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Abstract
Background: Gastric cancer (GC) is one of the most common malignant tumors of the digestive tract and is the
third leading cause of cancer death worldwide. Epstein–Barr virus (EBV) has been associated with approximately
10% of the total cases of gastric carcinomas. No previous study has analyzed the prevalence of EBV infection in
gastric cancer of the Portuguese population.
Methods: In the present study, we have analyzed 82 gastric carcinoma cases and 33 healthy individuals (control group)
from Coimbra region for the presence of EBV by polymerase chain reaction (PCR) and by in situ hybridization (ISH) for
EBV-encoded small RNAs (EBERs). The status of H. pylori infection was assessed by serology and by PCR.
Results: EBV was detected by PCR in 90.2% of stomach cancer cases, whereas EBERs were detected in 11%. In our series,
EBV-associated gastric carcinoma (EBVaGC) were significantly associated with gender and the majority of them presented
lymph node metastasis. These cases were generally graded in more advanced pTNM stages and, non-surprisingly, showed
worse survival. H. pylori infection was detected in 62.2% of the gastric cancers and 64.7% of these patients were CagA+. On
the other hand, the H. pylori prevalence was higher in the EBV-negative gastric carcinomas (64.4%) than in those carcinoma
cases with EBV+ (44.4%).
Conclusions: The present study shows that prevalence of EBVaGC among Portuguese population is in accordance with
the worldwide prevalence. EBV infection seems to be associated to poorer prognostic and no relation to H. pylori infection
has been found. Conversely, the presence of H. pylori seems to have a favourable impact on patient’s survival. Our results
emphasize that geographic variation can contribute with new epidemiological data on the association of EBV with
gastric cancer.
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Background
Gastric cancer (GC) is one of the most frequent malignant tumors of the digestive tract and is the fifth most
commonly diagnosed cancer and the third leading cause
of cancer death worldwide (723,073 deaths, 8.8% of the
total) [1]. As so, associations to other comorbidities,
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such as the Epstein-Barr virus and the Helicobacter
pylori infection, are extremely important as they may be
used either clinically as prognosis factor or in basic research to get a deeper understanding of the underlying
mechanisms.
The Epstein-Barr virus (EBV) belongs to the Herpesviridae
family and approximately 95% of the world’s population is
infected with it, being the oral route the principal way of infection [2]. In 1997, the International Agency for Research on
Cancer (IARC) has classified EBV as a Group I carcinogen
for Burkitt’s lymphoma, nasopharyngeal carcinoma and for
Hodgkin’s and non- Hodgkin’s lymphoma [3].
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The presence of EBV in a patient with gastric cancer
was first reported in a case of lymphoepithelioma type
by Burke et al. in 1990 [4]. Subsequently, Shibata and
Weiss have identified the presence of EBV in 16% of
gastric adenocarcinomas in USA [5].Unlike other EBVassociated malignancies, the EBV-associated gastric carcinoma (EBVaGC) is not endemic in any region yet is
quite distributed worldwide. In fact, it is emerging as the
most common among EBV-associated malignant neoplasms with more than 90,000 patients being estimated
to develop GC in association with EBV annually (10% of
total GC) [6–8].
H. pylori is the major causative agent of gastritis, peptic ulcer disease, mucosa-associated lymphoid tissue
(MALT) lymphoma, and GC [9].The clinical outcome of
H. pylori infection depends on bacterial virulence factors, host susceptibility, environmental and life-style
factors [10]. Several H. pylori virulence genes have also
been identified and among those cagA (cytotoxin-associated gene) is one of the most important gene. Infection
with CagA strains is associated to higher risk of developing atrophic gastritis and gastric cancer [11, 12].
Some studies have addressed the question if exists a
cooperative effect between EBV and H. pylori in GC but,
their results are inconsistent and conflicting. The present
study aims at determining the frequency of EBV-related
gastric carcinoma in the Portuguese population and drawing both epidemiological and clinicopathological features
of EBV-associated GC in this geographic area relating to
H. pylori infection.

Methods
Patients and samples

A total of 82 patients with gastric cancer who underwent
surgical resection at Coimbra University Hospital (HUC)
and Regional Oncology Center of Coimbra, IPOFG, SA
and 33 patients with non-cancer diseases (control group)
who underwent routine surveillance endoscopy at
Gastroenterology department of HUC by nonspecific
complaints were enrolled in our study. Serum, tumor
tissue and their corresponding adjacent non-cancerous
mucosa was collected from each gastric cancer patient.
Gastric tissue samples and serum were obtained from
each individual of the control group.
This study was approved by Ethics Committee of the
respective institutions and informed consent was obtained from all individuals. None of the patients received
chemotherapy or radiation therapy before surgery.
Patient overall survival times were calculated from the
date of diagnosis to either the date of death or the last
follow up, resulting in a follow-up period ranging from 1
to 55 months (mean, 36 months). Those cases lost to
follow-up and those ending in death from any other
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cause than gastric cancer (2 cases) were considered censored data during the analysis of survival rates.
Clinicopathologic data comprise patient age and gender as well as the anatomical site, histological classification according to the Lauren classification system [13],
and pathological tumor stage (TNM stage; T: depth of
tumor invasion, N: lymph node metastasis, M: distant
metastasis) according to the American Joint Committee
on Cancer (AJCC) system [14].
DNA extraction

