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PURPOSE Helicobacter pylori (HP) and Epstein Barr virus (EBV) infections induce chronic gastritis (CG) and are
accepted carcinogenics of gastric cancer (GC). Our objective for this study was to determine the prevalence of
these agents and clinicopathological features of GC and CG associated with the infection.

PATIENTS AND METHODS A single-center cohort of 375 Peruvian patients with GC and 165 control subjects with
CG were analyzed. Evaluation of HP and EBV genes was performed through quantitative polymerase chain
reaction.

RESULTS Prevalence of HP was 62.9% in the whole population and 60.8% in the GC subset. The cagA gene was
detected in 79.9%; vacAsI and vacAm1 allelesin 41.6% and 60.7 %, respectively; and concurrent expression of
vacAsl and vacAm1I in 30.4% of infected patients in the whole series. The prevalence of EBV was 14.1% in the
whole population and was higher in GC (P < .001). Coinfection of HP and EBV was found in 7.8% and was also
higher in GC in univariate (P < .001) and multivariate (P =.011) analyses. Infection rates of HP and EBV were
not associated with a geographic location in the whole series. Few clinicopathological features have been
associated with infectious status.

CONCLUSION Prevalence of HP infection and virulent strains are high in the Peruvian population. Infection by

EBV was more frequent in patients with GC.
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INTRODUCTION

There are large regional differences in gastric cancer
(GC) rates, and the highest incidence rates are in East
Asia and South America. More than two-thirds of cases
occurred in middle- and low-income countries,
according to GLOBOCAN 2018.% In addition, areas
with the highest GC rates have been described within
countries.??

In the Andean country of Peru, GC is the third most
common cancer and causes the highest absolute
number of cancer deaths.* Persistent infection with
Helicobacter pylori(HP) induces chronic inflammation
and gastric carcinogenesis. HP infection in gastric
mucosa has been associated with low socioeconomic
status, and its prevalence in adults living in developing
Latin American countries is 70% to 80%.5”

The genomes of HP are heterogeneous and encode
different virulence factors that play an important role
in the clinical outcome of the infection. Cytotoxin-

associated gene A (cagA) is a protein encoded by
the cagA gene. It translocates to epithelial cells and
activates signaling pathways that induce cellular
changes and the production of proinflammatory cy-
tokines. The vacuolating cytotoxin A (vacA) of HP is
encoded by the vacA gene, causes direct damage to
the gastric epithelium, and stimulates an acute in-
flammatory process. The vacA gene has the sl or s2
allele types in the signal region (s) whereas the m1 and
m2 allele types are in the middle region (m). The
combination of s1/m1 allele types results in high levels
of cytotoxin. The proinflammatory potential of cagA-
positive and vacA allele variants of HP may explain
HP’s association with severe atrophic gastritis, peptic
ulcer, and gastric adenocarcinoma.?

Gastric infection by Epstein-Barr virus (EBV) produces
a severe mucosal inflammatory response, has dem-
onstrated carcinogenic activity, and leads to a specific
subtype of GC.*'° Recent studies suggest that HP and
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CONTEXT

Key Objective

The purpose of this study was to analyze the prevalence of HP and EBV infections in Peruvian patients with chronic gastritis
and gastric cancer, and to evaluate clinicopathological features associated with the presence of the infectious agents.

Knowledge Generated

The infection rate of H. pylori is higher than 60% in our population, and most strains were cagA positive. Epstein-Barr virus
infection was more frequent in gastric cancer than chronic gastritis, and its coinfection with H. pylori was also more
frequently found in gastric cancer.

Relevance

Treating H. pylori infection in South American countries should be enforced in public health care to reduce gastric cancer
rates. To our knowledge, the current study is one of the largest series of molecular epidemiology of infectious carcinogenic
agents in gastric samples from one South American country. We expect our results can influence public policies in South
American countries.

EBV coinfection could have a synergistic carcinogenic
effect and would be more frequently found in GC than
chronic gastritis (CG).'"3

The prevalence of the genotypes of HP that express the most
virulent factors and EBV change with geographic area, and
there is limited information about rates of these infections
in the Peruvian population. Information about prevalence
differences of these infectious agents is even lower among
the three Peruvian recognized regions: coast, highland and,
rain forest. The coast (11.7% of the national territory) is
the most urbanized area, has the highest population (56.3%
of the total population), and is where the largest city in Peru,
the crowded and capital city of Lima, is located. The
Peruvian rain forest (Peruvian Amazon) represents 60.3%
of the Peruvian territory but only 14.0% of the total
population®®.

