
OR I G I N A L R E S E A R C H

Effect and Safety of Helicobacter pylori Eradication
Treatment Based on Molecular Pathologic
Antibiotic Resistance in Chinese Elderly People
Chun Gao , Yan-Hua Fan

Department of Gastroenterology, China-Japan Friendship Hospital, Beijing, 100029, People’s Republic of China

Correspondence: Yan-Hua Fan, Department of Gastroenterology, China-Japan Friendship Hospital, No. 2 Yinghua East Road, Beijing, 100029, People’s
Republic of China, Tel/Fax +86 10-84205503, Email fanyanhua@zryhyy.com.cn

Background: The elderly people generally have poor tolerance to drugs and an increased risk of adverse effects. Our study was
designed to determine the effect and safety of Helicobacter pylori (H. pylori) eradication treatment based on molecular pathologic
antibiotic resistance in Chinese elderly people over the age of 60 years.
Methods: A total of 364 people were retrospectively analyzed, including 113 older people over 60 and 251 young and middle-aged
people in the age of 20–59 years. Real-time PCR detection and conventional PCR and sequencing method were used for drug
susceptibility testing. As the main outcome measure, the eradication rates (ERs) with their 95% confidence intervals (CIs) were
analyzed by intention to treat (ITT) and per protocol (PP). For the safety of therapy, adverse events were analyzed.
Results: For the total people, the resistance rates to clarithromycin (CLR), amoxicillin (AMX), fluoroquinolone (FLQ) and
tetracycline (TET) were 65.06%, 7.54%, 61.39% and 20.37%, respectively. After they were divided into two groups, the resistance
rates were 62.39% (CLR), 9.09% (AMX), 69.64% (FLQ) and 22.45% (TET) in the 113 older people over 60, and 66.26%, 6.85%,
57.66% and 19.47% in the 251 young and middle-aged people in 20–59. By the ITT analysis, the ERs were 92.04% (95% CI, 86.97–
97.10%, n=113) in the older people and 92.43% (95% CI, 89.14–95.73%, n=251) in the young and middle-aged people. By the PP
analysis, the ERs were 96.30% (95% CI, 92.68–99.92%, n=108) and 94.69% (95% CI, 91.87–97.52%, n=245), respectively. No
significant differences were shown both in the ITT analysis (P=0.896) and in the PP analysis (P=0.517). The three most common
adverse events were black stool, dysgeusia and diarrhea, and no serious adverse event was reported.
Conclusion: H. pylori eradication treatment based on molecular pathologic antibiotic resistance showed good effect and safety in
Chinese elderly people.
Keywords: Helicobacter pylori, antibiotic resistance, elderly people, molecular pathology, eradication treatment

Introduction
Helicobacter pylori (H. pylori) infection has been regarded as the most important cause of chronic gastritis and it can lead to
chronic active gastritis in almost all the people infected with H. pylori.1 According to the Kyoto global consensus report on
H. pylori gastritis, H. pylori can transmit easily between people and H. pylori gastritis has been defined as an infectious
disease.1,2 Moreover, H. pylori infection has been identified as the main cause of a number of upper gastrointestinal
diseases, including gastric ulcer, duodenal ulcer, gastric adenocarcinoma and gastric MALT (mucosa associated lymphoid
tissue) lymphomas.3,4 Therefore, all H. pylori-infected people should be subjected to the eradication treatment, which can
help to heal peptic ulcer, achieve remission of MALT lymphomas, and decrease the risk of gastric cancer.5–7

For H. pylori treatment, clarithromycin-based triple therapy (proton pump inhibitor/ PPI + clarithromycin + amoxicillin/
metronidazole) or bismuth quadruple therapy (PPI/H2RA + bismuth + metronidazole + tetracycline) are the recommended
primary therapies in the United States, and bismuth-containing quadruple therapy (PPI + bismuth + two antibiotics) is themain
recommended empirical therapy in China.1,8 The increasing prevalence of antibiotic resistance is our main concern in
treatment of H. pylori infection, which can lead to significant eradication failure.9,10 In China, the resistance rates to
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clarithromycin, metronidazole, and levofloxacin, are already high. One study from Nanjing showed that the H. pylori
resistance rates to clarithromycin, levofloxacin and metronidazole were 47.03%, 33.59% and 80.76%, respectively.11

