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Abstract

Background: Co-infection with Helicobacter pylori (H. pylori) and Epstein-Barr virus (EBV) has been demonstrated in clinical studies;

however, its association with gastric cancer (GC) remains uncertain.
Aims: This study aims to assess and establish evidence linking H. pylori and EBV co-infection to an increased risk of GC development.
Design: A meta-analysis following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines.

Methods: We conducted a meta-analysis study to investigate the pooled odds ratios (ORs) for individual infections and co-infections,

and their association with the risk of GC development.

Results: EBV infection was more frequent in patients with GC than in non-GC patients (OR 4.98, 95% confidence interval (CI) 3.17-
7.85, P <0.0001). H. pylori infection was associated with a significantly increased GC risk compared with a control group excluding gas-
tritis cases (OR 1.42, 95% CI 1.02-1.99, P=0.03). Nevertheless, the random-effects model revealed that the pooled odds of co-infection

were significantly elevated (OR 2.57, 95% CI 1.65-4.01, P < 0.0001).

Conclusions: Both H. pylori and EBV infections increase the risk of developing GC. The co-infection of H. pylori and EBV was linked to a
2.57-fold higher risk of GC, indicating the significance of incorporating both infections into diagnostic and treatment approaches for GC.

Introduction

Gastric cancer (GC) is one of the leading causes of cancer-related
mortality worldwide. Several factors contribute to the development
of GC, including diet, tobacco use, environmental and occupational
exposure, genetics, family history, obesity, gastroesophageal reflux
disease and chronic infections.” Chronic Helicobacter pylori (H. pylor)
infection is a well-documented and significant risk factor for GC
development.! Moreover, Epstein-Barr virus (EBV) has been
identified globally in approximately 8.77% of GC cases,

establishing it as another infectious agent that contributes to GC
development.?

Helicobacter infection is thought to induce chronic gastritis
in the stomach, leading to DNA damage, progressive gastric mu-
cosal damage and subsequently promoting cancer progression.”
Moreover, H. pylori has several virulence factors that contribute
to the development of GC, with CagA being the most notable, as
it is strongly associated with an increased GC risk.>*
Additionally, EBV infection has been established as a significant
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etiological factor for GC, with a globally pooled prevalence of
7.5% (95% CI 6.9-8.1%).> Current evidence suggests that EBV-
mediated gastric carcinogenesis involves complex molecular
interactions. These include viral protein and microRNA expres-
sions (LMP2A, miR-BART1-3p and miR-BART18-5p) and the acti-
vation of the WNT/CTNNB1/TCF7L2 signaling pathway, which
together drive the malignant transformation of infected cells.*®
Although several systematic reviews have examined the de-
tection rates of H. pylori or EBV infection in GC, comprehensive
meta-analyses quantifying the association between co-infection
and GC risk remain limited.>>’"'° This study aimed to address
this gap by performing a meta-analysis of existing case-control
studies to investigate the summary odds ratio (OR) and 95% CL
The results of this study provide valuable insights into the role of
individual and dual infections with H. pylori and EBV in GC, con-
tributing to more targeted prevention and treatment approaches.

Methods
Literature search strategy

This study was conducted following Preferred Reporting Items
for Systematic Reviews and Meta-Analyses guidelines.’* A com-
prehensive literature search was conducted using the PubMed
and Web of Science Databases until 30 June 2024. The search
terms included ‘Helicobacter pylori’, ‘H. pylori’, ‘Epstein-Barr virus’,
‘EBV’, ‘human herpesvirus 4’, ‘HHV-4’, ‘co-infection’, ‘dual infec-
tion’ and ‘association’ with Boolean operators (AND, OR) were ap-
plied to combine terms and identify relevant studies.

Data were extracted independently by two reviewers (Drs
Ngoc-Niem Bui and Thi Nhu Le Tran). Any disagreements were
resolved through discussion and, if necessary, adjudicated by a
third reviewer (Dr Chih-Ho Lai). The key information extracted
included patient characteristics, study design, disease type and
methods for detecting EBV and H. pylori.

