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Abstract

Lack of virus-specific cell-mediated immunity (CMI) is associated with worse viral infection outcome in hematopoietic
stem cell transplantation (HSCT). We aimed to evaluate the role of immunological monitoring of Epstein—Barr virus (EBV)
infection in addition to virological one in 33 adult and 18 pediatric allogeneic HSCT recipients. Virological monitoring
of infection was performed on whole blood samples by a quantitative real-time PCR assay. Immunological monitoring
was performed by Enzyme-linked ImmunoSPOT assay, evaluating EBV-specific CMI, at fixed time-points and when EBV
DNAemia was > 10,000 copies/mL. Fifty-one percent of patients developed a post-transplant EBV infection and reduced-
intensity conditioning regimen was the only factor associated to infection (P=0.023). Lack of EBV-specific CMI during
active EBV infection was associated with a greater severity of infection. Patients without EBV-specific CMI showed higher
median peak level of EBV DNAemia than patients with EBV-specific CMI (P=0.014), and consequently received more
frequently, at EBV DNAemia peak, anti-CD20 therapy (0 versus 54.5%, P=0.002). No patients with EBV-specific CMI
versus 27.2% without EBV-specific CMI developed EBV-related complications (P=0.063), including two lethal EBV-related
post-transplant lymphoproliferative disorders. Combined immunological and virological measurements could improve EBV
infection management in HSCT, anticipating the beginning of preemptive treatment from the EBV DNAemia peak to the
finding of the lack of EBV-specific CMI.
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Introduction

In hematopoietic stem cell transplant recipients (HSC-
TRs), Epstein—Barr virus (EBV) infection may progress to
the onset of post-transplant lymphoproliferative disorders
(PTLD), a heterogeneous group of malignant diseases that
are one of the most severe transplant-associated compli-
cations [1]. To date, prospective virological surveillance
of EBV infection by quantitative PCR assay is recom-
mended in HSCTRs at high risk for EBV-PTLD [1], since
the development of EBV-PTLD is mostly accompanied by
a significant increase of EBV-DNA levels in the blood of
patients [2—4]. It was shown that whole blood (WB) and
peripheral blood mononuclear cells (PBMCs) are equally
informative in the assessment for the risk to develop EBV-
PTLD [5, 6], while plasma has a low sensitivity, limiting
its clinical use in the management of EBV infection [7].
Nevertheless, no specific EBV-DNA threshold levels for
initiating preemptive therapy have yet been identified [1]
and WB and PBMCs PCR assays do not provide informa-
tion about the host immunological response against the
EBYV replication [8]. This point is crucial because the effi-
ciency of specific T-cell responses has been already cor-
related with the outcome of viral infections [9, 10].

Here we report the results of a prospective study evalu-
ating the role of immunological monitoring of EBV infec-
tion in the setting of allogeneic HSCT in addition to viro-
logical monitoring.

Materials and methods
Study design

This prospective observational study focused on the moni-
toring of EBV infection after allogeneic HSCT. The pri-
mary objective was to assess the usefulness of combined
immunological—-virological monitoring for improving the
management of EBV infection in allogeneic HSCTRs. The
potential risk factors for the development of EBV infection
were also evaluated.

Inclusion criteria were: patients undergoing allogeneic
HSCT from any donors and HSC sources, with a mini-
mum follow-up of 2 months after transplant and written
informed consent.

For all patients, the surveillance of EBV infection was
performed, for at least 1 year post-transplant, with the fol-
lowing schedule. Virological surveillance was performed
on WB samples by a quantitative real-time PCR every
week during the first 100 days post-transplant and every
2 weeks until 180 days post-transplant. Blood samples
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were then investigated if clinically indicated. In the case
of positive EBV DNAemia, monitoring was performed
weekly for at least 1 month. Immunological surveillance
using Enzyme-linked ImmunoSPOT (EliSpot) assay was
performed on patient blood samples at four fixed time-
points: at days 60, 100, 180, and 360 after allogeneic
HSCT. Afterwards, blood samples were investigated if
clinically indicated. Finally, for any patients showing a
value of EBV DNAemia > 10,000 copies/mL WB, EliSpot
assay was performed during the subsequent visit in addi-
tion to the fixed schedule.

