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Although Epstein–Barr virus (EBV) is often found in human tonsils, it remains to be precisely determined in
what cells and microenvironment the virus is present. Although generally regarded as a B lymphotropic virus,
EBV is associated with non-B-cell tumors, for example, NK/T-cell lymphoma, carcinoma, and leiomyosarcoma.
To provide a basis for understanding the origin and biology of EBV-infected non-B cells, the immunophenotype
of all EBV-infected cells in reactive human tonsils was determined by subjecting tonsil sections to dual/triple
EBER in situ hybridization and immunohistochemistry with monoclonal antibodies to T cells (CD3, CD4, CD8,
CCR3), B cells (CD20), plasma cells (CD138), natural killer (NK) cells (PEN5), and epithelial cells (cytokeratin), as
well as frozen section immunostaining with antibodies to EBV latent proteins EBNA1, EBNA2, LMP1, and EBV
early protein BZLF1. Most tonsils contained nearly equal numbers of EBNA1- and LMP1-positive cells (latency
program) while only a few contained EBNA2-positive cells (growth program). More than 1000 EBER-positive
cells from six tonsils were detected in the interfollicular zone (59%), tonsillar crypts (26%), and follicles (15%).
Most (82%) EBER-positive cells are CD20-positive B cells, 7% are CD3-positive T cells, and 11% are cells of
indeterminate lineage, often with plasmacytoid morphology. However, no EBER-positive plasma cells were
identified. Rare EBER-positive NK cells and EBER/BZLF1-positive epithelial cells were identified. The direct
demonstration of EBV within rare T cells, NK cells, and epithelial cells in reactive human tonsils provide a basis
for further understanding of the origin of EBV-associated tumors of non-B-cell type.
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Based upon serologic surveys, more than 90% of
adults worldwide have been infected by the Ep-
stein–Barr virus (EBV).1 Nearly all infection is
acquired by oral contact with a person carrying
EBV in saliva.2 Although the exact details of virus
transmission in the oral cavity remain unknown, it
is likely that initial infection of either oral epithelial
cells or tonsillar B cells is followed by a brief period
of replication and lifelong persistence in B lympho-
cytes.3 In one study, no EBV-infected epithelial cells
were identified in tonsils removed during infectious
mononucleosis, strongly suggesting that EBV infec-

tion of epithelial cells, if it occurs at all, must be a
rare event.4 It has been suggested that B cells might
encounter salivary EBV directly through the crypt
epithelium, thus bypassing the need for virus
transmission from epithelial cell to B lymphocyte.5

It has been suggested that newly infected tonsil B
cells first migrate to germinal centers where they
proliferate under the influence of the full comple-
ment of latent viral proteins,6 followed by persis-
tence as long-lived memory B cells with viral gene
expression limited to LMP2a.7

In the present study, formalin-fixed paraffin-
embedded sections of EBV-positive human tonsils
surgically removed for tonsillar enlargement were
subjected to combined immunohistochemistry and
EBER in situ hybridization (ISH) to localize EBV
within various phenotypically defined cell types,
including CD3-positive T cells, CD20-positive B
cells, PEN5-positive natural killer (NK) cells,
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CD138-positive plasma cells, and cytokeratin-posi-
tive epithelial cells. To characterize EBV gene
expression in infected cells, immunohistochemical
staining for EBV latent proteins EBNA1, EBNA2,
and LMP2a on frozen sections, and the immediate-
early protein BZLF1 on paraffin sections was also
performed.

Materials and methods

Tonsil Specimens

Fresh frozen tissue from approximately 50 tonsils
was first screened by EBNA1 PCR, of which 490%
were positive. A randomly chosen subset of 20 was
then selected for EBER ISH (on paraffin sections).
The age range of the tonsil donors was 5–57 years
(mean age 24 years), with a male/female ratio of 1.2
and a 50% white, 30% black, and 20% Hispanic
ethnic distribution. While most tonsils tested con-
tained fewer than 10 EBERþ cells per tissue section,
after much searching we identified six with 50–150
positive cells per section. These tonsils were
selected for dual or triple EBER ISH and immuno-
histochemistry with a fluorescein-labeled EBER1
oligonucleotide probe, and monoclonal antibodies
to T cells (CD3, CD4, CD8, CCR3), B cells (CD20),
plasma cells (CD138), NK cells (PEN5), and epithe-
lial cells (pan-cytokeratin). EBV protein expression
was detected by frozen section immunohistochem-
istry with antibodies to latent proteins EBNA1,
EBNA2, LMP1, and LMP2a, and by paraffin section
immunohistochemistry with antibody to the im-
mediate-early protein BZLF1 (ZEBRA).

