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Purpose: Chronic Helicobacter pylori infection causes peptic ulcers in a subpopulation of 
individuals and is a risk factor for the development of gastric cancer. Multiple infections and 
heteroresistant H. pylori contribute to poor treatment efficacy. Here, we investigated the 
extent of genetic diversity among H. pylori strains within a given host and its influence on 
the results of antibiotic (metronidazole, levofloxacin, clarithromycin, amoxicillin, and tetra
cycline) susceptibility testing.
Materials and Methods: Gastric mucosa biopsy samples were obtained from patients with 
gastric disorders, including 48 H. pylori positive patients, who were never previously treated 
for H. pylori infection. Five potential H. pylori colonies isolated from each sample were 
subcultured for enrichment. Enriched H. pylori colonies were identified through Gram 
staining and assays for urease, oxidase, and catalase. For each H. pylori monoclonal colony, 
the antibiotic susceptibility was assessed, genomic DNA was sequenced, and the cytotoxin- 
associated gene A (cagA) genotype was verified. Co-infection with multiple H. pylori strains 
was determined using random amplified polymorphic DNA (RAPD)-polymerase chain 
reaction (PCR).
Results: Thirteen gastric mucosa biopsy samples were positive for H. pylori. Five mono
clonal strains isolated from each of these 13 patients were identified as H. pylori. RAPD- 
PCR indicated that intra-patient monoclonal strains of H. pylori in 10 of the 13 samples 
exhibited heterogeneity. Among the 13 patients, intra-patient monoclonal strains isolated 
from 4 patients had identical cagA genotype, whereas intra-patient monoclonal strains 
isolated from the other 9 patients harbored more than one cagA genotype. The antibiotic 
susceptibility of five intra-patient monoclonal strains from seven patients was inconsistent.
Conclusion: The existence of heterogeneous H. pylori strains with resistance to different 
drugs and virulence were common within the gastric mucosa of an individual patient.
Keywords: Helicobacter pylori, heterogeneity, antibiotic resistance, cagA typing

Introduction
Helicobacter pylori is a spiral, microaerobic, Gram-negative bacterium and among 
the most common chronic pathogens associated with human diseases.1 Helicobacter 
pylori infection can last for decades and is the main cause of chronic active 
gastritis, peptic ulcer, and gastric mucosa-associated lymphoma. Moreover, the 
WHO has classified H. pylori as a class I carcinogen for gastric cancer.2,3 The 
average H. pylori infection rate in the global population is >50% but varies greatly 
among countries,4 with infection rates in developing countries higher than those in 
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developed countries. In 2017, Hooi et al5 reported that 
Nigeria had the highest H. pylori infection rate (87.7%), 
whereas Switzerland had the lowest infection rate (18.9%). 
In 2014, Wang et al6 reported that the average infection 
rate of H. pylori in China was 55.8%, with the highest rate 
in the Tibet region (84.6%).

Triple therapy, which involves the use of one proton- 
pump inhibitor (PPI) and two antibiotics (usually amox
icillin and metronidazole/clarithromycin), was introduced 
30 years ago for the eradication of H. pylori and showed 
great success at that time. However, due to the widespread 
use of antibiotics globally, the antibiotic resistance of 
H. pylori strains is significantly higher than it was in 
previous decades and multi-resistant strains have become 
more common.7–11 The success rate of triple therapy has 
declined significantly in recent years.12

The consensus of the Kyoto global report on H. pylori 
gastritis published in 201513 suggests that H. pylori exhi
bits a large geographical difference in resistance to com
mon antibiotics; therefore, the preferred eradication 
programs in different regions vary accordingly. In 2016, 
the Toronto Consensus Group proposed a strategy invol
ving a 14-day administration of bismuth quadruple therapy 
(PPI + bismuth + two antibiotics) for the treatment of 
H. pylori infection in the updated treatment guidelines.14 

Many European countries have abandoned the use of triple 
therapy and replaced it with quadruple therapy.

