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Abstract: A new category, “EBV positive T-cell lymphoproliferative disorders (LPD) of childhood”, was proposed in the
2008 World Health Organization’s (WHO) classifications of lymphoma. This series of lymphoproliferative disorders is
rare. There are two major types of this series of disorders: systemic EBV positive T-cell LPD of childhood and hydroa
vacciniforme-like lymphoma (HVLL). In this study, we describe the distinct features of four cases of EBV positive T-
cell LPD of childhood in China. Two were systemic EBV positive T-cell LPD of childhood, one was HVLL and one was
chronic active EBV (CAEBV). The main manifestations were lymphadenopathy, fever, hepatosplenomegaly and skin
rashes. The structure of the lymph nodes in the patients ranged from preserved to partially or totally destroyed.
Small- to medium-sized, atypical T cells had infiltrated the lymph nodes. In HVLL, the neoplastic cells had infiltrated
the dermis and subcutaneous region surrounding sweat glands and nerves. All of the cases tested positive for CD8,
other T cells, cytotoxic markers and EBV-encoded RNA (EBER) without CD56 expression. Molecular analysis was
performed in three cases. All of the three analyses showed a TCRy rearrangement and one case also had an IGH
rearrangement. One of the patients with systemic EBV positive T-cell LPD of childhood experienced rapid evolved
and died within five months of onset. CAEBV, systemic EBV-positive T-cell LPD of childhood and HVLL are distinct
but overlapping diseases within the category of EBV-positive T-cell LPD of childhood. They constitute a continuous

spectrum of EBV-infected associated disorders.
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Introduction

It has been proven that the Epstein-Barr virus
(EBV) can infect B cells, T cells and natural kil-
ler (NK) cells, and can result in various types of
lymphoproliferative disorders containing B-cell,
T-cell, NK-cell and Hodgkin lymphomas. EBV
positive T-cell LPD of childhood is fairly rare and
predominantly occurs in Asians and Native
Americans. According to the 2008 WHO classi-
fication of tumors of the hematopoietic and
lymphoid tissues, EBV-positive T-cell LPD of
childhood can be divided into two major types:
systemic EBV-positive T-cell LPD of childhood
and HVLL [1]. The first type usually occurs
shortly after primary acute EBV infection or in
the setting of CAEBV. It is characterized by a
clonal proliferation of EBV-infected T cells with
an activated cytotoxic phenotype. It generally

occurs in the liver, spleen, bone marrow, lymph
nodes, skin and lungs. Patients with this dis-
ease most commonly show an acute or sub-
acute clinical course and usually die of multiple
organ failure days to months after the onset of
the disease. The second type, HVLL, is a cuta-
neous T-cell lymphoma with an indolent clinical
process. It is characterized by a papulovesicu-
lar eruption in a sun-exposed area. System
symptoms may be present, particularly late in
the course of the disease. Reviewing the litera-
ture, it transpires that the majority cases of
reported HVLL have been from Asia, particularly
Japan [2], with a few from China. In this study,
we report the clinicopathological features of
four Chinese pediatric patients with EBV-
positive T-cell LPD to accumulate more informa-
tion and diagnostic experience about this series
of diseases.
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Materials and methods
Patients

Four cases of EBV-positive T-cell LPD of child-
hood were studied at the Cancer Institute and
Hospital of the Chinese Academy of Medical
Sciences (CICAMS) in Beijing between February
2011 and 2013. The morphology and immuno-
phenotype of each case were analyzed. All four
cases were discussed and finally diagnosed
consistently by several pathological professors
in the department.

Immunohistochemistry

Immunostaining was performed on 4 um-thick
FFPE tissue sections using an autostainer, a
Ventana Benchmark XT (Ventana Medical
Systems, Tucson, AZ, USA) according to the
manufacturer’s instructions. The primary anti-
bodies used included CD2, CD3, CD5, CD7,
CD43, CD4, CD8, CD20, PAX-5, CD56, TIA-1,
granzyme B (GrB), CD30 and Ki-67.

In situ hybridization for EBER

The presence of EBV RNA was analyzed by non-
isotopic in-situ hybridization with EBV-encoded
RNA (EBER) 1 and 2 oligonucleotide probes
(Dako Cytomation, Carpinteria, CA, USA) in par-
affin-embedded tissue sections, as previously
described.

