screening for
CMV and EBV reactivation by qPCR at least until day +100.
Reactivation of CMV (n=22) or EBV (n=28) was diagnosed when
respective DNA-emia was detected. Pre-emptive antiviral therapy was
started if the qPCR detected >10,000 copies/ml, both for CMV
(n=14/22) and EBV (n=8/28). Preemptive treatment for CMV
reactivation included ganciclovir or foscarnet for 2 weeks or until
CMV-DNA clearance. Preemptive treatment for EBV reactivation
included rituximab weekly (1-4 doses) or until EBV-DNA clearance.
Neither CMV end-organ disease nor EBV-related post-transplant
lymphoproliferative disorder occurred in the analyzed patients.

Determination of lymphocyte subsets and kinetics of lymphocyte
reconstitution. Lymphocyte subpopulations were analyzed in
peripheral blood (PB) by flow cytometry at the following eight time
points: 1, 3, 6, 9, 12, 15, 18 and 24 months after HSCT. Flow
cytometry analysis was performed on FACS Canto II with
CellQuest Pro software (Becton Dickinson, BD Biosciences, San
Jose, CA, USA) device. Monoclonal antibodies used were the
classic T- (anti- CD2, CD3, CD4, CD8), B- (anti-CD19) and natural
killer (NK)-cell antigens (anti- CD56 and CD16). At least 10,000
cells were analyzed in each case. The absolute numbers of B-, T-,
NK and CD4/CD8 lymphocytes were calculated from total number
of PB lymphocytes. Immunological endpoints were determined for
their potential clinical significance as defined previously (5) at times
where the cell counts were: CD3+ >0.5×109/l, CD4+ >0.5×109/l,
CD8+ >0.25×109/l, CD19+ >0.2×109/l, and CD3-CD56+ >0.1×109/l;
CD3+CD4+/CD3+CD8+ ratio with cut-off value >1 was also
analyzed at each time point. 

Statistical analysis. Transplant outcomes, such as overall survival,
relapse incidence, transplant-related mortality (TRM), acute and
chronic GVHD, were analyzed by the Kaplan–Meier method and
compared with the log-rank test. The cumulative incidences of each
lymphocyte subset recovery were computed using competing risks
events: TRM, infusion of a stem cell rescue and autologous
recovery. Baseline parameters were compared between groups using
Mann–Whitney or Kruskal–Wallis tests for quantitative variables,
and chi-square or Fisher’s exact tests for frequencies. Variables
studied for their potential impact on lymphocyte recovery were:
recipient age, sex, type of transplantation, primary disease, intensity
and type of preparative regimen, stem cells source, donor and
recipient CMV/EBV pre-transplant serology and post-transplant
reactivation. Analysis of factors affecting the rate of immune
reconstitution after transplantation was performed using a
multivariate logistic regression model (6). Variables relevant to the
model were selected based on a threshold p-value <0.1 during

univariate analysis. The final models expressed the hazard ratios
(HR) and the 95% confidence intervals (95%CI). All the tests were
two-sided. Statistical significance was defined as p<0.05. 

Results
Post-transplant outcomes. The 3-year overall survival was
73% for ALL, 60% for AML and 86% for BMF. Relapse
occurred in 27% patients after ALL and in 34.6% after AML
(p=0.5). TRM was 19.6% in acute leukemia, and 14% in
BMF (p=0.7). The median time to reach neutrophil recovery
was 14 days for acute leukemia and 19 days for BMF
(p<0.001). Platelet recovery occurred at a median of 18 days
and 25 days for acute leukemia and BMF, respectively
(p<0.001). Acute GVHD occurred in 23.1% patients.

Kinetic of lymphocyte subset recovery. NK cells were the first
population that recovered, with a median time to reach
NK>0.1×109/l of 1 month (range=1-9 months). The next subset
of lymphocytes to reconstitute was the B-cell population with
a median time to reach CD19>0.2×109/l of 6 months (range=1-
24 months). The T-cell reconstitution kinetic was slower with
a median time to reach CD2>0.5×109/l of 9 months, (range=3-
24 months), and median time to reach CD3>0.5×109/l of 10
months (range=3-24 months). The speed in T-cell reconstitution
was associated with a slower CD8 T-cell recovery, as median
time to reach CD8>0.25×109/l was 11 months (range=3-24
months), and median time to reach CD4>0.2×109/l was 12
months (range=3-24 months) (p<0.001, for each two
parameters separately). The median time to CD4/CD8 ratio >1
was delayed up to 24 months (range=9-24 months). Similar
results were observed in analyses performed only for a
subgroup of patients with acute leukemia or after exclusion of
patients with non-myeloablative conditioning regimen.

