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Background and Objectives

An HLA-mismatched donor and a T-cell-depleted graft are known risk factors for
Epstein-Barr virus (EBV) reactivation after stem cell transplantation. We studied the
frequency and outcome of serum EBV DNA levels in patients transplanted with an
unmanipulated graft from an HLA-identical donor.

Design and Methods

Overall, 5479 serial serum samples from 406 consecutive allogeneic stem cell trans-
plant recipients were analyzed retrospectively for EBV DNA with quantitative poly-
merase chain reaction (PCR). 

Results

EBV DNA was found in the serum of 56 of the 406 patients (14%). EBV positivity was
seen in 9% of the recipients of a graft from a sibling donor and in 29% of those with
an unrelated donor. EBV-PCR positivity resolved without specific treatment in a third
of the cases, in another third the copy number increased progressively or was high in
the last serum sample, and in the remaining third the copy numbers were low in all
positive sera including the last sample. In multivariate analysis antithymocyte globu-
lin given for any reason and grade III–IV acute graft-versus-host disease were the only
statistically significant risk factors for EBV reactivation. Only 8/56 patients with EBV-
DNA positivity were alive at the time of the present analysis. The outcome of EBV-PCR
positivity could not be predicted by the copy number or the timing of the first positive
sample.

Interpretation and Conclusions

EBV reactivation was a common phenomenon in allogenic stem cell transplant recip-
ients. In many patients the viremia resolved without EBV-directed treatment. Severe
acute graft-versus-host disease and antithymocyte globulin given for any reason were
risk factors for EBV viremia.
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ABSTRACT



Epstein Barr virus (EBV) establishes a latent infec-
tion in the majority of healthy adults. The cellular
immune response of T-lymphocytes is crucial for

controlling latent EBV-infected B cells.1,2 T-lymphocyte
dysfunction caused by immunosuppressive treatment
may allow uncontrolled proliferation of B cells hosting
EBV.3 Following hematopoietic stem cell transplantation,
EBV-associated post-transplant lymphoproliferative dis-
order (PTLD) is a serious complication that occurs usual-
ly within the first year after transplantation.4-6 The over-
all incidence of PTLD after stem cell transplantation has
been reported to be < 1%, but HLA disparity, T-cell
depletion of the graft, severe acute graft-versus-host dis-
ease (GVHD), and prophylactic or therapeutic antilym-
phocyte globulin (ATG) may increase the incidence to
15-25%.3-8 The diagnosis of PTLD after allogeneic stem
cell transplantation is difficult because of the hetero-
geneity of clinical manifestations, which vary from an
infectious mononucleosis-like illness with lymph-
adenopathy to a febrile illness with leukopenia with or
without lymphadenopathy.5,9 Almost any organ may be
affected. PTLD has been described after conventional
conditioning7,10 or reduced intensity conditioning9-11 and
also after cord blood stem cell transplantations12,13 and, in
rare cases, after autologous stem cell transplantation.14,15

The prognosis of PTLD was very poor before the era of
rituximab with the mortality rate being 70-90%.7,8,16,17

Serial polymerase chain reaction (PCR)-based monitor-
ing of EBV DNA levels from mononuclear cells or plas-
ma of transplant patients at risk now enables early
detection of viral reactivation and EBV DNA load-guid-
ed pre-emptive or prompt treatment after stem cell or
organ transplantation.18-22

In the present study a large number of serial serum sam-
ples from 406 consecutive allogeneic stem cell transplant
recipients were analyzed retrospectively for EBV DNA
with quantitative PCR to assess the frequency and out-
come of, and risk factors for, EBV reactivation in patients
transplanted with an unmanipulated graft from an HLA-
matched donor. The majority of the patients in this series
were transplanted before the molecular diagnostic tools
and present treatment options had become available. 

Design and Methods

Patients 
Altogether 409 adult patients were treated with

hematopoietic stem cell transplantation for hematologic
malignancy or severe aplastic anemia during the years
1988–1999 at the Helsinki University Central Hospital
(HUCH). Four hundred and six patients were included in
the present study (Table 1). Three patients were excluded
due to lack of data on serum samples. Of the included
patients 225 were at low risk (chronic myeloid leukemia
in first chronic phase, acute myeloid leukemia, acute
myeloid leukemia in first complete remission, severe
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Table 1. The clinical and transplantation data of 406 patients with
or without EBV-qPCR positivity in any sample. 

