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Epstein-Barr virus (EBV) -associated follicular lymphoma is only rarely reported. Herein, we report the largest
series analyzing prevalence and clinicopathologic characteristics of EBV-associated follicular lymphoma
occurring in unselected cases. Out of 382 analyzed cases, 10 EBV-positive follicular lymphomas were identified
(prevalence= 2.6%, 95% confidence interval 1.3–4.0%). All EBV-positive follicular lymphomas showed EBV-
encoded small RNA-positive lymphoma cells present in a follicular distribution. Of these, eight also had tissue
available for testing of expression of latent membrane protein 1 (LMP1), out of which six (75%) were positive.
There was a significant association with grades 3A-3B follicular lymphoma (Po0.0001) and CD30 expression
(P= 0.0002). EBV-positive follicular lymphomas were otherwise morphologically and immunophenotypically
indistinguishable from EBV-negative cases of similar grade. Nine of the EBV-positive follicular lymphomas
occurred in patients with no known history of immunosuppression, while one patient had a history of
hydroxychloroquine administration for Sjögren's syndrome. The mean age in the EBV-positive and -negative
follicular lymphomas was 56 (range 31–83 years) and 49 years (range 25–92 years), respectively, with no
statistically significant difference. Seven of the patients with EBV-positive follicular lymphoma had additional
biopsies from different time points available for review, all of which showed progression of disease in the form of
progression of tumor grade. Five of these progressed to diffuse large B-cell lymphoma, one of which had tissue
available for testing and was EBV-positive. Our findings suggest that EBV infection may have a role in
lymphomagenesis and/or disease progression in a subset of follicular lymphomas, thereby expanding the
spectrum of recognized EBV-associated B-cell lymphomas.
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Epstein-Barr virus (EBV), a member of the Herpesvir-
idae family, also called human herpesvirus 4 (HHV-
-4), is one of the most common viruses that infects
humans and is characterized by the property of
latency.1 EBV is associated with the development of
several types of lymphomas, particularly in patients
with congenital or acquired immunodeficiency.2

Most EBV-related lymphomas are of a B-cell lineage;
however, a subset of NK and T-cell lymphomas are
also associated with EBV.3,4 Specifically recognized
B-cell lymphomas associated with EBV include
classical Hodgkin lymphoma, Burkitt lymphoma,
lymphomatoid granulomatosis, post transplant
and other lymphoproliferative disorders associated
with immunodeficiency, and subsets of diffuse
large B-cell lymphoma. Large B-cell lymphomas
associated with EBV are usually aggressive neo-
plasms and include several subtypes: plasmablastic
lymphoma, diffuse large B-cell lymphoma associated
with chronic inflammation, primary central nervous
system lymphoma arising in immunosuppressed
patients, and EBV-positive diffuse large B-cell
lymphoma.5

Recently, during the course of our clinical prac-
tice, we observed two cases of grade 3A follicular
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lymphoma, one of which had a component of diffuse
large B-cell lymphoma, which were found to be
EBV-associated based on positive expression of EBV-
encoded small RNA (EBER) as determined by in situ
hybridization. EBER testing in the first of these two
cases was performed based on the patient's advanced
age of 86 years and the presence of a high-grade (3A)
follicular lymphoma with a diffuse large B-cell
lymphoma component. In this case, EBER was
strongly positive in lymphoma cells present in both
the diffuse and follicular components. Lymphoma
cells in this case were also positive for LMP1. This
patient had a previous history of high-grade follicu-
lar lymphoma, grade 3A, based on an excisional
biopsy in which a diffuse large B-cell lymphoma
component was not present. EBER testing was
performed retrospectively in this patient’s initial
biopsy and was positive in the follicular lymphoma
despite the absence of a diffuse large B-cell lym-
phoma component at that time. Shortly after this
case, a second case of EBV-positive grade 3A folli-
cular lymphoma without a diffuse large B-cell
lymphoma component was seen in a 76-year-old
patient who had a previous history of low-grade
follicular lymphoma for 6 years.

Currently, the association between EBV and
typical follicular lymphoma occurring in the setting
of immunocompetence is not well recognized. Only
few sporadic cases of EBV-positive follicular lym-
phoma have been documented in the literature.6–8
Most of the previously reported cases were in the
form of isolated case reports identified in patients
with significant immunodeficiency and usually in
the context of transformation to high-grade lympho-
mas and/or classical Hodgkin lymphomas.6–8
Because EBER is not systematically assessed in
follicular lymphoma, the prevalence, underlying
biology, clinicopathological features and prognostic
significance of EBV-positive follicular lymphoma
is unknown. On the basis of our initial findings of
two EBER-positive follicular lymphoma cases in
elderly but otherwise immunocompetent patients,
we decided to investigate the incidence of EBV-
associated follicular lymphoma on a larger scale. To
this end we analyzed 382 cases of unselected
follicular lymphoma for the presence of EBV in
order to provide an estimated prevalence of this
disease and assess if EBV-positive cases have
distinctive clinicopathologic features in comparison
to EBV-negative follicular lymphomas.