EBNA1 PCR

DNA was extracted from fresh frozen tonsil tissue
(QIAamp DNA Midi kit, Qiagen, Valencia, CA, USA)
and subjected to nested PCR using two sets of
nonoverlapping primers to the EBNA1 gene (ex-
ternal: 50-CCTGTAGGGGAAGCCGAT and 50-
CAATGGTGTAAGACGACATT, internal: 50-CCAA
GAAGGTGGCCCAGA and 50-CCTGCCTCCATCAC
CCTG). A 387 bp external PCR product and a
120 bp internal PCR product were obtained. Nested
PCR products were detected by chemiluminescent
dot blot hybridization with a digoxigenin 30-end-
labeled (Roche Diagnostics, Indianapolis, IN, USA)
oligonucleotide probe (50-ACGCATGCATCTCCCTGT).

EBER ISH

Deparaffinized sections of EBV-infected tonsillar
tissue were pretreated with proteinase K for 20 min
and incubated with fluorescein-conjugated EBER
PNA probe (Dako, Carpinteria, CA, USA) at 551C for
2–4 h. The sections were rinsed in water and
incubated with alkaline phosphatase-conjugated
anti-fluorescein antibody for 30 min before adding

fresh NBT color substrate (bromochloroindole phos-
phate and nitroblue tetrazolium) to produce an
alcohol-insoluble dark blue intranuclear stain in
EBV-positive cells.

Immunohistochemistry

Immediately following EBER ISH, the sections were
subjected to antigen retrieval in citrate buffer pH 6 at
951C for 20 min. The sections were allowed to cool
to room temperature for 20 min, and rinsed in water.
After blocking with avidin and biotin, the sections
were incubated for 1 h with one of the following
unconjugated monoclonal antibodies to human
antigens CD3, CD20, CD138 (Dako, Carpinteria,
CA, USA), CD4, CD8 (Serotec, Raleigh, NC, USA),
CCR3 (BD Biosciences Pharmingen, San Diego, CA,
USA), PEN5 (5H10 clone, gift of E Vivier, Centre
d’Immunologie, INSERM-CNRS, Marseille, France),
or cytokeratin (AE1/AE3, Dako); and EBV antigens
EBNA2 (PE2, Dako), BZLF1 (Dako), LMP1 (Dako),
and EBNA1 (gift of E Kremmer, GSF-Institut für
Molekulare Immunologie, Munich, Germany).
DAKO link or USA link (Signet, Dedham, MA,
USA) were used for secondary signal amplification,
followed by either diaminobenzidine (brown) or fast
red (pink) color development. For triple labeling
following EBER ISH, the first primary antibody was
developed with diaminobenzidine followed by
second primary antibody development with fast
red (Envision Double Stain Kit, Dako).

Light Microscopy

The localization and lineage of all EBER-positive
cells (41000 cells) from paraffin-embedded forma-
lin-fixed tonsil sections was determined by colori-
metric EBER ISH followed by single or double
immunohistochemical staining with well-character-
ized antibodies to cell lineage markers CD3 (T cells),
CD4 (T cell subset), CD8 (T cell subset), CD20 (B
cells), CD138 (plasma cells), PEN5 (NK cells), and
cytokeratin (epithelial cells). EBV protein expres-
sion was examined by immunohistochemical
staining of frozen sections for EBV latent antigens
EBNA-1, EBNA-2, LMP-1, LMP-2a, and the immedi-
ate-early antigen BZLF-1.

