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Abstract Epstein-Barr (EBV) is the first virus supposed to be
causative for human neoplasm. To date, list of EBV-associated
lymphomas includes Burkitt lymphoma, Hodgkin lymphoma,
pyothorax-associated lymphoma, primary effusion lympho-
ma, nasal type extranodal natural killer/T cell lymphoma,
plasmablastic lymphoma, immunodeficiency-associated lym-
phoproliferative disorders, and lymphomatoid granulomato-
sis. In these diseases, presence of EBV could be detected at
protein level by immunohistochemistry and at genetical level
by polymerase chain reaction and in situ hybridization both
applicable on routinely processed formalin-fixed, paraffin-
embedded specimens. Clonality of EBV-infected cells could
be examined by Southern blot analysis. EBV status examined
using these ancillary diagnostic tools were informative for
diagnosis of lymphoma, especially diseases developing under
immunodeficient condition and diseases showing polymor-
phous histology with or without large multinucleated cell like
a Hodgkin–Reed Sternberg cell. Comprehensive evaluation of
clinical presentation, histology, immunohistochemistry, genet-
ic aberration, and EBV status enable accurate diagnosis of
EBV-associated lymphoma.
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Introduction

Viruses are assumed to be associated with the development of
malignant lymphomas, for example, Epstein-Barr virus
(EBV) is associated with Burkitt lymphoma development [1,
2]. They are also assumed to be associated with lymphomas
developing in immunocompromised hosts [3–5], for example,
human T-lymphotropic virus type 1 has been associated with
adult T cell leukemia/lymphoma (ATLL) [6], human herpes-
virus type 8 (HHV-8) with primary effusion lymphoma (PEL)
[7], hepatitis C virus with lymphoplasmacytic lymphoma [8],
and simian virus 40 with diffuse large B cell lymphoma
(DLBCL) [9]. Particularly, information regarding the etiolog-
ical role of EBV in B cell non-Hodgkin and Hodgkin lympho-
ma has been collected.

Presence of EBV in lesional tissues could be shown by
polymerase chain reaction (PCR) using specific primers for
EBV and in situ hybridization (ISH) using EBV-encoded
small RNA-1 (EBER-1) probes, which are applicable even
on routinely processed, formalin-fixed, paraffin-embedded
specimens (FFPE). Expression of EBV latent antigens, partic-
ularly latent membrane protein (LMP)-1 and EBV nuclear
antigen (EBNA)-2, could be detected at the protein level by
immunohistochemistry and at the genetic level by biochemi-
cal methods. Oncogenic role of LMP-1 and EBNA-2 is well-
known. The presence of EBV along with latent gene expres-
sion provides an insight on the substantial role of EBV in
lymphomagenesis. In addition, by analyzing the fusion pat-
terns of terminal repeats of EBV, clonality of EBV-containing
cells could be determined.

The positive rate of EBV is high in several types of lym-
phoma [10], including Burkitt lymphoma [1, 2], lymphomas
developing in immunocompromised hosts [3–5], Hodgkin
lymphoma, particularly mixed cellularity subtype [11, 12],
nasal-type extranodal natural killer/T cell lymphoma
(ENKTL) [13–15], and pyothorax-associated lymphoma
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(PAL) [16–18]. Thus, the detection of EBV could be useful for
the diagnosis of these types of lymphomas.

In this review, we will provide an overview of EBV-
associated lymphomas and discuss the optimal time to test
EBV status and how we can practically use this testing for
diagnosing lymphomas.

Epstein-Barr virus (EBV)

