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1 Introduction
Helicobacter pylori (Hp) infection is a global disease. It has 

attracted attention due to peptic ulcer, gastric cancer, gastric 
mucosa-associated lymphoid tissue (MALT) lymphoma and 
other intra- and extra-gastric diseases (The Chinese Society of 
Digestive Diseases, 2017). However, in recent years, due to the 
increased resistance rate of Hp to various antibiotics, eradication 
therapy has become more and more difficult. Especially for patients 
who are allergic to penicillin, there is a lack of ideal treatment 
options. In many guidelines, tetracycline is recommended as a 
replacement for amoxicillin for eradication therapy in patients 
with allergies to penicillin (The Chinese Society of Digestive 
Diseases, 2017). However, tetracycline is difficult to obtain in 
China due to adverse reactions. Minocycline is a semi-synthetic 
tetracycline with fewer side effects. In vitro susceptibility studies 
found that Hp is more sensitive to minocycline, similar to 
tetracycline (Bai et al., 2015). Our previous study showed that 
the bismuth quadruple therapies with minocycline/amoxicillin 
has a good eradication effect on patients with Hp retreatment 
(Zhang et al., 2015a, 2017). Therefore, this study intends to use 
minocycline instead of tetracycline to observe the eradication 
effect of minocycline combined with metronidazole and 
fluoroquinolone on patients allergic to penicillin.

2 Object and method

2.1 Research object

We selected Hp-infected patients who were admitted to 
Beijing Jishuitan Hospital from January 2018 to February 2019. 
Inclusion criteria: (1) 13C urea breath test (13C-UBT) test, gastric 
mucosal tissue rapid urease test or pathological section staining 
positive patients; (2) had not received Hp eradication therapy; 
(3) age 18-75 years old; (4) penicillin allergy; (5) fully informed 
and agreed to participate in the study. Exclusion criteria: (1) taking 
drugs that may affect the results of the study 4 weeks before 
enrollment, such as proton pump inhibitors (PPIs), bismuth or 
antibiotics; (2) patients with malignant tumors; (3) history of 
upper gastrointestinal surgery patients; (4) patients with systemic 
diseases such as severe liver and kidney damage; (5) those who 
are allergic to the drugs used in this study; (6) pregnant and 
lactating women; (7) long-term use of glucocorticoids or non-
steroidal anti-inflammatory medicine patient.

2.2 Grouping and treatment options

Patients were randomized according to a random number 
table. Specific drug regimen of minocycline combined with 
metronidazole group (RMMB): rabeprazole enteric-coated 
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tablets (Essence Chinese Pharmaceuticals, 10mg, twice daily) 
+ minocycline (Wyeth-Hundred Palace, 0.1 g, twice daily) + 
metronidazole (Shanxibao Pharmaceutical, 0.4 g, three times 
a day) + bismuth potassium citrate (Lizhu Pharmaceutical Co., 
Ltd., 220mg, twice daily); total course of treatment is 14 days. 
The specific protocol of minocycline combined with levofloxacin 
group is to replace metronidazole in the above scheme with 
levofloxacin (First Sankyo Pharmaceutical (Beijing) Co., Ltd., 
0.4 g once daily), and other therapeutic drugs with minocycline 
is the same as RMLB group.

2.3 Efficacy and safety assessment

The adverse reactions and compliance of the patients were 
followed up 3 to 7 days after the end of treatment; We reviewed 
the patient 13C-UBT in 4-12 weeks. If it is negative, it is judged 
that Hp is eradicated. Hp eradication rates were calculated using 
intention to treat analysis (ITT) and follow-up protocol analysis 
(PP), respectively. Compliance is calculated as the percentage of 
the number of tablets actually taken by the patient in the number 
of tablets planned to be taken. Less than 80% compliance is 
considered poor compliance and is not included in PP analysis 
(Lesaffre and de Klerk, 2000)

2.4 Statistical analysis

The statistical analysis of this study used SPSS (version 19, 
SPSS Inc., IL, USA). The comparison between measurement 

data was analyzed by one-way ANOVA. The count data were 
analyzed by Pearson’s χ2 or Fisher’s exact test. The primary 
outcome measure was the eradication rate, the incidence of 
adverse events, compliance, and factors affecting eradication 
rates in both groups. A p value of less than 0.05 was considered 
to be statistically significant.

