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Epstein-Barr virus (EBV) DNA was quantitated in peripheral blood mononuclear cells (PBMC) from 25
healthy subjects, 105 asymptomatic solid-organ transplant (SOT) recipients, and 15 SOT recipients with
symptomatic EBV infections by using a newly developed quantitative-PCR technique. Patients with symptom-
atic EBV infections had significantly higher (P < 0.001) median EBV DNA levels than asymptomatic SOT
recipients and immunocompetent individuals. In SOT recipients, the positive predictive value of EBV DNA
levels of >1,000 genome equivalents (GE)/0.5 pg of total PBMC DNA was 64.7% for symptomatic EBV
infection, while the negative predictive value was 96.1%. In 19 of 32 (59.3%) asymptomatic SOT recipients, EBV
DNA levels were consistently below 1,000 GE for as long as 18 months, while 10 of 32 (31.2%) patients had 1,000
to 5,000 EBV GE at least once during follow-up. In a minority of patients (3 of 32; 9.3%), =5,000 GE could be
detected at least once during follow-up. Reduction of immunosuppressive treatment decreased EBV DNA levels
by =1 log,, unit in patients with symptomatic EBV infections. Quantification of EBV DNA is valuable for the

diagnosis and monitoring of symptomatic EBV infections in SOT recipients.

Posttransplant lymphoproliferative disorders (PTLD) con-
sist of a wide spectrum of manifestations ranging from lym-
phoid hyperplasia to clonal malignancy that occur following
solid-organ and bone marrow transplantation (1, 2, 4, 9, 15, 16,
19, 27).

A strong correlation between Epstein-Barr virus (EBV) in-
fection and the development of PTLD has been recognized
(14, 17, 20, 26, 31). In particular, uncontrolled EBV-induced
B-cell proliferation in these immunosuppressed patients may
play a central role in the pathogenesis of this disease (3, 11, 12,
28). In this respect, it is generally assumed that there is a
correlation between the amount of immunosuppression and
the risk of developing PTLD (14, 18, 29).

PTLD may be reversible in solid-organ transplant (SOT)
recipients following reduction or discontinuation of immune
suppression (27). Other therapeutic options include the ad-
ministration of antiviral drugs (acyclovir, famcyclovir, or fos-
carnet), alpha interferon, anti-B-cell monoclonal antibodies,
and cytotoxic chemotherapy (5, 7, 25). However, these ap-
proaches are associated with high mortality rates in patients
who do not respond to treatment (15). Recently, the adoptive
transfer of EBV-specific cytotoxic T-cell clones has proven
highly effective for treatment of PTLD after bone marrow
transplantation (BMT) with T-cell depletion (22). Thus, timely
detection of PTLD in transplant recipients is necessary so that
the appropriate therapy can be adopted. The detection and
quantification of EBV DNA in the blood have been utilized as
prognostic markers for the development of lymphoprolifera-
tive disorders (21, 24, 30), showing a correlation between high
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levels of EBV DNA in the blood and the development of
PTLD (10, 21, 24). However, in two recent papers very differ-
ent threshold values were indicated as predictive for PTLD,
and large differences both in the prevalence and in the levels of
EBV DNA in the blood of control populations were reported
(13, 23).

In the present study, we describe a novel and simple quan-
titative PCR (Q-PCR) technique, developed according to an
original design, which allowed for reproducible DNA quanti-
fication in the range of 10' to 10° EBV genome equivalents
(GE)/0.5 pg of peripheral blood mononuclear cell (PBMC)
DNA. EBV DNA was comparatively quantitated in immuno-
competent individuals as well as in SOT recipients with asymp-
tomatic and symptomatic EBV infections. Threshold values
predictive for PTLD were determined in a prospective fol-
low-up study.

MATERIALS AND METHODS

Study populations. EBV DNA was quantitated in the blood of three groups of
individuals: (i) 25 immunocompetent healthy subjects, (ii) 77 randomly selected
asymptomatic adult SOT recipients (65 heart, 8 lung, and 4 liver transplant
recipients), as well as 28 asymptomatic pediatric heart transplant recipients, and
(iii) 12 adult SOT recipients (11 with heart transplants and 1 with a liver
transplant) and 3 pediatric heart transplant recipients with symptomatic EBV
infections.

