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Epstein-Barr virus (EBV)-induced posttransplant lymphoproliferative disease (PTLD) continues to be a
serious complication following transplantation. The aim of the present study was to evaluate the EBV load as
a parameter for the prediction and monitoring of PTLD. The EBV load was analyzed by a quantitative
competitive PCR with 417 whole-blood samples of 59 patients after allogeneic stem cell transplantation (SCT).
The EBYV load was positive for all 9 patients with PTLD and for 17 patients without PTLD. The viral loads of
patients with manifest PTLD differed from the loads of those without PTLD (median loads, 1.4 X 10° versus
4 X 10* copies/pg of DNA; P < 0.0001). A threshold value of 10° copies/pg of DNA showed the best diagnostic
efficacy (sensitivity, 87%; specificity, 91%). However, in patients with less than three major risk factors for
PTLD, the positive predictive value of this threshold was rather low. One week prior to the manifestation of
PTLD, the EBYV load was as low in patients who developed PTLD as in patients without disease (median, 2.2
% 10* copies/pg of DNA; P was not significant). EBV DNA tested positive first at 20 to 71 days prior to the
clinical manifestation of PTLD and occurred with the same delay after transplantation regardless of disease
(median delay, 52 versus 63 days; P was not significant). EBV DNA was detected earlier in patients with
primary infections than in those with reactivations (33 versus 79 days; P = 0.01), but the peak levels were
similar in the two groups. EBV primary infection or EBV reactivation is frequent in patients after allogeneic
SCT but results in PTLD only in a subgroup of patients. Although evaluation of the EBV load has limitations,

1

the EBV load represents a valuable parameter to guide therapy.

Epstein-Barr virus (EBV) causes a mild self-limiting disease
during primary infection and persists for life in latently in-
fected B cells. These cells may outgrow as immortal lympho-
blastoid cell lines in vitro but are controlled by a strong im-
mune response in vivo, mediated mostly through cytotoxic T
cells. However, in immunosuppressed individuals, EBV-in-
fected B lymphocytes may proliferate rapidly, resulting in poly-
clonal or monoclonal lymphoproliferative disease (2, 14, 22, 24,
35). This posttransplant lymphoproliferative disease (PTLD)
remains a significant cause of morbidity and mortality in trans-
plant recipients.

In stem cell transplantation (SCT) recipients, PTLD is ob-
served mainly during the first 6 months after transplantation.
The incidence of PTLD after transplantation varies consider-
ably depending on the major risk factors such as EBV primary
infection after transplantation, the use of antithymocyte glob-
ulin or anti-CD3 monoclonal antibodies during immunosup-
pressive therapy, or cytomegalovirus (CMV) primary infection
or reactivation (3, 18, 37). Furthermore, mismatched or unre-
lated stem cell grafts or T-cell-depleted grafts are associated
with an increased risk for PTLD. Although the incidence of
PTLD after allogeneic SCT is as low as 0.5% in patients with-
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out major risk factors, it may rise to 22% in patients with three
or more risk factors (3).

Despite the availability of therapeutic options including the
reduction of immunosuppression, the use of anti-CD20 anti-
body (Rituximab), adoptive T-cell transfer, or aggressive che-
motherapy, PTLD is still associated with a high rate of mor-
tality (11, 15, 25, 28, 34). Thus, prevention of PTLD is a major
goal. Reduction of immunosuppression or adoptive T-cell
transfer has yielded encouraging results as prophylaxis for
PTLD (29). However, as shown for CMV, preemptive therapy
of patients at risk seems to be superior to a prophylactic strat-
egy that is applied to all patients.

