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Background. PersistentHelicobacter pylori infectionmay induce several upper gastrointestinal diseases. Twomajor virulence factors
ofH. pylori, vacuolating cytotoxin A (VacA) and cytotoxin-associated gene A (CagA), are thought to be associated with the severity
of disease progression. The distribution of vacA and cag-pathogenicity island (cag-PAI) alleles varies in H. pylori isolated from
patients in different geographic regions. Aim. To assess the association between mixed infection of H. pylori clinical isolates from
Taiwanese patients and the severity of gastrointestinal diseases.Methods. A total of 70 patientswere enrolled in this study. Six distinct
andwell-separated colonies were isolated from each patient and 420 colonies were analyzed to determine the genotypes of virulence
genes. Results. The prevalence of mixed infections of allH. pylori-infected patients was 28.6% (20/70). The rate of mixed infections
in patients with duodenal ulcer (47.6%) was much higher than that with other gastrointestinal diseases (𝑃 < 0.05). Conclusions.
H. pylori mixed infections show high genetic diversity that may enhance bacterial adaptation to the hostile environment of the
stomach and contribute to disease development.

1. Introduction

Helicobacter pylori is a gram-negative, spiral shaped mi-
croaerophilic bacterium that colonizes the human gastric
mucosa throughout life [1]. Persistent H. pylori infection is
associated with several gastrointestinal disorders, including
chronic gastritis, peptic ulcer, lymphoid tissue lymphoma,
and gastric adenocarcinoma [2]. It has been reported that
H. pylori may select a particular niche on the mucosa where

the bacteria can evade host immune responses by utilizing
delicate strategies to manipulate immune cells as well as
protect against antibiotic attack, leading to the progression of
gastrointestinal diseases [3, 4].

Several virulence factors involving H. pylori-induced
pathogenesis and the underlyingmechanisms have led to dif-
ferent clinical sequelae [5–7]. Vacuolating cytotoxin (VacA),
one of the major virulence factors secreted from H. pylori,
has been detected in bacterial culture supernatants [8]. Upon
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H. pylori colonization on cells, bacterial surface-contacted
VacA is secreted directly frombacteria, followed by the intox-
ication of cells by vacuolation [9]. Previous studies reported
that vacA was diversified among clinical H. pylori isolates,
particularly in the region encoding the signal sequence
(type s1 or s2) and the mid-region (type m1 or m2) [10].
Additionally, the distribution of vacA alleles varies among
different geographic regions [11–14].

Another virulence factor ofH. pylori is the cag-pathogen-
icity island- (cag-PAI-) encoded type four secretion system,
which mediates the translocation of cytotoxin-associated
gene A (CagA) into host cells [15, 16]. Once translocated into
cells, CagA is phosphorylated at one or more tyrosine phos-
phorylation motifs to induce cell pathogenesis [17]. Diversity
within cag-PAI is found among people from Eastern and
Western parts of the world [18]. Nearly all East Asian isolates
carry cag-PAI, and one-half to two-thirds of the isolates from
Western countries carry cag-PAI [19, 20]. Of note, cagA, cagE,
and cagT were found to be present in 100% of the domestic
strains isolated from patients in Taiwan [21]. These findings
indicate thatH. pylori isolates possess unusually high genetic
heterogeneity and are diverse in different geographic regions.

H. pylori mixed infections have been found to involve
more than one allele of either the s-region or m-region of
vacA [22–24].The rates of mixed infectionsmay differ in cag-
PAI of H. pylori isolated from the corpus and antrum [22] or
there may be discrepancies in the antimicrobial susceptibility
tests [25]. The rates of mixed infections vary from 0% to 85%
in different populations worldwide [14, 22, 26–28]. However,
the prevalence of H. pylori mixed infections isolated from
patients in Taiwan remains unknown. In this study, we
characterized six isolates from each patient using genotyping
analysis. The association between mixed infections in H.
pylori clinical isolates from Taiwanese patients and disease
severity was assessed.

2. Materials and Methods

2.1. Patient Selection. From January 2011 to December 2014,
a total of 70 patients with H. pylori infection were selected
and diagnosed with upper gastrointestinal problems. Patients
were excluded if they presented with any of the following:
unwillingness to give written informed consent; bleeding
tendency; and usage of H

2
-receptor antagonists or proton

pump inhibitors within two weeks of enrollment [29]. H.
pylori status was assessed by [13C] urea breath test and
bacterial culture was performed on biopsies before therapy
[30]. Among the enrolled patients, there were 9 patients
with chronic gastritis, 21 with duodenal ulcer, 22 with gastric
ulcer, and 18 with gastric carcinoma.The severity of gastroen-
terological disorders was evaluated using endoscopic exam-
ination and confirmed by histology as previously described
[29]. All the patients had completed a self-administered
questionnaire prior to being enrolled in the study. This study
was approved by the Clinical Research Committee of Taipei
Medical University, Taipei, Taiwan.

