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Simple Summary: Virulence factor genes in Helicobacter pylori (H. pylori) strains promote changes
in the gastric epithelial mucosa that are associated with the risk of developing neoplastic lesions,
and in Peru, H. pylori infection prevalence is greater than 45% and the gastric cancer incidence rate
is the highest in the Americas. The aim of our cross-sectional study was to explore the association
between clinical strain virulence genotypes of H. pylori from Peruvian patients with gastric intestinal
metaplasia compared to chronic non-atrophic gastritis cases. We observed that the prevalence of
the genotypes cagA+/vacAs1m1 and cagA+/vacAs1am1 was 2.42 and 1.67 times higher in cases with
intestinal metaplasia compared to chronic non-atrophic gastritis cases, respectively. Our findings
revealed that H. pylori strains circulating in our environment have a higher frequency of genotypes
documented as risk variants for neoplastic lesions, highlighting that in Peruvian patients with H.
pylori infection, the risk genotypes are related to intestinal metaplasia clinical stage.

Abstract: We explored the clinical-stage association of gastric intestinal metaplasia (IM) compared
to cases of chronic non-atrophic gastritis (CNAG) and its relationship with virulence genotypes of
Helicobacter pylori (H. pylori) clinical isolates from patients with dyspepsia in Peru. This study was
cross-sectional and included 158 H. pylori clinical isolates; each isolate corresponded to a different
Peruvian patient, genotyped by polymerase chain reaction to detect cagA gene and EPIYA motifs, the
vacA gene (alleles s1, s2, i1, i2, d1, d2, m1, m2 and subtypes s1a, s1b and s1c), the iceA gene (alleles 1
and 2), and the babA gene (allele 2). We observed that 38.6% presented with IM and that all clinical
isolates were CagA positive. The EPIYA-ABC motif was predominant (68.4%), and we observed a
high frequency for the vacA gene alleles s1 (94.9%), m1 (81.7%), i1 (63.9%), and d1 (70.9%). Strains
with both iceA alleles were also detected (69.6%) and 52.2% were babA2 positive. In addition, it was
observed that the cagA+/vacAs1m1 (PR: 2.42, 1.14 to 5.13, p < 0.05) and cagA+/vacAs1am1 (PR: 1.67,
1.13 to 2.45, p < 0.01) genotypes were associated with IM. Our findings revealed the cagA and vacA
risk genotypes predominance, and we provided clinically relevant associations between Peruvian
patients with H. pylori infection and IM clinical stage.

Keywords: Helicobacter pylori; genotyping; virulence factor; cagA; vacA; iceA; babA; intestinal metaplasia;
Peru
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1. Introduction

Gastric cancer (GC) is the sixth most common cause of death due to malignancy
worldwide, and Helicobacter pylori (H. pylori) infection is the GC leading cause among
infection-related cancer diagnoses. In the Americas, Peru has the GC highest incidence for
both sexes (age standardized rate per-100,000 people: 10.9), followed by Colombia (10.2),
Chile (9.8) and Haiti (9.7) [1–3]. GC in Peru represents the second leading cause of death by
malignancy [4], H. pylori infection prevalence ranges from 45% to 83%, and it is estimated
that 60.8% of patients with a GC diagnosis are infected by H. pylori [5,6].

Gastric adenocarcinoma development is initiated by a series of changes in the gastric
epithelial mucosa with highly differentiated patterns, which is described as the Correa
Cascade [7,8], and it is known that persistent infection and the presence of genes related
to virulence factors in H. pylori are associated with the risk of developing preneoplastic
lesions. However, not all patients with chronic infection develop severe lesions on the
gastric epithelium [9,10].

Genetic variability in genes encoding H. pylori virulence factors may modulate risk
for the development of malignant lesions [11]. Gene-A-associated cytotoxin is a protein
encoded by the cagA gene and can translocate by means of a type IV secretion system and
induce a pro-inflammatory response in gastric epithelial cells that may promote precancer-
ous and cancerous lesions. Vacuolating cytotoxin A gene encodes the vacA cytotoxin and
can induce an acute inflammatory response in the gastric epithelium, generating important
promoter activity for the development of neoplastic lesions [12,13]. In addition, virulence
factors linked to H. pylori colonization and adhesion on the gastric epithelial mucosa, such
as the epithelial-contact-induced gene (iceA) and the blood group antigen-binding adhesin
gene (babA), are associated with the presence of ulcerative or atrophic gastric lesions,
promoting the risk of preneoplastic lesions [14–16].

Each geographic region has its own profile of genetic variants based on the distribution
of virulence factors among its circulating strains, and in Peru, a variable frequency of H.
pylori strains positive for the cagA gene (79.9% to 100%) and in the detection of genotypes s1
(41.6% to 100%) and m1 (60.7% to 75%) genotypes of the vacA gene has been reported [17,18],
In addition, a frequency of 33.3% for the vacAs1m1 genotype was found in cases with a
diagnosis of GC and H. pylori infection [6].

Despite the high incidence of CG and the high frequency of H. pylori infection in Peru,
information on the virulence genotypes of H. pylori strains is still scarce and little is known
about their relationship with the clinical stage of Peruvian patients. Therefore, the aim
of this study was to determine the association between genes associated with H. pylori
virulence factors [cagA status, EPIYA motifs, vacA gene polymorphisms (s, m, i and d), iceA
gene alleles 1 and 2, and babA gene allele 2] and the clinical stage of preneoplastic lesion
gastric intestinal metaplasia observed in a sample of Peruvian patients.

2. Materials and Methods
2.1. Study Population and Design

This study was descriptive, cross-sectional, and included 158 H. pylori clinical isolates
from adult outpatients with dyspepsia referred for endoscopy at the gastroenterology
service of a university hospital in Lima, Peru, and diagnosed with H. pylori infection for
the first time (between March 2016 and August 2017). The strains were obtained from a
previous study conducted by researchers at the Helicobacter pylori Sentinel Laboratory at
the Alexander von Humboldt Institute of Tropical Medicine in Lima, Peru. The protocol
was approved by the Institutional Human Ethics Committee of the Universidad Peruana
Cayetano Heredia (File 059-03-20 with registration code 221182). Strains were isolated from
gastric biopsies obtained according to the Maastricht protocol [19], and each isolate was
from a different patient.

Of the patients from whom the strains were isolated, the histopathological report was
obtained, and the cases were classified into clinical stages of gastric intestinal metaplasia (IM)
(N = 61, 38.6%) and chronic non-atrophic gastritis (CNAG) (N = 97, 61.4%). Histopathological
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analysis was performed using the Sydney system by hematoxylin–eosin staining of gastric
samples [20]. The sample size was estimated by power calculation based on a pilot trial with
a subsample of the analyzed cohort, where a prevalence of cases with IM-presenting isolates
with the cagA/vacAs1am1 genotype of 58.3% and a prevalence of 34.5% of cases with other
IM-presenting genotypes were considered. The POWER command in Stata/SE version 17.0
software was used to determine the statistical power, resulting in a power of 84.3%.

2.2. H. pylori Culture Conditions

Clinical isolates were reactivated independently, and a 200 µL aliquot of the ho-
mogenate was plated on BHI agar plates (BD, Heidelberg, Germany) supplemented with
10% defibrinated lamb blood, amphotericin B (Sigma-Aldrich, St. Louis, MO, USA), and
Skirrow (Oxoid, Basingstoke, UK). Culture plates were incubated under microaerobiosis
conditions (10% CO2, 5% O2, and 85% N2) at 37 ◦C for 4 to 7 days. DNA from each
H. pylori strain was extracted according to the GeneJET Genomic DNA Purification Kit
protocol (ThermoFisher, Lenexa, KS, USA) [21]. The purified DNA was quantified by
Nanodrop (ThermoFisher, Lenexa, KS, USA), its integrity was evaluated by 0.6% agarose
gel electrophoresis, and it was stored at 4 ◦C [22].

