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Abstract Posttransplant lymphoproliferative disease
(PTLD) is closely linked to primary Epstein–Barr virus
(EBV) infection. A defect of EBV specific cellular im-
munity is postulated to play a pivotal role in the etiology of
PTLD, but there is some debate as to whether EBV load in
the peripheral blood of transplant patients predicts onset of
PTLD or relapse after treatment. The current prospective,
single-center study was undertaken to investigate the
impact of therapy on EBV load in adult patients with
PTLD. Fifteen patients with PTLD after solid organ
transplantation were included and of these, seven had

EBV-associated PTLD. All 15 patients received Rituximab
as primary therapy. In cases of treatment failure or relapse
after Rituximab treatment, patients received polychemo-
therapy according to the cyclophosphamide, vincristine,
doxorubicin, and prednisone regimen. At onset of PTLD,
the median EBV load in the peripheral blood of patients
was higher in EBV-associated PTLD than PTLD with no
associated EBV infection. After Rituximab therapy, four of
seven patients with EBV-associated PTLD achieved long-
lasting complete remissions. However, in two of these
patients, EBV load increased to reach levels as high as
those recorded at onset of PTLD. Another patient showed a
dramatic decline of EBV load after the first dose of
Rituximab while suffering from progressive disease. The
other patient relapsed after Rituximab monotherapy, but his
viral load stayed low. In total, discordance in EBV load and
clinical course was observed in five of the seven patients
with EBV-associated PTLD. We conclude that in adult
patients with PTLD, EBV load does not correlate with
treatment response and is not suitable as a predictive
marker for PTLD relapse.
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Introduction

Posttransplant lymphoproliferative disease (PTLD) is the
most common neoplastic disease after solid organ trans-
plantation [14]. The Epstein–Barr virus (EBV), a ubiq-
uitous lympho- and epitheliotropic γ1-herpesvirus, is
detectable in lesions of PTLD in up to 60–90% of cases
and is believed to be one of the major factors involved in
the pathogenesis of PTLD [28]. About 10 years ago, EBV
viral load in peripheral blood was established as a
diagnostic tool in PTLD. However, EBV viral load
monitoring after therapy is still controversial and differ-
ences may exist in pediatric and adult patients. Several
groups reported increased EBV load in peripheral blood
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mononuclear cells (PBMC), whole blood or serum in
patients at the time of PTLD onset [4, 5, 8, 9, 13, 16–18,
20, 22, 25–27], and some groups also described a
correlation in decreased viral load and effective PTLD
treatment [5, 8, 16, 18]. However, Yang et al. [27]
described a marked divergence in clearance of EBV load
and clinical response after Rituximab treatment and
suggested that reduced EBV DNA after Rituximab therapy
is a consequence of B-cell clearance. This lack of
relationship between change in viral load and clinical
response highlights the difference between EBV-infected
PBMCs and neoplastic cells in PTLD. Along with other
parameters, however, viral load monitoring is still widely
used in patients with PTLD for follow-up and to assess the
effectiveness of therapeutic protocols. Most prior studies
have been performed in pediatric patients, with only the
study of Yang et al. [27] included adult patients, and
therefore neither the frequency or duration of monitoring
nor the predictive value of EBV viral load monitoring after
solid organ transplantation (SOT) has been clearly
established in adults. To establish the parameters of EBV
monitoring for adult PTLD patients, we investigated the
impact of therapy on EBV viral load in 15 adult patients
with PTLD. Monitoring, using a quantitative real-time
polymerase chain reaction (PCR) technique, commenced at
disease onset, with a median follow-up of 23 months.

Materials and methods

Patients

This prospective single-center study aimed to investigate
the impact of therapy on EBV load in the peripheral blood
of adult patients presenting with PTLD was commenced in
January 2000. All patients gave their written informed
consent and were seen at the university hospital Charite-
Campus Virchow Clinic, Berlin, Germany. Two patients
(patients 6 and 7) were EBV-seronegative before trans-
plantation and received a renal transplant from an
EBV-positive donor, and all remaining patients were
EBV-seropositive before transplantation.

Histopathology

PTLD diagnosis was based on an examination of histo-
logical material obtained by open biopsy or by core needle
biopsy, and lesions were classified according to the World
Health Organization (WHO) Classification of Tumors [6].
An association with EBV was confirmed by immunohis-
tochemical staining of the latent membrane protein-1 or by
Epstein–Barr nuclear antigen 2, or by in situ hybridization
of EBV encoded RNA (EBER) transcripts. Immunohisto-
chemical staining of LMP1 was performed on all lesions,
while staining of EBNA2 and in situ staining for EBER
was performed at the reference laboratory of Professor
Harald Stein (Department for Pathology, Free University
Berlin, Germany) in biopsies from 11 patients.