The study was approved by the Independent Hospital Eth-
ics Committee of the St. Orsola Polyclinic of Bologna and
conducted according to the Helsinki declaration.

Definition of active EBV infection and disease

Since EBV-DNA is harbored within latently infected B cells,
very low EBV-DNA levels may be present in WB samples in
the setting of latent infection. Therefore, EBV reactivation/
reinfection was defined as the detection of EBV-DNA > 500
copies/mL WB in at least two consecutive samples. In EBV-
seronegative patients at the time of transplant, primary EBV
infection was defined as the detection of any values of EBV
DNAemia. Based on previous studies and local protocol [6,
11, 12] as well as on the GITMO (Italian Group of Bone
Marrow Transplantation) guidelines for the diagnosis and
treatment of EBV-PTLD in HSCTRs, any values of EBV-
DNA > 10,000 copies/mL WB were defined as high viral
load. Probable and proven EBV disease was defined accord-
ing to the European Conference on Infections in Leukemia
(ECIL) guidelines [1]. Furthermore, cases of proven EBV-
PTLD were classified according to the WHO criteria [13].

Virological and immunological EBV procedures

DNA extraction from WB samples collected in EDTA-anti-
coagulated tubes was performed using the QIAsymphony
SP instrument (Qiagen, Hilden, Germany). Quantification
of EBV-DNA was performed by real-time PCR assay (EBV
ELITe MGB® kit, ELITech Group, Turin, Italy) on the ABI
Prism 7500 real-time PCR System (PE Applied Biosystem,
Foster City, CA, USA). The extraction and amplification
protocols were previously described [6]. The assay’s analyti-
cal sensitivity was ten copies of target DNA per amplifica-
tion reaction. The assay’s lower limit of quantification was
225 copies/mL WB.

EBV-specific CMI was assessed by EliSpot assay (EliSpot
Interferon-y Basis Kit; GenID GmbH, Strasburg, France)
that enumerates IFN-y secreting EBV-specific T-cells
(both CD4+ and CD8+ cells), at a single cell level, upon
in vitro stimulation with latent and lytic viral antigens. A
mitogen stimulation and a negative control were included
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to determine general T-cell responsiveness and background,
respectively. The two commercially available latent and lytic
EBV-specific peptide mix used (GenID GmbH, Strasburg,
France) as well as the test’s procedure and the results’ inter-
pretation were described elsewhere [14, 15]. Briefly, a posi-
tive EliSpot result identified a patient with detectable EBV-
specific CMI; a negative result identified a patient without
EBV-specific CMI but with global T-cell responsiveness;
results were reported as indeterminate in non-responders of
both EBV and mitogen stimulation.

Statistical analysis

Descriptive analysis of patient and transplant character-
istics was given and comparisons between patients who
developed an active post-transplant EBV infection and
not-infected patients were performed by Chi square and
Fisher’s exact test, as appropriate. Survival estimates were
calculated according to Kaplan—-Meier method and survival
comparisons were performed according to Log-rank test. To
deal with the small study population size, the Log-rank test
was replicated 10,000 times with random permutations of
patients across the two conditions. An estimate of the Log-
rank P value and of its 95% confidence interval was then
provided by the number of times that the estimated Log-rank
statistic was greater than the observed Log-rank, divided by
the number of valid permutations [16].

For all tests, P values < 0.05 were considered statistically
significant. Stata version 15.1 (StataCorp LP, College Sta-
tion, TX, USA) was used for all analyses.

