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ORIGINAL ARTICLE

Epstein-Barr virus DNA in serum after
liver transplantation - surveillance of
viral activity during treatment with |
different immunosuppressive agents

Abstract In immunocompromised
HIV-infected and transplanted pa-
tients, there is a risk of developing
Epstein-Barr virus (EBV)-associ-
ated lymphoproliferative disorders
(LLPD) and lymphomas. EBV has
previously been detected by the
polymerase chain reaction (PCR) in
cerebrospinal fluid from all AIDS
patients with EBV-associated cere-
bral lymphomas. We therefore
thought it would be of interest to
determine whether transplant pa-
tients with extracerebral EBV-asso-
ciated LPD have detectable EBV
genomes in serum. Nested PCR
(nPCR) showed that 58 % (18/31) of
liver transplant (L'TX) patients had
EBV DNA in 17 % (21/125) of se-
rum samples obtained within the
first 3 months after LTX. In 39 %
(7/18) of the patients, the first EBV
nPCR-positive sample was found
within 2 weeks post-L'TX. Basic im-
munosuppression with cyclo-
sporin A or FK506 did not seem to

influence the frequency of detect-
able EBV genomes in serum. In
contrast, positive EBV nPCR corre-
lated to secondary OKT3 treatment
for severe acute rejection (P =
0.009). EBV-associated malignant
lymphoma developed in three pa-
tients 2—6 months post-LTX. In all
of them, EBV DNA was amplifiable
within 12-14 days after LTX. The
EBYV antibody titers were not di-
rectly related to detectable EBV
DNA in serum. We conclude that
monitoring of LTX patients receiv-
ing increased immunosuppression
by nPCR for EBV DNA in serum
may help in the early identification
of those at risk of developing EBV-
associated LPD.
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Introduction

Primary Epstein-Barr virus (EBV) infection may be
asymptomatic or may cause infectious mononucleosis of
varying severity in healthy subjects. Progressive multior-
gan lymphoproliferative disorders (LPD) and lympho-
mas may occur in HIV-infected or transplanted patients
with compromised immunity [6, 9, 22]. Inmunosuppres-
sion is a prerequisite for the development of EBV-associ-
ated LPD [21]. The risk is considerable when drugs that
inhibit specific T-cell cytotoxicity, such as cyclosporin A

(CyA) and FK506, are given in cuamulative doses [4]. An-
other risk factor is T-cell depletion of donor marrow at
the time of bone marrow transplantation [26]. In the
transplanted subset of patients, the clinical effects of
EBYV may be difficult to distinguish from conditions due
to other herpes viruses, such as cytomegalovirus (CMV)
and human herpes virus 6 (HHV-6). The lymphocytic in-
filtration in EBV hepatitis may resemble that found dur-
ing graft rejection in liver transplant recipients [33].
EBYV mononucleosis is considered to be an immune-
mediated disease that occurs when cytotoxic T cells at-
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Table 1 Indications for liver

LTX indicati M/F A Blood t fusi
transplantation (LTX), demo- mdication " (yizrs) (ut?i(zs) ransiusions
graphy, and perioperative
blood transfusions in 31 pa- Acute liver failure 2 02 10, 58 24.5
tients Chronic liver disease 27 15/12 range 1-63 14.0

Liver malignancy 2 02 18,26 4.5

Total 31 15/16 38.5 (median) 14.0 (median)
Table 2 Patient groups accord- G5 Patients  Basic immunosuppression Rejection treatment Patients treated

ing to basic immunosuppres- (n)
sion, rejection treatment, and
number of patients treated for

for acute rejec-
tion (n)

acute rejection A 7 CyA* + AZA + steroids High-dose steroids (recycling) 7
B 12 CyA® + AZA + steroids High-dose steroids + OKT3" 12
C 8 FK506° + steroids High-dose steroids (recycling) 7
D 4 FK3506° + steroids High-dose steroids + OKT3" 4

2 Cyclosporin A, 10 mg/kg per day orally or 3 mg/kg per day i.v., given in combination with azathio-
prine, 1.5 mg/kg per day i.v. followed by 1-2 mg/kg per day orally, and steroids (prednisolone), which
was tapered from 200 to 20 mg/day over a period of 6 days