Results

Distribution and Morphology of EBV-Infected Tonsil
Cells

Nearly 60% of the EBER-positive cells were found
within the T-cell-rich interfollicular regions, while
27% were present within the crypt epithelium, and
15% were present within the B-cell-rich germinal
centers of secondary follicles (Table 1, Figure 1a–c).
In contrast to the relatively large number of EBER-
positive cells in the crypt epithelium, none were
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identified within the stratified squamous epithe-
lium of the tonsillar surface. Individual EBER-
positive cells appeared to be randomly distributed
within the interfollicular and crypt epithelial re-
gions, whereas in germinal centers the distribution
appeared to be nonrandom, with a few germinal
centers containing several positive cells. No EBER-
positive cells were seen within follicular mantle
zone regions or salivary glandular elements. Most
(490%) EBER-positive cells had morphologic fea-
tures consistent with small mature lymphocytes
(Figure 1c, d), some with plasmacytoid features,
while a few had features of large transformed
lymphoid cells.

Immunophenotype of EBV-Infected Tonsil Cells

Most (82%) of the EBER-positive tonsil cells very
weakly expressed the B-cell marker CD20, while
11% did not clearly express any of the cell lineage
markers for B cells, T cells, plasma cells, NK cells, or
epithelial cells (Table 1). In contrast to CD20, only
11% of EBER-positive cells stained with antibody to
the B-cell-specific antigen CD79a in the single case
tested. Since many of the small cells of indetermi-
nate phenotype had plasmacytoid features, and at
least some appeared to express very dim CD20,
many of these cells may be plasmacytoid B cells.
However, staining with the plasma cell marker
CD138 failed to identify any dual EBER/CD138-
positive plasma cells (Figure 1n). While EBER-
positive B cells were often found tightly bound to
T cells (Figure 1d, e), only a small number (7%) of
dual EBER/CD3-positive T cells were identified
(Figure 1f). Many of these EBER-positive T cells
appear to be CD4 positive, while only rare CD8-
positive cells were identified (Table 2, Figure 1g, h).
Despite the presence of numerous PEN5-positive NK
cells just beneath the crypt epithelium (Figure 1i),
dual EBER–PEN5-positive NK cells were identified
only very rarely, and appeared small, contracted and
apoptotic. Initial attempts to utilize the alternative
NK cell marker CD56 with EBER in situ were
unsuccessful. It is likely that the protease digestion
required for EBER in situ along with the normally
weak reactivity of anti-CD56 in paraffin sections

lead to poor staining. Although most of the EBER-
positive cells within the crypt epithelium appeared
as small lymphocytes (Figure 1j), rare dual EBER-
cytokeratin-positive crypt epithelial cells were
found (Figure 1k).

EBV Gene Expression

Matched frozen sections of 20 individual tonsils
were immunostained for EBV latent antigens
EBNA1 (Figure 1o), EBNA2 (Figure 1p), and LMP1
(Figure 1q). The number of positive cells expressing
each latent antigen in matching sections was
recorded to compare expression patterns of viral
latent proteins in these tissues (Table 3). Scattered
EBNA1-positive cells were detected in 19 of 20
tonsils, with counts ranging from 2 to 90 cells per
section. EBNA1 and LMP1 were coexpressed in all
15 tonsils examined. In six of 15 tonsils, signifi-
cantly more LMP1-positive cells than EBNA1-
positive cells were detected. In contrast to the
near-universal expression of EBNA1 and LMP1,
EBNA2-positive cells were detected in only nine of
19 EBNA1-positive tonsils. However, when present,
the number of EBNA2-positive cells equaled or
exceeded the number of EBNA1-positive cells in
nearly every case. A striking finding in these tonsils
was the ‘on-off’ character to EBNA2 expression, i.e.
either no EBNA2-positive cells or many EBNA2-
positive cells were present in each tonsil. Most of
the EBV-infected cells in these non-IM tonsils thus
appear to express the highly restricted EBNA2-
negative form of latency termed the ‘latency pro-
gram’ characteristic of either differentiating
germinal center B cells or differentiated memory B
cells, rather than the EBNA2-positive ‘growth
program’ characteristic of recently infected lympho-
blastoid cells produced by in vitro infection of
peripheral blood B cells.6 Intranuclear BZLF1-
positivity, indicative of EBV lytic activation, was
detected in all tonsils examined. Nearly all of the
BZLF1-positive cells were small lymphocytes just
below or within the tonsillar crypt epithelium,
many with plasmacytoid morphologic features
(Figure 1l). In some cases, rare BZLF1-positive
epithelial cells were also detected (Figure 1m).