Results
Patients

Overall, 56 consecutive patients were enrolled between
February 2014 and February 2015. Two adult (2/35; 5.7%)
and three pediatric (3/21; 14.3%) allogeneic HSCTRs
were excluded from the analysis because they died within
2 months post-transplant without developing post-transplant
EBYV infection. Patient and transplant characteristics of the
33 adult (mean age 40 years; range 18-59) and 18 pedi-
atric (mean age 9 years; range 9 months—17 years) evalu-
able allogeneic HSCTRs are reported in Table 1. Adult
patients received rabbit anti-lymphocyte globulin (ATLG)
(Grafalon®, Neovii Biotech GmbH, Graefelfing, Germany),
in a total dose ranging from 15 to 30 mg/kg, from day — 6
to — 2. A total of 12 pediatric patients (66.7%) received rab-
bit anti-thymocyte globulin (ATG) (Thymoglobuline®, Gen-
zyme, Cambridge, MA, USA) in a total dose ranging from
6 to 9 mg/kg over 3 days, from day — 4 to — 2. For adult
and pediatric patients, therapy for EBV infection foresaw

tapering of immunosuppression when EBV-DNA load was
over 10,000 copies/mL WB and then, if ineffective (i.e.,
increase of EBV-DNA levels and/or clinical progression),
foresaw also the administration of anti-CD20 therapy with
a maximum of four administrations at a dosage of 375 mg/
m?%/week.

Active EBV infection and potential risk factors

Twenty-six (15 adult and 11 pediatric) allogeneic HSC-
TRs (26/51; 51%) developed an active post-transplant EBV
infection. Median time of the first EBV DNAemia detection
was 52 (range 20-474) and 48 (range 25-143) days post-
transplant in adult and pediatric patients, respectively. Par-
ticularly, among the 15 EBV actively infected adult patients
(15/33; 45.5%): 11 underwent allogeneic HSCT from
unrelated donor (URD; 42.3%, 11/26 patients) and 4 were
transplanted from HLA-identical-related donor (57.1%, 4/7
patients). One out of 15 patients (6.7%) was EBV-seronega-
tive at the time of transplant and developed a primary EBV
infection; the remaining 14 (14/15, 93.3%) developed EBV
reactivation/reinfection. Among the 11 pediatric patients
(11/18; 61.1%) who developed a post-transplant EBV reac-
tivation/reinfection: 6 underwent allogeneic HSCT from
URD (60%, 6/10 patients) and 5 were transplanted from
HLA-identical related donor (62.5%, 5/8 patients); no pedi-
atric patients were EBV-seronegative at time of transplant.
Among the 26 actively EBV infected patients, 12 patients
(9 adult and 3 pediatric; 46.2%) showed low values of EBV
DNAemia (< 10,000 copies/mL WB), whereas 14 patients (6
adult and 8 pediatric; 53.8%) showed values of EBV DNAe-
mia > 10,000 copies/mL WB. Reduced-intensity condition-
ing regimen was the only factor associated to EBV infection
(Table 2).

Combined virological-immunological monitoring
of EBV infection as a possible predictive marker
of EBV-related complications

The pattern of both T-cell immunity reconstitution and inci-
dence of EBV infection during the first-year post-transplant
is reported in Fig. 1a, b. The higher number of indeterminate
EliSpot results was observed during the early post-trans-
plant period. Specifically, after 2 months post-transplant
(T1),24.2% of adult and 11.1% of pediatric patients did not
demonstrate a global T-cell responsiveness (8/33 and 2/18
patients, respectively). The number of indeterminate EliS-
pot results decreased in the subsequent time-points and the
immune response became more sustained over time; concur-
rently the percentage of patients with active EBV infection
clearly decreased. Notably, compared to adult recipients,
pediatric allogeneic HSCTRs had faster CMI reconstitu-
tion. Finally, 5 adult patients (5/17; 29.4%) with positive
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Table 1 Patient and transplant

o Characteristics of patients and transplants ADULT (n=33) PEDIATRIC (n=18) Total