Burkitt lymphoma is a lymphoid neoplasm; it was first de-
scribed as a round cell sarcoma by Dennis Burkitt in 1958
and was observed to develop in the jaw or abdominal cavity
of a child [19]. In 1964, Anthony Epstein and Ivonne Barr
discovered a herpesvirus-like particle in the cytoplasm of the
cell line established from biopsy samples of a patient with
Burkitt lymphoma [1]. This new member of the herpesvirus
family was first named as human herpesvirus-4 and subse-
quently termed as “EBV.” It comprised approximately
170 kbp of double-stranded DNA. Various viral products, in-
cluding some proteins that are expressed during latent infec-
tion, such as LMP-1 and LMP-2 and EBNA-1, EBNA-2, and
EBNA-3, are encoded in either sense or antisense chains.
EBV infects B lymphocytes through the pharyngeal epitheli-
um. Most (more than 90 %) of the viruses establish latent
infection, expressing a subset of viral latent genes, and reside
in B lymphocytes throughout the life of the host. A few of the
viruses enter via lytic infection and replicate, but subsequent-
ly, they get eliminated by the immune system of the host.
Therefore, many people are transiently infected with EBV
and either show non-specific symptoms similar to common
cold or no symptoms for the first few years of their lives. It
is notable that in well-developed countries, where people live
in a hygienic environment, primary infection is more frequent-
ly delayed until adolescence or adulthood. Thus, people with
primary EBV infection may develop infectious mononucleo-
sis (IM).

EBV is the first virus that was elucidated to be a possible
causative agent for human neoplasm [1, 2, 10]. To date, EBV
has been demonstrated to be associated with Hodgkin lym-
phoma [11, 12], nasal-type ENKTL [13–15], PAL [16–18],
and immunodeficiency-associated lymphoproliferative disor-
ders [3–5]. In the updated World Health Organization (WHO)
classification, 15 diseases are listed as EBV-associated lym-
phoproliferative disorders [20] (Table 1). Other than lymphoid
neoplasms, it has been shown that EBV is related to nasopha-
ryngeal carcinoma, a variant of gastric cancer accompanied
with characteristic lymphoid stroma, and some forms of mes-
enchymal neoplasms [21, 22].

EBV is present as a latent infection in the majority of EBV-
positive lymphoma cells. In very few cells (less than 1 % of
the total number of tumor cells), EBV infection enters through
the lytic phase. EBV BZLF1 and BRLF1 proteins play a key

role in the transition from latent to lytic infection. Lymphoma
cells, in which EBV switches from latent to lytic infection,
produce viral particles and secrete various cytokines. They
may also promote proliferation of tumor cells via a paracrine
mechanism. A recent study showed that IL-13 that is induced
by BZLF protein suppresses cytotoxic T cells and augments
the efficiency of transformation of EBV-infected B lympho-
cytes [23].

There are three types of latent infections of EBV, which are
classified according to the expression pattern of latency-
associated proteins. EBV-associated neoplasms show differ-
ent types of latent infections (Table 2). Most of the latency-
associated proteins have antigenicity recognized by the im-
mune system of the host. These findings suggest that the im-
mune reaction of the host to tumor cells infected with EBV
and the oncogenic role of EBV differ among various EBV-
associated neoplasms.

Recently, the role of micro RNAs (miRNAs) encoded by
the EBV genome in the pathogenesis of EBV-positive lym-
phomas has been investigated. The miRNAs of EBV are
encoded as a cluster at the BHRF and BART gene regions.
They interact with the cellular processes of hosts and alter the
state of viral infection, innate immunity, cell survival, and cell
proliferation. BART miRNA suppresses apoptosis through

Table 1 List of EBV-associated lymphomas (WHO classification,
2008)

Immunocomepent

B cell

Diffuse large B cell lymphoma (DLBCL) associated with chronic
inflammation including pyothorax-associated lymphoma (PAL)

EBV-positive DLBCL of the elderly

Lymphomatoid granulomatosis (LyG)

Plasmablastic lymphoma (PL)

Primary effusion lymphoma (PEL)

Burkitt lymphoma

NK/T cell

Aggressive NK-cell leukemia

EBV-positive T cell lymphoproliferative disorders of childhood

Systemic EBV-positive T cell lymphoproliferative disease of
childhood

Hydroa vacciniforme-like lymphoma

Extranodal NK/T cell lymphoma, nasal type (ENKTL)

Angioimmunoblastic T cell lymphoma (AITL)

Classical Hodgkin lymphoma

Immunocompromised

Lymphoproliferative diseases associated with primary immune
disorders

Lymphomas associated with HIV infection

Post-transplant lymphoproliferative disorders (PTLD)

Other iatrogenic immunodeficiency-associated lymphoproliferative
disorders
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upregulation of the p53 upregulated modulator of apoptosis
and downregulation of CASP3, a pro-apoptotic transcript [24,
25]. BHRF1 miRNA suppresses expression of CXCL-11, an
interferon-inducible chemokine and T cell attractant, which
contributes to evasion of EBV-infected tumor cells by
immunosurveillance of the host [26]. BART miRNA are
expressed in each state of latency, and BART miRNA and
BHRF1 are expressed in all EBV-positive PTLD [27], sug-
gesting a significant role of the viral miRNAs of EBV in the
etiology of EBV-positive lymphomas.

