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Virus infection in HLA-haploidentical hematopoietic stem
cell transplantation: incidence in the context of immune recovery
in two different transplantation settings
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Abstract We retrospectively compared the incidence of virus
infections and outcome in the context of immune reconstitu-
tion in two different HLA-haploidentical transplantation
(haplo-HSCT) settings. The first was a combined T-cell-
replete and T-cell-deplete approach using antithymocyte glob-
ulin (ATG) prior to transplantation in patients with hemato-
logical diseases (cTCR/TCD group, 28 patients; median age
31 years). The second was a T-cell-replete (TCR) approach
using high-dose posttransplantation cyclophosphamide (TCR/
PTCY group, 27 patients; median age 43 years). The inci-
dence of herpesvirus infection was markedly lower in the
TCR/PTCY (22 %) than in the cTCR/TCD group (93 %).
Recovery of CD4+ T cells on day +100 was faster in the

TCR/PTCY group. CMV reactivation was 30 % in the TCR/
PTCY compared to 57 % in the cTCR/TCD group, and con-
trol with antiviral treatment was superior after TCR/PTCY
transplantation (100 vs 50 % cTCR/TCD). Twenty-five per-
cent of the patients in the cTCR/TCD group but no patient in
the TCR/PTCY group developed PTLD. While 1-year OS
was not different (TCR/PTCY 59 % vs cTCR/TCD 39 %;
p=0.28), virus infection-related mortality (VIRM) was signif-
icantly lower after TCR/PTCY transplantation (1-year VIRM,
0 % TCR/PTCY vs 29 % cTCR/TCD; p=0.009). On day +
100, predictors of better OS were lymphocytes >300/μl,
CD3+ T cells >200/μl, and CD4+ T cells >150/μl, whereas
the application of steroids >1 mg/kg was correlated with
worse outcome. Our results suggest that by presumably pre-
serving antiviral immunity and allowing fast immune recov-
ery of CD4+ T cells, the TCR approach using posttransplan-
tation cyclophosphamide is well suited to handle the impor-
tant issue of herpesvirus infection after haplo-HSCT.
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Introduction

HLA-haploidentical hematopoietic stem cell transplantation
(haplo-HSCT) is a valuable treatment option for patients with
various hematological disorders who lack a suitable HLA-
matched donor. In the past, the main risks limiting the benefit
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of haplo-HSCT were severe graft-versus-host disease
(GvHD), graft rejection, and early death due to toxicity and
infections [1, 2]. To allow for crossing of the HLA barrier,
haplo-HSCT approaches were developed involving intensive
preparative regimens and in vivo and in vitro T-cell depletion.
Unwanted consequences of these approaches were reduction
of cellular immunity and delayed immune reconstitution,
resulting in high rates of mortality due to infections, toxicity,
and relapse [3–7]. Whereas the use of reduced intensity con-
ditioning (RIC) [8–10], infusion of mega doses of CD34+
cells [4, 8–11], and graft manipulations such as selective T-
cell depletion [5] were helpful to achieve engraftment with
lower rates of GvHD and toxicity, infectious complications
remained an issue, in particular with a focus on viral infections
in the early and intermediate posttransplantation phase, again
primarily due to slow and impaired immune recovery [9,
12–15]. Thus, the employment of strategies that allow a faster
and more robust immune reconstitution is an important task in
haplo-HSCT.

Recently, the use of T-cell-replete (TCR) grafts and high-
dose posttransplantation cyclophosphamide (PTCY) has
shown promising results with low nonrelapse mortality
(NRM) and improved immune reconstitution [16, 17]. At
our center, another frequently used strategy of haplo-HSCT
consisted of a conditioning regimen which contained
absorbed antithymocyte globulin (ATG) and cyclophospha-
mide (CY) prior to transplantation, followed by a combined
graft consisting of bone marrow and CD6-depleted peripheral
blood stem cells (cTCR/TCD) which are sequentially applied.
Successful induction of tolerance and full donor chimerism
were reported in pediatric and adult patients with high-risk
hematologic malignancies [18, 19].

In this study, we retrospectively evaluated the incidence of
virus infections and their complications, immune recovery,
and outcome in adults receiving a T-cell-replete haploidentical
graft and PTCY (TCR/PTCY group) compared to those re-
ceiving a combination of a T-cell-replete and T-cell-deplete
haploidentical graft (cTCR/TCD group) given sequentially.

Patients and methods

All patients receiving a HLA-haploidentical graft at our insti-
tution between April 2006 and April 2011 were enrolled in
this retrospective study. Patient data were analyzed in partic-
ular with regard to microbiological data and absolute blood
cell counts per microliter (leukocytes, neutrophils, platelets,
lymphocytes, and their subsets). Reconstitution of T-cell sub-
sets was assessed by flow cytometry on days +30, +100, and +
180 after haplo-HSCT (range ±8 days). The occurrence of
viral pathogens and virus infections and their clinical course
were evaluated until day +180 and at 1 year after haplo-HSCT.