characteristics of the study

population Gender: male/female 21/12 13/5 51
Primary disease (%)
AML 15 (45.4) 6(33.3) 21
ALL 721.2) 9 (50) 16
CML 309.1) - 3
MM 2(6.1) - 2
MDS 2(6.1) - 2
B-TM - 2(11.1) 2
Other 4 (12.1) 1° (5.0) 5
Donor type (%)
Matched unrelated donor 26 (78.8) 10 (55.6) 36
Related 7(21.2) 8 (44.4) 15
Hematopoietic stem cell (%)
Peripheral blood stem cell 22 (66.7) 2(11.1) 24
Bone marrow 8(24.2) 16 (88.9) 24
Cord blood 3.1 - 3
EBY serology (%)
D+/R+ 23 (69.7) 10 (55.6) 33
D—-/R+ 4 (12.1) 3(16.6) 7
D+/R—- 1(3.0) -
Missing® 5(15.2) 5(27.8) 10
D-/R- - -
Conditioning regimen (%)
Busulfan-based myeloablative regimen 29 (87.9) 14 (77.8) 43
RIC regimen 3.1 3(16.6) 6
TBI-based myeloablative regimen 1(3.0) -
Treosulfan-based myeloablative regimen - 1(5.6) 1
In vivo T-cell depletion (%)
Yes 33 (100) 12 (66.7) 45
No - 6(33.3) 6
GVHD prophylaxis (%)
CyA+MTX 31(93.9) 10 (55.6) 41
CyA + MMF 2(6.1) 1(5.6)
Only CyA - 7 (38.8)

AML, acute myeloid leukemia; ALL, acute lymphoblastic leukemia; CML, chronic myeloid leukemia;
MM, multiple myeloma; MDS, myelodysplastic syndrome; p-TM, beta-thalassemia major; D, donor; R,
recipient; +, positive; —, negative; RIC, reduced-intensity conditioning; TBI, total body irradiation;
GVHD, graft-versus-host disease; CyA, cyclosporine; MTX, methotrexate; MMF, mycophenolate mofetil

#Hodgkin lymphoma, anaplastic large cell lymphoma, diffuse large B-cell lymphoma, myeloid sarcoma

bSevere aplastic anemia

“Missing: there were five pairs with recipient EBV-seropositive and unknown donor serology

EliSpot result at + 100 day post-transplant (T2) had negative
result at the subsequent time-point (T3), showing not con-
stant EBV-specific CMI. The analysis of EliSpot results in
relation to both viral loads and patients’ clinical outcome is
reported in Fig. 2. The EliSpot results obtained during active
EBYV infection or at the time-point after the onset of infection
were negative in 11 [6 adult and 5 pediatric, (11/26; 42.3%)]
and positive in 15 [9 adult and 6 pediatric, (15/26; 57.7%)]

@ Springer

patients. By comparing the 15 patients with and the 11
patients without detectable EBV-specific CMI, a statistically
significant difference was observed regarding the detected
median peak viral load [3412 copies/mL versus 55,769 cop-
ies/mL WB, respectively (P =0.014); data not shown]. In
fact, the majority of patients (8/11; 72.7%) with negative
EliSpot result showed values of EBV DNAemia > 10,000
copies/mL WB. A statistically significant difference was also
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Table 2 Patient characteristics

_ Total EBV DNAemia- EBV DNAemia- 4 test, P value
fmd r1§k factors for EBV L. negative group  positive group
infection—adult and pediatric
patients Number of patients (%) 51(100) 25 (49) 26 (51)

Primary disease

Acute lymphoblastic leukemia 16 (31.4) 7(43.7) 9 (56.3) 0.924
Acute myeloid leukemia 21 (41.1) 11(524) 10 (47.6)

Chronic myeloid leukemia 3(5.9) 1(33.3) 2 (66.7)

Other® 11 (21.6) 6 (55.5) 5(45.5)

Donor type

Unrelated (matched unrelated donor) 36 (70.6) 19 (52.8) 17 (47.2) 0.406
Related (sibling) 15 (29.4) 6 (40) 9 (60)

