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Introduction

Serum or plasma viremia – defined as the presence of

Epstein–Barr virus (EBV) – genomes might occur in pri-

mary EBV infection and infectious mononucleosis,

whereas EBV DNA is seldom found in serum or plasma

of healthy individuals used as controls in several studies

[1–5]. In contrast, viremia is often present in immuno-

compromised patients with primary or reactivated EBV

infections [6]. EBV is related to lymphoproliferative dis-

orders especially after stem cell and solid organ transplan-

tation [7–10]. Post-transplant lymphoproliferative disease

(PTLD) encompasses a range of lesions from polyclonal,

polymorphic lymphoproliferation to true monoclonal
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Summary

The development of Epstein–Barr virus (EBV) associated lymphoproliferative

disorder (PTLD) is related to EBV genome numbers in serum or plasma and

B-cells, and the level of immunosuppression. EBV DNA viremia, defined as

presence of EBV genomes in serum or plasma, is common in immunodefi-

ciency. This survey of EBV viremia was performed by real-time polymerase

chain reaction (PCR) on consecutive serum samples of 21 patients with acute

(n ¼ 3) or chronic liver disease (n ¼ 18) during the first year after liver trans-

plantation (LTX). Cytomegalovirus (CMV) DNA was analyzed with PCR in

serum or leukocytes. The levels of EBV and CMV viremia were related to

PTLD and the effect of different anti-rejection regimens. All patients were

EBV-seropositive pre-LTX. In total, 24 of 152 (16%) samples from 10 of 21

(48%) individuals were EBV positive [five of 11 cyclosporin A (CsA); five of

10 tacrolimus treated cases]. EBV viremia was demonstrated in five of seven

patients with OKT3 therapy. The number of EBV DNA positive samples was

highest (26%) at 14 days after LTX. In the OKT3 treated groups, the medians

of EBV DNA copy numbers were 1600/ml (range 230–7200) and 380/ml (range

120–860) in the CsA and tacrolimus patients, respectively (P < 0.02). One

patient developed EBV lymphoma and another one EBV hepatitis 13 months

and 24 days post-LTX, respectively. Both patients had received OKT3. Their

EBV genome load was not significantly different from what was found in other

patients. After ganciclovir therapy, EBV DNA was eradicated from serum in

four of five patients for several months. EBV DNA load was not affected by

CMV infection or disease. We conclude that presence of EBV in serum is a

possible marker of an active infection and an early ganciclovir therapy may be

beneficial. Quantification of EBV load offers the potential to implement pre-

emptive interventions.
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B-cell lymphomas, often depending on the level of immu-

nosuppression in a patient [7–9,11,12]. The overall inci-

dence of PTLD is estimated to be 2–3% of adult patients

and approximately 10% of pediatric liver transplant

patients [13,14].

We have earlier reported that histopathologic signs of

EBV hepatitis are not specific in the liver graft [15]. In

contrast, EBV DNA was found both in serum and liver

biopsy specimens obtained in parallel from the same

patient using qualitative polymerase chain reaction (PCR)

in serum, and by PCR as well as in situ hybridization

using a probe against encoded small RNA (EBER-1) in

liver specimens. Furthermore, the majority of EBV DNA

serum positive patients had been treated with OKT3 after

liver transplantation (LTX).

This single centre study aims to determine a possible

correlation between the EBV genome load in serum using

a real-time Taqman PCR (real-time PCR) and examines

the risk of developing EBV associated infection and lym-

phoma in adult liver recipients. In addition, we wanted to

correlate the effect of different immunosuppressive regi-

mens, antiviral treatments and the occurrence of cyto-

megalovirus (CMV) on the level of EBV DNA.

Patients, materials and methods

Twenty-one adult LTX patients, 10 females and 11 males,

were included in the study after informed consent

between July 1996 and March 1998. Three patients had

transplants because of acute liver failure; the remaining

18 patients had chronic liver disease (Table 1). The study

was approved by the Research Ethics Committee at the

Huddinge University Hospital in Stockholm, Sweden.