DNA from tumor tissue and from non-cancerous mucosa
was extracted and purified in MagNA Pure Compact
equipment (Roche, Germany) using MagNA Pure
Compact Nucleic Acid Isolation Kit I (Roche, Germany),
according to manufacturer’s instructions. Prior to extraction on the MagNA Pure Compact, tissues were disrupted
in Magna Lyser (Roche, Germany) and treated with ATL
buffer (QIAGEN, Spain) and proteinase K (QIAGEN,
Spain) for 10 min at 65 °C. DNA concentration (A260)
and purity (A260/A280) were determined spectrophotometrically (NanoDrop, Thermo Fisher Scientific). DNA
was stored at −80 °C for further use.
EBV real-time PCR

EBV detection was performed using specific primers
described by Drouet et al. (1999) [15] that amplify a segment of the BamH1W region.
Real-time PCR reactions were carried out on the
SmartCycler instrument (Cepheid, USA) in a final volume of 20 μl, containing 2 μl of extracted DNA, 2 μl of
FastStart SYBR Green Master kit (Roche, Germany) and
0.4 mM of each primer. Thermocycling conditions were
a preheating step of 10 min at 95 °C followed by 45 cycles of 95 °C for 10 s, 59 °C for 5 s and 72 °C for 8 s.
Fluorescence was measured at the end of each extension
step. Melting analysis was achieved with continuous
monitoring of fluorescence from 65 °C to 95 °C at a
temperature transition rate of 0.2 °C. A specimen was
considered positive if a single melting peak was measured between 88 °C and 89 °C. To validate the amplification process and exclude carryover contamination,
positive and negative controls were included in each
PCR run.
EBER1 in situ hybridization

The presence of EBV in gastric cells was identified by
the expression of EBV-encode small RNA-1 (EBER1),
the most abundant viral product in latently infected
cells. In situ hybridization reactions were carried out in
an automated system, the BOND -MAX ™ (Leica Microsystems, Wetzlar, Germany) using the staining protocol
“ISH protocol A” with an enzymatic pre-treatment
with the Bond Enzyme Pre-treatment Kit, according
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to manufacturer’s instructions. From paraffin-embedded
tissues were cut 3 histological sections with 3 μm thick
that were mounted on glass slides coated with 3-(aminopropyl) triethoxysilane (Sigma Diagnostics, St. Louis,
USA) and used for hybridization with 3 different probes:
the EBER Probe, the RNA Positive Control Probe and the
RNA Negative Control Probe (Leica Microsystems, Wetzlar,
Germany). A sample was considered EBER-1-positive when
appeared a dark brown staining in the nuclei of tumor cells,
under light microscopy. In each hybridization a positive
control, Hodgkin’s lymphoma EBV positive and a negative
control, Hodgkin’s lymphoma EBV negative were included. The cases with EBER1 positive signals were
classified as EBVaGC group.

In one of the nine cases EBVaGC, the EBER expression
was also detected in non-malignant gastric mucosa. The
EBER expression in malignant cells was either uniformly
positive or uniformly negative, suggesting that EBV infection may have occurred before malignant transformation and was transmitted to all daughter cells in the
neoplastic clone.

PCR amplification of H. pylori and cagA gene

Table 1 Comparison of clinicopathological features between
EBV positive gastric carcinomas and EBV negative gastric carcinomas

Detection of H. pylori in gastric samples was accomplished by amplification of H. pylori flagella gene. For
the H. pylori-positive samples, the presence of the cagA
gene was assessed. Single type PCRs were performed
with specific primers described elsewhere [16].

Association between EBV status and clinicopathological
characteristics

The clinicopathological characteristics of EBVaGC and
EBV-negative gastric carcinomas (EBVnGC) patients are
summarized in Table 1. Gender ratio (male/female) was
8:1 in EBVaGC and 1.03:1 in EBVnGC, revealing a

Results
Prevalence of EBV positive cases

We evaluated 82 patients (45 males and 37 females;
mean age, 66.6; range, 39 to 88 years) with gastric carcinoma and 33 patients (13 males and 20 females; mean
age 57.8; range, 30 to 82 years) with non-cancer diseases.
Using PCR analysis, EBV DNA was detected in 90.2% of
the patients with gastric carcinoma and in 27.3% of the
individuals from the control group. However, in situ
hybridization showed EBER expression in malignant
cells in only 9 patients with gastric cancer (corresponding to 11%) and in one case of the control group (3%).