Detection methods for EBV

Immunohistochemical methods enable the detection of pro-
teins associated with EBV latent infection, such as EBNA-2
and LMP-1. Immunohistochemistry for EBNA-2 and LMP-1
is a versatile and easy-to-use method for detection of FFPE,
although its specificity is inferior to PCR and its ambiguity in
evaluation of the results and inter- or intra-observer variability
may be problematic.

PCR is a sensitive method for detection of EBV. During
practical use, however, this method requires careful attention
to avoid contamination of EBV nucleic acids among individ-
ual samples or contamination of EBV from the saliva of ex-
aminers, as EBV ubiquitously infects majority of the popula-
tion. Nucleic acids extracted from FFPE can be used for de-
tection by PCR, although it is required to bear in mind that
degeneration of the extracted nucleic acids may result in false-
negatives.

ISH detects EBER-1 that is expressed during the latent
infection. This technique has the advantage that latent infec-
tion of EBVin tumor cells can be visible in situ on histological
sections. Because large copy numbers of EBER-1 are
expressed in the infected cells, degeneration of mRNA in
FFPE is negligible pertaining to the sensitivity of this detec-
tion method. Thus, EBER-1 ISH is widely recommended for
detection of EBV. Detection kits for EBV using ISH are pro-
vided commercially, and some of them are applicable to auto-
mated staining machines; therefore, there are no technical

obstacles in the practical use of ISH in the laboratories of
community hospitals.

Southern blot analysis is a method that is useful to evaluate
clonality of EBV infected cells in tumor tissues. EBV DNA
exists in a linear form in viral particles, which converts to a
circulated episomal form in host cells during viral infections.
There are sequences named as terminal repeats at both ends of
the linear form of EBV DNA. The terminal repeats on both
ends fuse when the virus takes its episomal form. Because
each EBV particle has DNA with a unique copy number in
terminal repeats, digestion by restriction enzymes generates
t he p rope r l eng th o f d ige s t ed DNA f ragmen t .
Electrophoretical fractioning of enzymatic digests enables as-
sessment of the clonality of infected EBV population in the
lesional tissue. Southern blot procedures require technical
skills; therefore, this test can only be performed in well-
equipped research laboratories.

Infectious mononucleosis (IM)

IM is an acute infectious disease that is caused by an EBV
primary infection. Its symptoms include fever, pharyngitis,
cervical lymphadenopathy, and, less frequently, hepatomegaly
with liver dysfunction, splenomegaly, and systemic lymph-
adenopathy. Hematological findings are leukocytosis and
lymphocytosis with atypical lymphocytes, also known as
Downey cells. Antibodies against EBV (viral capsid antigen-
Ig M, antigen-Ig G, and early antigen-Ig G) are elevated in the
acute phase. Diagnosis of IM does not require histological
evaluation of the biopsied lymph nodes, because clinical pre-
sentation and hematological and serological findings are usu-
ally enough for its definitive diagnosis. Histologically, lymph
node architecture is largely preserved, but it is partially effaced
with paracortex hyperplasia and focal necrosis. Cellular com-
ponents of the paracortex are polymorphous, including vari-
ous sized lymphocytes, immunoblasts, macrophages, plasma
cells, and eosinophils. Sometimes sheets of immunoblast pro-
liferation mimic large cell lymphoma. Large polynucleated
cells, resembling Hodgkin-Reed Sternberg cells (HRS) cells,

Table 2 Manners of EBV latent infection accoding to expression of latency-associated viral products

Manner of latent infection EBER EBNA-1 EBNA-2 EBNA-3 LMP-1 LMP-2 Type of lymphoma

Latency I + + − − − − Burkitt lymphoma, PEL, PL

Latancy II + + − − + + Hodgkin lymphoma, ENKTL, LyG

Latency III + + + + + + PAL, immunodeficiency-associated
lymphoproliferative disorders

EBER EBV-encode small RNA, ENBA EBV nuclear antigen, LMP latent membrane protein, PEL primary effusion lymphoma, PL plasmablastic
lymphoma, ENKTL extranodal NK/T cell lymphoma, LyG lymphomatoid granulomatosis, PAL pyothorax-associated lymphoma
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are also observed. EBER-ISH shows many EBV-infected
large lymphoid cells within affected lymph nodes.