The demographics of the study population were as follows. The median age of
the 25 immunocompetent subjects (25 females) studied was 27.0 years (range, 23
to 31 years). The median age of the 31 pediatric heart recipients (17 males and
14 females) was 7.6 years (range, 0.2 to 17.3 years). Finally, for the 76 adult heart
(64 males and 12 females), 8 lung (4 males and 4 females), and 5 liver (3 males
and 2 females) transplant recipients, the median ages were 46.7, 42.3, and 50.1
years, respectively (ranges, 18.2 to 64.4, 22 to 60, and 28.3 to 60.5 years, respec-
tively).

Asymptomatic SOT recipients were randomly enrolled 1 year or more after
transplantation concomitantly with a routine physical examination, which was
performed every 3 to 6 months, and blood samples were taken and assayed by
PCR for the presence of EBV DNA. EBV DNA-positive patients were prospec-
tively monitored every 1 to 3 months for as long as 18 months. Given the very
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high prevalence of EBV seropositivity in Italy, routine EBV serology was not
performed for asymptomatic patients. The virological follow-up of symptomatic
patients was initiated in the presence of clinical symptoms suggestive of PTLD.
Patients who experienced a febrile syndrome (body temperature of >37.5°C for
=2 weeks) without lymphadenopathy and for whom rejection, human cytomeg-
alovirus infection, and other causes of fever had been carefully ruled out, were
defined as symptomatic. PTLD was diagnosed as reported elsewhere (4, 11, 15,
20, 28), by histologic examination of biopsy or autopsy tissue specimens from
patients with lymphadenopathy or disseminated disease. Sections were evaluated
for the degree of polymorphism, necrosis, plasmacytic differentiation, and num-
ber of large atypical cells. The cellular clonal status was determined by Southern
blot analysis of lesional DNA. The presence of EBV within the tumor cells was
established by in situ hybridization for EBV encoded RNA (EBER), performed
on routinely processed paraffin sections by using a fluorescein-conjugated EBER
DNA probe and a phytohemagglutinin in situ hybridization detection kit (DAKO
A/S, Glostrup, Denmark) according to the manufacturer’s instructions.

DNA extraction from Ficoll-separated PBMC samples. Aliquots of 10° PBMC
were lysed with proteinase K (25 mg/ml) for 1 h at 55°C. After enzyme inacti-
vation at 94°C for 10 min, samples were centrifuged at 3,200 X g for 5 min.
Supernatants were collected and precipitated at —80°C for 1 h in the presence of
0.2 M sodium acetate and 3 volumes of 100% ethanol. Then samples were
centrifuged at 13,500 X g for 20 min at 4°C. The DNA pellets were washed three
times with 70% ethanol and dried at 55°C. Finally, DNA was resuspended in
H,O0, and 0.5-p.g DNA aliquots, roughly corresponding to 10° PBMC, were used
in each PCR.

Construction of the internal control and external standards for quantification
of EBV DNA by Q-PCR. Viral DNA in PBMC was quantified by following a
previously reported method (6) in principle. Two recombinant DNA molecules,
referred to as pP3 and pRM, were constructed. pP3 was obtained by cloning into
plasmid PCR 2000 (TA cloning system; Invitrogen, Carlsbad, Calif.) a 269-bp
region of the EBV EBNA-1 gene (BamHI K region) which was amplified by the
primer pair 1-2 (primer 1, 5'-GTCATCATCATCCGGGTCTC-3'; primer 2,
5'-TTCGGGTTGGAACCTCCTTG-3"). (30). pRM was obtained by cloning
into plasmid PCR 2000 a 330-bp recombinant DNA molecule consisting of a
pGEM 3Z plasmid (Promega, Madison, Wis.) sequence that was similar in its
GC and AT contents to the EBNA-1 amplified region sequence and had the
target sequences of primers specific for EBNA-1 artificially added to its ends
according to a previously reported PCR-directed mutagenesis technique (32).
Thus, pP3 and pRM were amplified by the same set of primers but were different
in size. Competition experiments were performed in order to verify the PCR
kinetics of the two molecules and to select the most appropriate conditions for
the Q-PCR. EBV DNA quantification in PBMC samples was achieved by am-
plifying serial amounts of pP3 (10%, 103, 10, 10", and 10° copies, which were used
as external standards) in the presence of 0.5 pg of PBMC DNA from EBV
DNA-negative donors and in parallel with PBMC samples. A fixed amount of
pRM (100 copies) was added both to standards and to sample PCR mixtures and
was used as an internal amplification control.