® OKT3 (monoclonal anti-CD3 antibody; Ortho Pharmaceuticals, N.J., USA), 5 mg/kg per day given

i.v. for 7-10 days

¢ FK506, given in doses of 0.15 mg/kg per day i.v., followed by 0.3 mg/kg orally

tempt to gain control over transformed B lymphocytes
(7, 31]. Although EBV is easily detected in leukocyte
fractions of peripheral blood during infectious mono-
nucleosis in immunocompetent individuals, less than
one-third (27 %) of the serum samples drawn during ac-
tive disease have been shown to contain virus when ex-
amined with the polymerase chain reaction (PCR)
[10]. The EBV nPCR negativity in serum is probably
due to the lack of viral replication and virion produc-
tion in infected B cells {10, 24]. Other lymphotropic
herpes viruses, such as CMV and HHV-6, are more fre-
quently detectable in serum during active disease [3,
20, 27]. EBV nPCR was found in cerebrospinal fluid
from only S0 % of patients with neurological symptoms
in connection with primary EBV infection (unpublished
observation). The same method, however, detects EBV
in cerebrospinal fluid from all AIDS patients with
EBV-associated cerebral lymphoma [35]. It was there-
fore of interest to determine whether transplanted pa-
tients with EBV-associated LPD in localizations other
than the central nervous system have detectable EBV
genomes in serum.

In this study, we assayed the presence of EBV geno-
mes using the nested polymerase chain reaction
(nPCR) in serum obtained from liver transplant recipi-
ents who were on different immunosuppressive regimes.
The samples were obtained during 3 months after liver
transplantation (LTX). The serological response to
EBYV was evaluated in the same serum samples. Three
patients developed EBV-associated lymphomas after
transplantation.

Materials and methods

Patients, immunosuppression, and antiviral therapy

Thirty-one patients undergoing orthotopic LTX between October
1990 and August 1994 were prospectively monitored for the first 3
post-LTX months. The median clinical follow-up period was
4.5 years (range 2 months-5 years). All of the patients gave their
informed consent prior to inclusion in the study. The study was ap-
proved by the local ethics committee at Huddinge Hospital. The
demography of the patients, the indications for LTX, and the num-
ber of perioperative blood transfusions are presented in Table 1.
The serum samples were collected before LTX, at 2 weeks post-
LTX, and at 1 and 3 months post-LTX. Ninety-seven percent
(30/31) of the pretransplant serum samples were available and of
good quality, whereas 90 % (83/92) of the post-LTX samples were
available. Additional samples were obtained from a few patients
on other occasions within 3 months of LTX. Thus, the total number
of serum samples studied was 125. The samples were stored at
—70°C for the retrospective analyses.

The patients were divided into four groups based on the differ-
ent types of immunosuppression, which consisted of cyclosporin A
(CyA,; Sandoz, Basel, Switzerland) in combination with azathio-
prine (AZA) and steroids (groups A and B) or FK506 (tacrolimus;
Fujisawa, Germany), instead of CyA, and steroids (groups C and
D) (Table 2). Episodes of acute rejection were treated with 1 g me-
thylprednisolone sodium succinate, followed by tapering of the
prednisclone dose over 6 days (steroid recycling). Patients in
groups B and D suffered from episodes of steroid-resistant rejec-
tions and were further treated with the monoclonal anti-CD?3 anti-
body OKT3 (Ortho Pharmaceuticals, N.J., USA) for 7-10 days.

Seven patients were included in a randomized, placebo-con-
trolled study of high-dose acyclovir, 3200 mg daily (Wellcome,
London, UK), given as prophylaxis against CMV infection/disease
during the first 3 post-LTX months. Three of these patients re-
ceived acyclovir in the study (the other four the placebo); one addi-
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Table 3 Cpmplicgtions in Complications after LTX EBV DNA-negative EBV DNA-positive p?
patients with or without detect- : ;
. - patients patients

able EBV DNA in serum with-

in 3 months after liver trans- (n) (%] (n) [%]

plantation (LTX) Acute rejection 5 38 12 67 0.12
CMV infection 3 23 4 22 } 022
CMV disease 3 23 8 44 :
Septicemia/candidemia 2 15 4 22 0.50
EBYV lymphoma 0 0 3 17

a . - , Death < 1 year post-LTX 1 8 4 22 0.04

According to Fisher’s exact Total number of patients at risk 13 18

test

tional pediatric liver recipient was given acyclovir prophylaxis out-
side the study.