P value

Male

8

37

0.037

Female

1

36

Mean (range)

70.1 (60–81)

66.2 (39–88)

18–39

0

1

Age (years)

Statistical analysis

The χ2 test and Fisher’s exact test were used to test associations between categorical variables. Cases within
the follow-up period were censored either at the time of
death or at the last update of the subject. Survival curves
were estimated using the Kaplan-Meier product-limit
method, and the differences between the survival curves
was tested using the log-rank test. All statistical analyses
were performed using the Statistical Package for the
Social Sciences, version 19 (SPSS Inc., Chicago, IL,
USA), and a p value <0.05 was considered as statistically significant.

EBV negative
gastric
carcinomas
(n = 73)

Gender

H. pylori serology

IgG antibodies against H. pylori were determined with an
enzyme-linked immunosorbent assay (ELISA), using a
commercial assay (HELICOBACTER PYLORI ELISA IgG,
Vircell, Spain), with a sensitivity of 97% and specificity of
100%; according to the manufacturer’s instructions.

EBV positive
gastric
carcinomas
(n = 9)

40–59

0

17

≥ 60

9

55

2

17

0.279§

Tumor location
Fundus + Body
Antrum

5

54

Cardia

2

2

Diffuse

2

18

Intestinal

5

41

Mixed

2

14

Positive

6

47

Negative

2

26

1.0

Histological type
1.0§

Lymph node
0.080

pTNM Stage
I + II

4

42

III + IV

4

31

≤ 36 months

6

39

> 36 months

3

32

Positive

4

47

Negative

5

26

0.721

Survival
0.191

H. pylori

§

– p obtained by Monte Carlo

0.288
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significant (p = 0.037) association where male shows
predominance in EBV positive GC. Although there were
no statistically significant differences, EBVaGC were
more frequently associated with older age group, notably
up to 100% of cases were older than 60 years old versus
75% of EBVnGC.
Regarding tumor localization, a tendency for the antrum was denoted in both groups, 55.6% in EBVaGC
and 74% in EBVnGC; nonetheless, the percentage of tumors at proximal locations was higher in EBVaGC
(44.4% vs. 26%). Tumor histology was not related to
EBV status since in both groups intestinal type was predominant. Furthermore, the positivity of EBV was not
significantly associated with either stage or survival,
whilst a slight tendency of EBVaGC having a worse
prognosis was noticed. This perception is based on the
fact of EBVaGC patients present higher probability of
having lymph node metastasis, were typically stratified
in more advanced stages and showed poorer survival
rates (Fig. 1). Although this trend could be biased by
age, gender and the TNM status a deeper analysis
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reveals that EBV+ subjects tend to present worse survival rate even correcting for that factors. Nonetheless,
the attempted statistical models did not present statistical significance for the EBV groups.
Detection and genotyping of H. pylori

The presence of H. pylori DNA was identified in 62.2%
(n = 51) of GC patients and in 54.5% (n = 18) of the
control group. Comparing the clinicopathological characteristics between the GC H.pylori + against the GC H.
pylori– significant differences due to gender, age, tumor
location, histological classification, TMN stage and survival rate were not observed (Table 2). The gene cagA was
detected in 64.7% (33/51) of the GC cases with H. pylori
infection and in 38.9% (7/18) at the control group with H.
pylori infection, which highlights a significant association
between the H. pylori strains present in tumors to express
gene cagA (p = 0.043). In fact, H. pylori strains found in
tumors have about 3 times more probability of being
CagA+ (OR: IC95% [1.01, 6.66]) than the H. pylori strains
detected in gastric tissue of healthy individuals.

Fig. 1 Survival graph of EBV associated gastric cancer and non-EBV associated gastric cancer
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Table 2 Comparison of clinicopathologic variables between H.
pylori-positive and H. pylori-negative gastric cancer patients
H. pylori positive

H. pylori negative

P value

Male

28

17

0.996

Female

23

14

Gender

Age (years)
Mean (range)

66.0 (44–87)

67.7 (39–88)

18–39

0

1

40–59

11

6

≥ 60

40

24

Fundus + Body

13

6

Antrum

36

23

Cardia

2

2

13

7

0.548§

Tumor location
0.561

Histologicaltype
Diffuse
Intestinal

29

17

Mixed

9

7

I + II

29

17

III + IV

21

14

≤ 36 months

28

17

> 36 months

23

12

0.851

pTNM Stage
0.780

Survival

§

0.747

– p obtained by Monte Carlo

Seroprevalence of H. pylori infection reveals higher
rates in GC patients when compared to the control
group (85.4% vs 57.6%, p = 0.001). The odds ratio of an
individual H. pylori seropositive to have gastric cancer is
about 4 times higher than an individual seronegative
(95% CI: [1.71, 10.82]).
Concerning seroprevalence another relationship was observed, namely the association with clinical stage; the majority of H. pylori seropositive cases were graded in the less
advanced tumors stages (I and II) (p = 0.002). The overall
survival also follows this trend but with no statistical significance (Log Rank p = 0.201, Breslow p = 0.141), which is not
altered if age, gender and stage status is taken into account.
No significant association was observed between the occurrence of H. pylori infection and EBVaGC, since of the
nine EBVaGC cases four had H. pylori co-infection
(p = 0.288); moreover the positivity of H. pylori in EBVnGC
is higher (64.4%) than that found in EBVaGC (44.4%).