Eligibility criteria

The inclusion criteria for this meta-analysis were restricted to
observational studies, specifically case-control and cross-
sectional research designs that examined the relationship be-
tween H. pylori and EBV co-infections and their association with
GC development. Eligible studies were required to present find-
ings on GC outcomes, including non-cardia and overall GC risks,
and were compared with the control groups. This review was lim-
ited to English language publications containing complete, acces-
sible and full-text articles.

Case reports, reviews, animal models or in vitro studies were
excluded. Studies that did not include a control group or failed to
report comparative risk analyses of GC were also excluded.
Additionally, studies focusing on non-GC conditions, such as
esophageal cancer, or unrelated conditions, such as duodenal
ulcers and peptic ulcer disease, were excluded. Studies investi-
gating H. pylori or EBV infections individually without exploring
their co-infection effects were also excluded.

Statistical analysis

The primary objective was to evaluate the association between
individuals and co-infection with H. pylori and EBV with GC com-
pared with non-neoplastic controls. After applying the inclusion
and exclusion criteria, the data from 13 studies were compiled.
These studies included the study year, number of positive diag-
noses of H. pylori and/or EBV in the case and control groups, na-
tionalities of participants, diagnostic methods for H. pylori and
EBV, sample types and disease characteristics. OR and 95% CI
were calculated for each study using the Metafor R package

based on the number of positive and negative diagnoses of H. py-
lori and/or EBV in each group. The random-effects model with
the z-score (z) and P values were calculated. Study heterogeneity
was evaluated using I-squared values (%), and pooled OR with
95% CI was estimated using random-effects models. Publication
bias was assessed using Egger’s test for small study effects and
Begg's rank correlation test.

Results
Characteristics of included studies

A total of 1092 studies were initially retrieved as of 30 June 2024,
from PubMed (413 studies) and the Web of Sciences Database
(679 studies). After excluding 572 duplicates, 520 studies were
reviewed based on their titles and abstracts. After applying the
exclusion criteria, 476 studies were excluded, leaving 44 eligible
studies for a full-text review. Ultimately, 13 studies met the in-
clusion criteria and were selected for analysis. A detailed proto-
col for selecting eligible studies is illustrated in Figure 1.

Data from 1061 patients with GCs and 1633 non-GC patients
with H. pylori and EBV individual and co-infection were analysed
across the 13 included studies, as summarized in Table 1. These
studies included two papers each from India,’**® Iran,**'°
Turkey'® and Italy,’®'® and one from Portugal,®® Brazil,?!
Peru,* Mexico® and Paraguay.** The included studies ranged
from the earliest conducted in 2008 to the most recent in 2023,
with the number of cases varying from 50 to 540. Two studies
from Mexico and Paraguay classified GC into intestinal, diffused
and mixed types.’*?* The control group included patients with
normal gastric mucosa, adjacent non-tumor tissues, peptic
ulcers, non-ulcer dyspepsia, gastritis, intestinal metaplasia and
premalignant lesions. The most common diagnostic method
for the detection of H. pylori is polymerase chain reaction (PCR)
(13/13, 100%), followed by a combination of PCR and urease test
(3/13, 23%), serology (2/13, 15.4%) and culture (2/13, 15.4%). EBV
was detected using PCR (5/13, 38.5%), reverse transcription PCR
(5/13, 38.5%), in situ hybridization (2/13, 15.4%), individual (11/13,
84.6%) or in combination with each other (2/13, 15.4%) (Table 1).

The association of H. pylori and EBV individual
and co-infection in GC development risk

