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Abstract
Objectives: The aim of this study is to describe the pathology of nasopharyngeal carcinoma in Sudanese patients and to investigate its 
association with the Epstein-Barr virus (EBV).
Study design: This is a prospective descriptive cross-sectional study conducted at the ENT Khartoum Teaching Hospital, Khartoum 
City, Sudan.
Subjects and methods: Patients with suspected nasopharyngeal carcinoma reporting to our centre between 2006 and 2008 were studied. 
Biopsy samples from the nasopharynx were obtained from 68 patients suspected to have NPC. Part of the biopsy was fixed in neutral 
10% formalin and processed for light microscopy. The other part was not fixed and was used to extract DNA for the detection of EBV 
genome. The tumours in the formalin-fixed paraffin-embedded biopsies were classified according to the WHO system of classifying 
NPC. Genomic DNA was extracted from the fresh unfixed biopsies of patients with histologically confirmed NPC and individuals who 
had other non-NPC lesions or a normal mucosa. The majority of the lesions in the non-NPC cases were adenoids. The EBV genome was 
detected by PCR using EBNA-1, and LMP-1 primers.
Results: Of the 68 patients studied, 58 had histologically proven nasopharyngeal carcinoma. The tumours were classified as type 2 in 
23 patients, type 3 in 32 and mixed types 2 and 3 in 3 patients. EBV genome was detected in 77.6% and 84.5% of the tumours by 
EBNA-1 and LMP-1 primers, respectively. Of the non-NPC cases, the highest infection with EBV was in patients with adenoids. The 
virus was detected in 8 of the 44 adenoids (18.2.%) with EBNA-1 primer and in 11 (25%) samples with LMP-1 primer. The significance 
of these findings is discussed.
Conclusion: In Sudan, EBV is strongly associated with nasopharyngeal cancinoma at a frequency comparable to that in countries with 
intermediate degree of endemicity for the tumour.
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Introduction
Nasopharyngeal carcinoma (NPC) arises from the 
epithelium that covers the nasopharyngeal mucosa. 
It was first described by Regaud and Schmincke in 
1921.1 Squamous cell carcinomas account for 97% 
of malignant neoplasms of the nasopharynx.2 The 
tumour has two unique features: the presence of the 
Epstein-Barr virus (EBV) genome in non-keratinizing 
NPC tumours3 and heavy infiltration of the tumor by 
non-malignant lymphocytes.4

According to WHO, NPC is classified pathologi-
cally into types 1, 2 and 3.5 Types 2 and 3, but not 
type 1, are associated with EBV infection.6

Only three reports had previously described the 
pathology of NPC in Sudan.7–9

The study reported here is the first in Sudan to 
investigate the association between EBV and the 
pathology of NPC using the polymerase chain reaction  
(PCR).

Materials and Methods
After informed consent, tissue samples were collected 
from 68 untreated patients suspected to have primary 
NPC. The patients were seen at the ENT Department, 
Khartoum Teaching Hospital. The nasopharynx was 
examined with a 30° rigid endoscope, and a biopsy 
sample was taken under direct vision. The sample 
was divided in two parts; one half was fixed in 10% 
neutral formalin and processed for light microscopy, 
while the other half was not fixed and was used to 
extract DNA for detection of EBV by PCR, using 
specific primers. The primers used were Epstein-Barr 
virus Nuclear Antigen-1 (EBNA-1) and Latent 
Membrane Protein-1 (LMP-1). Five 5  µm sections 
of the paraffin-embedded tissues were stained with 
hematoxylin and eosin for histological examination.

Forty four biopsies from patients with adenoids 
were examined for the presence of EBV using 
EBNA-1 and LMP-1 primers.

The study was approved by the Ethical Review 
Committee Board of the Institute of Endemic Dis-
eases, University of Khartoum in March 2005.

Detection of EBV Genome
DNA was extracted with chloroform and precipi-
tated by ethanol. Fresh, unfixed samples from NPC 
cases and other lesions were suspended in lysis buf-
fer containing 400 mM NaCl, 6M guanidine chloride 

and 300 µl of 7.5% ammonium acetate and incubated 
overnight at 37 °C. Chloroform was then added, the 
supernatant was collected, and DNA was precipitated 
by ethanol.10 The quantity of DNA was measured 
with Nanodrop. We amplified regions of Epstein-
Barr virus Nuclear Antigen-1 (EBNA-1) (forward 
primer: 5′ TGAATACCACCAAGAAGGTG 3 and 
reverse primer: 5′AGTTCCTTCGTCGGTAGTC 3′ ) 
and latent membrane protein-1 (LMP-1) (forward 
primer: 5′CCGAAGAGGTTGAAAACAAA 3′ and 
reverse primer 5′GTGGGGGTCGTCATCATCTC 
3′) genes for identification of EBV DNA. Amplifi-
cation of the human growth hormone gene (forward 
primer  5′GCCTTCCCAACCATTCCCTTA 3′ 
and reverse primer: 5′TCACGGATTTCTGTTGT 
GTTTC 3′) provided a marker for the presence of 
intact genomic DNA.

