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Background: Helicobacter pylori (H. pylori) is a gram-negative spiral bacterium that can cause peptic ulcers. 
The effects of bismuth quadruple therapy and concomitant therapy on fecal ecology among children with 
peptic ulcers remain largely unknown. According to guidelines, these patients should be treated. Therefore, 
the aim of this study is to investigate the short- and long-term effects of bismuth quadruple therapy and 
concomitant therapy on gut microbiota in children with peptic ulcer disease (PUD).
Methods: Forty-two patients with PUD were enrolled and collected their fecal samples in Shanghai. A 
16S ribosomal RNA (rRNA)-based analysis was conducted. The impacts of bismuth quadruple therapy and 
concomitant therapy on the gut microbiota were compared before eradication and at 2, 6 and 52 weeks  
(12 months) after eradication. 
Results: Whatever bismuth quadruple therapy and concomitant therapy, the diversity and richness of gut 
microbiota markedly decreased and fecal microbiota structure markbly changed at week 2. At week 6, the 
composition a returned to the baseline level; nevertheless, the diversity and richness gradually returned to 
baseline until week 52. Compared to those in the healthy control group, the relative abundances of 90% 
(18/20) of the bacterial genera differed at week 2, 15% (3/20) of the bacterial genera differed at week 6, and 
10% (2/20) of the bacterial genera were not restored at week 52. 
Conclusions: Both bismuth-containing therapy and concomitant therapy resulted in transient changes of 
the gut microbiota in Chinese children, and these changes nearly returned to pre-eradication levels 1 year 
after eradication, suggesting the long-term safety of H. pylori therapy in children with peptic ulcers.
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Introduction

Helicobacter pylori (H. pylori) is a gram-negative spiral 
bacterium that colonizes the gastric mucosa, commonly 
causing chronic infection. Ninety-five percent of duodenal 
ulcers and 70% of gastric ulcers are attributed to Helicobacter 
pylori (1). Elimination of H. pylori can promote ulcer healing 
and is beneficial for preventing recurrence (2). The latest 
guideline of ESPGHAN/NASPGHAN [2023] strongly 
recommends that testing for H. pylori be performed in 
children with gastric or duodenal ulcers and/or erosions (3). 

Since 1996, the recommendation of standard triple 
therapy [STT, a proton-pump inhibitor (PPI) and two 
antibiotics] as the standard first-line eradication therapy has 
been proposed (4). However, due to increasing resistance to 
clarithromycin, the efficacy of this combination is declining 
globally. Hence, novel regimens, such as bismuth quadruple 
therapy and concomitant therapy, have been developed. 
It also recommends that if H. pylori clarithromycin 
susceptibility is unknown, bismuth-containing quadruple 
therapy of bismuth, PPI, amoxicillin, metronidazole for 
14days is suggested (3). In the guideline of ESPGHAN/
NASPGHAN (update 2016) referred that concomitant 
therapy (PPI-amoxicillin-metronidazole-clarithromycin) for 
14 days can also be used when clarithromycin susceptibility 
is unknown (5). 

Most H. pylori eradication regimens involve the use of 
multiple antibiotics as well as auxiliary drugs, including 
PPIs and bismuth salts. Broad-spectrum antibiotic 
administration may cause side effects such as an imbalance 
in the gut microbiota composition by affecting the target 
strains and the commensal microbiota in the digestive tract. 
The auxiliary drug PPI weakens the gastric acid barrier and 

may cause dysbiosis by altering the gastrointestinal pH and 
delaying the gastric emptying rate. The direct effects on the 
survival environment of enteric pathogens lead to changes 
in the composition of the gut microbiota (6). Therefore, 
regardless of which regimen is used, concerns about 
potentially negative effects on the gut microbiota have been 
raised. Recently, several studies have reported that bacterial 
diversity significantly decreases shortly after STT (7,8). 
Nevertheless, studies addressing the long-term effects of 
H. pylori eradication therapies involving the gut microbiota 
are limited. We identified ten publications that used high-
throughput sequencing to concern long-term changes in 
the gut microbiota related to H. pylori eradication (7,9-17). 
Most studies focused on adult patients (n=8). Although there 
have been reports about microbiota involvement in peptic 
ulceration, for children with peptic ulcers, the impacts 
of bismuth quadruple therapy and concomitant therapy 
on fecal ecology remain largely unknown. Comparing 
with adults, antibiotics like levofloxacin, furazolidone and 
rifabutin can’t be used in young children. As bismuth-
containing quadruple therapy and concomitant therapy are 
both quadruple therapies, and both widely used in pediatric 
clinical practice (3,18). We conducted a 16S ribosomal 
RNA (rRNA)-based analysis to investigate the impacts of 
these two therapies on the gut microbiota 12 months post-
eradication. We present this article in accordance with 
the STROBE reporting checklist (available at https://
tp.amegroups.com/article/view/10.21037/tp-24-207/rc).