PCR was carried out for 45 cycles (each consisting of 94°C for 30 s, 58°C for
45 s, and 72°C for 1 min plus 1 additional second per cycle) in 1X PCR buffer (10
mM Tris-HCI [pH 8.3], 50 mM KCl, 1.5 mM MgCl,, 0.001% gelatin) by using 25
pmol of each primer and 2 U of Taq polymerase (Perkin-Elmer, Foster City,
Calif.) in a final volume of 50 pl. The pP3 and pRM amplification products were
differentiated by ethidium bromide staining after agarose gel electrophoresis.
Gel signals were then digitalized and submitted to densitometric analysis (6).

Statistical analysis. Since the sensitivity of our PCR technique was 10 EBV
DNA GE, median EBV DNA levels were calculated by arbitrarily assigning the
EBV DNA-negative (<10 GE) samples the value of 5 EBV DNA GE. The
prevalences of EBV DNA in immunocompetent individuals, asymptomatic SOT
recipients, and SOT recipients with symptomatic EBV infections were compared
by the Pearson chi-square test, while differences in EBV DNA levels among the
three groups of individuals were analyzed by the Kolmogorov-Smirnov two-
sample test for nonparametric sample distribution (Systat for Macintosh; Systat
Inc., Evanston, IIL.).

RESULTS

Quantification of EBV DNA by Q-PCR. In repeated PCR
amplifications of serial dilutions of pP3 (external standard) and
pRM (internal control), it was shown that 10 copies of each
molecule could be reproducibly detected. Thus, this was de-
fined as the cutoff of our PCR method. In addition, by coam-
plifying serial concentrations of the two molecules as well as
fixed amounts of pRM and serial concentrations of pP3, it was
demonstrated that gel signals of identical intensity were con-
sistently obtained following PCR amplification of the same pP3
and pRM copy numbers (Fig. 1). Thus, the two molecules
showed comparable PCR kinetics and were amplified with
similar efficiency. EBV DNA was quantified according to a
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FIG. 1. Construction of the standard curve. (A) pP3 copy number, ranging
from 10,000 to 1 (external standards); pRM, 100 copies for each sample (internal
control). MW, molecular weight markers (pBR322 cleaved with HaellI). (B)
Standard curve obtained by densitometric analysis of gel signals. (C) Example of
EBV DNA quantification in sequential PBMC samples from patient (pt) 5 (from
left to right, 7,420, 11,520, and 70 GE) and pt 9 (from left to right, 1,200, 3,980,
and 38,900 GE) (see Table 3).

previously reported method (6) by comparing the gel signals of
the PCR products from the clinical samples with those ob-
tained from the external standards. The use of a fixed amount
of pRM (100 copies) as an internal control of amplification
allowed for detection of PCR inhibitors in clinical samples and
verification of PCR efficiency in each tube, thus allowing nor-
malization of the EBV DNA results during densitometric anal-
ysis. The pP3/pRM (100 copies) gel signal ratios were used to
plot a standard curve for each test run. Quantification of EBV
DNA GE in clinical samples was obtained by interpolating
EBV EBNA-1/pRM (100 copies) gel signal ratios (Fig. 1).
PBMC samples containing =10* GE were diluted 1:10 or 1:100
and then quantitated by the same procedure. Thus, DNA
quantification was also achieved in the range of 10* to 10° GE.

EBV DNA prevalence and quantification. Significant differ-
ences in the prevalence of EBV DNA in the blood were found
among the three groups of subjects studied (Table 1). All
patients with symptomatic EBV infections (both adults and
children) were EBV DNA positive, whereas about half of the
asymptomatic SOT recipients had EBV DNA in their blood
(P < 0.001). Among asymptomatic SOT recipients, pediatric
patients showed a slightly higher prevalence of EBV DNA
than adults. However, this difference was not significant. In
addition, for asymptomatic patients, no difference was ob-
served in either the prevalence of DNA positivity or EBV
DNA levels with respect to time after transplantation. Specif-
ically, at =2 years, 2 to 5 years, and >5 years after transplan-
tation, 11 of 21 (52.3%), 21 of 36 (58.3%), and 27 of 48
(56.2%) patients were positive for EBV DNA, respectively. At
the same times, median EBV DNA values were 10 (range, <10
to 1,500), 10 (range, <10 to 800), and 10 (range, <10 to 3,000),
respectively. In contrast, the rate of EBV DNA positivity in the
blood was very low in immunocompetent healthy individuals
compared to transplant patients (P < 0.001).
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TABLE 1. Prevalences of EBV DNA-positive subjects in the three
indicated population groups

