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Circulating Epstein-Barr virus DNA
to monitor lymphoproliferative disease
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Abstract Epstein-Barr virus (EBV)
infection can induce uncontrolled
lymphocyte B proliferation in im-
munosuppressed transplant pa-
tients. Monitoring circulating EBV-
infected lymphocytes can help in
identifying patients at risk of post-
transplant lymphoproliferative dis-
ease (PTLD). Circulating EBV ge-
nome levels were determined in 54
liver transplant pediatric recipients.
Ten patients had more than 500
EBV genome/10° peripheral blood
lymphocytes (PBL) and exhibited
clinical manifestations of EBV in-
fection; three developed PTLD. To
treat EBV infection, the level of im-
munosuppression was reduced and
acute rejection developed in 4 pa-
tients. Three were treated with ste-

from cyclosporine to tacrolimus.
Treatment of acute rejection was as-
sociated with increases in circulating
EBYV genome. None of the patients
with less than 500 EBV genome/

10° PBL developed PTLD or EBV
infection. Monitoring of EBV DNA
is useful in the management of EBV
infection and PTLD following pedi-
atric liver transplantation. EBV in-
fection should be treated in ways
which do not expose patients to the
risk of rejection.
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Introduction

Epstein-Barr virus (EBV) infection can induce uncon-
trolled lymphocyte B proliferation in immunosup-
pressed transplant patients. The risk of developing
EBV-related posttransplant lymphoproliferative dis-
ease (PTLD) is particularly high in children who con-
tract primary EBV infection after the transplant opera-
tion [1]. The incidence of PTLD in the pediatric popula-
tion following liver transplantation (LTx) can exceed
10% [2]. It has been reported that the monitoring of cir-
culating EBV-infected lymphocytes in solid organ and
stem cell transplant patients can help in identifying pa-
tients at risk of developing PTLD {3, 4]. To further con-
firm this observation and to reduce the risk of PTLD
by decrease of immunosuppression, we studied a group
of pediatric patients who underwent LTx.

Patients and methods

A new PCR method for quantification of EBV DNA in peripheral
blood lymphocytes (PBL) was developed according to a previously
reported method [5] based on internal amplification control and a
series of external standards which are amplified in parallel with
test samples [6]. EBV nuclear antibody (EBNA) levels were deter-
mined using the ELISA technique. Starting in February 1998, seri-
al EBV genome determinations were performed in two groups of
LTx pediatric patients: group 1, 23 patients transplanted before
February 1998, in whom circulating EBV genome monitoring
started at variable times after LTx, and group 2, 31 patients trans-
planted after February 1998 who underwent prospective monitor-
ing of circulating EBV genomes every 3 months after LTx, or
whenever symptoms which could be attributed to EBV infection
developed.

The immunosuppression regimen was based on the combina-
tion of steroids and cyclosporine; patients were switched from cy-
closporine to tacrolimus to treat steroid-resistant rejection or cy-
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Fig.1 Distribution of Epstein- 70
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(PBL) in the patients prospec-
tively monitored for EBV in-

fection

closporine toxicity. Diagnosis of acute rejection was always made
on the basis of histology. The histological diagnosis of PTLD was
based on the criteria of Frizzera et al. {7]. EBV early RNA oligonu-
cleotide probes were used for the demonstration of EBV by in situ
hybidrization and antibodies to EBV LMP1 were also used for im-
munohistochemical demonstration of EBV.

Results

At the time of LTx, group 1 patients had a median age of
2.1 years (range 0.5-15 years) and group 2 patients,
23 years (range 0.2-15). The median follow up is
38 months (range 11-101 months) and 12 months (range
6-19 months) for groups 1 and 2, respectively. At the
time of this report, 31 (57 %) patients were still receiv-
ing cyclosporine as the main immunosuppressant, while
19 (36 %) had been switched to tacrolimus; 4 patients
(7%), transplanted elsewhere, were also receiving ta-
crolimus. The EBNA status at the time of LTx was not
known for all patients in group 1 and therefore it is not
being reported. Out of this group, 3 patients (13%)
had more than 500 circulating EBV genome/10° PBL
and 2 of them developed EBV infection-related mani-
festations. One patient had a mononucleosis-like syn-
drome which regressed with reduction of tacrolimus
therapy; at the onset of fever, lymphoadenopathy and
tonsil enlargement, the EBV genome/10° PBL was
5000 and decreased to less than 1000 in 6 months. An-
other patient, 13 months after LTx, developed a poly-
morphous monoclonal PTLD which was localized in
the liver graft and cervical lymph nodes. Tacrolimus
therapy was stopped and PTLD regressed over
3 months. The patient is alive and well over 1 year after
the appearance of PTLD and withdrawal of immuno-
suppression; the liver function is normal.