B-cell and T-cell clonality analysis

A BIOMED-2 polymerase chain reaction (PCR)
was performed to analyze the clonal expansion
of T and B cells. DNA was extracted from the
paraffin sections and the quality of the DNA
was assessed. T-cell clonal expansion was
detected by analysis of TCRB and TCRy gene
rearrangement and B-cell clonal expansion by
IGH and IGK gene rearrangement. The PCR
products were analyzed using capillary electro-
phoresis. Appropriate positive and negative
controls were included in all of the experi-
ments.

Results
Clinical features and follow up data
The patients were three males and one female,

aged from seven to 14 years. All of the patients
were Chinese. None of them had any previous
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history of immunodeficiency. Three of the
patients presented fever. All had multiple
lymphadenopathy. Two patients presented with
hepatosplenomegaly and cytopenia. One exhib-
ited hypersensitivity to mosquito bites. One
had a recurrent skin rash on the right toe and
on two sites on the trunk (summarized in Table
1).

All patients proceeded with treatment; three of
them with chemotherapy. One patient’s condi-
tion progressed rapidly and he died within five
months of onset. The other three patients are
alive. Two of these patients are currently com-
pletely healthy.

Histological analysis

The architecture of the lymph nodes differed
between the patients. Case two showed a pre-
served architecture, with the interfollicular area
and lymphatic sinusoid remarkably expanded.
In cases one and three some to all of the lymph
node structure was destroyed (Figure 1A).
Small- to medium-sized neoplastic lymphoid
cells had infiltrated the expanded T zone, with
mild atypia (Figure 1B). Marked proliferation of
high endothelial venules was seen in all lymph
nodes. Case four was analyzed with a skin biop-
sy, which revealed that a large number of neo-
plastic cells had infiltrated the dermis and sub-
cutaneous areas around the sweat glands and
nerves (Figure 1C and 1D).

Based on the clinical and morphologic features,
immunophenotype and ISH data, and molecu-
lar analysis, the four cases were classified as
follows: cases one and three were systemic
EBV-positive T-cell LPD of childhood, case four
was HVLL and case two was CAEBV.

Immunohistochemistry and ISH analysis

In situ hybridization for EBV using an EBER
probe demonstrated a marked positivity in the
majority of the small-sized lymphocytes. It also
expressed cytotoxic molecules GrB and TIA-1.
All of the cases expressed CD8. Only one
expressed CD4 (Figure 2). CD56 was negative
in all of the cases. Two cases were positive for
CD30. The Ki-67 labeling index was high (40%
to 80%) in all of the cases (Table 2).

Molecular studies

Three cases displayed B-cell receptor (BCR)
and TCR rearrangements. All of the cases
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Table 1. Clinical characteristics and follow-up data of the four cases of EBV-positive T-cell LPD of childhood
Patient Age

Gender Clinical presentation Therapy Outcome
number (years)
1 14 Male Fever, hepatosplenomegaly, lymphadenopathy, anemia, sensitivity to Chemotherapy, interferon Alive. Currently completely healthy, 38 months from onset
insect bites
2 7 Male Fever, lymphadenopathy Oral drugs (non-chemotherapy, not clear) Alive. Currently completely healthy, 32 months from onset
9 Male Fever, hepatosplenomegaly, lymphadenopathy, pancytopenia, then Chemotherapy Dead at 5 months from onset

progressed to multiorgan failure

4 12 Female  Recurrent skin rash, lymphadenopathy Chemotherapy Alive. Under treatment, more than 12 months from onset

Table 2. Morphologic, immunophenotypic and molecular features of the patients with EBV-positive T-cell LPD of childhood