No. of EBV DNA-
positive subjects/total
no. tested (%)”

Population group

SOTR? with symptomatic EBV infection

Adults 12/12 (100)
Pediatric patients 3/3 (100)
TOLAL oo 15/15 (100)

Adults . 40/77 (51.9)

19/28 (67.8)

TOMA oo 59/105 (56.2)

Immunocompetent adults..........ccoeevveirivinirinicninininne, 2/25 (8.0)

“ By the Pearson chi-square test, P > 0.05 for adult versus pediatric patients
with symptomatic EBV infection and for asymptomatic adult versus asymptom-
atic pediatric patients, while P < 0.001 for total symptomatic versus total asymp-
tomatic SOT recipients, total symptomatic SOT recipients versus immunocom-
petent adults, and total asymptomatic SOT recipients versus immunocompetent
adults.

? SOTR, SOT recipients.

From a quantitative standpoint, marked differences in EBV
DNA levels were observed among the three groups of subjects
(Fig. 2): median EBV DNA values in immunocompetent indi-
viduals, asymptomatic SOT recipients, and SOT recipients
with symptomatic EBV infections (values at time of first diag-
nosis) were <10 (range, <10 to 70), 10 (range, <10 to 3,000),
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FIG. 2. EBV DNA levels in the blood of the three population groups studied.
Median levels are indicated by horizontal lines. Statistical differences between
groups are given at the top.

EBV DNA IN SOLID-ORGAN RECIPIENTS 615

and 5,000 (range, 100 to 126,000), respectively (P < 0.001). No
significant difference between EBV DNA onset and peak lev-
els (7,500; range, 100 to 126,000) was observed in symptomatic
patients (P > 0.05). A detailed analysis of quantitative EBV
DNA levels in the three groups of subjects is shown in Table 2.
The large majority of immunocompetent individuals were neg-
ative for EBV DNA, while the two EBV DNA-positive sub-
jects had very low EBV DNA levels (<100 EBV GE). Fewer
than half of the asymptomatic SOT recipients were EBV DNA
negative (46 of 105; 43.8%). However, the great majority of
asymptomatic EBV DNA-positive patients had low EBV DNA
levels in their blood (=1,000 EBV GE). Only 6 of 105 (5.7%)
asymptomatic SOT recipients had >1,000 EBV GE. In con-
trast, the majority of symptomatic patients (11 of 15; 73.3%)
had >1,000 EBV GE in their blood at the onset of clinical
symptoms. On the other hand, 4 of 15 (26.6%) symptomatic
patients had low EBV DNA values (10 to 1,000 EBV GE). The
positive predictive value (PPV), which was calculated by com-
paring patients with PTLD to asymptomatic transplant pa-
tients, increased with increasing EBV DNA levels (Table 2).
By combining data from all patients with >1,000 EBV GE, the
PPV was 64.7%, while the negative predictive value (NPV) was
96.1%. However, the NPV was always =84.5%, thus confirm-
ing the direct correlation between the presence of EBV DNA
and the emergence of PTLD (Table 2).

Clinical outcome and virologic follow-up. Virologic moni-
toring of 32 asymptomatic SOT recipients who were EBV
DNA positive at the time of enrollment showed some fluctu-
ations in EBV DNA levels over time (Fig. 3). Nineteen of these
32 patients (59.3%) showed EBV DNA levels consistently be-
low 1,000 GE for as long as 16 months (Fig. 3A, lower curve),
while 10 (31.2%) had at least one sample with EBV DNA
values in the range of 1,000 to 5,000 GE (Fig. 3A, upper curve),
and 3 (9.3%) showed =5,000 EBV GE in their blood at least
once during follow-up (Fig. 3B). In two of these patients, DNA
levels of =5,000 GE were often detected, and after the 1-year
follow-up one of these patients developed a febrile syndrome
concomitantly with the appearance of an EBV DNA level of
10,000 GE in the blood (Fig. 3B).