Epstein-Barr virus serology and genome analyses

Epstein-Barr virus IgG and IgM antibodies to the replicative anti-
gens in P3RH1 cells (mainly the virus capsid antigen, VCA) and to
EBV nuclear antigen (EBNA) were determined by immunofluo-
rescence, according to published standard methods [14]. Activated
NC37 cells were fixed in acetone or methanol and were used to de-
tect early antigen EA R + D and EA R antibodies, respectively.
IgM and 1gG against the EBNAL1 antigen were determined in a pep-
tide ELISA with the p107 peptide, representing the glycine-alanine
repeat of EBNAL, as the antigen [15]. Reduction of IgG and IgM
p107 titers was defined as a difference in optical density of 0.5 or
more between the antibody titers of samples obtained pre-LTX
and 3 months post-LTX, respectively. In addition, serological mark-
ers of CMV, herpes simplex virus, and varicella zoster virus were an-
alyzed pre-LTX, as well as 1 and 3 months post-LTX.

EBV DNA genomes were normally extracted from serum; how-
ever, if this was not available, plasma was used. The samples were
centrifuged at 500 g for 10 min, according to the routines at our lab-
oratory. The QIA amp blood kit (Qiagen, Hilden, Germany) was
used in accordance with the instructions of the manufacturer, with
one exception. While 200 pl of serum was added to the column as
recommended, only 50 ul of H,O was used for elution in order to
concentrate the DNA. However, in 22 of the 125 samples extracted
(18 %), only 50-ul serum was available. The EBV nPCR was per-
formed on duplicates of 10-ul sets of extracted DNA on two occa-
sions. Examination in duplicate is necessary. The examination
should be repeated if only one of two is positive because one may
be contaminated, despite rigorous precautions against contamina-
tion. Since extracted DNA was used in the study, we regarded the
risk of inhibition by the serum preparations as very small.

An nPCR amplifying a 147 bp-long fragment of the BAM HI 1
gene was used, as previously reported [S]. The EBV nPCR was
considered positive when EBV DNA could be amplified in three
of four sample sets. In each nPCR examination, three dilutions of
P3HR1-infected cells that had been repeatedly examined were in-
cluded as positive controls. The last dilution was a borderline con-
trol and no assay was accepted unless the borderline control was
positive.

EBV-associated LPD and lymphoma were diagnosed by immu-
nohistological examination of a fine-needle aspiration biopsy or of
core biopsy material from the tumors using specific monoclonal
antibodies against tumor cell lines and showing EBV nuclear anti-
gen (EBNA) and/or EBV genome in the tumor cells [1, 19].

The patients’ files were carefully studied to compare the results
of the virological analyses with the clinical data. Evaluation of the

degree of acute liver graft rejection in liver core biopsy specimens
was performed according to classification of Snover et al. [29]
with grades 04 (Table 3). This table also presents patients in each
study group with post-LTX complications including EBV-associ-
ated lymphoma.

Statistical methods

Fisher’s exact test and the Wilcoxon Mann-Whitney test were used.

Results
EBV nPCR

Nested PCR revealed that 18 of 31 patients (58 %) were
EBV DNA-positive in one or more samples within the
first 3 post-transplant months (21/125, or 17 %, of the
samples). In six of the nPCR-positive patients, EBV
DNA could be amplified even in the pre-L.TX samples.
In seven other patients, the first EBV nPCR positivity
was found within the first 2 weeks after LTX. In 11 of
31 patients, EBV DNA was also amplified in one or
two of four sample sets. In 9 of 11 patients, this sample
was obtained before or after the sample with the most
intense nPCR (in three or more of four sets).

