ORIGINAL ARTICLE

Korean J Intern Med 2020;35:1094-1103
https://doi.org/10.3904/kjim.2020.174

\
2KJIM

Impact of previous metronidazole exposure on
metronidazole-based second-line quadruple
therapy for Helicobacter pylori infection

Gil Ho Lee, Kee Myung Lee, Sung Jae Shin, Joon Koo Kang, Choong-Kyun Noh, Jin Hong Kim, and

Sun Gyo Lim

Department of Gastroenterology,
Ajou University School of Medicine,
Suwon, Korea

Received: April 24, 2020
Revised : June 13, 2020
Accepted: July 9, 2020

Correspondence to

Sun Gyo Lim, M.D.
Department of Gastroenterology,
Ajou University School of
Medicine, 164 World cup-ro,
Yeongtong-gu, Suwon 16499,
Korea

Tel: +82-31-219-6939

Fax: +82-31-219-5999

E-mail: mdlskys@ajou.ac.kr
https://orcid.org/o000-0003-

2045-5099

Background/Aims: The negative effects on the eradication success of Helicobacter
pylori infection after previous exposure to macrolides, including clarithromycin
on clarithromycin-based first-line therapy have been demonstrated. However,
whether this is true for metronidazole-based second-line quadruple therapy re-
mains unclear. We investigated the relationship between past administration
of metronidazole and the failure of metronidazole-based second-line quadruple
therapy in patients with H. pylori infection.

Methods: Patients over 20 years of age who were diagnosed with H. pylori infec-
tion between January 1998 and March 2016 were enrolled in this study. The re-
lationship between the clinical parameters and the results of a C13-urea breath
test after metronidazole-based second-line quadruple therapy was analyzed in pa-
tients for whom clarithromycin-based triple therapy failed to eradicate H. pylori.
Results: The H. pylori eradication failure rate was significantly higher in patients
with a history of metronidazole use than in patients without a history of met-
ronidazole use (p = 0.011). Multivariable analysis showed that the odds ratio of
previous metronidazole use for eradication failure was 3.468 (95% confidence in-
terval, 1.391 to 8.649; p = 0.008). In the subgroup analysis of patients with a history
of metronidazole use, the duration of metronidazole use and interval between its
use and eradication therapy did not significantly affect H. pylori eradication fail-
ure.

Conclusions: Previous exposure to metronidazole was a significant risk factor
for treatment failure of metronidazole-based second-line quadruple therapy;
therefore, this should be considered when establishing a treatment strategy for
patients with H. pylori infection.
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INTRODUCTION

Helicobacter pylori is a gram-negative, microaerophilic
bacterium that resides in the stomach and is a major
risk factor for gastric neoplastic and peptic ulcer diseas-
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es [1,2]. According to epidemiological and experimental
studies, the prevalence of H. pylori-related diseases has
been decreasing owing to the aggressive eradication
therapy for H. pylori infection [3]. However, recent stud-
ies have demonstrated that the success rates of H. pylori
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1,262 Patients > 20 years of age and without a history of
gastric surgery were identified from clinical records of
about 2.3 million people from Korean tertiary referral hospital
between January 1998 and March 2016

461 Patients who had a follow-up test after H. pylori eradication therapy,
except UBT were excluded

v

801 Patients had a UBT after H. pylori
eradication therapy as a follow-up test
after eradication therapy.

- 406 Patients with esophagogastroduodenoscopy with rapid urease test

. SR

- 55 Patients with esophagogastroduodenoscopy with biopsy

v

768 Patients had a UBT 4-12 weeks
after H. pylori eradication therapy.

L 156 Patients without 7-day H. pylori eradication therapy were

v

Finally 612 patients treated with 7-day
metronidazole based standard quadruple
rescue therapy for H. prlori eradication
were registered in this study.

-
i excluded

Figure 1. Study protocol sheet. H. pylori, Helicobacter pylori; UBT, urea breath test.

eradication have been gradually decreasing [4-6]. Among
the important factors affecting the failure of H. pylori
eradication, antibiotic resistance has been consistently
reported to be a major cause of treatment failure [7,8].

In Korea, clarithromycin (CAM)-based triple therapy
has been recommended as a first-line eradication ther-
apy. A meta-analysis of 104 studies on the Korean stan-
dard CAM-based triple therapy and a Korean nation-
wide multicenter study showed that the success rate of
standard triple therapy significantly reduced from 1998
to 2013 [6,9,10].