Helicobacter pylori infection is documented as one of the signifi-
cant risk factors for GC development.?> Moreover, EBV is classi-
fied as a Group I carcinogen and presents approximately 10% of
GC,>* suggesting that co-infection with these two Group I carcin-
ogen pathogens may synergistically increase the risk of GC devel-
opment. To explore this association, we analysed the differences
between co-infection in the GC and control (non-GC) groups. The
results showed that H. pylori co-infection with EBV was associ-
ated with a higher risk of GC than in non-GC controls. The pooled
odds of co-infection were significantly higher in the random-
effects model (OR 2.57, 95% CI 1.65-4.01, P < 0.0001) for heteroge-
neity (I?=53%) (Figure 2, Supplementary Table S1). We analysed
the pooled OR of respective H. pylori or EBV individual infections
in patients with GC and non-GC controls. The EBV individual in-
fection was significantly higher in patients with GC compared
with non-GC in the random-effects model (OR 4.99, 95% CI 3.17-
7.85, P<0.0001), and heterogeneity resulted significantly differ-
ent (I 53%, P < 0.01) (Figure 3). However, the pooled OR of H. pylori
individual infection showed no significant differences in compar-
ison between GC and non-GC in the random-effects model (OR
1.24, 95% CI 0.92-1.67, P=0.15) (Figure 4A). Since the progression
of gastric carcinogenesis, along with the stepwise evolution of
chronic gastritis, is initiated by H. pylori infection,® we further
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Figure 1. Flow diagram of the articles selected from the literature search examining the association of H. pylori and EBV co-infections with the risk of

GC development.

excluded studies analysing gastritis in the control group and
meta-analyses in this subgroup for GC risk by H. pylori individual
infection. The results showed a significantly increased GC risk
compared with the control group, which included normal tissue,
adjacent normal tissue, peptic ulcer and non-peptic ulcer cases
(OR 1.49, 95% CI 1.09-2.05, P=0.01) (Figure 4B). These results in-
dicate that H. pylori and EBV co-infections play a crucial role in el-
evating the risk of GC, highlighting the importance of co-
infection as a significant factor in GC development.

Reciprocal influences of H. pylori and EBV
infections on each other’s prevalence

Helicobacter pylori infection can enhance the expression of acces-
sory EBV receptors for viral infection of gastric epithelial cells.?
We next investigated whether H. pylori infection increases the
rate of EBV infection or, conversely, whether EBV infection pro-
motes H. pylori prevalence. To address this, we analysed the risk
of EBV or H. pylori individual infection in cases in which other
infections were present. The results showed no significant corre-
lation between H. pylori infection in EBV-positive and EBV-
negative cases (OR 1.49, P=0.2) (Supplementary Figure S1A) or

EBV infection in H. pylori-positive versus H. pylori-negative cases
(OR 1.43, P=0.26) (Supplementary Figure S1B). A similar pattern
was observed when comparing the GC groups. No correlation
was found between H. pylori infection in EBV-positive or
EBV-negative among patients with GC (OR 1.06, P=0.87)
(Supplementary Figure S2A). Similarly, no correlation was ob-
served between EBV infection in H. pylori-positive and H. pylori-
negative individuals among patients with GC (OR 1.06, P=0.87)
(Supplementary Figure S2B). These results indicated that neither
H. pylori nor EBV enhanced the infection rate of the other, both in
the general population and specifically in GC cases.

Risk of bias across studies

Publication bias was evaluated using multiple complementary
approaches. Visual inspection of the funnel plot revealed asym-
metry, suggesting potential publication bias (Supplementary
Figure S3). This observation was supported by the results of
two statistical analyses. A significant bias was detected using
Egger’s test in the overall analysis (t=3.09, P=0.01) and Begg's
rank correlation test (z=2.07, P=0.0381), indicating signifi-
cant asymmetry.
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Table 1 Characteristics of included studies