Discussion
Over the past 50 years there has been a decline in gastric
cancer (GC) incidence and mortality, however, it still accounts for 6.8% of all malignant tumors [1].

In Portugal, the WHO data for 2012 indicate that the
GC is the fifth most frequent malignancy, with 3018
new cases (1834 men and 1184 women), and the third
most lethal cancer, as it was responsible for the death of
2285 Portuguese [1].
In the present study, we assessed the status of EBV by
PCR and ISH and H. pylori infection by PCR and serology in 82 cases of primary gastric carcinomas and in
33 healthy individuals. To the best of our knowledge this
is the first report presenting Portuguese casuistry regarding the association of EBV with stomach cancer
and, simultaneously correlating the involvement of these
two pathogens in gastric carcinogenesis. Using PCR we
found that 90.2% of GC were EBV-positive; extremely
high positivities of >80% were as well reported in three
studies from India [17–19], where EBV detection was
also accomplished by PCR; this may be due to the high
sensitivity of PCR that amplified indiscriminately EBV
DNA present in tumor cells and in tumor-infiltrating
lymphocytes. To overcome this issue, it was used EBER
in situ hybridization, which is the recommended technique for the detection of EBV in human tissue and
tumors because of its high sensitivity and specificity to
accurate localize the EBV-infected cells [20]. Hence, by
ISH the EBV was detected in 11% of our cases, which is
consistent with the prevalence of EBVaGC worldwide,
since several studies in the literature report that approximately 10% of gastric carcinomas are associated with
EBV [6, 8, 21, 22]. EBER expression was mainly restricted to the tumor tissue, as pointed out by others
[23–25], however we found one EBVaGC case with
EBER positivity in the non-neoplastic mucosa and one
patient of the control group, with chronic pangastritis,
was also EBV+ in epithelial cells. This is in line with the
observations of others who detected EBV in precancerous lesions [5, 7, 22, 26]. Despite being quite rare, the
EBV infection in non-neoplastic gastric mucosa indicates that EBV enters the gastric epithelium at an
early stage of gastric carcinogenesis preceding the
clonal growth of EBV-infected cells and subsequently
the development to carcinoma.
In our study, we found that patients with EBV-positive
tumors are predominantly male (8: 1), as corroborated by
the majority of published reports [5, 6, 20, 23, 24, 27, 28].
This highest incidence in men can be attributed to both
genetic status and lifestyle factors. Earlier studies indicate
that eating salty or spicy foods, frequently drinking coffee
and high-temperature drinks, exposure to wood dust and/
or iron filings and smoking are risk factors for developing
EBVaGC [6, 29].
Concerning histological classification and topographic distribution we found a prevalence of intestinal type and tumors located in the antrum, which
is consistent with others studies [5, 26, 30] but in
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disagreement in what regards the characteristic of
EBVaGC [20, 24].
Although it has been proposed that the presence of
EBV in gastric cancers is associated with a better prognosis [31], former reports are inconsistent. Our results
point in the direction that the presence of EBV is a
marker of poor prognosis since the majority of our cases
have lymph node involvement, are grouped in more
advanced stages and, as so, have worse survival.
Taken together, these variations between data might be
explained by the contribution of local risk factors, such
as geographical and environmental aspects, along with
the size and features of the cohort.
It is estimated that H. pylori infects half the world
population [11, 32, 33] and is responsible for more than
60% of gastric cancer cases [34, 35]. In this series the
prevalence of H. pylori for both groups, patients with
carcinoma and controls, fall within the described in the
literature. In the control group H. pylori detection rates
(DNA - 54.6%, seroprevalence - 57.6%), are close to the
average of H. pylori infection rate reported worldwide
(50%). In GC patients the H. pylori DNA was found in
62.2% of the cases, which is also in agreement with its
involvement in more than 60% of the total gastric
tumors. On the other hand, the serologic positivity was
85.4% which is in line with the value found in another
Portuguese study (85.5%) in patients with stomach cancer [36]. These differences in detection rates may be
explained by the spontaneous disappearance of the
Helicobacter pylori during malignant transformation of
gastric epithelium, perhaps due to lack of nutrients
needed by this bacterium; however, the tumor still occurs after the effective eradication of H. pylori; this occurrence has also been described in other studies [37].
In the current study, statistical comparison between
the 2 groups revealed that seropositive H. pylori status is
associated to increasing risk of developing gastric cancer
[38, 39] and that H. pylori cagA+ strains are more aggressive than H. pylori cagA- strains, being also linked to
stomach adenocarcinoma progression [11, 12]. Regarding the prognostic value of H. pylori status we found a
significant association between positive H. pylori status
and better outcome, since the tumors H. pylori + are
stratified in early pTNM stages, as observed by others
[40–42]. A plausible explanation for this fact is that H.
pylori may contribute to a more efficient immune
response against the tumor by triggering a type1 T-helper-cell response [43], or it was also suggested
that Helicobacter pylori antigens mimic the surface molecules of gastric epithelial cells and that would activate a
cross-reactivity of autoantibodies against the tumor cells
[44]. The involvement of the microsatellite instability is also
highlighted, because it has been related with a higher rate of
H. pylori infection and a better postoperative survival [45].

