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Abstract
AIM: To examine the possible role of the Epstein-
Barr Virus (EBV) in the development of gastric 
adenocarcinoma (GC). It is unclear whether EBV is 
involved in GC development or is a consequence of 
gastric inflammation secondary to immunosuppressive 
treatments.
METHODS: A systematic review was carried out of 
all published observational studies on the temporal 
association between EBV and GC, with a view to 
determine a causal relationship. 
RESULTS: The present study showed that the 
wor ldwide crude prevalence of EBV in gastr ic 
adenocarcinoma was 8.29%. The prevalence varied 
from 7.08% for intestinal type and 9.82% for diffuse 
type of GC. It was observed that Western and Central 
Asian countries had a significantly higher frequency 
of EBV positive cases compared to South-Eastern 
countries. America had the highest EBV-GC prevalence 
whereas Europe had the lowest. 
CONCLUSION: The present review has demonstrated 
a high prevalence of EBV in gastric adenocarcinoma. 
However, studies designed to assess a temporal 
relationship and histological association using sensitive 
techniques should be carried out to establish the role 
of EBV in GC carcinogenesis. 
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INTRODUCTION 
Gastric adenocarcinoma (GC) is the second most 
common cause of  cancer-related mortality and a major 
public health problem worldwide[1]. GC has a distinct 
geographical distribution with the highest incidence rates 
in Asia and South America and the lowest incidence in 
western countries[1-3].

The Epstein-Barr virus (EBV) is a ubiquitous virus, 
with carcinogenic properties, which has been linked 
to the development of  several malignancies including 
nasopharyngeal carcinoma and Burkitt’s lymphoma[4]. 
It has been estimated that over 90% of  the population 
worldwide has been exposed to EBV, although, not 
all infected individuals develop EBV-related disease[4]. 
After infection, EBV remains in a latent state in B-cell 
lymphocytes, at a rate of  1 in 106 circulating cells. The 
reason why it is difficult to identify EBV is perhaps due 
to the fact that expression of  only a small number of  
viral proteins allows the maintenance and control of  cell 
proliferation[5,6]. 

EBV is a common co-infection in several diseases 
and some au thors have sug g es ted tha t i t may 
represent a late event in the GC carcinogenesis, after 
H pylori infection[7]. However, there is lack of  specific 
information implicating EBV in the pathogenesis of  
GC. The worldwide occurrence of  EBV positive GC 
is estimated at >50 000 cases/year, although, it remains 
unclear whether the presence of  EBV is the cause or a 
consequence of  GC[8].
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Therefore, we carried out a systematic analysis of  all 
observational studies on EBV and GC with a view to 
assess a possible temporal and statistical association.

MATERIAL AND METHODS
Articles search
All studies included in the present review (n = 494) were 
selected from the Medline database using the following 
subject headings: (1) EBV or Epstein-Barr or “EBV-
associated membrane antigen, Epstein-Barr virus” 
[Substance Name] or “Epstein-Barr Virus Infections” 
[MeSH] or “Epstein-Barr viral capsid antigen” [Substance 
Name] or “Epstein-Barr virus early antigen” [Substance 
Name]; (2) virus OR (“Viruses” [MeSH] or “Virus 
Activation” [MeSH] or “DNA Tumor Viruses” [MeSH] 
or “Tumor Virus Infections” [MeSH]; (3) gastric or 
stomach or (“Stomach” [MeSH] or “Stomach Diseases” 
[MeSH]; (4) cancer or neoplasms OR “Neoplasms” 
[MeSH]. Furthermore, we also searched the reference 
list of  all published articles.

Inclusion/exclusion criteria
All original published studies in English, French, Spanish 
and Portuguese on EBV infection and gastric carcinoma 
were included in the analysis (n = 494). Studies were 
excluded for the following reasons (Figure 1): studies 
referring to other types of  cancer (n = 140); use of  
languages such as Russian, Chinese, Japanese or Italian  
(n = 30); articles other than those containing research 
data, such as reviews, letters to the editor and case-
reports (n = 155); in vitro and in vivo experiments  
(n = 81); and studies referring to histological types other 
than gastric adenocarcinoma (n = 44).