Ideally, treatment regimens of H. pylori eradication should be determined by the results of drug susceptibility testing.
According to the recommendations by multiple authoritative guides, only regimens with eradication rates of ≥90% can be
used for empirical treatment.1,2,12,13 H. pylori culture and molecular biology methods can be used for susceptibility testing.
However, culture has a high specificity and a relatively low sensitivity, and certain technique is required.1,14 With the rapid
development of molecular biology technology, some molecular markers have been used to predict H. pylori resistance, for
example mutations of 23S rRNA, PBP1, gyrA and 16S rRNA for clarithromycin, amoxicillin, fluoroquinolone and
tetracycline resistance, respectively.14–17 Currently, molecular biology methods are practical for susceptibility testing.

For the eradication treatment of H. pylori infection in elderly people, the vast majority of gastroenterologists tend to
be conservative because the elderly people generally have poor tolerance to drugs and an increased risk of adverse
effects.18 So far, there is no special guidelines and consensus reports for the treatment of H. pylori infection in elderly
people, and we should comprehensively consider and balance the potential benefit and risk of eradication therapy. Since
the influence of age remained uncertain, our study was designed to determine the effect and safety of H. pylori treatment
based on molecular pathologic antibiotic resistance in Chinese elderly people over 60.

Materials and Methods
Study Population
A total of 364 people were retrospectively analyzed, including 113 older people over the age of 60 years and 251 young
and middle-aged people in the age of 20–59 years. Inclusion criteria included: (1) people over the age of 20 years; (2)
people who were Chinese; and (3) people who had been subjected to the gastroscopy and diagnosed with H. pylori
infection by the pathological methods (PCR detection of UreA gene and Warthin-Starry silver staining) and 13C-UBT
(urea breath test). Exclusion criteria included: (1) people who had been subjected to antimicrobial treatment within two
months; (2) people who had received large surgery of upper gastrointestinal tract or malignancies; and (3) people who
were suffering from other serious complications of major organs, including heart, liver, lung or kidney. The whole
process of our research is in full compliance with the principles of the Declaration of Helsinki and our research project
was approved by the Human Research Ethics Committee of our hospital. The written informed consent was obtained
from all patients.

Gastroscopy Examination and Pathological Biopsy
All the people had been subjected to the gastroscopy examination and the biopsy specimens from the antrum and/or
body of stomach were obtained. These specimens were fixed immediately in 4% paraformaldehyde and subsequently
proceeded to be treated with gradient ethanol and xylene. After the gastric samples were prepared, they would be
used for the pathological diagnosis, diagnosis of H. pylori infection, and detection of molecular pathologic antibiotic
resistance for the four most effective antibiotics by poly-merase chain reaction (PCR) and real-time PCR analysis.

