Arch Pediatr Infect Dis. 2020 January; 8(1):e94371. doi: 10.5812/pedinfect.94371.

Published online 2020 February 5. Review Article

Epstein Barr Virus-associated Pediatric Neoplasms

Mozhgan Hashemieh ' and Fariba Shirvani®"

'Imam Hossein Medical Center, Shahid Beheshti University of Medical Sciences, Tehran, Iran
2pediatric Infections Research Center, Research Institute for Children’s Health, Shahid Beheshti University of Medical Sciences, Tehran, Iran

‘Corresponding author: Pediatric Infections Research Center, Research Institute for Children Health, Shahid Beheshti University of Medical Sciences, Tehran, Iran. Email:
shirvanifariba@rocketmail.com

Received 2019 May 29; Revised 2020 January 22; Accepted 2020 January 26.

Abstract

More than 90% of the world population experience the infection by Epstein-Barr virus (EBV), this virus has the potential to survive
in B cells for the entire life period of infected individuals. However, if the balance between host and virus is disturbed, silent EBV
infection could change to neoplasms. Socioeconomic factors affect exposure to EBV so the age of primary infection varies worldwide.
In underdeveloped population infection occurs at lower age and EBV infection remains subclinical in high number of patients.
Different neoplasms associated with EBV infection are EBV-positive Hodgkin lymphoma (HL), EBV-associated Burkitt lymphoma,
diffuse large B-cell lymphoma, post-transplant lymphoproliferative disorders (PTLD), smooth muscle tumor and nasopharyngeal
carcinoma. This review article presents detail information about pathogenesis, clinical presentation and treatment of pediatric

patients with these disorders.
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1. Context

Epstein Barr virus (EBV) is a double-stranded DNA virus
that belongs to the Herpesviridae family. The virus has
infected more than 90% of the world’s population and is
characterized by a specific affinity to B cells. It invades ep-
ithelial cells, natural killer cells, and T cells. Like all her-
pes viruses, EBV remains in the host during life, but most
virus carriers are asymptomatic. Primary EBV infection
is asymptomatic in childhood but infectious mononucle-
osis might occur as a self- limiting illness in adolescents
and children. The EBV infection can become latent and
may be associated with various neoplasms, usually lym-
phoid and non-lymphoid childhood cancers in rare cases.
This virus may cause many lymphoproliferative disorders
(LPDs) of B cell types, including Hodgkin’s lymphoma (clas-
sic type), diffuse large B cell lymphoma (DLBC), Burkitt
lymphoma, LPD associated with immune deficiency, and
LPDs occurring secondary to transplant and human im-
munodeficiency virus infection. Also, this virus may have
an important role in a group of peripheral lymphomas
of T-cell origin, including angioimmunoblastic T-cell lym-
phomas, nasal natural killer/T-cell lymphomas (extran-
odal), smooth muscle tumor, and nasopharyngeal carci-
noma (NPC). Hemophagocytic lymphohistiocytosis (HLH)
is a clinicopathologic syndrome with dysregulation of the
immune system and hypercytokinemia. Most neoplasms

associated with EBV infection respond poorly to intensive
chemotherapy protocols; therefore, in these cancers, it
is necessary to use regimens directed at viral targets. In
thisreview article, we discuss childhood malignancies con-
cerning EBV infection, clinical manifestations, pathologi-
cal characteristics, and treatment modalities of these dis-
orders in children.