Data extraction and statistical analysis
The studies included in the present analysis (n = 103) 
were reviewed by all the authors, in order to obtain 
the necessary information, such as: design of  study 
(case-control or retrospective), source of  tissue sample 
(formalin embedded tissues, fresh tissues or peripheral 
blood samples) , study population, geographical 
distribution, histological type of  the lesion and 
EBV diagnostic methodology (in situ hybridization, 
Polymerase Chain Reaction, immunohistochemistry 
and PCR followed by Enzyme Linked Immunoassay). 
Pooled frequencies were estimated by country, region 
and continent and were adjusted for the type of  cancer, 
sample source and EBV diagnostic methodology.

RESULTS
General observations
Our study included a total of  103 published articles 
which analysed the frequency of  EBV in GC in 
21 different countries: 9 from Asia (China, India, 
Japan, Taiwan, Korea, Papua New Guinea, Pakistan, 
Kazakhstan and Turkey), 7 from Europe (UK, France, 
Germany, Italy, Netherlands, Poland and Russia) and 

5 from America (USA, Mexico, Brazil, Chile and 
Colombia). 

Study design
Our study material consisted of  96 retrospective studies, 
6 prospective studies and one case-control study. 

Sample source
The study samples comprised of  the following: 92 
studies were conducted on formalin embedded tissues, 
10 on fresh tissues and one on peripheral blood samples.

EBV diagnostic methodology
The most common methodology used for the diagnosis 
of  EBV was In Situ Hybridization (ISH) for EBER1 
(n = 88), followed by Polymerase Chain Reaction (PCR) 
for the BamHI-W region of  EBV (n = 6), PCR for 
EBNA1 (n = 3), immuno-histochemistry for LMP1  
(n = 2), PCR followed by Enzyme Immunoassay (PCR-
EIA) for BamHI-W, and ISH for BamHI-W in one study 
each. In two studies, it was not possible to determine the 
methodology used for EBV detection.

Statistical analysis
A total of  114 studies, comprising of  33471 cases were 
evaluated. The great majority of  studies were conducted 
in Asian countries (n = 77) with a total of  29 076 
individuals, followed by Europe (n = 18) with 2296 
individuals and America (n = 19) with 2099 individuals 
(Table 1). With respect to the diffuse type of  GC, a total 
of  5846 cases were analyzed, of  which 4862 individuals 
were from Asian countries, 173 from Europe and 811 
from America (Table 1). By contrast, intestinal type 
of  GC was reported in 7786 cases, including 6367 
individuals from Asia, 338 from Europe and 1082 from 

494 articles from Medline Database

Other Language than English, French,
Spanish or Portuguese (n  = 30)

Other types of articles than research
data (n  = 155)

Other types of studies (n  = 81)

Studies referring strictly to other
histological types than GC (n  = 44)

Studies referring strictly to other
types of cancer (n  = 140)

103 Articles to analyse

Figure 1  Application of Inclusion/exclusion criteria.
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America (Table 1).
The largest sample size for gastric adenocarcinoma 

was obtained from South-east Asia (28 760 cases), 
followed by Central Europe (1938 cases) and South 
America (927 cases). With respect to the intestinal 
and diffuse types of  GC, the largest sample was from 
South-east Asia (6290 and 4665 cases respectively), 
followed by South America (503 and 381 studies 
respectively) and Central Europe (325 and 154 studies, 
respectively).

Table 1 shows the crude and adjusted frequency of  
positive EBV results in different countries considering 
the world as a discrimination factor. The worldwide 
crude EBV positive prevalence was 8.29% for gastric 
adenocarcinoma, with 7.08% for intestinal type and 
9.82% for diffuse type. The corresponding adjusted 
prevalence was estimated as 9.67%, 5.88% and 12.1%, 
respectively. The adjustment of  EBV positive prevalence 
resulted in minor changes from the crude estimates. 
America registered the highest adjusted EBV positive 
prevalence for both gastric adenocarcinomas and the 
diffuse type of  GC (11.3% and 15.3%, respectively). On 
the other hand, Europe had the lowest adjusted EBV 

positive prevalence for gastric adenocarcinoma, and 
intestinal and diffuse types of  GC (7.96%, 2.94%, and 
7.83%, respectively). 

DISCUSSION
As a Group Ⅰ carcinogenic agent, EBV has been 
intensively studied over the past 40 years[9]. It has been 
demonstrated consistently that EBV has an association 
with nearly 100% of  gastric lymphoepithelioma-like 
carcinomas[10-12], which are believed to have similar 
pathogenic mechanism as nasopharyngeal carcinoma[7]. 