Formerly, patients with EBV-related disorders were mostly
identified by qualitative PCR. However, since EBV DNA is
present in a small fraction of lymphoid cells from every healthy
virus carrier, quantitative methods are expected to be more
reliable. Studies on EBV loads differ greatly depending on
patient characteristics, the methods applied, the samples used
for detection, and the methods by which the data are calcu-
lated. Different PCR techniques are used to quantify the viral
load, including end point dilution PCR (10, 14, 26), quantita-
tive competitive PCR methods (1, 7, 21, 30, 32), or real-time
PCR detection (12, 23). Since PTLD in solid-organ transplant
recipients differs from that in SCT recipients with regard to the
source of EBV, the time of disease outbreak, and the course of
the disease itself, SCT recipients should be grouped and ana-
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TABLE 1. Patient characteristics and transplantation procedure in patients with PTLD

Patient  Age Disease Donor Immunosuppression Day of Antiviral treatment for prophylaxis or

no. (yr) engraftment preemptive CMV therapy

1 26 SAA MUD ATG, CsA, MMF, prednisolone 17 days 0-30 ACV; from day 25, FC, GCV, GCV + FC
2 40 MDS MFD TGM, CsA 9 days 0-30 ACV; from day 30, GCV, GCV + FC

3 48 CML 2AgMM-FD? None 14 days 0-30 ACV; from day 14, FC, GCV, GCV + FC
4 34 ALL MUD ATG, CsA, MMF, prednisolone 12 days 0-30 ACV; from day 52, FC, FC + GCV, cidofovir
5 24 ALL MUD ATG, CsA 11 days 0-30 ACV

6 31 ALL MUD ATG, CsA, MMF, prednisolone 11 days 0-30 ACV, from day 34, GCV, FC

7 34 AML MUD ATG, CsA, MMF, prednisolone 11 days 0-30 ACV

8 37 AML 1AgMM-DU”  ATG, CsA, OKT3 10¢ days 0-30 ACV

9 54 MM MUD ATG, CsA, OKT3 28 days 0-30 ACV, from day 19, GCV

“ Abbreviations: SAA, severe aplastic anemia; MDS, myelodysplastic syndrome; CML, chronic myeloid leukemia; ALL, acute lymphoblastic leukemia; AML, acute
myeloid leukemia; MM, multiple myeloma; MUD, matched unrelated donor; 2AgMM-FD, family donor with two antigen mismatches; 1AgMM-DU, unrelated donor
with one antigen mismatch; ATG, antithymocyte globulin; CsA, cyclosporine; MMF, mycofenolate mofetil; ACV, acyclovir; FC, foscarnet; GCV, ganciclovir.

b Both patients received T-cell-depleted grafts.

¢ Primary graft failure with a second graft at day 34; engraftment was at day 10 after the second transplantation.

lyzed separately. So far only a few patients with SCT have been
examined (10, 17, 23, 27).

The aim of the present study was to evaluate the dynamics
and prognostic value of EBV load determination in order to
facilitate preemptive therapy for PTLD after SCT. Impor-
tantly, because of the sample size in the present study (n =
419), a threshold value could be established for PTLD and
evaluated according to its sensitivity and specificity as well as to
its positive and negative predictive values. Thus, it should allow
correct interpretation of the EBV load.