According to the European Maastricht Consensus,15 

failure to eradicate H. pylori should be followed by rescue 
treatment guided by drug-susceptibility testing of the 
H. pylori strain. Therefore, the rational use of antibiotics 
based on drug-susceptibility tests has received increasing 
attention. Farzi et al16 found that strains exhibiting differ
ent drug resistance could be isolated from the same 
patient, and other reports indicated that H. pylori isolated 
from the gastric antrum and corpus of the same patient 
showed different drug susceptibilities.17,18

The presence of multiple H. pylori strains colonizing 
a patient with gastric cancer was reported previously.19 

Besides exhibiting multi-drug resistance; the bacteria 
had different genotypes for cytotoxin-associated gene 
A (cagA) and vacuolating cytotoxin gene A (vacA), the 
main virulence factors, in those intra-patient isolates. 
Genetic variability may result in the evolution of more 
virulent and adapted strains. CagA is an oncogenic pro
tein, which comprises a conserved N-terminal region, 
a variable EPIYA (Glu-Pro-Ile-Tyr-Ala)-repeat region, 
and a C-terminal tail. Based on the flanking amino acid 

sequences, EPIYA can be further classified based on the 
four motifs: EPIYA-A, -B, -C, and -D. According to the 
composition of the EPIYA-A, -B, -C, and D motifs, 
H. pylori can be classified into different cagA subtypes, 
such as cagA-AB, -ABC, -ABD or-BD.20,21 The pre
sence of complex and mixed EPIYA pattern may 
increase the risk of gastric cancer.

Our previous studies demonstrated the occurrence of 
mixed H. pylori strains within the same patient,22 sug
gesting co-infection with multiple H. pylori strains, per
haps with different antibiotic susceptibilities. When 
choosing antibiotics for rescue therapy, antibiotics 
should be selected based on the results of drug- 
susceptibility testing; however, the only way to obtain 
H. pylori isolates is via endoscopy examination. 
Therefore, susceptibility testing is not performed for 
majority of patients. Furthermore, co-infection with dif
ferent H. pylori strains with different phenotypes and 
genotypes could potentially contribute to difficulty in 
eradication and further complications. This study 
explored the heteroresistance, genotypic diversity, and 
CagA typing of H. pylori strains isolated from a single 
host and the prevalence of mixed infection in individual 
patients in Guiyang, China.

Materials and Methods
Gastric Samples
A total of 48 patients were recruited from Guiyang 
Hospital of Guizhou Aviation Industry Group between 
January and December 2018. The exclusion criteria 
included: 1) anti-H. pylori treatment in the previous 15 
days; 2) complications such as massive gastrointestinal 
bleeding and/or pyloric obstruction; or 3) severe heart, 
lung, or kidney disease. Gastric mucosa biopsy samples 
(two each) were obtained through endoscopy from patients 
with gastric disorders. One of the samples was sent to the 
pathology department for pathological examination, while 
the other was used for the isolation of H. pylori. All 
protocols, including the protocol for obtaining informed 
consent, were approved by the Human Medical Ethics 
Committee of Guizhou Medical University, and all proce
dures contributing to the study complied with the 
Declaration of Helsinki. All patients were informed as to 
the purpose of this study, unless incapacitated; informed 
consent was obtained from the patients or from the guar
dians of the incapacitated patients.
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H. pylori Isolation and Identification
Gastric antrum biopsy samples were homogenized and 
inoculated in selective BHI agar base (Oxoid, Ltd., 
Basingstoke, UK) containing 10% sheep blood (Qingdao 
Hope Biol-Technology Co., Ltd., Qingdao, China) and 
Skirrow’s supplement (vancomycin 10 mg/L, trimethoprim 
5 mg/L, cefsulodin 5 mg/L, and amphotericin B; Oxoid, 
Ltd.). Agar plates were incubated at 37°C for 3 to 5 days 
under microaerophilic conditions (10% CO2, 85% N2, and 
5% O2) with 95% relative humidity (Micro Aerobic Bag; 
Mitsubishi Chemical Corporation, Tokyo, Japan). The poten
tial H. pylori colonies were subcultured on fresh blood agar 
plates and incubated for two to four days to obtain mono
clonal cultures which were then identified through assays for 
urease,23 catalase,24 and oxidase.25 Subcultures with positive 
results for all three enzymatic tests were transferred to 
a single blood agar plate and incubated for another three to 
five days. They were then harvested for drug-susceptibility 
testing and genomic DNA extraction, followed by species 
confirmation using H. pylori-specific 16S rRNA gene frag
ment polymerase chain reaction (PCR).

Genomic DNA was extracted using an Ezup column bac
teria genomic DNA purification kit (Sangon Biotech Co., 
Ltd.), according to the manufacturer’s instructions. The 
DNA purity and concentration were measured using 
a NanoDrop 2000 ultra-micro UV spectrophotometer 
(Thermo Fisher Scientific., Waltham, MA, USA). Universal 
primer sequences26 and amplification conditions for 16S 
rRNA gene PCR are shown in Table 1. Primers were pur
chased from Sangon Biotech Co., Ltd. (Shanghai, China). 16S 
rRNA gene PCR products were sent to Sangon Biotech Co., 
Ltd. for sequencing. Species were identified using NCBI blast.

