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Abstract

Background: Efforts were made in order to identify the etiologic factors in pediatric cancers. Several studies
have suggested a probable etiologic association between lymphoma and Epstein-Barr virus (EBV); therefore, the
aim of this study was to investigate the association of EBV in childhood lymphoma.

Materials and method: Paraffin block of 63 pediatric patients with lymphoma was studied for detection of EBV
latent membrane protein 1 (LMP-1). The clinical data regarding age, sex, type of lymphoma and histology, stage of
the disease of the patients treated in a retrospective consecutive manner for 5 years were used.

Results: Sixty-three eligible patients including 41 (65%) patients with non-Hodgkin lymphoma (NHL) and 22
(34.9%) of Hodgkin lymphoma (HL) were assessed. The male to female ratio was 3.84/1. Regarding the gender, the
overall difference between NHL and HL was statistically significant. With respect to age, the difference between HL
and NHL was not significant. EBV LMP1 gene transcripts were found in 65.8% of children with NHL and 59% of
children with HL. Regarding the type of lymphoma, LMP1 positivity was not statistically significant (P=0.087).

Conclusion: EBV infection may be a factor involved in the high incidence of pediatric lymphoma; our study
suggests a positive influence of EBV infection in pediatric lymphomas.
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Introduction
Epstein-Barr virus (EBV), known as human herpes virus 8, is a

unique virus. The virus has infected more than 95% of the world
population. EBV virus mainly targets B cells, lymphocytes and
nasopharyngeal epithelial cells [1]. In developing countries, Epstein-
Barr virus infection occurs often in poor communities in infancy and
early childhood. The Epstein-Barr virus infection in industrialized
countries is generally more common in childhood, but about a third of
cases occur during adolescence and young adulthood [2-5]. Like other
herpes family viruses, EBV after primary infection stays dormant
throughout the life of the infected person. In the oropharynx, latent
virus is carried in B-lymphocytes and epithelial cells as multiple
nuclear episomes. Overall, after infection, EBV remains consistently in
resting memory B cells [3,5].

In infected B cells which are in latent state, six nuclear proteins, two
membrane proteins and two non-translated RNA are expressed.
During latency, the EBV limits gene expression and therefore reduces
viral proteins expression; thus, the infected cells cannot be identified
by cytotoxic T cells. EBV LMP-1 is a viral protein that acts as an
oncogene [6,7] and the expression of this protein in transgenic strains
can cause B cell lymphoma. LMP-1 protein also causes a signal in a
manner similar to an active form of cell surface molecule CD40 on B
cells [8-10].

Epidemiological studies indicate that the EBV may be involved in
development of African Burkitt lymphoma. Ugandan children also
have high titers of antibodies against structural proteins of the virus
and are considerable risk for Burkitt lymphoma [11]. Patients with
Hodgkin's disease usually have higher titers of antibodies against
structural proteins of the EBV before and after developing lymphomas,
when compared to the normal population [12,13].

Material and Methods
The aim of the present cross-sectional retrospective study was to

detect EBV genome (latent membrane protein 1, LMP1) in paraffin
block samples of children with lymphoma aged less than 18-years-old
in a large tertiary-care referral pediatric oncology center during 10
years, in Tehran, Iran. The medical records of all patients who were
diagnosed with NHL, were retrieved from archives of
Hematopathology ward in Mofid children’s hospital affiliated to Shahid
Beheshti University of Medical Sciences. The study enrolled 63 patients
including 41 NHL cases and 22 HL cases who had undergone courses
of chemotherapy. All cases of the lymphoma had been diagnosed
according to the latest WHO classification. Diagnosis was based on
morphology and immunohistochemistry (IHC) panel of the paraffin
blocks by two pathologists. The paraffin blocks of these patients were
used for EBV DNA extraction and PCR in Cell and Molecular
Research Department. To investigate EBV frequency, IHC was used for
identification of LMP-1 (latent membrane protein, monoclonal
antibodies clones CS. 1-4, DAKO).
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Variables included age, sex, type of lymphoma, and detection of
EBV virus genome, LMP1 protein. According to hospital records in
archives, the demographic data of children with lymphomas were
recorded on the questionnaire form. The study was approved by the
Ethics Committee of Shahid Beheshti University of Medical Sciences.

Statistical analysis
After data collection, the data was entered as special codes.