EBV-qPCR
Total positive negative

n = 406 n=56 n=350 p

Diagnosis
AML 117 15 27% 102 29%
CML   111 18 32% 93 27%
ALL      63 6 11% 57 16%
MDS     55 11 19% 44 12%
MM       33 5 9% 28 8%
CLL        4 1 2% 3 1%
SAA 8 0 8 3%
other 15 0 15  4%

Risk group
low risk 225 28 50% 197 56%
high risk 181 28 50% 153 44% p=0.35

Donor
sibling 313 29 52% 284 81%
unrelated 93 27 48% 66 19% p<0.0001

Conditioning
TBI + cyclophosph. 326 45 80% 281 80%
cyclophosphamide 8 0 8 2%
busulfan  67 9 16% 58 17%
RIC 5 2 4% 3 1%

TBI
yes 326 45 80% 281 80%
no 80 11 20% 69 20% p=1.00

Graft
bone marrow 374 53 95% 321 92%
blood 32 3 5% 29 8% p=0.69

Acute GVHD
grade  0 240 21 38% 219 63%
grade I 51 5 9% 46 13%
grade II 60 3 5% 57 16%
grade III 34 15 27% 19 5%
grade IV 21 12 21% 9 3%

Acute GVHD
grade 0-II 351 29 52% 322 92%
grade III-IV 55 27 48% 28  8% p<0.0001

Methylprednisolone (maximal dose) 
<2 mg/kg/day 228 16 28% 212 60% 
≥2 mg/kg/day 178 38 68% 140 40% p<0.0001

ATG (any reason) 
no 272 12 21% 260 74%
yes 134 44 79% 90 26% p<0.0001

Alive
no 220 48 86% 172 49%
yes 186 8 14% 178 51% p<0.0001

AML: acute myeloid leukemia; ALL: acute lymphatic leukemia; CML: chronic
myeloid leukemia; MM: multiple myeloma; CLL chronic lymphatic leukemia:
SAA: severe aplastic anemia; TBI: total body irradiation; RIC: reduced intensity
conditioning; GVHD: graft-versus-host disease: ATG: anti-thymocyte globulin.
Low risk: CML in first chronic phase; AML and ALL in first complete remission;
SAA: High risk: all others. 



aplastic anemia) and 181 (all others) at high risk. Three
hundred and ninety-three patients received myeloablative
conditioning containing cyclophosphamide 60 mg/kg of
body weight on 2 successive days together with either
total body irradiation (TBI, 326 patients) or busulfan (67
patients). TBI was given fractionated in six 2-Gy doses
over 5 days. Busulfan was given at a dose of 1 mg/kg four
times per day on 4 consecutive days followed by
cyclophosphamide for 2 days. Eight patients with severe
aplastic anemia (SAA) were given only cyclophosphamide
at a dose of 50 mg/kg/day on 4 consecutive days. Five
patients were treated with varying reduced intensity con-
ditioning regimens. Of the donors 313 were siblings and
93 were unrelated. As part of the conditioning antilym-
phocyte globulin (ATG, AtgamTM, Upjohn, Kalamazoo,
USA 55 patients;  ThymoglobulineTM, Merieux/Sangstat,
Lyon, France 32 patients) was given to all except six
patients with an unrelated donor. The graft source was
bone marrow in 374 patients and blood stem cells in 32
patients. With the exception of two sibling donors, the
graft was HLA-A, -B, and DR identical typed by the stan-
dard serologic tests or PCR-based methods in use at the
time. The grafts were unmanipulated apart from red cell
removal from ABO incompatible bone marrow grafts. 

The prophylaxis against GVHD consisted of cyclo-
sporine A, a short course of methotrexate and, in addi-
tion, in 271 patients methylprednisolone as described
previously.23 Prophylactic methylprednisolone was given
to 191 of the 313 patients with a sibling donor and to 80
of the 93 patients with an unrelated donor. High-dose
methylprednisolone (>2 mg/kg/day) was the first-line
treatment of acute GVHD of any grade, and ATG was
the second-line treatment in the case of refractoriness to
steroid treatment. Altogether 166 of the 406 patients
(41%) suffered from grade I-IV acute GVHD24,25 (Table 1).
In 54 of the patients (37 with a sibling and 17 with an
unrelated donor) the GVHD was grade III-IV. Sixty-five
patients, 43 with a sibling and 22 with an unrelated
donor, received ATG as second-line treatment for
steroid-resistant acute GVHD. 