2.3. PCR Amplification and Typing

Molecular typing was performed by conventional PCR and yielded amplification
products for the cagA gene, which included the detection of the EPIYA-A, EPIYA-B and
EPIYA-C motifs, the vacA gene (alleles s1, s2, i1, i2, d1, d2, m1, m2 and subtypes s1a, s1b
and s1c), the iceA gene (alleles 1 and 2), and the babA gene (allele 2) [23–33]. The genes
were typed using the enzyme Taq DNA Polymerase GoTaq Green Master Mix (Promega,
Madison, WI, USA), with final reaction volumes of 20 µL and 10 µM of the primers (Table 1).
Amplification products were visualized using 2% agarose gel electrophoresis. H. pylori
reference strain ATCC 43504 was used as control.

Table 1. Protocols used for genotyping H. pylori clinical isolates.

Gene Region or Allele Primers (5′–3′) Amplified Product (bp) PCR Protocol

cagA

Constant 5′ F: TTGACC AACAACCACAAACCGAAG
R: CTTCCCTTAATTGCGAGATTCC 183

1 cycle of 95 ◦C for 9 min, 40 cycles of 95 ◦C
for 30 s, 50 ◦C for 45 s and 72 ◦C for 45 s,

and 1 cycle of 72 ◦C for 5 min [23]

Variable 3′ F: ACCCTAGTCGGTAATGGG
R: GCTTTAGCTTCTGAYACYGC

400 (AB)
500 (ABC)

600 (ABCC)
700 (ABCCC)

1 cycle of 95 ◦C for 10 min, 39 cycles of 95
◦C for 30 s, 52.3 ◦C for 30 s and 72 ◦C for 36

s, and 1 cycle of 72 ◦C for 5 min [24]

vacA

Signal F: ATGGAAATACAACAAACACAC
R: CTGCTTGAATGCGCCAAAC

259 (s1)
286 (s2)

1 cycle of 95 ◦C for 2 min, 40 cycles of 95 ◦C
for 30 s, 52 ◦C for 30 s and 72 ◦C for 30 s,

and 1 cycle of 72 ◦C for 5 min [25,26]

Signal (sub)

Fs1a: GTCAGCATCACACCGCAAC
Fs1b: AGCGCCATACCGCAAGAG

Fs1c:
TTAGTTTCTCTCGCTTTAGTRGGGYT

R: CTGCTTGAATGCGCCAAAC

190 (s1a)
187 (s1b)
220 (s1c)

1 cycle of 95 ◦C for 2 min, 35 cycles of 95 ◦C
for 60 s, 52 ◦C for 60 s and 72 ◦C for 60 s,

and 1 cycle of 72 ◦C for 5 min [25,26]

Middle F: CCATCTGTCCAATCAAGCGAG
R: GCGTCTAAATAATTCCAAGG

570 (m1)
645 (m2)

1 cycle of 95 ◦C for 9 min, 40 cycles of 95 ◦C
for 30 s, 52 ◦C for 30 s and 72 ◦C for 30 s,

and 1 cycle of 72 ◦C for 5 min [27]

Intermediate (i1) F: GTTGGGATTGGGGGAATGCCCG
R: TTAATTTAACGCTGTTTGAAG 426

1 cycle of 95 ◦C for 4 min, 35 cycles of 95 ◦C
for 30 s, 55 ◦C for 60 s and 72 ◦C for 30 s,

and 1 cycle of 72 ◦C for 5 min [28–30]

Intermediate (i2) F: GTTGGGATTGGGGGAATGCCG
R: GATCAACGCTCTGATTTGA 432

1 cycle of 95 ◦C for 4 min, 35 cycles of 95 ◦C
for 30 s, 55 ◦C for 60 s and 72 ◦C for 30 s,

and 1 cycle of 72 ◦C for 5 min [28–30]

Deletion 81bp F: ACTAATATTGGCACACTGGATTTG
R: CTCGCTTGATTGGACAGATTG

367–379 (d1)
298 (d2)

1 cycle of 95 ◦C for 2 min, 35 cycles of 95 ◦C
for 30 s, 53 ◦C for 60 s and 72 ◦C for 30 s,

and 1 cycle of 72 ◦C for 5 min [31]

iceA
iceA1 F: GTGTTTTTAACCAAAGTATC

R: CTATAGCCASTYTCTTTGCA 247 (A1)
1 cycle of 95 ◦C for 2 min, 40 cycles of 94 ◦C

for 30 s, 50 ◦C for 30 s and 72 ◦C for 30 s,
and 1 cycle of 72 ◦C for 5 min [23,32]

iceA2 F: GTTGGGTATATCACAATTTAT
R: TTRCCCTATTTTCTAGTAGGT 229 (A2)

1 cycle of 95 ◦C for 2 min, 40 cycles of 94 ◦C
for 30 s, 50 ◦C for 30 s and 72 ◦C for 30 s,

and 1 cycle of 72 ◦C for 5 min [23,32]

babA babA2
F: AATCCAAAAAGGAGAAAAAGTAT-

GAAA
R: TGTTAGTGATTTCGGTGTAGGACA

832
1 cycle of 95 ◦C for 5 min, 35 cycles of 92 ◦C

for 60 s, 52 ◦C for 60 s and 72 ◦C for 60 s,
and 1 cycle of 72 ◦C for 5 min [26,33]
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2.4. Statistical Analysis

The association between the preneoplastic lesion types of the gastric epithelial mucosa
and the genotype of H. pylori isolates was evaluated through a bivariate analysis using the
chi-squared test, and in cases of violation of assumptions, Fisher’s exact test was used. A
binomial-log generalized linear regression analysis was performed, and the magnitude
of the association was expressed as a prevalence ratio (PR) as an estimate relative to the
risk with a 95% confidence interval (95% CI) regression. A statistical significance level was
considered for values of p < 0.05. All analyses were performed using the statistical package
Stata/SE version 17.0.

3. Results
3.1. Patient Demographics

In the population of 158 cases of dyspepsia with H. pylori infection, a higher frequency
of infection was observed in the female sex (70.3%) and in the age group over 50 years
(58.8%). In addition, 38.6% of cases were histopathologically diagnosed as IM, with a higher
frequency of IM in the age group over 50 years (p < 0.05) (Table 2).

Table 2. Characteristics of adult patients with a diagnosis of dyspepsia and H. pylori infection in Lima
during 2016 and 2017.

N (%)

Bivariate Analysis Regression Model 1

CNAG
(n = 97, 61.4%)

N (%)

IM
(n = 61, 38.6%)

N (%)
p Value RP 95% CI p Value

Sex
Female 111 (70.3) 73 (65.7) 38 (34.3)

0.086
Ref.

Male 47 (29.7) 24 (51.1) 23 (48.9) 1.42 0.97–2.11 0.073

<35 years 19 (12.1) 15 (78.9) 4 (21.1) Ref.
Age 35–50 years 46 (29.1) 36 (78.3) 10 (21.7) 0.001 1.03 0.36–2.89 0.951

>50 years 93 (58.8) 46 (49.5) 47 (50.5) 2.40 0.97–5.88 0.056
1 Regression generalized linear model with log link in binomial family. Note: CNAG, Chronic non-atrophic
gastritis; IM, Intestinal metaplasia; statistically significant (p < 0.05); PR, Prevalence ratio; 95% CI, 95% confi-
dence interval.