Pathological Diagnosis and Identification of H. pylori Infection
Hematoxylin Eosin (HE) staining was used for the pathological diagnosis, including the diagnosis of chronic non-atrophic
gastritis, chronic atrophic gastritis, gastric ulcer and duodenal ulcer. The presence of H. pylori infection was determined by
the two pathological methods (PCR detection of UreA gene and Warthin-Starry silver staining) and 13C-UBT. All the
people were confirmed simultaneously by these three methods. The simple operation process and primers for PCR detection
of UreA gene (F: 5’-GCCAATGGTAAATTAGTT-3′ R: 5’-CTCCTTAATTGTTTTTAC-3′) has been reported by our
previous article.14 Following the operation process provided by the manufacturer, the primers of UreA were designed
and synthesized, and the products of PCR amplification were analyzed and sequenced at the NewgLife Inc. (China).
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Clarithromycin Resistance by Real-Time PCR Detection
23S rRNA point mutations are the most frequently used molecular markers associated with clarithromycin resistance.
A2143G, A2142G and A2142C of domain V, as the three main 23S rRNA point mutations, were determined by a TaqMan
real-time PCR allelic discrimination assay (NewgLife, Beijing, China). The sequences of primers and probes for both DNA
wild type and mutated DNA have been reported by our previous article.14 Two different fluorescent dyes, including VIC dye
and FAM dye, were used for the probes. As an example let us illustrate the A2143G site, the Hp-23S-A2143G-F was 5’-TCA
GTGAAATTGTAGTGGAGGTGAAAA-3′ and the Hp-23S-A2143G-R was 5’-CAGTGCTAAGTTGTAG
TAAAGGTCCA-3′. The VIC probe was 5’-AAGACGGAAAGACC-3′ for DNA wild type and the FAM probe was
5’-CAAGACGGAGAGACC-3′ for mutated DNA. For each experiment, positive and negative controls were used and all
the specimens were repeated twice.

Amoxicillin, Fluoroquinolone and Tetracycline Resistance by PCR and Sequencing
Mutations of PBP1, gyrA and 16S rRNA have been regarded as the most important molecular markers associated with
amoxicillin, fluoroquinolone and tetracycline resistance, respectively. These mutation sites were determined by the conventional
PCR and sequencingmethod, and the sequences of primers for these target genes have been reported by our previous article.14 As
an example let us illustrate the primer sequences of PBP1 gene (F1: 5’-TAATTACGGCACCATGCTCA-3′ R1: 5’-
GTGTTATCGTCCCTCCCAAA-3′; F2: 5’-CTTTCACGCCTATGGAAACC-3′ R2: 5’-CCCTCCCAAACCAGATCACC-3′).
The conventional PCR amplifications were performed following the operation process provided by the manufacturer and the
PCR amplification products were sequenced at the NewgLife Inc. (Beijing, China).

H. pylori Treatment Based on Molecular Pathologic Antibiotic Resistance
Three hundred and fifty-eight people were subjected to H. pylori infection eradication treatment because six people were
resistant to all available antibiotics based on the results of molecular pathologic antibiotic resistance. Bismuth quadruple
therapy for fourteen days was used to treat the 358 people, proton pump inhibitors in standard doses were adopted and
the two antibiotics were determined by molecular pathologic antibiotic resistance. Within three days after they completed
the treatment, adverse events were self-reported by the people and liver and renal functions were tested. Four weeks after
treatment, histopathological examinations and/or 13C-UBT were used to determine the effect of eradication. Eight weeks
after they concluded the treatment, 13C-UBT was repeated for these people and the eradication rates were calculated.

Statistical Analyses
SPSS 23.0 for Windows (SPSS, Chicago, IL, USA) was used for statistical analyses. Nearly all the parameters were
categorical variables except for the age and they were described as numbers and proportions. Pearson chi-square test,
continuity correction chi-square test, or Fisher’s exact test were used to compare the older people with the young and
middle-aged people, including basic characteristics, results of molecular pathologic antibiotic resistance, eradication
treatment regimens, eradication rates, and adverse events. As the main outcome measure, the eradication rates with their
95% confidence intervals were analyzed by intention to treat (ITT) and per protocol (PP). The second aim of our study
was to determine the safety of eradication regimens, and the incidences of fifteen kinds of adverse events were recorded
and compared.

Results
People’ Characteristics
A total of 364 people were retrospectively analyzed, including 113 older people over the age of 60 years (one group as
People Over 60) and 251 young and middle-aged people in the age of 20–59 years (another group as People in 20–59).
Table 1 showed the people’ characteristics. For the total 364 people, their mean age was 52.1 ± 14.4 years and 153
(42.0%) were male. All of them had been subjected to the gastroscopy and the results showed that 364 people (100%)
were diagnosed with H. pylori infection by the histopathological examinations and 13C-UBT. Chronic non-atrophic
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gastritis, chronic atrophic gastritis, duodenal ulcer and gastric ulcer were found in 210 (57.7%), 154 (42.3%), 42 (11.5%)
and 10 (2.7%) people, respectively (Table 1).