Factors affecting incidence of lymphocyte recovery. Using
the method of cumulative incidence with competing risks for
analysis, the source of stem cells influenced immune
reconstitution of all subsets of lymphocytes including CD2,
CD3, CD4, CD8, CD19 and NK cells, with univariate
analyses identifying slower reconstitution after bone marrow
transplantation (Table I). Exclusion of the patients who
received a non-myeloablative conditioning regimen or had
non-malignant diseases, did not change these results. Patient
sex, type of donor, type and intensity of conditioning, type
of disease (malignant vs. non-malignant) and GVHD had no
influence on the recovery of lymphocyte subpopulations.

Univariate analysis. Normalization of NK cells (CD3-
CD16+CD56+) occurred fast after transplantation. Factors
significantly affecting fast reconstitution of NK cells after
allo-HSCT included age <10 years and PB as a stem cell
source. The speed of immune reconstitution of B cells,
characterized by expression of CD19 antigen, was much
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faster in patients after the use of PB, however a large
variability was observed between analyzed time points of
CD19 recovery (p<0.001). Factors affecting fast B-cell
reconstitution included: no-TBI conditioning, donor EBV
IgG+ serology and no reactivation of EBV infection. 

Reconstitution of T cells, characterized by the expression
of CD2 and CD3 antigens, occurred much slower than for B-
lineage (p<0.001), and factors affecting fast T-cell
restoration included PB as a stem cell source and reactivation
of CMV infection. The recovery of CD3+CD4+ lymphocytes
was faster when PB was used as a stem cell source, no-TBI
conditioning, donor CMV IgG+ serology and reactivation of
CMV infection. T-cytotoxic CD3+CD8+ lymphocyte
reconstitution was faster when PB was a stem cell source,
and after CMV reactivation. The CD4/CD8 index did not
achieve normalization within 24 months after allo-HSCT. 

CMV and EBV viremia. CMV reactivation within the first
100 days after HSCT contributed in univariate analysis to
faster restoration of CD2+, CD3+, CD3+CD4+ and
CD3+CD8+, while positive serological CMV status of
donor itself contributed to faster restoration of CD3+CD4+
only. Positive serological EBV status of donor and no EBV
reactivation within the first 100 days after HSCT
contributed to faster restoration of CD19+, and also positive
serological EBV status of donor itself contributed to faster
restoration of CD19+, however significance was not
reached (p=0.08). 

Multivariate analysis. Factors significantly contributing to
faster immune reconstitution are shown in Table II. For CD2
and CD4/CD8 ratio no factor was significant in multivariate
analysis.
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Table I. Univariate analyses of immunologic reconstitution after allo-HSCT.

Factors                                                   CD19+                 CD2+                 CD3+              CD3+CD4+          CD3+CD8+         CD4/CD8                NK

Age <10 vs. ≥10 years                        p=0.092             p=0.812             p=0.783              p=0.925               p=0.984             p=0.851             p=0.038
                                                            HR=0.65            HR=0.95            HR=1.21             HR=1.06              HR=1.02            HR=1.13            HR=0.55
PB vs. BM                                           p=0.024             p=0.042             p=0.011               p=0.025               p=0.021             p=0.231             p=0.022
                                                            HR=0.37            HR=0.31            HR=0.42             HR=0.19              HR=0.49            HR=0.63            HR=0.39
Donor                                                  p=0.595             p=0.845             p=0.682              p=0.098               p=0.687             p=0.866             p=0.775
CMV-IgG+ vs. CMV-IgG–                 HR=0.84            HR=0.94            HR=0.86             HR=0.41              HR=1.14            HR=0.92            HR=0.98
Recipient                                             p=0.678             p=0.411             p=0.526              p=0.814               p=0.724             p=0.981             p=0.712
CMV-IgG+ vs. CMV-IgG–                 HR=0.85            HR=1.19            HR=0.85             HR=1.02              HR=1.13            HR=0.95            HR=1.24
Donor                                                  p=0.082             p=0.571             p=0.200              p=0.539               p=0.348             p=0.743             p=0.414
EBV-IgG+ vs. EBV-IgG–                    HR=0.73            HR=0.97            HR=0.91             HR=0.87              HR=0.95            HR=0.90            HR=0.91
Recipient                                             p=0.414             p=0.210             p=0.396              p=0.135               p=0.293             p=0.489             p=0.610
EBV-IgG+ vs. EBV-IgG–                    HR=0.91            HR=0.77            HR=0.85             HR=0.74              HR=1.35            HR=0.87            HR=1.16
CMV reactivation vs.                         p=0.675             p=0.026             p=0.009              p=0.010               p<0.001             p=0.146             p=0.273
no CMV reactivation                          HR=0.81            HR=0.55            HR=0.48             HR=0.43              HR=0.24            HR=0.84             HR=0.8
Donor EBV-IgG+ and                         p=0.028             p=0.251             p=0.396              p=0.414               p=0.293             p=0.489             p=0.810
no EBV reactivation vs. others          HR=0.35            HR=0.87            HR=0.85             HR=0.98              HR=1.25            HR=0.85            HR=0.98

PB: Peripheral blood; BM: bone marrow; HR: hazard risk.