Materials and methods

We identified 382 cases of follicular lymphoma
occurring in adults and consecutively diagnosed
between 2011 and 2015 at the University of Miami
and between 1985 and 2000 at Stanford University
for which formalin fixed paraffin-embedded tissue
was available for testing with EBER in the form of
a tissue microarray or full tissue sections. Cases

contributed from the University of Miami were
reviewed as whole tissue sections from diagnostic
patient samples. The tissue microarray used in this
study was made from follicular lymphoma cases
seen by one physician at Stanford University (RL)
over 19 years. Only cases with in-house formalin
fixed paraffin-embedded blocks with sufficient
material for duplicate 1.0mm cores to make the
tissue microarray were included. Testing with LMP1
was also performed in cases in which sufficient
tissue was available. Tissue microarray sections were
created from representative areas of complete tissue
sections in which the interpretation and diagnosis
of follicular lymphoma was made in 343 out of the
382 cases; 39 cases were reviewed as whole tissue
sections. Cases of diffuse large B-cell lymphoma,
primary cutaneous or primary gastrointestinal (duo-
denal-type) follicular lymphoma, and pediatric-type
follicular lymphoma were not included in this study.
Clinical and pathology information was obtained by
retrospective review of the medical chart and
pathology reports after institutional review board
approval. The diagnosis and grading of all lympho-
mas was based on criteria as specified in the 2008
WHO classification and all cases were reviewed and
diagnosed by hematopathologists at either the Uni-
versity of Miami or Stanford University.

Immunohistochemical studies were performed
on formalin fixed paraffin-embedded tissue sections
on Leica BOND-III automated stainers and included
a variable panel of B- and T-cell markers used
to support the diagnosis of follicular lymphoma.
Evaluated immunohistochemistry markers included
CD20, CD3, CD10, BCL6, BCL2, LMP1, and CD30
(Leica Biosystems, Newcastle, UK). CD30 was con-
sidered positive when 430% of lymphoma cells
were positive.

Testing for the presence of EBV was performed
by in situ hybridization for EBER on formalin
fixed paraffin-embedded tissue sections on a Leica
BOND-III automated stainer (Leica Biosystems).
Appropriate positive and negative controls were
used. EBV-positive cases were defined as those with
greater than 10 EBER-positive tumor cell nuclei per
0.5 cm2 (ref 9). Cases with ‘bystander’ EBER-positive
non-neoplastic lymphocytes were not included as
EBV-positive follicular lymphoma cases.

Double immunofluorescence labeling was per-
formed using formalin fixed paraffin-embedded
tissue sections. Immunofluorescence for LMP1 was
performed in combination with CD20 (LMP1 and
CD20), BCL2 (LMP1 and BCL2) and BCL6 (LMP1 and
BCL6). The slides were incubated with anti-LMP1
antibody (Dako, USA), and with an anti-CD20, BCL2,
or BCL6 antibody (Abcam, USA) for 2 h at room
temperature. Alexa Fluor 594 (red) goat anti-rabbit
IgG conjugate and Alexa Fluor 488 (green) goat anti-
mouse IgG conjugate antibody (Life Technologies,
USA) were used as secondary antibodies. The nuclei
were counterstained with 40–60 diamidino-2-
phenylindole (DAPI). After aqueous mounting, the
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slides were observed using a fluorescence micro-
scope (Olympus BX51, Tokyo, Japan).

The presence of t(14;18)(q32;q21)/IGH-BCL2
was investigated using interphase fluorescence
in situ hybridization with a IGH/BCL2 dual-color,
dual-fusion translocation probe (Vysis-Abbott, Des
Plaines, Ill) on formalin fixed paraffin-embedded
tissue sections in select cases in which sufficient
tissue was available.

Statistical analysis included comparison of the
number of EBV-positive cases among grade 1-2 and
grade 3A-3B follicular lymphomas, and of CD30
expression, using Fisher exact test. All 95% con-
fidence intervals (CIs) were calculated via a basic
bootstrap procedure using 2000 repeats. Comparison
of patient age in EBV-positive versus EBV-negative
follicular lymphomas was performed using the
Wilcox rank-sum test. The significance level was
set at an α-value of 0.05. R (version 3.1.3, http://
www.r-project.org) software was used for all statis-
tical analyses.