H. pylori Drug-Susceptibility Testing
Breakpoint susceptibility testing was performed to examine 
the antibiotic-susceptibility of H. pylori, as per the method 
proposed by the Clinical Laboratory Standard Institute.27 

Five antibiotics (metronidazole, levofloxacin, clarithromy
cin, amoxicillin, and tetracycline) were used for the antibio
tic-susceptibility testing, and the breakpoint concentrations27 

are listed in Table 2. For H. pylori breakpoint susceptibility 
testing, a simplified version of the agar dilution method was 
used. Inocula were prepared from 3-day-old agar plates and 
colonies were harvested in 2 mL sterile saline. The fresh 
bacterial suspension was adjusted to an opacity equivalent to 
a 2 Mcfarland turbidity standard (approximately 6 × 108 

CFU/mL) and inoculated directly onto an agar plate contain
ing an antibiotic concentration equal to the breakpoint con
centration, which defines resistance, and also inoculated on 
an agar plate without antibiotics as a growth control.

All strains are expected to grow on the agar plates 
without antibiotics. H. pylori ATCC26,695 (provided by 
the Institute of Pathogenic Biology of Qilu Medical 
College, Shandong University), which is susceptible to 
all five antibiotics in this study, was used as the control 
strain. All plates were incubated at 37°C for 72 h under 
microaerophilic conditions. Results of the antibiotic- 
susceptibility test for each single colony (monoclonal 
strain) and the pool of five colonies from the same 
patient were recorded.

PCR Amplification and Sequencing of the 
Variable Region of cagA in Each 
Monoclonal Strain
Genomic DNA was prepared as described above. PCR 
primers22,28 (Sangon Biotech Co., Ltd.) used for ampli
fication of the cagA gene are shown in Table 2. PCR 
assays were performed in a volume of 50 µL; the 
reaction mixtures contained 2 μL of forward primer 
(10 μM), 2 μL of reverse primer (10 μM), 1 μL of 
genomic DNA (~10 ng/μL), 25 µL of 2× Taq PCR 
master mix (Jiangsu CWBiotech Science and 
Technology Co., Ltd., Jiangsu, China), and 20 µL of 
Milli-Q water. All PCR amplification runs included one 

Table 1 Primer Sequences and PCR Conditions

Primers 5ʹ → 3’ Size (bp) Annealing Tm (°C) Reference

16SrRNAF CGGTTACCTTGTTACGACTTCAC — 56 26

16SrRNAR TATGGAGAGTTTGATCCTGGCTC — 56 26
cagAF ACCCTAGTCGGTAATGGGTTA 591–856 56 22

cagAR GTAATTGTCTAGTTTCGC — — 22

1247 F/R: AAGAGCCCGT — 37 28
1283 F/R: GCGATCCCCA — 37 28

Abbreviations: CagA, cytotoxin-associated gene A; F, forward; R, reverse.
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negative control (Milli-Q water instead of genomic 
DNA) and one positive control (H. pylori 26,695). 
After PCR, 6 μL of the amplification products and 
DNA ladder markers (Tiangen Biotech Co., Ltd., 
Beijing, China) were electrophoretically separated on 
1% agarose gels in Tris-acetate EDTA buffer, followed 
by staining with GoldView 1 nucleic acid stain 
(Solarbio Science and Technology Co., Ltd., Beijing, 
China) and visualization using a BG-gdaAUTO gel 
imaging analysis system (Beijing Baygenebiotech 
Biotech Co., Ltd., Beijing, China). PCR products 
were sequenced at Sangon Biotech Co., Ltd., and the 
gene sequences were translated into amino acid 
sequences using BioEdit software (v.7.1.3.0; https:// 
www.bioedit.com/). In the intra-patient strains, CagA 
genotypes (the EPIYA motif patterns) were classified 
based on amino acid sequences flanking the EPIYA 
motif.20