The amplified DNA was analyzed by electropho-
resis on 2% agarose gel, and the product was visual-
ized by ethidium bromide staining.

Statistical Analysis
Statistical analysis of EBV status in relation to histo-
logical data was performed with the Chi-square test 
in SPSS version 15.

Results
Of the 68 suspected cases, 58 proved to be nasopha-
ryngeal carcinoma. The age of the patients ranged 
from 10 to 80 years, and the median age was 45 years. 
Males accounted for 74.1% of the patients.

Histopathology
Twenty three (40%), 32 (55%) and 3 (5%) of the biop-
sies were classified as WHO types 2, 3 and mixed type 2 
and 3, respectively; there were no cases of type 1 NPC. 
Type 2 tumors are characterized by spindle-shaped 
cells with dark nuclei, small but often inconspicuous 
nucleoli and scanty tapering cytoplasm; they resem-
bled transitional cell carcinoma of the bladder (Fig. 1). 
Type 3 tumors were composed of cells with vesicular 
nuclei, large nucleoli and indistinct cytoplasmic mar-
gins. The tumours were rich in small lymphocytes, as 
shown in Figure 2. Mixed type 2 and 3, is shown in  
Figure 3.

Figure 4 shows a normal nasopharyngeal mucosa. 
It consists of lymphoid tissue covered by stratified 
squamous epithelium. In addition to squamous cells, 
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the normal nasopharynx also contains pseudostratified 
columnar ciliated epithelium (not shown).

Of the non-NPC and non-adenoid samples, four 
showed hyperplasia and/or dysplasia of the nasopha-
ryngeal epithelium; two were apparently normal 
nasopharynx. Four samples were lymphomas. One of 
the apparently normal biopsies was from a patient who 
proved to have pleomorphic adenoma of the subman-
dibular salivary gland. The latter was mistaken clini-
cally for enlarged lymph nodes containing metastasis 
from the nasopharynx. Accordingly a biopsy from the 
nasopharynx was made. Two of the lymphomas were 
angiocentric NK/T cell lymphomas.

Detection of EBV
In 58  NPC cases, EBV genome was detected in 45 
(77.6%) and 49 (84.5%) cases by EBNA-1 and LMP-1 

primers respectively (Figs. 5 and 6). In the 44 adenoids 
biopsies, the virus genome was found in 8 (18.2%) 
and 11 (25%) samples by EBNA-1 and LMP-1 prim-
ers respectively. Both EBNA-1 and LMP-1 were more 
significantly associated with NPC than EBV positive 
adenoids. (P = 0.000) (Table 1). None of the histologi-
cal NPC types was significantly more associated with 
the virus than the others (Tables 2 and 3).

The normal nasopharyngeal mucosa from the case 
of salivary gland adenoma, another normal biopsy and 
two of the lymphoma cases were positive for EBNA-1 
and LMP-1 primers. The positive lymphomas were 
angiocentric NK/T cell lymphomas. The cases show-
ing hyperplasia/dysplasia were negative for EBV.

Because the numbers in this heterogenous group 
were small, we did not statistically compare the 

Figure 1. Type 2 N PC. The tumour cells are spindle shaped with 
elongated dark nuclei and tapering cytoplasm. The tumour resembles 
transitional cell carcinoma of the urinary bladder (H&E×40).

Figure 2. Shows a type 3 NPC. The tumor cells have vesicular nuclei 
and prominent nucleoli; the cytoplasm has indistinct cytoplasmic borders. 
The small dark cells are normal lymphocytes (H&E×40).

Figure 3. Pathology of mixed type 2 and 3 NPC. The black arrows show type 
3 tumour cells. The white arrows show type 2 tumour cells (H&E×40).

Figure 4. Normal nasopharynx showing a nodule of lymphoid tissue and 
a lining of stratified squamous epithelium (H&E×40).
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presence of the virus in the group with that in the 
NPC cases.

Discussion
In most parts of the world NPC is a rare disease. In 
the USA and Western Europe, NPC occurs sporadi-
cally and is primarily related to the use of alcohol and 
tobacco.11

The sporadic form of NPC is frequently a kera-
tinizing squamous cell carcinoma (WHO type 1).12 
In areas considered endemic for NPC, the tumour is 
usually WHO type 2 or 3. The endemic areas include 
the southern parts of China, other parts of Southeast 
Asia, and the Mediterranean basin.13 The disease is 
also prevalent among Alaskan Eskimos.14

In endemic areas, the majority of the nasopharyn-
geal carcinomas are classified as non-keratinizing 
WHO type 2 or undifferentiated type 3 tumours.15 
In contrast, in non-endemic countries, up to 50% of 
tumors are of the well differentiated squamous cell 
variant, (WHO type 1).16 The majority of our cases 
were type 2 or 3; only three cases showed a mixed 

type 2 and 3 pattern. As far as we are aware the mixed 
type was not reported in the world literature before. 
It seems that the non-keratinizing tumours originate 
from a pleuripotential cell, capable of differentiating 
into clear cut types 2 or 3, but occasionally a mixed 
pattern of differentiation is encountered. Reasons 
behind these different patterns of differentiation are 
not clear.

