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□ CASE REPORT □

Recurrence of Chronic Active Epstein-Barr Virus Infection
from Donor Cells after Achieving Complete Response

Through Allogeneic Bone Marrow Transplantation
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Abstract

We report the case of a 35-year-old woman with chronic active Epstein-Barr virus (EBV) infection

(CAEBV). She underwent allogeneic bone marrow transplantation (BMT) from an unrelated male donor and

achieved a complete response. However, her CAEBV relapsed one year after BMT. EBV-infected cells prolif-

erated clonally and revealed a 46XY karyotype. In addition, the infecting EBV strain differed from that de-

tected before BMT. These findings indicated that her disease had developed from donor cells. This is the first

report of donor cell-derived CAEBV that recurred after transplantation, suggesting that host factors may be

responsible for the development of this disease.
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Introduction

Epstein-Barr virus (EBV) can be detected not only in B-

cell tumors but also in T- and NK-cell tumors, which are

known as EBV-positive T/NK-cell lymphoproliferative dis-

eases (EBV-T/NK-LPDs). EBV-T/NK-LPDs comprise extra-

nodal NK/T-cell lymphoma nasal type (ENKL), aggressive

NK-cell leukemia, and chronic active EBV infection

(CAEBV). CAEBV is a rare disorder accompanied by the

clonal proliferation of EBV-infected cells (1). Its T-cell in-

fecting type is designated as “EBV-positive T-cell lym-

phoproliferative disease of childhood” in the WHO classifi-

cation revised in 2008 (2). However, adult-onset cases have

been reported (3, 4).

The pathogenesis of CAEBV is assumed to be due to the

EBV infection of T or NK cells followed by their immor-

talization and expansion. However, the mechanisms respon-

sible for the clonal expansion of infected cells remain un-

clear.

We report here the case of CAEBV in a female patient. In

spite of achieving a complete response (CR) after bone mar-

row transplantation (BMT), CAEBV recurred. At recurrence,

the infected cells were clonally proliferating donor cells, and

the infecting virus differed from that originally causing the

disease. We describe her clinical course and discuss the pos-

sible pathological mechanism responsible for the recurrence.

Methods

The detection and isolation of infected cells (5) and se-

quence analysis for perforin (6) were performed as de-
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scribed previously. For the sequence analysis of the variable

region of lmp1, the genomic DNA extracted from infected

cells was amplified by PCR. The following primers were

used: 5-AAGGGAGTGTGTGCCATTAAG-3 (fwd) and 5-A

CCCCCACTCTGCTCTCAA-3 (rev); their nucleotide posi-

tions in B95.8 (Genbank No.V01555) were 168052-168073

and 168619-168601, respectively. The conditions for PCR

reactions were as follows: 94℃ for 5 minutes, 94℃ for 15

seconds, 60℃ for 30 seconds, and 72℃ for 60 seconds; 35

cycles. The amplicon was directly sequenced using the same

primers. The ethics committee of Tokyo Medical and Dental

University Hospital approved this study, and written in-

formed consent was obtained from the patient.

Case Report

A 35-year-old woman developed fever and cervical lym-

phadenopathy and was transferred to our hospital. She had

systemic lupus erythematosus (SLE) for the previous 13

years and was receiving prednisolone (PSL) at 5 mg/day.

Her anti-EBV antibodies on admission were 1:20,480 for

anti-VCA-IgG and 1:1,280 for anti-EA-DRIgG, which were

extremely elevated. Anti-VCA-IgM was undetectable, and

the titer of anti-EBNA was 1:40. EBV DNA copy numbers

in peripheral blood (PB) were elevated to 1×107 copies/μg

DNA.

EBV-positive T-cell lymphoproliferative disease was diag-

nosed by cervical lymph node biopsy (Fig. 1A). Infiltrating

cells were positive for CD8, Granzyme B, and EBER

(Fig. 1B-D). In addition, activated CD8＋ cells were in-

creased in the PB (Fig. 1E). These cells were EBV-positive;

they were clonally similar to those in the lymph node,

which involved a TCRJβ1 gene rearrangement (Fig. 1F-H).

Chemotherapy was administered followed by BMT as de-

scribed by Koyama et al (7). The donor was a 29-year-old

unrelated male. His HLA type was A2 (0207) / A26 (2602),

B46 (1501) / B62 (4601), and DR14 (1403) / DR14 (1406).

The patient’s type was A2 (0207) / A26 (2602), B46 (1501)

/ B62 (4601), and DR14 (1401) / DR14 (1401). Their sero-

logic HLA types were identical, whereas the DNA types

displayed disparities in 2 HLA-DR alleles.