2. Evidence Acquisition

Based on our search strategy, we conducted a thor-
ough literature review and selected relevant articles. We
performed a Google Scholar and PubMed literature re-
view. We used PubMed MeSH terms, including Epstein-Barr
virus, human herpesvirus 4, IM, HHV-4, glandular fever,
mononucleosis, lymphoma, lymphoproliferative disor-
der/cancer, lymph node cancer, infectious mononucleo-
sis, children, neoplasm, Hodgkin lymphoma, immunode-
ficiency, Burkitt lymphoma, diffuse large B cell lymphoma,
post-transplant lymphoproliferative disorders, smooth
muscle tumor, nasopharyngeal carcinoma, hemophago-
cytic lymphohistiocytosis syndrome, and Anti-Epstein-Bar
virus drugs . After abstract extraction, we screened the ab-
stracts for relevance to the main idea of this review. Our
priority was to select original articles, systematic reviews,
and meta-analyses. We cited case reports for special points
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and uncommon findings. The other priority was to fo-
cus on articles concerning immunocompromised cases in
young children rather than adults. As we were to assess a
greater number of relevantarticles, numerous relevant ref-
erences were refined by the PubMed search presented with
the “similar articles” tab. A pool of 74 research articles in-
cluding 23 review articles, one meta-analysis, one case re-
port, and 44 research articles published from 1997 to 2019
was used for data gathering. The results and perspectives
on the main concept are presented.

3. Results

3.1. Principles

Epstein-Barr virus (EBV) was isolated from Burkitt Lym-
phoma cells nearly 50 years ago (1964) (1). It is a double-
stranded DNA virus from the Herpesviridae family with
a proven association with cancer. This virus has a defi-
nite tropism for B cells but can infect T cells, natural killer
cells, and epithelial cells. More than 90% of the popula-
tion worldwide carry the virus (2). This virus may estab-
lish a silent lifelong infection (3) and the age of primary
infection varies in different societies depending on socioe-
conomic factors. Data indicate that a poor socioeconomic
background is associated with a higher antibody level at
lower ages, which has been attributed to a higher chance
of acquiring the disease at a lower age (4). Primary EBV dis-
easeisasymptomaticin childhood butinfectious mononu-
cleosis (IM) syndrome might occur as a self-limiting ill-
ness in an adolescent with fever, malaise, splenomegaly,
pharyngitis, and atypical lymphocytosis (5). During the IM
phase, a lymphoid reactivation may occur, which is self-
resolved by T cell reaction against infected B cell prolifer-
ation. The propagation of virion components including vi-
ral DNA and proteins may occur in the lytic phase but the
latent phase is accompanied by the expression of six nu-
clear antigens (EBNA1, 2,3A, 3B, 3C, and LP), two non-coding
small RNA (EBER 1 and 2), and three latent membrane pro-
teins (LMP1, 2A, and 2B) (6). Epstein-Barr virus replica-
tion in the lytic phase is followed by a latent (antigen-
negative) phase accompanied by the infection of memory
B cells (7). The Epstein-Barr virus is found to have a po-
tent B cell growth transforming agent by which it can pro-
mote lymphomagenesis through oncogenic mechanisms
(8). This oncogenic capacity is related to latency and gene
expression mechanisms of the virus. There are three la-
tency types. Different antigens are expressed in each la-
tency. In latency1, EBER and EBNA1 are expressed. In latency
2, LMP1 and 2 are expressed and in latency 3, EBER, all six
EBNAs, and two LMPs are expressed. Several EBV-positive
tumor types have specific gene expressions that may not

exactly fall in these three latency categories. Epstein-Barr
virus may be responsible for many B cell lymphoprolif-
erative disorders, such as Hodgkin’s lymphoma (classic
type), LPDs associated with immunodeficiency virus, post-
transplant and immune-deficiency-associated LPDs, and
Burkitt lymphoma. Also, this virus may have an associa-
tion with a group of T-cell lymphomas of peripheral origin,
such as nasal natural killer/extranodal T-cell lymphomas,
angioimmunoblastic T-cell lymphomas, gastric adenocar-
cinoma, and smooth muscle tumors. The Epstein-Barr
virus is associated with many carcinomas. The detection of
EBNAL1 in tumoral tissue is an interesting criterion to con-
sider EBV as the responsible virus (9).