Statistical analysis was performed using SPSS software (version 15,
Chicago, Illinois, USA) and analyzed using Fisher’s analysis. Based on
the objectives of the study, the frequency and percentage was achieved.
Both groups of variables/lymphoma’s variables were assessed using T-
test. P values less than 0.05 were considered as statistically significant.

Results
Of 75 patients who entered this study, the DNA was extracted from

63 patients including 41(65%) patients with NHL and 22 (34.9%) of
HL samples. Due to insufficient DNA extraction, 12 patients were
excluded. The characteristics of patients with lymphoma and EBV
infection are shown in Table 1.

Total
patients

N=63

Hodgkin
disease

N=23

Non Hodgkin
lymphoma

N=41

P value

Age 9.21 ± 3.22 9.72 ± 3.70 8.8 ± 2.88 0.095

Male/female 3.84/1 2.4/1 0.095

LMP1 40 13 27 0.087

Table 1: The characteristics of patient with lymphoma and EBV
infection

Sex
The total 63 patients with lymphoma, 50 cases (79.4%) were male

and 13 (20.6%) were female. Generally, the male to female ratio was
3.84/1. The NHL subgroup included 35 boys (85.4%) and 6 (14.6%)
girls and male to female ratio was 5.8/1. In children with HD, the male
to female ratio was calculated 2.4/1, including 15 (68.2%) males and 7
(31.8%) females. Regarding gender, the overall difference between
NHL and HL was statistically significant (P=0.02).

Age
In this study, the mean age of the patients was 9.21 ± 3.22 years

(2.5-15 years). Children were divided by age into three groups: less
than 5, 5-10, and older than 10 years. Thirty-two patients (50.8%) were
aged less than 5 years, 23 patients (36.5%) 5-10 years and 8 patients
(12.7%) were older than 10 years. Most of our cases were less than 10
years (87.3%).

In NHL subtype, the mean age of children was recorded 8.8 ± 2.88
years (2.5-13 year range). In these patients, 25 children (61%) were
under 5 years, 12 children (29.3%) were 5-10 years and 4 (8.9%) were
in the age group above 10 years. About 90.3% of NHL cases were also
less than 10 years. The average age in the HL group was calculated 9.72
± 3.70 years (4-15 years). In terms of age distribution in HL, 7 children
(31.8%) were less than 5 years, 11 children (50%) 5-10 years and 4
children (18.2%) were aged above 10 years. In the HL group also, most

of the cases were less than 10 years (81.8%). Regarding age, the
difference between NHL and HL was not statistically significant
(P=0.095).

LMP1
The DNA was extracted from paraffin blocks of 63 samples, and

PCR was performed. LMP1 antigen was detected in 40 patients
(62.5%) including 27 (67.5%) cases with NHL and 13 (32.5%) patients
with HL. It means that 65.8% of children with NHL and 59% with HL
were positive for Epstein-Barr virus (antigen LMP1). Regarding the
type of lymphoma, LMP1 positivity was not statistically significant
(P=0.087). Twenty-four children under 5 years-old (60%) were positive
for Epstein-Barr virus. 11 cases (27.5%) were 5-10 years and 5 children
(12.5%) were in the older than 10 years-old age group.

In the NHL group, LMP1 was positive in 19 (70.37%) cases less than
5 years of age, 5 patients (18.5%) aged 5-10 years, and 3 of them
(11.11%) aged older than 10 years. There was a negative correlation
between age and LMP1 positivity in the NHL group which was
statistically significant (P=0.02). From 13 patients with HL who were
positive for LMP1, 5 children (38.5%) were in the age group less than 5
years, 6 cases (46.2%) in 5-10 years-old group and 2 children(15.4%) in
the age group above 10 years.

Relationship between lymphoma and EBV
The DNA was extracted from 63 paraffin block samples and tested

by PCR for LMP1 antigen. LMP1 was positive in 40 cases (62.5%)
including 27 NHL (67.5%) and 13 HL patients (32.5%). It can be
concluded that 65.8% of children with NHL and 59% of those with HL
were positive for Epstein-Barr virus LMP-1 antigen. Regarding the
LMP1 positivity, the difference between NHL and HL was not
statistically significant (P=0.087).

Lymphoma subtypes
The patients with NHL were categorized into B cell group (n=30,

73.1%) and T cell NHL (n=11, 26.8%). LMP1 was detected in 22 B cells
NHL and 5 T cells NHL. This difference was statistically significant
(P=0.001). The histopathology diagnosis of 22 cases with HL revealed
three subtypes including mixed cellularity (MC) (n=10, 40.9%),
nodular sclerosis (NS) (n=8,36.3%), and lymphocytic predominance
(LP) (n=4, 18.1%). LMP 1 was detected in MC (n=7, 53.8%), NS (n=5,
38.46%) and LP (n=1, 7.7%), respectively. In our study, no cases of
lymphocytic depleted HL were observed.