3.2. cagA Genotypes and EPIYA Motifs

All isolates were positive for the cagA gene, and the EPIYA motifs of the cagA protein
corresponded to the EPIYA-A, EPIYA-B, and EPIYA-C segments, where there were single
and multiple cagA-EPIYA genotypes and a predominance for the cagA-ABC genotype. It
was observed that 114 cases had no co-infection (6 EPIYA-AB cases (3.8%); 108 EPIYA-ABC
cases (68.4%)). In addition, among the cases with co-infection, 33 cases were observed with
a dual EPIYA genotype with AB/ABC (3.2%) and ABC/ABCC (17.7%) profiles and 11 cases
with a triple EPIYA genotype (ABC/ABCC/ABCCC) (Table 3).

Table 3. Frequency and association of virulence genotypes with histopathological findings in adult
patients diagnosed with dyspepsia and H. pylori infection in Lima during 2016 and 2017.

Genotype N (%)

Bivariate Analysis Regression Model 3

CNAG
(n = 97, 61.4%)

N (%)

IM
(n = 61, 38.6%)

N (%)
p Value RP 95% CI p Value

1.000 Ref.
CagA CagA positive 158 (100.0) 97 (61.4) 61 (38.6) - - -

0.206 2

EPIYA motifs

ABC 108 (68.4) 71 (65.7) 37 (34.3) Ref.
AB 6 (3.8) 4 (83.3) 1 (16.7) 0.48 0.07–2.98 0.436

AB/ABC 5 (3.2) 3 (60.0) 2 (40.0) 1.16 0.38–3.53 0.784
ABC/ABCC 28 (17.7) 13 (46.4) 15 (53.6) 1.56 1.02–2.41 0.043

ABC/ABCC/ABCCC 11 (6.9) 5 (45.5) 6 (54.5) 1.59 0.87–2.91 0.130
0.120 2
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Table 3. Cont.

Genotype N (%)

Bivariate Analysis Regression Model 3

CNAG
(n = 97, 61.4%)

N (%)

IM
(n = 61, 38.6%)

N (%)
p Value RP 95% CI p Value

vacAs vacAs2 8 (5.1) 7 (87.5) 1 (12.5) Ref.
vacAs1 150 (94.9) 90 (60.0) 60 (40.0) 3.19 0.51–20.34 0.218

0.036

vacAs1

vacAs1a 76 (48.1) 43 (56.6) 33 (43.4) Ref.
vacAs1a/s1b 34 (21.5) 28 (82.4) 6 (17.6) 0.40 0.18–0.88 0.022
vacAs1a/s1c 24 (15.2) 13 (54.2) 11 (45.8) 1.05 0.63–1.75 0.834

vacAs1a/s1b/s1c 24 (15.2) 13 (54.2) 11 (54.2) 1.05 0.63–1.75 0.834
0.009

vacAm vacAm2 29 (18.3) 24 (82.7) 5 (17.3) Ref.
vacAm1 129 (81.7) 73 (56.6) 56 (43.4) 2.52 1.11–5.74 0.028

0.007

vacAi
vacAi2 44 (27.9) 35 (79.6) 9 (20.4) Ref.
vacAi1 101 (63.9) 53 (52.5) 48 (47.5) 2.32 1.25–4.32 0.008

vacAi1/i2 13 (8.2) 9 (69.2) 4 (30.8) 1.50 0.55–4.11 0.426
0.785

vacAd vacAd2 46 (29.1) 29 (63.1) 17 (36.9) Ref.
vacAd1 112 (70.9) 68 (60.7) 44 (39.3) 1.06 0.68–1.65 0.787

0.007

iceA
iceA2 15 (9.5) 5 (33.3) 10 (66.7) Ref.
iceA1 33 (20.9) 16 (48.5) 17 (51.5) 0.77 0.47–1.26 0.301

iceA1/iceA2 110 (69.6) 76 (69.1) 34 (30.9) 0.46 0.29–0.73 0.001
0.522

babA2 babA2 negative 75 (47.5) 48 (64.1) 27 (35.9) Ref.
babA2 positive 83 (52.5) 49 (59.1) 34 (40.9) 1.13 0.76–1.69 0.525

0.007

cagA+/vacAs1m1 Other genotypes 1 33 (20.9) 27 (81.2) 6 (18.2) Ref.
cagA+/vacAs1m1 125 (79.1) 70 (56.0) 55 (44.0) 2.42 1.14–5.13 0.021

0.010

cagA+/vacAs1am1 Other genotypes 1 100 (63.3) 69 (69.0) 31 (31.0) Ref.
cagA+/vacAs1am1 58 (36.7) 28 (48.3) 30 (51.7) 1.67 1.13–2.45 0.009

1 cagA+ genotypes with allelic variants different from the vacAs1m1 or vacAs1am1 genotype. 2 Calculated by
Fisher’s exact test. 3 Regression generalized linear model with log link in binomial family. Note: CNAG, Chronic
non-atrophic gastritis; IM, Intestinal metaplasia; statistically significant (p < 0.05); PR, Prevalence ratio; 95% CI,
95% confidence interval.

3.3. vacA Genotypes

A high frequency was observed for the vacAs1 allele (94.9%) and the vacAs1a subtype
(48.1%) of the signal region of the gene. The findings in the middle region, intermediate
region, and deletion of the intermediate region of the vacA gene showed a high frequency
for the genotypes vacAm1 (81.7%), vacAi1 (63.9%), and vacAd1 (70.9%). It was also observed
that the vacAs1 subtypes (vacAs1a genotype: 43.4%), the middle region (vacAm1 genotype:
43.4%), and the intermediate region (vacAi1 genotype: 47.5%) were statistically significant
regarding IM diagnosis. In addition, the subtyping of the vacA gene signal region revealed
co-infection with multiple genotypes (s1a/s1b, s1a/s1c, and s1a/s1b/s1c) (Table 3).

3.4. iceA and babA2 Genotypes

H. pylori strains presented both alleles for the iceA gene in 69.6% of cases, and 52.5%
of isolates were positive for the babA2 gene. In addition, H. pylori strains were positive
for allele 1 of the iceA gene in 51.5% of cases with IM, which was statistically significant
(Table 3).

3.5. Relation of Virulence Genotypes with IM

The EPIYA-ABC motif was predominant, and EPIYA-C segment duplication was
statistically associated with and prevalent in IM with respect to the detection of a single
EPIYA-C segment (prevalence ratio (PR): 1.56, 95% confidence interval (95% CI): 1.02 to
2.41, p < 0.05). In relation to the vacA gene, m1 and i1 alleles had significant associations
with IM with respect to m2 and i2 polymorphisms (PR: 2.52, 95% CI: 1.11 to 5.74, p < 0.05
for m1; PR: 2.32, 95% CI: 1.25 to 4.32, p < 0.01 for i1). Clinical isolates carrying both alleles
(allele 1 and allele 2) of the iceA gene were also observed and were significantly associated
with a lower frequency of IM cases than iceA2 clinical isolates (PR: 0.46, 95% CI: 0.29 to
0.73, p < 0.01). The allele 2 of the babA gene did not show a significant association with
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clinical-stage IM. In addition, it was observed that the co-detection of both the positive
status of the cagA gene and the presence of s1, s1a, and m1 polymorphisms of the vacA gene
were statistically associated with and prevalent in IM with respect to other documented
genotypes with lower virulence (cagA+/vacAs1m1, PR: 2.42, 95% CI: 1.14 to 5.13, p < 0.05)
(cagA+/vacAs1am1, PR: 1.67, 95% CI: 1.13 to 2.45, p < 0.01) (Table 3).

4. Discussion

IM can be considered a point of no return in the GC cascade, and it is believed that
patients with IM are at high risk for GC even after H. pylori eradication [34,35]. We observed
that preneoplastic condition IM presented a significant association with age and that its
prevalence was 2.4 times higher in patients older than 50 years compared to cases younger
than 35 years (95% CI: 0.97 to 5.88, p = 0.05). This finding is similar to those regarding the
age-related preneoplastic lesions reported in patients infected with H. pylori [36–38] and
may be a chronic effect of the infection due to cumulative damage to the epithelial mucosa.