The conditioning regimen for transplantation comprised

fludarabine (37.5 mg/m2 intravenously, once daily from days

-6 to -2), melphalan (60 mg/m2 intravenously, once daily

from days -6 to -5), and total body irradiation (4 Gy in 2

fractions on day -1). Cyclosporine (3 mg/kg, from day -1)

and short-term methotrexate (5 mg, 10 mg, and 10 mg on

days 1, 3, and 6, respectively) were administered for the

prophylaxis of acute graft-versus-host disease. Engraftment

was confirmed 1 month after BMT, and the EBV genome in

PB became undetectable after 2 months and remained so for

nearly 12 months.

Although graft-versus-host disease had not developed, ad-

ministration of low-dose corticosteroid (hydrocortisone, 10

mg/day) was continued to compensate for her endogenous

cortisol deficiency due to the long-term administration of

PSL. One year later, her EBV DNA level began to increase

and reached 1.7×104 copies/μg DNA. Three years after

BMT, it was 1.0×105 copies/μg DNA, and the number of

CD8-positive cells had increased among her PB mononu-

clear cells (PBMC; Fig. 2A).

Infected cells in PB were investigated again; these were

identified as CD8-positive T cells. Their clonality was con-

firmed by detecting a TCRJβ1 gene rearrangement, which

revealed a difference from the original (Fig. 1I). EBV-

infected cells (Fig. 2B) and a lymphoblastoid cell line

(LCL) established from the patient’s PBMC soon after en-

graftment (Fig. 2C) had XY karyotype, confirming that

these were donor cells. Furthermore, sequence analysis of

the variable region of lmp1 showed that the infecting virus

differed from that detected in CD8-positive cells before

BMT and was identical to that detected in LCL (Fig. 2D).

Although we did not examine whether the donor was sero-

positive for EBV, the virus obtained from LCL might have

been of donor origin.

Liver dysfunction developed gradually 4 years after BMT.

Liver biopsy was performed, and a significant sinusoidal in-

filtration of atypical cells (CD8- and EBV-positive) was de-

tected (Fig. 3A-C). Her PBMC retained the 46XY karyotype

(Fig. 3D) and mainly comprised activated CD8-positive

cells. In addition, CD4-positive cells were detected

(Fig. 3E).

The EBV DNA copy numbers, the chimerisms of nucle-

ated cells and lymphocytes, and the percentage of CD4- and

CD8-positive cells in peripheral blood are summarized in

Table 1. The chimerism maintained the donor type during

the clinical course. An abnormal XXYY clone suggesting

donor origin appeared 4.5 years after BMT as the disease

progressed. From these results, the diagnosis of CAEBV,

which developed from donor cells infected with a different

virus, was confirmed.

Discussion

The mechanisms responsible for CAEBV development

have not been elucidated. Some investigators reported that

EBV-infected T or NK cells could be detected during pri-

mary infection (8, 9), indicating that EBV could infect these

cells under a high level of viral load. However, some factors

leading to disease development may exist because CAEBV

shows a marked geographic preference for East Asia. Al-

though the strains identified in the present patient before

and after BMT were not identical, the relationship between

strains and disease development needs to be investigated. In

addition, a patient’s genetic background may be involved. In

our patient, recurrence after BMT underlines the importance

of non-hematological factors for disease development.

According to Ohshima et al, following infection with

EBV, T, or NK cells can undergo poly-, oligo-, or monoclo-

nal expansion, resulting in CAEBV (10). For the expansion

of EBV-infected T or NK cells, suppression of cytotoxic T-

cell (CTL) activity may play an important role. Sugaya et al
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Figure　1.　Analysis of Epstein-Barr virus-infected cells at the onset of chronic active EBV infection. 
A-D: Biopsy specimens of a cervical lymph node (original magnification, ×200). A: Hematoxylin and 
Eosin staining shows diffuse infiltration of atypical cells. B: Stained with the anti-CD8 antibody. C: 
Stained with the anti-granzyme B antibody. D: In situ hybridization of Epstein-Barr virus-encoded 
mRNA. Neoplastic cells were positive for CD3 and CD5; these cells were negative for CD4, CD20, 
and CD56 (data not shown). E: Analysis of peripheral blood mononuclear cells by flow cytometry at 
disease onset. (F-I) Southern blot analysis for T-cell receptor Jβ1 gene. After digestion with EcoRI (1), 
BamHI (2), and HindIII (3), DNA was analyzed to detect gene rearrangements. Arrows show rear-
ranged bands. F: Negative control. G: DNA extracted from peripheral blood (PB) at disease onset. 
H: DNA extracted from a cervical lymph node at disease onset. I: DNA extracted from PB at recur-
rence.

demonstrated suppressed EBV-specific CTL activity in

CAEBV patients using human leukocyte antigen (HLA)-A*

2402-restricted tetramers (11). In addition, Katano et al re-

ported that mutations in both alleles of the perforin gene,

which is indispensable for CTL activity, resulted in its re-

duced expression and could play a role in CAEBV develop-

ment (12).

