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infected with H. pylori and to investigate the relationship between the severity of
gastritis and four different bacterial virulence-associated genotypes.

Methods and materials: All of the patients with positive results from a pathological
examination, a rapid urease test, and PCR analysis for H. pylori infection were con-
secutively included into the study. The classification and grading of gastritis were
performed according to the Sydney System. Esophagitis was classified endoscopi-
cally according to the Savary—Miller grading system. The primers used in this study
targeted 16S rRNa (521 bp), Urease A (411 bp), Cag A (400bp), and 26 kDa (303 bp).
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Results: Twenty-eight patients were included in the study. The presence of Cag A
showed a significant relationship with higher gastritis grades (3.0+0.7 vs. 2.3+0.9,
p=0.024) and higher scores for H. pylori infection (3.04+0.7 vs. 2.3+0.7, p=0.027).
The patients infected with 26 kDa-positive H. pylori had significantly higher infection
scores (3.5+0.6 vs. 2.5+ 0.6, p=0.020).

Conclusion: This study showed that CagA-positive H. pylori infection is associated with
more severe gastritis and with increased bacterial density and inflammation in the
biopsy specimens. The 303-bp positive genotype was also significantly associated with
higher grades of esophagitis. Additional in-depth trials will be helpful in extending our

findings.

Crown Copyright © 2012 Published by Elsevier Ltd. All rights reserved.

Introduction

Helicobacter pylori is a Gram-negative spiral flag-
ellate bacillus that lives in the gastric mucus
that is adherent to the mucosa. H. pylori infects
almost half of the world’s population, producing
a chronic infection that can lead to gastric and
duodenal ulcers, gastric cancer, and B-cell mucosa-
associated lymphoid tissue lymphoma [1—3]. This
pathogen colonizes the human stomach and estab-
lishes a long-term infection of the gastric mucosa
[4].

Current knowledge indicates that the prevalence
of H. pylori colonization and the prevalence of
related diseases are not directly correlated. Sev-
eral factors have been suggested to account for
this observation, including genetic diversity among
individuals [5], environmental factors that include
age at the time of first infection, nutrition, and the
genetic variability of H. pylori [6,7]. Despite the
highly heterogenic nature of H. pylori genetics [8],
distinct genetic lineages have been shown to differ
with respect to pathogenicity [9].

Evidence suggests that there exist different
strains of H. pylori with different degrees of
virulence [10—13]. The cytotoxin-associated gene
(cagA) is a marker for a genomic pathogenicity
island of c. 40kb (cag-PAl) and is reported to be
associated with increased interleukin 8 production
and mucosal inflammation; therefore, cagA is asso-
ciated with more severe clinical outcomes [14].
Several other genes have also been studied and
found to be correlated with the histopathological
findings for H. pylori-induced gastritis [15,16,14].
On the other hand, some studies have also detected
no relationship or even the converse findings
[17,18].

The present study aimed to investigate the gas-
tric histopathology of Iranian patients infected with
H. pylori and to investigate the histopathological
relationship with four different bacterial virulence
associated genotypes.

Methods and material

Patients

The patients who were admitted to the gas-
troenterology outpatient clinic with dyspepsia and
underwent a diagnostic endoscopic evaluation with
biopsy from March 2005 to March 2006 were exam-
ined to determine if they were infected with H.
pylori. Those subjects who had concomitant pos-
itive results for the pathological examination, the
rapid urease test, and the PCR analysis were con-
secutively included into the study. Biopsies were
taken from the antrum of the patients for the rapid
urease test, pathological examination, and DNA
analysis. The first specimen was rapidly sent to the
pathology department for grading and evaluation,
two other specimens were sent to the pathology
clinic, and the remaining specimen was frozen for
PCR analysis.

All of the patients with positive results for the
pathological examination, the rapid urease test,
and the nested PCR methods designed to detect
H. pylori infection were included in the analysis.
The patient samples were considered positive for
H. pylori if one of the 521bp, 411bp, 400bp, or
303 bp bands was observed in the PCR reaction.
Ten samples (36%) showed the 400 bp band, 8 (29%)
contained the 303 bp band, 12 (43%) contained the
521bp band, and 13 (46%) exhibited the 411bp
band.

Histological and clinical grading of gastritis
and esophagitis

Paraffin-embedded tissue sections were stained
with hematoxylin and eosin to grade the severity of
gastritis and with Giemsa stain to detect H. pylori.
The classification and grading of gastritis were per-
formed according to the Sydney System [19] by an
experienced pathologist who did not know the bac-
terial genotype.
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The degrees of acute and chronic inflammation
and the microbial density were scored from 0 to
5 and used as the ‘‘H. pylori infection score’’.
Esophagitis was classified endoscopically according
to the Savary—Miller grading system [20].