3 Results

3.1 Baseline data

A total of 150 patients were enrolled in the study, all of 
which were analyzed by ITT. There were 76 cases of the RMMB 
group and 74 cases of the RMLB group. In the RMMB group, 
two patients lost the joint, and one patient completely stopped 
the drugs due to dizziness and nausea. A total of 73 patients 
completed the final treatment and follow-up and were included 
in the PP analysis. At the same time, one patient in the RMLB 
group lost the joint. Seventy-three patients were included in the 
PP analysis (Figure 1). The baseline data of age, BMI, smoking, 
and gastric mucosal lesions were well matched in the two groups, 
and there were more female patients in the RMLB group (Table 1).

3.2 Eradication rate and influencing factors

According to ITT analysis, the eradication rates of RMMB 
group and RMLB group were 80.3% (61/76) and 89.2% (66/74), 
respectively, and the difference was not statistically significant 

Figure 1. Flow diagram of this study. RMMB group, rabeprazole plus minocycline, metronidazole and bismuth; RMLB group, rabeprazole plus 
minocycline, levofloxacin and bismuth. ITT, intention-to-treat; PP, per protocol.
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(χ2=2.301, p=0.129); According to the PP analysis, the eradication 
rates of the RMMB group and the RMLB group were 83.6% 
(61/73) and 90.4% (66/73), respectively, and the difference was 
not statistically significant (χ2=1.513, p=0.219). Analysis of the 
influence of various factors on the eradication rate found that 
each factor had no signficance (Table 2).

3.3 Security and compliance

The incidence of adverse reaction was higher in the RMMB 
group than in the RMLB group, but the difference was not statistically 
significant (Table 3). In the RMMB group, the adverse reactions 
were mainly due to digestive tract discomfort and dizziness, and 
most of them were mild and tolerable. One of the patients was 
severe, and the drug was discontinued and the treatment was not 
completed. The adverse reactions in the RMLB group were mainly 

dizziness and discomfort, and other digestive tract reaction was 
mild. No patients discontinued the drug due to adverse reactions, 
and the symptoms of upper abdominal pain and nausea were 
significantly improved compared with the RMMB group.

In this study, except for patients who were discontinued, 
the compliance of the remaining patients was ≥90%, and there 
was no significant difference between the two groups.

4 Discussion
The results of this study showed that in patients with Helicobacter 

pylori infection allergic to penicillin, the minocycline-containing 
bismuth quadruple therapies achieved more than 80% eradication. 
Among them, the bismuth quadruple therapies with minocycline 
and levofloxacin achieved more than 90% eradication rate. 

Table 3. Side effects of different treatment regimens.

RMMB (n=76) RMLB (n=74) p values
Side effects of treatment, n (%) 36(47.4) 25(33.8) 0.189
Nausea 12(15.8) 3(4.1) 0.017
Upper abdominal discomfort 25(32.9) 9(12.2) 0.002
Dizziness 18(23.7) 15(20.3) 0.614
Insomnia 3(3.9) 3(4.1) 1.000
Diarrhea 8(10.5) 4(5.4) 0.248
Abnormal taste 6(7.9) 8(10.8) 0.539
Arthralgia 1 0
Rash 0 1
Oral ulcer 0 1
RMMB group, rabeprazole plus minocycline, metronidazole and bismuth; RMLB group, rabeprazole plus minocycline, levofloxacin and bismuth.

Table 1. The Baseline Demographic Data.

