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	 Epstein Barr virus (EBV) has been incriminated in the pathogenesis of Hodgkin’s 
lymphoma (HL) and non-Hodgkin’s lymphoma (NHL). The present study aimed to investigate 
the prevalence and the pattern of the expression of Epstein-Barr in HL and NHL tissue samples 
obtained from Omani patients attending Sultan Qaboos University Hospital (SQUH). Besides, to 
compare the sensitivity and specificity of immunohistochemistry(IHC) and in situ hybridization 
(ISH) for the detection of EBV in HL and NHL and finally to have more understanding of the 
pathogenesis of EBV in HL and NHL among patients in Oman. Formalin-fixed paraffin-embedded 
tissue samples consisting of 26 Hodgkin and 34 non-Hodgkin lymphomas were assessed for 
the presence of EBV by IHC to detect Latent membrane protein (LMP), expression and by using 
ISH to detect Epstein -Barr encoded RNAs (EBERs). The expression of LMP and EBERs were 
detected respectively in 46.2% and 57.7% of Hodgkin’s lymphoma cases and were detected in 
11.8% and 14.7% respectively of non-Hodgkin’s lymphoma cases. The intensity of LMP-1 and 
EBER expression was significantly high in mixed cellularity compared to other subtypes. The 
expression of EBV was detected in transformed cells in both HL & NHL. The expression of EBV 
in transformed cells in both HL and NHL indicates that EBV may play a pro vital role in the 
pathogenesis of HL and NHL among patients in Oman. Moreover, this study indicates that IHC 
is to some degree compatible in terms of sensitivity and specificity to ISH in the detection of 
EBV in HL and NHL.
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	 Lymphomas consist of various groups of 
clonal (malignant) lymphoproliferative disorders, 
classified by WHO based on lymphocytic origin1. 
The determination of whether the lymphoma 
is classified as Hodgkin’s lymphoma or non-

Hodgkin’s lymphoma is based entirely on the type 
of the abnormal cells identified in tumor tissues 2. 
	 Hodgkin’s lymphoma is a haematological 
malignancy characterized by a proliferation 
of large atypical cells called Hodgkin’s Reed–
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Sternberg cells (HRCs)2. The WHO classified 
Hodgkin’s lymphoma (HL) into a classical 
Hodgkin’s lymphoma and nodular lymphocyte-
predominant Hodgkin’s lymphoma 1,2. Classical 
Hodgkin’s lymphoma (HL) is subdivided into 
nodular sclerosis, lymphocyte rich, mixed 
cellularity and lymphocyte depleted HL 1,2. The 
pathological effects of the virus are controlled 
by the immune system in healthy individuals 
while in immunosuppressed individuals, like 
acquired immune deficiency syndrome (AIDS) 
patients and transplant recipients, EBV can cause 
abnormal growth of infected B-cells and this may 
help in transforming normal lymphocytes 3-5. 
Many evidence link EBV to Hodgkin lymphoma 
including detection of EBV nucleic acid in the 
HRCs, and increased antibody titers to EBV viral 
capsid antigen 6-11.
	 On the other hand, non-Hodgkin’s 
lymphomas are the hematologic malignancy with 
the highest prevalence worldwide and all types of 
lymphoma other than Hodgkin’s are categorized 
under NHL 1,2. Non-Hodgkin’s lymphoma (NHL) 
is classified into indolent (low grade) NHL and 
highly aggressive (intermediate and high grade) 
NHL based on WHO classification 1,2. Indolent (low 
grade) NHL is subdivided into follicular lymphoma, 
small lymphocytic lymphoma, marginal zone 
lymphoma, lymphoplasmacytic lymphoma, mantle 
cell lymphoma, and mycosis fungoid lymphoma 
(T-cell) 2. Highly aggressive (intermediate and high 
grade) NHL is sub-classified into diffuse large B 
cell lymphoma, Burkitt lymphoma, primary CNS 
lymphoma, lymphoblastic lymphoma(most are T 
cell), anaplastic large cell lymphoma (T cells) and 
Sezary syndrome (T cells). 12 Many studies have 
shown a consistent association between EBV and 
HL worldwide 12,13 but no study was shown an 
association between EBV and HL and NHL in 
Oman so far.
	 EBV was detected for the first time in  
a Burkitt lymphoma cell line in the year 1964.  
EBV has been implicated in the pathogenesis of 
Hodgkin’s and non-Hodgkin’s lymphoma 14,15. 
EBV exhibit three different latency programs, 
these programs describe the EBV gene expression 
patterns in different cell lines 14-16. Latent EBV 
genomes can multiply in dividing memory cells 
(type I), induce B-cell differentiation (type II), or 
activate naïve B cells (type III) by using different 