3.2. Epstein-Barr Virus-associated Lymphoid Malignancies

Many of the lymphoid malignancies are caused by la-
tent EBV infection. The Epstein-Barr virus is responsible
for 20% of Burkitt lymphoma (BL) cases in immunocom-
petent persons in developing countries. Approximately
all cases of African type BL, 50% of Hodgkin lymphoma
cases, and certain types of large B cell lymphoma (dif-
fuse type) and T cell lymphoma are caused by EBV. Lym-
phoproliferative disorders associated with EBV can be clas-
sified into two groups; the first group originates from
B cells and the second one has an association with T or
natural killer (T/NK) cells. Epstein-Barr virus-associated
LPDs have four subtypes including classical Hodgkin lym-
phoma, Burkitt lymphoma, lymphoproliferative disorders
secondary to transplantation, and LPDs associated with
HIV. The HIV accompanied LPDs can be classified into four
groups: primary CNS lymphoma, diffuse large B cell lym-
phoma (immunoblastic), Human Herpesvirus 8 (HHV 8),
and plasmablastic lymphoma. The NK and T cell lympho-
proliferative disorders associated with EBV have three cat-
egories, peripheral (unspecified) T cell lymphoma, T cell
lymphoma (angioimmunoblastic type), and nasal T/NK
cell lymphoma (extranodal type) (10).

3.3. Epstein-Barr Virus-associated Hodgkin Lymphoma

Childhood Hodgkin lymphoma represents approxi-
mately 10% of all diagnosed Hodgkin lymphoma cases.
Moreover, 30% - 50% of Hodgkin lymphoma cases are as-
sociated with EBV (EBV-positive Hodgkin lymphoma). This
type of Hodgkin lymphoma is more common as a mixed
cellularity subtype, and often occurs in children and older
adults (> 45 years) (11).

3.4. Histopathology of Hodgkin Lymphoma

Two pathological entities are found in Hodgkin lym-
phoma: Nodular lymphocyte predominant (NLPHL) and
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classical Hodgkin lymphoma (CHL). Nodular lymphocyte-
predominant comprising 5% of Hodgkin lymphoma cases
may have a germinal center genotype and typically is not
EBV-positive. Classical Hodgkin lymphoma has a post-
germinal center genotype and is divided into four sub-
types: mixed cellularity (MCHL), nodular sclerosis (NSHL),
lymphocyte depleted (LDHL), and lymphocyte rich (LRHL).
The most common subtypes are NSHL and MCHL, in se-
quence. Each of LDHL and LRHL comprises less than 5%
of all CHL cases. In most cases of mixed cellularity and
lymphocyte depleted subtypes, EBV can be detected in al-
most 40% of Hodgkin Reed-Sternberg (HRS) cells of clas-
sical Hodgkin lymphoma (11). childhood Hodgkin lym-
phoma shows a typically higher prevalence of male gen-
der and in 30-35% of cases are mixed cellularity subtypes.
Epstein-Barr virus has been detected in 15% - 20% of NSHL
cases and has never been found in LRHL; these two sub-
types have a better prognosis. Therefore, in the classical
type of Hodgkin lymphoma, EBV infection has a close rela-
tionship with prognosis. In HL, blood EBV-DNA is cell-free.
Thus, cell-free EBV-DNA can show the tumor burden and
in [U+FBO2] ammation or immunity cell destruction. As a
result, cell-free DNA may be a biomarker for prognosis or
disease severity assessment (12).

3.5. Epstein-Barr Virus-Positive Hodgkin Lymphoma in Immun-
odeficient Patients

The incidence of CHL is 10-fold higher in HIV-infected
people than in the general population, and the majority of
these cases are EBV-positive subtypes (8). Although retro-
viral therapy concomitant with chemotherapy often may
result in complete remission, the rate of opportunistic in-
fections increases in these patients (13).