Results

Out of the 382 identified cases of follicular lym-
phoma, each case represented an individual patient
and all cases had sufficient diagnostic material
available for pathology assessment and lymphoma
diagnosis including morphologic and immunophe-
notypic interpretation, tumor grading, and EBER
testing. All cases were initially reviewed as complete
tissue sections in which the diagnosis of follicular
lymphoma and tumor grade was confirmed by
hematopathologists (YN, JC, and FV). Each case
had morphological and immunophenotypic features
typical for follicular lymphoma including follicular
or follicular and diffuse pattern, morphological
features of centroblasts and centrocytes within
neoplastic follicles, and germinal center immuno-
phenotype. Cases with abnormal large cells with
significant anaplastic or Hodgkin-like features were
not seen in this series. Tumor grade was available in
all cases. Overall in this cohort, grade 1-2 follicular
lymphoma represented 74.1% and grade 3A-3B,

25.9%. The mean patient age was 49 years (range
25–92 years).

EBER in situ hybridization was performed in
all cases, regardless of tumor grade, patient age or
clinical stage and identified 10 EBV-positive folli-
cular lymphomas (prevalence = 2.6%, 95% CI
1.3–4.0%). Immunophenotypic findings for the 10
EBV-positive follicular lymphoma cases are pro-
vided in Table 1. Out of the 10 EBER-positive
follicular lymphoma cases, all were composed of
lymphoma cells present in a follicular distribution
which expressed CD10 and coexpressed BCL2. Most
of these cases also expressed BCL6 (Table 1). Tissue
was available in two of the EBER-positive follicular
lymphoma cases for interphase fluorescent in situ
hybridization for translocation t(14;18)(q32;q21)/
IgH;BCL2, which was positive in one case and
negative in one case. All EBV-positive follicular
lymphoma cases showed strong labeling of EBER
restricted to a follicular distribution that corres-
ponded to that of the neoplastic follicles (Figures
1,2,3,4). Although 9 out of the 10 (90%) EBV-positive
follicular lymphoma cases showed EBER positivity
present in 475% of tumor cells within neo-
plastic follicles (Figures 1,2,4), one case of grade
3A follicular lymphoma showed EBER positivity in
only ~5–10% of lymphoma cells (Figure 3). This
particular case had fluorescent in situ hybridization
results available and was positive for t(14;18)/IgH;
BCL2. In cases of grade 3A-3B follicular lymphoma,
EBV was present predominantly in large centroblasts
(Figure 4). LMP1 expression was assessed in eight
of the 10 EBV-positive cases and was positive in six
of these (75%), with overlapping of the distribution
of the EBER-positive cells in each of these cases
(Figure 4). Compared with EBER expression, LMP1
was identified in only a subset of follicular lym-
phoma cells. In a select case in which sufficient
tissue was available for testing, double immuno-
fluorescence staining confirmed that a subset of
CD20-positive lymphoma cells were positive for
LMP1 and that these same LMP1-positive, CD20-
positive cells coexpressed BCL6 and BCL2
(Figure 5). These findings support that the LMP1-
positive B-cells are neoplastic germinal center-

Table 1 Immunohistochemistry and in situ hybridization in cases of EBV-positive follicular lymphoma

Case CD20 CD30 (430%) CD10 BCL6 BCL2 FISH t(14;18) LMP1 EBER

1 + + + ND + + ND +
2 + + + + + − ND +
3 + − + + + ND + +
4 + + + − + ND + +
5 + − + − + ND + +
6 + − + + + ND − +
7 + − + + + ND − +
8 + − + + + ND + +
9 + − + − + ND + +
10 + + + ND + ND + +

+, positive; − , negative; ND, not done.
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derived B-cells and therefore support that LMP1 is
present in follicular lymphoma cells.