A summary of the clinical and demographic characteristics
of the 15 SOT recipients with symptomatic EBV infections is
given in Table 3. Six heart transplant recipients developed
febrile illness, and one liver transplant recipient experienced a
mild elevation of liver function test results. Patients were di-
agnosed on the basis of EBV DNA positivity in the blood in
the absence of other possible causative agents, as assessed after
extensive clinical, radiological, and microbiological analyses.
Among the eight patients with more-severe disease, five had
non-Hodgkin’s lymphoma (NHL), two had disseminated lym-
phoproliferative disease with multiple organ involvement, and
one showed B-cell lymphoproliferation at multiple node sites.
The mean time to development of EBV-associated clinical
symptoms was 5.3 (range, 1.1 to 9.9) years after transplanta-
tion, and no significant difference was observed between pa-
tients with mild and severe disease (5.9 * 3.2 versus 4.7 = 1.9
years). Although the seven patients with mild EBV infections
had lower mean levels of EBV DNA in their blood than the
eight patients with more-severe presentations (4,885.7 =
4,880.7 versus 19,636.6 = 32,640.0), the difference was not
significant (P > 0.05 by the Kolmogorov-Smirnov test).

The six patients with febrile illness and the single patient
with liver function test abnormalities were treated solely by
reduction of their immunosuppressive regimens, and all the
patients improved clinically. From the virological standpoint,
modulation of immunosuppressive treatment was effective in
drastically reducing EBV DNA levels in the blood of each
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TABLE 2. EBV DNA levels in immunocompetent individuals, asymptomatic SOT recipients, and SOT recipients with symptomatic
EBYV infections

No. of subjects with the indicated level of EBV DNA/total no. tested (%)
EBV DNA level .. .
. SOT recipients with PPV (%)° NPV (%)”
GE/0.5 of DNA Immunocompetent Asymptomatic o
( ne ) individuals SOT recipients symptomatic ?BV
infections

<10 23/25 (92.0) 46/105 (43.8) 0/15 100.0
10-100 2/25 (8.0) 34/105 (32.3) 2/15 (13.3) 5.5 84.5
101-1,000 0/25 19/105 (18.1) 2/15 (13.3) 9.5 86.8
1,001-10,000 0/25 6/105 (5.7) 8/15 (53.3) 57.1 93.3
>10,000 0/25 0/105 (0.0) 3/15 (20.0) 100.0 89.7

“ Onset values.
b Calculated with respect to asymptomatic SOT recipients.

patient. Four patients showed clearance of EBV DNA from
the blood, while one patient had a 2-log,, decrease and one
patient had a 1-log,, decrease in the level of EBV DNA in the
blood. The median time to clearance or =1-log,, decrease in
the EBV DNA load was 3.2 (range, 1.1 to 5.8) months follow-

A 10000 7

1000

100 7

Mean (+SD) EBV DNA GE/10ul blood

10 T T

3-6 6-9 9-12 12-16

months of follow-up

B 10000

1000

100 o

No.of EBV DNA GE/10ul blood

months of follow-up

FIG. 3. Follow-up of EBV DNA levels in 32 SOT recipients with asymptom-
atic EBV infections. (A) EBV DNA levels (means * standard deviations) in 19
patients consistently showing <1,000 GE during follow-up (@) and in 10 patients
with at least one blood sample in the range of 1,000 to 5,000 GE during follow-up
(8). (B) Individual fluctuations of EBV DNA levels in three patients showing
=5,000 GE in the blood at least once during follow-up.

ing reduction of the immunosuppressive regimen. Virological
follow-up data for four of the most representative patients are
shown in Fig. 4 (patients 4, 5, 6, and 8). Determination of
FK506 plasma levels for patient 9 documented parallel de-
creases in levels of the immunosuppressive drug and EBV
DNA in the blood (Fig. 5).