3.6. Influence of EBV on Prognosis of Hodgkin Lymphoma

The results of studies about the effect of EBV on the
prognosis of Hodgkin lymphoma are conflicting. In a
study on the Swedish adult population, patients with EBV-
positive Hodgkin lymphoma had more symptoms and
lower survival than EBV-negative Hodgkin lymphoma pa-
tients (14). Although EBV-positive Hodgkin lymphoma in
young adults is associated with improved disease-free sur-
vival, this condition does not affect overall survival (15).
These conflicts may be due to the age of participants in
those studies. In a study by Chabay et al. in South America,
EBV had arole in the pathogenesis of mixed cellularity sub-
type, but in their pediatric series, EBV status had no effect
on the prognosis of Hodgkin lymphoma (16).

The treatment protocol is identical in both EBV-
positive and EBV-negative Hodgkin lymphoma cases and
results in long-term remission in the majority of cases, but
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relapsed EBV-positive Hodgkin lymphoma patients have a
poor prognosis (17).

3.7. Burkitt Lymphoma

Burkitt lymphoma (BL) is more frequent in men than
in women and is mostly diagnosed in children. Burkitt
lymphoma is an aggressive B cell origin malignancy that
can be classified into three forms with different geo-
graphic distributions, including sporadic BL, endemic BL,
and HIV-associated BL. The hallmark of all BL tumors is the
translocation between one of the immunoglobulins (Ig)
light or heavy chain loci and the MYC gene. Sporadic BL is
rarely associated with EBV. Endemic BL in more than 95%
of all cases is associated with EBV and more prevalent in
malaria hyperendemic areas such as Africa and other parts
of the world (18). Burkitt lymphoma has one of the high-
est cell proliferation rates among various neoplasms (dou-
bling time of tumor is 24 to 48 h) (19). Sporadic BL often
involves the abdomen, but manifestations of endemic BL
commonly occur in jaws and kidneys although they may
be seen in the abdomen, ovaries, facial bones, and other ex-
tranodal sites (18). Moreover, HIV carriers have a 10 to 100-
fold higher incidence of BL than normal population (20).
The main histopathologic feature of this neoplasm is the
mass of small non-cleaved malignant B cells, which are in-
terfused with non-neoplastic macrophages that may pro-
duce a sky with star appearance (18).

The Ki67 antigen is positive in almost 100% of the cells.
Another characteristic of BL is the immunoglobulin gene
rearrangement. Also, the transcripts of EBV-encoded small
RNA (EBER)-positive cells are detected by the in-situ hy-
bridization method in EBV-associated cases. Treatment of
BL has the risk of tumor lysis syndrome due to the high
doubling time of tumor cells. However, urate oxidase (Ras-
buricase) usage can reduce these complications. Sporadic
BL outcome, especially in high-income countries, is much
better than that of other types of BL (21). Today, imaging
modalities play a role in the prognostic and therapeutic
assessment of Burkitt lymphoma and PET-CT can demon-
strate hypermetabolic activity in anatomic locations of the
tumor (22).

3.8. Diffuse Large B Cell Lymphoma

This type of lymphoma rarely manifests in children <
4 years of age and its incidence may increase from child-
hood towards the second decade of life (23). Diffuse large B
celllymphomaisavariantof high-grade non-Hodgkin lym-
phomas and has two subtypes: activated B-cell like (ABC)
diffuse large B cell lymphoma (DLBCL) and germinal cen-
ter B-cell like (GCB) DLBCL. Approximately 10% of the DLBCL
cases are EBV-positive. The EBV-positive DLBCL cases have
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a higher extranodal involvement rate, more refractory dis-
ease, and a more aggressive clinical course (8). In DLBCL,
tumor cells often express pan B cell markers (CD 20, CD 79-
a) and the majority of these cells are CD30-positive but lack
CD15 expression (9). This type of non-Hodgkin lymphoma
may often involve extranodal sites including the skin, ton-
sils, stomach, and lungs. Unfavorable prognostic factors
include a high international prognostic index, activated B
cell phenotype, and older age (24). A relatively rare subset
of EBV-positive DLBCL manifests in the presence of chronic
inflammation. This type of malignancy occurs in body cav-
ities, especially in pyothorax-associated lymphoma (PAL).
A history of chronic pleuritis or chronic pyothorax is as-
sociated with PAL (25). Other EBV-positive DLBCLs asso-
ciated with chronic inflammation occur in patients with
bone and joint metallic implants, chronic leg ulcers, and
chronic osteomyelitis (26). Another subset of DLBCL occurs
in HIV-positive patients. Recent studies have shown that
overall, 30% -35% of these tumors are EBV-positive (8)