MATERIALS AND METHODS

Patients, transplant characteristics, and treatment. The EBV loads in periph-
eral blood samples from 59 patients (22 children [ages, 1 to 18 years] and 37
adults [ages, 19 to 58 years]) were assayed after allogeneic SCT. Blood samples
were collected at least every 2 weeks during the stay in hospital and at least every
4 weeks afterwards. The transplant characteristics of the patients with PTLD are
summarized in Table 1. Nine adults were diagnosed with PTLD by immunohis-
tochemical staining for EBV latent membrane protein 1, in situ hybridization,
and/or PCR of the malignant B-cell population. Disease was monoclonal in seven
patients. For the remaining two patients with PTLD, no clonality analysis was
performed. Clinically, patients with PTLD presented with fever (patients 1 to 8),
lymphadenopathy (patients 1 to 6, 8, and 9), tonsillitis (patient 4), and malaise
(patients 7 and 9). Two patients (patients 3 and 8) received T-cell-depleted
grafts. Conditioning regimens varied depending on the underlying disease. One
patient (patient 9) received a conditioning regimen at a reduced dose (“mini-
transplantation”) with a single dose of 2 Gy of hyperfractionated total body
irradiation, cyclophosphamide (20 mg/kg of body weight/day over 2 days), flu-
darabine (30 mg/m?/day over 5 days), and antithymocyte globulin (20 mg/kg/day
over 5 days) prior to transplantation. All other patients (patients 1 to 8) received
hyperfractionated total body irradiation at 12 Gy and cyclophosphamide at 60
mg/kg/day over 2 days. In two patients (patients 1 and 8), thiotepa at 5 mg/kg was
added, and in four patients (patients 3 to 6), etoposide at 10 mg/kg was added.
In four patients (patients 1, 4, 6, and 7) receiving a stem cell graft from matched
unrelated donors an intensive (compared to the standard dose) immunosuppres-
sive regimen, involving a combination of four drugs from a national multicenter
trial was administered. These patients received cyclosporine (maintenance level,
200 pg/liter), mycophenolate mofetil (1,000 mg/day from day 1), and pred-
nisolone (0.5 mg/kg/day on days 7 to 14; 1 mg/kg/day on days 15 to 28, and then
tapering off of the dose), as well as antithymocyte globulin (3.5 mg/kg/day from
days —4 to —2). All patients received prophylactic acyclovir orally (1,600 mg/day)
or intravenously (750 mg/day) until day 30. All patients with a CMV-seropositive
donor or recipient were monitored at least weekly for CMV DNA by whole-
blood PCR (5, 6). In case of two consecutive positive samples, preemptive
therapy was introduced with ganciclovir (10 mg/kg/day), foscarnet (for induction,
120 mg/kg/day; for maintenance, 90 mg/kg/day), or cidofovir (5 mg/kg/week).

Fifty patients had no clinical, laboratory, or radiological signs of either overt or
pending PTLD after SCT during the study period and follow-up (6 to 12
months). The distinction between EBV primary infection and reactivation was

made according to the presence of immunoglobulin G directed against the EBV
capsid antigen pretransplantation.

Nontransplant controls. EDTA-treated whole-blood samples from 60 healthy
blood donors were obtained from the blood bank of the University of Homburg/
Saar. All were positive for immunoglobulin G directed against EBV capsid
antigens.

Samples and quantitative competitive PCR. DNA was extracted from 200 .l
of EDTA-treated whole blood with the QIAamp blood kit (Qiagen, Hilden,
Germany), as described in the manufacturer’s protocol. Plasmid pGem 3Z 30
(Promega, Madison, Wis.), which contains a part of the p23 sequence with a
deletion of 30 bp (kindly provided by Fritz Schwarzmann, Regensburg, Germa-
ny), was used as the internal standard. The external primers were CAG CTC
CAC GCA AAG TCA GAT TG and ATC AGA AAT TTG CAC TTT CTT
TGC, and the internal primers were TTC TGT TAA GGC TGT TGA CAT
GAG and TTG GGG TCG TTT GAT TCT CGT GG. Each 50-pl PCR mixture
contained 50 mM KClI; 1.5 mM MgCl,; 10 mM Tris-HCI (pH 9.0); 1.5 U of Taq
DNA polymerase (Pharmacia, Freiburg, Germany); 200 .M each dGTP, dATP,
dCTP, and dTTP (Roche, Mannheim, Germany); and 5 wM each primer. For the
external PCR, 2 pl of purified template DNA and 2 pl of internal standard were
added. For the internal PCR, 2 pl from the external PCR was used. PCR
conditions (external and internal) were as follows: 94°C for 3 min; 30 cycles of
94°C (30 s), 60°C (30 s), and 72°C (1 min); and finally, 72°C for 7 min. The PCR
products were identified in an ethidium bromide-stained 2.5% agarose gel
(SeaKem; FMC BioProducts, Rockland, Maine). Detection of the internal stan-
dard was used as an inhibition control. To ensure the validity of the results,
several precautions were taken to avoid false-positive results, as described pre-
viously (16). The DNA concentration in the preparation used for PCR was
quantified with a spectrophotometer at an optical density of 260 nm. Results
were calculated as the number of EBV genome copies per microgram of cellular
DNA. The sensitivity of the PCR was determined with serial 10-fold dilutions of
Namalwa cells containing 2 EBV copies/cell in 10° EBV-negative cells. A min-
imum of 10 Namalwa cells containing a total of 20 EBV copies in a background
of 10° negative cells was required to be detectable by this PCR assay (7).