2.2. H. pylori Isolates and Bacterial Culture. Two biopsied
specimens of each patient were taken: one specimen from

antrum (lesser curvature side) and another from low body
(greater curvature side).H. pylori isolates were cultured from
the biopsies specimen and identified by biochemical reac-
tions [24]. H. pylori were diagnosed with positive reaction in
catalase, urease, and oxidase tests. The bacterial isolates were
routinely cultured on Brucella agar plates (BectonDickinson,
Franklin Lakes, NJ) with appropriate antimicrobial agents as
described previously [31].

2.3. Preparation of Genomic DNA and Polymerase Chain Re-
action. After obtaining positive cultures from the biopsies, 6
isolated colonies from a single culture plate were examined
for the genotypes using polymerase chain reaction (PCR)
approach as described previously [29, 30, 32]. Briefly, the
genomic DNA was extracted from the colonies by the sterile
micropestle in guanidinium isothiocyanate, and the prepared
DNA was dissolved in 10mM Tris-HCl (pH 8.3). Two micro-
liters of the eluted DNA was subjected to each PCR reaction.
Twelve paired primers (Table 1) were then used to amplify
specific DNA fragments. The PCR was performed under the
following condition: 30 cycles at 94∘C for 1min, 50.9–63∘C for
2min, 72∘C for 1min, and final extension at 72∘C for 5min.
Mixed infection was defined as distinct expression of cagA,
cagE, cagT, cagM, and vacA s- or m-regions among the 6
isolates isolated from one host.

2.4. Statistical Analysis. The relationship of between-group
comparisons was performed using the Chi-square test with
Fisher’s exact test. A 𝑃 value of less than 0.05 was considered
significant.

3. Results

From January 2011 to December 2014, 70 patients diagnosed
with upper gastrointestinal diseases and H. pylori-positive
status (9 with chronic gastritis, 21 with duodenal ulcer, 22
with gastric ulcer, and 18 with gastric carcinoma) were
enrolled in this study. From each patient, the biopsies were
taken from the antrum and body of stomach. We obtained
6 colonies from pooled isolates in one culture plate, for a
total of 420 isolates, to study the H. pylori genes. cag-PAI
status and the s-region or m-region of vacA inH. pylori were
assessed by PCR using unique primers. Mixed infection was
defined as distinct expression of cagA, cagE, cagT, cagM, and
vacA s- or m-regions among the 6 isolates in one host. The
PCR distribution of positive/negative results for individual
genes was shown in Table 2. All the isolates from single
infection (𝑛 = 300) and mixed infection (𝑛 = 120) were
positive for cagA.There were nomajor differences of the gene
distributions between the two groups.

We then analyzed the association between mixed infec-
tions in H. pylori clinical isolates from patients and disease
severity. As shown in Table 3, a total of 20 patients with H.
pylori mixed infections, two patients (22.2%) with chronic
gastritis, 10 patients (47.6%) with duodenal ulcer, 4 patients
(18.2%) with gastric ulcer, and 4 patients (22.2%) with gastric
carcinoma, had mixed infections. Additionally, patients with
duodenal ulcer showed a higher prevalence ofH. pylorimixed
infection compared to that in other gastrointestinal diseases
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Table 1: PCR primers used in this study.

Gene Primer Nucleotide sequence (5-3) Length of PCR product

cag A cagA-F GATAACAGGCAAGCTTTTGAGG 349
cagA-R CTGCAAAAGATTGTTTGGCAGA

cag E cagE-F GTTACATCAAAAATAAAAGGAAGCG 735
cagE-R CAATAATTTTGAAGAGTTTCAAAGC

cag T cagT-F TCTAAAAAGATTACGCTCATAGGCG 490
cagT-R CTTTGGCTTGCATGTTCAAGTTGCC

cag M cagM-F ACAAATACAAAAAAGAAAAAGAGGC 587
cagM-R ATTTTTCAACAAGTTAGAAAAAGCC

s1 and s2 VA1-F ATGGAAATACAACAAACACACC 259
VA1-R CTGCTTGAATGCGCCAAACTTTATC 286

s1a SS1-F GTCAGCATCACACCGCAAC 190
s1b SS3-F AGCGCCATACCGCAAGAG 187
s1c S1C-F CTTGCTTTAGTTGGGTTA 213

m1 VA3-F GGTCAAAATGCGGTCATGG 290
VA3-R CCATTGGTACCTGTAGAAAC

m1T m1T-F GGTCAAAATGCGGTCATGG 290
m1T-R CTCTTAGTGCCTAAAGAAACA

m2 VA4-F GGAGCCCCAGGAAACATTG 352
VA4-R CATAACTAGCGCCTTGCAC

Table 2: PCR analysis for cag-PAI status and the s-region or m-
region of vacA in single and mixed infections of H. pylori.