At the time of the analysis 186 (46%) patients were alive
with a median follow-up of 8 years (range, 1–16 years).
One patient was lost from follow-up. The median survival
of all the 406 patients was 3.3 years (range, 4 days–16
years). Two hundred and twenty patients had died
between 4 days and 13 years (median, 210 days) after
transplantation. The cause of death was relapse in 93
cases, transplant-related in 117 patients, and other in nine
cases.

Quantitative EBV-PCR analyses 
According to a predefined schedule, 5479 serum sam-

ples from 406 patients were collected and stored in a
frozen state. The median number of samples per patient
was 14 (range 1–26). The samples were collected over a
period of 52 months, mainly in the first 3 months post-
transplantation. One serum sample was stored before

transplantation. During the post-transplant period of hos-
pitalization, samples were collected once a week. After
discharge from the hospital a serum sample was stored at
every outpatient visit; in practice two to four  serum sam-
ples per month up to 6 months after transplantation and
once every 1–2 months thereafter. In the case of later hos-
pitalization at HUCH, serum samples were stored once a
week. Every patient with at least one post-transplant sam-
ple was included in the analyses.

EBV DNA in the serum samples was measured by the
quantitative real-time polymerase chain reaction (qPCR)
as described previously.26 Patients with at least one posi-
tive serum sample were regarded as EBV-qPCR-positive
and those without any positive sera as EBV-qPCR-nega-
tive. The threshold value for EBV-qPCR positivity was 500
genome equivalents/mL (geq/mL), with values of 50,000
geq/mL or higher being regarded as high.

Statistics
The χ2 test with a continuity correction was used to

compare the proportions between the groups. The differ-
ences in EBV DNA copy numbers between the groups
were tested using the Mann-Whitney test. A multivariate
Cox’s proportional hazards model was used to simultane-
ously evaluate the time-dependent and time-independent
risk factors for EBV-qPCR positivity. The time-dependent
risk factors included in the model were the occurrence of
acute GVHD, the use of high dose methylprednisolone,
and the use of ATG. The time-independent risk factors
included in the model were the type of donor, disease risk
group based on the hematologic diagnosis, TBI-containing
conditioning, the use of prophylactic methylprednisolone
and, the type of the graft. The relative risk estimates with
their 95% confidence intervals and respective p-values
were reported from this analysis. Survival was analyzed
with a multivariate Cox´s proportional hazards regression
model. The occurrence of acute GVHD, the use of high
dose methylprednisolone, the use of ATG, the type of
donor, the hematologic risk group of the disease, the use
of prophylactic methylprednisolone, and the type of the
graft were included  in the analysis. In addition, the over-
all survival of the groups of patients positive or not for
EBV DNA and the groups positive before or after day 100
post-transplant were analyzed by Kaplan-Meier curves
and compared by the log-rank-test. All statistics were per-
formed with SPSS software for Windows. 

Results

Fifty-six (14 %) of the 406 patients had at least one EBV-
qPCR-positive serum sample after allogeneic stem cell
transplantation (Table 2). The median number of positive
sera per patient was two (range, 1–7). The first positive
sample was collected on the median of day 63 post-trans-
plant (range, from day 10 pre-transplant to day 537 post-
transplant). In 12 of the 56 patients (21%) the EBV-qPCR
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positivity first appeared at least 100 days post-transplant.
The hematologic diagnosis had no impact on the risk of
EBV DNAemia with the exception that none of the eight
patients transplanted for severe aplastic anemia was
found to be EBV-qPCR-positive at any time (Table 1).

Timing and outcome of EBV reactivation 
In 19 patients EBV-qPCR positivity converted to nega-

tivity (converted to negative group), in 21 patients the EBV
copy numbers increased progressively or the number of
copies was high (>50,000 geq/mL) in the last available
serum sample (high in the last serum group), and in 16
patients the EBV copy numbers remained <50 000 geq/mL
in all positive samples including the last one (low in the last
serum group) (Table 2). 