Random Amplified Polymorphic DNA 
(RAPD)-PCR Analysis
RAPD-PCR typing was performed to detect the related and 
distinct strains of H. pylori that colonized the stomach of 
each patient. Accordingly, the random primers 124728,29 and 
128328 were used (Table 1). The amplification was per
formed in a 100 µL volume containing 50 µL of 2x Taq 
PCR master mix (Jiangsu CWBiotech Science and 
Technology Co., Ltd.), 1 µL of genomic DNA (~20 ng), 2 
µL of primer 1247 or primer 1283, 10 mM Tris-HCl, 50 mM 
KCl, and Milli-Q water. Amplification conditions were as 
follows: 94°C for 2 min, 37°C for 1 min, and 72°C for 4 
min, followed by 29 cycles of 94°C for 2 min, 37°C for 3 
min, and 72°C for 7 min. PCR products were then electro
phoresed in 2% agarose gels. The similarity between the 
RAPD banding profiles of five distinct strains from the same 
patient was analyzed, and the identical or indistinguishable 
RAPD band pattern was considered to represent infection by 
a single strain, whereas two or more RAPD band patterns 
indicated infections by different strains.29–31

Results
H. pylori Isolation
Helicobacter pylori were isolated from 13 out of 48 
patients (27%). From the samples obtained from each of 
the 13 H. pylori positive patients, five single colonies were 
subcultured that resulted in the isolation of 65 monoclonal 
strains in total. We have used serial number G1-G13 to 
represent the 13 H. pylori positive samples. All of these 
strains were positive for oxidase, urease, and catalase tests 
and the 16S rDNA sequences showed ~99% to 100% 
identity to H. pylori 26695. The antibiotic-susceptibility 
results for the 65 monoclonal strains are listed in Table 3. 
Five intra-patient monoclonal strains from G5, G6, G7, 
G9, and G12 exhibited identical antibiotic-susceptibility 
results. However, intra-patient monoclonal strains isolated 
from the other seven patients showed varying antibiotic- 
susceptibility profiles.

Results of cagA Typing of 65 Monoclonal 
H. pylori Strains from 13 Patients
The results of cagA typing of 65 monoclonal H. pylori 
colonies isolated from 13 patients are listed in Table 3. 
CagA was present in all 65 colonies and five intra-patient 
monoclonal strains isolated from four patients (G3, G6, 
G9, and G12) displayed the same cagA genotype. 
However, intra-patient monoclonal strains isolated from 
two other patients (G7 and G13) displayed three cagA 
genotypes, and those from seven other patients (G1, G2, 
G4, G5, G8, G10, and G11) displayed two cagA 
genotypes.

RAPD-PCR Typing
RAPD-PCR fingerprinting was performed on DNA 
extracts from the 65 monoclonal strains obtained from 13 
patients, and the patterns of the five intra-patient strains 
isolated from an individual patient shown in Figure 1. 
Monoclonal strains from 3 patients (G6, G9, and G12) 
showed identical intra-patient molecular patterns, whereas 
the other 10 patients harbored two or three distinct strains. 
Typing results are shown in Table 3.

Discussion
H. pylori infection is the most common bacterial infection 
of the digestive system.1,3,32

In local hospitals, some patients’ symptoms were 
relieved or even disappeared after eradication treatment 
with amoxicillin and clarithromycin combined with 

Table 2 Antibiotic Breakpoints

Antibiotic Resistance Breakpoint (μg/mL)

Metronidazole 8
Levofloxacin 1

Clarithromycin 0.5

Amoxicillin 0.5
Tetracycline 2
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Table 3 Antibiotic Susceptibility and Typing of 65 Monoclonal Strains Isolated from 13 Patients