All five patients with B-cell NHL (Table 3) were treated by
reduction of immunosuppressive medication in association
with the administration of acyclovir (patients 11, 13, and 14),
alpha interferon (patient 3), or chemotherapy (patient 15).
Three of these patients died shortly after diagnosis (median
survival, 5.4 months; range, 1.1 to 12.6 months), while two
patients who showed reductions in EBV DNA levels in the
blood were still alive 3.3 and 7.4 months after diagnosis, re-
spectively, with clinical improvement. One patient who devel-
oped a PTLD presentation involving multiple lymph nodes
(patient 12) was treated by reduction of the immunosuppres-
sive regimen and intravenous (i.v.) administration of acyclovir
(30 mg/kg of body weight/day) but eventually died 12 days after
diagnosis. Finally, two patients (patients 7 and 10) developed
disseminated disease which led to death 0.37 and 4.4 months
after diagnosis, respectively, despite complete withdrawal of
immunosuppression and administration of i.v. acyclovir for one
(patient 7) and a marked decrease in immunosuppression and
administration of alpha interferon for the other (patient 10).
Although clinically useless (both patients died), administration
of alpha interferon in association with modulation of the im-
munosuppressive regimen was followed by sharp decreases in
EBV DNA levels (>1 log,, unit) in both patients.

DISCUSSION

PTLD is characterized by a wide spectrum of manifestations,
and it appears particularly important to diagnose PTLD when
it is still in the polyclonal phase. In fact, current therapeutic
approaches include reduction of immunosuppressive therapy
in order to allow the recipient’s immune system to control
EBV-induced proliferation episodes, as occurs in immunocom-
petent individuals (27). Treatment of EBV-induced clonal ma-
lignancies has proven to be more difficult, since both the
greater tumor load and possible variations in the expression of
EBYV latency proteins may impair B-cell proliferation control
and result in poor immune surveillance. Recently, EBV-spe-
cific cytotoxic T-cell lines expanded from pretransplant blood
samples of SOT recipients have been shown to be an effective
therapeutic tool in the posttransplant period (8). However, this
treatment approach appears more feasible in the BMT setting
(13, 22), given the high incidence of PTLD in T-cell-depleted
BMT recipients in the early posttransplant period (13, 14, 22).
Generation, storage, and utilization of EBV-specific cytotoxic
T-cell lines for SOT recipients appear more problematic, given
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TABLE 3. Clinical and demographic characteristics of patients with symptomatic EBV infections

EBV DNA level

Pa;f.m Age (yr)/sex” trl':i}x]gglgrflt posttl;;(;sgfa}::ation %%IIEV/I%S I)pi\gI :)f Clinical symptom(s)® Treatment® Outcome
1 46/F Heart 5 100 FI, LFTa, leukopenia | ISR Improved
2 62/M Heart 10 3,000 FI | ISR Improved
3 62/M Heart 5 5,000 NHL | ISR, IFN-« Dead
4 60/F Liver 1 100 LFTa J ISR Improved
5 65/M Heart 9 11,520 FI Stop ISR Improved
6 59/'M Heart 7 7,500 FI VISR Improved
7 42/M Heart 5 126,000 MOI Stop ISR, ACV  Dead
8 60/M Heart 8 1,000 FI VISR Improved
9 51/M Heart 3 1,200 FI | ISR Improved
10 46/M Heart 8 11,200 MOI VISR, IFN-a Dead
11 10/F Heart 2 10,000 NHL VISR, ACV Dead
12 67/M Heart 6 7,000 Multiple lymph node involvement | ISR, ACV Dead
13 18/F Heart 4 223 NHL VISR, ACV Improved
14 21/M Heart 2 8,300 NHL | ISR, ACV Improved
15 21/M Heart 7 8,570 NHL VISR, ACV Dead

“M, male, F, female.

b FI, febrile illness; LFTa, liver function test abnormalities; MOI, multiple organ involvement.
¢ | ISR, immunosuppressive regimen reduction; IFN-a, alpha interferon; ACV, acyclovir.

the lower incidence and the later appearance of PTLD in these
patients (2, 4, 9, 15, 16, 19, 27). Thus, the availability of a
simple and reliable assay for timely detection of PTLD in
transplant recipients is a pressing need.