Genetic and epigenetic changes on gastric cells are induced by gene coding for viru-
lence factor genes in H. pylori [39]. CagA-positive H. pylori strains are known to promote
toxicity mechanisms that increase the risk of GC [23,40–42]. In Peru, high frequencies of
strains positive for the cagA gene have been reported (79.9% to 100%) [6,17,18], and we
confirm these findings. In our study, we observed that all clinical isolates were positive for
the cagA gene, suggesting a predominance of the cagA-positive genotype among circulating
H. pylori strains and predisposing infected cases to a higher degree of chronic inflammation
with a risk of preneoplastic gastric lesions [43].

We also characterized the EPIYA segments of the C-terminal region of the cagA gene;
as in many reports [44–47], we observed that an increase in EPIYA-C segment repeats is a
risk factor for preneoplastic gastric lesions. The analysis showed that the IM condition was
prevalent and associated with the presence of H. pylori strains with two EPIYA-C segments
(PR: 1.56, 95% CI: 1.02 to 2.41, p < 0.05), which may be related to the pro-oncogenic effects of
the EPIYA-C segment on gastric cells [48]. In this study, H. pylori strains with three EPIYA-C
segments were detected, and their frequency was lower than detections with two EPIYA-C
segments (6.9% and 17.7%, respectively), but the association with IM condition was absent.
In addition, we observed multiple cagA EPIYA genotypes in 27.8% of cases, suggesting the
presence of different H. pylori strains from the same patient or the presence of new strains
arising from the high recombination frequency and microevolution of H. pylori [24], which
could confound the potential effect of the virulence marker and lead to a Type II error [44].

Vacuolating cytotoxin gen (vacA) is an important virulence marker in H. pylori and is
known to induce vacuolization of gastric epithelial cells in a variable manner due to its
ability to assume different polymorphic rearrangements due to the genetic diversity of
the vacA gene [25]. We confirm the findings reported in Peru [17,18], and we observed a
predominance of H. pylori strains with vacAs1, vacAm1, and vacAi1 polymorphisms. The
analysis showed no association of the vacAs1 polymorphism with the IM condition, but in
similarity to what was reported in clinical isolates from Colombia. [49], the frequency of the
vacAs1 polymorphism and its vacAs1a variant was predominant. In addition, we observed
that when characterizing the vacAs1 polymorphism, 51.9% of the cases presented multiple
genotypes and that co-infection by vacAs1a and vacAs1b strains was inversely associated
with the IM condition (PR: 0.40, 95% CI: 0.18 to 0.88, p < 0.05). It has been suggested that
the presence of co-infection could reduce the potential risk of a virulence factor causing
preneoplastic injury, and therefore warrants a thorough evaluation [50].

We also observed that the vacAm1 polymorphism (PR: 2.52, 95% CI: 1.11 to 5.74,
p < 0.05) is a significant risk factor for IM. Our findings are similar to the meta-analysis
published by Sugimoto et al., which compared studies of populations from Mexico, Costa
Rica, Colombia, Brazil, Venezuela, Chile, and Argentina and reported that the vacAm1
polymorphism (OR: 3.59, 95% CI: 2.27 to 5.68, p < 0.05) is a risk factor for neoplastic lesions
(OR: 3.59, 95% CI: 2.27 to 5.68, p < 0.05) [51]. We also observed that vacAi1 polymorphism
(PR: 2.32, 95% CI: 1.25 to 4.32, p < 0.05) was associated with the IM condition; these findings
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are similar to reports of patients from Morocco and Iran, where it is observed to be a risk
factor for IM (OR: 2.75, 95% CI: 1.59. to 4.73, p < 0.05), and the clinical condition of chronic
atrophic gastritis (OR: 2.8, 95% CI: 1.45. to 5.40, p < 0.05) [52,53].

In our study, we also reported that the vacAd1 polymorphism was predominant
but was not associated with the IM condition. According to Ogiwari et al., the vacAd1
polymorphism could be a predictor of gastric neoplastic lesions and reports frequencies in
populations from the United States (74.1%) and Colombia (74%) that are comparable to our
study. Furthermore, it reports significant risks for cases with GC (OR: 8.04; 95% CI: 2.67 to
24.16; p < 0.05) but no association in patients with preneoplastic lesions (OR: 1.87; 95% CI:
0.91 to 3.87; p > 0.05) [31].

We have studied the allelic variants of the iceA gene, and although its function is still
uncertain, it is known that its expression is induced by contact between H. pylori and gastric
cells [54]. Our study showed that the frequency of iceA1 was higher than that of iceA2 (20.9%
and 9.5%, respectively), and that both polymorphisms were prevalent among IM cases
(51.5% for iceA1 and 66.7% for iceA2). This finding differs completely from that reported for
Western countries [14,16], but shows similarity to the distribution of iceA1 strains [55] and
with the frequencies observed among cases with neoplastic lesions in Colombia (52.1% for
iceA1 and 69.5% for iceA2) [49]. This suggests that the allelic distribution of iceA may be
related to the geographical distribution of H. pylori strains [16]. Likewise, several studies
have reported co-infection by iceA1 and iceA2 strains [14,16,56,57]; co-infection was frequent
(69.6%) in our study and prevailed in the clinical condition CNAG (69.1%). Moreover, it
was significantly inversely associated with IM (PR: 0.46; 95% CI: 0.29 to 0.73, p < 0.05).

On the other hand, we characterized allele 2 of the babA gene and observed a frequency
of 52.5% of babA2 strains, which is comparable to the frequencies observed (40.4% to 82.3%)
in populations of the Americas [55,58–60]. Adhesin babA is a determinant in H. pylori
gastric colonization [15,61] and it has been reported that the presence of the babA2 gene
is related to GC [33,62]; however, it is suggested that the risk relationship with neoplastic
lesions may be especially associated with Asian populations but not with South American
populations [63], which is similar to our finding (PR: 1.13; 95% CI: 0.76 to 1.69, p > 0.05).

In addition, the risk of IM or GC is known to be increased by infection with H.
pylori strains that simultaneously display multiple virulence genes [49,64]. We observed
that both the cagA+/vacAs1m1 genotype (PR: 2.42, 95% CI: 1.14 to 5.13, p < 0.05) and the
cagA+/vacAs1am1 genotype (PR: 1.67, 95% CI: 1.13 to 2.45, p < 0.01) were prevalent in the
IM condition. It has been reported that the risk of gastric neoplastic lesions in cases with
vacAs1m1 genotype infection increases from 1.75 (95% CI: 1.04 to 2.96)-fold to 4.8 (95% CI:
1.71 to 13.5)-fold given the detection of a cagA+ gene-positive status. [12,65]. In our study,
the simultaneous detection of virulence polymorphisms for the cagA and vacA genes was
associated with the IM condition; however, it is suggested that the strength of association
might have been underestimated given the absence of cagA-negative H. pylori genotypes
among our circulating strains; so, these findings should be taken with caution and should
be considered significant.

Finally, our study was subject to limitations inherent to its cross-sectional nature and its
ability to differentiate cause-and-effect relationships in the genotype–phenotype association.
Furthermore, the sample size, the absence of healthy cases and the absence of cases with
clinical stages such as dysplasia or gastric adenocarcinoma prevent the generalization of the
results. However, in our study, H. pylori characterization has important clinical significance,
but its relationship to the preneoplastic clinical stage may not reveal its potential risk given
the influence of other variables such as the genetic variability of H. pylori or the presence of
coinfection, the genetic susceptibility of the host, the responsiveness of the host immune
system, and environmental factors [66,67].