transcription programs 17. EBNA1(Epstein-Barr 
nuclear antigen-1), EBER1, and EBER2 are only 
expressed in the type I latency program, which is 
observed in Burkitt’s lymphoma 13,16. LMP1/2A, 
EBER, and EBNA1are expressed in the type II 
latency program, which is seen in Hodgkin’s and 
lymphoma 4,13,16. The entire latency gene products 
are expressed in the type III latency program 
which is often detected during acute infectious 
mononucleosis 4,6,8,17

	 Latent membrane proteins (LMP 1,2) 
are the two latent proteins produced by the 
EBV genome. LMP1 is considered  the major 
transforming protein of EBV which is involved 
in the activation and transformation of human 
B-lymphocytes 3,4,6. The ultimate outcome of the 
expression of LMP1 expression in the cell is the 
induction of adhesion molecules on cell surface 
and up-regulation of anti-apoptotic proteins 3,12. 
	 Furthermore, LMP-1 protein can block 
apoptosis by the up-regulation of several anti-
apoptotic proteins, including Bcl-2, A20 and p53-
mediated apoptosis 10 LMP2A and LMP2B are the 
two distinct proteins yielded by the encoding of the 
LMP2 gene 17. LMP2A and LMP2B structures are 
similar and neither LMP2A nor LMP2B is essential 
for B-cell 3,17

	 Up to 11 viral genes are expressed during 
latency of the Epstein-Barr virus (EBV) which 
encodes up to nine proteins, two of these genes, 
EBER-1 and EBER-2 18. The viral genes EBER-1 
and EBER-2 are transcribed by polymerase III in 
every latently Epstein-Barr virus-infected cell; 
they are the most abundant transcripts in latently 
EBV-infected cells 18,19. 
	 EBER1,2 have served as excellent 
targets to detect EBV in tumors 18. Several studies 
have reported the localization of the EBERs, 
these transcripts were found either in the nuclear 
membrane in the cytoplasm or the nucleus 20.
	 Associa t ions  be tween EBV and 
tumors were made based on serologic and/or 
epidemiologic findings. 21 However, other specific 
assays can detect latent EBV infection within 
the tumor20. Among these methods used for the 
detection of EBV includes immunohistochemistry 
(IHC) for latent membrane protein (LMP-1) and in 
situ hybridization (ISH) for EBER RNAs. These 
two techniques have become increasingly popular 
in the laboratory because they can localize virus 
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to the tumor cell, they are easy to apply and can be 
used on archived pathology specimens 4,21-24.
	 I m m u n o h i s t o c h e m i s t r y  a n d   i n 
situ  hybridization have proved to be effective 
in detecting EBV in paraffin-embedded tissues 
22-24. Histochemical assays are commonly used 
for localizing nucleic acids and proteins of 
EBV in malignant/ RS cells 20. However,  in 
situ hybridization(ISH) was shown to be sufficiently 
sensitive to detect a low copy number of EBV 22-25, 
and has been recommended as the best technical 
approach for localizing and detecting EBER in 
tissue sections 20, It is a gold standard technique 
but it requires a long time of processing 22-24. 
Therefore, several studies have detected LMP-
EBV and EBER-EBV in HL and NHL by using 
Immunohistochemistry and in situ hybridization 25.
	 The objective of the present study is 
to determines the rate and the patterns of the 
expression of EBERs and LMP proteins of Epstein 
–Barr virus (EBV) in formalin-fixed paraffin-
embedded tissue Hodgkin’s and non-Hodgkin’s 
lymphomas tissue samples obtained from 60 Omani 
patients. The outcome of this study may help to 
understand the pathogenesis of EBV in Hodgkin’s 
and non-Hodgkin’s diseases among patients in 
Oman.