All patients were treated according to institutional protocols
and provided signed informed consent.

Infectious surveillance, prophylaxis, and supportive care

Before the start of conditioning, serology for herpesviruses
(HSV, CMV, EBV, HHV-6, varicella zoster virus (VZV)), as
well as respiratory viruses (influenzavirus A and B,
parainfluenza and respiratory syncytial virus (RSV), adenovi-
rus (ADV)), parvovirus B19, HIV, and hepatitis viruses, was
assessed in all patients. Tests routinely performed during in-
patient treatment included weekly monitoring of viral load in
the blood (plasma), stool, urine, and oral lavage by quantita-
tive real-time PCR specific for HSV, EBV, CMV, and HHV-6
and tests for RSV antigen (in oral lavage), ADV antigen (in
oral lavage, urine, and stool), and polyomavirus JC and BK
DNA (in urine). In the outpatient setting after haplo-HSCT
(typically after day +30), PCR tests for CMVand EBV were
routinely carried out every 7 or 14 days at least until day +100.

Routine prophylactic protective procedures for all patients
included single unit isolation with air filters (HEPA), person-
nel wearing gloves and face masks, and prohibition of access
of any persons presenting symptoms of upper or lower respi-
ratory tract infection. All patients received standard
antimicrobiological prophylaxis with acyclovir and trimetho-
prim-sulfamethoxazole. Acyclovir was administered at a daily
dose of 4×400 mg orally (p.o.) or 3×500 mg intravenously
(IV) over a period of at least 3–6 months after haplo-HSCT, or
until discontinuation of immunosuppression and a CD4+ T-
cell count >200/μl. CMV or EBV prophylaxis or high-dose
intravenous immunoglobulins (IVIGs) were not administered
on a routine basis. Patients were treated preemptively for
CMV antigenemia or CMV DNA-emia (ganciclovir, foscar-
net) and for EBV DNA-emia (cidofovir, rituximab).

Preparative regimen

In the cTCR/TCD setting, conditioning consisted of total body
irradiation (TBI) or busulfan, an infusion of irradiated donor
peripheral blood leukocytes (buffy coat), antithymocyte glob-
ulin (rabbit ATG 20 mg/kg daily for 5 days), and cyclophos-
phamide (50 mg/kg daily for 4 days). The graft source was
bone marrow given on day 0 followed on day +6 by CD6-
depleted G-CSF-mobilized peripheral blood stem cells
(PBSCs) [19]. GvHD prophylaxis consisted of short-course
methotrexate (15 mg/m2 on day +1 and 10 mg/m2 on days +
3 and +7) and cyclosporine A, which was discontinued on day
+100 in the absence of GvHD.

In the TCR/PTCY setting, conditioning consisted of
fludarabine and cyclophosphamide plus either TBI or melpha-
lan, or treosulfan, alone or in combination with etoposide [20,
21]. The graft source was unstimulated bone marrow or un-
manipulated G-CSF-mobilized PBSCs on day 0; GvHD
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prophylaxis consisted of high-dose PTCY (50 mg/kg on days
+3 and +4), followed by tacrolimus and mycophenolate mo-
fetil (MMF), each starting at day +5 after transplantation [17].
MMF was stopped on day +35, and tacrolimus was
discontinued before day +180 after transplantation.

Definitions

Virus infection was defined as isolation of the virus or
detection of viral proteins or nucleic acid in any body
fluid or tissue specimen. Asymptomatic virus infection
was defined as detection of any virus in the absence of
related clinical symptoms or organ involvement, or both.
Accordingly, symptomatic virus infection was defined by
detection of virus and the presence of correlated symp-
toms. With the exception of CMV, virus disease was de-
fined by virus detection in combination with correspond-
ing symptoms and organ involvement shown by biopsy
(culture, histopathologic testing, immune-histochemical
analysis, and PCR-based techniques). CMV viremia,
antigenemia, and end-organ disease were defined as pub-
lished [22]. Otherwise, viremia was defined by detection
of virus by PCR technique in peripheral blood samples.

Patients and/or donors who presented with a positive serol-
ogy of CMV prior to transplantation were considered to be at
risk for CMV reactivation. CMV seropositive patients who
received a graft from a seropositive donor were defined as
patients at intermediate risk for CMV reactivation and infec-
tion, and CMV seropositive patients with seronegative donors
were considered to be at high risk [13, 23].

Death of patients with clinical findings attributable to in-
fection and/or detection of an infectious pathogen at autopsy
was defined as infection-related death. Other assessments
were made utilizing standard definitions [24–26].

Statistical analysis

Analysis of estimated overall survival (OS), progression-
free survival (PFS), infection-related mortality (IRM), and
virus infection-related mortality (VIRM) was performed by
means of the Kaplan-Meier method [27] using SAS 9.3
(SAS Institute Inc., Cary, NC). IRM was calculated from
the day of transplantation until infection-related death, ex-
cluding death due to relapse, progressive disease, and/or
toxicity. For calculation of VIRM, cases of infection-
related death in the absence of virus infection were addi-
tionally excluded. Cumulative incidences (CI) of NRM and
relapse were estimated by competing risk analysis using R
3.2.0. Associations between OS and patients’ and donors’
pretransplant characteristics and specific treatment modali-
ties are presented as univariate hazard ratios.