Page 6 of 8

It has been suggested that EBV and H. pylori can be
influenced by each other or cooperated together, in a
direct or indirect way, in gastric carcinogenesis. In the
present study no statistical association was found between EBV infection and H. pylori infection once there
is no evidence of an H. pylori co-participation in the
11% of the GCs that are EBV positive by EBER-ISH. In
fact, several studies that address the effect and interaction
between them do not detected any association [20, 23, 46–
49]. However, there are others publications showing synergism between EBV and H. pylori in the pathogenesis of
gastric diseases [30, 50–53]. In point of fact, it is suggested
two possible mechanisms, first an additional inflammatory
response in co-infection and increased tissue damaging by
both H. pylori and EBV. The studies by Cárdenas-Mondragón et co-workers give evidence of this mechanism; in
pediatrics patients they demonstrated that co-infection with
EBV and H. pylori CagA+ is more associated with severe
gastritis than cases with single H. pylori CagA+ infection
[52], as well as the study with Latin American patients confirm that EBV co-participates with H. pylori to induce severe
inflammation and increase the risk of progression to
intestinal-type GC [53]. The second mechanism pointed out
is based on gene products interaction. An in vitro study
found that EBV reactivation occurs by the PLCγ signalling pathway and H. pylori toxin CagA strongly activates
PLCγ [54]. On the other hand, Saju et al. suggested that
host protein SHP1 dephosphorylates CagA, thus preventing its oncogenic activity; however EBV co-infection
causes SHP1 methylation and prevents its dephosphorylation activity of CagA and thereby increasing the oncogenic
potential of CagA [55].

Conclusion
We identified 9 cases of EBVaGC (11%) corresponding
to the average prevalence of EBVaGC worldwide.
EBVaGC was associated with male predominance and
seems to emerge as a factor of poor prognosis, while H.
pylori infection appears to have a protective role in the
outcome of GC patients. This results highlight that geographic variation can contribute with new epidemiological data on the association of EBV with GC.
Abbreviations
AJCC: American Joint Committee on Cancer; cagA: cytotoxin-associated
gene; EBERs: EBV-encoded small RNAs; EBV: Epstein–Barr virus; EBVaGC: EBVassociated gastric carcinoma; EBVnGC: EBV-negative gastric carcinomas;
ELISA: enzyme-linked immunosorbent assay; GC: Gastric cancer; HUC: Coimbra
University Hospital; IARC: International Agency for Research on Cancer; ISH: In
situ hybridization; MALT: mucosa-associated lymphoid tissue; PCR: polymerase
chain reaction; WHO: World Health Organization
Acknowledgements
The authors would like to thank the patients and the supporting staff in this
study. We are indebted to Professor Lina Carvalho from Faculty of Medicine of
the University of Coimbra for kindly allow us to use the Bond Max equipment.

Nogueira et al. Infectious Agents and Cancer (2017) 12:41

Funding
This research did not receive any specific grant from funding agencies in the
public, commercial, or not-for-profit sectors.

Page 7 of 8

8.

9.
Availability of data and materials
The datasets used and/or analysed during the current study are available from
the corresponding author on reasonable request.
Authors’ contributions
Study concept and design: CN, ML; experimental work: CN, MM, HC, AA, PF;
provided patients samples: RG, MAC, FCS, FO, FM, JMP, PF, ML; data collection
and interpretation of the results: CN, RG, MAC, PF; statistical analysis: FC; wrote
the manuscript: CN; critical revision of the manuscript: RG, FC, PF, ML. The final
version of the manuscript was approved by all authors.

10.

11.
12.

13.
Ethics approval and consent to participate
Written informed consent was obtained from each patient; ethics approval
was obtained from the Ethics Committees ofCoimbra University Hospital and
Regional Oncology Center of Coimbra, Portugal.

14.
15.

Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.

Publisher’s Note

16.

17.

Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

18.