3.9. Post-Transplant Lymphoproliferative Disorder

Recipients younger than 18 years of age at organ
transplantation have a two to four-time higher risk of
post-transplant lymphoproliferative disorder (PTLD) de-
velopment than adult transplant patients (27). Among
solid organ transplant recipients, the risk of EBV-positive
B lymphoproliferative disorder (B-LPD) increases due to
long-term immunosuppression. In the first-year post-
transplant, LPD has an acute course and patients may have
an increased risk of post-transplant lymphoma, especially
DLBCL, during the lifetime, which is proportional to the
immune suppression degree (28). The majority of post-
transplant lymphomas are aggressive and EBV-positive.

The PTLD incidence ranges from 0.5% to30% and varies
greatly depending on the transplanted organ, the sta-
tus of EBV in the transplant donor and recipient, and
the drug regimen for immune suppression. These dis-
orders are often B cell neoplasms. Also, concurrent cy-
tomegalovirus infection, receiving T cell-depleted marrow,
and intensity of immunosuppression have critical roles
in the pathogenesis of PTLD. This disorder commonly oc-
curs in the combined liver-kidney transplant, followed by
cardiac, lung, and kidney transplants, in sequence. Post-
transplant lymphoproliferative disorders that manifest in
bone marrow transplant recipients are usually of donor
origin, but in solid organ transplants, they are usually of
recipient origin. Viral load is higher when whole blood
is used in contrast to serum in PCR assessment although
a biopsy should be done to confirm the virus presence
(29). The main component of PTLD treatment is the re-
duction of immune suppression. Other therapies include
antiviral agents, interferons, monoclonal antibodies, cell

therapy, and chemotherapy (30). The Epstein-Barr virus is
approximately 100% associated with Hodgkin lymphoma-
associated PTLD. The EBV-negative PTLDs constitute ap-
proximately 20% of all cases and often occur in the late
phase (31).

3.10. Smooth Muscle Tumor

Smooth muscle tumor (SMT) is an uncommon tumor
that may occur in immunodeficient individuals. It may
also occur in patients with human immunodeficiency
virus infection and in post-transplant conditions; it may
also be congenital. It occurs in 60% of post-transplant pa-
tients and is the second most common tumor in AIDS pa-
tients. The association between EBV infection and immun-
odeficiency was first described in 1970 and its clear associ-
ation was confirmed in 1995 (32). Besides, SMT may occur
in primary immunodeficiency conditions such as a muta-
tion in ATM, ADA, IL2RG, ZAP70, CARMIL2, and GATA2 defi-
ciency. Patients with EBV-positive SMT should be evaluated
for immunodeficiency. The pathogenesis of this tumor is
not well understood (33).

It is known that EBV-RNA in-situ hybridization can dis-
tinguish EBV-associated SMT from leiomyomas of deep soft
tissue. This identification is essential to correct recogni-
tion of this category of SMTs because they may show un-
predictable behavior (34).

Two different types of EBV are found in human infec-
tions. Type 2 is responsible for transformation in immuno-
compromised patients (35). Generally, the latency type 3
pattern is expressed and the cells are positive for EBNA 2,
3, and LMP1 (36). Epstein-Barr virus serology is positive in
the majority of these patients but it has no direct relation-
ship with the burden of disease or recurrence (37). More-
over, EBVis transmitted to the mucous membrane through
the saliva via CD21 receptors on B cells. Therefore, SMT
cells may express CD21 on their surfaces (38), except post-
transplant subtype (PT-SMT) cells. The myc overexpression
in some EBV-SMT tumors occurs and the result is cellular
hyperplasia (39). The proliferation of SMT cells is promoted
by the activation of the mTOR pathway and triggered by
LMP2, an EBV latency membrane protein (40). Multifocal
clones of SMT analysis show EBV insertion and their occur-
rence in an individual patient is caused by independent
primary lesions rather than a metastasis (41).