Results

Transplantation and engraftment

Between 2006 and 2011, 55 patients underwent HSCT from a
HLA-haploidentical donor at the Ludwig-Maximilians-
University Hospital of Munich-Grosshadern, Germany. In
2006 and 2007, 28 patients received a haploidentical cTCR/
TCD graft, while from 2009 to 2011, 27 patients received a
HLA-haploidentical TCR graft using PTCY.

Acute myeloid leukemia (AML) was the most frequent
underlying disease in both groups. The TCR/PTCY group
contained fewer male patients (n=14) at a higher median
age (43 years) and a higher proportion of patients who had
additional factors indicating high risk, such as transplantation
in advanced phase including previous allogeneic HSCT. Bone
marrow and CD6-depleted G-CSF-mobilized peripheral
blood stem cells (PBSCs) were graft sources for all patients
in the cTCR/TCD group. In the TCR/PTCY group, bone mar-
row was the most frequently used graft source (70 %). The
characteristics of the two patient groups are shown in Table 1.

In the cTCR/TCD group, no patient died before day +30
and all patients achieved engraftment of neutrophils. In the
TCR/PTCY group, three patients died early in aplasia; 24
patients showed neutrophil engraftment. Engraftment of plate-
lets was achieved in 25 (89 %) patients in the cTCR/TCD
group and in 22 (82 %) patients of the TCR/PTCY group.
No primary graft rejection was observed in both groups.

Acute and chronic GvHD

Incidence of acute GvHD (aGvHD) grades II–IV was compa-
rable in both groups. Skin was affected in all patients. Eleven
(39 %) patients in the cTCR/TCD and eight (30 %) in the
TCR/PTCY group required steroids as first-line treatment
for aGvHD. Incidence of mild chronic GvHD was higher in
the TCR/PTCY than in the cTCR/TCD group (Table 1).

Leukocyte/lymphocyte recovery and lymphocyte subsets
after transplantation

Median absolute numbers of total leukocytes and lymphocytes
were generally similar in the two groups; a limited divergence
was found only for leukocytes on day 100±8, which were 1.5-
fold higher in the TCR/PTCY group than in the cTCR/TCD
group. The number of CD8+ Tcells was higher in cTCR/TCD-
transplanted patients at all three time points, with a nearly 5-
fold higher median cell count at day 180±8 for cTCR/TCD
patients compared to the TCR/PTCY patients. In contrast, the
recovery of CD4+ T cells was more pronounced in the TCR/
PTCY group at all three time points; this divergence was most
impressive on day 100±1, when TCR/PTCY-transplanted pa-
tients had more than 2-fold larger numbers of CD4+ T cells
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than cTCR/TCD-transplanted patients. In addition, in the TCR/
PTCY, NK-cell recovery on day 100±8 was 2.3-fold higher,

and B-cell recovery on day 100±8 was 7.1-fold higher and 2.1-
fold higher on day 180±8 (Fig. 1).

Table 1 Patient, donor, and
treatment characteristics All patients (n=55) cTCR/TCD (n=28) TCR/PTCY (n=27)

Patients

Age (median) at haplo-HSCT (range) 39 (18–61) 30.5 (18–60) 43 (23–61)

Sex (male/female) 36/19 22/6 14/13

Underlying disease

AML 20 13

CML BC/MPN 1/1 –

ALL 3 4

SAA 1 –

DLCL/B-LBL/T-NHL 2/–/– 2/1/1

MCL – 4

CLL – 2

Disease status at time of haplo-HSCT

Remission (CR and CRi) 8 2

Advanced/relapsed/refractory 20 25

Prior auto-HSCT 10 4 6

Prior allo-HSCT 12 0 12

One prior allo-HSCT 9 0 9

Two prior allo-HSCTs 2 0 2

Three prior allo-HSCTs 0 1

Donors

Age (median) at donation (range) 39 (18–61) 30.5 (18–60) 43 (23–61)

Sex (male/female) 23/32 13/15 10/17

EBV serostatus positive 55 28 27

CMV serostatus (donor-recipient)