In a previous study, Riddler et al. found an association
between high EBV DNA copy numbers and PTLD in SOT
recipients (21). More recently, a cutoff of >500 EBV GE/10°
lymphocytes was indicated as associated with PTLD in pediat-
ric SOT recipients, while asymptomatic SOT recipients were
mostly EBV DNA negative or showed very low (<200 GE)
EBV DNA levels (23). In a third study, using a semiquantita-
tive PCR, it was shown that not all BMT patients with elevated
levels of EBV DNA developed PTLD, but all PTLD patients
had high EBV DNA levels (13). Although there might be
differences in the threshold values related to each method, the
emerging pattern indicates that PTLD is associated with a high
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FIG. 4. Effect of modulation of immune-suppressive therapy on EBV DNA
levels in the blood of four SOT recipients with symptomatic EBV infections (see
Table 3). The vertical dotted line indicates the initial time of reduction of the
immunosuppressive regimen. pt, patient.

EBV DNA load in peripheral blood, as one would expect when
considering the proposed pathogenesis of this disease. This
finding is clinically relevant, and it appears most important to
differentiate between patients showing self-limiting reactiva-
tions and patients progressing toward an aggressive disease in
order to avoid unnecessary modification in the immune-sup-
pressive regimen. However, to date no definite cutoff values
predictive for the development of PTLD have been established
for SOT and BMT recipients.

We developed a simple and reproducible assay allowing
EBV DNA quantitation in the range of 10' to 10° EBV GE.
Striking differences in the prevalence of EBV DNA positivity
in the blood were observed among the three groups of subjects
studied. In fact, all symptomatic patients were EBV DNA
positive, whereas about half of the asymptomatic SOT recipi-
ents and nearly all the immunocompetent individuals were
EBV DNA negative. These results confirm a close association
between PTLD and the replication of EBV-infected cells in
peripheral blood and, together with data presented by Rowe et
al. (23), indicate a marked influence of long-term immune
suppression on enhanced replication of EBV-infected cells. No
difference was observed between adult and pediatric patients.
Quantitation of EBV DNA confirmed the finding by Lucas et
al. (13) that a few patients with elevated EBV GE counts did
not develop PTLD. Moreover, it was shown that a minority of
patients with symptomatic EBV infection had low EBV DNA
copy numbers at the onset of symptoms. However, the data
clearly demonstrated that the PPV increased with increasing
levels of EBV DNA in the blood, reaching 64.7% with EBV
DNA levels of >1,000 GE. In addition, the virological fol-
low-up of a subset of asymptomatic EBV DNA-positive SOT
recipients showed large fluctuations in EBV DNA levels over
time. However, levels were consistently below 1,000 EBV GE
in the majority of asymptomatic patients, while about one-third
of them showed transiently elevated values. Finally, EBV DNA
levels of >5,000 GE were detected repeatedly in only a few
asymptomatic patients (3 of 32; 9.3%), and one of these pa-
tients developed a symptomatic EBV infection.

These results suggest that the extent of EBV replication in
SOT recipients is greater than that in immunocompetent indi-
viduals due to long-term administration of immunosuppressive
treatment. However, it appears that the enhanced EBV-in-
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FIG. 5. Parallel reductions in FK506 plasma levels and the EBV DNA load in the blood of an SOT recipient (patient 9 [see Table 3]) with a symptomatic EBV

infection.

duced B-cell replication can still be controlled by the patients’
immune systems for a long time, at least below a threshold
level. Our results also indicate that this threshold is apparently
settled at 1,000 EBV GE and that a grey zone might be iden-
tified between 1,000 and 5,000 EBV GE. Thus, patients with
EBV DNA values in this range may remain asymptomatic or,
if the immune system is no longer able to control EBV repli-
cation, may progress to PTLD. Detection of these high-risk
patients may be helpful for timely therapeutic intervention. In
fact, in our series, the best results with immunosuppressive-
regimen modulation were obtained for patients with lower
EBV DNA counts, in the absence of severe manifestations of
PTLD.

In conclusion, our Q-PCR assay appears useful for the di-
agnosis and monitoring of EBV-induced lymphoproliferative
diseases in SOT recipients. In addition, on the basis of our
results, it appears reasonable to suggest a routine prospective
virologic follow-up of all SOT recipients in order to better
understand the kinetics of EBV infection in these patients and
to modulate the immunosuppressive regimens accordingly in a
timely manner. Adoptive transfer of EBV-specific cytotoxic T
lymphocytes may be attempted and may represent the basis for
the adoption of specific therapeutic strategies.
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