Materials and methods
 
Specimens
	 A total of sixty Omani patients who 
had been histologically diagnosed with Hodgkin 
and non- Hodgkin lymphomas in the period 
from 2011 to 2016 were included in the present 
study.  Clinicopathologic data for each of the 60 
patients were collected from the Sultan Qaboos 
University hospital (SQUH) record. The collected 
data included age, sex, histological subtype and 
stages. The ethical approval (MREC# 1118) for this 
research was obtained from the Research Ethics 
Committee at the  College of Medicine and Health 
Sciences, Sultan Qaboos University.
Immunohistochemistry & In situ hybridization
Tissue processing
	 The Hodgkin and non-Hodgkin formalin-
fixed paraffin-embedded tissue samples were cut 
into sequential 4 µm sections by the microtome. 
One section from each tissue sample was used 

for hematoxylin and eosin (H&E) staining and 
the parallel four sections were bound covalently 
to the glass slides, two sections were used for 
immunohistochemistry (IHC) experiment and two 
sections for in situ hybridization experiment. For 
each experiment, positive and negative controls 
were included., one section was used as a test 
section and the parallel section was used as a 
negative control in which the primary antibodies/
EBERs probe was omitted.  After sectioning, the 
slides were incubated in a 60 0C oven for one hour.
Immunohistochemistry
	 Immunohistochemistry was carried out 
on HL and NHL tissue samples using the Envision 
Flex+ High pH (Ref K8002, Dako.  Briefly, sections 
were deparaffinized through two changes of xylene 
for 5 minutes each. After the deparaffinization, 
sections were hydrated in ethanol. followed by 
heat-induced epitope retrieval using the target 
high pH solution in the detection kit according to 
the package insert for the primary antibody.  The 
blocking of endogenous peroxidase activity was 
carried out by the incubation in EnVision Flex 
Peroxidase-Blocking Reagent (SM801) for 10 
minutes. This was followed by washing in Envision 
Flex Wash Buffer (TBS-DM831) (Dako, Denmark) 
for 5 minutes. 
	 Then sections were incubated with a 
primary antibody consisting of a 1:50 mouse 
monoclonal antibody against EBV-encoded 
LMP (clone: CS,1-4 and isotype: IgG1, kappa), 
diluted by Envision Flex Diluent (K8007 -Dako, 
Denmark). Incubation with the primary antibody 
was carried out at room temperature for 60 minutes 
(negative controls were incubated with Tris buffer 
saline (TBS) during this time). The secondary 
polyclonal antibody used in the present study 
( Dako Envision Flex/HRP SM802)  consisted 
of dextran coupled with peroxidase molecules. 
Tissue sections were incubated with the secondary 
antibody at room temperature for 30 minutes. 
Then, 3,3-diaminobenzidine tetra- hydrochloride 
(DAB) as a chromogen ( Envision Flex DAB+ 
chromogen –DM827) was added to each section 
for 10 minutes . The sections were washed twice 
with TBS between each step for 5 minutes. Finally, 
the sections were incubated with Dako  Envison 
Flex Hematoxylin (K8008), as a counterstain for 
5 minutes to stain the nuclei, background and non-
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stained areas, then the sections were dehydrated 
and cover slipped by using an automatic glass 
coverslipper.
In situ hybridization
	 The detection of EBER1 and EBER 2 by 
in situ hybridization, was carried out by using the 
Inform EBER Probes (800-2842, Ventana Medical 
Systems, Roche Diagnostics GmbH, Mannheim 
Germany). The positive signals for EBER1,2  were  
detected by Ventana ISH/View Blue detection 
Kit (Ref: 853-2193) .  In situ  hybridization 
was performed by  using Ventana Bench Mark 
Ultra, Medical Systems Inc, Tucson, AZ, USA), 
following manufacturer instructions.  
	 The Ventana ISH/VIEW Blue detection 
kit (Ventana Medical Systems, Roche Diagnostics 
GmbH, Mannheim Germany REF: 853-2193) is 
composed of a primary mouse anti-fluorescein 
antibody that when followed by an indirect 
biotin-streptavidin system allows the detection of 
INFORM EBER (Epstein Barr Virus Early RNA) 
hybridized Probe (REF:800-2842) on paraffin-
embedded tissue on Ventana BenchMark ULTRA 
automated slide stainer. 
	 According to the manufacturer protocol, 
a barcode label with the corresponded protocol 
was  loaded on the autostainer to perform the stain. 
Prior to the  initial use of the INFORM EBER 
probe and the Ventana ISH/VIEW Blue detection 
kit, the tissue sections were treated with Ultra Cell 
conditioning-2 (Ventana. REF:950-223 ) and ISH 
Protease-2  (REF:780-4148  ). The Ultra CC2 pH 
6  solution breaks the covalent bonds formed by 
formalin fixation and this is done in conjunction 
with the heating system in Ventana BenchMark 
ULTRA automated slide stainer. Removing these 
bonds would aid in the unmasking of target 
RNA for hybridization to occur. In addition, ISH 
Protease-2 (REF: 780-4148) was used to the 
permeable cell membrane and to remove protein 
that surrounds target RNA sequences. The target 
nucleic acid sequences were denatured by heating 
the tissue section and probe solution. Following the 
denaturing step,  the reaction was cooled allowing 
the labelled nucleic acid probe to hybridize to 
the complementary nucleic acid sequence in the 
tissue section. After hybridization of the EBER 
probe,  10X SSC (REF: 950-110) was used  as 
a hybridization buffer to control stringency for 
washing steps.