Positive-positive 18 11 7

Negative-negative 21 7 14

Positive-negative 6 5 1

Negative-positive 10 5 5

Treatment

Intensity conditioning (RIC/MAC) 39/16 20/8 19/8

Source of stem cells (BM/PBSC) – 28/28 19/8

Postgrafting immunosuppression

CyA-MTX – 28 –

Cy-Tac-MMF/Cy-MMF – – 25/2

Acute GvHD 28 13 15

Grade I/II/III/IV 12/8/4/4 5/4/3/1 7/4/1/3

Chronic GvHD 10 2 8

Grade: mild/moderate/severe 6/3/1 0/1/1 6/2/0

Haplo-HSCT HLA-haploidentical hematopoietic stem cell transplantation, AML acute myeloid leukemia, ALL
acute lymphoblastic leukemia, CML BC chronic myeloid leukemia (blast crisis), MPN myeloproliferative neo-
plasia, SAA severe aplastic anemia, DLCL diffuse large cell lymphoma, B-LBL B-lymphoblastic lymphoma, T-
NHLT-non-Hodgkin lymphoma,MCLmantle cell lymphoma,CLL chronic lymphocytic leukemia,CR complete
remission, CRi complete remission with incomplete platelet recovery, allo-HSCT allogeneic hematopoietic stem
cell transplantation, CMV cytomegalovirus, EBV Epstein-Barr virus, BM bone marrow, PBSC peripheral blood
stem cells, RIC reduced intensity conditioning, MAC myeloablative conditioning, CyA cyclosporine A, MTX
methotrexate, Cy cyclophosphamide, MMF mycophenolate mofetil, Tac tacrolimus, GvHD graft-versus-host
disease, cTCD/TCR combined T-cell-deplete and T-cell-replete, TCR/PTCY T-cell-replete and high-dose cyclo-
phosphamide posttransplantation

1680 Ann Hematol (2015) 94:1677–1688



Occurrence of viral pathogens and virus infection

Cumulatively, 139 occurrences of virus infection were ob-
served (Table 2), 71 of them asymptomatic, 68 symptomatic,
and 20 associated with disease (Table 3). Virus infections
affected 46 of 55 patients, whereas no virus infection was
detected in nine patients only. In recipients of a cTCR/TCD
graft, viral pathogens were detected more frequently than in
recipients of a TCR graft using PTCY. Cumulatively, 87 oc-
currences of viral pathogens were identified in 27 patients
(96 %) of the cTCR/TCD group. Within these occurrences,
51 patients were symptomatic or developed disease (n=17). In
the TCR/PTCY group, 52 occurrences were seen in 19 pa-
tients (70 %), 17 symptomatic or suffering from disease (n=
3) (Table 3).

The most frequently observed viral pathogens across both
groups were HHV-6, polyomavirus JC/BK, EBV, CMV, HSV,
and ADV (Table 2). In particular, symptomatic virus infection
and disease were induced by the Herpesviridae HSV, VZV,
CMV, EBV, and HHV-6 in 26 patients (93 %) of the cTCR/

TCD group, but only in six patients (22 %) of the TCR/PTCY
group. Besides the occurrence of HHV-6, for each of these
Herpesviridae, the incidence of virus infection-related symp-
toms and disease was distinctly higher in the cTCD/TCR than
in the TCR/PTCY group (Table 3).

Detection of individual viruses, associated symptoms,
and disease

Detection of HSV (oral lavage, BAL) was presumably asso-
ciated with prolonged stomatitis in four patients and pneumo-
nitis in one patient of the cTCR/TCD and with prolonged
stomatitis in two patients of the TCR/PTCY group.

No VZV infection was seen in both groups under acyclovir
prophylaxis. After withdrawal of prophylaxis, herpes zoster
was documented in two patients of the cTCR/TCD group.

The D−R+ constellation, predisposing to high risk of reac-
tivation, was similarly frequent in both groups (n=5 in each
group) (Table 1). CMVDNA-emia was detected in the periph-
eral blood samples of 12 out of 21 patients at risk (57 %) in the

Median 
counts/µl 

cTCR/TCD cTCR/TCD cTCR/TCD TCR/PTCY TCR/PTCY TCR/PTCY 

Lymphocytes 280 630 1115 211 650 920 

CD3+ T cells 66 424 858 71 375 551 

CD4+ T cells 21 102 157 39 206 230 

CD8+ T cells 44 272 683 28 110 140 

NK cells 100 146 230 53 341 140 

B cells 5 14 82 1 97 175 

Day  +30 Day  +100 Day  +180 Day  +30 Day  +100 Day +180 

Fig. 1 Recovery of lymphocytes
and subsets after haplo-HSCT
(median absolute cell count/μl) in
the cTCR/TCD versus the TCR/
PTCY group
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cTCR/TCD and in 4 out of 13 patients at risk (31 %) in the
TCR/PTCY group. Infection-associated symptoms were ob-
served in four patients and end-organ disease in two patients
(pneumonia, gastroenteritis) of the cTCR/TCD group
(Table 3). In the TCR/PTCY group, two patients showed
symptoms of gastroenteritis, but no one developed disease.
Among the patients with high-risk D−R+ constellation,

CMV reactivation was more frequent in the cTCR/TCD (5
of 5 patients) than in the TCR/PTCY group (1 of 5 patients).
Preemptive treatment of CMV infection with antiviral drugs
was superior and successful in the TCR/PTCY group (100 vs
50 % cTCR/TCD).