The clinical features of post-transplant SMT (PT-SMT),
congenital immunodeficiency SMT (CI-SMT), and HIV-SMT
are pain and organ dysfunction depending on the site and
size of tumors. Their sizes can be less than 5 to 21 cm in di-
ameter. This tumor type tends to occur either in one place
or in multiple sites (42). In HIV-SMT, the most commonly
reported cases occur in CNS, G, skin, larynx, pharynx, liver,
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and adrenal glands (43), but in PT-SMT cases, the most com-
mon involvement site is the liver although lungs, larynx,
pharynx, gut, spleen, kidneys, brain, and rarely adrenal
glands and iris can be affected (44). The most probable
differential diagnosis of this tumor is non-Hodgkin lym-
phoma in the background of immune deficiency such as
PTLD (45).

3.11. Nasopharyngeal Carcinoma

The association between nasopharyngeal carcinoma
(NPC) and EBV was previously established in 1973. Na-
sopharyngeal carcinoma has been classified by the World
Health Organization (WHO) into two main histologic
types, keratinizing squamous cell carcinoma (type I) and
non-keratinizing squamous cell carcinoma (types Il and
III), based on the tumor cells’ appearance under the light
microscope. The non-keratinizing type is further sub-
divided into differentiated non-keratinizing carcinoma
(type 1I) and undifferentiated carcinoma (type III) that
are predominantly EBV-positive (46). Similar features are
described in thymus, tonsils, stomach, lungs, and skin,
named as undifferentiated carcinoma of nasopharyngeal
type or lymphoepitheliomas-like carcinoma that may be
EBV-positive in the stomach (47). No human tumor is con-
sistently associated with EBV as non-keratinizing nasopha-
ryngeal carcinoma. Although EBV can persist as a latent
infection in B memory cells, the presence of this virus in
nasopharyngeal tissue as a latent virus is not postulated,;
thus, lytic expression plays an important role in its onco-
genesis. The Epstein-Barr virus is not found in normal ep-
ithelial cells, even in adjacent tissues to EBV-positive NPC
(48). Moreover, it is postulated that in-situ carcinomas
are probable precursors of NPC lesions. In addition, LMP1
(EBV latent membrane protein) is expressed in all primary
NPC tissues. This protein induces a specific effect on ma-
lignant phenotypes including cell cycle (Cyclin D1, Opi8,
EGFR, p53, STAT3), reprogramming of metabolism (hexok-
inase 2), angiogenesis (vascular endothelial growth fac-
tor), Epithelial-Mesenchymal Transmission (EMT), metas-
tasis and invasion (C-X-C motif chemokine receptor 4),and
apoptosis (49). Other latent genes are EBNA1, EBNA2, LMP2,
BART2, and miR-BART (50). More than 60% of tumor sup-
pressor genes are methylated. This hypermethylation may
occur through the activation of DNA methyltransferasel
in cells and mitochondria by LMP1. This epigenetic mech-
anism plays an important role in the early stage of NPC
(51). The lytic phase of EBV infection in contrast to the la-
tent phase in other tumors is responsible for the oncoge-
nesis property. In patients with NPC, high levels of lytic
phase proteins BALF1/BCRF1/BHRF1 are expressed and DNA
viral load and Viral Capsid Antibody (VCA) are increased
(52). Nasopharyngeal carcinoma is located in the lateral
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or posterior wall of the nasopharynx around the Rosen-
muller fossa. This cancer may remain asymptomatic with
a few primary symptoms for a long time, making its early
diagnosis difficult. It tends to spread to the parapharyn-
geal space. Metastasis to lymph nodes occurs in 70% - 90%
of cases and it is unilateral in 50% of cases (53). The age
range is 10 - 59 years and it is not prevalent in childhood.
The most presenting symptoms are painless neck mass in
60%, nasal obstruction in 50%, headache in 54%, hearing
loss in 32%, epistaxis in 10%, trismus in 4%, loss of vision and
diplopia/squint each in 2% (54).