The median time from transplantation to the first EBV
DNA-positive serum sample was similar in the three
groups of patients as shown in Table 2. In the whole
group of EBV-positive patients the median number of
EBV DNA copies/mL in the first positive sample was
4500 (range, 650–660×106), and the median of the high-
est copy number was 9900 (range, 800–1090×106). The
median of the copy numbers in the first positive serum
sample was significantly higher in the high in the last
serum group than in the low in the last serum and converted

to negative groups (p=0.003 and p=0.016, respectively).
However, the range of EBV DNA copies in the first pos-
itive samples was wide in all groups, and in all groups
the lowest positive result was just above 500 geq/mL.
Table 2 also shows the medians and ranges of the high-
est copy numbers in the three subgroups. 

Of the 19 patients in the converted to negative group one
patient with altogether four positive serum samples
experienced EBV DNAemia twice with copy numbers of
36,200 geq/mL on day 39 and of 16,500 geq/mL on day
168 post-transplant. One patient with three positive
samples had an EBV-DNA level of 21,500 geq/mL on day
10 post-transplant. Of the remaining 17 patients whose
EBV positivity resolved, two patients showed DNA
copy numbers slightly above 10,000 geq/mL in one sam-
ple each, while in 15 patients the copy numbers were <
10,000 geq/mL in all positive sera. None of the patients
in the converted to negative group received any treatment
for EBV. 

Risk factors for EBV DNAemia
In the univariate analyses, statistically significant risk

factors for EBV-qPCR positivity were unrelated donor,
acute GVHD, methylprednisolone at a maximal daily
dose of ≥2 mg/ kg, and ATG given for any reason. The
hematologic diagnosis or risk group, conditioning, graft,
or the use of prophylactic methylprednisolone had no
correlation in the univariate analysis with the occurrence
of EBV-DNA positivity. In the multivariate analysis only
ATG and grade III – IV acute GVHD remained as statisti-
cally significant independent risk factors (Table 3). Of the
313 patients transplanted from a sibling donor 29 (9 %)
had at least one EBV-qPCR-positive serum sample. 

Of these 29 cases of EBV DNAemia, 18 (62%)  occurred
in patients with grade III-IV acute GVHD. Grade III-IV
acute GVHD complicated 37 transplants (12%) from a sib-
ling donor. Eighteen of these 37 patients (49%), but only 11
of the 276 patients (4%) with grade 0–II  acute GVHD,
showed EBV-DNA positivity (p<0.0001). 

Of the 93 patients transplanted from an unrelated donor,
27 (29%) had at least one EBV-qPCR-positive serum sam-
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Table 2. The time of the first EBV-qPCR positive serum sample and the first and highest EBV-DNA copy numbers (median, range) in 56
allogeneic stem cell transplantation recipients, and the outcome of EBV-qPCR positivity.  

First positive sample
EBV-qPCR Number of Day post-transplant EBV-DNA copies/mL of serum Highest copy number/mL of serum
posititivity patients Median Range Median Range Median Range Survived

All patients 56 63 - 10–537 4500 650–660×106 9900 800–1090×106 8

Converted to negative 19 63 - 10–273 4000 700–36200 6000 1380–362001 7

Increased progressively 21 66 24–102 12670 650–660×106 1950000 50100–1090×106 0
or high in the last serum

Low  in the last serum 16 60 12–537 3200 800–15000 4700 800–17700 1

1.In four patients >10,000 copies/mL.

Table 3. Risk factors for serum EBV DNAemia after allogeneic
stem cell transplantation (multivariate Cox’s proportional hazards
model).

Variable p Relative Risk 95% CI

Risk of disease1 0.87 1.04 0.60–1.81
Donor (sibling, unrelated) 0.93 0.96 0.41–2.26
Graft (BM, PBSC)2 0.57 1.42 0.43–4.68
TBI containing condition 0.57 0.79 0.36–1.75
High dose steroid (≥2 mg/kg/day) 0.55 0.73 0.25–2.08
GVHD grade III–IV 0.015 1.70 1.11–2.62
ATG < 0.001 5.78 2.47–13.50

1Low risk: chronic myeloid leukemia in first chronic phase, acute lymphatic
leukemia and acute myeloid leukemia in first complete remission, severe
aplastic anemia. High risk: all others. 2BM bone marrow; PBSC peripheral blood
stem cells.



ple. Seventeen of the 93 patients (18%) suffered from grade
III-IV acute GVHD and eight of them (47%) showed EBV-
qPCR positivity. For comparison, among the 76 patients
with grade 0 – II acute GVHD, 19 (25%) had at least one
EBV-DNA-positive serum sample. The difference did not
reach statistical significance (p=0.13). 