Each of the 10 identified EBV-positive follicular
lymphomas represented an individual patient biopsy
identified at a single time point in their disease
course. Nine (90%) of the EBV-positive follicular
lymphomas were grade 3A-3B compared with only

one which was a grade 1-2 follicular lymphoma
(10% and 0.4% respectively, proportion difference:
9.6%; 95% CI 4.7–14.6%, Fisher’s exact test P-
valueo0.0001). Out of the nine EBV-positive grade
3A-3B follicular lymphoma cases, eight were grade
3A, and one was grade 3B. Clinical staging informa-
tion was available in seven patients; four were stage

Figure 1 Follicular lymphoma, grade 3A, follicular pattern, CD30-positive, EBER-positive. Lymphoma cells are present in a follicular
distribution and include increased large cells as seen on the H&E stain (a). Lymphoma cells are positive for CD20 (b), BCL6 (c), and BCL2
(d). EBER was detected in 475% of lymphoma cells in a follicular distribution (e). CD30 immunohistochemistry stain showing strongest
expression in lymphoma cells within follicles with a distribution similar to that of EBER expression (f) (patient 2, Table 2). All images
taken at × 200.

Figure 2 Follicular lymphoma, grade 3A, follicular pattern, CD30-positive, EBER-positive. EBER was detected in 475% of lymphoma
cells in a follicular distribution. (a) CD30 immunohistochemistry stain shows strongest expression in lymphoma cells within follicles with
a distribution similar to that of EBER expression (b). Images taken at × 200.
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IV, two stage III, and one stage II. Detailed clinical
information was available for seven out of the 10
EBV-positive cases and is provided in Table 2.
None of the included patients were known to be
HIV positive. HIV information was captured from
the lymphoma database of Stanford University or
was based on individual patient testing at the
University of Miami (tested in two out of the three

patients). Aside from possible age-related immuno-
senescence, six of the patients were otherwise
immunocompetent. One patient had a history of
long-term treatment with hydroxychloroquine for
Sjögren’s syndrome. In this single case, because
the EBV-positive follicular lymphoma was occurring
in the context of treatment with an immuno-
modulator, this lymphoma could be classified as an

Figure 3 Follicular lymphoma, grade 3A, follicular pattern, CD30-positive, EBER-positive. Lymphoma cells are present in a follicular
distribution and include increased (415) large centroblasts per high-power field as seen on the H&E stain (a). Lymphoma cells coexpress
CD20 (b), CD10 (c), and BCL2 (d). CD21 immunohistochemistry stain highlights the presence of follicular dendritic cell networks
within neoplastic follicles (e). Positivity for EBER was seen in ~5–10% of lymphoma cells in a follicular distribution (f, g). CD30
immunohistochemistry stain shows strongest expression in lymphoma cells within follicles with a distribution similar to that of EBER
expression (h). Fluorescent in situ hybridization for t(14;18)(IgH-BCL2) was positive in this case (patient 1, Table 2). All images taken at
× 200 except image G, taken at × 500 magnification.

Figure 4 Follicular lymphoma, grade 3A, follicular pattern. Lymphoma cells are present in a follicular distribution and coexpress CD20
(a), BCL6 (b), and BCL2 (c) and are positive for EBV with a type II or III latency pattern as demonstrated by EBER positivity by in situ
hybridization (d, e), dual staining with EBER (nuclear stain in red) and CD20 (membranous and cytoplasmic in brown) (f), and LMP1
positivity by immunohistochemistry (g) (patient 3, Table 2). An example of a FL which was negative for EBER is included as h. In this
example, scattered EBER-positive cells are seen but these are interfollicular and do not correspond in location or morphology to those of
the lymphoma cells. Images a–d and h were taken at × 200, images E-G were taken at × 500.
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iatrogenic immunodeficiency-associated lympho-
proliferative disorder. This patient was not treated
with methotrexate or any of the other agents more
commonly associated with iatrogenic immunodefi-
ciency-related lymphoma, however. Seven out of the
10 patients with EBV-positive follicular lymphoma
had additional biopsies from different time points
during their disease course; two of these patients had
prior biopsies (samples that were taken at a time
point before the one included in this cohort) and five
had subsequent biopsies (taken at a time point
subsequent to the one included in this cohort). Both
patients with previous biopsies had EBV-positive
grade 3A follicular lymphoma at the time of inclu-
sion in this cohort and both had previous histories of
grade 1-2 disease. Biopsy material was not available
from the previous grade 1-2 follicular lymphomas,
thus EBV status is unknown at the time of their low-
grade disease (patients 2 and 4, Table 2). Out of the
five patients with subsequent biopsies, one had EBV-
positive grade 1-2 follicular lymphoma at the time of
inclusion in this cohort that progressed to diffuse
large B-cell lymphoma (patient 5) and the others
had EBV-positive grade 3A follicular lymphoma
that progressed to diffuse large B-cell lymphoma
(patients 1, 7, 8, 10). Biopsy material from one of
the latter was available at both time points and both
the grade 3A follicular lymphoma and diffuse

large B-cell lymphoma were EBER-positive. Thus,
the seven patients with biopsies available at separate
time points all demonstrated progression of disease;
two from grade 1-2 follicular lymphoma to grade 3A,
one from grade 1-2 follicular lymphoma to diffuse
large B-cell lymphoma, and four from grade 3A to
diffuse large B-cell lymphoma (Table 2).