Burkitt lymphoma

Burkitt lymphoma is the first human neoplasm demonstrated
to be associated with viral infection [1, 2, 10], although EBV
is no longer believed to be a unique essential pathogen of this
disease. Burkitt lymphoma is divided into three subtypes ac-
cording to clinicopathological characteristics: endemic, spo-
radic, and immunodeficiency-associated type [2, 28]. Detec-
tion rate of EBV in tumor tissues varies among these variants,
with nearly 100, 30, and 30 % of endemic type, sporadic type,
and immunodeficiency-associated type, respectively [2, 28].
This suggests that EBV has different associations with onco-
genesis among these subtypes. Endemic type has been shown
to be a polymicrobial disease [29]. A hypothesis has been
proposed that activation of B cells by Plasmodium falciparum
and the induction of activation-induced cytidine deaminase
(AID) through Toll-like receptor-9 promoter translocation of
the MYC gene provides a proliferative advantage in tumor
cells [29–31]. Induction of AIDs by HIV is also assumed in
HIV-associated Burkitt lymphoma.

Detection rate of EBV in sporadic subtypes and
immunodeficiency-associated subtypes is low; therefore, de-
tection of EBV is not crucial in establishing a diagnosis for
these types. In patients with systemic immunodeficiency,
EBV-associated lymphoma other than Burkitt lymphoma can
also evolve; therefore, EBV status alone is not enough for the
diagnosis of immunodeficiency-associated type Burkitt lym-
phoma. Histological and cytomorphological findings of tumor
cells, immunophenotype (CD10-positive, bcl-6 positive, bcl-2
negative), and detection of MYC gene translocation by fluo-
rescent in situ hybridization are prerequisites for the diagnosis
of Burkitt lymphoma.

Hodgkin lymphoma

Association between Hodgkin lymphoma and EBV has been
speculated by epidemiological studies. The prevalence of Hodg-
kin lymphoma is significantly higher in people with a history of
IM and elevated serum levels of antibodies against EBV [32,
33]. Subsequent studies have revealed that the frequency of
EBV depends on age, environmental factors such as country
and socioeconomical status, and histology. Detection rate of
EBV is high at the unimodal peak of disease incidence during
childhood in developing countries with low socioeconomical
status, and in the elderly bimodal peak in well-developed coun-
tries [12]. According to histological subtypes, detection rate is
high in mixed cellularity and lymphocyte depletion type, and
low in lymphocyte-rich and nodular sclerosis type [11, 12, 34].

These findings suggest that oncogenic mechanisms differ be-
tween each histological subtype of Hodgkin lymphoma. Alter-
natively, histological subtypes might correspond to different
stages in the stepwise development of Hodgkin lymphoma. Al-
most all cases with nodular lymphocyte predominant type have
no association with EBV [34].

Immunohistochemistry and ISH detect products of EBV la-
tent infection in HRS cells (Fig. 1). Southern blot analysis dem-
onstrates a monoclonal fusion pattern of the EBV genome in the
tumor tissues of Hodgkin lymphoma, suggesting that EBV is
involved in the early oncogenic process of this disease [35, 36].