In group 2, 17 patients (54.8 % ) were EBNA positive
at the time of LTx and 14 (45.2%) were EBNA nega-
tive. The median ages of ENBA-positive and EBNA-
negative patients were 4 (range 0.2-13) and 2.2 (range
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0.5-10) years, respectively. In Fig. 1, the distribution of
EBV genome/10° PBL levels is depicted. Five of the
7 patients, with more than 500 EBV genome/10° PBL,
were EBNA negative at the time of LTx. One EBNA-
positive patient developed mononucleosis-like syn-
drome localized at the tonsils, which were removed.
The immunosuppression was reduced and the EBV ge-
nome blood level decreased from 3000 10 undetectable
in 3 months. This patient was 6 months old at the time
of LTx and became EBNA negative at the time of overt
EBYV infection. It is possible that the EBNA was of ma-
ternal origin and its loss was associated to primary
EBV infection. Another patient, EBNA negative, is cur-
rently showing evidence of a possible PTLD 8 months
after LTx.

In Table 1, the symptoms of the 10 patients who
EBYV genome/10° PBL level above SOOPare reportedt.lalg
order to treat EBV infection, in all patients the level of
immunosuppression was reduced and episodes of acute
rejection developed in 4 of them. Three patients were
successfully treated with steroid boluses and 1 had to
be switghed from cyclosporine to tacrolimus for ste-
rond-remstgnt rejection. Treatment of acute rejection
was associated with variable increases in circulating
EBYV genome levels.

One patient in group 2, developed fever and enlarge-
ment of abdominal lymph nodes around the celiac axis
at CT scan, 3 months after LTx. Repeated EBV genome
determinations were negative; on the basis of positive

Table 1 Clinical manifestations in paticnts with more than 5
stein-Barr virus genome/10° peripheral blood lymphocytes
Symptoms

00 Ep-

Number/total (%)
Fever 4/10 40
Lymphoadenopathy 4/10 40
Rash 1/10 10
GI symptoms 510 50
None 2/10 20
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IgM anti-Bartonella, a diagnosis of cat scratch disease
was made and the patient was successfully treated with
the proper antibiotic therapy.

Discussion

Early diagnosis and decrease in immunosuppression are
important steps in the management of EBV infection
and PTLD. Circulating EBV genome level determina-
tion has been previously reported to be useful in identi-
fying organ and stem cell transplant recipients at in-
creased risk of PTLD development [3, 4]. We studied
54 children who received a LTx with serial EBV genome
level determinations. None of the patients with less than
500 EBV genome/10° PBL developed PTLD or had
clinical manifestation compatible with EBV infection,
except 1 who had cat scratch disease. Out of 10 patients
who had more than 500 EBV genome/10° PBL, 80%
had clinical manifestationsof EBV infection and 30%
had PTLD which regressed with immunosuppression re-
duction in two patients and withdrawal in 1. This last pa-

tient has apparently developed tolerance to his liver
graft.

In 4 patients, the reduction of immunosuppression
resulted in regression of EBV infection clinical manifes-
tations and/or reduction of the circulating level of EBV
genomes at the expense of episodes of acute rejection;
treatment was associated with a new increase in circulat-
ing EBV genomes. This suggests that the relationship
between immunosuppression and circulating EBV ge-
nomes is dynamic and that, if immunosuppression has
to be increased to treat rejection, the risks associated
with EBV infection in pediatric LTx recipients probably
increase again. Ideally, EBV infection in solid organ
transplant recipients should be treated in ways which
do not expose patients to the risk of rejection. Reconsti-
tution of EBV immunity with preparation and infusion
of EBV-specific autologous cytotoxic lymphocytes
(CTL) seems a promising way to decrease the risk of
PTLD in solid organ transplant recipients [5, 8]. We are
planning a trial of pre-emptive CTL infusion in LTx pe-
diatric recipients with circulating EBV genomes above
500/10° PBL.
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