3.12. Hemophagocytic Lymphobhistiocytosis Syndrome

It is a clinicopathologic syndrome with the dysregula-
tion of the immune system and hypercytokinemia clini-
cally characterized by splenomegaly, fever, cytopenia, hep-
atomegaly, coagulopathy, and central nervous system dis-
turbances that may be accompanied by moderate pleo-
cytosis and spinal fluid hyperproteinemia. The Histio-
cyte Society presented five diagnostic criteria for HLH
in 2004, including (1) fever, (2) cytopenias affecting at
least two of three lineages in the peripheral blood, (3)
splenomegaly, (4) hemophagocytosis in the bone mar-
row, spleen, or lymph nodes, and (5) hypertriglyceridemia
and/or hypofibrinogenemia. Moreover, three additional
criteria have been described, including (6) hyperferritine-
mia, (7) low or absent NK-cell activity, and (8) high levels
of soluble interleukin 2 receptor. Five of the eight criteria
should be present to fulfill the condition, but patients with
the presence of molecular diagnosis compatible with HLH
necessarily do not need to fulfill the diagnostic criteria
(55). Without treatment, death may occur due to multior-
gan failure (56). The Epstein-Barr virus is highly associated
with HLH in Asia due to unknown reasons (57). Primary
HLH may occur in patients with genetic causes of HLH or
positive family history (58). Differentiation between pri-
mary EBV infection and HLH is very difficult (59). The con-
firmatory diagnostic test for the identification of EBV-HLH
is the determination of EBV genomic DNA in serum, lymph
node, and bone marrow by PCR and in-situ hybridization
(60).

Bone marrow smears in EBV-HLH show the phagocy-
tosis of hematologic elements such as RBC and platelets
and EBV-Encoded RNA (EBER)-positive staining of the bone
marrow reveals EBV extensively infected lymphocytes pre-
sented in the background (61).

3.13. Treatment of EBV-associated Neoplasms

Epstein-Barr virus-associated neoplasms often respond
poorly to intensive chemotherapy protocols; therefore,
in these malignancies, the use of regimens directed at
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viral targets is necessary (62). These treatments in-
clude immune therapy approaches, interferons, and small
molecule targeting aspects of virus biology (63).

3.14. Antivirals

Many antiviral agents have some anti-EBV activity. Gan-
ciclovir and acyclovir are not the drugs of choice in EBV-
associated lymphoid disorders. These two drugs have ac-
tivities against lytic EBV disease. In the lytic form of EBV,
acyclovir and ganciclovir are converted by the viral thymi-
dine kinase gene into their active and toxic forms. The
incorporation of these toxic metabolites into DNA leads
to premature apoptosis. One of the modalities for solv-
ing this problem is the co-administration of these antiviral
agents with 5-azacitidine as a demethylating compound,
which induces the gene of the lytic cycle (64). Feng et
al. showed that in severe combined immune immunode-
ficient (SCID) mice, the addition of doxorubicin or gemc-
itabine to ganciclovir had more inhibitory effects on EBV-
driven lymphoproliferative disease than chemotherapy
alone (65).

Foscarnet is another antiviral drug that its mechanism
of action is independent of the presence of viral thymi-
dine kinase and targets viral DNA polymerase. Oertel and
Riess showed complete remission with foscarnet in pa-
tients with EBV-associated lymphoproliferative disorders
(66). Cidofovir is a potent inhibitor of EBV replication
in vitro and its action is directed against EBV DNA poly-
merase.