Statistical analysis. Statistical analysis was done by the Mann-Whitney test
and Kaplan-Meier survival curve analysis. Positive predictive values were calcu-
lated as follows: (prevalence X sensitivity X 100)/[(prevalence X sensitivity) +
(100 — prevalence)X (100 — specificity)]. Negative predictive values were calcu-
lated as follows: [(100 — prevalence) X specificity X 100]/[(100 — prevalence) X
specificity + prevalence X (100 — sensitivity)].

RESULTS

Quantitative competitive PCR in nontransplant controls.
The EBV DNA load in peripheral blood was monitored by a
quantitative competitive PCR with DNA extracted from whole
blood of 60 nontransplant control individuals. The sensitivity
of the PCR was determined to be 20 EBV DNA copies/10°
negative cells. In healthy EBV-infected individuals, the EBV
DNA copy number ranges from 0.01 to 0.1 copies/10° cells
(36). Accordingly, latent infections were not detectable by the
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FIG. 1. Comparison of EBV loads in patients with and without
PTLD. The EBV loads in EBV DNA-positive samples from patients
without PTLD (open squares; median load, 4.0 X 10* copies/pg of
DNA; 266 samples were negative) were compared with those in pa-
tients with PTLD at the time of diagnosis or during the course of
PTLD (closed circles; median load, 1.4 X 10° copies/pug of DNA) and
those in the last sample before PTLD was manifested (open circles;
median load, 2.2 X 10* copies/ug of DNA; 1 sample was negative).

PCR used in the present study, and as expected, all 60 healthy
blood donors tested negative by the PCR assay.

Sensitivity and specificity of use of EBV load for diagnosis of
PTLD. The EBV loads were compared between patients with
manifest PTLD at the time of diagnosis or during the course of
PTLD (15 samples from nine patients [six patients with 2
samples each and three patients with one sample each]) and
patients without any symptoms of PTLD (349 samples from 50
patients). Fifty-three samples that were obtained from patients
who developed PTLD but that were taken before or after the
manifestation of disease were not included in this analysis. All
nine individuals experiencing PTLD had detectable levels of
EBV at the time of clinical manifestation of PTLD and during
the course of the disease. Among the 349 samples from 50
patients without any symptoms, EBV DNA was not detectable
in 266 samples but was detectable in 83 samples. Figure 1
summarizes the EBV loads in these 83 EBV DNA-positive
samples from patients without signs of PTLD (median load,
4 X 10° copies/pg of DNA; range, 3 X 10% to 7 X 10°) cop-
ies/ng of DNA) and the viral loads in patients with PTLD at
the time of clinical manifestation of PTLD or during the course
of disease (median load, 1.4 X 10° copies/pug of DNA; range,
1.4 X 10° to 1 X 10® copies/ug of DNA) (P < 0.0001).

By using all 364 samples (349 samples from patients without
PTLD and 15 samples from patients with PTLD obtained
during the course of the disease), the sensitivities and speci-
ficities for different threshold values of EBV loads were calcu-
lated in order to define the best threshold value to distinguish
patients with PTLD from patients without PTLD. Figure 2
shows the corresponding sensitivity and specificity for different
threshold values of EBV DNA loads in the diagnosis of PTLD.
A threshold value of 10° copies/pg of DNA had the best diag-
nostic efficacy, with a sensitivity of 87% and a specificity of 91%.