The flow diagram of our study was shown in Figure 1. The people were subjected to the H. pylori eradication
treatment for fourteen days based on the results of antibiotic resistance determined by the molecular pathologic methods.
The bismuth quadruple therapy was used for all the people, and after treatment, pathological examinations or 13C-Urea
breath test were adopted to determine the positive or negative status of H. pylori infection. As shown in Table 1, 199
(54.7%) people had received H. pylori eradication treatment before, including 54 people over the age of 60 and 145
people in 20–59. Finally, there were 353 people available for the PP analysis because five people were lost to follow up
and six people were resistant to all available antibiotics.

For the 113 older people over 60, the mean age was 68.4 ± 6.9 years and 81 (71.7%) were diagnosed with chronic
atrophic gastritis (CAG). Compared with the younger people in 20–59 (Table 1), the elderly people had a higher
percentage of CAG (58.4% vs 25.9%, P<0.001) and a lower percentage of chronic non-atrophic gastritis (24.8% vs
61.0%, P<0.001). No significant differences were found for the percentage of male people (P=0.908) and the treatment
history of H. pylori eradication (P=0.077).

Molecular Pathologic Antibiotic Resistance of H. pylori Infection
Six antibiotics were recommended by the Fifth Chinese National Consensus Report on the management ofH. pylori infection,
including amoxicillin (AMX), clarithromycin (CLR), metronidazole (MNZ), fluoroquinolone (FLQ), furazolidone (FZD) and

Table 1 People’ Characteristics

Characteristics Total People*
(n=364)

People Over 60*
(n=113)

People in 20–59*
(n=251)

P value

Mean age, mean ± SD, years 52.1 ± 14.4 68.4 ± 6.9 44.7 ± 10.3 <0.001

Gender, no. (%)

Male 153 (42.0) 48 (42.5) 105 (41.8) 0.908
Female 211 (58.0) 65 (57.5) 146 (58.2) –

Diagnosis of H. pylori infection before
treatment, no. (%)
Pathology 364 (100) 113 (100) 251 (100) –
13C-UBT 364 (100) 113 (100) 251 (100) –

Endoscopic diagnosis, no. (%)

CNAG 181 (49.7) 28 (24.8) 153 (61.0) <0.001

CAG 131 (36.0) 66 (58.4) 65 (25.9) <0.001
CNAG + DU 27 (7.4) 4 (3.5) 23 (9.2) 0.058

CAG + DU 15 (4.1) 9 (8.0) 6 (2.4) 0.028

CNAG + GU 2 (0.5) 0 (0.0) 2 (0.8) –
CAG + GU 8 (2.2) 6 (5.3) 2 (0.8) 0.020

First treatment, no. (%)

Yes 165 (45.3) 59 (52.2) 106 (42.2) 0.077
No 199 (54.7) 54 (47.8) 145 (57.8) –

Diagnosis of H. pylori infection after treatment,
no. (%)
Pathology 67 (18.4) 28 (24.8) 39 (15.5) 0.035
13C-UBT 344 (94.5) 104 (92.0) 240 (95.6) 0.165

Lost to follow up, no. (%) 5 (1.4) 0 (0.0) 5 (2.0) –
Eradication rates of infection, %

Intention-to-treat analysis 336 (92.31) 104 (92.04) 232 (92.43) 0.896

Per-protocol analysis 336 (95.18) 104 (96.30) 232 (94.69) 0.517

Notes: *A total of 364 people were retrospectively analyzed, including 113 older people over the age of 60 years (one group as people over 60) and 251 young and middle-
aged people in the age of 20–59 years (another group as people in 20–59).
Abbreviations: CAG, chronic atrophic gastritis; CNAG, chronic non-atrophic gastritis; DU, duodenal ulcer; GU, gastric ulcer; SD, standard deviation; UBT, urea breath test.
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tetracycline (TET).1 For CLR, AMX, FLQ and TET, the drug resistance was determined by the molecular pathologic methods,
which had been taken as the most important basis of choosing the treatment regimens of H. pylori eradication.