Gene Single infection,
𝑛 = 300 (%)

Mixed infection,
𝑛 = 120 (%)

cag A 300 (100.0) 120 (100.0)
cag E 295 (98.3) 110 (91.7)
cag T 296 (98.7) 116 (96.7)
cag M 300 (100.0) 114 (95.0)
vacA s1a 300 (100.0) 117 (97.5)
vacA s1c 273 (91.0) 100 (83.3)
vacA m1T 110 (36.7) 53 (44.2)
vacA m2 214 (71.3) 99 (82.5)

(𝑃 < 0.05). In all studied subjects, mixed infections of H.
pylori strains were found in 20 (28.6%) patients.

4. Discussion

H. pylori mixed infections were defined as having more
than one allele of either the s-region or m-region of vacA
or both iceA1 and iceA2 genotypes [22–24]. The rates of
mixed infections were varied from 0% to 85% [14, 22, 26–
28]. However, most studies used pooled cultures or biopsies
for PCR, which may have yielded misleading results. Addi-
tionally, the sampling methods, including bacterial cultures
from the sites of biopsies and analysis of the antimicrobial-
resistant fractions or unselected strains, might have been
attributed to the discrepant results [33]. In this study, we used
6 distinct colonies from each culture plate for genotyping of
the cagA, cagE, cagT, cagM, and vacA s- or m-regions. We

Table 3: Prevalence of mixed H. pylori infections in patients
with chronic gastritis, gastric ulcer, duodenal ulcer, and gastric
carcinoma.

Diagnosis (𝑛 = 70) Number of H. pylorimixed infections
Chronic gastritis (𝑛 = 9) 2 (22.2%)
Gastric ulcer (𝑛 = 22) 4 (18.2%)
Duodenal ulcer (𝑛 = 21) 10 (47.6%)∗

Gastric carcinoma (𝑛 = 18) 4 (22.2%)
∗
𝑃 < 0.05, duodenal ulcer versus chronic gastritis, gastric ulcer, and gastric

carcinoma.

evaluated a large number of colonies (𝑛 = 420) isolated from
70 patients. Moreover, 11 pairs of primers, including those
for the genes cag-PAI and vacA s- or m-regions, were used.
Therefore, we accurately and sensitively analyzed H. pylori
mixed infections.

Mixed genotypes were found in 24% of patients who
were Chinese residents of Hong Kong [33]. Another report
indicated that the prevalence of mixed infections was 23.3%
of all H. pylori-infected samples isolated from patients who
lived in southern Taiwan [28]. In this study, we found that the
prevalence of H. pylori mixed infections was 28.6% (20/70)
in patients who were residents of northern Taiwan. This
discrepancy in the prevalence of mixed infections in Chinese
populations may be explained by the different analysis strate-
gies and the fact that enrolled subjects were from different
geographic regions [34, 35].

A high percentage of subjects (77%) carrying a mix
of metronidazole-susceptible/resistant strains have been
reported [33]. Mixed infections with metronidazole-resistant
strains may not be eradicated by metronidazole-based ther-
apy [36–38]. Additionally, patients with mixed infections in
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the corpus showed a significantly higher rate of intestinal
metaplasia in the antrum [28]. Our study showed that
patients with duodenal ulcer have higher rates ofmixed infec-
tions than of chronic gastritis. These findings support those
of previous studies indicating that mixed infections facilitate
interstrain gene transfer and genetic diversity, enhancing H.
pylori survival in the harsh environment of the stomach
where disease progression occurs [39, 40].

In conclusion, our study reported that the prevalence of
H. pylori mixed infections was high in residents living in
northern Taiwan and that the rates differed from those in
other Chinese populations from other geographic regions.
The mixed infections in H. pylori with high genetic diversity
may promote bacterial adaptation to the stomach and con-
tribute to disease development.

Competing Interests

All authors have no competing interests to declare.