The purpose of this study was to analyze the prevalence of
HP and EBV infections in Peruvian patients with CG and
GC, and to evaluate clinicopathological features associated
with the presence of the infectious agents.

PATIENTS AND METHODS

We developed a cross-sectional study with 540 patients
who came to the Instituto Nacional de Enfermedades
Neoplasicas (INEN), Lima, Peru, for screening or GC
treatment from 2015 to 2018. We included 375 patients
with GC who underwent diagnostic endoscopy (n = 67) or
gastrectomy (n = 308) and 165 patients with CG who
underwent screening endoscopies (nonmalignancies). In-
clusion criteria were histology of adenocarcinoma and not
being previously exposed to chemotherapy, in the cancer
group. CONSORT methodology was followed in the study
development (Fig 1).

The Human Subjects Committee of INEN approved the
conduct of this study (Protocol No. 050-2015-CIE/INEN).
Before their inclusion, patients received information re-
garding the purpose and the conduct of the study. Patients

2 © 2019 by American Society of Clinical Oncology

gave written consent for the storage of their samples at the
INEN biobank and for their samples’ use in research.

We collected clinicopathological data from the INEN'’s
patient files and from an epidemiologic questionnaire, in-
cluding the patient’s home address. Peru is divided into
25 provinces distributed among the three previously
mentioned regions. In addition, Lima city is divided into
districts and they were settled into North (seven districts),
South,” Center,'® and East’ sectors. Callao (the main harbor
of the country) shares limits with Lima city and was con-
sidered for the Lima sectors analysis.!>®

Endoscopy and Histology

Biopsy specimens were obtained from tumoral, proximal,
and distant nontumoral tissues in patients with GC and from
only one area from those with CG. Samples were imme-
diately saved and frozen at —70°C until processing.

Detection of HP Infection

Diagnosis of HP was accepted when at least the results of
one of the areas were positive. The detection of HP in
gastric tissue samples was carried out through the ex-
traction of genomic DNA with the GeneJETGenomic DNA
kit (Thermo Fisher Scientific, Waltham, MA), the quanti-
fication by fluorometry was conducted using the Quantus
fluorometer (Promega, Madison, WI), and, subsequently,
the standard detection of the colonizing genes (hspA and
UreA) by quantitative polymerase chain reaction (qPCR) in
the LightCycler 96 Instrument Thermal Cycler (Roche,
Mannheim, Germany). The hspA gene sequence was
detected with the following primers: reverse: 5’-GCT ATC
TGA AAATTT GAT TTC TTT TGC-3’ and forward: 5’-TGC
GCT ATAGTT GTG TCG C-3’; and that of UreA: reverse: 5’-
TTG TCT GCT TGT CTA TCA ACC-3’ and forward: 5’-GAG
AAT GAG ATG AAA CTC ACC C-3’. The mixture for the
gPCR was composed of PCR-grade water, Sybr Green-
FastStartEssential DNA Green Master (Roche), the re-
spective primers, and the sample of genomic DNA.!7'18
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Evaluation of HP Virulence Genes

Virulence of cagA, vacAs, and vacAm genes was tested in
HP-positive patients detected by constitutive genes (hspA
and ureA). The DNA of HP was detected with gPCR using
oligonucleotides directed to the hspAand UreA genes. The
signal and middle regions of vacA were genotyped by gPCR
using the oligonucleotides previously described by Camorlinga-
Ponce et al.'®

The cagA gene sequence was detected with the following
primers: reverse: 5’-TCTAATCCTGTTTGCTCCCCA-3" and
forward: 5’-CTCATTGCGAAGGCGACCT-3’. The vacAs
gene was detected with the following primers: reverse: 5’-
GCGTCAAAATAATTCCAAGG-3’ and forward: 5’-CAATCT
GTCCAATCAAGCGAG-3. And to detect the vacAm gene,
the following primers were used: reverse: 5’-CTGCTTGAA
TGCGCCAAAC-3’ and forward: 5-ATGGAAATACAACAA
ACACAC-3'.1718

The amplification program included one cycle at 95°C for
10 minutes; 45 cycles at 95°C for 15 seconds, 57°C to 63°C
(depending on the gene) for 15 seconds, and 72°C for 20
seconds; and a melting curve 95°C for 10 seconds, 65°C
for 60 seconds, and 97°C for 1 second.!%%°
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A melting curve for vacA alleles was constructed for
each primer pair to verify the presence of one gene-
specific peak and the absence of primer dimmer. Geno-
type s1/m1 was identified in positive patients for gene
expression by comparing them with the gene-specific
peak obtained from strain ATCC700392D-5 HP vacA
sl+ml+.