Staging

Patient evaluation included a complete patient history,
physical examination, bone marrow biopsy, and computed
tomography scans of the chest, abdomen, and pelvis.
Peripheral blood analyses included a complete blood count,
while biochemical analyses included lactate dehydroge-
nase concentration (upper limit 240 U/l) and routine tests of
hepatic and renal function. Further studies were performed
as clinically indicated.

Treatment

Immunosuppressive therapy was withdrawn in all patients
before their entry into the study protocol, but failed to
confer a significant benefit in all cases. Rituximab, a
monoclonal antibody against CD20 antigen, has proven its
effectiveness in treatment of PTLD [2, 12] and, accord-
ingly, all seven patients with EBV-associated PTLD were
treated with Rituximab. All patients were commenced on
Rituximab 375 mg/m2 by intravenous infusion on days 1,
8, 15, and 22. Those patients with relapsed or refractory
PTLD after Rituximab received polychemotherapy com-
prising the CHOP (cyclophosphamide, vincristine, doxo-
rubicin, and prednisone) regimen. Carboplatin (CBCDA)
plus VP-16 (etoposide) or bortezomib were third- and
fourth-line regimens, respectively. In a patient with lym-
phocyte-predominant, advanced Hodgkin PTLD, ABVD
(doxorubicin, bleomycin, vinblastin, and dacarbazin) was
used instead of CHOP.

EBV load measurement

Peripheral blood samples were taken at diagnosis and at
weekly intervals for the first 4 weeks. In patients receiving
polychemotherapy, blood tests were performed on a bi-
weekly basis. Blood samples were collected at 4–12 week
intervals thereafter, depending on the clinical course.

DNAwas extracted from 200 μl whole blood by QIAmp
DNA Minikit (Qiagen, Hilden, Germany) and eluted in a
final volume of 100 μl. As EBV is mainly latent and not
lytic during cell proliferation, it is therefore integrated in
cells. For this reason, samples including the cellular
fraction are more appropriate than cell-free material for
measurement of EBV load in PTLD; as opposed to PCR
from PBMCs, PCR from whole blood determines EBV
copies both from infectious virions during primary infec-
tion (which is very unlikely in the setting of the study) or
from EBV-positive memory cells. There are only a few
studies in which whole blood, PBMCs, and cell-free
material have been compared. In a study by Wadowsky et
al. [23], however, comparison of EBV evaluation in whole
blood and isolated lymphocytes demonstrated a superior
correlation compared with that observed between lympho-
cytes and plasma.

EBV PCR was performed as hot-start real-time PCR
(LightCycler, Roche Diagnostics, Mannheim, Germany)
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on the viral capsid (VCA) gene for p23. Briefly, extracted
DNA (8 μl) was amplified in a final volume of 20 μl
reaction mix containing 2 μl master mix (LightCycler
DNA Mater Hybridization Probes, Roche Diagnostics,
Mannheim, Germany) supplemented with 0.32 μl of a Taq
antibody (Taq Start Antibody, Clontech, Palo Alto, CA,
USA), 6 mM MgCl2, and 0.5 μM of the EBV primers 5′-
TGG CGT TGG GGT CGT TTG AT-3′ (89332-351 in
B95-8) and 5′-CGV CTG GCT CGC CTG GAG T-3′
(88997-89015) and 0.15 μM of the probes 5′-GCG GAG
GCA CTG GAG CAG AAG GAA CAFl-3′ (89077-102)
and 5′-Red640AGG TAG ACG AGG CAC AGG CAC
CCC CT-3′ (89050-075). Cycling conditions included an
initial step at 95°C for 75 s, followed by 45 cycles at 95°C
for 1 s, at 60°C for 10 s, and at 72°C for 18 s. Melting point
analysis (between 40 and 75°C) was applied after ampli-
fication to enhance specificity. Each run contained multiple
negative controls and standards for quantitation using the
plasmid pGem3Z30 including the gene sequence of p23 in
EBV-negative DNA. Inhibition control was performed by a
second PCR in which positive control was added to each
sample [7]. Specificity was proven because DNAs from all
other seven human herpesviruses were negative. Sensitiv-
ity was determined using both plasmid and cellular dilution
series. Plasmid containing EBV genome was quantified by
optical density, and tenfold dilutions corresponding to two,
20, or 200 copies/PCR run (in 8 μl template) were tested. In
addition, a dilution series of Namalwa cells (approximately
two copies/cell) of one, ten, and 100 Namalwa cells/PCR