Despite the presence of  several hundred published 
studies demonstrating an association between EBV 
and GC, the pathogenic role of  EBV in gastr ic 
carcinogenesis remains to be established[7]. Nevertheless, 
there is strong evidence to directly implicate EBV in 
GC development: presence of  EBV in all cancer cells 
detected by in situ hybridization of  EBER1, but not in 
the surrounding epithelial cells[13]; monoclonality of  the 
viruses in neoplastic cells as judged by the analysis of  
single terminal repeats of  EBV DNA[14]; and elevation 
of  immunoglobulin A and B antibodies against viral 

Table 1  Distribution of Epstein-Barr virus-association with gastric adenocarcinoma

Gastric adenocarcinoma Gastric adenocarcinoma intestinal type Gastric adenocarcinoma diffuse type
n Total EBV + Crude

frequency 
(%)

Adjusted 
frequency 

(%)

n Total EBV + Crude
frequency 

(%)

Adjusted 
frequency 

(%)

n Total EBV + Crude
frequency 

(%)

Adjusted 
frequency 

(%)
EUROPE 18   2296   201      8.75     7.96   4   338   27     7.99     2.94   4   173     9   5.2    7.83
   East Europe   4     293     43 14.7 26.3   1     13     0 0 ---   1     19     4 21.1 ---
   Poland   3      87     25 28.7       40   1     13     0 0 ---   1      19     4 21.1 ---
   Russia   1     206     18     8.74 --- --- --- --- --- --- --- --- --- --- ---
   Central Europe 13   1938   154     7.95     7.58   3   325   27     8.31     2.94   3   154     5   3.25    4.55
   United Kingdom   4    682     12     1.76    1.7 --- --- --- --- --- --- --- --- --- ---
   France   1      59       5     8.47 ---   1     21     0 0 ---   1     22     1   4.55 ---
   Germany   1      35       3     8.57 ---   1     17     1     5.88 ---   1     18     2 11.1 ---
   Netherlands   7   1162   134 11.5     7.58   1   287   16     9.06 ---   1   114     2   1.75 ---
   South Europe   1       65       4     6.15 --- --- --- --- --- --- --- --- --- ---
   Italy
ASIA 77 29076 2324     7.99     9.65 21 6367 430     6.75     5.82 21 4862 441   9.07 11.2
   South-East Asia 72 28760 2253     7.83     9.56 19 6290 414     6.58     5.82 18 4665 398   8.53    6.89
   Taiwan   3     486     77     15.8       20   2   129   23 17.8     19   2    103   24 23.3  21.2
   Papua New Guinea   1     150       2     1.33 ---   1     72     0 0 ---   1     78     2   1.33 ---
   Korea 13   4784   300     6.27   5.7   2   233     4     1.72     1.71   2   319   22   6.9     6.89
   Japan 45 21956 1750     7.97 11.6 11 5480 353     6.44     5.82 11 4011 346   8.63 11.2
   China 10   1384   124     8.96     7.74   3   376   34     9.04     10.7   2   154     4   3.25     1.43
   South Asia   2     112     21 18.8 17.6 --- --- --- --- ---   1     70     8 11.4 ---
   India   1       60     20 33.3 ---   1     70     8 11.4 ---
   Pakistan   1       52       1     1.92 --- --- --- --- --- ---
   Central-western Asia   3     204     51        25 10.8   2     77   16 20.8     26.9   2   127   35 27.6 37.7
   Kazakhstan   2     139     14 10.1     9.89   1     48     1     2.08 ---   1     91   13 14.3 ---
   Turkey   1       65     37 56.9 ---   1     29   15 51.7 ---   1     36   22 61.1 ---
AMERICA 19   2099   249 11.9 11.3 14 2082   95     4.56   8.3 13   811 124 15.3 13.3
   South America   8     927   124 13.4 12.2   7   503   47     9.34     8.77   6   381   75 19.7 18.8
   Colombia   2     294     31 10.5     9.92   1     91   11 10.5 ---   1     86   12      14 ---
   Chile   1     278     53 20.2 ---   2   178   23 12.9 14.5   3   193   52 26.9 29.6
   Brazil   4     355     40 11.3 11.3   4   234   13     5.56     4.35   2  102   11 10.8     6.55
   Central America   4     630     55     8.73     9.86   3   241     8     3.32     2.84   3   319   38 11.9 12.8
   Mexico
   North America   7     542     70 12.9 10.2   4   338   40 11.8 10.8   4   111   11    9.91     8.63
   United States
GLOBAL ANALYSIS 114 33471 2775     8.29     9.67 39 7786 552     7.08     5.88 38 5846 574    9.82 12.1

Distribution of EBV association with Gastric Adenocarcinoma.
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capsid antigen several months before the clinical 
presentation of  the disease[15].