Evaluation of the EBV Gene

EBV gPCR was performed on DNA using the Primer-
design EBV (human herpesvirus 4) kit (genesig Ad-
vanced, Southampton, UK) with a region of BNRF1 as
the target. ;The target sequence within the BNRFI
gene was a good genetic marker for EBV in other
clinical real-time-PCR-based studies.?! The amplifi-
cation program included one cycle at 95°C for 120
seconds, 50 cycles at 95°C for 10 seconds, and 60°C
for 10 seconds.

Statistical Analysis

We used Pearson 2 or Fisher's exact tests to compare
frequencies between groups. Kruskal-Wallis test was used
for comparing number of copies HspA and UreA among
tumoral, and proximal and distal nontumoral areas.
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TABLE 1. Comparison of Clinicopathological Features Associated With Gastric Cancer and Chronic Gastritis

Characteristic Total (N = 540) Gastric Cancer (n = 375) Chronic Gastritis (n = 165) P

Age, years < .001
<60 268 (49.6) 139 (37.1) 129 (78.2)
> 60 272 (50.4) 236 (62.9) 36 (21.8)

Sex < .001
Female 310 (57.4) 180 (48.0) 130 (78.8)
Male 230 (42.6) 195 (52.0) 35(21.2)

Region < .001
Coast 375 (69.4) 235 (62.7) 140 (80.0)
Highland 120 (22.2) 101 (26.9) 19 (11.5)
Rain forest 45 (8.3) 39 (10.4) 6 (3.6)

Lima sector < .001
North 69 (25.3) 39 (10.4) 30 (18.2)
Center 78 (28.6) 30 (8.0) 48 (29.1)
South 46 (16.8) 36 (9.6) 10 (6.1)
East 56 (20.5) 47 (12.5) 9 (5.5)
Callao 24 (8.8) 14 3.7) 10 (6.06)

Helicobacter pylori .1166
Negative 200 (37.0) 147 (39.2) 53 (32.1)
Positive 340 (63.0) 228 (60.8) 112 (67.9)

H. pylori CagA .1105
Negative 68 (20.1) 40 (17.6) 28 (25.0)
Positive 271 (79.9) 187 (82.4) 84 (75.0)

H. pylori vacA-s1 .0871
Negative 132 (58.4) 102 (61.8) 30 (49.2)
Positive 94 (41.6) 63 (38.2) 31 (50.8)

H. pylori vacA-m1 5446
Negative 92 (39.3) 58 (37.9) 34 (42.0)
Positive 142 (60.7) 95 (62.1) 47 (58.0)

H. pylori vacA s1+ml+ 1746
Absent 126 (69.6) 86 (66.7) 40 (76.9)
Present 55 (30.4) 43 (33.3) 12 (23.1)

EBV < .001
Negative 463 (85.9) 303 (80.8) 160 (97.6)
Positive 76 (14.1) 72 (19.2) 4 (2.4)

EBV+ H. pylori+ < .001
Absent 497 (92.2) 335 (89.3) 162 (98.8)
Present 42 (7.8) 40 (10.7) 2(1.2)

EBV+ cagA+ .00007
Absent 307 (90.6) 197 (86.8) 110 (98.2)
Present 32 (9.4) 30 (13.2) 2(1.8)

NOTE. Data given as No. (%) unless otherwise indicated.
Abbreviations: EBV, Epstein-Barr virus; vacA, vacuolating cytotoxin A.

Multivariate analysis was performed using a multiple lo- with odds ratios. P < .05 was considered statistically sig-
gistic regression model for factors associated with GC nificant. We used the R, version 3.4.1 (https://www.
compared with the CG subset and results were evaluated r-project.org/), for the statistical analyses.
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RESULTS
Patients and Histologic Diagnosis

In the whole series, the median age was 60 years and
57.4% of the patients were women. Most came from the
coast region (69.4%), and most people from Lima city
came from central districts (28.6%).