run (in 8 μl template) was also tested. The plasmid and
Namalwa cell dilution series were also tested after 20-fold
dilution. In the plasmid dilution series, positive results were
observed in 7/20, 19/20, and 20/20 PCR runs in the two,
20, and 200 copy dilutions, respectively. In the Namalwa
cell dilution series, positive results were observed in 5/20,
20/20, and 20/20 PCR runs in the one, ten, and 100 cell
dilutions (equal to two, 20, and 200 copies), respectively.
Thus, the 95% detection limit is slightly lower than 20
copies/PCR run, which translates to a detection limit of
1,250 copies/ml whole blood. However, due to Poisson
distribution, some samples tested positive although the
viral load was <1,250 copies/ml. A total of 120 healthy
individuals tested negative using this PCR method. The
linear range for detection is therefore between 1,250 and
108 copies/ml.

Results

Patient and disease characteristics

A total of 15 patients with PTLD were enrolled in this
study. Patient ages ranged from 18 to 67 years, with a
median age of 51 years. Three patients were recipients of a
heart transplant, nine had received a kidney transplant, and
the remaining three patients were liver transplant recipi-
ents. Histological evaluation demonstrated polymorphic
PTLD in one patient and monomorphic PTLDs in 14

Table 1 Summary of patient information

Patient Age Sex Tx Histology EBV Initial viral load
(copies/ml)*

Therapy Time of
analysis**

Follow-up
(months)

1 49 M Liver Polymorphic PTLD + 0 Rituximab Remission 46+
2 59 M Heart B-DLCL + 2.650.000 Rituximab Remission 45+
3 33 F Heart B-DLCL + 0 Rituximab, CHOP Remission 44+
4 51 F Kidney Mantel cell lymphoma + 0 Rituximab Remission 64+
5 54 M Kidney Lymphocytic, pred.

M. Hodgkin
+ <1.250 Rituximab, ABVD Remission 10

6 27 F Kidney B-DLCL + 202.000 Rituximab, CHOP active PTLD 3
7 18 F Kidney B-DLCL + 2.500 Rituximab, CHOP Remission 12+
8 46 M Kidney B-DLCL − 6.000 Rituximab, CHOP Remission 33+
9 45 M Heart B-DLCL − 5.500 Rituximab, CHOP active PTLD 5
10 40 F Liver Atypical Burkitt

lymphoma
− 0 Rituximab, CHOP,

CBCDA&VP16
Remission 36+

11 73 M Kidney Follicular
lymphoma III B

− 2.000 Rituximab, CHOP active PTLD 14

12 60 M Kidney B-DLCL − 0 Rituximab, CHOP active PTLD 15
13 59 M Kidney B-DLCL − 0 Rituximab, CHOP,

CE, Bortezomib
active PTLD 23

14 62 F Kidney Mantel cell lymphoma − 0 Rituximab, CHOP Remission 14+
15 67 F Liver B-DLCL − 0 Rituximab, CHOP Remission 24+

EBV Epstein–Barr virus, F female, M male, Tx transplant, B-DLCL B-cell diffuse large cell lymphoma, PTLD posttransplant
lymphoproliferative disease, ABVD doxorubicin, bleomycin, vinblastin, and dacarbazin, CHOP cyclophosphamide, vincristine,
doxorubicin, and prednisone, CE carboplatin and etoposide, *pretherapeutic/initial EBV load in copies per milliliter, **active PTLD or
PTLD in remission is determined on the basis of whether the patient had evidence of disease by usual clinical evidence (physical
examination, computed tomography scan)
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patients [DLBCL, nine; mantle cell lymphoma (MCL),
two; follicular lymphoma, one; atypical Burkitt lymphoma,
one; and lymphocyte-predominant Hodgkin-type lympho-
ma, one]. Approximately, two-thirds of the patients had
stage III or stage IV disease. More details on clinical
characteristics, EBV-association, and response to therapy
are given in Table 1.