Studies (country, H. pylori detection EBV detection
year) (reference) Total case method method Type of samples GC (N) Type of control (N)
Saxena (India, 2008)" 348 Urease test, cul-  PCR (EBNA1) GC, PUD, NUD 62 NUD (241),
ture, PCR (ureA) PUD (45)
Shukla (India, 2011)** 200 Urease test, cul-  qPCR (EBNA1) GC, PUD, NUD 50 NUD (100),
ture, PCR (ureA) PUD (50)
Souza (Brazil, 2014)* 217 Urease test, EBERI1 in situ hy- GC,GT 125 GT (92)
PCR (ureA) bridization
Cardenas-Mondragon 525 Serology Serology (viral GC, GT, IM, PM Total (114): IT Total (411): GT
(Mexico vs. capsid anti- (50), DT (64) (225), PM (186)
Paraguay, 2015)** gen IgG)
Nogueira 115 Serology, EBER1 in situ hy- GC, Non-GC 82 33
(Portugal, 2017)° PCR (flagella) bridization, RT
PCR (BamHIW)
Fattahi (Iran, 2018)"° 63 PCR (glmM) RT PCR (BamHIW)  GC, ANC 63 63
Teresa (Italy, 2019)" 9% PCR (ureA) RT PCR (BamHIW)  GC, GT, NC 24 24
Moral-Hernandez 138 PCR (165 rRNA) PCR (EBNA1) GC, GT Total (32): IT (7), GT (106)
(Mexico, 2019)% DT (18), MT (3),
others (4)
Castaneda 540 PCR (hspA, ureA)  qPCR (BNRF1) GC, GT 375 GT (165)
(Peru, 2019)%?
Gareayaghi 104 PCR (glmM) RT PCR (EBER1), GC, PUD, NUD, NC 34 Total (70): PUD
(Turkey, 2021)" serology (30), NUD (40)
(EBNAT1 IgG)
Akkus (Turkery, 2022)'° 108 PCR (glmM) qPCR (EBNA1), se-  GC, IM, PUD 25 Total (83): IM (13),
rology PUD (30),
(EBNA1IgG) NUD (40)
Estaji (Iran, 2022)** 150 PCR (ureA) qPCR (BZLF1, GT, MP, GC 50 Total (100): MP
EBNA1, EBER1) (50), GT (50)
Glammanco 50 PCR (ureA) PCR (BamHIW) NC, GT, GC 25 Total (50): NC

(Italy, 2023)*®

(25), GT (25)

Abbreviations: GS: gastric cancer; PD, peptic ulcer; NUD: non-ulcer dyspepsia; IM: intestinal metaplasia; GT: gastritis; NC: normal gastric mucosa; ANC: adjacent
nontumoral tissues; PM: premalignant lesion; MP: metaplasia; IT: intestinal type; DT: diffuse type; MT: mixed type.

GC Control Weight Weight
Study Events Total Events Total Odds Ratio OR 95%-Cl (common) (random)
Saxena (India) (2008) 29 62 99 286 L. 1.66 [0.95; 2.89] 21.4% 12.4%
Shukla (India) (2011) 27 50 54 150 —. 2.09 [1.09; 3.99] 16.7% 11.6%
Souza (Brazil) (2014) 12 125 3 92 3.15 [0.86; 11.51] 3.9% 6.7%
Cardenas-Mondragon (Mexico and Paraguay) (2015) 95 114 339 411 - 1.06 [0.61; 1.85] 21.5% 12.4%
Nogueira (Portugal) (2017) 4 82 0 33 i 3.84 [0.20; 73.35] 0.8% 2.0%
Fattahi (Iran) (2018) 8 63 7 63 1.16 [0.39; 3.43] 5.7% 8.0%
Teresa (Italy) (2019) 9 24 4 24 3.00 [0.77; 11.63] 3.6% 6.3%
Moral-Hernandez (Mexico) (2019) 12 32 27 106 T 1.76 [0.76; 4.06] 9.4% 9.9%
Castaneda (Peru) (2019) 40 375 2 165 e 9.73 [2.32; 40.76] 3.2% 5.9%
Gareayaghi (Turkey) (2021) 12 34 3 70 ——— 12.18 [3.15; 47.17] 3.6% 6.3%
Akkus (Turkey) (2022) 8 25 3 83 ——— 1255 [3.01; 52.25] 3.2% 5.9%
Estaji (Iran) (2022) 3 50 2 100 3.13 [0.51; 19.36] 2.0% 4.3%
Giammanco (ltaly) (2023) 9 25 11 50 1.99 [0.69; 5.73] 5.9% 8.2%
Common effect model 1061 1633 2.02 [1.56; 2.61] 100.0% .
Random effects model <> 2.57 [1.65; 4.01] 100.0%
Heterogeneity: I = 53%, ©° = 0.3327, p = 0.01
0.1 0512 10
OR 95%-Cl z  p-value
Common effect model 2.02  [1.56; 2.61] 5.36 <0.0001
Random effects model 2.57  [1.65; 4.01] 4.17 <0.0001

Figure 2. Forest plot of the association between H. pylori and EBV co-infections and GC development risk in 13 eligible studies using OR analysis.