In the group of patients with GC, most patients were of
poorly and undifferentiated grade (57.8%), and had
intestinal histology (47.6%), lymphovascular invasion
(69.1%), and perineural invasion (46.1%). The most
common clinical stages were Il and IV (65.7%). Most
patients had antrum involvement (62.6%) and evalu-
ated samples came from biopsy (17.9%), or subtotal
(51.5%) or total gastrectomy (30.7%). In the CG group,
most patients were women (78.8%) and were at least
60 years old (33.2%). Metaplasia was found in 26.7%
(Table 1).

Prevalence of HP

The prevalence of HP was 62.9% in the whole population
and 60.8% in GC subset. In the GC subset, the infection
was detected in tumoral, proximal, or distal areas in

46.0%, 53.2%, and 49.5% of patients, respectively. The
highest median number of ureA copies/pL was found
in nontumoral regions (95.5 in tumoral, 149.6 in proxi-
mal, and 142.8 copies/pL in distal areas; P < .001).
The highest median number of hspA copies/pL was
found in nontumoral regions (220.9 in tumoral, 608.5
in proximal, and 632.2 copies/pL in distal areas;
P =.003).

Infection prevalence in the coast (n = 239 of 375; 63.7%),
highland (n = 70 of 120; 58.3%), and rain forest (n = 31 of
45; 68.8%) areas were similar in the whole series (P=.39).
There were no associations between the presence of HP
and age (P=.45), sex (P=.12), cancer stage (P=.059), or
other evaluated clinicopathological features (P > .05) in
the GC group.

Prevalence of HP With cagA Genotype

The cagA gene was evaluable in 339 samples and de-
tected in 79.9% of HP-infected patients in the whole
series (Fig 1). The protein, cagA, tended to be more
frequentin GCthan CG (82.4% v75%; P=.12; Table 1).
In the GC subset, presence of cagA was not associated
with age (P=.12), sex (P=.49), cancer stage (P=.69),

TABLE 2. Association Between Infection Status and Clinicopathological Features in Gastric Cancer

HP+ cagA+
HP cag-A simi+ EBV HP+ EBV+ EBV+
Characteristic No. + - + - + - + - + - + -
Total 375 228 147 187 40 43 86 72 303 40 335 30 197
Age, years, P 0.445 0.121 0.133 0.203 0.527 0.841
< 60 186 88 51 76 11 15 42 22 117 13 126 11 76
> 60 189 140 96 111 29 28 44 50 186 27 209 19 121
Histologic grade, P 0.924 0.144 0.489 0.413 0.288 0.183
Well differentiated to 156 94 62 73 21 17 28 B 123 20 136 16 78
moderately differentiated
Poorly differentiated 214 130 84 110 19 26 56 38 176 20 194 14 115
to undifferentiated
Lymphovascular invasion, P 0.420 0.236 0.349 0.980 0.469 0.909
No 94 60 33 48 11 10 22 18 75 10 83 7 52
Yes 210 124 84 109 15 33 48 40 168 17 191 14 110
Histology subtype, P 0.329 0.141 0.025 0.006 0.108 0.137
Intestinal 152 85 63 69 16 24 24 38 110 17 131 14 75
Diffuse and mixed 167 100 59 88 11 19 46 21 138 10 149 9 94
Clinical stage, P 0.059 0.693 0.988 0.785 0.349 0.321
-1l 123 82 41 70 12 16 31 22 101 12 128 8 74
-1V 236 133 103 110 22 27 52 45 191 20 149 19 113
Gastric location, P 0.263 0.977 0.194 0.028 0.303* 0.143
Antrum 235 148 87 122 26 31 52 37 198 22 213 16 132
Not antrum 140 80 60 65 14 12 34 35 105 18 122 14 65
NOTE. Numbers in bold text are P < .05.
Abbreviations: EBV, Epstein-Barr virus; HP, Helicobacter pylori.
*Fisher's exact test.
Journal of Global Oncology 5
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or other evaluated clinicopathological feature (P > .05; TABLE 4. Association Between Gastric Cancer and