Diagnosis of Hodgkin lymphoma should be based on the
histological findings of hematoxylin–eosin)-stained speci-
men. Examination of EBV status is not always essential for
diagnosis of Hodgkin lymphoma. In some conditions, detec-
tion of EBV is helpful to differentiate Hodgkin lymphoma
from diseases mimicking the histological features of Hodgkin
lymphoma. First, EBV status provides valuable information
for differentiation of Hodgkin lymphoma from anaplastic
large cell lymphoma (ALCL). It might be problematic to dif-
ferentiate lymphocyte depletion subtype of Hodgkin lympho-
ma from ALCL because CD30-positive large pleomorphic
cells appear in both diseases. Usually, EBV is not detectable
in ALCL [37]; therefore, demonstration of EBV in large pleo-
morphic cells suggests a diagnosis of Hodgkin lymphoma.
Second, detection of EBV is informative for differentiation
between Hodgkin lymphoma and primary mediastinal large
B cell lymphoma (PMLBCL). PMLBCL and nodular sclero-
sis type of Hodgkin lymphoma (NSHL) share common clini-
copathological characteristics; both PMLBCL and NSHL
preferentially affect young females and often arise from the

Fig. 1 Histology of Hodgkin lymphoma and detection of EBV in HRS
cells by EBER-1 ISH. The histological representation of classical
Hodgkin lymphoma shows scattered large atypical cells with prominent
nucleolus and perinuclear halo, including typical binucleated HRS cells
(inset). These cells are admixed with small lymphocytes, eosinophils,
macrophages, and plasma cells (a). The large atypical cells are positive
for CD30 (b) EBER-1 ISH analysis is positive in large atypical cells
(c)
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mediastinum. Both tumors show a marked sclerosis in histol-
ogy. Latent infection of EBV is demonstrated in NSHL, albeit
at lower frequency than in lymphocyte depletion and mixed
cellularity subtypes. EBV is rarely detected in PMLBCL [38].
Presence of EBV in tumor cells suggests a diagnosis of Hodg-
kin lymphoma, although comprehensive evaluation of clini-
copathological features, including immunophenotype of tu-
mor cells, is necessary for the definitive diagnosis. Cases
showing intermediate histological features between Hodgkin
lymphoma and PMLBCL are categorized as intermediate
lymphoma in the WHO classification and EBV is detected in
up to 20 % of these cases [39].

Pyothorax-associated lymphoma (PAL) and primary
effusion lymphoma (PEL)

PAL was firstly described by Aozasa et al. as a distinct clini-
copathologic entity [40]. PAL is a B cell lymphoma that pri-
marily develops from the pleura or chest wall following his-
tory of a long-standing pyothorax of more than 20 years [16,
17]. Most of the patients with PAL have a history of artificial
pneumothorax for treatment of lung tuberculosis or tubercu-
lous pleuritis. Histologically, PAL is DLBCL and usually
EBV is detected in tumor cells (Fig. 2) [16–18]. Because
PAL has a distinctive clinical background, in combination
with DLBCL histology, demonstration of latent infection of
EBV is not a prerequisite for its diagnosis. Diagnosis of PAL
requires that the tumor develops during a chronic inflamma-
tory condition of the pleural cavity [16, 17].

PEL is a body cavity-based disease similar to PAL. Patients
with PEL present with effusion fluids in the pleural cavity,

abdominal cavity, or pericardial space, usually without mass
formation. HHV-8 can be detected in tumor cells floating in
the effusion fluid in almost all cases [7]. Most PEL cases have
a c o - i n f e c t i o n w i t h HHV- 8 a n d E BV [ 7 ] .
Cytomorphologically, tumor cells show marked differentia-
tion into plasma cells, thus lacking expression of CD20.
PEL patients are usually affected by systemic immunodefi-
ciency. For diagnosis of PEL, detection of HHV-8 but not
EBV is essential, although distinctive clinical appearance
and histology enable diagnosis of PEL in most cases.

Extranodal NK/T cell lymphoma (ENKTL)