EBV infection associated with symptoms was observed in
12/28 patients in the cTCR/TCD (43 %) and in 2/27 patients
of the TCR/PTCY group (7 %) (Table 3). Reactivation with a
rapidly increasing virus load (PCR) in two consecutive periph-
eral blood samples, in combination with severe symptoms,
prompted the histologically confirmed diagnosis of
posttransplant lymphoproliferative disorder (PTLD) in 7/28
patients (25 %) in the cTCR/TCD group. No patient in the
TCR/PTCY group was diagnosed with PTLD. Adoptive
transfer of EBV-specific T cells was performed in five of our
PTLD patients inducing a complete remission in patients who
had early-stage PTLD [28].

HHV-6 infection was just as frequently detected in the
cTCR/TCD (82 %) as in the TCR/PTCY group (78 %), while
it was asymptomatic in more patients of the TCR/PTCY (18/
21; 81 %) than of the cTCR/TCD group (12/23; 52 %)
(Table 3). HHV-6-associated disease (gastroenteritis, cytope-
nia, pneumonitis) was assumed in three patients (11 %) of the
cTCR/TCD and one patient (4 %; pneumonitis) of the TCR/
PTCY group. Eleven patients in the cTCR/TCD and eight in
the TCR/PTCY group showed concomitant CMVDNA-emia.
All patients with HHV-6 infection had several other concom-
itant pathogens and suffered from grade II–IV aGvHD.

ADV-associated localized (n=3) and disseminated disease
(n=1) was diagnosed in four patients in the cTCR/TCD group

Table 2 List of detected viral
pathogens (n=139) All patients (n=55) cTCR/TCD (n=28)

n (%)

TCR/PTCY (n=27)

n (%)

Herpesviruses

HSV 10 8 (29.6) 2 (7.4)

VZV 2 2 (7.1) 0 (0)

CMV 16 12 (42.9) 4 (14.8)

HHV-6 44 23 (82.1) 21 (77.8)

EBV 24 19 (71.4) 5 (18.6)

Other viruses

RSV 1 1 (3.6) 0 (0)

ADV 9 5 (17.9) 4 (14.8)

Influenzavirus A 3 2 (7.1) 1 (3.7)

Polyomavirus JC/BK 24 11 (39.3) 13 (48.1)

Parvo B19 6 4 (14.3) 2 (7.4)

Rotavirus 0 0 (0) 0 (0)

Norovirus 0 0 (0) 0 (0)

Patients infected with ≥1 virus 46 27 (96.4) 19 (70.3)

Patients infected with ≥1 herpesvirus 32 26 (92.9) 6 (22.2)

HSV herpes simplex virus, VZV varicella zoster virus, CMV cytomegalovirus,HHV-6 human herpesvirus 6, EBV
Epstein-Barr virus, RSV respiratory syncytial virus, ADV adenovirus

Table 3 Virus infection—analysis per virus type and transplantation
approach (cTCR/TCD versus TCR/PTCY)

Virus type/n
(cTCR/TCD vs
TCR/PTCY)

Asymptomatic
reactivation/infection

Symptomatic
reactivation/infection
and disease

HSV 3 (3/0) 7 (5/2)

VZV 0 (0/0) 2 (2/0)

CMV 6 (4/2) 10 (8/2)

HHV-6 30 (18/12) 14 (11/3)

EBV 10 (7/3) 14 (12/2)

RSV 0 (0/0) 1 (1/0)

ADV 3 (1/2) 6 (4/2)

Influenza A 0 (0/0) 3 (2/1)

Polyomavirus JC/BK 15 (6/9) 9 (5/4)

Parvovirus B19 4 (3/1) 2 (1/1)

Total/n 71 (42/29) 68 (51/17)

cTCR/TCD combined T-cell-replete and T-cell-deplete, TCR/PTCY T-
cell-replete and high-dose cyclophosphamide posttransplantation, vs ver-
sus, HSV herpes simplex virus, VZV varicella zoster virus, CMV cyto-
megalovirus, HHV-6 human herpesvirus 6, EBV Epstein-Barr virus, RSV
respiratory syncytial virus, ADV adenovirus

1682 Ann Hematol (2015) 94:1677–1688



(Table 3). No patient in the TCR/PTCY group developed dis-
seminated disease, and two patients in this group suffered
from symptoms (e.g., hemorrhagic cystitis, conjunctivitis) in
the absence of viremia (localized disease). In both groups, all
symptomatic patients had grade III–IV aGvHD with gut and
liver involvement and required steroids and other immunosup-
pressive agents.

A majority of patients with detection of BK virus in urine
had no clinical symptoms (n=11 in the cTCR/TCD group; n=
13 in the TCR/PTCY group; Table 3). Five patients of the
cTCR/TCD (18 %) and four of the TCR/PTCY group
(15 %) suffered from hemorrhagic cystitis (HC). Out of these,
four patients in the cTCR/TCD group and two patients in the
TCR/PTCY group required bladder irrigation and pain
medication.