Baseline data RMMB group (n=76) RMLB group (n=74) p value
Age (X ± s, age) 39.5 ± 13.2 38.3 ± 11.7 0.562
Gender (male/female) 42/34 25/49 0.008
Smoking (example, %) 10(13.2) 8(10.8) 0.872
Human body mass index (kg/m2) 22.9 ± 3.3 23.0 ± 3.8 0.885
Gastroscopic findings (peptic ulcer/non-peptic ulcer, %) 7/29 (19.4) 3/16(15.8) 0.667

Table 2. Comparisons of Eradication Rates of The Two Groups.

project
RMMB group (n=76) RMLB group (n=74)

Eradication rate (%) p value Eradication rate (%) p value
Age (years) 0.326 0.990
<45 80.4(41/5) 90.4(47/52)
≥45 90.9(20/22) 90.5(19/21)
Gender 0.788 0.677
Male 82.5(33/40) 87.5(21/24)
Female 84.8(28/33) 91.8(45/49)
Human body mass index (kg/m2) 0.965 0.075
<24 83.7(36/43) 96.1(49/51)
≥24 83.3(25/3) 77.3(17/22)
Endoscopic performance 0.023 0.414
Peptic ulcer —(3/7) —(3/3)
Non-peptic ulcer 88.5(23/26) 81.3(13/16)
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According to Graham’s standard, it is a better eradication effect 
(Graham et al., 2007). And no noticeable adverse reactions appear, 
it is worth promoting the use of patients with penicillin allergy.

At present, the global Hp infection rate is very high, especially 
in countries and regions where economy is underdeveloped. 
China is a large country with Helicobacter pylori infection, and 
the Hp infection rate is more than 50% (Zhang et al., 2014). 
Due to the close correlation between Hp infection and diseases 
such as peptic ulcer, gastric cancer and MALT lymphoma, many 
domestic and foreign guidelines recommend active eradication 
therapy for Hp-infected patients. However, in recent years, the 
resistance of Hp has become more and more higher, which has 
made it more and more challenging to eradicate. A recent study 
in Beijing showed that (Zhang et al., 2015b) Hp resistance rates 
to amoxicillin, clarithromycin, metronidazole, levofloxacin 
and tetracycline were 4.4%, 52.6%, 54.8%, 63.4% and 7.3%, 
respectively. For patients who are allergic to penicillin, under 
the premise of not being able to use amoxicillin, a tetracycline-
based bismuth quadruple protocol is recommended, including 
tetracycline combined with nitroimidazole, fluoroquinolone or 
furazolidone. However, in Beijing, due to the high drug resistance 
of clarithromycin and metronidazole, and the large side effects 
of tetracycline and furazolidone, the clinical application of this 
quadruple protocol is limited. This study explored the use of 
semi-synthetic tetracycline, minocycline instead of tetracycline 
to form an bismuth quadruple therapy, and observed its effect 
in patients with penicillin allergy, the results are ideal.

As a semi-synthetic tetracycline widely used in clinical 
practice, minocycline has a strong drug effect, fewer side effects 
and convenient use. Previous in vitro susceptibility studies have 
found that Hp has a low resistance to minocycline, similar to 
tetracycline (Bai  et  al., 2015; Horiki  et  al., 2009). There are 
also many cases of minocycline-based triple-linked regimen 
based on drug sensitivity for successful eradication of Hp 
infection in the clinic (Nakajima et al., 2012; Konno et al., 2010; 
Asaumi et al., 2003). At present, the clinical research on the 
application of minocycline in Hp infection is mostly aimed at 
re-treatment patients. Our previous study showed that in the 
Hp retreatment patients, the bismuth quadruple therapies with 
minocycline/amoxicillin was used, and the eradication rate was 
79.4% (ITT analysis) and 84.1% (PP analysis) (Zhang  et  al., 
2015a, 2017). The efficacy of this program is ideal. But there 
are also different research results reported. A study in Italy 
included 45 patients with Hp infection who underwent third-
line therapy (Ierardi et al., 2014) and were randomized into two 
groups: rabeprazole/riflbutin/minocycline/bismuth group and 
rabeprazole/tinidazole/minocycline/bismuth group. The course 
of treatment is 10 days. The eradication rates of the two groups 
were 77.7%, 51.9% in ITT analysis and 84.0% and 51.9% in PP 
analysis, suggesting that the eradication effect of the bismuth 
quadruple therapies with minocycline and tinidazole was not 
satisfactory. However, the subjects were all highly resistant 
retreatment patients, and the treatment was only 10 days, which 
may affect their eradication rate.