5. Conclusions

Our findings revealed that the H. pylori strains circulating in our environment present
a higher frequency of genotypes documented as risk variants for neoplastic lesions, and
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that their distribution was observed both for cases with CNAG and for cases with IM,
highlighting that in Peruvian patients with dyspepsia who present H. pylori infection, the
presence of risk polymorphisms for the cagA and vacA genes is related to the clinical stage
of preneoplastic IM lesion.

Author Contributions: In this research, individual contributions were realized as follows: conceptu-
alization, J.G., D.C., A.B., A.A.T.-R., A.G.L. and M.S.; methodology, J.G., A.B., A.A.T.-R., A.G.L. and
M.S.; software, J.G.; validation, J.G. and A.A.T.-R.; formal analysis, J.G. and A.G.L.; investigation,
J.G., D.C., A.D.G.-S., A.B., A.A.T.-R., A.G.L. and M.S.; resources J.G., A.A.T.-R., A.G.L. and M.S.; data
curation, J.G., A.A.T.-R., A.G.L., and M.S., writing—original draft preparation, J.G.; writing—review
and editing, J.G., D.C., A.D.G.-S., A.B., A.A.T.-R., A.G.L. and M.S.; supervision, A.A.T.-R., A.G.L. and
M.S.; project administration, A.G.L.; funding acquisition, J.G., A.A.T.-R., A.G.L. and M.S. All authors
have read and agreed to the published version of the manuscript.

Funding: This research was funded by FONDECYT/PROCIENCIA with grant EF033-235-2015 and
supported by the training grant D43 TW007393 from the Fogarty International Center of the US
National Institutes of Health through the Epidemiological Research program at the Universidad
Peruana Cayetano Heredia. The original study was supported by the Laboratorio Centinela de
Helicobacter pylori, Instituto de Medicina Tropical Alexander von Humboldt, Universidad Peruana
Cayetano Heredia, Perú.

Institutional Review Board Statement: This study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Research Ethics Committee of the Universidad Peruana
Cayetano Heredia (file 059-03-20 with registration code 221182 and approved on 22 January 2020).

Informed Consent Statement: Not applicable.

Data Availability Statement: The data that support this research are compiled in the manuscript
prepared by J.G., in compliance with the requirements to obtain the title of Doctor in Epidemiological
Research offered by the Universidad Peruana Cayetano Heredia, Lima, Peru, and deposited in
the institutional repository with URL https://repositorio.upch.edu.pe/handle/20.500.12866/14822
(accessed on 10 January 2024).

Acknowledgments: This article was drafted by JG in fulfillment of the requirements to obtain the
degree of Doctor in Epidemiological Research offered by the Universidad Peruana Cayetano Heredia,
Lima, Peru.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Sung, H.; Ferlay, J.; Siegel, R.L.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global Cancer Statistics 2020: GLOBOCAN

Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J. Clin. 2021, 71, 209–249. [CrossRef]
2. Tran, B.; Global Burden of Disease Cancer Collaboration. Global, Regional, and National Cancer Incidence, Mortality, Years

of Life Lost, Years Lived With Disability, and Disability-Adjusted Life-Years for 29 Cancer Groups, 1990 to 2017: A Systematic
Analysis for the Global Burden of Disease Study. JAMA Oncol. 2019, 5, 1749–1768. [CrossRef]

3. Lopez, M.J.; Carbajal, J.; Alfaro, A.L.; Saravia, L.G.; Zanabria, D.; Araujo, J.M.; Quispe, L.; Zevallos, A.; Buleje, J.L.; Cho, C.E.; et al.
Characteristics of gastric cancer around the world. Crit. Rev. Oncol. Hematol. 2023, 181, 103841. [CrossRef] [PubMed]

4. INEN; Registro de Cáncer de Lima Metropolitana. Estudio de Incidencia y Mortalidad 2013–2015. Available online: https:
//portal.inen.sld.pe/ (accessed on 5 October 2023).

5. Tirado-Hurtado, I.; Carlos, C.; Lancho, L.; Alfaro, A.; Ponce, R.; Schwarz, L.J.; Torres, L.; Ayudant, M.; Pinto, J.A.; Fajardo, W.
Helicobacter pylori: History and facts in Peru. Crit. Rev. Oncol. Hematol. 2019, 134, 22–30. [CrossRef] [PubMed]

6. Castaneda, C.A.; Castillo, M.; Chavez, I.; Barreda, F.; Suarez, N.; Nieves, J.; Bernabe, L.A.; Valdivia, D.; Ruiz, E.; Dias-Neto,
E.; et al. Prevalence of Helicobacter pylori Infection, Its Virulent Genotypes, and Epstein-Barr Virus in Peruvian Patients with
Chronic Gastritis and Gastric Cancer. J. Glob. Oncol. 2019, 5, 1–9. [CrossRef] [PubMed]

7. Correa, P.; Piazuelo, M.B. Natural history of Helicobacter pylori infection. Dig. Liver Dis. 2008, 40, 490–496. [CrossRef] [PubMed]
8. Correa, P.; Piazuelo, M.B. The gastric precancerous cascade. J. Dig. Dis. 2012, 13, 2–9. [CrossRef]
9. Rugge, M.; Capelle, L.G.; Cappellesso, R.; Nitti, D.; Kuipers, E.J. Precancerous lesions in the stomach: From biology to clinical

patient management. Best. Pract. Res. Clin. Gastroenterol. 2013, 27, 205–223. [CrossRef]
10. Mladenova, I. Clinical Relevance of Helicobacter pylori Infection. J. Clin. Med. 2021, 10, 3473. [CrossRef]
11. van Doorn, L.J.; Figueiredo, C.; Rossau, R.; Jannes, G.; van Asbroek, M.; Sousa, J.C.; Carneiro, F.; Quint, W.G. Typing of Helicobacter

pylori vacA gene and detection of cagA gene by PCR and reverse hybridization. J. Clin. Microbiol. 1998, 36, 1271–1276. [CrossRef]

https://repositorio.upch.edu.pe/handle/20.500.12866/14822
https://doi.org/10.3322/caac.21660
https://doi.org/10.1001/jamaoncol.2019.2996
https://doi.org/10.1016/j.critrevonc.2022.103841
https://www.ncbi.nlm.nih.gov/pubmed/36240980
https://portal.inen.sld.pe/
https://portal.inen.sld.pe/
https://doi.org/10.1016/j.critrevonc.2018.12.005
https://www.ncbi.nlm.nih.gov/pubmed/30771870
https://doi.org/10.1200/JGO.19.00122
https://www.ncbi.nlm.nih.gov/pubmed/31479342
https://doi.org/10.1016/j.dld.2008.02.035
https://www.ncbi.nlm.nih.gov/pubmed/18396115
https://doi.org/10.1111/j.1751-2980.2011.00550.x
https://doi.org/10.1016/j.bpg.2012.12.007
https://doi.org/10.3390/jcm10163473
https://doi.org/10.1128/JCM.36.5.1271-1276.1998


Cancers 2024, 16, 1476 9 of 11

12. Pormohammad, A.; Ghotaslou, R.; Leylabadlo, H.E.; Nasiri, M.J.; Dabiri, H.; Hashemi, A. Risk of gastric cancer in association
with Helicobacter pylori different virulence factors: A systematic review and meta-analysis. Microb. Pathog. 2018, 118, 214–219.
[CrossRef]

13. Kabamba, E.T.; Tuan, V.P.; Yamaoka, Y. Genetic populations and virulence factors of Helicobacter pylori. Infect. Genet. Evol. 2018,
60, 109–116. [CrossRef]

14. Huang, X.; Deng, Z.; Zhang, Q.; Li, W.; Wang, B.; Li, M. Relationship between the iceA gene of Helicobacter pylori and clinical
outcomes. Ther. Clin. Risk Manag. 2016, 12, 1085–1092. [CrossRef]