Although an antimicrobial susceptibility test is the
gold standard for establishing antibiotic resistance, ob-
taining the equipment for its performance and applying
it to clinical practice is usually difficult. Recently, dual
priming oligonucleotide-based multiplex polymerase
chain reaction was developed to identify CAM resistance
and help predict the failure of CAM-based H. pylori erad-
ication therapy [11,12]. However, a reliable test to identify
metronidazole (MET) resistance does not exist. Therefore,
clinical information that can predict antibiotic resistance
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and eradication failure needs to be utilized to provide an
individualized treatment strategy for H. pylori infection.
Previously, we demonstrated that the failure rate of CAM-
based first-line eradication therapy was significantly in-
creased in patients with a history of CAM and macrolide
use [13]. However, the relationship between past MET use
and H. pylori eradication failure using a quadruple regi-
men that includes MET has not been determined.

Therefore, we aimed to investigate the relationship
between past use of MET and the failure of MET-based
second-line quadruple therapy for H. pylori infection.
This knowledge would further the ability to provide an
individualized treatment strategy for patients with H.
pylori infection.

METHODS

Study population
This retrospective cohort study evaluated whether a
previous use of MET affected the failure of second-line
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H. pylori eradication therapy. The clinical research data-
base used in this study consists of clinical, prescriptive,
laboratory, and administrative data from the records of’
approximately 2.3 million people observed at a South
Korean tertiary teaching hospital (Ajou University Hos-
pital) from January 1998 to March 2016.

The data search and selection process is shown in Fig.
1. All patients over 20 years of age who were diagnosed
with H. pylori infection between January 1998 and March
2016 were included in the study. H. pylori infection was
defined as a positive result in a rapid urease test per-
formed by esophagogastroduodenoscopy or in a patho-
logic analysis of a biopsy specimen. Some patients test-
ed positive in the follow-up urea breath test (UBT; Korea
Otsuka Pharmaceutical, Seoul, Korea) 4 to 12 weeks af-
ter undergoing first-line 7-day standard triple therapy
consisting of 1 g twice a day amoxicillin (AMX), 500 mg
twice a day CAM, and one of the proton pump inhibitors
(PPIs; 40 mg pantoprazole, 30 mg lansoprazole, 20 mg
esomeprazole, 20 mg rabeprazole; twice daily). Among
then, the patients who underwent the 7-day MET-based
second-line quadruple therapy (one of the aforemen-
tioned PPIs twice daily, 300 mg tripotassium dicitrate
bismuthate and 500 mg tetracycline four times daily,
and 500 mg MET thrice daily) and underwent follow-up
UBT at 4 to 12 weeks were finally included in this study.

The enrolled patients were divided into two groups:
patients with a history of MET medication and those
without a history of MET medication. The exclusion
criteria were age < 20 years, the absence of a follow-up
UBT at 4 to 12 weeks after therapy, or any history of gas-
tric surgery. This study protocol was approved by the
Institutional Review Board of Ajou University Hospi-
tal (AJIRB-MED-MDB-17-379), and the requirement of
informed consent was waived owing to the anonymous
nature of the retrospective cohort data.

Data acquisition

Data regarding the patients’ sex, age, underlying disease,
history and duration of previous MET use, interval be-
tween previous MET use and second-line eradication,
presence of gastroduodenal ulcer, and UBT results were
obtained. Patients’ sex, age, presence of endoscopic gas-
troduodenal ulcer, and UBT results were obtained by
reviewing the medical records, and the interval between
previous MET use and second-line eradication and dura-
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tion of previous MET use were obtained from inpatient
and outpatient records. The data of patients with a histo-
ry of MET use were extracted by searching all MET pre-
scriptions provided in our medical center before admin-
istration of the 7-day MET-based second-line quadruple
therapy. Underlying disease was identified by the Inter-
national Classification of Disease 10th Revision code and
the associated test results: diabetes (E1o0-E11); chronic
hepatitis (hepatitis B virus surface antigen + or hepati-
tis C virus antibody +); liver cirrhosis (Ky4.6, abdominal
ultrasonography); and end-stage renal disease (ESRD,
N18.5, if dialysis was present in the medical history).

Main outcomes

The primary end point was the failure rate of H. pylori
eradication in both groups. The failure or success of H.
pylori eradication was determined by the UBT results.
The following factors were evaluated as potential risk
factors for the failure of second-line quadruple eradica-
tion therapy, including MET: history of antibiotic use,
age, sex, presence of gastroduodenal ulcer, and under-
lying disease (diabetes, chronic hepatitis, cirrhosis, and
ESRD). We performed additional analyses to determine
whether other factors, such as the duration of previous
MET use and the interval between previous MET use
and second-line eradication, were related to the success
rate of eradication treatment.