Effect of EBV-qPCR positivity on survival
Eight of the patients with EBV-qPCR-positive serum

samples were alive at the time of the present analysis,
seven in the converted to negative group and one in the low
in the last serum group. The cause of death in the 48
patients with EBV-qPCR positivity who died was relapse
in eight cases and transplant-related in 40 cases. One of
the eight relapsed patients from the low in the last serum
group also had donor lymphocyte infusion-induced
GVHD and PTLD 8 months after the last positive serum
sample. 

The survival of the EBV-qPCR-positive patients was
inferior to that of the EBV-qPCR-negative patients (Figure
2). In multivariate analysis independent risk factors for
inferior survival were high-risk hematologic disease
(p<0.0001, CI 1.77–2.06), EBV-qPCR positivity (p<0.0001,
CI 1.68–3.49), acute GVHD grade II–IV (p=0.01, CI
1.11–2.36), and  acute GVHD grade III–IV (p=0.002, CI
1.30–3.28). The use of ATG did not reach statistical signif-
icance (p=0.053, CI 1.00–1.85). Among the patients with
EBV-qPCR positive samples, the cumulative survival was
significantly better in those with the first positive serum
sample later than 100 days post-transplantation (Figure 3).  

Post-transplant lymphoproliferative disorder
PTLD was confirmed either post-mortem or during life in

22 of the 406 (5.2%) patients. Nineteen of these 22
patients had had one or more EBV-qPCR-positive sera in
the present analysis. In addition, PTLD was diagnosed in
three patients whose serum samples had always been

negative in the present analysis. They all had steroid
refractory GVHD after donor lymphocyte infusions given
for relapse. Only two of the patients in this retrospective
study had received treatment for PTLD, in both cases
with no effect.  An autopsy was performed on 31 of the
48 patients with positive EBV-qPCR who died. In the high
in the last serum group, PTLD was confirmed in 14/21
patients. In one patient the re-evaluation did not confirm
PTLD, in three patients autopsy was not performed, and
in three patients no autopsy material was available for re-
evaluation. Of the low in the last serum group, PTLD was
confirmed in five of nine autopsied patients, while in the
converted to negative group none of the four patients autop-
sied showed any signs of PTLD. 

Discussion

The present study showed, in a large number of
patients, that EBV DNAemia in serum is a common find-
ing after allogeneic stem cell transplantation also in
patients transplanted with an unmanipulated graft from
an HLA-identical donor. Overall, 14% of the patients in
this series showed EBV DNA in their serum. The rate of
EBV-DNA positivity after transplantation from a sibling
donor was about 10% whereas that after transplantation
from an unrelated donor was 20-30% depending on the
intensity of the immunosuppressive treatment, as shown
in our previous study.5 EBV-qPCR positivity resolved
without any EBV-directed treatment in one third of the
present cases, while in another third the EBV DNA copy
number increased progressively or was high in the last
serum sample available. In the last third the copy num-
bers were low in all positive sera including the last sam-
ple. Eight of the 56 patients with EBV positivity were
alive at the time of the present analysis. The EBV copy
numbers or the collection time of the first positive serum
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Figure 1. The survival of all patients. Figure 2. The survival of  EBV-qPCR-positive patients according to
the time of the first positive serum sample. 
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sample did not predict the outcome of EBV viremia.
Today a prospective non-intervention study of EBV

DNAemia would not be possible. Currently in many
transplant centers the policy for patients with a rising
EBV DNA load is to give rituximab infusions or donor
lymphocytes.27,28 The systematic storage of one pre-
transplant sample of serum and several post-transplant
samples taken at frequent intervals from all consecutive
patients allowed us to study retrospectively the inci-
dence, timing, and course of EBV DNAemia in the
absence of EBV-specific treatment. There were some dif-
ferences in the sampling intervals between the patients,
although these differences were compensated for by the
large number of patients together with the abundant
number of serum samples collected. 