A trim-and-fill analysis was conducted to quantify the potential
impact of publication bias. The original random-effects model yielded
an OR 2.57 (95% CI 1.65-4.01, P < 0.0001) with the I? 53%. After adjust-
ment using the trim-and-fill method, OR was reduced to 1.95 (95% CI
1.42-2.68, P < 0.0001) with the I? 0% (Supplementary Figure S4).

Discussion

Analysis of case-control data from 13 studies indicated that H.

pylori and EBV co-infection had a significantly positive

relationship with GC. This analysis aligned with a previous report
showing that individuals with EBV infection displayed substan-
tially higher risks of developing GC, as evidenced by a pooled OR
of 4.88.2>771% The association between H. pylori and GC was well
studied, and OR varied from 1.81 (95% CI 1.16-2.84) to 2.04 (95%
CI 1.69-2.45).%’7?° As most data from the 13 studies used patients
with gastritis as the control group, the relationship between
H. pylori and EBV showed no significant difference in the associa-
tion between H. pylori infection and GC risk (OR 1.24, P=0.15).
The progression of gastric carcinogenesis is a multistep process
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GC Control Weight Weight
Study Events Total Events Total Odds Ratio OR 95%-Cl (common) (random)
Saxena (India) (2008) 51 62 124 286 — 6.06 [3.03; 12.10] 18.3% 11.1%
Shukla (India) (2011) 45 50 72 150 i 9.75 [3.67; 25.92) 9.2% 8.8%
Souza (Brazil) (2014) 12 125 4 92 2.34 [0.73; 7.49] 6.5% 7.5%
Cardenas-Mondragon (Mexico and Paraguay) (2015) 108 114 389 411 — 1.02 [0.40; 2.57] 10.2% 9.2%
Nogueira (Portugal) (2017) 9 82 1 33 3.95 [0.48; 32.46) 2.0% 3.5%
Fattahi (Iran) (2018) 39 63 8 63 T+  11.17 [4.55; 27.46] 10.9% 9.4%
Teresa (Italy) (2019) 13 24 5 24 S — 4.49 [1.26; 16.01] 5.4% 6.9%
Moral-Hernandez (Mexico) (2019) 28 32 74 106 3.03 [0.98; 9.34] 6.9% 7.8%
Castaneda (Peru) (2019) 72 375 4 165 & 9.56 [3.43; 26.65] 8.4% 8.5%
Gareayaghi (Turkey) (2021) 12 34 3 70 ——%—— 12.18 [3.15; 47.17] 4.8% 6.4%
Akkus (Turkey) (2022) 8 25 3 83 ——=&—— 12.55 [3.01; 52.25] 4.3% 6.0%
Estaji (Iran) (2022) 6 50 3 100 & — 4.41 [1.05; 18.44] 4.3% 6.0%
Giammanco (ltaly) (2023) 13 25 15 50 2.53 [0.94; 6.81] 8.9% 8.7%
Common effect model 1061 1633 4.99 [3.71; 6.70] 100.0% .
Random effects model . 4.99 [3.17; 7.85] 100.0%
Heterogeneity: /° = 53%, ©° = 0.3562, p = 0.01
01 051 2 10
OR 95%-Cl z  p-value
Common effect model 4.99 [3.71;6.70] 10.63 <0.0001
Random effects model 4.99  [3.17; 7.85] 6.95 <0.0001