EBV LOAD IN PATIENTS AFTER SCT 353

The positive and negative predictive values of a threshold
value are influenced by the prevalence of PTLD. It has been
shown that the prevalence of PTLD in patients undergoing
SCT is 0.5% for patients without major risk factors and in-
creases with the number of risk factors. For one, two, or three
or more risk factors, the prevalences rise to 1.7, 8, and 22%,
respectively (3). By use of the threshold value of 10° copies/pg
of DNA, this translates into a positive predictive value and a
negative predictive value of 74 and 96%, respectively, for pa-
tients with three or more risk factors. However, when only two
major risk factors were present, the positive and negative pre-
dictive values are 46 and 98.7%, respectively, and for patients
with only one major risk factor, they are 14 and 99.7%, respec-
tively.

The development of PTLD relies on latent replication rather
than lytic replication, and viral load does not discriminate
between these two forms of replication. One might therefore
suggest that antiviral drugs such as ganciclovir, foscarnet, ci-
dofovir, or acyclovir that interfere with lytic replication but not
latent replication may enhance the prognostic value of the
EBYV load since only genome copies from latent replication are
detected. However, when the data were analyzed with regard
to antiviral treatment, no significant effect on the viral load
could be found (median for samples obtained while the pa-
tients were receiving antiviral treatment, 25,000 copies/ug of
DNA; median for samples obtained while the patients were not
receiving treatment, 62,500 copies/ig of DNA; P = (0.52; data
not shown). This supports the view that only a small percent-
age of cells support lytic replication of EBV.

Course after transplantation in patients with PTLD. PTLD
occurred in 9 patients 25 to 170 days after SCT (median time,
55 days). No primary infection occurred in patients since all
patients were infected with EBV prior to transplantation. All
but one of the patients died within 2 to 22 days (median, 9
days) after the manifestation of PTLD due to rapidly progres-
sive disease (Table 2; Fig. 3). In one patient (patient 3) the
PTLD resolved completely and the EBV DNA load returned
to negative 26 days after the first administration of unmanipu-
lated donor T cells (5 X 10* CD3™ T cells/kg) and 12 days after
the second administration.

In three patients (patients 2, 5, and 9) no samples were
available prior to the clinical manifestation of PTLD; samples
from the other six patients were assayed during the entire
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TABLE 2. Onset, treatment, and outcome in patients with PTLD

Patient Day of onset of Treatment

no. PTLD after SCT (antiviral or antiproliferative agent) Outcome

1 66 Foscarnet + ganciclovir before onset of PTLD Death on day 75 due to PTLD

2 44 Foscarnet + ganciclovir before onset of PTLD Death on day 52 due to PTLD

3 62 Foscarnet before onset of PTLD, DLI“ (days 66 and 80) Complete resolution of lymphoma, death on day 180

(aspergillosis)

4 170 Cidofovir before onset of PTLD Death on day 192 due to PTLD

5 54 Cidofovir (from day 54), Rituximab® at day 61 Death on day 63 due to PTLD

6 117 Foscarnet + ganciclovir before onset of PTLD, DLI (day 120), Death on day 134 due to PTLD

Rituximab (day 125)

7 55 Death on day 77 due to PTLD

8 38 Rituximab (day 43 after second graft) Death on day 44 after second graft due to PTLD
9 25 Ganciclovir before onset of PTLD, Rituximab (day 32) Death on day 33 due to PTLD

“ DLI, donor lymphocyte infusion.
b Rituximab, anti-CD20 antibody.
¢ After the second graft.

course of transplantation. In four of the six patients, the me-
dian time to the time of first detection of EBV DNA prior to
the clinical onset of PTLD was 36 days (range, 20 to 71 days).
In the remaining two patients, no conversion prior to PTLD
was detected. In one patient (patient 1), EBV DNA was de-
tectable at a low copy number a few days before transplanta-
tion and failed to return to negative during the entire course.
In the other patient (patient 6), EBV DNA was detectable for
the first time when PTLD was already manifest, but the viral
load was low (1.4 X 10° copies/pg of DNA). The median time
at which EBV DNA was detectable for the first time after
transplantation was 52 days (range, 16 to 121 days). In all but
one patient (patient 6) a rapid 3- to 6-log increase in viral load
was found 3 to 8 weeks after transplantation.