ENKTL can be divided into two subtypes according to their
clinical presentation. A tumor arises within the upper respira-
tory tract, mainly nasal cavity, in nasal type and in extranasal
regions such as intestine and testis, in non-nasal type. Nasal-
type ENKTL preferentially affects the facial midline area
forming a necrotic tumorous lesion. Similar conditions are
identified in carcinomas, syphilis, tuberculosis, and
Wegener’s granulomatosis. All of these diseases have been
fatal in the past and are termed as lethal midline granulomas.
In 1987, Ng et al. first reported that this neoplasm expresses
NK-cell marker, suggesting an NK-cell-origin [41], and sub-
sequently molecular studies, including gene rearrangement
study of T cell receptor genes, have established ENKTL as a
unique disease entity [14, 15, 42]. ENKTL is prevalent in East
Asia and Latin America, where Mongolid is the dominant
ethnicity [43]. Histologically, medium- to large-sized lym-
phoid cells accompanied with inflammatory cells proliferate,
showing polymorphous appearance. Polymorphous histology
often makes it difficult to differentiate ENKTL from inflam-
matory conditions purely on morphological grounds, but im-
munohistochemical procedures provide a direct evidence for
proliferation of NK-cells and/or T cells. Massive tumor necro-
sis and preferential invasion of tumor cells into vascular walls
(angiocentric pattern) are also characteristic and suggestive of
ENKTL. EBV is detected in more than 90 % of the cases with
ENKTL (Fig. 3) [14, 15]. When interpretation of immunohis-
tochemical findings is equivocal, EBV status and results of T
cell receptor gene rearrangement analysis could provide a fun-
damental basis for diagnosis of ENKTL. There are other types
of lymphoid neoplasms and some non-neoplastic lesions that
arise from the nasal cavity. Therefore, it is meaningful to dif-
ferentiate ENKTL, which requires more aggressive therapy
with a combination of cytotoxic agents and irradiation, from
other lymphoid neoplasms such as DLBCL that are usually
treated with standard chemotherapy. A recent study demon-
strated that the copy number of EBVDNA in peripheral blood
of ENKTL patients correlates with the disease activity and that
its evaluation is useful for prediction of poor prognosis.

Fig. 2 Histology of PAL and detection of EBV by EBER-1 ISH. The
photomicrograph shows diffuse proliferation of large lymphoid cells with
irregular nuclear contour, fine chromatin, and one to several prominent
nucleoli (a). These cells are positive for CD20 (b) and LMP-1 (c). EBV
RNA present in the large lymphoid cell nuclei are detected by EBER-1
ISH (d)
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Plasmablastic lymphoma (PL)

Plasmablastic lymphoma (PL) is a clinically aggressive B cell
lymphoma with plasmacytic differentiation that arises from
the oronasal mucosa. It typically occurs with systemic immu-
nodeficiency [44, 45]. Histologically, PL shows a diffuse pro-
liferation of immunoblast-like cells with expression of
plasmacytic markers such as CD38, CD138, and MUM-1.
Tumor cells often lack CD20 expression and sometimes ex-
press CD56, and therefore, should be carefully differentiated
from ENKTL. PL has high proliferative activity, i.e., high Ki-
67 labeling index. EBER-1 ISH detects EBV in 60–75 % of
cases with PL, and almost all cases are HIV-positive [44, 45].
Combined clinicopathological findings and results of immu-
nohistochemistry are usually adequate enough to diagnose
PL; therefore, testing of EBV status is not essential. PL less
commonly develops in extraoral locations of HIV-negative
elderly patients [46, 47]. It should be kept in mind that EBV
positive rate is relatively low in patients with HIV-negative
PL. EBV status is also valuable information for differentiation
of PL from extramedullary plasmacytoma, with or without
blastic transformation [46].

Immunodeficiency-associated lymphoproliferative
disorders

Immunodeficiency-associated lymphoproliferative disorders
include the following: (1) lymphoproliferative diseases associ-
ated with primary immune disorders, (2) lymphomas associat-
ed with HIV infection, (3) post-transplant lymphoproliferative
disorders (PTLD), and (4) other iatrogenic immunodeficiency-
associated lymphoproliferative disorders [3–5, 10, 20]. EBV

might have an oncogenic role in all these disorders. These
disorders have various histological features of lymphoma and
lymphoproliferative disorders, with polyclonal to oligoclonal
lymphoid populations. Immunodeficiency-associated lympho-
proliferative disorders are mostly derived from B cells, but T
cell or NK-cell proliferation is occasional (10–15 %). Because
serum anti-EBVantibody tests are negative prior to transplan-
tation in most cases with PTLD, it has been suggested that
primary EBV infection after transplantation underlies develop-
ment of PTLD. Infection of EBV may occur via passenger
EBV-positive lymphocytes of the organ donor or via casual
exposure as occurring in immunocompetent individuals
incommunity. Positive rate of EBV varies among the histologi-
cal types of lymphoma. EBV is detected in more than 90 % of
the cases with B-PTLD and in more than 70% of the cases with
T-PTLD [10]. EBV is detected in almost all cases with Hodgkin
lymphoma, oral type plasmablastic lymphoma, and primary
central nervous lymphoma in HIV-positive patients [4, 10].
Positve rate of EBVis relatively lower in HIV-associated Burkitt
lymphoma and other iatrogenic immunodeficiency-associated
lymphoproliferative disorders [4, 5, 10].