EBV DNA was amplified in 1 of 22 (4.5 %) 50-ul se-
rum samples. This can be compared to 20 out of 103
(19 %) PCR-positive 200-ul samples (P = 0.36, Fisher’s
exact test). The one positive EBV nPCR in a 50-pl sam-
ple was preceded by a positive PCR in a 200-ul sample.

EBV DNA was detected as frequently during the
first 3 post-LTX months in patients who received high-
dose acyclovir prophylaxis against CMYV as in patients
randomized into the placebo group.

EBV nPCR in relation of graft rejection

Twelve of 18 patients (67 %) with EBV nPCR positivity
suffered from acute rejection of grade 2 or more, ac-
cording to Snover’s classification [29]. Five of 13 EBV
nPCR-negative patients (38 %) were also diagnosed as
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Fig.1 EBV DNA detected by nested PCR in serum from liver re-
cipients before and after liver transplantation (LTX). Values rep-
resent percentage of positive samples analyzed. Four types of im-
munosuppressive therapy were used: cyclosporin A (CyA) + aza-
thioprine (AZA) + steroids (S) without (A) and with (B) OKT3,
and FK506 + steroids (S} without (C) and with (D) OKT3. The
findings in three patients with EBV-associated lymphoma (E) are
shown separately. --&-- A CyA +S + AZA; --B-- B CyA+S+
AZA + OKT3; --%-- C FK506 + S; —&— D FK506 + S + OKT3;
--0-- E Lymphoma pts

having at least a grade 2 acute rejection (P = 0.12, Fish-
er’s exact test). The patients with severe rejections
were initially treated with high doses of steroids; in addi-
tion, they required OKT3 and/or FK506 to resolve the
rejection episodes.

EBV nPCR in relation to immunosuppression

EBV DNA was detected with nPCR in 12 out of 19
(63 %) patients who were treated with CyA as basic im-
munosuppression (groups A and B). EBV DNA was
amplified in 6 out of 12 (50 %) patients who received
FK506 as basic immunosuppression (groups C and D;
Fig.1). Thus, the basic immunosuppression did not
seem to influence the frequency of detectable EBV
genomes (P =0.36, Fisher’s exact test). In contrast,
EBV DNA was found in 13 out of 16 (81 %) patients
who needed OKT3 for treatment of severe episodes of
acute rejection (groups B and D). In 5 of 15 (33%)
EBV DNA-positive patients, no treatment other than
high doses of steroids was needed for the rejection epi-
sodes {groups A and C; P = 0.009, Fisher’s exact test).

EBV nPCR in relation to lymphomas
Three patients developed EBV-associated B-cell lym-

phoma of non-Hodgkin type 2-6 months after LTX.
The EBV genome was amplifiable in all three cases in

the samples obtained 12-14 days post-LTX (Fig.1). In
addition, one case showed EBV nPCR positivity in the
pre-LTX sample. This patient had been examined for
lymphadenopathy in her left axilla 6 months earlier
without a conclusive diagnosis. Two months post-LTX,
an EBV lymphoma developed lateral to her breast.
The other two patients were found to have lymph node
enlargement in the neck, and in the lungs/intra-abdomi-
nally 5 weeks and 6 months after LTX, respectively.
Two of these patients, who developed lymphomas, were
treated with OKT3 for a steroid-resistant acute rejec-
tion.

EBYV serology

Sixteen of 18 patients with detectable EBV DNA geno-
mes were evaluated for EBV VCA IgG, p107 IgM, p107
IgG, and the p107 IgG/IgM in samples obtained at the
same time as the first nPCR positivity (range 4 days—
3 months post-LTX). When the serological titers in pa-
tients with detectable EBV DNA in serum were com-
pared with those obtained 3 months post-LTX from 11
out of 13 patients without amplifiable EBV DNA, there
were no significant differences (P =047, P =049,
P =048, and P =0.47, respectively, Wilcoxon Mann-
Whitney test). Nor were there any differences when the
results of the antibody tests performed at 3 months in
both patient groups were compared with each other
(P =046, P=049, P =048, and P = 0.48, respectively,
Wilcoxon Mann-Whitney test). However, 12 of the 15
patients (80 %) with EBV DNA in serum showed a re-
duction in the IgG pl07 titer between 1 and 3 months
post-LTX. This was significantly more often than in 4
out of 11 patients (36 %) without EBV DNA in serum
(P = 0.03, Fisher’s exact test).