Strain No. No. of RAPD patterns EPIYA Typing CLA AMX LVX TET MET

G1 S S R S R

G1-1 2 AD S S R S R

G1-2 AD S S R S R

G1-3 AD S S R S R

G1-4 ABD S S R S S

G1-5 AD S S R S R

G2 S S S S R

G2-1 2 ABD S S S S R

G2-2 ABD S S S S R

G2-3 AD S S S S S

G2-4 ABD S S S S R

G2-5 AD S S S S S

G3 R S S S R

G3-1 2 ABD R S S S R

G3-2 ABD R S S S R

G3-3 ABD S S S S S

G3-4 ABD S S S S S

G3-5 ABD S S S S S

G4 S S R S S

G4-1 2 AD S S S S S

G4-2 ABD S S R S S

G4-3 AD S S S S S

G4-4 AD S S S S S

G4-5 AD S S S S S

G5 S S S S S

G5-1 2 ABD S S S S S

G5-2 AD S S S S S

G5-3 ABD S S S S S

G5-4 ABD S S S S S

G5-5 ABD S S S S S

G6 S S S S R

G6-1 1 ABC S S S S R

G6-2 ABC S S S S R

G6-3 ABC S S S S R

G6-4 ABC S S S S R

G6-5 ABC S S S S R

G7 S S R S S

G7-1 3 AD S S R S S

G7-2 ABDD S S R S S

G7-3 ABD S S R S S

G7-4 ABD S S R S S

G7-5 ABD S S R S S

G8 R R R R R

G8-1 3 ABD S R R R R

G8-2 ABD R S R R R

G8-3 ABD S R R R R

G8-4 ABD R S R R R

G8-5 AB R R S R R

(Continued)
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esomeprazole, but symptoms recurred after a few months. 
The infection recurrence may be due to spontaneous muta
tion for drug resistance. Under the effects of antibiotics, 
susceptible wild strains could have been eradicated while 
drug-resistant clones were screened out, with the growth 
of resistant clones leading to the recurrence of symptoms. 
Co-infection with susceptible and resistant strains in the 
stomachs of patients might be another reason for the 
recurrence of symptoms. During treatment with antibio
tics, the susceptible strains are removed. With the reduc
tion in the number of bacteria, the symptoms are 
temporarily relieved, but with the proliferation of drug- 
resistant strains, obvious symptoms later reappear. In any 

case, mixed infections caused by different clones are diffi
cult to detect and can likely impact the effectiveness of 
eradication treatment if the resistant strain is not 
detected.11,29,33,34

H. pylori is among the most genetically diverse bacter
ial species studied to date. Although most genomes range 
from 1.5 Mb to 1.8 Mb, diversity among strains includes 
variations in the complement of genes, chromosomal gene 
order, deployment of repetitive DNA, sequence variation 
in conserved genes, homoplasies, status of phase-variable 
genes, complement of restriction-modification loci, and 
mobile DNA.35–37 These genetic traits might promote the 
coexistence of several strains with different antibiotic 

Table 3 (Continued). 

Strain No. No. of RAPD patterns EPIYA Typing CLA AMX LVX TET MET

G9 R S S S S

G9-1 1 ABD R S S S S

G9-2 ABD R S S S S

G9-3 ABD R S S S S

G9-4 ABD R S S S S

G9-5 ABD R S S S S

G10 R S R S R

G10-1 3 ABD S S R S R

G10-2 ABD R S R S R

G10-3 ABD R S R S R

G10-4 ABD R S R S R

G10-5 BD S S S S R

G11 S S S S S

G11-1 2 ABC S S S S S

G11-2 ABC S S S S S

G11-3 AC S S S S S

G11-4 AC S S S S S

G11-5 AC S S S S S

G12 S S S S R

G12-1 1 ABD S S S S R

G12-2 ABD S S S S R

G12-3 ABD S S S S R

G12-4 ABD S S S S R

G12-5 ABD S S S S R

G13 R R R S R

G13-1 3 AD R S S S R

G13-2 ABC R R R S R

G13-3 ABC R R R S R

G13-4 ABD S S R S R

G13-5 ABD S S R S R

Notes: CagA are characterized by the unique 5-amino-acid sequence (Glu-Pro-Ile-Tyr-Ala), termed the EPIYA motif, which is present in variable numbers in the C-terminal 
CagA region. Based on the flanking amino acid sequences of variable EPIYA-repeat region, EPIYA can be further classified into four motifs: EPIYA-A, -B, -C, and –D, then 
according to the composition of the EPIYA-A, -B, -C, and D motifs, H. pylori can be classified into different cagA genotypes, such as cagA-AB, -ABC, -ABD or-BD. 
Abbreviations: AMX, amoxicillin; CLA, clarithromycin; LVX, levofloxacin; MET, metronidazole; TET, tetracycline; R, resistant; S, susceptible; RAPD, random amplified 
polymorphic DNA.
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Figure 1 Electropherogram of RAPD-PCR typing of Helicobacter pylori strains from 13 patients. 
Notes: M: 2K DNA ladder; G1–G13: sample/patient number; bands 1–5: monoclonal strains from a single patient amplified using primer 1247; and bands 6–10: monoclonal 
strains from a single patient amplified using primer 1283.
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susceptibilities or different genotypes colonizing a single 
host, which is defined as H. pylori heterogeneity, and has 
been reported in several studies.29,31,38,39 In this study, 
RAPD-PCR and cagA typing was used for distinguishing 
the heterogeneity of intra-patient strains of H. pylori.