15. Ansari, S.; Yamaoka, Y. Helicobacter pylori babA in adaptation for gastric colonization. World J. Gastroenterol. 2017, 23, 4158–4169.
[CrossRef] [PubMed]

16. Shiota, S.; Watada, M.; Matsunari, O.; Iwatani, S.; Suzuki, R.; Yamaoka, Y. Helicobacter pylori iceA, clinical outcomes, and correlation
with cagA: A meta-analysis. PLoS ONE 2012, 7, e30354. [CrossRef]

17. Boehnke, K.F.; Valdivieso, M.; Bussalleu, A.; Sexton, R.; Thompson, K.C.; Osorio, S.; Novoa Reyes, I.; Crowley, J.J.; Baker, L.H.; Xi,
C. Antibiotic resistance among Helicobacter pylori clinical isolates in Lima, Peru. Infect. Drug Resist. 2017, 10, 85–90. [CrossRef]
[PubMed]

18. Gutierrez-Escobar, A.J.; Velapatino, B.; Borda, V.; Rabkin, C.S.; Tarazona-Santos, E.; Cabrera, L.; Cok, J.; Hooper, C.C.; Jahuira-
Arias, H.; Herrera, P.; et al. Identification of New Helicobacter pylori Subpopulations in Native Americans and Mestizos From Peru.
Front. Microbiol. 2020, 11, 601839. [CrossRef] [PubMed]

19. Malfertheiner, P.; Megraud, F.; Rokkas, T.; Gisbert, J.P.; Liou, J.M.; Schulz, C.; Gasbarrini, A.; Hunt, R.H.; Leja, M.; O’Morain,
C.; et al. Management of Helicobacter pylori infection: The Maastricht VI/Florence consensus report. Gut 2022, 71, 1724–1762.
[CrossRef]

20. Stolte, M.; Meining, A. The updated Sydney system: Classification and grading of gastritis as the basis of diagnosis and treatment.
Can. J. Gastroenterol. 2001, 15, 591–598. [CrossRef]

21. Guzman, J.; Castillo, D.; Ojeda, M.; Sauvain, M. Antimicrobial susceptibility and mutations in the 23S rRNA gen of Helicobacter
pylori in dyspeptic patients. Rev. Peru. Med. Exp. Salud Publica 2019, 36, 270–274. [CrossRef] [PubMed]

22. Lehours, P.; Megraud, F. Culture-Based Antimicrobial Susceptibility Testing for Helicobacter pylori. Methods Mol. Biol. 2021, 2283,
45–50. [CrossRef]

23. Van Doorn, L.J.; Figueiredo, C.; Sanna, R.; Plaisier, A.; Schneeberger, P.; Boer, W.; Quint, W. Clinical relevance of the cagA, vacA,
and iceA status of Helicobacter pylori. Gastroenterology 1998, 115, 58–66. [CrossRef]

24. Rodriguez Gomez, E.R.; Otero Regino, W.; Monterrey, P.A.; Trespalacios Rangel, A.A. cagA gene EPIYA motif genetic characteriza-
tion from Colombian Helicobacter pylori isolates: Standardization of a molecular test for rapid clinical laboratory detection. PLoS
ONE 2020, 15, e0227275. [CrossRef]

25. Atherton, J.C.; Cao, P.; Peek, R.M., Jr.; Tummuru, M.K.; Blaser, M.J.; Cover, T.L. Mosaicism in vacuolating cytotoxin alleles
of Helicobacter pylori. Association of specific vacA types with cytotoxin production and peptic ulceration. J. Biol. Chem. 1995,
270, 17771–17777. [CrossRef]

26. Erzin, Y.; Koksal, V.; Altun, S.; Dobrucali, A.; Aslan, M.; Erdamar, S.; Dirican, A.; Kocazeybek, B. Prevalence of Helicobacter pylori
vacA, cagA, cagE, iceA, babA2 genotypes and correlation with clinical outcome in Turkish patients with dyspepsia. Helicobacter
2006, 11, 574–580. [CrossRef]

27. Atherton, J.C.; Cover, T.L.; Twells, R.J.; Morales, M.R.; Hawkey, C.J.; Blaser, M.J. Simple and accurate PCR-based system for
typing vacuolating cytotoxin alleles of Helicobacter pylori. J. Clin. Microbiol. 1999, 37, 2979–2982. [CrossRef]

28. Melo-Narváez, M.C.; Rojas-Rengifo, D.F.; Jiménez-Soto, L.F.; Delgado, M.d.P.; Mendoza de Molano, B.; Vera-Chamorro, J.F.;
Jaramillo, C. Genotipificación de cagA y de la región intermedia de vacA en cepas de Helicobacter pylori aisladas de pacientes
adultos colombianos y su asociación con enfermedades gástricas. Rev. Colomb. Gastroenterol. 2018, 33, 103–110. [CrossRef]

29. Latifi-Navid, S.; Mohammadi, S.; Maleki, P.; Zahri, S.; Yazdanbod, A.; Siavoshi, F.; Massarrat, S. Helicobacter pylori vacA d1/-i1
genotypes and geographic differentiation between high and low incidence areas of gastric cancer in Iran. Arch. Iran. Med. 2013,
16, 330–337.

30. Rhead, J.L.; Letley, D.P.; Mohammadi, M.; Hussein, N.; Mohagheghi, M.A.; Eshagh Hosseini, M.; Atherton, J.C. A new Helicobacter
pylori vacuolating cytotoxin determinant, the intermediate region, is associated with gastric cancer. Gastroenterology 2007,
133, 926–936. [CrossRef]

31. Ogiwara, H.; Sugimoto, M.; Ohno, T.; Vilaichone, R.K.; Mahachai, V.; Graham, D.Y.; Yamaoka, Y. Role of deletion located between
the intermediate and middle regions of the Helicobacter pylori vacA gene in cases of gastroduodenal diseases. J. Clin. Microbiol.
2009, 47, 3493–3500. [CrossRef]

32. Chomvarin, C.; Namwat, W.; Chaicumpar, K.; Mairiang, P.; Sangchan, A.; Sripa, B.; Tor-Udom, S.; Vilaichone, R.K. Prevalence
of Helicobacter pylori vacA, cagA, cagE, iceA and babA2 genotypes in Thai dyspeptic patients. Int. J. Infect. Dis. 2008, 12, 30–36.
[CrossRef]

33. Mizushima, T.; Sugiyama, T.; Komatsu, Y.; Ishizuka, J.; Kato, M.; Asaka, M. Clinical relevance of the babA2 genotype of Helicobacter
pylori in Japanese clinical isolates. J. Clin. Microbiol. 2001, 39, 2463–2465. [CrossRef]

34. Kinoshita, H.; Hayakawa, Y.; Koike, K. Metaplasia in the Stomach-Precursor of Gastric Cancer? Int. J. Mol. Sci. 2017, 18, 2063.
[CrossRef]

https://doi.org/10.1016/j.micpath.2018.03.004
https://doi.org/10.1016/j.meegid.2018.02.022
https://doi.org/10.2147/TCRM.S107991
https://doi.org/10.3748/wjg.v23.i23.4158
https://www.ncbi.nlm.nih.gov/pubmed/28694656
https://doi.org/10.1371/journal.pone.0030354
https://doi.org/10.2147/IDR.S123798
https://www.ncbi.nlm.nih.gov/pubmed/28331349
https://doi.org/10.3389/fmicb.2020.601839
https://www.ncbi.nlm.nih.gov/pubmed/33381095
https://doi.org/10.1136/gutjnl-2022-327745
https://doi.org/10.1155/2001/367832
https://doi.org/10.17843/rpmesp.2019.362.3901
https://www.ncbi.nlm.nih.gov/pubmed/31460640
https://doi.org/10.1007/978-1-0716-1302-3_6
https://doi.org/10.1016/S0016-5085(98)70365-8
https://doi.org/10.1371/journal.pone.0227275
https://doi.org/10.1074/jbc.270.30.17771
https://doi.org/10.1111/j.1523-5378.2006.00461.x
https://doi.org/10.1128/JCM.37.9.2979-2982.1999
https://doi.org/10.22516/25007440.168
https://doi.org/10.1053/j.gastro.2007.06.056
https://doi.org/10.1128/JCM.00887-09
https://doi.org/10.1016/j.ijid.2007.03.012
https://doi.org/10.1128/JCM.39.7.2463-2465.2001
https://doi.org/10.3390/ijms18102063