However, we were unable to detect perforin gene muta-

tions in CAEBV cells from the present patient (data not

shown). We previously reported suppressed CTL activity

against EBV-infected B cells in an EBV-B-LPD patient who

had been administered low-dose PSL for more than 7

years (13). The present patient and one in another report

who had SLE developed CAEBV during PSL administra-

tion (14). Thus, PSL, even at low doses, may suppress CTL

activity and trigger disease development.
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Figure　2.　Analysis of Epstein-Barr virus-infected T cells 3 years after BMT at recurrence of 
chronic active EBV infection. A: Analysis of peripheral blood mononuclear cells by flow cytometry 
at the diagnosis of recurrence. B, C: Fluorescence in situ hybridization (FISH) analysis. Red and 
green signals indicate X and Y chromosomes, respectively. B: Lymphoblastoid cell line (LCL) estab-
lished from patient’s PBMC soon after engraftment. The XY signal was positive in 96.8% of cells 
and was considered to be of donor origin. EBV-DNA titer, 1.4×106 copies/μg DNA. C: CD8-positive 
cells from PB at recurrence. The XY signal was positive in 98.4% of CD8-positive cells. EBV-DNA 
titer, 2.4×106 copies/μg DNA. D: Lmp1 sequence analysis of CD8-positive T cells at diagnosis (CD8-D, 
upper lane) of LCL, established from patient’s PBMC soon after engraftment (LCL-R, middle lane), 
and of CD8-positive T cells at recurrence (CD8-R, lower lane). The first nucleotide corresponds to 
nucleotide No. 168238 of B95.8 (Genbank No.V01555). Asterisks indicate repeat regions; black let-
ters indicate distinctive nucleotides.

EBV itself can contribute to the clonal proliferation of in-

fected T or NK cells. NF-kB was constitutively activated in

EBV-infected T or NK cells derived from CAEBV patients

and protected them from VP-16-induced apoptosis, suggest-

ing that EBV infection of T or NK cells could directly con-

tribute to their immortalization (15). However, EBV-induced

immortalization of infected cells may be insufficient for

CAEBV development.
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Figure　3.　Analysis of Epstein-Barr virus-infected T cells at liver dysfunction development. A-C: 
Biopsy liver specimens at recurrence (original magnification, ×200), showing severe sinusoidal infil-
tration of atypical cells. A: Hematoxylin and Eosin staining. B: Stained with the anti-CD8 antibody. 
C: In situ hybridization of Epstein-Barr virus-encoded mRNA. D: FISH analysis of peripheral nu-
cleated cells. Red and green signals indicate X and Y chromosomes, respectively. E: Analysis of pe-
ripheral blood mononuclear cells by flow cytometry at the time of liver biopsy.

We recently generated a xenograft model of CAEBV by

transplanting a patient’s PBMC to NOD/Shi-scid/IL-2Rγ-

null strain mice (16). In this model, neither EBV-infected T

and NK cell engraftment nor CAEBV development occurred

without CD4-positive T cells. This indicates that both in-

fected cells and CD4-positive T cell-associated mechanisms

(e.g., interactions with CD4-positive T cells, CD4- positive

T cell-related cytokines, and so on) may be necessary for

CAEBV development. At recurrence, the present patient had

activated CD4-positive cells that may have originated from

the donor’s PBMC (Fig. 3E and Table 1). Three other cases

of CAEBV have been reported in patients with autoimmune

diseases (14, 17, 18). Hyperactivated, uninfected T cells, in-

cluding CD4-positive T cells, may facilitate the expansion of

EBV-infected T or NK cells, as in our murine model.

In conclusion, the present case indicates that certain back-

ground host factors may predispose a patient to CAEBV de-

velopment. Further studies should be conducted in order to

determine these factors.
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Table　1.　Chemerism and Lymphocyte Subsets of Peripheral Blood after Bone Marrow Trans-
plantation

0 1 3 4 4.5

XX 0.6% XX 0% XX 0%

XY 99.4% XY 100% XY 100%

NE XX 0.5% NE XX 0%

NE XY 99.5% NE XY 78.5%, XXYY 21.5%
The Percentage of CD4-positive cells in CD3-

positive cells  (in MC) NE 25 % (24%) NE 43% (41%)

The Percentage of CD8-positive cells in CD3-
positive cells (in MC) NE 75% (71%) NE 57% (57%)

Epstein-Barr virus-DNA 
 (copies/ gDNA)

ND 1.7×104 1×105 1×105 5.6×106

MC: monocuclear cells

ND: not detected
NE: not examined

Chimerism of nucleated cells (%)

Chimerism of T cells

Years after Bone Marrow Transplantation

NE NE
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