The standard immunosuppression consisted of cyclosp-

orin A (CsA; Sandimmun NeoralR, Sandoz, Basel, Swit-

zerland) in 11 patients or tacrolimus (PrografR, Fujisawa

Pharmaceutical, Japan) in 10 patients, and in all com-

bined with low-dose steroids [16]. Episodes of steroid

resistant acute rejections were treated with OKT3 mono-

clonal antibodies (Ortho Pharmaceuticals, Raritan, NJ,

USA) in four of 11 CsA and three of 10 tacrolimus trea-

ted patients. In three patients, azathioprine was added for

treatment of acute, steroid resistant rejection at 25, 37

and 55 days after LTX. All patients without OKT3 treat-

ment (n ¼ 14) had transplants because of chronic liver

disease including one case with cholangiocarcinoma.

Consecutive serum samples were obtained prospectively

before LTX and within the first year (day 1, 14, 28, 60,

90, 120, 240 and 360) after the transplantation. The EBV

genome load in serum was measured by real-time PCR

according to a previously described method [17]. Briefly,

DNA was extracted from 50 ll of plasma using the QIA-

amp Blood kit (Qiagen Inc., Chatswoth, CA, USA)

according to the manufacturer’s instructions. The extrac-

ted DNA was eluted in 50 ll of water and 5 ll was used

for the qPCR. The PCR primer pair and an oligonucleo-

tide probe (Applied Biosystems, Foster City, CA, USA;

AB), with a fluorogenic reporter dye FAM attached to the

5¢ end and a TAMRA quencher linked to the 3¢ end, were

synthesized. A standard curve from which the number of

EBV genomes in each sample could be calculated, was

prepared using four 10-fold dilutions (106 to 103) of a

standardized preparation of the Namalwa cell line, con-

taining two copies of EBV/cell. A negative water control

and a positive control (105 copies per ml) were included

in triplicate for each set of samples. The amplification

and detection were performed with ABI Prism 7700

Sequence Detection System (AB). The sensitivity for iden-

tification of EBV genomes was estimated to 100 genome

copies/ml.

The EBV serological status of the patients prior to LTX

was analysed using an indirect immunofluorence assay for

virus capsid antigen (VCA) IgG [18]. CMV DNA load

was measured by PCR in serum or leukocytes as previ-

ously reported [19,20].

Antiviral prophylaxis and treatments

Two CMV seronegative patients who received the liver

graft from a CMV seropositive donor were given prophy-

laxis against CMV infection. They received ganciclovir

(CymeveneR, Roche, Basel, Switzerland) 5 mg/kg/day i.v.

for 3 weeks followed by oral high dose acyclovir (Zovi-

raxR, Glaxo Wellcome, Mölndal, Sweden), 2400–

3200 mg/day depending on renal function, up to

6 months after LTX. One additional patient was adminis-

tered prophylactic ganciclovir i.v. therapy for 14 days

because of intensified anti-rejection treatment with

Table 1. Patient demography.

Patients Number

Gender (F/M) 10/11

Age (years), mean (range)

Female 46.7 (34–63)

Male 52.4 (31–64)

Chronic liver failure

Primary sclerosing cholangitis 5

Laennec cirrhosis 3

Primary familiar amyloidosis 3

Primary biliary cirrhosis 1

Caroli’s disease 1

Hepatitis C virus associated Cirrhosis 2

Liver malignancy 3

Acute liver failure

Unknown etiology 2

Paracetamol toxication 1
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OKT3. Ganciclovir 10 mg/kg/d i.v. was given during 14–

44 days against asymptomatic CMV infection (n ¼ 2) or

disease (n ¼ 3; two CMV syndrome, one CMV hepatitis).

One of the former cases with CMV prophylaxis and all

three cases with CMV disease were treated with OKT3.