The pathology of nasopharyngeal carcinoma in 
Sudan and its association with EBV indicates that 
it is of the endemic type. This is in agreement with 
Abuidris et al who noted that the pathology of NPC in 
Sudan resembles that seen in endemic areas.9

Epstein-Barr virus has evolved an effective mecha-
nism for infection, persistence, and spread.17 It infects 
more than 90% of the population in early childhood, 
most often without evident consequence.18 The virus 
has been associated with lesions in immunosup-
pressed patients, in those with polyclonal B cell lym-
phoproliferative disorders and patients with Burkitt’s 
lymphoma or Hodgkin’s disease.19 However, nasopha-
ryngeal carcinoma shows the strongest worldwide 

161 bp 200 bp

100 bp

1 2 3 4 5 6 7 8

Figure 6. Gel picture showing PCR result of LMP-1 primer (161 bp). Lane 1 positive control, lane 2 and 5 negative samples, lane 3, 4, and 6 positive 
samples, lane 7 negative control and lane 8 DNA marker 100 bp.

262 bp
300 bp
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100 bp
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Figure 5. Gel picture showing PCR result of EBNA-1 primer (262 bp). Lane 1 positive control, lane 2, 5 positive samples, lane 3, 4, and negative samples, 
lane 6 negative control, and lane 7 DNA marker 100 bp.
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association with the virus.20 EBV genome is detected 
in all histological types of NPC from high-incidence 
areas.21 This even includes WHO type 1 cases in these  
areas.22

In the present study EBV genome was detected in 
77.5% and 84.1% of all NPC biopsies with EBNA-1 
and LMP-1 respectively. These figures are similar to 
those reported from New Zealand.21 Sbih-Lammali 
et  al showed that 90% of NPC cases from North 
Africa are EBV associated types 3 and 2.23 Krishna 
et al found EBV genome in 69% of cases from India.24 
Sheen et al detected EBV genome in 91.4% of cases 
in Taiwan.25 All these reports are from high or inter-
mediate endemic areas. The presence of the virus 
in the different histological types in our cases is in 
agreement with findings in other ares of comparable 
endimecity for the tumour.26,27

Ideally, we should have included biopsies from a 
negative control group consisting of normal individu-
als of the same age and sex as the NPC patients. This 
was not possible. Instead we used tissues from patients 
with other nasopharyngeal lesions and two patients 
with apparently normal mucosa. This was undertaken 

in order to evaluate the significance of the presence 
of EBV in nasopharyngeal lesions other than NPC. 
The highest frequency of EBV infection in non-NPC 
cases was in patients with adenoids. Others reported 
EBV in 72% of adenoids removed from children aged 
3–15 years.28

The two EBV positive lymphomas in this report 
were examples of angiocentric NK/T cell lymphoma 
which, is known to be associated with this virus.29 
The gold standard for the diagnosis of NPC is the 
histopathological demonstration of the tumour in 
biopsies of the nasopharynx or in metastases of the 
tumour at distant sites. The detection of EBV by serol-
ogy or in nasopharyngeal biopsy, in the absence of 
histologically documented tumour, is not diagnostic 
of nasopharyngeal carcinoma. Patients with positive 
EBV infection but whose nasopharyngeal biopsies are 
negative for NPC should be re-evaluated clinically 
and followed up closely for the possible development 
of the tumour in the future.

In conclusion, the histopathology of NPC in 
Sudan is of the types described in areas endemic for 
the disease and is significantly associated with EBV 
infection.
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Table 1. Detection of EBV genome by PCR in NPC and 
adenoids samples using EBNA-1 and LMP-1 primers.

Primer Adenoids NPC cases P value
EBNA-1
Positive 8 45 0.000
Negative 36 13
LMP-1
Positive 11 49 0.000
Negative 33 9

Note: Chi-square test is significant when P value is , 0.05.
Abbreviations: NPC, nasopharyngeal carcinoma; EBV, Epstein-
Barr virus; EBNA-1, EBV nuclear antigen-1; LMP-1, latent membrane 
protein-1.

Table 2. Detection of EBV using EBNA-1 primer in different 
histological types.

Histopathology EBNA-1 positive EBNA-1 negative
Type 2 18 5
Type 3 14 8
Mixed type  
2 and 3

3 0

Total 45 13

Note: *Chi-square test. P value is 0.60.

Table 3. Detection of EBV using LMP-1 primer in different 
histological types.

Histopathology LMP-1 positive LMP-1 negative
Type 2 20 3
Type 3 26 6
Mixed type 2 and 3 3 0
Total 49 9

Note: *Chi-square test. P value is 0.63.
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