Statistical analysis

Descriptive statistics were used to estimate the frequen-
cy, mean, and standard deviation of variables. The risk
of eradication failure was calculated using a t test for
continuous variables and a chi-square test or Fisher’s
exact test for categorical variables. Determinants with
significant associations established by univariate anal-
ysis were considered confounding variables and includ-
ed in a binary multivariable logistic regression analysis.
A p < 0.05 was considered statistically significant in all
analyses. Data were analyzed using SPSS version 25 for
Windows (IBM Co., Armonk, NY, USA).

RESULTS

Baseline characteristics
The demographic and clinical characteristics and the
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Result of H. pylori eradication therapy

Variable Total patients (n = 612) : pvalue
Failure Success

Age, yr 0.227"
<60 433 (70.8) 33(7.6) 400 (92.4)
> 60 179 (29.2) 19 (10.6) 160 (89.4)

Sex 0.691°
Male 337(55-1) 30(8.9) 307 (91.1)
Female 275 (44-9) 22.(8.0) 253 (92.0)

Diabetes mellitus 0.565"
Yes 40 (6.5) 2(5.0) 38(95.0)
No 572(93:5) 50 (8.7) 522.(913)

Chronic hepatitis 1.000"
Yes 6(1.0) o 6 (100.0)
No 606 (99.0) 52.(8.6) 554 (91.4)

Liver cirrhosis 0359
Yes 5(0.8) 1(20.0) 4(80.0)
No 607(99-2) 51(8.4) 556 (91.6)

ESRD 1.000"
Yes 6(1.0) o 6 (100.0)
No 606 (99.0) 52.(8.6) 554 (91.4)

Presence of gastroduodenal ulcer 0.424"
Yes 239 (39.1) 23(9.6) 216 (90.4)
No 373 (60.9) 29 (7.8) 344 (92.2)

Previous use of metronidazole o.o11”
Yes 31(5.1) 7(22.6) 24 (77.4)
No 581(94.9) 45(77) 536 (92.3)
Overall 612 (100) 52(8.5) 560 (91.5)

Values are presented as number (%).

H. pylori, Helicobacter pylori; ESRD, end-stage renal disease.
*Chi-square test was used for statistical analysis.

"Fisher’s exact test was used for statistical analysis.

results of the univariate analysis are presented in Table
1. A total of 612 patients underwent second-line eradica-
tion therapy with a MET-based quadruple regimen. Of
them, 179 (29.2%) were over 60 years old, and 337 (55.1%)
were male. The rates of the enrolled patients’ comorbid-
ities were: diabetes in 40 patients (6.5%), chronic hepati-
tis in six (1.0%), liver cirrhosis in five (0.8%), and ESRD
in six (1.0%). A total of 239 patients (39.1%) had a gastro-
duodenal ulcer, and 31 (5.1%) had a history of previous
MET use. Overall, the H. pylori eradication rate of MET-

https://doi.org/10.3904/kjim.2020.174

based second-line quadruple therapy was 91.5% (560 of
612), while that in patients with a history of MET use was

77.4% (24 of 31).

Relationship between the failure rate of second-line
H. pylori eradication therapy and various clinical
factors

The failure rate of eradication therapy was not signifi-
cantly correlated with clinical factors, such as age, sex,
underlying disease (diabetes mellitus, chronic hepatitis,
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Table 2. Multivariable analysis of the relationship between clinical factors and the failure of Helicobacter pylori eradication therapy

Binary logistic regression analysis

Variable

OR (95% CI) p value
Age > 6o yr 1.019 (0.994-1.044) 0.137
Male sex 1.156 (0.639—2.090) 0.631
Diabetes mellitus, yes 0.514 (0.118-2.339) 0.376
Liver cirrhosis, yes 4.818 (0.420-55.212) 0.206
Presence of gastroduodenal ulcer, yes 1.300 (0.720-2.349) 0.384
Previous use of metronidazole, yes 3.468 (1.391-8.649) 0.008

OR, odds ratio; CI, confidence interval.

Table 3. Outcomes of 7-day metronidazole-based 2nd line quadruple therapy in patients with a history of metronidazole use

according to various clinical factors

Result of H. pylori eradication therapy

Variable Total patients (n = 31) pvalue
Failure Success

Sex 0.685"
Male 15 4(26.7) 11 (73.3)

Female 16 3(18.7) 13 (81.3)

Reason of MET use 1.000"
Gynecologic infection 8 2(25) 6 (75.0)
Intra-abdominal infection 20 4(20.0) 16 (80.0)

Others 3 1(333) 2(66.7)

Route of MET administration 0.412%
Intravenous 14 2(14.3) 12 (85.7)

Oral 17 5(29.4) 12 (70.6)