Detection of EBV provides an important clue in the diag-
nosis of B-lymphoproliferative lesions with polymorphous
histology, developing under immunodeficiency, because dif-
ferentiation of this lesion from inflammatory lesions based on
morphology is often difficult (Fig. 4). As positive signals in
large neoplastic lymphocytes are revealed frequently by
EBER-1 ISH, it suggests immunodeficiency-associated lym-
phoproliferative disorders, but definitive diagnosis often re-
quires demonstration of tumor cells monoclonality. In cases
with Hodgkin-like histology in immunodeficient individuals,

Fig. 3 Histology of ENKTL and detection of EBV by EBER-1 ISH. The
lesion shows proliferation of medium-sized lymphoid cells with abundant
pale cytoplasm and irregular nuclear borders, admixed with small
lymphoid cells (a). These cells are positive for CD3 (b), CD56 (c), and
TIA-1 (d). EBER-1 ISH analysis of nuclei is positive (e)

Fig. 4 Histology of polymorphous B cell lymphoma that develops under
immunodeficiency and detection of EBV by EBER-1 ISH. The lesion
shows mixed proliferation of small lymphoid cells, plasma cells, and
medium to large lymphoid cells with bizarre nuclei (a). Bizarre large
lymphoid cells are evident in the interfollicular area (b). These cells are
positive for CD20 (c), and EBVRNApresent in the nuclei are detected by
EBER-1 ISH (d)
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presence of EBV indicates a diagnosis of lymphoma rather
than non-neoplastic inflammatory changes. Growing number
of cases of EBV-negative PTLD have been described, particu-
larly, in adult solid organ transplant recipients [3]. Duration
between organ transplant and development of PTLD is longer
in EBV-negative cases (more than 5 years after transplant) than
EBV-positive cases.

To summarize, it is desirable to test EBV status together
with gene rearrangement analysis in cases of lymphoprolif-
erative lesions, developing under systemic immunodeficient
conditions, because it is often problematic to differentiate
lymphoproliferative disorders from non-neoplastic inflam-
matory lesions. Copy number of serum EBV DNA is a
marker for activity of EBV infection and serves as a useful
reference for early diagnosis and prediction of disease pro-
gression [48].

Others

Lymphomatoid granulomatosis (LyG) is a rare extranodal
B cell lymphoma preferentially affecting the lower respi-
ratory tract, and it also involves the brain, kidney, liver,
and skin. LyG shows a polymorphous histology, with a
mixture of large or small lymphocytes, plasma cells, and
macrophages, often mistaken as inflammatory lesions.
Angiocentric pattern of proliferation and formation of
granulomatous lesion in skin are characteristic. EBV is
detected in almost all cases with LyG. Histological grade
based on the number of large B cells, which are positive
by EBER-1 ISH, was proposed [49]. Their histological
grade is strongly correlated with their response to chemo-
therapy and prognosis; therefore, detection of EBV by ISH
is essential for diagnosis and therapeutic decision making
in LyG.

Some investigators have reported that EBV-positive B cell
lymphoma, developing in elderly people, 50 years of age and
older, could be categorized as a lymphoma type that is histo-
logically similar to common type of DLBCL, although poly-
morphous histology accompanied with various inflammatory
cells is found not infrequently. An unfavorable prognosis has
been suggested in these cases as compared with the EBV-
negative DLBCL. However, other investigators reported a
similar prognosis with either EBV-positive or EBV-negative
DLBCL [50].