One of the patients had IgM to VCA (1:160) at
3 months post-LTX. However, EBV DNA was not am-
plified in any of the serum samples from this patient
who suffered from primary CMV hepatitis during the
same period. Antibodies against the different compo-
nents of EBV early antigen, EA D, (1:20 to 1:80) were
found pre-LTX in three pediatric patients and in one
young adult liver recipient. The latter patient continued
to show EA D during the 3-month study period, while
the EBV nPCR was negative.

Patient survival

The main infectious complications are presented in Ta-
ble 3. We found no significant difference in the occur-
rence of CMV infection and/or disease, septicemia and/
or candidemia in the patients with detectable EBV
DNA as compared to those without EBV DNA during
the 3 post-LTX months.
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The 1-year survival rate was 84 % (26/31 patients).
EBV DNA was present in 4 out of 5 patients who died
within the 1Ist post-LTX year. This was significantly
more than in those who survived (P = 0.04, Fisher’s ex-
act test). Two of the three patients with detectable
EBV DNA in serum who developed EBV-associated
B-cell lymphomas survived after the immunosuppres-
sion was reduced and satisfactory chemotherapy was gi-
ven. The third patient had a fatal outcome with septice-
mia and malignant lymphoma 7 months post-LTX. An-
other patient died early, at 2 months post-LTX, with a
reactivated EBYV infection, CMV pneumonitis, and dis-
seminated candidosis, combined with aplastic anemia.
The remaining two patients died 7 and 8 months post-
LTX, respectively, without any clear evidence of EBV
nPCR positivity.

Discussion

Epstein-Barr virus is widely spread in all populations; it
has a prevalence of 95 % or more [11]. It is transmitted
to most healthy subjects without apparent disease, but
in immunocompromised patients there is a risk of se-
vere infectious mononucleosis and LPD. We found that
58 % of our LTX patients (18/31) showed EBV activa-
tion, measured as EBV DNA in serum using nPCR, dur-
ing 3 post-L'T'X months. In most analyses, DNA was con-
centrated from 200-pl serum to 50 pl of elution buffer
before nPCR. On some occasions, only 50-ul serum was
available. However, nPCR did not reveal EBV DNA
significantly more often in 200-pl serum samples than
in 50-ul samples. The EBV DNA finding was signifi-
cantly correlated to OK'T3 treatment of severe episodes
of acute rejection. Three patients were diagnosed as de-
veloping EBV-associated lymphomas.

EBV nPCR positivity pre-LTX might be explained
in one pediatric patient by a recent primary infection
and in four others by the impairment of the host im-
mune defense due to chronic liver disease [11]. Two of
these patients suffered from hepatitis B- and hepatitis
C-associated uncompensated cirrhosis, respectively.
One patient had received cytotoxic treatment against
malignant melanoma for 6 months pre-LTX. The fourth
patient had had an unexplained tumor beside her left
axilla that developed into a malignant EBV-associated
lymphoma during 2 post-L'TX months. EBV DNA was
found sporadically in 11 patients and was repeatedly de-
tected in 9 of 11 cases. This suggests that it is neccessary
to monitor immunocompromised patients using EBV
nPCR in serum in order to find those at risk of develop-
ing an active EBV infection. The immunosuppression
should be tapered in patients who are repeatedly found
to have EBV DNA in serum.