The results of molecular pathologic antibiotic resistance were shown in Table 2 and Figure 2. For the total 364 people,
the resistance rates to CLR, AMX, FLQ and TET were 65.06%, 7.54%, 61.39% and 20.37%, respectively. After they

Figure 1 Flow diagram of our study.

Table 2 Molecular Pathologic Antibiotic Resistance of H. pylori Infection

Antibiotic Resistance Mutation
Sites

Total People*
(n=364)

People Over 60*
(n=113)

People in 20–59*
(n=251)

P value

Clarithromycin (C)a, no. (%) 23S rRNA 229 (65.06) 68 (62.39) 161 (66.26) 0.481

Amoxicillin (A)b, no. (%) PBP1 27 (7.54) 10 (9.09) 17 (6.85) 0.460
Fluoroquinolone (F)c, no. (%) gyrA 221 (61.39) 78 (69.64) 143 (57.66) 0.031

Tetracycline (T)d, no. (%) 16S rRNA 66 (20.37) 22 (22.45) 44 (19.47) 0.541

CLR + AMXe, no. (%) 18 (5.17) 8 (7.48) 10 (4.15) 0.196
CLR + FLQf, no. (%) 170 (48.71) 53 (49.07) 117 (48.55) 0.928

CLR + TETg, no. (%) 53 (16.51) 19 (19.39) 34 (15.25) 0.357

AMX + FLQh, no. (%) 16 (4.52) 9 (8.26) 7 (2.86) 0.048
AMX + TETi, no. (%) 11 (3.42) 6 (6.19) 5 (2.22) 0.144

FLQ + TETj, no. (%) 45 (14.02) 18 (18.37) 27 (12.11) 0.137

CLR + AMX + FLQk, no. (%) 12 (3.48) 7 (6.60) 5 (2.09) 0.073
CLR + AMX + TETl, no. (%) 9 (2.82) 6 (6.19) 3 (1.35) 0.042

CLR + FLQ + TETm, no. (%) 41 (12.85) 17 (17.35) 24 (10.86) 0.110

AMX + FLQ + TETn, no. (%) 7 (2.19) 5 (5.15) 2 (0.90) 0.049
C + A + F + To, no. (%) 6 (1.89) 5 (5.15) 1 (0.45) 0.017

Notes: *A total of 364 people were retrospectively analyzed, including 113 older people over the age of 60 years (one group as People Over 60) and 251 young and middle-
aged people in the age of 20–59 years (another group as People in 20–59). Data were available in a352 (109+243), b358 (110+248), c360 (112+248), d324 (98+226), e348 (107
+241), f349 (108+241), g321 (98+223), h354 (109+245), i322 (97+225), j321 (98+223), k345 (106+239), l319 (97+222), m319 (98+221), n319 (97+222), and o317 (97+220)
people.
Abbreviations: AMX (A), amoxicillin; CLR (C), clarithromycin; FLQ (F), fluoroquinolone; TET (T), tetracycline.
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were divided into two groups, the resistance rates were 62.39% (CLR), 9.09% (AMX), 69.64% (FLQ) and 22.45% (TET)
in the 113 older people over the age of 60, and 66.26%, 6.85%, 57.66% and 19.47% in the 251 young and middle-aged
people in 20–59. Significant difference was only found for fluoroquinolone (P=0.031), but not for the other three
antibiotics. The elderly people had a higher percentage of resistance rate to FLQ.

Moreover, the rates of multidrug resistance (MDR) and the differences between the elderly people and the younger
people were analyzed (Table 2). For dual drug resistance, 170 (48.71%), 53 (16.51%) and 45 (14.02%) people had drug
resistance to CLR + FLQ, CLR + TET and FLQ + TET, respectively. For triple drug resistance, compared with the
younger people, the elderly people had higher rates of antibiotic resistance to CLR + AMX + TET (6.19% vs 1.35%,
P=0.042) and AMX + FLQ + TET (5.15% vs 0.90%, P=0.049). For quadruple drug resistance, six people were resistant
to CLR + AMX + FLQ + TET, and five people were over the age of 60.