To predict PTLD, the EBV load prior to the onset of PTLD
is of interest (Fig. 1). In one patient (patient 6; Fig. 3) all
samples obtained prior to PTLD were EBV DNA negative. In
the other five patients the viral loads in the last sample ob-
tained prior to the onset of disease were not different from
those in patients without PTLD (median load, 2.2 X 10*
copies/ug of DNA; range, 1.8 X 10° to 2.5 X 10° copies/ug of
DNA; P = 0.41 [not significant]).

Treatment for PTLD included anti-CD20 antibodies (Ritux-
imab) in four patients (patients 5, 6, 8, and 9) 2 to 8 days after
PTLD became manifest. It was not successful at this late stage
of PTLD (Fig. 3, Table 2). In addition, donor lymphocyte
infusions were available for two patients and were successful
for one patient (patient 3). Patient 3 showed complete remis-
sion of lymphoma as well as clearance of EBV DNA from the
blood. The other patient (patient 6) received a donor lympho-
cyte infusion 3 days after PTLD became clinically manifest, yet
it was without success at this late stage of disseminated PTLD.
Antiviral substances such as ganciclovir and/or foscarnet or
cidofovir were administered as preemptive therapy for CMV
primary infection or reactivation (patients 1 to 4, 6, 9) or to
treat clinically manifest PTLD (patient 5). Furthermore, all
patients received aciclovir for 1 month after transplantation as
prophylactic treatment. Six patients developed PTLD while
they were under ganciclovir and/or foscarnet therapy (Table 1).
Three patients did not receive anti-CMV treatment prior to
PTLD since the donor and the recipient were CMV seroneg-
ative (patients 7 and 8) or did not develop CMV reactivation
(patient 5). This observation of the development of PTLD

while under antiviral prophylaxis is limited by the important
fact that the present study was not designed as a systematical
trial on whether antiviral drugs prevent PTLD.

Course after transplantation in patients without PTLD.
EBV DNA was not detectable in any sample from 33 of 50
patients without PTLD. In the remaining 17 patients (8 chil-
dren and 9 adults), 4 primary infections and 13 reactivations
were detected (Fig. 4).

All primary infections occurred in children. EBV DNA was
detected for the first time in peripheral blood samples 16 to 67
days (median, 33 days) after transplantation. EBV primary
infection was asymptomatic in one patient but became clini-
cally manifest as infectious mononucleosis with fever and hep-
atosplenomegaly in the other three patients. In addition, in one
patient an exanthema developed after administration of anti-
biotics, as is typical for EBV primary infection. Primary infec-
tion was clinically self-limiting in all three patients, and EBV
DNA was detectable for less than 7, 14, and 22 days, respec-
tively. EBV DNA was detectable in one patient for more than
80 days, despite the resolution of all symptoms. Median peak
levels during primary infections were 6.8 X 10* copies/ug of
DNA (range, 8X 10° to 4.5 X 10° copies/pg of DNA) (Fig. 5).

In 13 patients, EBV reactivated after transplantation. In
eight patients, blood samples were first positive for EBV DNA
35 to 121 days (median, 79 days) after transplantation. In the
other five patients, the first blood samples taken were positive
for EBV DNA,; thus, the time of conversion could not be
determined. The median peak EBV load in patients with re-
activated infections was 6.6X 10* copies/pg of DNA (range,
5 X 10% to 7.4 X 10° copies/pg of DNA) and was thus com-
parable to that in patients with primary infections (P = 0.49
[not significant]) (Fig. 5). EBV reactivations differed from
EBV primary infections only by the time at which EBV repli-
cation was first detected in peripheral blood samples. Primary
infections appeared significantly earlier (median, 33 days) than
reactivated infections in patients without PTLD (median, 79
days) (P = 0.01) (Fig. 6B).