Outcome, virus infection-related mortality, and predictors
of survival

After a median follow-up of 6.8 years (range 6.1–7.4) for the
cTCR/TCD and 2.8 years (range 2.4–3.8) for the TCR/PTCY
group, 1-year OS was 39 % (95 % confidence interval (95 %
CI) 22–57) for the cTCR/TCD and 59 % (95 % CI 38–75) for
the TCR/PTCY group (p=0.28), respectively (Fig. 2). PFS
after 1 year was 38 % (95 % CI 21–57) for the cTCR/TCD
and 55 % (95 % CI 35–72) for the TCR/PTCY group (p=
0.47). CI of relapse after 1 year was 21 % (95 % CI 8–38) for
the cTCR/TCD and 22 % (95 % CI 9–40) for the TCD/PTCY
group (p=0.56), and all relapsed patients died. Nineteen pa-
tients died without relapse (12 in the cTCR/TCD group; seven
in the TCR/PTCY group). Causes of NRM were shown in
Table 4. Taken together, the deaths of 11 patients in the
cTCR/TCD and of six patients in the TCR/PTCY group were
related to infections, and the deaths of eight patients in the
cTCR/TCD and one patient in the TCR/PTCY group were

related to virus infections. Virus infection causing PTLD
was the cause of death in five patients of the cTCR/TCD
group. The main cause of infection-related death in patients
of the TCR/PTCY group was invasive fungal infection (n=4).
After TCR/PTCY transplantation, the CI of 1-year NRM was
22% (95%CI 9–39), while it was 39% (95%CI 21–57) after
cTCR/TCD transplantation (p=0.27).

IRM was not significantly different between the two
groups after 1 year (TCR/PTCY 15 % and cTCR/TCD
34 %; p=0.20). In contrast, VIRM was significantly lower
in the TCR/PTCY group being absent (0 %) at 1 year after
haplo-HSCT, whereas it was 29 % (95 % CI 15–52) in the
cTCR/TCD group (p=0.009).

Risk factor analysis revealed a median absolute count of
lymphocytes ≤300/μl (hazard ratio (HR) 0.161; p=0.002),
CD3+ cells ≤200/μl (HR 0.363; p=0.04), and CD4+ cells
≤150/μl (HR 0.169; p=0.05), all on day +100, and the appli-
cation of steroids >1 mg/kg (HR 0.506; p=0.05) as predictive
of a negative outcome (OS) after haplo-HSCT (Table 5).

Discussion

This study reports the incidence of virus infection and related
mortality in the context of immune reconstitution in two dif-
ferent HLA-haploidentical transplantation settings. We found
that the incidence of infections caused by viruses of the her-
pesvirus family was markedly lower in the TCR group using
PTCY than in the cTCR/TCD group using ATG prior to trans-
plantation. The incidence of herpesvirus infection was 93% in
the cTCR/TCD, but only 22 % in the TCR/PTCY cohort. For
other viruses, no clear differences between both groups could
be observed. Improved control of herpesvirus in the TCR/
PTCY cohort showed association with a fast recovery of total

Fig. 2 Overall survival after
haplo-HSCTcomparing the TCR/
PTCYversus the cTCR/TCD
group
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CD4+ T cells, a better response to antiviral treatment, and a
decreased risk of death from viral infections.

The high overall incidence of detectable viral infections in
our patient cohort (84 %) is consistent with reported data of

Table 4 Causes of NRM after haplo-HSCT

Causes of death cTCR/TCD
(n=12)

cTCR /TCD specification TCR/PTCY
(n=7)

TCR/PTCY specification

Infection alone 8 5 PTLD, 1 toxoplasmosis, 1 CMV disease and invasive
fungal infection, 1 invasive fungal infection

3 2 invasive fungal infections, 1 gram-negative
sepsis (Escherichia coli)

Infection and GvHD 1 Invasive fungal infection, disseminated adenovirus
disease, CMV disease, and aGvHD grade IV

1 Invasive fungal infection and aGvHD, grade IV

Infection and toxicity 2 1 invasive fungal infection and VOD, CMV disease, and
invasive fungal infection following treatment of IPS

1 HHV-6 disease following treatment of IPS

Infection, GvHD, and
toxicity

0 – 1 Invasive fungal infection, aGvHD grade IV, and
drug-induced hand-foot syndrome

Toxicity alone 1 IPS 1 Liver failure

GvHD graft-versus-host disease, NRM nonrelapse mortality, aGvHD acute graft-versus-host disease, cGvHD chronic graft-versus-host disease, IPS
interstitial pneumonitis syndrome

Table 5 Risk factor analysis for
outcome (OS) after haplo-HSCT Variable Hazard ratio (95 % CI) p value

Age (median)

≤40 vs >40 years 1.014 (0.511–2.013) 0.96

Sex

Female vs male 1.103 (0.534–2.276) 0.79

Underlying disease

AML/ALL vs other 0.903 (0.407–2.004) 0.80

Disease status prior to haplo-HSCT

CR/CRi vs nonremission 0.892 (0.387–2.058) 0.79

Intensity of conditioning

MAC vs RIC 0.646 (0.313–1.335) 0.24

Transplantation approach

TCR/PTCYvs cTCR/TCD 1.276 (0.641–2.539) 0.49

Donor relation

Mother vs other 1.501 (0.726–3.103) 0.27

Acute GvHD

Yes vs no 1.207 (0.584–2.494) 0.61

Chronic GvHD

Yes vs no 0.422 (0.141–1.265) 0.32

Application of steroids

Yes vs no 0.506 (0.253–1.011) 0.05

Absolute lymphocyte count day +100 (median)