Hematopoietic stem cell

Bone marrow 24 (88.9) 13(54.2) 11 (45.8) 0.597¢
Cord blood 309.1) 2 (66.7) 1(33.3)

Peripheral blood 24 (11.1) 10(41.7) 14 (58.3)

Conditioning regimen

Myeloablative® 45 (88.2) 25(55.6) 20 (44.4) 0.023¢
Reduced-intensity 6 (11.8) 0 6 (100)

In vivo T-cell depletion with anti-lymphocyte/thymocyte immunoglobulin

Yes 45(88.2) 22(48.9) 23 (51.1) 1.000¢
No 6 (11.8) 3(50) 3(50)
Cytomegalovirus (CMYV) infection®

Yes 29 (56.9) 13 (44.8) 16 (55.2) 0.492
No 22 (43.1) 12(54.5) 10 (45.5)

Acute graft-versus-host disease (< 100 days post-transplant) grading

Absent 20(39.2) 10(50) 10 (50) 0.986
I 10 (19.6) 5 (50) 5 (50)

> 11 21 (41.2) 10(47.6) 11 (52.4)

Chronic graft-versus-host disease (> 100 days post-transplant) grading; data available for 50 patients
Absent 41 (82) 21 (51.2) 20 (48.8) 0.467¢
Mild-to-severe 9 (18) 3(33.3) 6 (66.7)

Statistically significant p-values are in bold typeface

#Severe aplastic anemia (n=1); beta-thalassemia major (n=2); Hodgkin lymphoma (n=1); anaplastic
large cell lymphoma (n=1); multiple myeloma (n=2); diffuse large B-cell lymphoma (n=1); myeloid sar-
coma (n=1); myelodysplastic syndrome (n=2)

®Myeloablative conditioning regimen includes both busulfan-based myeloablative regimen and total body
irradiation-based myeloablative regimen

Fisher’s exact test

dAll patients were monitored for CMV infection during the post-transplantation period. CMV real-time
PCR was performed weekly during the first 3 months and then monthly until the 6 month. Afterwards,
blood samples were processed if clinically indicated

observed regarding the number of patients that received, on
the basis of the viral loads detected, anti-CD20 therapy:
none with EBV-specific CMI versus 6/11 patients (54.5%)
without EBV-specific CMI (P =0.002). Finally, none of the
15 patients with EBV-specific CMI versus 3/11 patients
(27.2%) without EBV-specific CMI developed EBV-PTLD
(P=0.063). Patient and transplant characteristics as well
as virological, immunological, and clinical data of the six
patients who received anti-CD20 therapy are reported in
Table 3. In particular, four patients received anti-CD20 as

preemptive therapy that successfully prevented EBV-PTLD
in 3 of them, whereas one developed an early onset EBV-
PTLD with nodal involvement. In these patients, preemptive
therapy was administered at the peak of DNA levels. Of
note, on the basis of the immunological results obtained,
anti-CD20 therapy could have been initiated at least 7 days
before (data not shown). Beside patient #1 (Table 3), in
which the early use of the anti-CD20 monoclonal anti-
body successfully treated EBV-PTLD [14], anti-CD20 was
administered for treatment in additional two patients failing
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to resolve fatal EBV-PTLD. In patient #4 (Table 3), an early
onset EBV-PTLD with a very aggressive clinical course
and clinical signs of overt PTLD before preemptive therapy
could be started was observed; the patient died after 13 days
from the clinical onset. Patient #2 (Table 3) developed a

mononucleosis-like syndrome after 474 days from cord
blood transplant with complete response to anti-CD20 last-
ing 90 days, when a late-onset chemorefractory primary
central nervous system EBV lymphoma was diagnosed and
caused death 72 days after the onset.