	 The detection kit contains mouse anti-
fluorescein primary antibody that detects Epstein 
Barr Virus Early RNA sequences which links and 
bind indirectly to a biotinylated secondary anti 
body consisting of goat anti mouse IgG. This step 
is followed by streptavidin alkaline phosphatase 
enzyme to bind conjugate to biotin present. The 
complex is visualized with 5-Bromo-4-chloro-
3-indolyl phosphate (BCIP) and nitro blue 
tetrazolium (NBT) chromogens and counterstained 
by Red counterstain (Ventana Medical Systems, 
Ref: 760-501). 
Histopathological analysis
	 All immunohistochemistry stained slides 
were analyzed by an independent experienced 
pathologist. The histochemical evaluations were 
carried out using the guidelines published by 
Gulley, M., et al. 20.
Statistical analysis
	 Statistical analysis was conducted by 
using the SPSS program (Statistical Package for 
Social Sciences) version 23. The retrospectively 
collected clinicopathological and histopathological 
data have projected in percentage and frequency. 
	 For most variables, two categories were 
analyzed in pairs as EBV positive versus EBV 
negative. We analyzed categorized variables 
using Pearson’s Chi-square and Fisher’s exact 
tests. Correlations between variables and EBV 
were assessed using Spearman rank linear test. 
P-values <0. 5 were considered to be significant.

Results

Latent EBV expression
	 The prevalence of EBV in HL and NHL 
obtained from Omani patients is summarized in 
Table 1.  EBV expression was considered positive 
if any Hodgkin’s Reed-Stenberg (HRS) cells were 
positive by either method immunohistochemistry 
(IHC) or  in situ  hybridization (ISH). EBV was 
detected in the HRS cells in 12 (46.2%) cases out of 
the 26 HL cases examined by IHC and by ISH, EBV 
was detected in HRS cells in 15 (57.7%)  cases out 
of the 26 HL cases examined (p-value 0.000049) 
[Table1]. Three out of the 26 HL cases (11.5%), 
which were LMP negative by IHC showed EBER 
positivity by ISH and no HL cases which were 
EBER negative by ISH showed LMP positivity by 
IHC. [Table 1; Figure.1].
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Table 1. The expression of EBER and LMP in HL and NHL in Omani 
patients

	 Number 	 LMP-EBV positivity 	 EBER-EBV 
	 of cases	 by IHC(%)	 positivity by ISH(%)

HL	 26(43.3%)	 12 (46.2%)	 15(57.7%)
NHL	 34 (56.7%)	 4 (11.8%)	 5 (14.7%)
total	 60 (100%)	 16 (26.7%)	 20 (33.3%)

Table 2. The expression of LMP in NHL in atypical B and T cells

NHL histological subtypes	 Stage of lymphocyte	 Marker

Burkett lymphoma	 B cell	 CD 20 positive
diffuse large B cell lymphoma	 B cell	 CD 20 positive
Follicular lymphoma	 B cell	 CD 20 positive
chronic lymphocytic leukaemia	 B cell	 CD 20 positive
T cell lymphoma	 T cell	 CD 3 positive

Table 3. The frequency of EBV positive cases in Hodgkin's disease (2011-2016) in 
correlation to sex and age

	 Hodgkin’s 	 LMP-EBV positivity 	 EBER-EBV positivity 
	 disease	 by IHC(%)	 by ISH(%)

sex	
male	 17 (65.4%)	 8 (47.1%)	 9(52.9%)
female	 9 (34.6%)	 4 (44.4%)	 6 (66.7%)
Age (years)
14-34	 13 (50.0%)	 5 (38.5%)	 6 (46.2%)
35-80	 13 (50%)	 7 (53.8%)	 9 (69.2%)
total	 26 (76.5%)	 12 (46.2%)	 15 (57.7%)