None of the patients in our series had been transplant-
ed with an HLA-mismatched or T-cell-depleted graft, or
had received alemtuzumab-containing conditioning
which have all been shown to increase the risk of EBV
viremia.7,11,19,29 Severe acute GVHD and the use of inten-
sive immunosuppression, especially ATG, increased the
risk of EBV viremia in the present study. The overall
incidence of EBV-DNAemia was in accordance with
results of previous studies. About 10% of recipients of a
graft from an HLA-identical sibling donor, and from 20
up to 50% of recipients of a graft from an unrelated
donor have been reported to have at least one EBV-
qPCR-positive serum after transplantation. In the study
by van Esser et al.29 including 152 consecutive patients,
EBV reactivation was seen in 28% of 67 patients trans-
planted with an unmanipulated graft (the numbers of
sibling and unrelated donors were approximately equal)
and in 54% of 85 patients transplanted with a partially
T-cell-depleted graft. Independent risk factors for EBV
reactivation in van Esser’s study were partial T-cell-
depletion together with administration of ATG, and a
CD34+ cell count of greater than 1.35×106/kg in the graft.
Neither acute GVHD nor T-cell depletion alone was
associated with EBV reactivation. PTLD was observed
only after T-cell-depleted stem cell transplants. In the
study by Torre-Cisneros et al.,30 which included 100 con-
secutive bone marrow transplant patients, the only inde-
pendent risk factor for EBV reactivation was the use of a
CD4+ lymphocyte-depleted graft. Of patients transplant-
ed with a CD4+ lymphocyte depleted graft, 26/40 (65%)
showed EBV reactivation whereas among those trans-
planted with an unmanipulated bone marrow graft the
corresponding figure was 4/60 (7%). In the study by
Cesaro et al.,28 with 79 pediatric allogeneic transplant
patients, 53% developed EBV reactivation at a median
of 45 days post-transplantation. Of the patients in
Cesaro’s study, 72% were transplanted from an unrelat-
ed donor and, in addition, in 22% of the cases the graft
was HLA-mismatched. In the multivariate analysis ATG

was the only factor associated with EBV reactivation. 
The majority of the patients in our series had been

transplanted before any reliable diagnostic methods or
effective treatment for EBV viremia or PTLD were avail-
able. Therefore, with few exceptions, no EBV-targeted
treatment was given. The prevalence of PTLD cannot be
verified in this retrospective analysis; only half of the
patients underwent a post mortem examination. For some
of the patients no samples remain to be reanalyzed.
Because the clinical entity of PTLD was not known at
the time the remaining samples were collected, these
were not obtained uniformly and cannot be used for
studies on this condition. However, in a third of the
EBV-qPCR-positive patients the progression of EBV
viremia to PTLD could be confirmed retrospectively.
There were no differences in the median number of the
EBV-DNA copies in the first positive serum sample or in
the time of the onset of EBV viremia between the PTLD
patients and the other EBV-positive patients. Two
patients became EBV-negative without any EBV-target-
ed intervention, despite relatively high copy numbers
(from 20,000 to 35,000 copies/mL). 

The current treatment options for EBV-induced PTLD
are rituximab, to which the response rate ranges from
60–100%, reduction of immunosuppression, donor lym-
phocyte infusions, and local treatments such as irradia-
tion. It is most important in diagnosing PTLD to recog-
nize the possibility of EBV reactivation in highly
immunosuppressed patients as well as to confirm or
exclude the suspicion by EBV-qPCR. The clinical fea-
tures of PTLD are, however, diverse including adenopa-
thy and unexplained fever; alternatively, the disease
may manifest as an aggressive disseminated lymphoid
proliferation.3,5,8 The diagnostic work-up is further com-
plicated by simultaneous problems such as severe
GVHD and other infections. In addition to conventional
risk groups i.e. those transplanted with a mismatched or
T-cell depleted graft, patients with steroid-refractory
acute GVHD receiving second line immunosuppressive
treatment should be regarded as being at high risk of
PTLD. As indicated in the present and previous stud-
ies,27-30 surveillance of EBV DNAemia should be consid-
ered during profound immunosuppression in selected
high-risk patients. Reduction of immunosuppression, if
possible, and pre-emptive or prompt treatment with rit-
uximab are indicated for patients with high or progres-
sively rising EBV-DNA copy numbers. 
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