Oral acyclovir 1000 mg/day was given for 5–12 days

because of herpes simplex virus (HSV) mucositis (n ¼ 3)

and 3200 mg/day against varicella zoster virus dermatitis

(n ¼ 1).

Statistics

The Mann–Whitney test was used to compare the EBV

DNA load in plasma between different groups of patients,

and between different time points of the given antiviral

therapy. Fischer exact test was applied for the comparison

of not normal distributed groups. The level of significance

was defined as P < 0.05.

Results

All patients were EBV VCA IgG positive prior to LTX.

EBV DNA was found in 10 of 21 (48%) patients [four of

11 (36%) CsA and six of 10 (60%) tacrolimus treated

patients]. The incidence of EBV DNA positive samples

was highest (26%) 14 days after LTX (Fig. 1). EBV DNA

was demonstrated in five of seven (71%) patients with

OKT3 therapy (two CsA and three tacrolimus cases). In

two of the seven (29%) patients treated with OKT3

(patients 1, 4; Fig. 2a) but in none of those not given

OKT3 (n ¼ 14), EBV DNA was found already before

LTX. The two cases had primary liver malignancy. The

median EBV DNA copy numbers were comparable in

CsA and tacrolimus treated patients (Table 2). However,

CsA treated patients demanding OKT3 for steroid resist-

ant rejection presented with higher EBV DNA loads as

compared with tacrolimus plus OKT3 treated patients

(P ¼ 0.02; Table 2). Five of seven (71%) patients with

OKT3 treatment and two of 14 (14%) patients without

OKT3 treatment were EBV DNA positive during the first

2 weeks after LTX (P ¼ 0.03). In four of the five (80%)

cases, the EBV DNA was found already prior to OKT3

therapy (two liver malignancies, two acute liver failures;

patients 1, 4, and 2, 3, respectively; Fig. 2a).

Ganciclovir therapy was given to eight patients as pro-

phylactics or treatment of asymptomatic CMV infection

or disease. In five of these eight patients, EBV viremia

was detected (patients 1–5; Fig. 2a). The median EBV

DNA load before ganciclovir treatment was 300 copies/ml

(range 150–470), 1200 copies/ml (range 860–1600) during

the first 2 weeks of the therapy, 0 copies/ml during the

third to fourth weeks of ganciclovir treatment, and

6–10 months after the antiviral treatment 200 copies/ml

(range 120–470). The values at the start of treatment and

after the treatment differed significantly (P < 0.05;

Fig. 2a). EBV DNA was neither detected in the two

patients with prophylactic ganciclovir treatment because

of serological CMV mismatch between the donor and the

recipient, nor in one patient during and after the graft

rejection treatment. The EBV DNA recurred at 26 and

28 weeks after ganciclovir i.v. therapy in two of five

patients with 200 and 120 copies/ml (patients 1, 2;

Fig. 2a). One additional patient presented with EBV vire-

mia at 370 copies/ml a day after the stopped ganciclovir

treatment of 21 days for asymptomatic CMV during

high-dose steroids for acute rejection but not later during

the first year after LTX (patient 5; Fig. 2a).

The CMV DNA was found in nine of 21 (43%)

patients, all within 3 months after LTX. One patient had

primary CMV infection and eight CMV reactivations. Six

patients had asymptomatic CMV infection and three

developed CMV disease. Co-occurrence of CMV and EBV

DNA was found in six patients: CMV PCR was positive

28 and 60 days prior to EBV PCR positivity (250, 370

EBV copies/ml) in two cases, and vice versa EBV was pos-

itive (147–470 EBV copies/ml) up to 28 days before CMV

finding in four cases. EBV PCR positivity was found in

four patients without CMV PCR positivity up to 120 days

post-LTX with 240–1860 EBV copies/ml. In contrast,

CMV PCR was positive in three patients without EBV

PCR finding. In the remaining eight patients, neither

CMV nor EBV was detected. Thus, there was no correla-

tion between the occurrence of EBV and CMV using PCR

(NS, Fischer exact test). Also the EBV load was independ-

ent of the time point in relation to CMV.