Rapid urease test

One antrum biopsy specimen was introduced into
semisolid 2% urea agar with a sterile needle and
incubated at room temperature. The results were
recorded up to 4h after inoculation [21].

Preparation of samples for PCR amplification

Genomic DNA was extracted from all of the strains
with the method described in Marais et al. [22].
The extracted DNA was dissolved in water, and
stock solutions were prepared and used throughout
the study. Briefly, the biopsy samples were ground
and centrifuged for 5min at 10000 x g. After the
supernatants were discarded, the biopsy specimens
were resuspended in 300 uL of extraction buffer
(20mmol/L Tris—HCL, pH 8.0, 0.5% Tween 20), and
proteinase K (0.5 mg/mL final concentration). The
mixture was incubated at 56 °C for 1 h, after which
the enzyme was inactivated by boiling for 10 min.

We were able to detect H. pylori-specific
sequences at an estimated concentration of 20 pmol
using our nested assay. Five microliters of DNA
was used as the template for each PCR. Each
sample was amplified by four different PCRs. The
primers used in this study were specific for 16S
rRNa (521bp), Urease A (411bp), Cag A (400bp),
and 26 kDa (303 bp). The primer sequences, condi-
tions, and sizes of the PCR products are listed in
Table 1.

Statistical analysis

SPSS software (Statistical Product and Services
Solutions, version 13.0, SPSS Inc, Chicago, IL, USA)
was used to analyze the data. The statistical sig-
nificance of the differences between the patient
subgroups was assessed using the chi-square test,
the Fisher’s exact test for proportions, and the t-
test for continuous data. The Kolmogorov—Smirnov
test was used to evaluate the distribution of the
data, which was normal for all of the variables
assessed. Nonetheless, we reanalyzed the data with
non-parametric tests, which did not change the pri-
mary results. p-Values that were less than .05 were
considered statistically significant.

Results

Twenty-eight patients (14 males and 14 females)
were included in the study. The mean age of the
patients was 48.8 + 14.4 years, and the mean body
mass index (BMI) was 25.2 +6.2 kg/m?2.

The age, gender, and BMI of the patients were
equivalent in all of the H. pylori-infected groups
(Table 2). We analyzed the potential relationship
between the grades of gastritis and duodenitis
and the four H. pylori genes investigated in the
PCR. Student’s t-test showed no significant rela-
tionship between the grade of gastritis and positive
PCR results for the 16S rRNa (p=0.273), Urease A
(p=0.665), or 26 kDa (p=0.286) genes. The pres-
ence of Cag A showed a significant relationship
with higher gastritis grades (3.0+0.7 vs. 2.3 +0.9,
p=0.024, standard error: 0.325).

We also analyzed the relationship between the
H. pylori infection score and the different H. pylori
genotypes. The patients infected with 16S rRNa-
positive (p=0.334), Urease A-positive (p=0.541),
or 26 kDa-positive (p=0.950) H. pylori did not have
different scores than those patients who were
infected with H. pylori strains without these gene
products. Those patients with a Cag A-positive H.
pylori infection were significantly more likely to
exhibit higher H. pylori infection scores (3.0+0.5
vs. 2.3+0.7, p=0.027, standard error: 0.282).

Finally, we investigated the correlation between
esophagitis score and the different H. pylori geno-
types. The patients infected with 26 kDa-positive
H. pylori had significantly higher esophagitis scores
(3.5+0.6 vs. 2.5+0.6, p=0.020, standard error:
0.359). Those patients infected with 16S rRNa-
positive (p=0.445), Urease A-positive (p=0.108),
or CagA-positive (p=0.663) genotypes did not have
esophagitis scores different from the scores of
patients with negative genotypes. Barrett’s esoph-
agus was not reported in any of the study patients.

Discussion

Different H. pylori strains have been shown to pre-
dict histopathologically related lesions in gastric
mucosa biopsy specimens [23—27]. In our study, the
presence of four H. pylori strains was investigated
in patients with functional dyspepsia, and these
results were compared with histological findings.
Although the association between H. pylori
infection and chronic gastritis is overwhelmingly
strong, the development of severe gastric disease
is rare in infected individuals. On the other hand,
there are some studies that have cast doubt on
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Table 1 Primer sequences and expected lengths of the amplified DNA products.
Primer Length Sequence
F:5-GCAATCAGCGTCAGTAATGTTC-3’
165 rRNa e R:5'-GCTAAGAGATCAGCCTATGTCC-3
#1b F:5-GCCAATGGTAAATTAGTT-3’
LR P R:5'-CTCCTTAATTGTTTTTAC-3
Cag A 400b F:5-AATACACCAACGCCTCCAAG-3
ag P R:5-TTGTTGCCGCTTTTGCTCTC-3'
F:5-TGGCGTGTCTATTGACAGCGAGC-3’
26 kDa 303 bp