Patient ) . Biopsied )
Diagnosis P Morphologic features Immunophenotype and EBER PCR
number organ
1 Systemic EBV-positive T-cell LPD of childhood Lymph node Lymph node structure was partially destroyed, neoplastic CD2+, CD3+, CD5+, CD7+, CD4-, CD8+, CD30+, CD56-, TCRy
cells proliferated actively in an expanded T-zone TIA-1+, GrB+, CD20-, Ki-67 > 60%, EBER+
2 CAEBV Lymph node Lymph node structure was preserved, T-zone and lymphatic CD2+, CD3+, CD43+, CD4-, CD8+, CD30+, CD56-, TIA- NV
sinusoid was expanded and infiltrated with neoplastic cells 1+, GrB+, CD20-, PAX-5-, Ki-67 > 50%, EBER+
3 Systemic EBV-positive T-cell LPD of childhood Lymph node Lymph node structure was totally destroyed, FDC was dimin- CD2+, CD5+, CD7+, CD4+, CD8+, CD56-, TIA-1+, GrB+, TCRy
ished or disappeared, neoplastic cells diffusedly infiltrated ~ CD20-, Ki-67 40%, EBER+
4 HVLL Skin Marked degree of neoplastic cells infiltrated the dermis CD2+, CD3+, CD5+, CD7+, CD4-, CD8+, CD30+, CD56-, TCRy and IGH

TIA-1+, GrB-, CD20-, PAX-5-, Ki-67-Li 80%, EBER+

NV, not evaluable.
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Figure 1. Histologic features of EBV positive T-cell LPD of childhood. A: Lymph node structure partially destroyed,
neoplastic cells proliferated actively in an expanded T-zone. B: Small- to medium-sized neoplastic lymphoid cells
had infiltrated the expanded T zone, with mild atypia. C and D: A large number of neoplastic cells infiltrated around
the sweat glands and nerves.

examined exhibited TCR rearrangement. Inter-
estingly, case four also displayed a monoclonal
IGH gene rearrangement (Figure 3).

Discussion

Recently, extensive attention has been paid to
EBV because infection may lead to a prolifera-
tion of different subsets of lymphocytes and
cause various types of lymphoproliferative dis-
orders involving B cells, T cells and NK cells. In
2008, the WHO classification of tumors of the
hematopoietic and lymphoid tissues intro-
duced a new category of T-cell lymphoprolifera-
tive disorders, called “EBV-positive T-cell LPD of
childhood” [1]. This disorder may be associated
with acute EBV infection or CAEBV [2-4]. It usu-
ally affects children and young adults [5-7]. This
disorder is fairly rare and appears to have a
racial predilection. It is more prevalent in Asia
and South America [8-10] and is seldom found
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in Western countries [4, 7]. The majority of the
cases reported in Asia were Japanese and only
a few Chinese cases have been described in
the literature. In our study, all four patients
were Chinese. The patients ranged in age from
seven to 14 years (with a median age of 10.5
years). This age range is consistent with Jin’s
study [9].

Systemic EBV-positive T-cell LPD of childhood
and HVLL are the two main types of EBV-
positive T-cell LPD of childhood. Systemic EBV-
positive T-cell LPD of childhood encompasses a
variety of entities, including fulminant EBV+
T-cell LPD of childhood, fatal infectious mono-
nucleosis (FIM) and severe CAEBV with mono-
clonal EBV+ T-cell proliferation.

CAEBV has been mostly seen in Western popu-
lations. However, it rarely progresses to sys-
temic lymphoproliferative disorder in such
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patients and it has usually been associated
with EBV-infected B cell proliferation [11]. The
main clinical symptom of CAEBV in Western
populations is an infectious mononucleosis
(IM)-like syndrome with high titers of antibodies
to EBV-capsid antigen (VCA-IgG) and early anti-
gen (EA-IgG) [1]. In contrast, the CAEBV that has
been found in Japanese and other East Asian
patients often has a poor prognosis and a high
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Figure 2. Immunophenotypic features of EBV-pos-
itive T-cell LPD of childhood. Case 3 showed both
CD4 (A) and CD8 (B) positive. Neoplastic cells
were positive for GrB (C), TIA-1 (D) and EBER (E).

mortality rate, and is characterized by a clonal
expansion of T cells or NK cells [2, 12, 13].
Thus, it has been called “severe CAEBV”.
Patients with this disorder usually have a fever,
lymphadenopathy, hepatosplenomegaly and
pancytopenia, which often evolve into fatal
complications such as multi-organ failure, sep-
sis, disseminated intravascular coagulopathy
(DIC) and hemophagocytic syndrome. To avoid
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Figure 3. Molecular features of Case 4. It showed both TCRy and IGH rearrangement.
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confusion between the two different CAEBVs
affecting different populations, the form of
severe CAEBV with monoclonal EBV-positive
T-cell proliferation was included by the WHO in
the systemic EBV-positive T-cell LPD of child-
hood classification of lymphoma in 2008.