Eradication Treatment Regimens of H. pylori Infection
Five antibiotics were used in our study, including AMX, CLR, FLQ, FZD and TET (Table 3). FZD was fit for empirical
therapy because the resistance rate was very low in our country.19,20 There were 358 people subjected to bismuth
quadruple therapy for fourteen days because six people were resistant to all available antibiotics. The PPIs in standard
doses were used and the two antibiotics were determined by the molecular pathologic antibiotic resistance. As shown in
Table 3, the four most common treatment regimens were AMX + TET (105 people, 29.3%), AMX + FLQ (84 people,
23.5%), AMX + CLR (63 people, 17.6%) and AMX + FZD (54, 15.1%). Between the older people over 60 and younger
people in 20–59, significant difference was only found for the usage of AMX + CLR (24.1% vs 14.8%, P=0.034).

Effect of H. pylori Eradication Treatment
By the ITTanalysis, the eradication rates (ERs) were 92.04% (95% confidence interval/CI, 86.97–97.10%, n=113) in the older
people over the age of 60 and 92.43% (95% CI, 89.14–95.73%, n=251) in the young and middle-aged people in 20–59. By the
PP analysis, the ERs were 96.30% (95% CI, 92.68–99.92%, n=108) and 94.69% (95% CI, 91.87–97.52%, n=245) in the older

Figure 2 The prevalence of molecular pathologic antibiotic resistance in elderly people. The black histogram indicates the percentage of antibiotic resistance in older people
over the age of 60 years and the gray histogram indicates the percentage in young and middle-aged people in the age of 20–59 years. As shown, the resistance rates to
clarithromycin, amoxicillin, fluoroquinolone and tetracycline were 62.39%, 9.09%, 69.64% and 22.45% in older people, and the rates were 66.26%, 6.85%, 57.66% and 19.47%
in younger people, respectively. Significant difference was only found for fluoroquinolone (P=0.031). Data were available in the 352, 358, 360 and 324 patients for the above
four antibiotics. *P<0.05.
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and younger people, respectively (Figure 3). The statistical data showed that no significant differences were found both in the
ITT analysis (P=0.896) and in the PP analysis (P=0.517). Seventeen people failed in the eradication treatment, including four
elderly people and thirteen younger people. Among these 17 people, 16 (n=17), 0 (n=16), 14 (n=17) and 4 (n=16) people were
found to have antibiotic resistance to CLR, AMX, FLQ and TET, respectively.

Adverse Events and Safety of Eradication Regimens
The 353 people were analyzed because five people were lost to follow up. As shown in Table 4, fifteen kinds of adverse
events were reported during the treatment and the three most common symptoms were black stool (325 people, 92.1%),
dysgeusia (72 people, 20.4%) and diarrhea (13 people, 3.7%). Compared with the younger people, the elderly people had
a higher rate of constipation (5.6% vs 1.2%, P=0.044).

Table 3 Eradication Treatment Regimens of H. pylori Infection

Treatment
Regimensa

Total People*
(n=358)

People Over 60*
(n=108)

People in 20–59*
(n=250)

P value

AMX + CLR, no. (%) 63 (17.6) 26 (24.1) 37 (14.8) 0.034

AMX + TET, no. (%) 105 (29.3) 25 (23.1) 80 (32.0) 0.091

AMX + FLQ, no. (%) 84 (23.5) 22 (20.4) 62 (24.8) 0.364
AMX + FZD, no. (%) 54 (15.1) 19 (17.6) 35 (14.0) 0.383

CLR + FLQ, no. (%) 14 (3.9) 4 (3.7) 10 (4.0) 1.000

CLR + TET, no. (%) 9 (2.5) 3 (2.8) 6 (2.4) 1.000
TET + FLQ, no. (%) 10 (2.8) 1 (0.9) 9 (3.6) 0.289