Daily dose of MET 0.667"
> 1,500 g 13 2(15.4 11 (84.6)
<1,500 mg 18 5(27.8 13 (72.2)

MET use during operation 1.000°
Yes 11 2(18.2) 9(81.8)

No 20 5(25) 15 (75.0

Values are presented as number (%).
H. pylori, Helicobacter pylori; MET, metronidazole.
“Fisher’s exact test was used for statistical analysis.

liver cirrhosis, ESRD), or the presence of a gastroduo-
denal ulcer. The failure rate of eradication therapy was
significantly higher in patients with previous MET use
than in patients without a history of MET use (22.6%
vs. 7.7%, p = o.011). Multivariable binary logistic regres-
sion analysis showed that the odds ratio of past MET use
for treatment failure was 3.468 (95% confidence interval,
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1301 to 8.649; p = 0.008) (Table 2). Among the 31 patients
with a history of MET use, clinical factors, such as sex,
reason of MET use, route of MET administration, daily
dose of MET, and MET use during operation did not
significantly affect the treatment outcome of the 7-day
MET-based second-line H. pylori eradication therapy
(Table 3).
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Table 4. Results of Helicobacter pylori eradication therapy in patients with a history of metronidazole use

Result of urea breath test

Variable Overall no. of patients (n = 31) : pvalue
Failures Success
Duration of MET use 0.053"
=14 day 8 (25.8) 4(50.0) 4(50.0)
<14 day 23 (74.2) 3(13.0) 20 (87.0)
Interval between MET use and eradication therapy 1.000"
>1yT 22 (71.0) 5(22.7) 17(77.3)
<1yr 9(29.0) 2(22.2) 7(99.8)

Values are presented as number (%).
MET, metronidazole.
*Fisher’s exact test was used for statistical analysis.

Relationship between the failure rate of H. pylori
eradication therapy and the duration of MET use

An analysis of the effect of the duration of MET use and
the interval between MET use and eradication therapy
on eradication failure was performed for 31 patients
with a history of MET use. The numbers of patients who
had taken MET for = 14 days or for < 14 days were eight
and 23, respectively. The failure rates of H. pylori eradi-
cation were 50% (4/8) and 13% (3/23) for the two groups,
respectively (p = 0.053) (Table 4). As for the effect of the
duration of previous MET use, the failure rate of erad-
ication therapy tended to increase in patients with = 14
days of MET use than in those of patients with < 14 days
of usage (p = 0.05).

DISCUSSION

This retrospective cohort study showed that previous
exposure to MET had a significant impact on the fail-
ure of MET-based second-line eradication therapy of H.
pylori. This study is the first to investigate the relation-
ship between previous MET use and the failure of MET-
based H. pylori eradication therapy. Using binary logistic
regression analysis for risk assessment, a previous use of’
MET was identified to be an independent risk factor for
the failure of MET-based second-line quadruple ther-
apy. In patients who had a > 14-day history of MET ad-
ministration, the failure rate of H. pylori eradication was
significantly increased. These results agreed with those
of'a previous study, which revealed that a history of mac-
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rolide treatment was closely related to the increased fail-
ure rate of CAM-based H. pylori eradication therapy [14].

According to the Maastricht V/Florence Consensus,
after PPI-CAM-AMX triple therapy failure, bismuth
quadruple therapy (BQT) or fluoroquinolone-contain-
ing triple or quadruple therapy are recommended as
second-line treatments [15]. In areas of high CAM and
MET resistance, BQT is the recommended first-line
regimen in cases of H. pylori infection.

If 7-day CAM-based standard triple therapy fails in
patients with a history of MET use, the following strat-
egies are available. First, 14-day CAM-based standard
triple therapy could be recommended based on the re-
sults of the meta-analyses [16-18]. Second, prolongation
of MET-based eradication therapy could be considered.
A 10- or 14-day MET-based BQT has been reported to
improve the success rate of H. pylori eradication [19-22].
However, most of these studies were not performed
on the basis of antibiotic susceptibility testing. There-
fore, on an individual basis, it is questionable whether
the outcomes of 10- or 14-day MET-based second-line
quadruple therapy in patients with a history of MET use
would be improved, as was observed in patients without
a history of MET use. Upon further analysis, among pa-
tients who had received 10- or 14-day MET-based BQT
in our medical center and whose data were not includ-
ed in this study, the success rate of H. pylori eradication
was lower in patients with a history of MET than that of
those who had no such history (81.3% vs 95.2%, p = 0.54).
This result showed that prolongation of MET-based
second-line quadruple therapy might not improve the
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success rate of H. pylori eradication therapy in patients
who had previously taken MET.