Table 2). Clinicopathological Features in Multivariate Analyses
Characteristic 0Odds Ratio 95% Cl P
Prevalence of HP With vacA Alleles Age, years*
VacAs was detected in 226 and vacAm in 234 patients > 60 4.8666 3.0262 to 7.9880 < 001
(Fig 1). VacAsl and vacAml alleles were detected in Sext
41.6% and 60.7%, respectively, in the whole series, and in
Male 3.3259 2.0318 to 5.5334 < .001

38.2% and 62.1%, respectively, in the GC subset. There A
was a correlation between presence of vacAsI and both ~_Lima sectord

vacAml (P < .001) and cagA (P < .001). Concurrent Center 0.3563 0.1167 to 1.0691 .066
expression of vacAsI+mI+was found in 30% in the whole East 3.2863 0.9718 to 11.5406 .058
series and 33.3% in the GC subset (Table 1). In the GC North 0.7150 0.2336 t0 2.1634 553
subset, sI+ml+ was associated with intestinal histology South 11781 03424 to 4.1094 795
(P=.03; Table 2). -
Country region§

Prevalence of EBV Infection Highland 2.2455 1.0583 to 4.8623 .037
The prevalence of EBV was 14.1% in the whole pop- Rainforest 2.8214 1.0165 to 8.7880 056
ulation and was higher in the GC than in the CG subset  EBV HP||
(192% V2.4%; P < OOl, Table 1) Infection with EBV EBV= HP+ 0.9470 0.5839 to 1.5327 825
was associated ywth |ntestmallh|sto|ogy (P = .006) and BV HP— 6.8207 17084 1o 47.0400 018
nonantrum location (P=.028) in the GC subset (Table 2).

EBV+ HP+ 7.0644 1.9127 to 45.9813 .011

Coinfection of HP and EBV was found in 42 patients
(7.8%) in the whole series and was higher in patients with *Referent, < 60 years.
GC than in the subset with CG (10.7% v1.2%; P < .001). tReferent, female.
Coinfection of HP cagA+ and EBV was found in 9.4% of tReferent, Callao.
patients and was higher in the GC group than in the CG §Referent, Coast.
subset (13.2% v 1.8%; P < .001). There was no asso- IReferent, EBV— HP—.
ciation between presence of any infection and metaplasia

in the CG subset (P > .05; Table 3). According to mul-

tivariate analysis, EBV+ HP+ was present seven times DISCUSSION

more frequently in patients with GC than was EBV—HP— " The rates of HP infection in patients with GC (60.8%) in this
(P=.011; Table 4). study is similar to the reported prevalence in developing
countries and similar to CG samples (67.9%). This prev-
alence is much lower than the prevalence reported three
decades ago. This phenomenon of reduction has also been
described in developed countries?>?* and could be related
to low rates of HP contamination in drinking water because
of an improvement in water potability, as recently described

TABLE 3. Association Between Infection Status and Clinicopathological Features in
Chronic Gastritis

HP+ :
HP+ cagh+ by .B.oe.hnlzlle%e; al,?® as well as the increased use of
HP CagA simi+ EBV  EBV+  EBv+  antibiotics. ==
Characteristc No. + - + - + — + — + — + - Studies have described HP infection rates that differed
Total 165 112 53 84 28 12 40 4 160 2 162 2 110 amongpgtlents||V|ng|nthecoast, highland, and ramforest
areas; this has been suggested to be as a result of higher
Age, years, P 0.165 0.889 0.415* 0.2 0.382* 0.341* . . . . ) . )

HP infection rates in people living in high-altitude areas
<60 74 91 38 68 23 9 34 2 127 1 128 1 90  compared with those at sea level.22242829 |nfluence of
> 60 91 21 156 16 5 3 6 2 33 1 34 1 20 racialfactorsinthis phenomenon is probably notimportant,

Sex, P 0.125 0.568 0.415* 1*  0.382* 0.327¢ because a previous study did not find differences in HP

Female 130 92 38 68 24 9 34 3 126 1 128 1 91 Infection rates among the Peruvian population and the
Japanese colony resident in Peru (The Gastrointestinal

Male 3% 20 15 16 4 3 61 34 1 34 1 19 ) X .
: Physiology Working Group of the Cayetano Heredia and the
Metaplasia, P 0669 0113 0253" 0586" 0466" 0479 Johns Hopkins University, 1992).2% We found no difference
Yes 44 31 13 20 11 4 7 2 48 1 43 1 30  gmongthose patients from any of these areas in our whole
No 121 81 40 64 17 8 33 2 112 1 119 1 &0 series.
Abbreviations: EBV, Epstein-Barr virus; HP, Helicobacter pylori. When we analyzed only patients from Lima city, we found
*Fisher's exact test. that the districts with higher HP infection rates are different