In a few patients without PTLD, the EBV load took a course
similar to that in patients with PTLD. The typical rapid 3- to
6-log increase in virus titers at 3 to 18 weeks after transplan-
tation was observed (Fig. 4). Patients with PTLD differed from
patients without PTLD only in EBV load and not in the time
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when EBV replication was first detectable after transplanta-
tion (52 versus 63 days P = 0.91 [not significant]) (Fig. 6A).

DISCUSSION

EBV-related PTLD usually occurs in a small percentage of
patients with allogeneic SCT, with the highest frequency of
occurrence being at 2 to 3 months after transplantation (3).
The aim of the present study was to evaluate EBV load as a
parameter for the prediction and monitoring of PTLD in such
patients and to establish a threshold value. Disease developed
in 9 of 59 patients. All nine patients shared several major risk
factors known to be associated with PTLD.

The EBV load was analyzed by a quantitative competitive
PCR with whole blood adjusted to a sufficiently low sensitivity
to exclude positive results because of latently infected B-cell
pools. The viral loads in patients with PTLD were compared
with the viral loads in patients without PTLD. EBV DNA was
detected in 26 of 59 individuals, indicating primary infection
(in 4 patients) or reactivation. The EBV load was significantly
elevated in patients with established PTLD compared to the
loads in those without PTLD. Interestingly, the delay in EBV
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FIG. 5. Comparison of peak EBV load in patients with primary in-
fection and reactivation. Open symbols, EBV primary infection (median
load, 6.8 X 10* copies/pg of DNA), closed symbols, EBV reactivation
(median load, 6.6 X 10* copies/ug of DNA) (P was not significant).

DNA replication after transplantation was the same in both
groups. In contrast, when patients without PTLD were subdi-
vided into those with primary infections and those with reac-
tivations, an earlier onset of EBV replication was found in
patients with primary infections. However, the peak viral loads
during EBV replicative episodes were similar in both groups.

The early onset of EBV replication in patients with primary
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line) or reactivation (dotted line).
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infection likely reflects the lack of a functional, previously
established EBV-specific immune response. In contrast, in pa-
tients with a previously acquired EBV infection, the remaining
recipient T cells may control EBV replication at an early stage
even under posttransplantation immunosuppression or the
process of reactivation may delay the start of replication. How-
ever, the peak viral loads eventually measured in individuals
with primary infection and reactivation are similar, indicating
that the primary and secondary immune responses possess
comparable capacities to control EBV-infected cells and that a
previously established immune response merely delays rather
than inhibits DNA replication.

In the subgroup of patients with EBV replication that pro-
gressed to PTLD, viral replication was not effectively con-
trolled and therefore resulted in a rapid increase in viral load
and high peak titers. This may reflect a relative impairment of
cytotoxic T-cell function in these patients. It thus seems that
the EBV load can constitute a surrogate marker for circulating
EBV-specific T cells and may be able to predict the develop-
ment and regression of PTLD, at least in the majority of
patients.

The EBV load as an indicator for an EBV-associated disease
parallels some aspects of CMV disease. CMV disease is asso-
ciated with a high viral load, yet patients with high viral loads
do not necessarily develop CMV disease. As shown for EBV in
the present study, only a minority of patients positive by PCR
developed EBV-related symptomatic disease. Even among pa-
tients with primary infection, only three of four patients expe-
rienced infectious mononucleosis. Moreover, some patients
with very high viral loads failed to develop PTLD, a phenom-
enon that has also been observed by others in individual pa-
tients (8, 14, 21, 26, 28, 30). It is tempting to speculate that
these patients have sufficient EBV-specific cellular immune
responses to keep EBV replication in check. Indeed, we re-
cently showed for CMV that CMV DNA-positive transplant
recipients may control replication depending on the presence
of sufficient amounts of functional CMV-specific T cells. Thus,
determination of the CMV load in combination with the
CMV-specific T-cell immune response can significantly im-
prove risk assessments for these patients (31). Similarly, use of
that combination of methods may be as useful in EBV diag-
nostics to improve the prognostic value of testing.