MET is activated via reduction in bacteria to pro-
duce nitro-anion radicals and imidazole intermediates,
which damage bacterial DNA, thus exhibiting antibac-
terial activity. To date, MET has been used as a primary
antibiotic in the second-line treatment of H. pylori in-
fection. However, MET has a higher possibility of con-
ferring antibiotic resistance than other antibiotics. In
Korea, the resistance rates of MET have been reported
to be between 35.8% to 56.3% since 2010 [14,23-27].

A previous study reported that diabetes mellitus may
be a factor in reducing the eradication rate in second-line
BQT [28]. Additionally, female sex [29-33] and the pres-
ence of a gastroduodenal ulcer [34-36] are associated with
the failure of H. pylori eradication therapy. However,
these factors were not significantly associated with the
treatment failure of H. pylori infection in this study.

According to the studies that analyzed the results of
MET-based quadruple therapy for H. pylori infection,
the eradication rates ranged from 74% to 93.6% when
this regimen was prescribed as a second-line treatment
to patients for whom CAM-based triple eradication
therapy failed [14,37-39]. These values are consistent with
the results of the current study. Although this study
analyzed data of patients who underwent 7-day MET-
based second-line BQT, recent guidelines on H. pylori
eradication therapy recommend 10- or 14-day, rather
than 7-day, eradication for H. pylori. Several studies have
showed results consistent with these guidelines [27,40].

The results of this study show the importance of de-
termining the history of MET use from patient medical
records. Throughout the previous studies, no clinical
factor has predicted the failure of MET-based antibac-
terial treatment as much as the history of MET use.
Moreover, MET resistance cannot be predicted by clin-
ically available laboratory tests. For CAM, genetic tests
that can determine antibiotic resistance by evaluating a
point mutation are available commercially and used in
clinical practice [14].

Understanding past antibiotic consumption may be
helpful for predicting the outcome and improving the
success rate of H. pylori eradication therapy. Therefore,
confirming a patient’s past history of antibiotic use be-
fore initiating eradication therapy could yield better
treatment outcomes than conventional empirical treat-
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ment, as recommended in the current guidelines. In
addition, the practical difficulty of identifying antibiot-
ic resistance through laboratory testing can be avoided.
Although patients may have a history of antibiotic use,
antibiotic resistance does not always develop. However,
increased antibiotic resistance has been reported in pa-
tients with a history of antibiotic use. Antibiotic resis-
tance has also been reported in patients with a history
of MET use [41,42]. As there is no reliable test to check
for antibiotic resistance to MET for H. pylori, a history of
MET use has to be utilized as a significant clinical factor
to set a strategy for H. pylori eradication as stated in the
Maastricht V/Florence Consensus Report [15].

This study has several limitations. Because the data
were analyzed retrospectively, other clinical factors, such
as compliance, drinking, and smoking, could not be an-
alyzed. In this study, the drug compliance of the 7-day
MET-based second-line quadruple therapy based on the
medical records in this study was estimated to be 90%,
meaning that drug compliance is not considered to af-
fect the results of this study. The side effects of eradica-
tion drugs were shown to be mild for most patients in
the medical records, and the overall rate of side effects
was conjectured as approximately 5% to 10%. In addi-
tion, studies conducted by a single institution, without
information regarding the diagnosis or treatment by
other hospitals, have limited the participants to those at
our center. Therefore, the patient group may not repre-
sent the community. Additionally, limiting the patients
to those who underwent UBT to determine eradication
therapy success may have led to selective bias. Howev-
er, this decision was made to reduce the disturbances
caused by differences in the sensitivity and specificity
of various tests used to diagnose H. pylori infection. Be-
cause an antibiotic resistance test was not performed,
the actual prevalence of antibiotic resistance could not
be confirmed.

In conclusion, our study showed that previous MET
use was significantly associated with the treatment fail-
ure of 7-day MET-based second-line quadruple therapy
in H. pylori infection. Therefore, we suggest that any his-
tory of MET use must be used to establish a treatment
plan for patients who need MET-based therapy for H.
pylori eradication. A large-scale prospective study should
be performed to evaluate the history of MET use on H.
pylori eradication therapy.
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KEY MESSAGE

1. Previous administration of metronidazole
significantly lowered the Helicobacter pylori
eradication rate in patients who had metroni-
dazole-based second-line quadruple therapy.

2. This study provides evidence for why infor-
mation regarding any previous administra-
tion of antibiotics should be included in the
process of H. pylori eradication strategy.

3. Further studies investigating optimal erad-
ication strategies for H. pylori, based on the
clinical database and including the adminis-
tration of antibiotics, should be prospectively
designed.
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