The CMV did not reactivate in any case given ganciclo-

vir prophylaxis because of CMV serological mismatch

between the donor and recipient (n ¼ 2) or because of

an early post-transplant OKT-3 use (n ¼ 1). Neither did

the virus reoccur after pre-emptive ganciclovir therapy,

which were given during 14–44 days. In two patients,

EBV DNA was found 26 and 28 weeks respectively after

ganciclovir therapy for CMV but with a low load (120–

470 copies/ml; patients 1, 2; Fig. 2a).
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Figure 1 Incidence of EBV DNA in consecutively obtained serum

samples in 21 liver graft recipients during the first year after trans-

plantation.
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Figure 2 EBV DNA copy numbers in serum samples of five liver graft recipients treated with ganciclovir as prophylaxis, pre-emptive treatment or

the therapy against CMV (a) and in five other patients without antiviral treatment against CMV (b) (note the different y-axis scale). CMV finding

using PCR in serum or leukocytes is marked by an arrow. Patient 1 developed lymphoma at 13 months after LTX. Patient 3 had the positive

EBV DNA finding at the first day after the liver transplantation that might reflect a transfusion induced finding. No pretransplant sample was

available.

OKT3 and ganciclovir treatments Barkholt et al.

838 Transplant International 18 (2005) 835–843 ª 2005 European Society for Organ Transplantation



One of the OKT3 treated patients developed EBV asso-

ciated intra-abdominal PTLD 13 months after LTX

(patient 1; Fig. 2a). The PTLD was histologically charac-

terized as a highly malignant kappa-positive, p53 positive

lymphoma in a biopsy specimen from a para-aortic

lymph node. The PCR analysis of the biopsy sample
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Figure 2 (contd)
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revealed clonal B cell proliferation and oligoclonal B cell

activation. The B cells were EBV DNA positive by routine

immunohistochemistry. The patient had presented with

CMV syndrome at day 26 and had an upper respiratory

tract infection at 6 months after LTX. The infections

were treated using ganciclovir 10 mg/kg/day i.v. for

17 days and ciprofloxacin 500 mg bid p.o. for 7 days,

respectively. The patient was EBV DNA negative in

serum during the ganciclovir treatment against CMV

between day 26 and 43, and in control samples from 2

and 4 months after LTX. The EBV DNA was detected

again at 26 weeks after the antiviral treatment was

stopped, i.e. at 8 months after LTX. The patient was suc-

cessfully treated with cytostatic protocol against non-

Hodgkin lymphoma and is doing well 4 years after the

lymphoma diagnosis.

Another OKT3 patient developed hepatitis with histo-

pathological signs of viral hepatitis including mononuclear

cell infiltration and hepatocyte inclusion bodies combined

with positive EBV and CMV PCR in the liver graft biopsy

at day 24 after LTX (patient 2; Fig. 2a). She was treated

with ganciclovir 10 mg/kg/d i.v. for 3 weeks and had a

normal histopathology of the liver graft at the 6-year con-

trol. The EBV genome loads found in the serum samples

of these two patients were not significantly different from

what was found in the other viremic patients.

Discussion

The EBV is an important pathogen, associated not only

with viremia, febrile disease and lymphadenopathy but

also with hepatitis and PTLD after LTX [7,13,14,15,21].

The transplanted graft may harbour various amounts of

EBV genomes [22]. Because of their richness in lymphoid

tissues, liver, lung, and intestinal grafts are supposed to

contain the highest viral loads compared with renal and

cardiac transplants. Accordingly, EBV infection and PTLD

are reported to occur more often in patients with the for-

mer grafts [23–26].

In this single centre study on 21 adult EBV seropositive

LTX patients, the depressed immune status as the result

of liver disease of the patients or given immunosuppres-

sive therapy after LTX correlated with the presence of

EBV DNA in serum. Interestingly, EBV DNA load was

not significantly higher in the patient who developed EBV

associated PTLD as compared with the other patients.