Author details
1
Microbiology, Faculty of Medicine of the University of Coimbra, 3004-504
Coimbra, Portugal. 2CIMAGO, Faculty of Medicine of the University of Coimbra,
3001-301 Coimbra, Portugal. 3Medical Microbiology, Centre for Neuroscience
and Cell Biology of the University of Coimbra, 3004-504 Coimbra, Portugal.
4
Physiopathology, Faculty of Medicine of the University of Coimbra, 3004-504
Coimbra, Portugal. 5Gastroenterology, University Hospitals of Coimbra, 3000-075
Coimbra, Portugal. 6Pathological Anatomy, University Hospitals of Coimbra,
3000-075 Coimbra, Portugal. 7Laboratory of Biostatistics and Medical Informatics,
IBILI, Faculty of Medicine of the University of Coimbra, 3000-548 Coimbra,
Portugal. 8Pathology Institute, Faculty of Medicine of the University of Coimbra,
3004-504 Coimbra, Portugal. 9Department of Surgery, University Hospitals of
Coimbra, 3000-075 Coimbra, Portugal. 10Surgery, Regional Oncology Center of
Coimbra, IPOFG, 3000-075 Coimbra, Portugal. 11Histopathology, Regional
Oncology Center of Coimbra, IPOFG, 3000-075 Coimbra, Portugal.

19.

20.

21.

22.

23.

Received: 27 February 2017 Accepted: 10 July 2017
24.
References
1. Ferlay J, Soerjomataram I, Ervik M, Dikshit R, Eser S, Mathers C, et al.
GLOBOCAN 2012 v1.0, cancer incidence and mortality worldwide: IARC
CancerBase no. 11 [internet]. Lyon, France: International Agency for Research on
Cancer; 2013. Available from: http://globocan.iarc.fr. accessed on 20 July 2016
2. Rickinson AB, Kieff E. Epstein–Barr virus. In: Knipe DM, Howley PM, editors.
Fields Virology. Vol. 2, 4th ed.; Lippincott–Williams & Wilkins; 2001. p.2579.
3. International Agency for Research on Cancer, World Health Organization.
Epstein-Barr virus and Kaposi sarcoma herpes virus/human herpes virus 8.
In: IARC monographs on the evaluation of carcinogenic risks to humans.
Vol. 70. Lyon: IARC Press; 1997.
4. Burke AP, Yen TS, Shekitka KM, Sobin LH. Lymphoepithelial carcinoma of the
stomach with Epstein-Barr virus demonstrated by polymerase chain reaction.
Modern Pathol. 1990;3:377–80.
5. Shibata D, Weiss LM. Epstein Barr-virus-associated gastric adenocarcinoma.
Am J Pathol. 1992;140:769–74.
6. Camargo MC, Koriyama C, Matsuo K, Kim WH, Herrera-Goepfert R, Liao LM,
et al. Case–case comparison of smoking and alcohol risk associations with
Epstein–Barr virus-positive gastric cancer. Int J Cancer. 2014;134:948–53.
7. Shinozaki-Ushiku A, Kunita A, Fukayama M. Update on Epstein-Barr virus and
gastric cancer (review). Int J Oncol. 2015;46:1421–34.

25.
26.

27.

28.

29.

30.