	 On the other hand, and in the 34 NHL 
cases examined, EBV was detected in the atypical 
cells of  NHL cases by ISH and IHC are 5 (14.7%) 
and 4 (11.8%), respectively (p-value  0.000022). 
One out of 34 (2.9%) NHL cases which were LMP 
negative by IHC showed EBER positive by ISH 
and no NHL cases which were EBER negative by 
ISH showed LMP positive by IHC. [Table 1]
	 Positive tissue sections for LMP showed 
brown diffuse membranous stain (Figure 1b,c) and 
positive tissue sections for EBER showed blue 
nuclear stain  (Figure.1, e,f)  of HRS cells of 
Hodgkin’s disease.
The pattern of LMP-EBV expression in HL 
and NHL
	 Four out of nine (44.44%) EBV-LMP 
positive mixed cellularity HL cases showed 

cytoplasmic staining while five out of nine 
(55.55%) EBV-LMP positive mixed cellularity 
HL cases showed membranous staining (Figure. 
1). However, one out of three (33.33%) EBV-
LMP positive nodular sclerosis HL cases showed 
cytoplasmic staining while two out of three 
(66.67%) EBV-LMP positive nodular sclerosis HL 
cases showed membranous staining (p-value 0.735) 
which indicates that there was no statistically 
significant correlation between the pattern of 
expression and HL histological subtype.
	 On the other hand, one out of two (50%) 
EBV-LMP positive diffuse large B cell lymphoma 
of NHL cases showed cytoplasmic staining while 
one out of two (50%) EBV-LMP positive diffuse 
large B cell lymphoma of NHL cases showed 
membranous staining. All EBV-LMP positive 



824Al-Mamari et al., Biomed. & Pharmacol. J,  Vol. 15(2), 819-829 (2022)

Fig. 1. Detection of EBV in HL and NHL by IHC and ISH. a: H&E (40X); b: EBV-LMP positive membranous 
staining (red arrowhead), in Hodgkin’s disease (20x), c: EBV-LMP positive membranous staining (red 

arrowhead), in Hodgkin’s disease (40x)

follicular lymphoma of NHL cases showed 
cytoplasmic staining. All EBV-LMP positive T 
cell lymphoma NHL cases showed membranous 
staining.  The (p-value= 0.368), indicates that there 
was no statistically significant correlation between 
the pattern of expression and NHL histological 
subtype. LMP protein was detected in atypical 
B cells (CD20 positive) in all the NHL subtypes 
except T cell lymphoma which is detected in 
atypical T cells. [Table 2]. 

Latent EBV expression in correlation to age 
and sex
Hodgkin’s lymphoma
	 The median age of the patients was 34 
years (ranged from 14 to 80 years). The expression 
of LMP between the age of 14-34 years was 5 LMP 
positive out of 13 (38.5%) and age of 35-80 years 
was 7 LMP positive out of 13 (53.8%) [p-value= 
0.695] (Table.3), while the expression of EBER 
between the age of 14-34 years was 6 EBER 
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Table 4. The frequency of EBV positive cases in Non-Hodgkin's disease (2011-2016) 
in correlation to sex and age

 	 Non-Hodgkin’s 	 LMP-EBV positivity 	 EBER-EBV positivity 
	 disease	 by IHC(%)	 by ISH(%)

Sex
Male	 15 (44.1%)	  4 (26.7%)	 4(26.7%)
Female	  19 (55.9%)	 1 (5.2%)	  2(10.5%)
Age(years)
4-55	 17 (50.0%)	 1 (5.9%)	 2 (11.8%)
56-91	  17 (50.0%)	  4 (23.5%)	  4(23.5%)
Total	 34 (56.7%)	 5 (14.7%)	 6(17.6%)

Table 5. The frequency of EBV positive cases  of HL in correlation to histological subtype

 	 Hodgkin’s 	 LMP-EBV positivity 	 EBER-EBV positivity 
	 disease	 by IHC(%)	 by ISH(%)

Nodular sclerosis	 9 (34.6%)	 3 (33.3%)	 4 (44.4%)
Mixed cellularity	 10 (38.5%)	 9 (90.0%)	 10 (100%)
Lymphocyte Predominant	 7 (26.9%)	 0 (0%)	 1 (14.3%)
Total	 26 (43.3%)	 12 (46.2%)	 15 (57.7%)