TET + FZD, no. (%) 17 (4.7) 7 (6.5) 10 (4.0) 0.311
FLQ + FZD, no. (%) 2 (0.6) 1 (0.9) 1 (0.4) 0.513

Notes: *A total of 364 people were included in our study and 358 people were treated because six people were resistant to all available antibiotics.
aThe bismuth quadruple therapy was used and the two antibiotics were shown in this Table All the people were treated for fourteen days.
Abbreviations: AMX, amoxicillin; CLR, clarithromycin; FLQ, fluoroquinolone; FZD, furazolidone; TET, tetracycline.

Figure 3 Eradication rates of H. pylori treatment based on antibiotic resistance in elderly people. The black and gray histograms indicate the eradication rates in older people
over the age of 60 and in young and middle-aged people in the 20–59.
Abbreviations: ITT, intention-to-treat analysis; PP, per-protocol analysis; [], 95% confidence interval.
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Discussion
H. pylori infects about half of the world’s population, including plenty of elderly people. Currently, bismuth-containing
quadruple therapy for fourteen days is the main recommended therapy in our country.1 According to the recommendations by
the Fifth National Consensus Report, six antibiotics and seven treatment regimens are commonly used, including amoxicillin,
clarithromycin, tetracycline, metronidazole, levofloxacin and furazolidone.1,14 As one physician, we are likely to somewhat
hesitant when we prepare to prescribe these antibiotics for elderly people over the age of 60, because they generally have
poor tolerance to drugs and an increased risk of adverse effects.18 Our study was designed to determine the effect and safety
of H. pylori treatment based on molecular pathologic antibiotic resistance in elderly people.

A total of 364 people were included in our study and 113 (31.04%) were over the age of 60 years. Molecular biology
methods, including real-time PCR and conventional PCR and sequencing, were used to determine the molecular
pathologic antibiotic resistance. The results showed that the resistance rates to clarithromycin, amoxicillin, fluoroquino-
lone and tetracycline were 62.39%, 9.09%, 69.64% and 22.45% in the 113 elderly people, respectively. The eradication
rates were 92.04% (95% CI, 86.97–97.10%) and 96.30% (95% CI, 92.68–99.92%) by the ITT and PP analyses. No
significant differences were found between the younger people and elderly people. In addition, no serious adverse event
was reported, even in the elderly people.

H. pylori culture and molecular biology methods can be used for drug susceptibility testing. Compared with the
culture, molecular biology methods are relatively simpler and more economic approaches, which are practical for
H. pylori susceptibility testing.1,14 Currently, some molecular markers have been used to predict the antibiotic resistance
of H. pylori treatment, for example 23S rRNA point mutations which can be detected in more than 90% of people with
clarithromycin resistance.14 Mutations of 23S rRNA (A2143G, A2142G and A2142C of domain V), PBP1, gyrA and 16S
rRNA associated with CLR, AMX, FLQ and TET resistance were detected by real-time PCR and conventional PCR and
sequencing method in our study. Their sequences of primers and probes have been reported by our previous article.14

Primary resistance and secondary resistance (post-treatment) are the two kinds of H. pylori antibiotic resistance. Our
previous study included 111 patients treated for the first time and 150 patients who failed at least once in bismuth-
containing quadruple therapy.14 The results showed that the primary resistance rates were 42.1% (CLR), 5.5% (AMX),
41.7% (FLQ) and 12.9% (TET), and the secondary resistance rates were 79.7%, 11.7%, 70.7% and 30.0%, respectively.
In our current study, 165 (45.3%) people were treated for the first time and no statistical difference was found between
the elderly people and younger people (Table 1). As yet, the studies on H. pylori resistance in elderly patients are very

Table 4 Adverse Events and Safety

Adverse Events Total People*
(n=353)

People Over 60*
(n=108)

People in 20–59*
(n=245)