Liu Y, Yang W, Pan Y, Ji J, Lu Z, Ke Y. Genome-wide analysis of Epstein-Barr
virus (EBV) isolated from EBV-associated gastric carcinoma (EBVaGC). Oncotarget.
2016;7:4903–14.
Blaser MJ. Hypothesis: the changing relationships of Helicobacter pylori and
humans: implications for health and disease. J Infect Dis. 1999;79:1523–30.
Palli D, Masala G, Del Giudice G, Plebani M, Basso D, Berti D, et al. CagA+
Helicobacter pylori infection and gastric cancer risk in the EPIC-EURGAST
study. Int J Cancer. 2007;120:859–67.
Abadi ATB, Kusters JG. Management of Helicobacter pylori infections. BMC
Gastroenterol. 2016;16:94.
Blaser MJ, Perez-Perez GI, Kleanthous H, Cover TL, Peek RM, Chyou PH, et al.
Infection with Helicobacter pylori strains possessing cagA is associated with
an increased risk of developing adenocarcinoma of the stomach. Cancer
Res. 1995;55:2111–5.
Lauren P. The two histological main types of gastric carcinoma: diffuse and
so-called intestinal-type carcinoma. An attempt at a histo-clinical classification.
Acta Pathol Microbiol Scand. 1965;64:31–49.
AJCC Cancer Staging Manual. In: American Joint Committee on Cancer.
Stomach. 6th ed. New York: NY: Springer; 2002. p. 99–106.
Drouet E, Brousset P, Fares F, Icart J, Verniol C, Meggetto F, et al. High Epstein-Barr
virus serum load and elevated titers of anti-ZEBRA antibodies in patients with
EBV-harboring tumor cells of Hodgkin's disease. J Med Virol. 1999;57:383–9.
Podzorski RP, Podzorski DS, Wuerth A, Tolia V. Analysis of the vacA, cagA,
cagE, iceA, and babA2 genes in Helicobacter pylori from sixty-one pediatric
patients from the Midwestern United States. Diagn Micr Infec Dis. 2003;46:83–8.
Saxena A, Nath Prasad K, Chand Ghoshal U, Krishnani N, Roshan Bhagat M,
Husain N. Association of Helicobacter pylori and Epstein-Barr virus with gastric
cancer and peptic ulcer disease. Scand J Gastroentero. 2008;43:669–74.
Shukla SK, Prasad KN, Tripathi A, Singh A, Saxena A, Ghoshal UC, et al.
Epstein-Barr virus DNA load and its association with Helicobacter pylori
infection in gastroduodenal diseases. Braz J Infect Dis. 2011;15:583–90.
Shukla SK, Prasad KN, Tripathi A, Ghoshal UC, Krishnani N, Husain N. Expression
profile of latent and lytic transcripts of epstein–barr virus in patients with
gastroduodenal diseases: a study from northern India. J Med Virol. 2012;84:
1289–97.
Lee JH, Kim SH, Han SH, An JS, Lee ES, Kim YS. Clinicopathological and molecular
characteristics of Epstein-Barr virus-associated gastric carcinoma: a meta-analysis.
J Gastroen Hepatol. 2009;24:354–65.
zur Hausen A, Brink AA, Craanen ME, Middeldorp JM, Meijer CJ, van den
Brule AJ. Unique transcription pattern of Epstein-Barr virus (EBV) in EBVcarrying gastric adenocarcinomas: expression of the transforming BARF1
gene. Cancer Res. 2000;60:2745–8.
Herrera-Goepfert R, Akiba S, Koriyama C, Ding S, Reyes E, Itoh T, et al. EpsteinBarr virus-associated gastric carcinoma: evidence of age-dependence among a
Mexican population. World J Gastroentero. 2005;11:6096–103.
Murphy G, Pfeiffer R, Camargo MC, Rabkin CS. Meta-analysis shows that
prevalence of Epstein-Barr virus-positive gastric cancer differs based on sex
and anatomic location. Gastroenterology. 2009;137:824–33.
Corvalan A, Koriyama C, Akiba S, Eizuru Y, Backhouse C, Palma M, et al. EpsteinBarr virus in gastric carcinoma is associated with location in the cardia and with a
diffuse histology: a study in one area of Chile. Int J Cancer. 2001;94:527–30.
Chen XZ, Chen H, Castro FA, Hu JK, Brenner H. Epstein–Barr virus infection
and gastric cancer: a systematic review. Medicine. 2015;94:e792.
Zhao J, Jin H, Cheung KF, Tong JH, Zhang S, Go MY, et al. Zinc finger E-box
binding factor 1 plays a central role in regulating Epstein-Barr virus (EBV)
latent-lytic switch and acts as a therapeutic target in EBV-associated gastric
cancer. Cancer. 2012;118:924–36.
van Beek J, zur Hausen A, Klein Kranenbarg E, van de Velde CJ, Middeldorp
JM, van den Brule AJ, et al. EBV-positive gastric adenocarcinomas: a distinct
clinico-pathologic entity with a low frequency of lymph node involvement.
J Clin Oncol. 2004;22:664–70.
Genitsch V, Novotny A, Seiler CA, Kröll D, Walch A, Langer R. Epstein–Barr
virus in gastro-esophageal adenocarcinomas–single center experiences in
the context of current literature. Front Oncol. 2015;5:73.
Koriyama C, Akiba S, Minakami Y, Eizuru Y. Environmental fators related to
Epstein-Barr virus-associated gastric cancer in Japan. J Exp Clin Canc Res.
2005;24:547–53.
Lima VP, de Lima MA, André AR, Ferreira MV, Barros MA, Rabenhorst SH. H
pylori (CagA) and Epstein-Barr virus infection in gastric carcinomas: correlation
with p53 mutation and c-Myc, Bcl-2 and Bax expression. World J Gastroentero.
2008;14:884–91.