R:5-CCTGCTGGGCATACTTCACCATG-3’

the impact of H. pylori infection on the severity of
gastritis [28]. These variations in the reported clin-
ical consequences of H. pylori infection in different
groups can be explained by factors such as the dura-
tion of the infection, the inflammatory response
of the patient, and the virulence of the H. pylori
strain; these factors differ among different patient
groups, leading to inconsistent results for differ-
ent populations. For example, infection with less
virulent strains is associated with mild symptoms
and less histopathological damage, whereas infec-
tion with more virulent strains is considered to be
associated with more severe gastric inflammation
and, eventually, peptic ulcers, gastric adenoma,
and MALT lymphoma.

The relationship between the H. pylori genotype
and the gastric inflammatory response to infec-
tion varies within nationalities as well. It has been
demonstrated that individuals from Western coun-
ties develop more severe gastric inflammation after
infection with cagA-positive strains [29]. Studies
have also shown that the grade of gastritis and
the polymorphonuclear density are the highest in
individuals infected with cagA-positive strains but
are the lowest when cagA-negative organisms colo-
nize the gastric mucosa [23]. Demirturk et al. [26]

suggested that cagA positivity is associated with
more severe glandular atrophy, inflammation, and
activity, whereas Saruc et al. [27] demonstrated a
relationship between cagA positivity and inflamma-
tion, H. pylori density, and intestinal metaplasia,
but not between cagA positivity and glandular atro-
phy. Studies investigating cagA positivity and the
histopathological findings of gastritis in Asian coun-
tries have produced conflicting results [24,25,30],
although the same results have also been reported
for studies performed in Western countries [31].
An international study conducted in four Asian and
American countries (Japan, Korea, Colombia, and
the United States) found no correlation between
the presence of cagA, vacA, and iceA, and clinical
consequences [32]. In our study, the cagA-positive
patients showed more severe gastritis and more
severe H. pylori infection (characterized by the
bacterial density and inflammation). These results
are is consistent with the general concept that
infection with a cagA-positive H. pylori strain
impacts the severity of gastritis.

There are scarce published data regarding the
impact of infection with 411-bp- and 303-bp-
positive strains of H. pylori. One explanation for the
shortage of data on these strains may be the fact

Table 2 Characteristics of the study patients, grouped according to H. pylori genotypes.

Variable H. pylori genotypes
16S rRNa UreA Cag A 26 kDa Sig.

Age (y)P 45.9+18.2 51.1+19 50.1+13.6 48.6 +13.8 NS
Gender (male)? 3(42.8) 3 (50) 4(57.2) 4 (50) NS
Body mass index (BMI)® 24.5+6.1 24.8+6.8 27.2+6 25+7.1 NS
Infection score® 2.3+0.7 2.2+0.9 3.0+0.5 2.4+0.5 0.027¢
Gastritis grade© 2.1+1.1 2.5+0.9 3.0+0.7 2.2+0.4 0.024¢
Esophagitis® 2.3+0.9 2.44+0.5 2.8+0.6 3.5+0.6 0.0201

2 Number (%).

b Mean + SD.

€ 400 bp vs. other genotypes.

d 303 bp vs. other genotypes.
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that investigators have failed to find any relation-
ship between the histopathological gastritis findings
and these H. pylori genotypes, which can make the
publication of results more difficult. We also found
that the 411-bp genotype had no impact on any of
the study variables; however, the patients infected
with 303-bp (26 kDa)-positive H. pylori strains were
significantly more likely to develop more severe
esophagitis. Esophagitis has been proposed to be
induced by less virulent H. pylori strains that pos-
sess neither cagA nor iceA, suggesting that virulent
strains protect against the development of gas-
troesophageal reflux and esophagitis [33]. We also
found similar results in the current study, with a
significantly lower proportion of cagA-positive H.
pylori-infected individuals developing esophagitis.
To the best of our knowledge, 26 kDa has never been
reported to be a sensitizing factor for the develop-
ment of esophagitis, and this report provides the
first data illustrating this effect.

In conclusion, this study showed that CagA-
positive H. pylori infection is associated with more
severe gastritis and increased bacterial density, and
inflammation in the biopsy specimens. On the other
hand, the 303-bp-positive genotype was signifi-
cantly associated with higher grades of esophagitis.
Because of the lack of any co-factors exhibiting
a significant association, we were unable to use
multivariate analyses. More in-depth trials will be
helpful in extending our findings.
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