Table 1 Location and immunophenotype of 1191 EBER-positive human tonsil cells

Intraepithelial (%) Interfollicular (%) Follicular (%) Total (%)

CD20+ B cells 24 44.2 14 82.2
CD3+ T cells 0.3 6.4 0 6.7
Cytokeratin+epithelial cells 1.2 — — 1.2
Null cellsa 1.3 8.4 1.2 10.9

Total 26.8 59 15.2 100

a
Many of the null cells express extremely dim CD20 and have plasmacytoid features, and thus are likely to be plasmacytoid B cells.
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Figure 1 (a) Numerous EBER-positive (blue) CD20-positive (pink) B cells just beneath the unstained tonsil crypt epithelium (EBER ISH
with dual CD3/CD20 immunostain). Most of the lymphocytes are CD20-positive B cells with scattered CD3-positive T cells. (b) Numerous
scattered EBER-positive B cells within the T-cell-rich interfollicular zone. Note the B-cell-rich follicles in the periphery (triple EBER ISH/
CD3/CD20 stain). (c) High-power view of EBER-positive B cells in a T-cell-rich region (triple EBER ISH/CD3/CD20 stain). (d) Conjugate
formation of CD3-positive T cells with EBER-positive B cells (triple EBER ISH/CD3/CD20 stain). (e) High-power view of tight binding
between an EBER-positive B cell (left) and a CD3-positive T cell (right) (triple EBER ISH/CD3/CD20 stain). (f) EBER-positive T cell (center)
(triple EBER ISH/CD3/CD20 stain). (g) EBER-positive CD4-positive T cell (dual EBER ISH/CD4 stain). (h) EBER-positive CD8-positive T
cell (dual EBER ISH/CD8 stain). (i) NK cells (brown) and EBER-positive cells (blue) just beneath the crypt surface (upper left) (dual EBER
ISH/PEN5 stain). (j) Small EBER-positive lymphoid cells in close association with the reticulated crypt epithelium (brown). Note the
numerous lymphoid cells admixed within the crypt epithelium (dual EBER ISH/cytokeratin stain). (k) Two EBER-positive crypt
epithelial cells (dual EBER ISH/cytokeratin stain). (l) Scattered BZLF1-positive cells (brown) with plasmacytoid features within the
lymphocyte-rich crypt epithelium (BZLF1 immunostain). (m) Two BZLF1-positive epithelial cells (brown) in tonsillar crypt. Note the
flattened appearance typical of a surface epithelial cell displayed by the positive cell in the upper field. Closer examination of the round
cell in lower field reveals numerous intercellular desmosomes indicative of epithelial cell origin (BZLF1 immunostain). (n) Numerous
large CD138-positive plasma cells (brown) and a single small EBER-positive lymphoid cell located just beneath the crypt epithelium
(dual EBER ISH/CD138 stain). (o) Cluster of (brown) EBNA1-positive lymphoid cells (EBNA1 immunostain on frozen section). (p) Cluster
of (brown) EBNA2-positive lymphoid cells (EBNA2 immunostain on frozen section). (q) Cluster of (brown) LMP1-positive lymphoid
cells. Note that in this field some of the cell debris seems to have been engulfed by resident macrophages (LMP1-4 immunostain). (r)
Single BZLF1-positive spindle cell (brown) in the tonsillar stroma (BZLF1 immunostain).
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Figure 1 Continued.
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EBERþB-Cell–T-Cell Conjugates