EBV load at diagnosis

The EBV load at PTLD diagnosis is shown in Fig. 1 and
Table 1. In the seven patients with EBV-positive PTLD,
EBVwas not detectable in the peripheral blood of three and
in the remaining four patients; viral load ranged from 1,250
to 2,650,000 copies/ml. In contrast, in three of eight
patients with non-EBV-associated PTLD, EBV DNA was
present in whole blood at levels of 2,000–6,100 EBV
copies/ml. All other non-EBV-associated PTLD patients
did not show detectable levels of EBV genome.

EBV load after Rituximab therapy in patients
with EBV-associated PTLD

After Rituximab monotherapy, four of the seven patients
achieved complete remissions of long duration (1,098,

1,279, 1,403, and 1,630 days, respectively). In patient 2,
the first dose of Rituximab was associated with a dramatic
decline in EBV load (from 2,650,000 copies/ml before
Rituximab to 100 copies/ml DNA 1 week later; Fig. 2b),
which was paralleled by a dramatic reduction of the
patient’s tumor mass. Moreover, using FACS analysis, we
could show that this rapid disappearance of virus-infected
cells was paralleled by the disappearance of circulating
B-cells [10]. Reconstitution of CD20-positive cells in
peripheral blood was associated with an increase in EBV-
load starting 12 months after Rituximab treatment and
reaching levels as high as those observed before treatment.
With a follow-up time of more than 2 years, this increment
in EBV load was not associated with a relapse of PTLD.
Similar findings were observed in patient 4 (data not
shown); 12 months after Rituximab treatment, the EBV
load increased to 850,000 copies/ml with no evidence of
PTLD relapse.

In patient 6, the reverse situation was observed (Fig. 2d).
The patient failed to respond clinically to initial antiviral
treatment with foscarnet nor to Rituximab. However, while
EBV load increased from 200,000 to 350,000 copies/ml
during antiviral therapy, a dramatic decline was achieved
after the first application of Rituximab. However, the
PTLD did not respond to chemotherapy and the patient
died due to PTLD progression, although his EBV load
remained negative during the remainder of his clinical
course.

Patient 1 responded to Rituximab treatment and is in
ongoing complete remission. EBV load was monitored for
a period extending beyond 3 years in this patient and
remained negative during this time (Fig. 2a). Finally,
patient 3 demonstrated a PTLD relapse not associated with
an increase in EBV load (Fig. 2c), although EBV load was
positive earlier and later on.

Discussion

These data demonstrate that after Rituximab therapy in
adult PTLD, EBV load parallels the disappearance and
reconstitution of CD20 B-cells in peripheral blood; these
are therefore in accordance with the data of Yang et al. [27].
We have demonstrated that an increase of EBV load to
PTLD pretreatment values is not necessarily accompanied
by relapse of PTLD (patients 1 and 4), and the recovery of
EBV viral load is coincident with B-cell recovery after
treatment of PTLD with Rituximab (patients 2 and 4) [19].
Earlier studies have already suggested that circulating
EBV-positive cells represent memory B-cells and not
proliferating lymphoblasts, and are similar to latently
infected resting B-memory cells from EBV-positive normal
individuals in terms of EBV-gene expression and number
of EBV-genomes per cells [1, 27]. Due to an impaired
EBV-specific cytotoxic T-lymphocyte (CTL) response, an
increased peripheral EBV load may therefore represent
a surrogate marker for EBV infection under immuno-
suppression, with latently infected and expanding blasts
remaining in the lymph nodes, similar to their normal
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Fig. 1 EBV viral load at diagnosis of PTLD. PTLD diagnosis was
based on an examination of histological material. An association
with EBV was confirmed by immunohistological staining as
described in “Materials and methods”. EBV PCR was performed
as hot-start real-time PCR on the viral capsid (VCA) gene for p23,
and melting point analysis was applied after amplification to
enhance specificity. For details concerning negative controls,
standards for quantitation, inhibition control, and specificity, see
“Materials and methods”. A 95% detection rate of at least 20 copies/
PCR run was determined corresponding to a detection limit of 1,250
copies/ml whole blood (dotted line). The linear range is between the
detection limit and 108 copies/ml. Of seven patients with EBV-
positive PTLD, EBV was not detectable in the peripheral blood of
three patients and in the remaining four patients; viral load ranged
from 1,250 copies/ml to 2,650,000 copies/ml. Median viral load was
1,250 copies/ml (horizontal black line). In contrast, in three of eight
patients with non-EBV-associated PTLD, EBV DNAwas present in
whole blood at a level of 2,000–6,100 EBV copies/ml. All other
non-EBV-associated PTLD patients did not show detectable levels
of EBV genome. Median viral load for non-EBV-associated PTLD
was 0 copies/ml (horizontal black line)
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counterparts. This may explain why an increase in pe-
ripheral EBV load may have some predictive significance
for early diagnosis [4, 5, 8, 9, 13, 16–18, 20, 22, 25–27] but
limited predictive significance for relapse after Rituximab
treatment.