Clinical outcome

During the study period, 10 patients (19.6%; 10/51)—7
adult and 3 pediatric—died at a median time of 227 days
(range 58-636) after transplant. Specifically, the causes of
death, besides EBV-PTLD (n=2), were relapse of the origi-
nal disease (n=4), bacterial pneumonia (imaging diagno-
sis; n=2), sepsis (n=1) and renal and respiratory failure
(n=1). The 2-year survival estimates were 54.2% (95% CI
18.1-80.3%) in actively EBV-infected patients and 76.4%
(95% CI 33.5-93.6%) in non-infected patients (Fig. 3),
and were not significantly different at the Log-rank test:
)(2= 1.58, P=0.208, which was confirmed by the permuta-
tion test (P=0.209, 95% CI 0.202-0.218).

Discussion

Despite the introduction of prospective virological surveil-
lance of EBV infection, preemptive therapy and timely treat-
ment with anti-CD20, EBV-PTLD-related mortality still
remains high; approximately 1/3 of diagnosed patients [1,
17]. In this prospective study, we confirmed that in patients
at higher risk of developing EBV-related complications
immunological measurements, in addition to the virological
one, could improve the management of EBV infection after
HSCT providing useful information for clinical decision-
making. In particular, it could be used to anticipate the ini-
tiation of the preemptive treatment.

EBV-EliSpot results

n = 26 pts
\Z i v
n = 11 pts (42.3%) n = 15 pts (57.7%)
NEGATIVE POSITIVE
v ] 1 Y v ] 1 Y

n = 8 pts (72.7%) n = 3 pts (27.3%)

Viral load > 10,000 copies/mL WB Viral load < 10,000 copies/mL WB

Median peak 82,049 copies/mL
|

\

Median peak 1,769 copies/mL

|
J

{
v YES Anti-CD20 therapy - 6 pts (54.5%)
v' YES EBV-related complications - 3 pts (27.2%)

Fig.2 Results of combined virological-immunological monitoring of
EBYV infection, management of infection and patient clinical outcome
in the 26 EBV actively infected adult and pediatric patients (pts). The
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n = 6 pts (40%) n =9 pts (60%)

Viral load > 10,000 copies/mL WB Viral load < 10,000 copies/mL WB

Median peak 12,876 copies/mL Median peak 2,727 copies/mL

| |

\ J

[
v NO Anti-CD20 therapy

v NO EBV-related complications

EliSpot results obtained during active EBV infection or at the time-
point after the onset of infection were taken into account. WB whole
blood
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Fig.3 Kaplan—Meier survival curves of adult and pediatric patients
by EBV reactivation

As reported in other studies [18, 19], post-transplant
active EBV infection was found to be a frequent event in
the study population. Furthermore, EBV infection with
high levels of EBV DNAemia was observed in 53.8% of
cases. As expected, EBV infection occurred during the
early post-engraftment phase. However, we found that even
after a longer time after transplant, EBV DNAemia can be
detected (Patient #2) and lead to a fatal EBV-PTLD. The
finding of late-onset EBV-PTLD highlights the importance
of continuing virological monitoring of EBV infection for
patients who may be at high risk of developing EBV-related
complications [11].

The role of in vivo T-cell depletion with ATLG/ATG
is still controversial [20-22]. The impact of in vivo T-cell
depletion depends on several factors such as the dose and the
timing of ATLG/ATG [23, 24] and the age of transplant [22,
24], being more evident in the pediatric population. In our
analysis, the impact of in vivo T-cell depletion is not associ-
ated with an increase of episodes of active post-transplant
EBYV infection. One possible explanation is that two-thirds
of the study population is represented by adults treated with
low doses of ATLG in accordance with previous reports
[21, 24]. In our analysis, the only factor found to be signifi-
cantly associated with higher frequencies of EBV infection
was the intensity of conditioning. As other authors [12], we
hypothesized that in reduced-intensity conditioning patients,
the lower chemotherapy intensity left surviving recipient B
cells, which are latently infected with EBV.