Sections of EBV-positive tonsils were dual stained
with EBER and either CD4 or CD8 to determine the
number of T cells conjugated to EBER-positive cells,

as an in situ measure of T-cell-mediated immunity to
EBV-positive cells in tonsils (Table 4). Although
many EBER-positive cells (especially those with
plasmacytoid features located within the crypt
epithelium) were not in contact with T cells, most
(54–70%) were in direct contact with CD4-positive T
cells, while only 30–32% of the EBER-positive
cells were in direct contact with CD8-positive T
cells. These results suggest that most of the EBER-
positive cells in tonsils from patients without overt
infectious mononucleosis are not under active
cytotoxic T-cell attack. Furthermore, dual staining
of sections with EBER and the TH2 marker CCR3
revealed large numbers of CCR3-positive TH2 cells
in close contact with EBER-positive cells (data not
shown). This result suggests that many of the EBV-
infected B cells in tonsils from patients without IM
are not only not targets of T-cell-mediated cytotoxi-
city, but are under the progrowth influence of Th2
cells.

Discussion

EBV infection is very common, with adult seropre-
valence rates in excess of 90% worldwide. Follow-
ing primary infection in the oropharynx, EBV
persists in numerous anatomical sites including
pharyngeal tonsils, adenoids, lymph nodes, and
peripheral blood. In peripheral blood, virus is
present in small resting memory B cells with latent
gene expression limited to EBER, LMP2a, and
perhaps EBNA1.7 In RT-PCR studies of isolated B
cells from persistently infected tonsils, latent virus
was found in all B-cell subsets, most commonly in
IgD-memory B cells, but including IgDþ naı̈ve B
cells and CD10þ germinal center B cells.8 In an RT-
PCR study, expression of latent genes EBNA1 and
LMP was detected in all tonsil B-cell subsets, while
growth-promoting EBNA2 expression was limited to
the naı̈ve IgDþ B-cell subset.6 In contrast, in a study
of acute IM tonsils, most EBV-positive cells (60–
80%) expressed EBNA2, 20–30% expressed LMP1
but not EBNA2, and o10% expressed neither LMP1
nor EBNA2.9

Most of the EBV-infected cells (82%) detected in
this study of human tonsils appear to be small CD20-

Table 2 EBER-positive tonsil cell immunophenotype and T/NK
cell conjugates

Tonsil 1 Tonsil 2 Tonsil 3 Total (%)

EBER+ CD4+a 16 9 8 33 (4)
EBER+ CD4� 51 421 367 839 (96)
CD4+ conjugates 35 229 202 466 (53)
EBER+ CD8+ 4 2 3 9 (0.7)
EBER+ CD8� 23 47 104 174 (99.3)
CD8+ conjugates 111 34 260 405 (30.4)
EBER+ PEN5+ 6 3 2 11 (1.7)
PEN5+ conjugates 30 14 18 62 (9.8)
EBER+ CD138+ 0 0 0 0

a
The bright CD4 intensity expressed by these cells is inconsistent

with a monocyte lineage.

Table 4 Relationship between localization, phenotypea, and T-cell conjugation of EBER+ tonsil cells

Intraepithelial Interfollicular Follicular

B cell
(%)

T cell
(%)

Epithelial
cell (%)

Null cell
(%)

B cell
(%)

T cell
(%)

Null
cell (%)

B cell
(%)

T cell
(%)

Null cell
(%)

T-cell conjugated 10 0 0.7 0 41 0 1.3 6 0 0
T-cell unconjugated 14 0.3 0.5 1.3 3.2 6.4 7.1 8 0 1.2

a
B cells are defined as CD20 positive, T cells as CD3 positive, epithelial cells as cytokeratin positive, and null cells as negative for all three

markers.

Table 3 Comparative EBV latent protein expression in 20
randomly selected tonsils

Tonsil # #EBNA1+ #EBNA2+ #LMP1+

1 21 0 21
2 15 17 15
3 15 0 30
4 2 2 4
5 10 0 34
6 6 10 22
7 48 0 ND
8 7 7 4
9 21 0 ND

10 90 0 ND
11 12 0 6
12 12 28 41
13 10 0 14
14 3 7 13
15 13 0 17
16 0 0 0
17 45 50 112
18 55 44 73
19 50 50 ND
20 21 0 18