Figure 3. OR analysis of the association between EBV individual infection and GC risk in 13 eligible studies.
A
GC Control Weight Weight
Study Events Total Events Total Odds Ratio OR 95%-Cl (common) (random)
Saxena (India) (2008) 35 62 169 286 ~o|+ 0.90 [0.52; 1.56] 122%  11.2%
Shukla (India) (2011) 31 50 87 150 —'— 1.18 [0.61; 2.28] 8.7% 9.6%
Souza (Brazil) (2014) 110 125 58 92 | —&— 430 [2.17; 8.53] 8.0% 9.3%
Cardenas-Mondragon (Mexico and Paraguay) (2015) 100 114 359 411 —*— 1.03 [0.55; 1.94] 9.5% 10.0%
Nogueira (Portugal) (2017) 51 82 18 33 *I-'* 1.37 [0.61; 3.11] 5.6% 7.7%
Fattahi (Iran) (2018) 21 63 23 63 =i 0.87 [0.42; 1.81] 7.0% 8.6%
Teresa (ltaly) (2019) 12 24 1 24 —f— 1.18 [0.38; 3.67] 2.9% 5.0%
Moral-Hernandez (Mexico) (2019) 13 32 51 106 —- 0.74 [0.33; 1.65] 5.8% 7.8%
Castaneda (Peru) (2019) 228 375 84 165 ; 1.50 [1.03; 2.16] 27.6% 14.2%
Akkus (Turkey) (2022) 25 25 63 83 T 16.46 [0.96; 282.59] 0.5% 1.0%
Estaji (Iran) (2022) 26 50 58 100 } 0.78 [0.40; 1.55] 8.1% 9.3%
Giammanco (ltaly) (2023) 12 25 21 50 —— 1.27 [0.49; 3.35] 4.0% 6.2%
Common effect model 1027 1563 o 1.26 [1.04; 1.53] 100.0% .
Random effects model © 1.24 [0.92; 1.67] 100.0%
Heterogeneity: I = 52%, < = 0.1259, p = 0.02 L ) J '
0.01 0.1 1 10 100
OR 95%-Cl z  p-value
Common effect model 1.26  [1.04; 1.53] 2.33 0.02
Random effects model 1.24  [0.92; 1.67] 1.44 0.15
B
GC Control Weight Weight
Study Events Total Events Total Odds Ratio OR 95%-Cl (common) (random)
Saxena (India) (2008) 35 62 133 286 o 1.49 [0.86; 2.59) 324%  32.4%
Shukla (India) (2011) 31 50 46 100 . 1.92 [0.96; 3.83] 20.6% 20.6%
Shukla (India) (2016) 22 40 13 36 H 2.16 [0.86; 5.44] 1.7% 1.7%
Fattahi (Iran) (2018) 21 63 23 63 —|- 0.87 [0.42; 1.81] 18.4%  18.4%
Teresa (ltaly) (2019) 12 24 1 24 —— 1.18 [0.38; 3.67) 7.7% 7.7%
Akkus (Turkey) (2022) 25 25 20 40 | —— 51.00 [2.91; 895.02] 1.2% 1.2%
Giammanco (ltaly) (2023) 12 25 1 25 —— 1.17 [0.39; 3.58] 8.0% 8.0%
Common effect model 289 574 0 1.49 [1.09; 2.05] 100.0% )
Random effects model & 1.49 [1.09; 2.05] 100.0%
Heterogeneity: /° = 36%, <* < 0.0001, p = 0.15
001 01 1 10 100
OR 95%-Cl z  p-value
Common effect model 1.49  [1.09; 2.05] 249 0.01
Random effects model 1.49  [1.09; 2.05] 2.49 0.01

Figure 4. The risk of GC development in H. pylori individual infection. Forest plot showing the association between individual H. pylori infection and GC
development risk compared with two control groups: (A) including patients with gastritis and (B) excluding patients with gastritis.