Cancers 2024, 16, 1476 10 of 11

35. Toyoshima, O.; Nishizawa, T.; Koike, K. Endoscopic Kyoto classification of Helicobacter pylori infection and gastric cancer risk
diagnosis. World J. Gastroenterol. 2020, 26, 466–477. [CrossRef] [PubMed]

36. Piazuelo, M.B.; Bravo, L.E.; Mera, R.M.; Camargo, M.C.; Bravo, J.C.; Delgado, A.G.; Washington, M.K.; Rosero, A.; Garcia, L.S.;
Realpe, J.L.; et al. The Colombian Chemoprevention Trial: 20-Year Follow-Up of a Cohort of Patients With Gastric Precancerous
Lesions. Gastroenterology 2021, 160, 1106–1117. [CrossRef]

37. Shichijo, S.; Uedo, N.; Michida, T. Detection of Early Gastric Cancer after Helicobacter pylori Eradication. Digestion 2022, 103, 54–61.
[CrossRef] [PubMed]

38. Kodama, M.; Murakami, K.; Okimoto, T.; Abe, H.; Sato, R.; Ogawa, R.; Mizukami, K.; Shiota, S.; Nakagawa, Y.; Soma, W.; et al.
Histological characteristics of gastric mucosa prior to Helicobacter pylori eradication may predict gastric cancer. Scand. J.
Gastroenterol. 2013, 48, 1249–1256. [CrossRef] [PubMed]

39. Atherton, J.C. H. pylori virulence factors. Br. Med. Bull. 1998, 54, 105–120. [CrossRef] [PubMed]
40. Ferreira, R.M.; Machado, J.C.; Figueiredo, C. Clinical relevance of Helicobacter pylori vacA and cagA genotypes in gastric carcinoma.

Best. Pract. Res. Clin. Gastroenterol. 2014, 28, 1003–1015. [CrossRef]
41. Huang, J.Q.; Zheng, G.F.; Sumanac, K.; Irvine, E.J.; Hunt, R.H. Meta-analysis of the relationship between cagA seropositivity and

gastric cancer. Gastroenterology 2003, 125, 1636–1644. [CrossRef]
42. Matos, J.I.; de Sousa, H.A.; Marcos-Pinto, R.; Dinis-Ribeiro, M. Helicobacter pylori cagA and vacA genotypes and gastric phenotype:

A meta-analysis. Eur. J. Gastroenterol. Hepatol. 2013, 25, 1431–1441. [CrossRef]
43. Nogueira, C.; Figueiredo, C.; Carneiro, F.; Gomes, A.T.; Barreira, R.; Figueira, P.; Salgado, C.; Belo, L.; Peixoto, A.; Bravo, J.C.; et al.

Helicobacter pylori genotypes may determine gastric histopathology. Am. J. Pathol. 2001, 158, 647–654. [CrossRef] [PubMed]
44. Basso, D.; Zambon, C.F.; Letley, D.P.; Stranges, A.; Marchet, A.; Rhead, J.L.; Schiavon, S.; Guariso, G.; Ceroti, M.; Nitti, D.;

et al. Clinical relevance of Helicobacter pylori cagA and vacA gene polymorphisms. Gastroenterology 2008, 135, 91–99. [CrossRef]
[PubMed]

45. Ferreira, R.M.; Machado, J.C.; Leite, M.; Carneiro, F.; Figueiredo, C. The number of Helicobacter pylori cagA EPIYA C tyrosine
phosphorylation motifs influences the pattern of gastritis and the development of gastric carcinoma. Histopathology 2012,
60, 992–998. [CrossRef] [PubMed]

46. Beltran-Anaya, F.O.; Poblete, T.M.; Roman-Roman, A.; Reyes, S.; de Sampedro, J.; Peralta-Zaragoza, O.; Rodriguez, M.A.; del
Moral-Hernandez, O.; Illades-Aguiar, B.; Fernandez-Tilapa, G. The EPIYA-ABCC motif pattern in cagA of Helicobacter pylori is
associated with peptic ulcer and gastric cancer in Mexican population. BMC Gastroenterol. 2014, 14, 223. [CrossRef]

47. Vianna, J.S.; Ramis, I.B.; Halicki, P.C.; Gastal, O.L.; Silva, R.A.; Junior, J.S.; Dos Santos, D.M.; Chaves, A.L.; Juliano, C.R.; Jannke,
H.A.; et al. Detection of Helicobacter pylori cagA EPIYA in gastric biopsy specimens and its relation to gastric diseases. Diagn.
Microbiol. Infect. Dis. 2015, 83, 89–92. [CrossRef] [PubMed]

48. Higashi, H.; Tsutsumi, R.; Fujita, A.; Yamazaki, S.; Asaka, M.; Azuma, T.; Hatakeyama, M. Biological activity of the Helicobacter
pylori virulence factor cagA is determined by variation in the tyrosine phosphorylation sites. Proc. Natl. Acad. Sci. USA 2002,
99, 14428–14433. [CrossRef] [PubMed]

49. Yamaoka, Y.; Kodama, T.; Gutierrez, O.; Kim, J.G.; Kashima, K.; Graham, D.Y. Relationship between Helicobacter pylori iceA, cagA,
and vacA status and clinical outcome: Studies in four different countries. J. Clin. Microbiol. 1999, 37, 2274–2279. [CrossRef]
[PubMed]

50. Boyanova, L.; Boyanova, L.; Hadzhiyski, P.; Kandilarov, N.; Yordanov, D.; Gergova, R.; Markovska, R. Mixed (multiple-genotype)
Helicobacter pylori infections in Bulgarian patients. Diagn. Microbiol. Infect. Dis. 2023, 107, 116073. [CrossRef]

51. Sugimoto, M.; Yamaoka, Y. The association of vacA genotype and Helicobacter pylori-related disease in Latin American and African
populations. Clin. Microbiol. Infect. 2009, 15, 835–842. [CrossRef]

52. El Khadir, M.; Boukhris Alaoui, S.; Benajah, D.A.; Ibrahimi, S.A.; Chbani, L.; El Abkari, M.; Bennani, B. vacA genotypes and
cagA-EPIYA-C motifs of Helicobacter pylori and gastric histopathological lesions. Int. J. Cancer 2020, 147, 3206–3214. [CrossRef]

53. Bakhti, S.Z.; Latifi-Navid, S.; Mohammadi, S.; Zahri, S.; Bakhti, F.S.; Feizi, F.; Yazdanbod, A.; Siavoshi, F. Relevance of Helicobacter
pylori vacA 3’-end Region Polymorphism to Gastric Cancer. Helicobacter 2016, 21, 305–316. [CrossRef]

54. Peek, R.M., Jr.; Thompson, S.A.; Donahue, J.P.; Tham, K.T.; Atherton, J.C.; Blaser, M.J.; Miller, G.G. Adherence to gastric epithelial
cells induces expression of a Helicobacter pylori gene, iceA, that is associated with clinical outcome. Proc. Assoc. Am. Physicians
1998, 110, 531–544.