Cutaneous complications, including hypersen-
sitivity to mosquito bites and hydroa vaccin-
iforme (HV), may occur independently or in
association with CAEBV. A few cases of HV over-
lapping with CAEBV subsequently developed
into EBV associated T-cell or NK-cell lymphoma,
which was categorized in the 2008 WHO clas-
sification of lymphoma as HVLL [14]. The clini-
cal characteristics of HVLL are facial edema
and recurrent vesiculopapular rash, followed by
ulceration and crusting. In some patients, this
disorder may develop into a systemic disease
with systemic symptoms including fever, lymph-
adenopathy and hepatosplenomegaly [15-17].
However, systemic EBV-positive T-cell LPD of
childhood may also be accompanied by hyper-
sensitivity to insect bites and HV. Thus, HVLL
with systemic symptoms and systemic EBV-
positive T-cell LPD of childhood with accompa-
nying skin lesion are overlapping conditions.

Given this fact, we consider CAEBV, systemic
EBV-positive T-cell LPD of childhood and HVLL
to be distinct but overlapping entities within the
category of EBV-positive T-cell LPD of child-
hood. These three conditions constitute a con-
tinuous spectrum of EBV-infected associated
disorders.

In our study, all of the patients presented with
lymphadenopathy regardless of the different
entities. One case of systemic EBV-positive
T-cell LPD of childhood presented with a mos-
quito bite allergy. The patient with HVLL in our
study showed multiple skin rashes and accom-
panying lymphadenopathy in several regions.
Thus, the clinical manifestations of our series
support our previous inference.

To some extent, the histological changes in
each case revealed the severity of the disease.
The distinction between different entities also
manifested a continuous spectrum of EBV-
infected associated disorders. Compared with
the case of CAEBYV, which showed a largely pre-
served lymph node structure, the two cases of
systemic EBV-positive T-cell LPD of childhood in
our series exhibited a partial to complete
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destruction of the lymph node architecture. The
number of atypical T cells infiltrating the lymph
node in the CAEBV case was less than that of
the two cases of systemic EBV-positive T-cell
LPD of childhood. Furthermore, the two cases
of systemic EBV-positive T-cell LPD of childhood
exhibited a higher degree of atypia of neoplas-
tic cells than the case of CAEBV. Moreover, the
outcome of the CAEBV patient was very posi-
tive. The patient was completely healthy after a
non-chemotherapy treatment. In contrast, the
case of systemic EBV-positive T-cell LPD of
childhood in which the normal lymph node
structure was destroyed and had the highest
proportion of the neoplastic cells rapidly pro-
gressed. This patient died of the disease within
five months of its onset. Thus, we hypothesize
that CAEBYV, which has a lack of systemic clini-
cal presentations and does not show T-cell or
NK-cell monoclonal proliferation, may be a pre-
neoplastic disorder of systemic lymphoma. The
morphological changes may reveal the serious-
ness of the disorder and help predict its
prognosis.

EBV-positive T-cell LPD of childhood is charac-
terized by a clonal proliferation of EBV-infected
T-cells and NK-cells. An investigation of
Japanese CAEBYV patients suggested that the T
cell type had a poorer prognosis than the NK
cell type [18]. In our study, all four cases had
T-cell type expressed cytotoxic granules such
as TIA-1 and/or GrB. All four cases were nega-
tive for CD56, a marker of NK-cell immunophe-
notype. The neoplastic cells in all four cases
expressed CD8, which is consistent with the
results of other reported studies [19, 20]. Only
one case was positive for CD4. The WHO clas-
sification of lymphoma suggested that cases
that occur in the setting of CAEBV are prone to
be CD4 positive [1].

Most interestingly, the case of HVLL had not
only TCRy but also IGH rearrangement, which
has been described in one other study [20]. Itis
considered that this result could be due to
CD20 positive B-blasts intermingling with neo-
plastic cells.

EBV-positive T-cell LPD of childhood is a rare
series of disorders involving many entities.
Definitive diagnosis requires correlations to be
made among clinical, pathological and ancillary
investigatory findings. EBV detection by ISH
and molecular cloning technigque analysis could
contribute to the diagnosis. Due to the low inci-
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dence of this disease, research should contin-
ue to accumulate more cases in an attempt to
better understand its morphological and clini-
cal characteristics.
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