The majority of patients who had EBV viremia in serum

had been treated with OKT3. The two of seven patients

that later received OKT3 had EBV DNA in serum before

transplantation, indicating that their pretransplant status

could be important for the effects of post-transplantation

OKT3 treatment. Weather the presence of EBV before

transplantation had any immunological association, trig-

gering severe acute graft rejection and demanding OKT3

therapy, needs to be further explored in a large patient

group. By the use of PCR, no interaction between EBV

and CMV reactivations could be demostrated. Ganciclovir

given pre-emptively against asymptomatic CMV infection

or as the therapy against CMV disease effectively dimin-

ished the EBV DNA load in serum.

The EBV PCR in serum has earlier been reported by us

to have a good sensitivity for EBV related disease in liver

transplant recipients [15]. However, a higher sensitivity in

the assay might increase the number of patients unneces-

sary treated with potentially toxic antiviral drugs. Plasma

is also easier than leukocytes to handle and standardize,

and therefore more preferable.

The finding of EBV viremia, especially increasing

virus copy numbers during the early period after LTX,

was expected. The two patients mentioned above that

presented with EBV viremia before transplantation had

primary liver malignancy as the indication for LTX.

This may reflect an impaired immune response because

of the tumor and the given cytostatic treatment. Their

EBV copy numbers were the highest in the study

group. One of them developed EBV associated PTLD.

Mutimer et al. [27] reported also EBV DNA positivity

in adults with liver disease before LTX, and overall

highest EBV DNA titers were found during the first

post-LTX month.

We found the highest incidence of EBV DNA positive

samples at 14 days after LTX, the phase of the strongest

immunosuppression. The basic immunosuppression is

the most intense immediately after LTX but usually can

be tapered off during the first 3 months. Additional

anti-rejection treatment is most frequent early after LTX.

High-dose steroid treatment is usually sufficient, but in

10–30% of patients additional anti-lymphocyte antibody

treatment such as OKT3 has to be undertaken [28,29].

Significantly more EBV DNA positive patients were

found early post-LTX among those treated with OKT3

as compared with those without this drug. The inci-

dence of EBV viremia during the first year after LTX

was equal in CsA and tacrolimus treated patients if an

Table 2. Epstein–Barr virus load as measured using real time PCR in

serum of liver transplant patients treated with cyclosporin A or tacroli-

mus and combined with OKT3.

Type of basic

immunosuppression

EBV-DNA load in serum

[median (range); copies/ml serum]

Without OKT3* With OKT3**

Cyclosporin A 700 (180–7200) 1600 (230–7200)

Tacrolimus 380 (120–1900) 380 (120–860)

Comparison between groups per column: *P ¼ 0.34; **P ¼ 0.02.
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additional OKT3 treatment was not taken into account.

In contrast, we showed significantly higher median EBV

DNA load in patients treated with CsA plus OKT3 as

compared with those with tacrolimus plus OKT3. It

seems that OKT3 has a higher additive immusuppressive

effect in patients who has CsA as the basic immunosup-

pression as compared with those with tacrolimus. How-

ever, the median EBV DNA load was lower in CsA

treated patients without additional OKT3 therapy. This

is in line with the report from the Thomas E. Starzl

Transplantation Institute on 4000 LTX patients: the inci-

dence of PTLD was not different in patients with CsA

or tacrolimus as the basic immunosuppression (3.1% vs.

2.6%) [12]. In their patients, PTLD occurred earlier in

CsA than tacrolimus treated patients (6.1 months vs.

23.6 months after LTX, P ¼ 0.01). This was explained

by more frequent need for OKT3 anti-rejection therapy

in patients with CsA than those with tacrolimus (12%

vs. 2%). Smets et al. found an increased risk for PTLD

in LTX patients with low concomitant cellular response

as measured by specific anti-EBV T lymphocyte number

[30]. In our study, the highest EBV DNA load was

found in a patient who suffered from acute liver failure

and who had received OKT3 already days 1–8 after

LTX. It was given instead of CsA to avoid the nephro-

toxic effect of CsA.