55. Arevalo-Galvis, A.; Trespalacios-Rangell, A.A.; Otero, W.; Mercado-Reyes, M.M.; Poutou-Pinales, R.A. Prevalence of cagA, vacA,
babA2 and iceA genes in H. pylori strains isolated from Colombian patients with functional dyspepsia. Pol. J. Microbiol. 2012,
61, 33–40. [CrossRef] [PubMed]

56. Figueiredo, C.; Van Doorn, L.J.; Nogueira, C.; Soares, J.M.; Pinho, C.; Figueira, P.; Quint, W.G.; Carneiro, F. Helicobacter pylori
genotypes are associated with clinical outcome in Portuguese patients and show a high prevalence of infections with multiple
strains. Scand. J. Gastroenterol. 2001, 36, 128–135. [CrossRef] [PubMed]

57. Gonzalez-Vazquez, R.; Herrera-Gonzalez, S.; Cordova-Espinoza, M.G.; Zuniga, G.; Giono-Cerezo, S.; Hernandez-Hernandez, J.M.;
Leon-Avila, G. Helicobacter pylori: Detection of iceA1 and iceA2 genes in the same strain in Mexican isolates. Arch. Med. Res. 2012,
43, 339–346. [CrossRef]

https://doi.org/10.3748/wjg.v26.i5.466
https://www.ncbi.nlm.nih.gov/pubmed/32089624
https://doi.org/10.1053/j.gastro.2020.11.017
https://doi.org/10.1159/000519838
https://www.ncbi.nlm.nih.gov/pubmed/34727544
https://doi.org/10.3109/00365521.2013.838994
https://www.ncbi.nlm.nih.gov/pubmed/24079881
https://doi.org/10.1093/oxfordjournals.bmb.a011662
https://www.ncbi.nlm.nih.gov/pubmed/9604436
https://doi.org/10.1016/j.bpg.2014.09.004
https://doi.org/10.1053/j.gastro.2003.08.033
https://doi.org/10.1097/MEG.0b013e328364b53e
https://doi.org/10.1016/S0002-9440(10)64006-0
https://www.ncbi.nlm.nih.gov/pubmed/11159201
https://doi.org/10.1053/j.gastro.2008.03.041
https://www.ncbi.nlm.nih.gov/pubmed/18474244
https://doi.org/10.1111/j.1365-2559.2012.04190.x
https://www.ncbi.nlm.nih.gov/pubmed/22348604
https://doi.org/10.1186/s12876-014-0223-9
https://doi.org/10.1016/j.diagmicrobio.2015.05.017
https://www.ncbi.nlm.nih.gov/pubmed/26144892
https://doi.org/10.1073/pnas.222375399
https://www.ncbi.nlm.nih.gov/pubmed/12391297
https://doi.org/10.1128/JCM.37.7.2274-2279.1999
https://www.ncbi.nlm.nih.gov/pubmed/10364597
https://doi.org/10.1016/j.diagmicrobio.2023.116073
https://doi.org/10.1111/j.1469-0691.2009.02769.x
https://doi.org/10.1002/ijc.33158
https://doi.org/10.1111/hel.12284
https://doi.org/10.33073/pjm-2012-004
https://www.ncbi.nlm.nih.gov/pubmed/22708344
https://doi.org/10.1080/003655201750065861
https://www.ncbi.nlm.nih.gov/pubmed/11252403
https://doi.org/10.1016/j.arcmed.2012.07.009


Cancers 2024, 16, 1476 11 of 11

58. Gatti, L.L.; Modena, J.L.; Payao, S.L.; Smith Mde, A.; Fukuhara, Y.; Modena, J.L.; de Oliveira, R.B.; Brocchi, M. Prevalence
of Helicobacter pylori cagA, iceA and babA2 alleles in Brazilian patients with upper gastrointestinal diseases. Acta Trop. 2006,
100, 232–240. [CrossRef]

59. Paniagua, G.L.; Monroy, E.; Rodriguez, R.; Arroniz, S.; Rodriguez, C.; Cortes, J.L.; Camacho, A.; Negrete, E.; Vaca, S. Frequency of
vacA, cagA and babA2 virulence markers in Helicobacter pylori strains isolated from Mexican patients with chronic gastritis. Ann.
Clin. Microbiol. Antimicrob. 2009, 8, 14. [CrossRef]

60. Torres, L.E.; Melian, K.; Moreno, A.; Alonso, J.; Sabatier, C.A.; Hernandez, M.; Bermudez, L.; Rodriguez, B.L. Prevalence of vacA,
cagA and babA2 genes in Cuban Helicobacter pylori isolates. World J. Gastroenterol. 2009, 15, 204–210. [CrossRef]

61. Boren, T.; Falk, P.; Roth, K.A.; Larson, G.; Normark, S. Attachment of Helicobacter pylori to human gastric epithelium mediated by
blood group antigens. Science 1993, 262, 1892–1895. [CrossRef]

62. Chen, M.Y.; He, C.Y.; Meng, X.; Yuan, Y. Association of Helicobacter pylori babA2 with peptic ulcer disease and gastric cancer. World
J. Gastroenterol. 2013, 19, 4242–4251. [CrossRef] [PubMed]

63. Kpoghomou, M.A.; Wang, J.; Wang, T.; Jin, G. Association of Helicobacter pylori babA2 gene and gastric cancer risk: A meta-analysis.
BMC Cancer 2020, 20, 465. [CrossRef] [PubMed]

64. Gonzalez, C.A.; Figueiredo, C.; Lic, C.B.; Ferreira, R.M.; Pardo, M.L.; Ruiz Liso, J.M.; Alonso, P.; Sala, N.; Capella, G.; Sanz-
Anquela, J.M. Helicobacter pylori cagA and vacA genotypes as predictors of progression of gastric preneoplastic lesions: A long-term
follow-up in a high-risk area in Spain. Am. J. Gastroenterol. 2011, 106, 867–874. [CrossRef]

65. Sterbenc, A.; Jarc, E.; Poljak, M.; Homan, M. Helicobacter pylori virulence genes. World J. Gastroenterol. 2019, 25, 4870–4884.
[CrossRef]

66. Chmiela, M.; Karwowska, Z.; Gonciarz, W.; Allushi, B.; Staczek, P. Host pathogen interactions in Helicobacter pylori related gastric
cancer. World J. Gastroenterol. 2017, 23, 1521–1540. [CrossRef]

67. Hanafiah, A.; Lopes, B.S. Genetic diversity and virulence characteristics of Helicobacter pylori isolates in different human ethnic
groups. Infect. Genet. Evol. 2020, 78, 104135. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.actatropica.2006.08.014
https://doi.org/10.1186/1476-0711-8-14
https://doi.org/10.3748/wjg.15.204
https://doi.org/10.1126/science.8018146
https://doi.org/10.3748/wjg.v19.i26.4242
https://www.ncbi.nlm.nih.gov/pubmed/23864790
https://doi.org/10.1186/s12885-020-06962-7
https://www.ncbi.nlm.nih.gov/pubmed/32448131
https://doi.org/10.1038/ajg.2011.1
https://doi.org/10.3748/wjg.v25.i33.4870
https://doi.org/10.3748/wjg.v23.i9.1521
https://doi.org/10.1016/j.meegid.2019.104135

	Introduction 
	Materials and Methods 
	Study Population and Design 
	H. pylori Culture Conditions 
	PCR Amplification and Typing 
	Statistical Analysis 

	Results 
	Patient Demographics 
	cagA Genotypes and EPIYA Motifs 
	vacA Genotypes 
	iceA and babA2 Genotypes 
	Relation of Virulence Genotypes with IM 

	Discussion 
	Conclusions 
	References