The basic immunosuppression did not seem to influ-
ence the frequency of detectable EBV genomes in se-

rum. It has previously been reported that no disease
could be attributed to EBV when FK506 was used as ba-
sic immunosuppression in liver recipients [28]. We
found a correlation between EBV nPCR positivity and
OKT3 treatment of severe episodes of acute liver graft
rejection. This may have been due to specific cytolysis
of host cytotoxic T cells [12, 17] by OKT3, allowing pro-
liferation of EBV-infected B cells and activation with
replication of EBV. Both European and U.S. multicen-
ter trials have shown that primary use of FK506 signifi-
cantly reduces the incidence of rejection and the need
for OKT3. Thus lower cumulative doses of immunosup-
pressive drugs are required [8, 34]. Similarly, it has been
reported that OKT3 did not increase the incidence of
EBYV infections when used as induction therapy instead
of CyA, but it did so when used to treat acute rejections
[18]. In addition, OKT3 antirejection treatment has
been shown to be associated with an increased occur-
rence of post-transplant LPD [25, 32]. In our study, two
of three patients with EBV-associated malignant lym-
phomas had received OKT3.

In this study, the EBV antibody titers showed no di-
rect relation to EBV DNA detected in serum. Nor has
serological surveillance of other herpes virus infections
(CMV, HHV-6) proved to be of value in immunocom-
promised patients because of their failure to develop a
significant humoral antibody response during an active
viral infection [13, 16, 22, 23]. The immunosuppression
may explain some undetectable EBV antibodies after
LTX compared to the pre-LTX findings. The evalua-
tion of antibody titers during the early post-LTX pe-
riod is also complicated because large amounts of
blood are usually transfused during LTX (mean
14 units of erythrocyte concentrate in this study). How-
ever, the EBV IgG p107 titer tended to be lower at the
3-month control after LTX than at the time when EBV
DNA became detectable in patients with nPCR posi-
tivity, but not in patients without EBV DNA in the se-
rum. The presence of EBNA1 antibodies, measured as
antibodies against the pl07 peptide, may be an indirect
sign of T-cell control over EBV-transformed cells, and
the low levels of pl107 EBNAL antibodies may reflect
a defective T-cell control in the EBV nPCR-positive
patients.

The 1-year patient survival rate of this LTX subgroup
(84 %) is in line with previous reports of ours and from
other centers [2, 35]. Two patients died of an EBV-asso-
ciated infection — one of aplastic anemia together with
septicemia and the other of LPD. In total, three patients
suffered from LPD, and all of them showed EBV nPCR
positivity within the 1st post-LTX month. Two of them
had received increased immunosuppression against se-
vere rejection with OTK3. Since post-transplant LPD
and lymphoma are known to be associated with EBYV,
the first-line treatment should be a reduction in the
maintenance immunosuppression [19, 30].
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In conclusion, EBV DNA in serum appears to be a
common sporadic finding in liver transplant patients
(58 %), but most patients showed no specific clinical
symptoms. EBV genomes were found to be correlated
to the secondary use of OKT3 in the treatment of severe

acute graft rejection, independently of the use of CyA

or FK506 as basic immunosuppression. Monitoring pa-
tients receiving increased doses of immunosuppressive
drugs by nPCR for EBV DNA in serum may help in
the early identification of those at risk of developing
EBV-associated LPD.

References

1.

10.

Barkholt L, Billing H, Juliusson G, Por-
wit A, Ericzon BG, Groth CG (1991)
B-cell lymphoma in transplanted liver.
Clinical, histological and radiological
manifestations. Transpl Int 4; 8-11

. Barkholt L, Ericzon B-G, Tollemar J,

Malmborg A-S, Ehrnst A, Wilczek H,
Andersson J (1993) Infections in human
liver recipients: different patterns early
and late after transplantation. Transpl
Int 6: 77-84

. Bryttinger M, Xu W, Wahren B, Sund-

qvist V (1992) Cytomegalovirus DNA
detection in sera from patients with ac-
tive cytomegalovirus infections. J Clin
Microbiol 30: 1937-1941

. Burman K, Crawford DH (1991) Effect

of FK506 on Epstein-Barr virus specific
cytotoxic T-cells. Lancet 337: 297-298

. Cinque P, Brytting M, Vago L, Castagna

A, Parravicini C, Zanchetta N, Manfor-
te AA, Wahren B, Lazzarin A, Linde A
(1993) Epstein-Barr virus DNA in
cerebrospinal fluid from patients with
AIDS-related primary lymphoma of the
central nervous system. Lancet 342:
398-401