Consistent with the literature data [25], using anti-CD20
as preemptive therapy was effective in controlling viral pro-
liferation and avoiding progression into EBV-PTLD in 75%
of cases. An overall biopsy-proven EBV-PTLD frequency
equal to 5.9% was observed, which is within the range of
incidence reported in other studies [1, 26]. The overall
treatment response to anti-CD20 was 33.3%. Styczynski
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et al. recently reported that the administration of anti-CD20
results in a positive outcome for approximately 65% of
patients with EBV-PTLD [1]. Notably, two out of the three
cases presented in our study, i.e., EBV-PTLD with fulminant
feature and central nervous system EBV-PTLD, are very rare
events [27-29]. Furthermore, PTLD with isolated central
nervous system involvement is thought to be the most unfa-
vorable localization with respect to outcome and no standard
therapy has been actually accepted [1, 28, 29].

Regarding post-transplant CMI, as expected, the higher
number of cases in which a complete absence of IFN-y
responses was obtained was at the first immunologi-
cal measurement (+ 60 day post-transplant). The lack of
global CMI could be attributed to the use of ATLG/ATG,
which is known to may have a detrimental effect on T-cells
immune recovery [30]. Of note, a faster CMI reconstitu-
tion was observed in pediatric patients compared with the
adults. Particularly, age related involution of the thymus is
a well-known physiologic phenomenon and many studies
have demonstrated the impact of age on thymic output show-
ing that the age was positively correlated with the onset of
thymic activity after HSCT [31]. Such different timing of
immune reconstitution was also observed by other investi-
gators [32]. Regarding the virus-specific T-cell responses,
at + 60 day post-transplant, almost the half of the patients
showed EBV-specific CMI. Since it has been reported that
viral infection may trigger the host immune response [33],
this finding may reflect the rate of EBV infection occurred
during the first 2 months after transplant. Notably, as
reported by other authors in healthy individuals [33], not
constant EBV-specific CMI was observed during the immu-
nological post-transplant surveillance.

Despite the immunodominance hierarchies of EBV pro-
teins are well established in healthy virus carriers [34], by
analyzing the EliSpot responses to latent and lytic EBV-spe-
cific antigens in the study population, a distinct pattern of
distribution of EBV lytic and latent-specific T-cell responses
was not observed (data not shown). Similarly, other authors
observed that the distribution of EBV-specific T-cell
responses in solid organ transplant recipients was altered
when compared to that observed in healthy individuals [35].

A greater severity of EBV infection was associated with
lack of EBV-specific CMI during active EBV infection or
at the time-point after the onset of infection. In fact, sig-
nificantly higher median peak level of EBV DNAemia was
detected in patients without detectable EBV-specific CMI,
compared to the one detected in patients with detectable
EBV-specific CMI. Moreover, anti-CD20 therapy admin-
istration was necessary for the majority of the patients
without detectable EBV-specific CMI since they were not
able to control EBV replication. Finally, 27.2% of these
patients developed virus-related complications, including
two lethal PTLD. Contrastingly, all patients with detectable
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EBV-specific CMI controlled EBV replication without anti-
CD20 therapy administration and none of the patients had
EBV-related signs/symptoms. These results confirm that
antiviral immune reconstitution after transplant is crucial
for the control of EBV infection and, consequently, for the
infection progression to overt disease [32, 36].

As in other studies [19, 37], adverse effects of EBV active
infection on patient survival were not observed; the mortal-
ity due to EBV-PTLD was 3.9%. The relapse of the original
disease was the major cause of death (44.4% of cases).

In conclusion, in light of the results obtained, we retain
that high viral load (EBV DNAemia > 10,000 copies/mL
WB) without EBV-related signs/symptoms in combination
with lack of EBV-specific T-cell response could represent
the indication for timely preemptive interventions such as
reduction of immunosuppression and/or administration of
anti-CD20 therapy. This approach, combining virological
and immunological monitoring, allows custom-tailored
therapies against EBV infection after HSCT, with a fine-
tuning of the clinical intervention strategies for each single
transplant patient.
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