In contrast to CMV disease, however, in which a negative
viral load excludes disease, a negative or low EBV load does
not strictly exclude the development of PTLD, as seen in in-
dividual patients in this and in other studies (17, 26, 27, 30, 33).
We have shown in one patient (patient 6) that the patient did
not become positive for EBV DNA before the clinical mani-
festation of PTLD. Moreover, the viral load remained low in
this patient. In spite of this and in spite of intensive therapy,
the clinical course was rapidly progressive and the patient died
17 days after the disease became apparent. These and other
findings indicate that the role of EBV in inducing and main-
taining EBV-associated PTLD is ambiguous. This is under-
scored by a subgroup of B-lymphoblastoid cell lines expanded
from EBV-positive PTLD lesions that were negative for EBV
DNA in vitro (13). In conclusion, the predictive value of EBV
load determination is limited by the pathogenic role of EBV in
PTLD.

We established a threshold value for the EBV DNA load for
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the diagnosis of PTLD of 10° copies/ug of DNA, which re-
sulted in a sensitivity and a specificity of about 90% each.
However, in transplant recipients with less than three major
risk factors, the positive predictive value of this threshold re-
mains low. Thus, therapeutic strategies for early intervention
based on viral load could result in the unnecessary treatment of
a significant number of patients. In these patients the EBV
load must be interpreted carefully, and determination of the
viral load should be combined with other diagnostic methods
to increase its predictive value.

Successful preemptive therapy requires a diagnostic tool
that identifies a patient at risk at least several days prior to
disease manifestation (15, 28). However, it may take weeks to
produce a significant number of EBV-reactive donor lympho-
cytes, especially when one relies on an unrelated donor. Since
in the present study all but one patient was positive for EBV
DNA some weeks before the manifestation of PTLD, the viral
load seems to meet the criteria for a sufficiently sensitive di-
agnostic tool that can be used to guide preemptive therapy.
However, it should be noted that the progression of the EBV
load and PTLD occurred rapidly; thus, monitoring of the EBV
load should be performed frequently during the first months
after transplantation. This is underscored by the fact that even
in the last sample obtained prior to the manifestation of
PTLD, the EBV load was similar to that in patients who did
not progress to PTLD.

The adequacy of antiviral treatment for the prophylaxis of
PTLD is questionable because EBV may not necessarily rep-
licate in transformed cells. Furthermore, the EBV thymidine
kinase, which phosphorylates and activates substances such as
ganciclovir and aciclovir, is not always expressed in patients
with PTLD (20). Evaluation of the benefit of antiviral treat-
ment is further limited by the lack of large randomized studies.
Some studies seem to indicate a benefit from treatment but
rely on historical controls (4, 19), whereas others find antiviral
treatment ineffective (9). Notably, in our study, six of nine
patients developed PTLD, despite aggressive antiviral therapy.
Furthermore, prophylactic treatment with acyclovir was not
beneficial in these patients. The effects of prophylactically ad-
ministered antiviral substances are certainly different, depend-
ing on whether patients have a primary or reactivated infec-
tion. Lytic EBV replication but not latent EBV infection
involves the expression of viral early proteins that are the
specific targets of antiviral drugs. Thus, the failure of antiviral
therapy in the present study might be due to the fact that all
patients with PTLD were infected with EBV prior to trans-
plantation.

In conclusion, EBV replication occurs in a significant num-
ber of patients after STC, but only a subgroup of patients
develops PTLD. The determination of EBV load by quantita-
tive competitive PCR proved to be a valuable tool that could
be used to guide preemptive therapy, but it has limitations.
One must be aware, however, of individual patients who de-
velop EBV-associated PTLD in the presence of low EBV loads
and of the low positive predictive value of EBV load determi-
nation for patients without major risk factors. Additional mon-
itoring of the EBV-specific T-cell response may further im-
prove the ability to predict PTLD in transplant recipients.
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