. Cohen KI (1991) Epstein-Barr virus

lymphoproliferative disease associated
with acquired immunodeficiency. Proc
Natl Acad Sci USA 86: 9558-9561

. Crawford DH, Edwards JMB, Sweny P,

Janossy G, Hoffbrand AV (1981) Long-
term T-cell-mediated immunity to Ep-
stein-Barr virus in renal-allograft recip-
ients receiving cyclosporin A. Lancet I:
10-12

. European FK506 multicenter liver

study group (1994) Randomised trial
comparing Tacrolimus (FK506) and

Cyclosporin in prevention of liver al-
lograft rejection. Lancet 344: 423-428

. Ferry JA, Jacobson JO, Conti D, Del-

monico F, Harris NL (1989) Lympho-
proliferative disorders and hematologic
malignancies following organ trans-
plantation. Mod Pathol 2: 583-592

Gan Y-J, Sullivan JL, Sixbey JW (1994)
Detection of cell-free Epstein-Barr vi-
rus DNA in serum during active infec-
tious mononucleosis. J Infect Dis 170:
436439

11.

12.

13.

15.

16.

17.

18.

19.

Hara K, Kohno S, Koga H, Kaku M,
Tomono K, Sakata S, Komatsu K,
Omagari K (1995} Infections in patients
with liver cirrhosis and hepatocellular
carcinoma. Intern Med 34: 491-495
Jawetz E, Melnick JL, Adelberg EA
(1991) Herpes virues. In: Jawetz E,
Melnick JL, Adelberg EA (eds) Medi-
cal microbiology. Prentice-Hall Inter-
national, East Norwalk, Connecticut,
pp 418440

Levine PH, Ebbesen P, Ablashi DV,
Saxiner WC, Nordentoft A, Connelly R
(1992) Antibodies to human herpes vi-
rus-6 and clinical course in patients with
Hodgkin’s disease. Int J Cancer 51: 53—
57

. Linde A, Andersson J, Lundgren G,

Wahren B (1987) Subclass reactivity to
Epstein-Barr virus capsid antigen in
primary and reactivated EBV infec-
tions. J Med Virol 21: 109-121

Linde A, Kallin B, Dillner J, Andersson
J, Jagdahl L, Lindvall A, Wahren B
(1990) Evaluation of enzyme-linked
immunosorbent assays with two syn-
thetic peptides of Epstein-Barr virus for
diagnosis of infectious mononucleosis.
J Infect Dis 161: 903-909

Marsano L, Perillo RP, Flye MW, Hanto
DW, Soitzer ED, Thomas JR, Murray
PR, Windus DW, Brant EM, Storch GA
(1990) Comparison of culture and se-
rology for the diagnosis of cytomega-
lovirus infection in kidney and liver
transplant recipients. J Infect Dis 161:
454-461

Masucci MG, Ernberg I (1994) Epstein-
Barr virus: adaptation to a life within
the immune system. Trends Microbiol
Rev 2:125-130

McDiarmid SV, Busuttil RW, Levy P,
Millis MJ, Terasaki PI, Ament ME
(1991) The long-term outcome of
OKT3 compared with cyclosporin pro-
phylaxis after liver transplantation.
Transplantation 52: 91-97

Nalesnik MA, Makowka L, Starzl TE
(1988) Diagnosis and treatment of post-
transplant lymphoproliferative disor-
ders. Curr Probl Surg 25: 365-472

20.

21.

22.

23.

24,

25.

26.

27.

Nyberg G, Bergstrom T, Blohmé 1,
Nordén G, Olofsson S, Ricksten A
{1994) Clinical evaluation in organ
transplant patients of a polymerase
chain reaction test for CMV DNA ap-
plied on white cells and serum. Transpl
Int 7: 428-433

Penn T (1993) Epstein-Barr virus-asso-
ciated disorders in transplant patients.
Literature Scan Transplant 9: 30-32
Randhawa PS, Markin RS, Starzl TE,
Demetris AJ (1990) Epstein-Barr virus-
associated syndromes after liver trans-
plantation. Am J Surg Pathol 14: 538~
547