Immunohistochemistry staining for CD30 was
performed on 241 cases. Overall, CD30 expression
was found in nine cases of follicular lymphoma
(3.7% of cases tested). In CD30-positive follicular
lymphoma cases, CD30 expression was present in a
follicular distribution corresponding to neoplastic
lymphoma cells within follicles (Figures 1,2,3). CD30
expression was significantly more frequent in
EBV-positive follicular lymphoma compared with
EBV-negative follicular lymphoma (40 versus 2.2%;
proportion difference: 37.8%, 95% CI: 10.4–65.3%;
Fisher's exact test P-value = 0.0002). CD30-positive,
EBV-positive follicular lymphomas were otherwise
morphologically and immunophenotypically indis-
tinguishable from EBV-negative and CD30-negative
follicular lymphomas of similar grade. The mean age
in the EBER-positive and -negative groups was 56
(range 31–83 years) and 49 (range 25–92 years)
years, respectively, with no statistically significant
difference among these groups (P-value 0.1796).
In addition to and separate from the cases of

Figure 5 Dual immunofluorescence staining for CD20, BCL2, and BCL6 with LMP1 in EBV-positive FL. Double immunofluorescence
analysis shows that the LMP1-positive cells are positive for CD20 (a), BCL2 (e) and BCL6 (i) supporting that they are follicular lymphoma
cells. CD20 (a and b), BCL2 (e and f), and BCL6 (i and j) stains are shown labeled in red and LMP1 is labeled in green (c, g, and k) (d, h,
and j). DAPI was used to counterstain the nuclei (last image in each lane).
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Table 2 Clinical features of patients with EBV-positive follicular lymphoma

Case
Age

(years) Clinical presentation Immunosuppression

Initial
FL

grade

Stage at
initial
diagnosis

Initial
treatment Progression

Time from initial
diagnosis to

progression (years)

Treatment at
disease
progression

Alive/deceased
at last follow-up

Follow-up time
from initial

diagnosis (years)

1 83 Cervical lymphadeno-
pathy

No 3A IVA Expectant
followed by
Rituximab

Yes
Grade 3A to
DLBCL

3.8 R-CHOP DOD 4.2

2 76 Abdominal
lymphadenopathy

Hydroxychloroquine
for Sjögren's Syndrome

1-2 IVA None Yes
Grade 1-2 to
3A

6.1 Rituximab DOD 14

3 60 Cervical and inguinal
lymphadenopathy

No 3B U U U NA U Alive 0.1

4 33 Cervical
lymphadenopathy

No 1-2 IVA None Yes
Grade 1-2 to
3A

4.3 CVP Alive 11.8

5 48 Inguinal
lymphadenopathy

No 1-2 IIIA None Yes
Grade 1-2 to
DLBCL

7.2 CVP and
fludarabine,
idiotype
vaccine, KLH,
autologous
BMT

Alive 17.6

6 76 Enlarged left inguinal
lymph node

No 3A U U U NA U U 0

7 31 Mediastinal
lymphadenopathy

No 3A IVA None Yes
Grade 3A to
DLBCL

o1 Splenectomy,
CHOP, CMOPP

Alive 31.9

8 33 Enlarged left
supraclavicular
lymph node

No 3A U CVP Yes
Grade 3A to
DLBCL

5.6 BACOP, XRT,
BMT

DDU 10.5

9 U U U 3A IIIA U U NA U Alive 12.3
10 64 Massive splenomegaly,

lymphadenopathy
No 3A IIA CHOP Yes

Grade 3A to
DLBCL

1.1 CEPP DOD 1.9

U, unknown; +, positive; − , negative; R-CHOP, rituximab, cyclophosphamide, hydroxydaunomycin, vincristine sulfate, prednisone; CVP, cyclophosphamide, vincristine, prednisone; KLH, keyhole
limpet hemocyanin; CMOPP, cyclophosphamide, vincristine, procarbazine, prednisone; XRT, radiation therapy; BMT, bone marrow transplant; BACOP, bleomycin, epidoxorubicin,
cyclophosphamide, vincristine, and prednisone; CEPP, cyclophosphamide, etoposide, procarbazine, and prednisone; DOD, dead of disease; DDU, deceased, disease status unknown at time of
death; NA, not applicable.
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EBV-positive follicular lymphoma, there were also
six cases with bystander EBV-positive cells. These
cases demonstrated scattered EBER-positive cells
present in an interfollicular distribution that
did not correspond to that of the lymphoma cells
(Figure 4h). All of these were grade 1-2 follicular
lymphoma. These cases were not considered to be
EBV-positive follicular lymphoma.