Nogueira et al. Infectious Agents and Cancer (2017) 12:41

31. Liu X, Liu J, Qiu H, Kong P, Chen S, Li W, et al. Prognostic significance of
Epstein-Barr virus infection in gastric cancer: a meta-analysis. BMC Cancer.
2015;15:782.
32. Atherton JC, Blaser MJ. Coadaptation of Helicobacter pylori and humans:
ancient history, modern implications. J Clin Invest. 2009;119:2475–87.
33. Backert S, Blaser MJ. The role of CagA in the gastric biology of Helicobacter
pylori. Cancer Res. 2016;76:4028–31.
34. Bornschein J, Selgrad M, Warnecke M, Kuester D, Wex T, Malfertheiner P. H.
Pylori infection is a key risk factor for proximal gastric cancer. Digest Dis Sci.
2010;55:3124–31.
35. Leja M, Axon A, Brenner H. (2016). Epidemiology of Helicobacter pylori infection.
Helicobacter. 2016;21:3–7.
36. Peleteiro B, Lopes C, Figueiredo C, Lunet N. Salt intake and gastric cancer
risk according to Helicobacter pylori infection, smoking, tumour site and
histological type. Br J Cancer. 2011;104:198–207.
37. Kokkola A, Kosunen TU, Puolakkainen P, Sipponen P, Harkonen M, Laxen F, et al.
Spontaneous disappearance of Helicobacter pylori antibodies in patients with
advanced atrophic corpus gastritis. APMIS. 2003;111:619–24.
38. Nomura A, Stemmermann GN, Chyou PH, Kato I, Perez-Perez GI, Blaser MJ.
Helicobacter pylori infection and gastric carcinoma among Japanese Americans
in Hawaii. New Engl J Med. 1991;325:1132–6.
39. Crew KD, Neugut AI. Epidemiology of gastric cancer. World J Gastroentero.
2006;12:354–62.
40. Kang SY, Han JH, Ahn MS, Lee HW, Jeong SH, Park JS, et al. Helicobacter
pylori infection as an independent prognostic factor for locally advanced
gastric cancer patients treated with adjuvant chemotherapy after curative
resection. Int J Cancer. 2012;130:948–58.
41. Marrelli D, Pedrazzani C, Berardi A, Corso G, Neri A, Garosi L, et al. Negative
Helicobacter pylori status is associated with poor prognosis in patients with
gastric cancer. Cancer. 2009;115:2071–80.
42. Wang F, Sun G, Zou Y, Zhong F, Ma T, Li X. Protective role of Helicobacter
pylori infection in prognosis of gastric cancer: evidence from 2454 patients
with gastric cancer. PLoS One. 2013;8:e62440.
43. Bamford KB, Fan X, Crowe SE, Leary JF, Gourley WK, Luthra GK, et al.
Lymphocytes in the human gastric mucosa during Helicobacter pylori have
a T helper cell 1 phenotype. Gastroenterology. 1998;114:482–92.
44. Xue LJ, Su QS, Yang JH, Lin Y. Autoimmune responses induced by Helicobacter
pylori improve the prognosis of gastric carcinoma. Med Hypotheses. 2008;70:
273–6.
45. Wu MS, Lee CW, Sheu JC, Shun CT, Wang HP, Hong RL, et al. Alterations of
BAT-26 identify a subset of gastric cancer with distinct clinicopathologic
features and better postoperative prognosis. Hepato-gastroenterol. 2002;49:
285–9.
46. Kim Y, Shin A, Gwack J, Ko KP, Kim CS, Park SK, et al. Epstein-Barr virus
antibody level and gastric cancer risk in Korea: a nested case-control study.
Br J Cancer. 2009;101:526–9.
47. Luo B, Wang Y, Wang XF, Gao Y, Huang BH, Zhao P. Correlation of EpsteinBarr virus and its encoded proteins with Helicobacter pylori and expression
of c-met and c-myc in gastric carcinoma. World J Gastroenterol. 2006;12:
1842–8.
48. de Souza CR, de Oliveira KS, Ferraz JJ, Leal MF, Calcagno DQ, Seabra AD, et
al. Occurrence of Helicobacter pylori and Epstein-Barr virus infection in
endoscopic and gastric cancer patients from northern Brazil. BMC Gastroenterol.
2014;14:179.
49. Camargo MC, Kim KM, Matsuo K, Torres J, Liao LM, Morgan DR, et al. AntiHelicobacter pylori antibody profiles in Epstein-Barr virus (EBV)-positive and
EBV-negative gastric cancer. Helicobacter. 2016;21:153–7.
50. Minoura-Etoh J, Gotoh K, Sato R, Ogata M, Kaku N, Fujioka T, et al. Helicobacter
pylori associated oxidant monochloramine induces reactivation of Epstein-Barr
virus (EBV) in gastric epithelial cells latently infected with EBV. J Med Microbiol.
2006;55:905–11.
51. Ferrasi AC, Pinheiro NA, Rabenhorst SH, Caballero OL, Rodrigues MA, de
Carvalho F, et al. Helicobacter pylori and EBV in gastric carcinomas: methylation
status and microsatellite instability. World J Gastroentero. 2010;16:312–9.
52. Cárdenas-Mondragón MG, Carreon-Talavera R, Camorlinga-Ponce M, GomezDelgado A, Torres J, Fuentes-Panana EM. Epstein Barr virus and Helicobacter
pylori co-infection are positively associated with severe gastritis in pediatric
patients. PLoS One. 2013;8:e62850.
53. Cárdenas-Mondragón MG, Torres J, Flores-Luna L, Camorlinga-Ponce M, CarreónTalavera R, Gomez-Delgado A, et al. Case–control study of Epstein–Barr virus and

Page 8 of 8

Helicobacter pylori serology in Latin American patients with gastric disease. Br J
Cancer. 2015;112:1866–73.
54. Churin Y, Al-Ghoul L, Kepp O, Meyer TF, Birchmeier W, Naumann M. Helicobacter
pylori CagA protein targets the c-met receptor and enhances the motogenic
response. J Cell Biol. 2003;161:249–55.
55. Saju P, Murata-Kamiya N, Hayashi T, Senda Y, Nagase L, Noda S. Host SHP1
phosphatase antagonizes Helicobacter pylori CagA and can be downregulated
by Epstein-Barr virus. Nat Microbiol. 2016;1:16026.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