Monitoring of EBV DNA levels after transplantation
was considered to guide preemptive treatment of patients
before overt EBV PTLD appeared and for the prediction of
early PTLD after hematopoetic stem-cell transplantation.
In these settings, the detection of two or more levels of
EBV DNA above 4,000 copies/μg was reported to have a
sensitivity of 100% (specificity 50%) [24]. As the pre-
dictive power of detecting EBV DNA levels higher than
4,000 copies/μg on more than two occasions was only 50%
in this series, preemptive therapy would have exposed half
the recipients to unnecessary therapy. Such therapy could
be associated with significant deleterious effects, particu-
larly in patients with PTLD after SOT. In the series
presented in this study, an elevated pretherapeutic EBV
load was detected in only three of the seven patients with

EBV-associated PTLD. This finding indicates that further
relevant factors play a role in the pathogenesis of PTLD
after SOT, i.e., molecular alterations, such as rearranged
oncogenes [3] or accumulated tumor suppressor mutations
allowing EBV-independent growth characteristics [15].
These data do not, therefore, support the use of EBV DNA
level monitoring to guide preemptive immunotherapy or
chemotherapy. However, serial quantitative analysis of the
EBV genome load may be useful for preventing PTLD
through adjustment of immunosuppression in response to
viral genome load after symptomatic EBV infection [11],
and in discriminating PTLD from rejection [21].

In summary, by applying EBV real-time quantitative
PCR techniques in a significant number of adult PTLD
patients, we have confirmed that the individual EBV load
in adult PTLD patients during long-term follow-up does
not correlate with treatment response and therefore is not
suitable as a predictive marker for effective therapy or
PTLD relapse in adult patients. In five out of seven patients
with EBV-associated PTLD, we were able to demonstrate a
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Fig. 2 EBV load after Rituximab therapy in patients with EBV-
associated PTLD. Blood samples were collected at diagnosis and at
weekly intervals for the first 4 weeks and at 4–12 week intervals
thereafter, depending on the clinical course. EBV PCR was
performed as hot-start real-time PCR on the VCA gene for p23,
and melting point analysis was applied after amplification to
enhance specificity. For details concerning negative controls,
standards for quantitation, inhibition control, and specificity, see
“Materials and methods”. A 95% detection rate of at least 20 copies/
PCR run was found. This translates to a detection limit of 1,250
copies/ml whole blood (dotted line). The linear range is between the
detection limit and 108 copies/ml. a Patient 1 demonstrates the
situation of monitoring EBV load in EBV-associated PTLD without
ever measuring elevated EBV load in a period of more than 3 years.
The patient had a polymorphic PTLD and achieved a stable

complete remission (CR) after Rituximab. b This patient also
achieved a long-lasting CR after Rituximab monotherapy. After the
first dose of Rituximab, a dramatic decline in EBV load was
observed, which was paralleled by a dramatic reduction of the
patient’s tumor mass. Twelve months after Rituximab treatment, the
EBV load increased to reach pre-Rituximab levels. This increment
in EBV load was not associated with a relapse of PTLD. c Patient 3
demonstrated a PTLD relapse not associated with an increase in
EBV load, although EBV load was positive earlier and later on.
d This patient neither responded to initial antiviral treatment with
foscarnet nor to Rituximab. While EBV load increased from
200,000 to 350,000 copies/ml during antiviral therapy, a dramatic
decline followed the first application of Rituximab. The patient died
due to PTLD progression, although his EBV load remained negative
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significant incongruity of EBV load and clinical course.
Moreover, all clinically relevant situations were covered by
these patients, i.e., (1) the reappearance of EBV replication
without PTLD relapse, (2) a relapse without prior increase
in EBV load, (3) progressive disease associated with
clearance of EBV DNA in peripheral blood samples, and
(4) absence of elevated EBV load. This study significantly
contributes to the question on the impact of EBV load in
peripheral blood for monitoring adult PTLD patients by
presenting data of several novel patients with an extensive
long-term follow-up with a remarkable divergence of EBV
load and clinical course.
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