Table 6. The frequency of EBV positive cases of NHL in correlation to histological subtype

 	 Non-Hodgkin’s 	 LMP-EBV positivity 	 EBER-EBV positivity 
	 disease	 by IHC(%)	 by ISH(%)

Burkett lymphoma	 4 (11.8%)	 1 (25%)	 1 (25%)
diffuse large B cell lymphoma	 16 (47.1%)	 3 (18.8%)	 4 (25.0%)
Follicular lymphoma	 10 (29.4%)	 1 (10.0%)	 1 (10.0%)
chronic lymphocytic leukaemia/	 2(5.9%)	 0 (0%)	 0 (0%)
small lymphocytic lymphoma 
(CLL/SLL).
T cell lymphoma	 2 (5.9%)	 1 (50%)	 1 (50%)
total	 34 (56.7%)	 6 (17.6%)	 7 (20.6%)

positive out of 13 (46.2%) and age of 35-80 years 
was 9 EBER positive out of 13 (69.2%) (p-value 
0.428) [Table 3].
	 The expression of LMP between males 
patients was 8 LMP positive out of 17(47.1%) 
and females patients were 4 LMP positive out of 
9( 44.4%) [p-value= 1.000] (Table 3), while the 
expression of EBER between males was 9 out of 
17 (52.9 % ) and females were 6 out of 9 (66.7%) 
[p-value= 0.683].
	 Therefore, the expression of EBV 
(EBER&LMP) in HL was NOT statistical 
significantly correlated to age and sex. The 

frequency of EBV positive cases in Hodgkin’s 
disease (2011-2016) in correlation to sex and age 
are summarized in Table 3.
Non- Hodgkin’s lymphoma
	 The median age of the NHL patients 
was 56 years (ranged from 4 to 91 years). The 
expression of LMP between the age of 4-55 years 
old patients was 1 LMP positive out of 17(5.9% ) 
and age of 56-91 years was 4 LMP positive out of 
17 ( 23.5% ) [p-value= 0.319], while the expression 
of EBER between the age of 4-55 years was 2 
EBER positive out of 17 (11.8% ) and age of 56-
91 years was 4 EBER positive out of 17 ( 23.5%) 
[p-value 0.641]. 
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	 The expression of LMP between males 
was 4 LMP positive out of 15 (26.7 %)  and females 
was 1 LMP positive out of 19 (5.2%) [p-value= 
0.146], while the expression of EBER between 
males was 4 EBER positive out of 15 (26.7%) and 
females was 2 EBER positive out of 19 ( 10.5%) 
[p-value= 0.370) [Table 4].
	 Therefore, the expression of EBV (EBER 
& LMP) in NHL was NOT statistical significantly 
correlated to age and sex.
Latent EBV expression in correlation to 
histological subtype
Hodgkin’s lymphoma
	 Nine patients out of 26 (34.6%) were 
classified as Nodular sclerosis (NS), ten out of 26 
(38.5%) were of mixed cellularity (MC), while only 
seven out of 26 (26.9%) were of the Lymphocyte 
Predominant (NLPHL) subtype. The frequency of 
the expression of latent EBV in HL in correlation 
with histological types is summarised in Table 5.
Non- Hodgkin’s lymphoma
	 Sixteen patients out of 34 (47.1%) were 
classified as diffuse large B lymphoma, ten out 
of 34 (29.4%) were of Follicular lymphoma, four 
out of 34 (11.8%) were of Burkett lymphoma, two 
out of 34 (5.9%) were of chronic lymphocytic 
leukaemia/small lymphocytic lymphoma (CLL/
SLL), and also two out of 34 (5.9%) were of the 
T cell lymphoma (MC) subtype. The frequency of 
the expression of latent EBV in NHL in correlation 
with histological types is summarised in Table 6.