Average 23 11 27

ND, not determined.
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positive B cells, some with plasmacytoid features,
located primarily in interfollicular regions and
intimately associated with crypt epithelium. A little
more than half (59%) of the EBER-positive cells
were located within the T-cell-rich interfollicular
regions of the tonsils, while a significant number
(27%) were located within the lymphocyte-rich
crypt epithelium. These results are consistent with
results of a previous study of acutely infected tonsils
from patients with IM in which EBERþ B cells were
mainly found in interfollicular areas often adjacent
to crypt epithelium.9

In the present study, 15% of the EBER-positive
cells, nearly all of which (92%) stained as weakly
CD20þ B cells, were located within the B-cell-rich
germinal centers of secondary follicles. Few follicles
contained numerous EBER-positive cells. These
results are consistent with previous reports of
EBER-positive germinal center B cells in tonsils.10,11

It has been suggested that germinal center centro-
blasts may be a site of EBV persistence.12,13 The
presence of EBV-positive B cells in germinal centers
is reportedly more common in tonsils from areas
endemic for EBVþ lymphomas, leading to the
suggestion that EBV-infected germinal center B cells
may be more prone to malignant transformation,
perhaps due to somatic hypermutation.11 In contrast
to the presence of a few EBV-infected B cells in
follicular germinal centers, no EBER-positive cells
were detected within follicular mantle zones in the
present study. Since mantle zone B cells typically
express IgD, this result is consistent with previous
results in which most EBV-positive B cells in tonsils
were shown to be IgD negative.8

Although the vast majority of the EBV-positive B
cells in persistently infected tonsil are latent
infected, virus replication presumably from produc-
tively infected BZLF1/VCA positive cells, many
with plasmacytoid features, has been well docu-
mented.4,14–16 In the present study, a significant
number (11%) of the EBER-positive tonsil cells had
plasmacytoid features and expressed dim to unde-
tectable levels of B-cell antigen CD20, while many
expressed EBV BZLF-1 protein characteristic of
early lytic activation. These results are in agreement
with those in a previous study in which many
EBER-positive cells in IM tonsils were CD20-
negative, with plasmacytoid features, expressed
the EBV immediate-early protein BZLF1, and were
positive for the plasma cell antigen detected by
monoclonal antibody VS38c.14 In the present study,
expression of the plasma cell antigen CD138 was not
detected in the EBER-positive plasmacytoid cells.
Reduced expression of CD20 by EBV-infected plas-
macytoid B cells is not surprising since both EBV
infection and plasmacytoid differentiation are asso-
ciated with reduced expression of CD20 on B cells.
In a study of 37 EBV-transformed B lymphoblastoid
cell lines, 11 (30%) of the cell lines were negative for
pan-B-cell markers CD19 and CD20.17 Also, it has
been reported that up to 80% of the EBER-positive

cells in the peripheral blood exhibit features of
plasmacytoid differentiation.18 In the present
study, numerous BZLF1-positive cells were detected
within the tonsils, primarily within the lymphocyte-
rich crypt epithelium. This result is consistent with
previous reports documenting EBV replication in IM
tonsils.4,15,16 Most of these cells appeared to be
small- to medium-sized lymphocytes with plasma-
cytoid features. Given their location just beneath the
crypt surface, it seems likely that these cells are
the source of most of the infectious virus in
saliva. The present results suggest that these
small CD20-negative EBER-positive cells are more
likely to be plasmacytoid B cells rather than fully
mature plasma cells, and that these cells are
responsible for nearly all of the EBV production in
the tonsil.

In contrast to the large number of CCR3-positive
TH2 cells in close contact with EBER-positive cells,
relatively few CD8-positive T-cell – EBERþ cell
conjugates were identified. This intriguing result
suggests that a majority of the EBV-infected cells in
tonsils are not targets of T-cell-mediated antiviral
cytotoxicity, but instead are surrounded by non-
cytotoxic Th2 cells that provide a microenvironment
conducive to B-cell growth.