Among several genotyping methods applied to 
H. pylori, RAPD-PCR is considered to be ideal, because 
it is a simple, rapid, and low-cost means of distinguishing 
H. pylori isolates.40 Although multilocus sequence typing 
and whole-genome sequencing are well suited for phylo
genic studies, they are time-consuming and very expensive 
for emerging countries. In any case, RAPD typing has 
conclusively indicated high discriminatory power and 
made significant contributions to several 
studies.18,31,33,34,41–47 Bacterial infection resulting in 
more than one RAPD-PCR banding pattern within an 
individual patient is considered to indicate mixed 
infections.28,31 Farzi et al39 reported 40 intra-patient 
H. pylori strains isolated from the antrum and corpus of 
97 patients, with isolate diversity in resistance to clarithro
mycin detected in 17.5% (7/40) of the patients. 
Additionally, they found that the heteroresistant strains 
were mostly derived from pre-existing strains in each 
patient rather than from mixed-type infection. Similarly, 
Kao et al34 reported 19 intra-patient strains exhibiting 
antibiotic heteroresistance, whereas only an isolate from 
one patient (5.3%) showed a different RAPD-PCR band
ing pattern relative to the identical or similar fingerprinting 
patterns displayed by the others. These heteroresistant 
strains are considered to exhibit distinct microevolution 
derived from pre-existing strains during chronic infection. 
Furthermore, other studies reported colonization of indivi
duals with more than a single H. pylori strain. Qureshi 
et al48 isolated 10 single colonies from 30 patients, respec
tively, with gastro-duodenal problems, with characteriza
tion of each colony using DNA fingerprinting, as well as 
genotyping of several important genetic markers and two 
other genetic segments, revealing that all 30 patients were 
infected with more than one strain and sometimes strains 
with five to six genetic variants. Interestingly, Mansour 
et al29 reported that multiple H. pylori infection is more 
prevalent in Tunisia than in France and demonstrated 
a higher prevalence of multiple infections in 
a developing country when compared to a developed coun
try. However, this could also be explained based on the 
differing prevalence of infection between the two 
countries.

CagA of H. pylori is an oncogenic protein and is a major 
virulence factor associated with gastric cancer. The preva
lence of cagA among H. pylori in different regions varies 
between 50% and 60% in certain western countries to almost 
100% in East Asia.49 A lot of studies have shown that the 
cagA genotype varies markedly worldwide. These genotyp
ing were carried out using strains from different patients, and 
not from intra-patient strains.

In this study, 13 intra-patient H. pylori strains were 
isolated from 13 patients, and according to cagA typing 
and RAPD-PCR fingerprinting, intra-patient strains isolated 
from 10 patients showed heterogeneity and were considered 
to indicate multiple infections. Among these patients, G13 
had gastric cancer and harbored three strains with three 
different CagA EPIYA motifs and different RAPD-PCR 
typing. Moreover, susceptibility testing showed different 
antibiotic resistance spectra for these three strains. The het
erogeneity of H. pylori has important clinical significance 
and suggests that the antibiotic-susceptibility of a single 
strain isolated from a biopsy might not be absolutely repre
sentative. We identified amoxicillin-resistant H. pylori 
strains in two out of the 13 patients, including the patient 
who had gastric cancer. Amoxicillin-resistance H. pylori is 
relatively rare, although it has already been reported.48,50,51 

Based on our results, we propose that the lack of knowledge 
about heterogeneous strains in an individual may result in 
underestimated H. pylori drug resistance, which further 
complicates its eradication.

This research has some limitations. The number of 
samples is small, with H. pylori isolated only from 13 
patients. In this study, it usually took 3–5 h from sample 
collection to delivery to the microbiology research labora
tory for inoculation. Though selective medium containing 
antibiotic additives (nalidixic acid, polymyxin B, and baci
tracin) was used for H. pylori isolation, non-H. pylori still 
grew and affected the growth of H. pylori in some cases, 
and the positive rate of H. pylori isolation was only 
approximately 30%, which is similar to that reported 
previously.52–54 To improve the positive rate of isolation, 
inoculation was performed immediately after sampling or 
transporting samples at low temperatures, using dry ice to 
keep them cold, and adding nalidixic and bacitracin along 
with H. pylori-selective supplements in the medium to 
avoid the growth of non-H. pylori. This is a small sample- 
size study, but we did find a general heterogeneity of 
H. pylori in the stomachs of local patients. Thus, we 
consider this as a pilot study, and a larger study will be 
conducted in future.
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Conclusion
Multiple strain infection with H. pylori is common. 
Therefore, when selecting H. pylori colonies for antibiotic- 
susceptibility testing, it is important to select more than 
one colony.
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