Rasmussen L, Kelsall D, Nelson R,
Carney W, Hirsch M, Winston D,
Preiksaitis J, Merigan TC (1982) Virus-
specific IgG and IgM antibodies in nor-
mal and immunocompromised subjects
with cytomegalovirus. J Infect Dis 2:
191-199

Rea D, Fourcade C, Leblond V, Rowe
M, Joab I, Edelman L, Bitker MO,
Ganbdjbakhch 1, Suberbielle C, Farcet
JP, Raphael M (1994) Patterns of Ep-
stein-Barr virus latent and proliferative
gene expression in Epstein-Barr virus
B cell lymphoproliferative disorders af-
ter organ transplantation. Transplanta-
tion 58: 317-324

Renard TH, Andrews WS, Foster ME
(1991) Relationship between OKT3 ad-
ministration, EBV seroconversion, and
the lymphoproliferative syndrome in
pediatric liver transplant recipients.
Transplant Proc 23: 1473-1476

Rooney CM, Loftin SK, Holladay MS,
Brenner MK, Krance RA, Heslop HE
(1995) Early identification of Epstein-
Barr virus-associated post-transplanta-
tion lymphoproliferative disease. BrJ
Haematol 89: 98-103

Secchiero P, Carrigan DR, Asano Y,
Benedetti L, Crowley RW, Komaroff
AL, Gallo RC, Lusso P (1995) Detec-
tion of human herpesvirus 6 in plasma
of children with primary infection and
immunosuppressed patients by poly-
merase chain reaction. J Infect Dis 171:
273-280



445

28. Singh N, Gayowski T, Wagener M, Yu

VL (1994) Infectious complications in
liver transplant recipients on Tacroli-
mus. Transplantation 58: 774-778

29. Snover DC, Freece DK, Sharp HL,

Bloomer JR, Najarian JS, Ascher NL
(1987) Liver allograft rejection: an
analysis of the use of biopsy in deter-
mining the outcome of rejection. Am J
Surg Pathol 11: 1-10

30. Starzl TE, Nalesnik MA, Porter KA,

Ho M, Iwatsuki S, Griffith BP, Rosen-
thal JT, Hakala TR, Shaw BW Jr,
Hardesty RL, Atchison RW, Jaffe R,
Bahnson HT (1984) Reversibility of
lymphomas and lymphoproliferative le-
sions developing under cyclosporin-ste-
roid therapy. Lancet I: 583-587

31

32.

33.

Svedmyr E, Ernberger I, Seeley J, Wei-
land O, Masucci G, Tsukuda K, Szigeti
R, Masucci MG, Blomgren H, Berthold
W, Henle W, Klein G (1984) Virologic,
immunologic, and clinical observations
on a patient during the incubation,
acute and convalescent phases of infec-
tious mononucleosis. Clin Immunol Im-
munopathol 30: 437-450

Swinnen LJ, Costanzo-Nordin MR,
Fisher SG, O’Sullivan EJ, Johnson MR,
Heroux AL, Dizikes GJ, Pifarre R,
Fisher RI (1990) Increased incidence of
lymphoproliferative disorders after im-
munosuppression with the monoclonal
antibody OKT3 in cardiac transplant
recipients. N Engl J Med 323: 1723-
1728

Telenti A, Smith TD, Ludwig F, Keating
MR, Krom RAF, Wiesner RH (1991}
Epstein-Barr virus and persistent graft
dysfunction after liver transplantation.
Hepatology 14: 282-286

34. The U.S. Multicenter FK506 Liver

35.

Study Group (1994) A comparison of
tacrolimus (FK506) and cyclosporine
for immunosuppression in liver trans-
plantation. N Engl J Med 331: 1110~
1115

1994 Annual Report of tie U.S. Scien-
tific Registry for Transplantation Re-
cipients and the Organ Procurement
and Transplantation Network - Trans-
plant Data, 1988-1993. UNOS Rich-
mond, VA and the Division of Organ
Transplantation, Bureau of Health Re-
sources Development, Health Re-
sources and Services Administration,
U.S. Department of Health and Human
Services, Bethesda, MD, USA