EBV infection of epithelial cells occurs in certain
pathologic conditions, namely nasopharyngeal car-
cinoma and oral hairy leukoplakia.19–22 Zhang et al22

analyzed the presence of EBV DNA in nasophary-
ngeal carcinoma and nasopharyngitis and de-
monstrated that infection of non-neoplastic
nasopharyngeal epithelial cells by EBV may occur
in some patients with nasopharyngitis. Furakawa
et al23 in 1990 exposed epithelial cells derived from
primary cultures of adenoidal tissue to EBV and was
able to detect EBV antigens in these epithelial cells.
Also, epithelial cell lines susceptible to EBV infec-
tion in vitro have been described.24 Despite these
findings, evidence for the presence of EBV within
normal epithelial cells in vivo is conflicting. Some
studies have reported the presence of EBV DNA in
desquamated squamous epithelial cells and in tonsil
epithelium.25–27 In contrast, other studies have
reported no virus in desquamated epithelial cells
or unequivocal evidence of EBV-infected tonsillar
epithelial cells by EBER ISH and/or LMP1 immu-
nostaining.4,14,28 The present results, based upon
exhaustive histopathologic evaluation of many
tonsil sections, provide direct in situ evidence that
normal epithelial cells in tonsillar crypts from
immunocompetent hosts may rarely be infected by
EBV.

Both CD4- and CD8-positive T cells are suscep-
tible to EBV infection in vitro, and there are many
examples of EBV-infected T cells in certain patho-
logic conditions, including NK/T cell lymphoma,
hemophagocytic lymphohistiocytosis, and chronic
active EBV infection.29–34 The complement receptor
CR2 (CD21) that serves as the EBV receptor on B
cells is expressed by some peripheral blood T cells.35
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However, results of EBER ISH combined with
immunohistochemistry with T-cell-specific anti-
bodies on IM tonsils have yielded conflicting
results.4,14 In the present study, a few EBER-positive
CD3-positive tonsillar T cells were identified. Nearly
all of the EBER-positive T cells were small cells
located within the interfollicular regions. Results of
dual EBER/CD4 and EBER/CD8 immunostaining
indicate that most of the infected T cells are CD4-
positive helper/inducer T cells rather than CD8-
positive cytotoxic T cells (Table 2). Although human
monocyte cell lines are susceptible to EBV infection
in vitro,36 EBER positivity could not be demon-
strated on dim CD4-positive monocytes in this
study.

NK cells are susceptible to EBV infection
in vitro.37 Although NK cells, unlike T cells, do not
normally express the CD21 EBV receptor, it has been
demonstrated in vitro that NK cells bound to EBV-
infected B cells may acquire the receptor via a
so-called immunological synapse.38 Utilizing the
NK-cell-specific monoclonal antibody PEN539

with EBER ISH, Trempat et al40 detected a few
EBV-positive NK cells in reactive tonsils. In the
present study utilizing the anti-PEN5 antibody,
we also detected rare EBER-positive NK cells in
these tonsils. These rare dual EBER/PEN5-positive
cells were small and contracted with apoptotic
features. In contrast, EBER-negative PEN5-positive
NK cells were noted to be medium-sized lympho-
cytes with prominent dendritic cytoplasmic projec-
tions located just beneath the crypt epithelium
(Figure 1i).

EBV-positive smooth muscle cell tumors have
been described in immunocompromised pediatric
transplant recipients.41–43 Although no EBV-positive
endothelial cells or salivary gland cells were
detected in the present study, rare BZLF-1-positive
mesenchymal spindle cells of undetermined pheno-
type were identified (Figure 1r).

The rarity of EBV-infected non-B-cell types in
tonsil suggests that under normal circumstances
EBV infection of T cells, epithelial cells, and
mesenchymal cells is not likely to be biologically
relevant. The close physical association of EBER-
positive B cells, some of which are lytically active
(BZLF1 positive), with EBER-negative crypt epithe-
lial cells and T cells also suggests that transmission
of EBV infection from B cells to non-B cells is a rare
event. However, these results clearly demonstrate
that the virus may rarely be found in non-B-cell
types in reactive human tonsils, including T cells,
NK cells, epithelial cells, and mesenchymal cells.
These results provide a basis for further under-
standing of how, in some clinical settings character-
ized by inadequate immune surveillance, rare and
unusual EBV-infected non-B-cells may, presumably
following genetic mutation, give rise to EBV-positive
NK/T cell lymphoma, hemophagocytic syndrome,
nasopharyngeal carcinoma, and smooth muscle cell
tumors.
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