6 © 2019 by American Society of Clinical Oncology
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to those located in the areas previously described as GC
rates.* These differences, in addition to the absence of
similarity between Peruvian regions with higher rates of HP
infection and those with higher rates of GC diagnosis in our
series and previous studies,?242%2° could be related to the
fact that patients from highland and rain forest regions
constantly visit coastal cities, because the latter have better
services, such as the Health Care Institute where di-
agnostics are conducted, and by a similar HP contami-
nation rates of drinking water we have found in different
districts (unpublished data). However, we cannot exclude
that the differences could be related to the small sample
size in our study.

We found that 79.9% of the HP strains in our whole
series were cagA+. A previous study reported that more
than 90% of HP strains in Lima were cagA+.??> The
frequency we report is lower than that reported in
a northeastern region of Brazil (96.7%)°°3! but higher
than that reported in Mexico (47.6% to 73.9%).12:3234
Differences in regional distribution of strains are clear:
The frequency of cagA-positive HP is 90% to 95% in
Asian countries, whereas only it is 50% to 60% in
Western countries®34:3%, however, we did not find dif-
ferences in cagA+ infection rates among Peruvian re-
gions nor among Lima sectors. Although cagA+ strains
have been associated with strong carcinogenic activity,>*
we did not find higher rates in GC samples compared with
CG samples, which indicates that presence of aggres-
sive strains of HP is not enough to develop GC. Our results
can be explained by the fact that cancer is a long-term
result of HP infection and it starts to disappear as
hypochlorhydria sets in.>>*"Prevalence of HP vacA s1+ml+
strains was 33.3%.This rate is similar to that reported in
southern Mexico (38.5%)% but lower than frequencies found
in other regions of Mexico, Colombia, and Brazil >23* This
strain has been described as more aggressive; however, we
did not find higher rates in GC samples compared with CG
samples.

On the other hand, 14% of gastric tissues had EBV
infection in our whole series and the prevalence was
19.2% in the GC subset. These rates are higher than the
previously reported rate of 3.9% (diagnosed by in situ
hybridization) in a Lima population and close to the
average rate of 10% EBV infection in patients with GC in
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South American countries.'*294! We selected gqPCR
instead of in situ hybridization because the former can
detect fewer gene copies.*? A coinfection of EBV and HP
was found in 7.8% of patients in the whole series and
was also more frequent in the GC group than in the CG
subset (P < .001). Furthermore, multivariate analysis
showed the concurrence was seven times more fre-
quently associated with GC than in patients negative for
both EBV and HP infection. Rates of coinfection in our
study were lower than those reported in two Mexican
series; however, both series found that coinfection of HP
and EBV was more frequent in patients with GC than in
those with CG.*"12

The association between coinfection of HP and EBV with
gastric malignancy could be explained by the preclinical
finding of a synergy of both pathogens to induce carci-
nogenesis. Double infections of HP and EBV can syner-
gistically act to enhance expression of [L-17 and maintain
an inflammatory state that more severely damages gastric
mucosa. HP also induces monochloramine generation,
which could reactivate EBV.1124346 To our knowledge, the
current study is one of the largest series of molecular
epidemiology of infectious carcinogenic agents in gastric
samples from one South American country. To produce
confident values, the presence of HP infection was eval-
uated in tumoral and nontumoral regions; correlation of
detection was high, but more copies of constitutive genes
were found in distal nontumoral regions, probably as
a result of environmental challenges generated by malig-
nant cells over bacteria growth, like pH alteration. We
expect our results can influence public policies in South
American countries.

A weakness of our study is that we included every patient
with CG or GC who came to the Institute for diagnosis in
a convenience sample instead of paired selection. How-
ever, the multivariate analysis allowed us to better quantify
the association with cancer compared with nonmalignant
pathology for every feature.

In conclusion, our results indicate that HP infection and
its virulent strains are frequent and widely spread among
Peruvian regions. EBV and dual infection by HP and EBV
are more frequent in patients with GC than in those
with CG.
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