Discussion

Previously reported cases of EBER positivity in
association with follicular lymphoma are rare and
are in the form of isolated case reports in patients
with various immunodeficiency settings and usually
in the context of transformation to diffuse large
B-cell lymphoma and/or classical Hodgkin lym-
phoma. Koreishi et al6 identified a single case of a
65-year-old woman who was HIV-negative and was
simultaneously found to have follicular lymphoma,
Kaposi sarcoma and Castleman’s disease with coin-
fection of EBV and HHV-8. In this case, the follicular
lymphoma component was grade 3A and large
neoplastic centroblasts were positive for EBER. On
the basis of the coexistence of follicular lymphoma,
Kaposi sarcoma and of EBV and HHV-8, it is likely
that this patient was significantly immuno-
suppressed, and thus this case report is distinct from
our series in which history of immunosuppression
and coexistence of other malignancies was not
present in any of our EBV-positive cases. Orlandi
et al7 also reported a single case of grade 1-2
follicular lymphoma arising in a 30-year-old male
that transformed to a fatal EBV-related diffuse large
B-cell lymphoma after treatment with multiple
chemotherapy regimens, presumably due to the
development of profound immunosuppression and
uncontrolled reactivation of latent EBV. In that
report, the EBV-associated lymphoma was classified
as a diffuse large B-cell lymphoma, arising in the
setting of iatrogenic immunosuppression. Menon
et al8 reported a single case of grade 1-2 follicular
lymphoma arising in a 53-year-old woman, which
transformed to a grade 3A follicular lymphoma,
associated with CD30-positive, CD15-positive
Hodgkin/Reed-Sternberg-like cells that were EBV-
positive. Finally, although primary cutaneous folli-
cle center lymphoma is considered to be a distinct
entity from systemic or nodal based follicular
lymphoma, it is notable to mention a case described
by van der Horst et al10 of an EBV-positive primary
cutaneous follicle center lymphoma, which arose in
an immunocompetent 50-year-old man, who subse-
quently developed an EBV-positive diffuse large
B-cell lymphoma.

In the current series, EBV was screened in a large
cohort of unselected cases of typical follicular
lymphoma from two academic institutions regard-
less of tumor grade, patient age, or immune status. In
this report, we identified an overall prevalence of

2.6% for EBV-positive follicular lymphoma. Six out
of eight (75%) of these cases also demonstrated
coexpression of the EBV protein LMP1, indicating
that EBV is present in latency type II or III in EBV-
positive follicular lymphoma. Aside from advanced
age and therefore possible age-related immunosenes-
cence, and one patient with Sjögren’s syndrome and
treatment with hydroxychloroquine, there was no
known history of immunodeficiency in these cases.
To our knowledge, this is the first series reporting on
EBV association in unselected follicular lymphomas
occurring in patients with systemic or nodal based
disease of any grade. The cases included in this
study were collected from two academic institutions,
thus we cannot exclude the possibility of bias in our
cohorts based on referral practices to tertiary care
and cancer centers.

In this cohort, EBV-positive follicular lymphoma
was more frequently associated with grade 3A-3B,
having a prevalence rate of 10% among grade 3A-3B
but only 0.4% in grade 1-2 follicular lymphoma.
EBV-positive follicular lymphoma was also signifi-
cantly associated with CD30 coexpression. Despite
the association with grade 3A-3B and CD30 expres-
sion, we did not identify any clinicopathologic
features that could predict EBV status in unselected
follicular lymphoma cases. Specifically, comparing
tumors of the same grade, EBV-positive and EBV-
negative cases of follicular lymphoma were other-
wise morphologically and immunophenotypically
indistinguishable, and unusual morphological or
immunophenotypic features that may predict EBV
association, such as Hodgkin-like features, necrosis,
granulomas, angiocentric growth, or hemophago-
cytic lymphohistiocytosis were not identified in
cases in this study. Although EBV was more
prevalent among grade 3A-3B follicular lymphoma
than among grade 1-2 follicular lymphoma, overall
most grade 3A-3B cases were EBV-negative, and,
therefore, the grade of the lymphoma likewise did
not predict EBV status. Regarding patient age, we
did not identify a statistically significant difference
in age between EBV-positive and EBV-negative
follicular lymphomas, thus any potential age-
related immunosenescence could have affected both
EBV-positive and EBV-negative patient groups simi-
larly and cannot be used to predict EBV positivity in
these lymphomas.