The pathogenic mechanism of  EBV-GC is not well 
understood. EBV is transmitted through the saliva, and 
primary infection occurs at the oropharyngeal mucosa, 
with the involvement of  the Waldeyer’s ring followed 
by infection of  naive B-cells as they circulate near 
the infected cells[16]. After infection, EBV establishes 
a persistent state in the B-cells, and is maintained  
ad eternum.  From time to time, the infected B-cells 
become activated as a result of  immune suppression of  
the host, and the infected cells are able to enter other 
tissues[16]. Since the main receptor (CD21/CR2, the 
receptor for the C3d component of  complement) for 
EBV is normally absent from gastric epithelial cells[17,18], 
EBV infection has been suggested to be accomplished 
by the binding of  EBV particles with IgA antibodies 
which are then engaged by gastric epithelial cells[7,19]. 
Once inside the gastric cells, EBV activates its latency 
state by expressing latency proteins which induce cell 
proliferation and viral maintenance. Recent studies 
have shown that in gastric carcinoma, EBV expresses a 
different pattern of  proteins than those seen in Burkitt’s 
lymphoma and nasopharyngeal carcinoma, suggesting a 
different oncogenic mechanism in gastric carcinoma[20,21].

The development of  gastric carcinoma is a multistep 
event, progressing from normal to preneoplastic lesions 
to highly malignant tumours[20]. Despite strong evidence 
implicating H pylori as the main etiological factor for 
GC development, several other environmental and 
genetic co-factors have been reported[22]. At present, 
it is generally accepted that EBV infects gastric cells 
depending on a permissive environment and a genetically 
susceptibility host, upon an inflammatory state of  gastric 
epithelium, which is in agreement with the findings that 
EBV-GC are monoclonal tumours[22]. Moreover, there 
are clinico-pathological features that are seen consistently 
in EBV-GC, such as: higher prevalence in males, with 
no impact on stromal invasion or survival[11,12,23]; tumour 
histology varying from moderately differentiated 
tubular to poorly differentiated solid type[17,24-29]; and a 
predisposition for the upper two-thirds of  the stomach.

By performing a systematic review of  all published 
studies worldwide, we have attempted to analyze the 
role of  EBV in GC development, by estimating and 
comparing the worldwide occurrence of  EBV-GC and 
by elucidating their temporal relationship and statistical 
association.

Our study included 103 published reports from 
21 different countries distributed over 3 continents 
(Europe, Asia and America). Gastric adenocarcinoma 
is the second most common cause of  cancer-related 
mortality worldwide and is the 14th overall cause of  
death[2]. Worldwide, there are widespread differences in 
gastric cancer rates, with the highest rates seen in Japan, 
China and South America, and much lower rates in 
Western Europe and the United States[2,22]. As expected, 
the great majority of  studies were conducted in Asian 
countries, with 80 general reports on EBV and gastric 
adenocarcinoma, 20 on diffuse type and 21 on intestinal 

type of  GC. The crude frequency of  EBV positive cases 
in Asian countries was 8.07%, 9.13% and 6.73% for GC, 
diffuse type and intestinal type, respectively. Moreover, 
western and central Asian countries had significantly 
higher frequency of  EBV positive cases than south-
eastern countries.

Despite these studies, the exact association between 
EBV and GC remains to be established. Moreover, 
recent data reinforces the importance of  the differences 
in the association of  EBV with gastric carcinoma 
among different ethnic communities[30,31], with respect 
to temporal relationship, histological association and 
the application of  sensitive methodologies for EBV 
diagnosis in GC. Nevertheless, the present review 
emphasizes the need for further studies designed to 
elucidate EBV-GC carcinogenesis model.
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