Table II. Multivariate analyses for immunologic reconstitution after allo-HSCT.

Lymphocyte subset recovery                                                   Parameter                                                     HR                      95%CI                    p-Value

CD3>0.5×109/l                                             CMV reactivation vs. no CMV reactivation                         0.46                   0.32-0.61                    0.008
                                                                                      PB as a stem cell source                                        0.41                   0.30-0.52                    0.011
CD4>0.5×109/l                                             CMV reactivation vs. no CMV reactivation                         0.40                   0.28-0.52                    0.002
                                                                                      PB as a stem cell source                                        0.21                   0.14-0.29                    0.018
CD8>0.25×109/l                                           CMV reactivation vs. no CMV reactivation                         0.53                   0.39-0.68                    0.039
CD19>0.2×109/l                                   Donor EBV-IgG+ and no EBV reactivation vs. others                 0.25                   0.10-0.39                    0.006
NK>0.1×109/l                                                                       Age <10 years                                                 0.52                   0.37-0.67                    0.035
                                                                                      PB as a stem cell source                                        0.44                   0.31-0.56                    0.027

PB: Peripheral blood; HR: hazard risk; CI: confidence interval.



Discussion

Infection-related mortality is often due to delayed immune
recovery after HSCT. This study showed that parameters
related to CMV and EBV infection have opposite effects on
the speed of the immune reconstitution of lymphocyte subsets
in opposite directions: CMV reactivation within the first 100
days after HSCT positively influenced immune recovery of
CD3, CD4 and CD8 lymphocyte subsets, while EBV
reactivation delayed recovery of CD19 lymphocytes. On the
other hand, positive donor CMV and EBV serostatus did not
significantly influence the speed of immune recovery of any
lymphocyte subset. Also, no impact of preemptive antiviral
treatment on lymphocyte recovery both for CMV and EBV
viremia (data not shown) was shown, however it was obvious
that CD19 recovery was delayed after administration of the
anti-CD20 antibody (rituximab) for EBV-reactivation
resulting in increased risk of bacterial infections. 

CMV, as a latent infection sustained in affected
individuals, influences the immune system life-long by
changing the profile of T cells in blood (7, 8). Ability to
influence T cells might be the basis for the beneficial effect
of anti-CMV-IgG positivity of donors’ T cells (9). Respective
effect of donor and recipient EBV serostatus on post-
transplant immune recovery was not observed so far, while
EBV viremia had an even negative effect on T-cell recovery
after haploidentical transplant (10, 11). 

The speed of reconstitution of the immune system is an
individual feature of each patient and depends on a large
number of variables. The sequence of reconstitution of NK, B
and T cells was the same as in other studies (12, 13). Factors
that had an influence on fast NK cells recovery in our study
were a recipient age below 10 years and PB as a stem cell
source. B-cell population usually recovers within 6 months
after HSCT (12, 13). The better B cell recovery in EBV+
patients could be explained by the normal pattern of B-cell
stimulation caused by EBV which resides inside donor CD19+
B-cells and is not suppressed by the use of rituximab.
Restoration of T-cells is a very complex and lengthier process.
Delay in CD8+ recovery could be explained by the higher
proportion of immature CD8+ T-cells, which are not stimulated
by viruses. CMV specific cytotoxic T-lymphocytes originating
from a donor could stimulate lymphocyte reconstitution (14).
In our study, children who had a reactivation of CMV
infection, had faster CD4+ and CD8+ reconstitution. 

Successful immune reconstitution is not only predicted by
the presence of T lymphocytes but also by the antigen-specific
response. There is probably no complete correlation between
the count of each lymphocyte subset and the presence or
absence of an antigen-specific response, but naive T
lymphocytes are able to contribute to the generation of
antigen-specific T lymphocyte immunity early after
transplantation. In patients who are positive for anti-CMV-IgG

antibodies, the immune system is more efficient shortly after
transplantation. Higher levels of CD4+CD25+ lymphocytes
increase the chances of survival (7). Anti-CMV-IgG positivity
is closely correlated with the presence of a cellular response
in the same individual and reflects primary CMV infection and
the presence of the virus in a latent form (15, 16). Reactivation
events boost the immune response, promoting the
effectiveness of specific surveillance (8). Lugthart et al.
showed also that CMV reactivation early after HSCT in
children leaves a specific and dynamic imprint on the size and
composition of the CD8+ cell pool without compromising the
reconstitution of CD8+ and CD4+ naive and central memory
T cells pivotal in the response to antigens (17).

In conclusion, our data suggest that patients receiving
graft from EBV-IgG-positive donor and not having early
EBV post-transplant viremia show faster recovery of of 
B-cells, while patients with early CMV-DNA-emia have a
better reconstitution of T-cell subsets.
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