Seven of the patients with EBV-positive follicular
lymphoma in this cohort had additional (prior or
subsequent) biopsies from different time points, all
of which demonstrated progression of disease over
time to higher-grade follicular lymphoma or diffuse
large B-cell lymphoma. In one of the EBV-positive
follicular lymphoma cases that progressed to EBV-
positive diffuse large B-cell lymphoma, the initial
biopsies of follicular lymphoma, which were exci-
sional biopsies, lacked a diffuse large B-cell lym-
phoma component. This finding raises the question
of the relationship between EBV-positive follicular
lymphoma and EBV-positive diffuse large B-cell
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lymphoma. Previously, EBV-positive diffuse large
B-cell lymphoma of the ‘elderly’ was considered in
the 2008 WHO classification as a provisional entity11
and was defined as an EBV-related clonal large B-cell
lymphoma that arises in elderly patients (450 years
in age), without evidence of immunodeficiency or
history of lymphoma. Initially, EBV-positive diffuse
large B-cell lymphoma of the ‘elderly’ had shown a
median age at diagnosis of 71 years, a slight male
predominance (1.4:1), and was most often identified
in cases with a non-germinal center origin.12,13 More
recently, this entity has increasingly been reported in
younger patients, including children,14 and the
requirement for age 450 has been removed in the
revised 2016 update to the WHO classification and
these lymphomas are now classified as EBV-positive
diffuse large B-cell lymphoma, NOS.15 These lym-
phomas were initially thought to arise as a de novo
EBV-positive diffuse large B-cell lymphoma as
opposed to arising in the setting of transformation
of a pre-existing or coexisting EBV-positive follicular
lymphoma. Originally considered a more aggressive
variant, more recent studies of EBV-positive diffuse
large B-cell lymphoma have shown variable results
with regard to clinical outcome.16

Our series describing EBV-positive follicular
lymphoma shares some similarities with EBV-
positive diffuse large B-cell lymphoma, namely
EBV positivity predominantly within large (high-
grade) lymphoma cells, presence of EBV in latency
type II or III, lack of morphological or immuno-
phenotypic features that predict EBV positivity,
prevalence of 2.6% in Western populations, and
lack of history of immunosuppression. Also similar
to current concepts in EBV-positive diffuse large
B-cell lymphoma, the mean age of EBV-positive and
-negative follicular lymphoma in this series did
not differ significantly. In addition, in this series,
EBER positivity was seen in association with CD30
expression by lymphoma cells. This is not surprising
given the fact that CD30, a member of the tumor
necrosis factor receptor superfamily, is a known
activation induced antigen whose expression is
upregulated in the setting of EBV infection in non-
Hodgkin lymphoma cells.17 Similar to the EBV-
positive, CD30-positive follicular lymphomas
described here, previous studies have shown that a
high percentage of EBV-positive diffuse large B-cell
lymphomas express CD30 (refs 13,18). The identifi-
cation of EBV-positive follicular lymphoma and its
tendency to progress to high-grade follicular lym-
phoma or EBV-positive diffuse large B-cell lym-
phoma raises the possibility that at least a subset of
EBV-positive diffuse large B-cell lymphoma may
arise in the context of progression from other EBV-
related lymphomas, such as follicular lymphoma.
The clinicopathological similarities between EBV-
positive follicular lymphoma and EBV-positive
diffuse large B-cell lymphoma further support this
possibility. These findings also raise questions
regarding whether there is a prognostic or thera-

peutic significance of identifying EBER and CD30
expression in follicular lymphoma, and whether
identifying if an EBV-positive diffuse large B-cell
lymphoma has arisen in the context of another EBV-
positive lymphoma has clinical significance. These
questions will need to be addressed in additional
studies.