GC.! When we performed a subgroup analysis excluding patients
with gastritis from the control group, the results showed a significant
association between H. pylori infection and GC risk (OR 1.42, P=0.03).

that typically begins with chronic gastritis initiated by H. pylori infec-
tion, subsequently evolving through stages such as atrophic gastritis,
intestinal metaplasia and dysplasia, and eventually developing into
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The highest risk of GC development associated with H. pylori
and EBV co-infection was observed in Turkey (OR 12.18 and
12.55) and Peru (OR 9.56) (Table 1). For EBV individual infection,
the association remained consistently highest in Turkey and
Peru. However, the association with H. pylori individual infection
showed a significant positive result in the studies from Turkey
(OR 16.46, 95% CI 0.96-282.59) but was comparatively lower in
Peru (OR 1.5, 95% CI 1.03-2.16). This variability underscores the
potential influence of regional- or population-specific factors on
risk dynamics. We also searched for more studies on the preva-
lence of EBV and the risk of GC in Peru and Turkey. A high preva-
lence of the distinctive type i/Xhol+, characterized by the BamHI
W1/I1 variant (type I) and the presence of the Xhol restriction site
in exon 1 of the latent membrane protein 1 gene (Xhol+), was
predominantly observed in EBV-positive GC cases in Peru.*

A similar observation has been reported in neighboring coun-
tries, including Colombia and Chile, where most EBV-associated
GC cases harbored a distinctive EBV strain (type I/Xhol+).2"3?
Moreover, the risk of GC development associated with EBV indi-
vidual infection was significantly higher in India, with ORs of
6.06 and 9.75. In contrast, the risk associated with EBV and H. py-
lori co-infection was comparatively lower, with ORs of 1.66 and
2.09, respectively. Variability in EBV strains and their oncogenic
potential seem to play crucial roles in GC development.*® H. pylori
infection may further enhance the oncogenic effects of EBV, po-
tentially through interactions that influence viral or host factors.
Investigating the gene expression profiles of EBV and the specific
characteristics of EBV strains associated with GC in the regions is
a priority for better understanding these mechanisms.

In vitro studies demonstrated that EBV infection in gastric epi-
thelial cancer cell lines downregulated SHP1 through promoter
hypermethylation, which subsequently enhanced phosphorylation-
dependent CagA activity and amplified H. pylori's oncogenic poten-
tial.* The oncoprotein CagA of H. pylori can induce malignant neo-
plasms in host cells through its phosphorylation by host cell
kinases, allowing it to bind with the proto-oncogenic phosphatase
SHP-2 and activate multiple signaling pathways.* Moreover, among
the four CagA EPIYA motifs—A, B, C and D, the EPIYA-D motif, pre-
dominantly found in East Asian strains, exhibits a higher affinity
for SHP-2 binding compared to the Western CagA variant, leading
to more severe gastric diseases and a higher incidence of GC.*
These findings suggest that co-infection between EBV and H. pylori
East Asian strains may have a stronger synergistic effect on GC de-
velopment. However, among 13 studies recruited for this analysis,
no case-control data from East Asia. A further case-control study in
this region, including a detailed analysis of CagA EPIYA motifs, is
needed to investigate H. pylori and EBV co-infection in relation to
GC development.

The hypothesis that H. pylori and EBV influence each other’s in-
fectivity has been documented in several in vitro studies. For exam-
ple, H. pylori CagA-positive strains can induce interleukin 8 cytokine
secretion, which acts as a chemoattractant for EBV-positive B cells
and promotes their migration to gastric tissues.** Additionally, H.
pylori infection of gastric epithelial cells stimulates the expression
of Ephrin type-A receptor 2 and non-muscle myosin heavy chain Ila
receptors, which facilitate EBV entry into these cells.”® These find-
ings provide in vitro evidence that H. pylori enhances EBV infection
in gastric epithelial cells. However, our meta-analysis on the mu-
tual influence of H. pylori and EBV infection prevalence indicates
that neither H. pylori nor EBV significantly increases the infection
rate of others, either in the general population or specifically in GC
cases. Further clinical studies that collect samples at different time

points may help clarify the chronological order of these infections
and their potential impact on GC development.

Conclusions

Our meta-analysis revealed that H. pylori and EBV co-infection in-
creased the risk of GC by 2.57-fold. H. pylori and EBV individual
infections are also associated with an elevated risk of GC. No evi-
dence suggests that individual H. pylori and EBV infections influ-
ence the prevalence of each other in GC cases. These findings
highlight the potential importance of considering H. pylori and
EBV co-infection in the diagnosis and therapeutic strategies
for GC.
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