≤300 vs >300/μl 0.161 (0.051–0.511) 0.002

Absolute count CD3+ cells day +100 (median)

≤200 vs >200/μl 0.363 (0.134–0.986) 0.04

Absolute count CD4+ cells day +100 (median)

≤150 vs >150/μl 0.169 (0.035–1.055) 0.05

Absolute count CD8+ cells day +100 (median)

≤100 vs >100/μl 1.157 (0.406–3.291) 0.79

OS overall survival, vs versus, AML acute myeloid leukemia, ALL acute lymphoblastic leukemia, CR complete
remission, CRi complete remission with incomplete platelet recovery, MAC myeloablative conditioning, RIC
reduced intensity conditioning, TCR/PTCY T-cell-replete and high-dose cyclophosphamide posttransplantation,
cTCR/TCD combined T-cell-replete and T-cell-deplete, GvHD graft-versus-host disease
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transplantation from alternative donors, such as umbilical cord
blood (UCB) or HLA-mismatched unrelated donor-derived
transplantation [5, 9, 29–32]. However, when we separately
consider our TCR/PTCY-transplanted cohort, we found an
incidence of virus infection that is close to the reported inci-
dence in HLA-matched transplantation [33–36].

The two regimens studied here represent different ap-
proaches to overcome the HLA barrier in haplo-HSCT. Our
cTCR/TCD protocol involved ATG, which has been com-
monly used to deplete T cells in vivo, prevent rejection and
GvHD [37, 38], and is known to cause prolonged lymphope-
nia through widespread depletion of lymphocytes, thus elevat-
ing the risk for infection [31]. In particular, ATG has a strong
impact on the CD4+ T-cell compartment, leading to low
CD4+ T-cell counts and low CD4+/CD8+ T-cell ratios [39].
Accordingly, CD4+ T-cell counts were decreased and recov-
ery was slower in our cTCR/TCD group, while overall recov-
ery of lymphocytes was similar in our two groups. It is of note
that CD4+ T-cell reconstitution of our cTCR/TCD group is
comparable to otherwise reported results of TCR haplo-HSCT
involving ATG [33]; in both cases, CD4+ T-cell counts
remained below 200/μl for 6 months after transplantation.
Interestingly, a similarly impaired recovery of CD4+ T cells
was only described in haplo-HSCT using CD34+ selected
grafts [5]. In contrast, in our TCR/PTCY group, we observed
CD4+ T-cell counts above 200/μl from 3 months onward,
which is in a similar range as the CD4+ T-cell recovery pre-
viously observed after HLA-matched related transplantation
[33, 40]. We assume that the possibility to omit ATG seems to
be a major advantage of the TCR/PTCY haplo-HSCT ap-
proach by allowing a fast and improved immune recovery.

There is only one single-center study retrospectively com-
paring outcome and immune reconstitution in two different
haplo-HSCT approaches. Improved immune reconstitution
of T-cell subsets resulting in less infectious complications
was reported by Ciurea and colleagues in 32 patients for the
TCR approach using PTCY in comparison to a historical con-
trol of 33 patients who received TCD haplo-HSCT (CD34+
selected cells) and ATG [16]. CD4+ T cells were significantly
lower in their TCD compared to the TCR/PTCY group
resulting in a 1.5-fold increased risk to develop viral infec-
tions. Although our cTCR/TCD group is not completely
equivalent to the TCD group reported in that study, our results
from the TCR/PTCY cohort extend these earlier results by
showing that this transplant procedure results in improved
control of herpesvirus infection and decreased mortality from
virus infections.

The frequency of CMV reactivation was higher in the
cTCR/TCD (57 %) than in the TCR/PTCY group (31 %). In
addition, preemptive treatment of CMV reactivation was suc-
cessful in all patients of the TCR/PTCY group, whereas only
50 % in the cTCR/TCD group became negative for CMV
DNA. The rate of CMV reactivation in the patients of the