Similarly, in the context of follicular lymphoma,
the t(14;18)(q32;q21) translocation, found in ~ 85%
of cases, results in the overexpression of the
antiapoptotic BCL2 protein. However, this genetic
event in isolation is not sufficient to induce follicular
lymphoma. Instead, this translocation provides a
survival advantage through activation of antiapopto-
tic programs that are typically repressed by BCL6 in
germinal center B cells. It is possible that EBV
infection could result in additional genetic changes
that contribute to transformation or progression of
follicular lymphoma. There is emerging evidence
indicating that EBV-encoded microRNAs can reg-
ulate expression of cellular messenger RNAs. These
interactions have been shown to have important
effects in the regulation of cellular pathways includ-
ing those of cell survival and proliferation, and
specifically p53, B-cell signaling, and cell prolifera-
tion and apoptosis pathways.19

It is unclear at this time whether EBV infection is
an early event in the development of follicular
lymphoma, thus participating in the genesis of the
lymphoma, or whether EBV infection is a late event
that may contribute to the progression of an already
established lymphoma. In our experience, we have
seen rare anecdotal cases of reactive follicular
hyperplasias, in which reactive germinal centers
contained EBV-positive cells as determined by
in situ hybridization for EBER. In these cases, EBER
positivity was focal, confined to few cells within few
scattered reactive follicles. This is in contrast to the
EBV-positive follicular lymphoma herein described,
in which EBER positivity is generally diffuse among
and within neoplastic follicles. However, it is
important to mention that the number of EBV
positive cells inside of an individual neoplastic
follicle is variable, suggesting that not all of the
neoplastic cells are infected by EBV. Also, we know
that the vast majority of follicular lymphomas occur
without EBV infection. On the basis of this observa-
tion, we believe that EBV infection may not be the
driver event responsible for EBV-positive follicular
lymphoma in most cases but instead is a facilitator of
disease progression. For example, in t(14;18) positive
follicular lymphoma, if EBV infection of lymphoma
cells predated the acquisition of t(14;18), then one
would expect all clonally related follicular lym-
phoma cells to be EBV-positive, which is not the case
in our experience. However, in our series we did
identify one patient who had a low-grade follicular
lymphoma, which was EBER-positive who then
demonstrated progression to diffuse large B-cell
lymphoma, EBV-positive, after 7.2 years (patient 5).
The long interval between the initial EBV-positive
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follicular lymphoma and the subsequent diffuse
large B-cell lymphoma in this single case suggests
that EBV was present early on in follicular lympho-
magenesis and may therefore be an early event in the
genesis of EBV-positive follicular lymphoma, at least
in a subset of cases. In future cases, the combination
of fluorescent in situ hybridization for t(14;18) with
EBER (by in situ hybridization) will help to further
assess this point. Theoretically, gene expression
analysis of sorted follicular lymphoma cells (EBV-
positive versus EBV-negative) in the same patient
may be useful to better understand the contribution
of EBV infection to lymphomagenesis and follicular
lymphoma progression.

In summary, we present 10 EBV-positive cases in a
large series of unselected patients with otherwise
typical follicular lymphoma. The EBV-positive folli-
cular lymphomas identified in this series had a
prevalence of 2.6%, contained EBV of latency type
II or III, and most arose in immunocompetent
patients. They were clinically, morphologically and
immunophenotypically indistinguishable from EBV-
negative cases of similar grade and therefore could
only be identified by screening for EBV in all
follicular lymphoma cases. EBV-positive follicular
lymphoma shares some clinicopathological features
with EBV-positive diffuse large B-cell lymphoma,
such as association with grade 3A-3B, diffuse EBER
positivity within lymphoma cells (475% of lym-
phoma cells in 90% of cases) and frequent strong
coexpression of CD30. All cases in which biopsy
material was available at separate time points demon-
strated progression of disease to a higher-grade
follicular lymphoma or to diffuse large B-cell lym-
phoma. This finding may have important implica-
tions regarding patient assessment in EBV-positive
diffuse large B-cell lymphoma as well as possible
therapeutic implications in low-grade tumors in
which EBV is identified. Given that predictive or
surrogate morphological or clinical features for EBV
association in follicular lymphoma are unknown at
this time, we believe that the only way to assess for
the presence of EBV is by screening in all follicular
lymphoma cases. Although the incidence of EBV in
follicular lymphoma is low, it is higher in high-grade
follicular lymphoma and for this reason we suggest
that EBER should be screened for in all high-grade
cases. Because the incidence of EBV is particularly
low in low-grade follicular lymphoma, screening for
EBER in all cases may not be cost effective. However,
additional studies are needed to determine whether
the presence of EBV is predictive of aggressive disease
or if EBV-positive low-grade follicular lymphomas
have a higher association with progression to high-
grade follicular lymphoma or diffuse large B-cell
lymphoma. If this is the case, then screening for EBV
even in low-grade follicular lymphoma could be
considered. Our findings expand the spectrum of
recognized EBV-associated B-cell lymphomas. As this
is an initial description, the true incidence of EBV
association in follicular lymphoma, relationship to

lymphomagenesis or transformation, and prognostic
significance will need to be assessed in future studies.
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