In this study, the eradication rate of the RMMB regimen 
containing minocycline and metronidazole was 80.3% (ITT 
analysis) and 83.6% (PP analysis). The results show that the 

eradication effect is not ideal, and the reason may be due 
to the high drug resistance of metronidazole. The dosage of 
metronidazole is (0.4 g, TID), and studies have shown that 
increasing the dose of metronidazole can overcome the drug 
resistance to some extent (Malfertheiner et al., 2017; Fallone et al., 
2016). However, the adverse reactions in the clinical application 
of metronidazole are more obvious with larger doses, the most 
important of which is digestive tract discomfort, including 
nausea. It was also observed in this study that the gastrointestinal 
response of the metronidazole group was significantly higher 
than that of the levofloxacin group. Another adverse reaction of 
metronidazole is abnormal nervous system, dizziness, headache 
and visual impairment. After increasing the dose, there may 
even be convulsions and neuroinflammation (Chen, 2018). 
And minocycline also causes dizziness through vestibular nerve 
reflex, and combined with high doses of metronidazole may 
aggravate the adverse reactions of the nervous system. Therefore, 
whether the combination of metronidazole and minocycline 
can be considered as a modified standard bismuth quadruple 
therapies should be carefully considered.

In this study, the RMLB regimen containing minocycline and 
levofloxacin achieved better eradication effects, 89.2% (ITT analysis) 
and 90.4% (PP analysis). Levofloxacin is a commonly used drug 
for the eradication of Helicobacter pylori and is recommended 
for the remedial treatment of Helicobacter pylori in domestic and 
international consensus. And the research confirmed that the 
eradication effect is ideal (Malfertheiner et al., 2017). Since the 
abuse of fluoroquinolones in China has led to the high primary 
resistance of Hp to its clinical application, it is recommended in 
recent national consensus opinion in China that fluoroquinolones 
are not used in routine first-line treatment. But it can be used 
in patients with second-line or penicillin allergy (The Chinese 
Society of Digestive Diseases, 2017). In recent years, studies have 
shown that the combination of levofloxacin and amoxicillin in 
the quadruple regimen has a better eradication rate and fewer 
side effects (Ahn  et  al., 2017). For patients with allergic to 
penicillin, it is routinely recommended to replace amoxicillin 
with tetracycline, and its eradication effect with levofloxacin has 
been confirmed (Hsu et al., 2014). In this paper, minocycline 
is used to replace the tetracycline which is difficult to obtain in 
clinical practice, and the bismuth quadruple therapies composed 
of levofloxacin has achieved an ideal eradication effect.

In terms of adverse reactions, there was no significant 
difference in the overall incidence between the two groups of 
patients. The symptoms of dizziness were evident in both groups, 
mainly related to the reversible vestibular nerve reaction of 
minocycline, which was characterized by vertigo, tinnitus, ataxia, 
nausea, vomiting and other vestibular dysfunction. Symptoms 
often occur when the drug is initially administered and recovers 
after 24 to 48 hours of withdrawal. Patients in the levofloxacin-
containing regimen had a lower gastrointestinal response than 
the metronidazole group, and patients were better tolerated. 
This program can be recommended as a better choice for the 
eradication of patients with penicillin allergy.

This study showed that in patients with penicillin allergy, the 
replacement effect of amoxicillin with minocycline was an ideal 
regimen for eradication. And the bismuth quadruple therapies 
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composed of minocycline and levofloxacin has a better eradication 
rate and fewer side effects, which is more ideal. However, there 
is no drug sensitivity test in this study. It is difficult to determine 
whether the patients in the two groups have similar antibiotic 
resistance. Moreover, this is a single-center study, and the patients 
may have deviations. Therefore, the conclusion of this study 
needs to be further studied.
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