Authors’ Contributions

Chih-Ho Lai and Hwai-Jeng Lin were responsible for con-
ception and design. Ju-Chun Huang, Chuan Chiang-Ni, and
Ju-Pi Li were responsible for collection of samples. Lii-Tzu
Wu, Hua-Shan Wu, and Yu-Chen Sun were responsible for
experimental study. Yu-Chen Sun and Mei-Ling Lin were
responsible for data analysis and interpretation. Chih-Ho Lai
and Hwai-Jeng Lin were responsible for manuscript writing.
All authors were responsible for final approval of manuscript.

Acknowledgments

This work was supported by the Ministry of Science and
Technology (104-2320-B-182-040 and 105–2313-B-182-001),
ChangGungMemorial Hospital (BMRPE90, CMRPD1F0011,
and CMRPD1F0431), China Medical University (CMU103-S-
15), and the Tomorrow Medical Foundation.

References

[1] B.Marshall, “Helicobacter pylori: 20 Years on,”ClinicalMedicine,
vol. 2, no. 2, pp. 147–152, 2002.

[2] D. B. Polk and R.M. Peek Jr., “Helicobacter pylori: gastric cancer
and beyond,”Nature Reviews Cancer, vol. 10, no. 6, pp. 403–414,
2010.

[3] C. Wunder, Y. Churin, F. Winau et al., “Cholesterol glucosyla-
tion promotes immune evasion by Helicobacter pylori,” Nature
Medicine, vol. 12, no. 9, pp. 1030–1038, 2006.

[4] D.-Y. Lu, C.-H. Tang, C.-H. Chang et al., “Helicobacter pylori
attenuates lipopolysaccharide-induced nitric oxide production
by murine macrophages,” Innate Immunity, vol. 18, no. 3, pp.
406–417, 2012.

[5] B. Gebert, W. Fischer, E. Weiss, R. Hoffmann, and R. Haas,
“Helicobacter pylori vacuolating cytotoxin inhibits T lympho-
cyte activation,” Science, vol. 301, no. 5636, pp. 1099–1102, 2003.

[6] N. Ramarao, S.D.Gray-Owen, S. Backert, andT. F.Meyer, “Heli-
cobacter pylori inhibits phagocytosis by professional phagocytes

involving type IV secretion components,”Molecular Microbiol-
ogy, vol. 37, no. 6, pp. 1389–1404, 2000.

[7] J. Mahdavi, B. Sondén, M. Hurtig et al., “Helicobacter pylori
SabA adhesin in persistent infection and chronic inflamma-
tion,” Science, vol. 297, no. 5581, pp. 573–578, 2002.

[8] P. Lupetti, J. E. Heuser, R. Manetti et al., “Oligomeric and sub-
unit structure of the Helicobacter Pylori vacuolating cytotoxin,”
Journal of Cell Biology, vol. 133, no. 4, pp. 801–807, 1996.

[9] D. Ilver, S. Barone, D. Mercati, P. Lupetti, and J. L. Telford,
“Helicobacter pylori toxin VacA is transferred to host cells via
a novel contact-dependent mechanism,” Cellular Microbiology,
vol. 6, no. 2, pp. 167–174, 2004.

[10] J. C. Atherton, P. Cao, R. M. Peek Jr., M. K. R. Tummuru, M.
J. Blaser, and T. L. Cover, “Mosaicism in vacuolating cytotoxin
alleles of Helicobacter pylori. Association of specific vacA types
with cytotoxin production and peptic ulceration,” The Journal
of Biological Chemistry, vol. 270, no. 30, pp. 17771–17777, 1995.

[11] Y. Ito, T. Azuma, S. Ito et al., “Analysis and typing of the vacA
gene from cagA-positive strains of Helicobacter pylori isolated
in Japan,” Journal of ClinicalMicrobiology, vol. 35, no. 7, pp. 1710–
1714, 1997.

[12] S. Maeda, K. Ogura, H. Yoshida et al., “Major virulence factors,
VacA and CagA, are commonly positive in Helicobacter pylori
isolates in Japan,” Gut, vol. 42, no. 3, pp. 338–343, 1998.

[13] H.-J. Wang, C.-H. Kuo, A. A. M. Yeh, P. C. L. Chang, and W.-
C. Wang, “Vacuolating toxin production in clinical isolates of
Helicobacter pylori with different vacA genotypes,” Journal of
Infectious Diseases, vol. 178, no. 1, pp. 207–212, 1998.

[14] L.-J. Van Doorn, C. Figueiredo, F. Megraud et al., “Geographic
distribution of vacA allelic types of Helicobacter pylori,” Gas-
troenterology, vol. 116, no. 4, pp. 823–830, 1999.
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