Discussion
The role of Epstein-Barr virus in the pathogenesis of lymphomas is

not clear, nor is it evident whether the association of virus is essential
in cancer development.

In the present study, the frequency of NHL and HL was 65% and
35%, respectively; the results are comparable with some developing
countries. In a study by Castella et al. in the United Arab Emirates, 208
cases were evaluated; of these, 41% were diagnosed as non-Hodgkin's
lymphomas and 59% of the sample group was HL [14]. This was
different from our study in which NHL was more frequent than HL.

A research in Oman revealed that the frequency of NHL and HL
was 65% and 35%, respectively; 59% NHL and 41% HL were reported,
which is roughly similar to our study [15].
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A study by Al-Salam S showed that EBV was seen in 38% of cases of
HL and it was predominately seen in the MC subtype followed by NS,
LD and LR subtypes, respectively. This result of this study was similar
to our research. EBV was more frequently expressed in HL in the
pediatric age group than the adult age group. This study suggested that
all cases of HL should be assessed for EBV status, because its presence
might have a significant impact on prognosis and response to therapy
[16]. Zhou et al. in an investigation showed that EBV was identified in
72% of HD cases, and pediatric HD was also associated with EBV,
irrespective of histological subtype [17]. It was different from the rate
of our patients (35%). This study found that virus detection in Chinese
children was more than adults [17]. Almasri showed that in Jordan,
EBV was detected in 47% of HD cases and similar to our cases they
were mostly in mixed cellularity and nodular sclerosis
subtypes. Epstein-Barr virus was seen in 73% of HD cases in children
under 15 years of age as opposed to 34% of the young adult group [18].
It is comparable with our results, in which most of our cases were less
than 10 years of age. This finding confirms the fact that, in most
underdeveloped countries, the initial contact with Epstein Barr virus
(EBV) usually happens in the first decade of life and results in an
asymptomatic infection, whereas in developed areas, primary infection
in adolescence or adulthood is accompanied by infectious
mononucleosis in 50% of cases [19]. Nerurkar et al. showed that 60.8%
of Indian children with HD carried EBV genome, which differs from
our study results [20].

In our study, most of our HL cases were less than 10 years which is
similar to the results of De Matteo’s study [21]. In a study in Argentina,
EBERs was expressed in 37% of pediatric Burkitt’s lymphoma (29% of
immunocompetent and 100% of immunosuppressed patients). EBV-
positive cases were observed exclusively in patients younger than 5
years old [22]. In none of these studies was the relationship between
sex and EBV detection evaluated. An evaluation of NHL in Malaya
revealed that Epstein-Barr virus association was more prevalent in B-
cell than T-cell lymphomas. The most common EBV-associated tumor
was Burkitt's lymphoma, and there was an increased risk of EBV
association for Burkitt's lymphoma in Chinese patients [23]. Roa et al.
showed that association of Burkitt’s lymphoma with EBV and their
clinical signs based on geographical area in developing countries varies
from 25- 80%. In this study, similar to our study, the LMP-1 was used
for virus detection [24].

In another study on 54 patients with Burkitt’s lymphoma in Brazil,
the virus positivity rate of 87% in native and 20% in German patients
was reported [25]. In another study in Turkey, this is geographically
similar to Iran, independent histological subtypes of HD, EBV were
detected in 30% of abdominal tumors [26].

In our study, the occurrence of NHL and HD in male patients was
more than the female cases. Paraffin block samples of all patients to
Epstein-Barr virus DNA and LMP-1 gene was evaluated by sensitive
PCR assay. A considerable proportion of our patients (62.5%) were
positive for LMP-1 gene. The LMP1 gene frequency in the NHL
population was higher than in HD group (67.5% vs 32.5%). These
results are consistent with those of some studies in other countries
[27]. Most of the Epstein-Barr virus-positive patients in our study were
categorized in younger age groups (under 5 years).

Conclusion
The results of the present study were similar to some previous

studies indicating the relationship of Epstein-Barr virus and its protein

products with pathogenesis of lymphoma, particularly NHL.
Regarding high incidence of lymphoma in our country, other risk
factors should also be considered.
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