Discussion

	 In the present study, the age of most HL 
and NHL cases was between the age of 35-80 years. 
This was in agreement with the results obtained in 
previous North American study 26, which showed 
that most of the Hodgkin lymphoma (HL) cases 
were between the age of 50-74 years. This is, 
however, in contrast to other studies conducted 
in other Arab countries like Kuwait, Jordan and 
Egypt in which the disease occurred earlier 25,27,28. 
This may indicate that in Oman the age distribution 
of HL followed a similar pattern to the  other 
developing countries. The immunity of the host is 
known to decrease with increasing age and these 
findings suggest that EBV positivity in Reed–
Sternberg cells in HL in the present study may be 
correlated with relative immunity impairment in 

elderly. The immunity impairment could contribute 
to defective control of EBV infection, resulting 
to a higher risk of cell transformation and the 
development of malignancies 10.
	 In the present study, the slight increase 
of the EBV expression in the male patients in 
comparison to female in both HL and NHL was 
in agreement with other studies conducted in 
other Arab countries like Kuwait 25, Egypt 28 
and worldwide 29, however, this differed from a 
previously published study carried out by Al-Safi in 
2007 in Iraq and showed the equal incidence of HL 
in both females and males 30, this finding could be 
explained by the smaller number of samples used 
in Al-Safi study.
	 In the current study, LMP-1 expression 
was positive in 46.2% of HL cases. This expression 
was low in comparison to previously published 
studies with a percentage of 75%  for Iraqi 
patients30 and 63% for Egyptian patients 28, 60% 
for Nigerian patients 6, 82% for Indian 31, and 93% 
for Iranian patients 32, whereas it was similar to 
developed countries, with percentages of 20-50% 
for North American patients 26,33. 
	 The high expression of LMP-1 in mixed 
cellularity HL that was seen in the present study 
was in agreement with other studies carried out in 
Jordan 27, China 34 and Rio de Janeiro 35.
	 In the present study, the LMP-1 expression 
was positive in 11.8% of NHL and to some extents, 
EBV expression was low when compared to other 
studies conducted in developing countries like 
Iran in which LMP -1 was found in 30% of non-
Hodgkin lymphoma cases 36. In the present study, 
the Burkitt’s lymphoma among NHL cases was 
most commonly associated with EBV infection in 
which LMP and EBERs were expressed in 25% 
of Omani Burkitt’s lymphoma patients.  This is to 
some degree comparable to previous studies, in 
which EBV associated with Burkitt’s lymphoma 
documented in 29 % of NHL USA patients 37, while 
in Brazil, 87% of Burkitt’s lymphomas patients 
were EBV positive 38.
	 Furthermore, in the current study, LMP 
protein expression of EBV was detected in 18.8% 
of diffuse large B cell lymphoma, 10% of follicular 
lymphoma and 50% of T cell lymphoma.  A 
higher incidence was detected in a previous study 
conducted in Pakistan39 and showed that 44.4% 
of diffuse large B cell lymphoma and 22.2% 
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of follicular lymphoma were positive for LMP 
protein expression by immunohistochemistry. 
However, they detected a lower incidence in the 
LMP expression in T cell lymphoma of 11.1% 39, 
in comparison to 50% detected in the present study.   
	 The detection of LMP expression in both 
HL and NHL cases in the present study, with a 
higher rate of LMP expression in HL and since 
LMP is considered as the major EBV oncogene 
and is essential for B-cell immortalization. thus, we 
may conclude that the presence of EBV in HL may 
indicate that EBV plays an important role in the 
pathogenesis of the HL disease in Omani patients.
	 In the current study, there was a significant 
correlation between LMP-1 and EBER expression 
in HL and NHL by both ISH and IHC. Therefore, 
we can conclude that IHC was equivalent in terms 
of sensitivity and specificity to ISH for the detection 
of EBV in formalin-fixed paraffin-embedded 
tissue samples. This may provide a cheaper and 
technically simple approach in the detection of 
EBV in formalin-fixed paraffin-embedded tissue 
samples. This finding was in agreement with the 
results of Van Gorp et al 40and Zong-Li 41. 

Conclusion 

	 The present study provides evidence of an 
association between EBV and Hodgkin’s and non-
Hodgkin’s lymphomas among patients in Oman 
and shows that this association is more frequent in 
mixed cellularity subtype. Moreover, the detection 
of LMP and EBER in HRS cells suggests that EBV 
may be involved in the pathogenesis of Hodgkin’s 
and non-Hodgkin’s lymphomas among patients in 
Oman. It also demonstrates that IHC is similar to 
some degrees in terms of sensitivity and specificity 
to ISH in the detection of EBV in HL and NHL. Due 
to the high cost of in situ hybridization, the present 
study encourages Pathologists to replace ISH with 
a cheaper and technically simpler IHC approach. 
Furthermore, the high prevalence of EBV in HL 
encourages conducting future studies on the effect 
of anti-herpes virus drug on the treatment of EBV 
positive HL and NHL cases. 
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