TCR/PTCY group was comparable to the incidence of 38 %
CMV reactivation reported by Luznik and colleagues in the
setting of T-cell-replete nonmyeloablative haplo-HSCT using
PTCY [41] and to the incidence after HLA-matched trans-
plantation [33, 36]. However, Raiola and colleagues observed
a comparatively higher frequency of CMVreactivation (50%)
in their patients undergoing the TCR/PTCY haplo-approach;
CMV was detected in 5/6 of their patients considered to be at
high risk for reactivation [42], whereas in our TCR/PTCY
group, only 1/5 of those patients reactivated. Median counts
of CD4+ T cells at day +100 (140/μl) in their cohort were
lower than in our TCR/PTCY group (200/μl). In contrast to
our TCR/PTCY protocol, the Genoa group started
postgrafting immunosuppression before PTCY was adminis-
tered. While the impact of this alteration in immunosuppres-
sion regarding the induction of tolerance is so far unclear, one
can speculate that this might lead to a mitigation of the pre-
serving effect of PTCY on quiescent memory T cells respon-
sible for antiviral immunity, as explained below. Compared to
the Genoa TCR/PTCY group, a similar rate of CMV infection
(57 %) and reactivation in patients at high risk (5/5) is ob-
served in our cTCR/TCD group. In addition, these higher
frequencies of CMV reactivation are reminiscent of the find-
ings by other authors who reported on the outcome and im-
mune reconstitution after a TCR haplo-HSCT approach using
two grafts (G-CSF stimulated BM and PBSCs) and ATG for
in vivo T-cell depletion, but no PTCY [33, 35].

Our results suggest that a better control of herpesvirus in-
fection and successful antiviral treatment is promoted by the
TCR/PTCY haplo-HSCTapproach when no immunosuppres-
sion between allografting and the application of PTCY is ad-
ministered and no ATG is used. This approach can induce
tolerance to an allogeneic graft by aiming for depletion of pro-
liferating mature T cells by inducing their apoptosis while spar-
ing quiescent cells [16, 17, 41, 43]. Further, resistance to PTCY
seems to be mediated by the presence of the enzyme ALDH
(aldehyde-dehydrogenase), thus leading to a selective killing of
naive T cells lacking ALDH, while memory T cells providing
antiviral immunity can be spared [44, 45]. This is also clinically
supported by an observation by Munchel and colleagues, who
detected a donor-derived immunity against CMV returning by
day +60 in 70 % of their patients after TCR/PTCY haplo-
HSCTwith an improved recovery of memory T cells resulting
in decreased infection-related mortality [46].

Along that line and in consistence with other observations
[47, 42, 48], we did not observe EBV-associated PTLD in our
TCR/PTCY group. In contrast, PTLD occurred in 25% of our
patients of the cTCR/TCD group. A similar high incidence of
PTLD has so far only been reported after UCB transplantation
using ATG [49], while it is not commonly reported after TCD
haplo-HSCT using serotherapy [5, 6]. Highly effective and
sustained in vitro and in vivo T-cell depletion using a very
high dosage of ATG might explain this finding in our cohort.
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There is some evidence that improved immune recov-
ery is associated with better transplant outcome [50, 51].
Accordingly, early recovery of absolute lymphocyte
counts has been reported to serve as a simple surrogate
marker for better outcome after haplo-HSCT [52, 53], and
a CD4+ T-cell count >200/μl 3 months after transplanta-
tion predicted better OS and lower NRM [51]. We identi-
fied a count of lymphocytes >300/μl and of CD4+ T cells
>150/μl, both on day +100, as a predictor of better OS.
As reported by others [54], the application of steroids
significantly influenced the mortality related to virus in-
fection in our cohort.

The main limitations of our retrospective study were
low patient numbers and two different observational pe-
riods for the two groups, which might imply less statisti-
cal power and some older results of the cTCR/TCD
group. However, by allowing a comparison between a
previous, difficult and a newer, easier to perform strategy,
this might serve as an example for the progress which we
were able to deliver in haplo-HSCT in the past. Although
risk distribution was not well balanced in our two groups
(44 % second transplants in the TCR/PTCY vs 0 % in the
cTCR/TCD group), we could not reveal significant differ-
ences in outcome regarding PFS and relapse incidence but
observed a trend to a higher NRM in the cTCR/TCD
group. While VIRM mortality was significantly lower af-
ter the TCR/PTCY approach, IRM was not different. This
may be due to the following reasons: First, as reported by
our group previously for the TCR/PTCY haplo-HSCT ap-
proach [20, 21], invasive pulmonary aspergillosis caused
severe morbidity and mortality in our patients undergoing
a second TCR/PTCY haplo-HSCT, while virus infection
played a minor role, and immune reconstitution proved to
be favorable using PTCY. Second, probably a high dosage
of ATG promoted the development of PTLD in the cTCR/
TCD group, but consequent preemptive management of
EBV reactivation and adoptive immunotherapy with
EBV-specific T cells were available for patients of the
cTCR/TCD group.

Taken together, we suggest that TCR/PTCY haplo-HSCT
is associated with a fast, improved immune recovery of CD4+
T cells and a lower incidence of herpesvirus infection,
resulting in significantly lower virus infection-related mortal-
ity when compared to a combined TCR/TCD HLA-
haploidentical transplantation approach using ATG.
Presumably, by using PTCY, antiviral immunity responsible
for the control of latent viruses, such as herpesviruses, might
be preserved. The incidence of virus infection and immune
recovery in the TCR/PTCY group was similar to that after a
HLA-matched transplantation. Thus, the TCR/PTCY ap-
proach is well suited to handle the important problem of im-
paired immune recovery and herpesvirus infection after haplo-
HSCT.
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