Nasopharyngeal xenografts are significantly affected
by the antitumor influence of this drug (67). The co-
administration of cidofovir and rituximab (anti-CD20
monoclonal antibody) can result in complete remission in
CD20-expressing post-transplant lymphoproliferative dis-
orders (68). Zidovudine is an antiretroviral agent for the
treatment of HIV. The administration of zidovudine with
interferon could induce in vitro apoptosis in EBV-positive
lymphoma cells from a patient with AIDS (69). Another
pharmacologic agent is hydroxyurea that affects the erad-
ication of extrachromosomal DNA elements. The action
mechanism of this drug is the elimination of EBV episomes
in EBV-positive Burkitt lymphoma cell lines (63).

3.15. Immunotherapy

One of the immunotherapy methods in the treatment
of EBV-positive non-Hodgkin lymphoma is the adoptive
transfer of EBV-specific cytotoxic Tlymphocytes (CTLs)(69).
The CTLs can be infused directly from the donor into the
patient or can be infused after in vitro expansion to re-
establish immune system competence. The EBV-specific
CTLs generation from seropositive healthy donors may

take 8 to 12 weeks. This method may eradicate lymphopro-
liferative disorders after allogeneic hematopoietic stem
cell transplantation. In patients with EBV-positive lympho-
proliferative disorders who are recipients of solid organ
transplants, T cells from the donor have little benefits be-
cause the tumor always occurs in recipient B cells (70). For
non-transplant EBV-related neoplasms, there is limited ex-
perience of EBV-specific CTLs (30). Lucas et al. demon-
strated the role of allogeneic EBV-specific CTLs in the treat-
ment of recurrent, refractory EBV-positive Hodgkin dis-
ease (71). The most important complications of adoptive
immune therapy include tumor resistance and graft ver-
sus host disease (GVHD). Etiologically, tumor resistance is
probably due to EBV epitope mutations that are recognized
by CTLs or other ways such as the production of cytokines
including interleukin 10 (IL-10) (72). There is ongoing re-
search to produce EBV vaccines aiming to protect against
initial infection or boosting immunity for tumors associ-
ated with EBV infection. Clinical trials should be designed
to determine if an EBV vaccine can reduce the rate of post—
transplant lymphoproliferative disorders (73).

3.16. Monoclonal Antibodies

The availability of rituximab offers an opportunity for
the treatment of EBV-associated B cell LPDs. The rate
of response to rituximab varies between 70% and 100%
(63). Also, in post-transplant lymphoma, IL-6 acts as a
growth factor; thus, anti-IL-6 monoclonal antibodies are
tried (72). In patients with high-risk or clinically aggres-
sive lymphomas, additional therapy is necessary. A com-
bination of rituximab and chemotherapy consisting of
cyclophosphamide, doxorubicin, vincristine, and pred-
nisolone (CHOP) has shown to increase survival (74).

4. Conclusions

Epstein-Barr virus has been found in many tumors with
epithelial cells, B, T, and Natural Killer (NK) origin. A strong
correlation exists between primary EBV infections and var-
ious pediatric subtypes of lymphoma such as Hodgkin dis-
ease, Burkitt lymphoma, diffuse large B cell lymphoma,
and rarely smooth muscle tumor and nasopharyngeal car-
cinoma. Also, the high prevalence of EBV infection in early
childhood may result in the development of hemophago-
cytic lymphohistiocytosis. Detection of EBV may be helpful
for prognostic, diagnostic, and therapeutic purposes.

Among promising treatment modalities, especially in
setting of PTLD, which occurs in allogeneic stem cell trans-
plantation, is trying to restore the host’simmune response
by EBV-specific cytotoxic T cells infusion. Further studies
should be implemented to determine the role of these cells
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and the efficacy of EBV vaccines to reduce the rate of infec-
tious mononucleosis or post-transplant lymphoprolifera-
tive disorders.
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