We did not find higher EBV DNA loads in serum of

the one patient with PTLD compared with the other

patients. Our results support the study of Preiksaitis et

al. [11] who examined EBV DNA levels in solid organ

transplant recipients with and without PTLD. Patients

with PTLD did not show substantially higher amount of

EBV DNA in oropharyngeal cells as compared with

those without PTLD. Oropharyngeal cell EBV positivity

is assumed to reflect a lytic EBV infection in these cells.

Neither have other studies on LTX and stem cell trans-

plant patients shown a predictive value of EBV DNA

load and the risk for development of PTLD [27,31]. In

contrast, the kinetics of EBV DNA amount within 72 h

of antiviral treatment was predictive for the prognosis

[31].

The influence of the given immunosuppression is also

mirrored by the occurrence of other opportunistic infec-

tions early after LTX [32,33]. We diagnosed in total nine

patients with either asymptomatic CMV infection or

CMV disease and two patients with HSV stomatitis in

the same time period as they had EBV reactivation. The

occurrence of CMV replication did not seem to affect

the EBV DNA load. An increasing amount of data

from larger patient groups suggests that the likelihood of

developing PTLD early in the post-transplant period

exists in CMV mismatch between the patient and donor,

CMV disease, young recipient age, primary EBV infection,

type of organ transplanted, and the administration of

potent immunosuppressive agents [34]. In contrast,

lymphomas occurring late post-transplant seem to be less

predictable; recipients of elder age and duration of the

immunosuppression are the only risk factors currently

recognized.

The patients with HSV mucositis were treated with

low-dose acyclovir therapy. They presented with EBV

DNA loads that were higher and increased earlier after

acyclovir treatment as compared with the patients treated

with ganciclovir against CMV. Indeed, ganciclovir therapy

eradicated EBV DNA from serum in four of five patients

for several months. This agrees with the earlier reports by

Hanto et al. [35,36] describing the efficacy of high-dose

acyclovir treatment on EBV-associated PTLD, but only

when it was still classified as polymorphic diffuse B-cell

hyperplasia. Pirsch et al. [37] reported patients with

PTLD who responded to ganciclovir therapy after an ini-

tial poor response to acyclovir. Because of its antiviral

effect on CMV, ganciclovir might theoretically be more

effective than acyclovir as CMV is a common co-infection

in transplant recipients and is a risk factor for PTLD

because of its immunosuppressive effect.

We could not find any relation between EBV and CMV

reactivations. A possible explanation to the prohibiting

effect of ganciclovir on the development of EBV PTLD

might instead be an inhibition of the spread of EBV,

whereby the number of transformed B-cells will be dimin-

ished. It’s well known that an increased rate of transfor-

mation increases the risk of genomic abnormalities.

However, no placebo-controlled, multicenter studies on

various antiviral drugs and dosages against PTLD have

been performed [38,39]. Although both nucleoside ana-

logs in high dose regimen have been used as prophylaxis

and pre-emptive therapy against primary EBV infection

and PTLD, especially in high-risk pediatric kidney and

liver recipients, reduction of the basic immunosuppres-

sion is strongly recommended as the main treatment in

cases with polyclonal PTLD [13,40–43].

An intra-individual surveillance of our patients showed

increasing EBV DNA loads associated with high cumula-

tive immunosuppression early after LITX, and lower or

disappeared viral loads early after ganciclovir treatment.

However, in some cases a rebound was found several

months after the initial EBV viremia, which was possibly

associated with decreased or stressed cellular immune

response. Successful interventions appear to be limited

against those variables promoting the development of

early EBV infection and PTLD. Quantitation of EBV load

seems to offer the potential to implement pre-emptive

interventions such as a reduction in immunosuppression

and antiviral therapies in patients expressing high viral

load.
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