Systemic EBV-positive T cell lymphoproliferative dis-
ease of childhood shows a fulminant clinical course, usual-
ly complicated by hemophagocytic syndrome, disseminate
intravascular coagulopathy, and multiple organ dysfunction
syndrome. These diseases are often associated with chronic
active EBV infection, showing a clonal expansion of CD8-
positive cytotoxic T cells infected with EBV. Histologically,
infiltration of EBV-positive, CD8-positive lymphocytes, in

combination with hemophagocytic figures, is observed in
the liver, spleen, and lymph nodes. Monoclonal rearrange-
ment of T cell receptor genes has been detected. Hydroa
vacciniforme-like lymphoma is a rare form of primary cu-
taneous T cell lymphoma in children, often associated with
hypersensitivity to sunlight exposure or mosquito bites. Cu-
taneous infiltration of EBV-positive neoplastic T cells, with
cytotoxic phenotype, proven to be monoclonal by rear-
rangement study of TCR genes is observed. Although its
clinical course and prognosis are variable, systemic disease
shows a more aggressive course.

In cases with angioimmunoblastic T cell lymphoma
(AITL), ATLL, and peripheral Tcell lymphoma, not otherwise
specified, EBV-positive B cell population can clonally expand
under severe immunodeficiency due to either progression of
tumor or intensive chemotherapy [51–53]. Previous reports
have shown that clonal rearrangement of immunoglobulin
heavy chain genes is detected in 25–30 % of AITL cases
[54, 55]. Clonal expansion of B cells in T cell lymphomas
sometimes progresses to secondary B cell lymphoma, with
or without EBV latent infection (Fig. 5). Alternatively, an
EBV-positive B cell lymphoma may newly develop after re-
gression of primary T cell lymphoma. Therefore, it is neces-
sary to test EBV status and examine the clonality of lymphoid
cells, when clinical appearance and/or histology is altered in
patients with T cell lymphoma, without being confined to
primary diagnosis.

Fig. 5 Evolution of secondary B cell lymphoma in case of AITL
and detection of EBV by EBER-1 ISH. The photomicrograph
shows proliferation of medium-sized lymphoid cells with abundant
clear cytoplasm, admixed with an inflammatory background of
small lymphocytes, plasma cells, and prominent arborizing blood
vessels (high endothelial venules). In addition, large lymphoid cells
with bizarre nuclei are also visible throughout the lesion (inset) (a).
The medium-sized lymphoid cells with clear cytoplasm are positive
for CD3 (b). The large lymphoid cells with bizarre nuclei are
positive for CD20 (c), and EBER-1 ISH shows positive signal in
nuclei (d)
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Conclusion

In individuals with possible immunosuppression, evaluation of
EBV in lesional tissues might provide an insight into diagnosis
and therapeutic modalities. Pathologists could use EBER-1
ISH as an ancillary diagnostic tool, in combination with com-
prehensive evaluation of the clinicopathological features of the
aforementioned diseases. Alternatively, even if the immuno-
logical condition in patients is unknown, association of EBV
is suspected in tumors with histological features such as lym-
phoma with large multinucleated cells similar to HRS cells and
B cell lymphoma with polymorphous histology. Therefore, the
evaluation of EBV status by ISH and information of immuno-
logical condition in patients are useful strategies for establish-
ing diagnosis in cases with such histological features.

The number of immunocompromised patients is increasing
because the progress in chemotherapy and molecular targeted
drug therapy and advanced medical intervention, such as or-
gan transplantation, may induce immunosuppression. In addi-
tion, the society is rapidly aging worldwide, and populations
with underlying immunodeficiencies are believed to be grow-
ing steadily. Under such epidemiological circumstances, pa-
thologists will have a greater opportunity to encounter EBV-
associated lymphomas hereafter. There is no evidencewhether
different therapeutic strategies for lymphomas should be
employed depending on the EBV status; thus, at present,
EBV status does not have a significant impact on clinical
and therapeutic approaches in any histological subtypes of
lymphoma. However, it is important to differentiate certain
types of aggressive lymphomas associated with EBV (e.g.,
ENKTL and plasmablastic lymphoma), which require more
intensive therapy than that required by the common type
of lymphoma such as EBV-negative DLBCL, in order to
avoid inadequate treatment. In cases with iatrogenic
immunodeficiency-associated lymphoproliferative disorders,
withdrawal of causal agents for immunosuppression could
result in remission of tumors; therefore, pathological diagnosis
of EBV-associated lymphoma is advantageous in preventing
excessive medical intervention by chemotherapy.
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