P value

Diarrhea, no. (%) 13 (3.7) 6 (5.6) 7 (2.9) 0.350

Nausea/Vomiting, no. (%) 11 (3.1) 5 (4.6) 6 (2.4) 0.451

Belching, no. (%) 8 (2.3) 3 (2.8) 5 (2.0) 0.968
Flatulence, no. (%) 9 (2.5) 4 (3.7) 5 (2.0) 0.584

Skin rash, no. (%) 4 (1.1) 1 (0.9) 3 (1.2) 1.000

Black stool, no. (%) 325 (92.1) 102 (94.4) 223 (91.0) 0.273
Dysgeusia, no. (%) 72 (20.4) 24 (22.2) 48 (19.6) 0.572

Fatigue, no. (%) 7 (2.0) 2 (1.9) 5 (2.0) 1.000
Heart burn, no. (%) 10 (2.8) 5 (4.6) 5 (2.0) 0.316

Headache, no. (%) 8 (2.3) 4 (3.7) 4 (1.6) 0.414

Abdominal pain, no. (%) 12 (3.4) 5 (4.6) 7 (2.9) 0.597
Anorexia, no. (%) 7 (2.0) 3 (2.8) 4 (1.6) 0.767

Fever, no. (%) 5 (1.4) 2 (1.9) 3 (1.2) 1.000

Constipation, no. (%) 9 (2.5) 6 (5.6) 3 (1.2) 0.044
Dizziness, no. (%) 7 (2.0) 3 (2.8) 4 (1.6) 0.767

Note: *353 people were analyzed because five people were lost to follow up.
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limited.21 One Bulgarian study showed that the resistance rates were 22.6% (clarithromycin), 32.3% (levofloxacin), 1.6%
(tetracycline) and 1.6% (amoxicillin) in elderly patients aged 66–93 years.21

For the H. pylori treatment in elderly people, our study showed good effect that the eradication rates (ERs) were
92.04% and 96.30% by the ITT and PP analyses. The results were compared with those reported by the researches
focusing on the elderly people in the other countries over the world.22–26 Fifteen elderly patients with type B gastritis
were included in one study from the United Kingdom and the ER was 85% (12/15).22 Two studies were conducted to
treat the elderly patients with H. pylori infection in the Italy.23,25 In one study from Vicenza, 88 older patients aged 60–89
years were included and the ER was 63.6% (56/88).23 In another study from the University of Turin, 361 patients aged
more than 65 years were included and the ERs were 70.9% (256/361) and 73.1% (256/350) by the ITT and PP analyses.25

Compared with these studies, better effect was obtained in our study, indicating that H. pylori treatment based on
molecular pathologic antibiotic resistance was practical.

For the safety of H. pylori eradication in elderly people, our study showed good safety and no serious adverse event was
reported. In our study, the three most common adverse events were black stool, dysgeusia and diarrhea, and no one was
discontinued because of adverse events. One retrospective study from Japan included 1271 patients with H. pylori infection
and they were divided into three groups according to their ages (<65, 65–74, >75 years old).26 The ERs for the first
and second treatment were 92.1% (1044/1133) and 84.2% (123/146). The rates of adverse events were 9.1% and 8.9% for the
first and second treatment. No significant differences were found for both the ERs and rates of adverse events between the
three groups.26 We gained the similar results, which indicated that H. pylori eradication is safe for elderly people.

The best effort of our study was that the eradication regimens were determined by the results of molecular pathologic
antibiotic resistance. Satisfactory eradication rates and good safety were obtained in our current study, which indicated
that this method used for H. pylori treatment was practical for elderly people. The first limitation was that our study
population was from one large-scale medical center and the selection bias may not be avoided. The second limitation was
that only 113 older people over 60 were included in our study. More people, more centers and more studies are required.

In conclusion, eradication treatment of H. pylori infection based on the results of molecular pathologic antibiotic
resistance showed good effect and safety in Chinese elderly people over the age of 60 years. Compared with H. pylori
culture, molecular biology methods are relatively simpler and more economic approaches, and we hope that they could
be used widely for H. pylori resistance testing, even in elderly people.
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