Methods

Patients and study design

This was a prospective, cross-sectional, comparative study. 
We conducted the study at the Children’s Hospital of Fudan 
University from September 2017 to December 2020. The 
study was conducted in accordance with the Declaration of 
Helsinki (as revised in 2013). The study was approved by 
the Ethics Committee of the Children’s Hospital of Fudan 
[No. (2017) 186], and informed consent was taken from all 
the patients. Prior to study participation, the guardians of 
all the recruited patients signed written informed consent 
forms.

The subjects included in this study were 6- to 18-year-
old patients with peptic ulcer disease (PUD) who were 
diagnosed with active H. pylori infection by gastroscopy. 
Only positive cultures or positive cultures on both the rapid 
urease test (RUT) and histology were used to diagnose 
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active H. pylori infection. The exclusion criteria were as 
follows: (I) had previously received H. pylori eradication 
therapy; (II) had severe concurrent diseases; (III) had 
contraindications or previous allergic reactions to the study 
drugs; and (IV) had used specific drugs or bacteriological 
products, including antibiotics, PPIs, histamine-2 receptor 
antagonists, bismuth or probiotics, within the previous  
4 weeks. The healthy control group (HC group) included 
children who had a negative urea breath test (UBT), 
who were without digestive or other systemic diseases, 
and who were taking no drugs within 4 weeks. According 
to the physician’s decision, eligible patients were assigned 
to receive bismuth-containing quadruple therapy (BT 
group) or concomitant therapy (CT group) for 14 days. 
The following drugs were used in this study: omeprazole 
[(AstraZeneca Pharmaceutical Company, London, UK),  
1.0 mg/(kg·d), once or twice a day, maximum daily dose 40 mg];  
amoxicillin [(Zhuhai United Laboratories, Zhuhai, China), 
50 mg/(kg·d), three times or four times a day, maximum 
daily dose 2,000 mg]; metronidazole [(Shanghai Xinyi 
Wanxiang Pharmaceutical Industry Company, Shanghai, 
China), 20 mg/(kg·d), two or three times a day, maximum 
daily dose 1,000 mg]; clarithromycin [(Abbott Laboratories 
Limited), 15–20 mg/(kg·d), twice a day, maximum daily 
dose 1,000 mg]; and bismuth potassium citrate [(Livzon 
Pharmaceutical Group, Zhuhai, China, maximum daily dose 
330 mg), elemental bismuth, 6–8 mg/(kg·d), twice or three 
times a day]. Patients in the BT group took omeprazole, 
amoxicillin, metronidazole and bismuth potassium 
citrate. Patients in the CT group were given omeprazole 
and three antibiotics (amoxicillin, clarithromycin and 
metronidazole). Patients continued to use PPIs for 4 weeks 
and then underwent gastroscopy to assess ulcer healing 
after eradication therapy. At least 8 weeks after treatment, 
eradication success was confirmed. We performed 4 visits 
for patients in the study group and 1 visit for patients in the 
HC group. For H. pylori-positive patients, fecal samples at 
baseline (week 0), at the end of therapy (week 2), at 6 weeks 
post eradication (week 6), and at 1 year post eradication  
(week 52) were collected and immediately preserved at −80 ℃ 
until DNA extraction.

DNA extraction, polymerase chain reaction (PCR) 
amplification and MiSeq sequencing

As described previously (15), we used the same method. 
Briefly, the FastDNA SPIN Kit for Soil (MP Biomedicals, 
USA) was first used to extract DNA, and the primers 338F 

(5'-ACTCCTACGGGAGGCAGCAG-3') and 806R 
(5'-GGACTACHVGGGTWTCTAAT-3') were used 
to amplify the 16S rRNA gene. Purified amplicons were 
sequenced on an Illumina MiSeq platform (Illumina, San 
Diego, USA).

Taxonomy determination

Raw fastq files were quality-filtered by Trimmomatic and 
merged by FLASH to ensure that the average quality score 
was <20, with a mismatch of no more than 2 bp, and reads 
containing ambiguous bases were removed. Operational 
taxonomic units (OTUs) were clustered with 97% similarity 
using UPARSE (version 7.1 http://drive5.com/uparse/). 
We used the RDP Classifier algorithm (http://rdp.cme.
msu.edu/) to analyze the taxonomy of the 16S rRNA 
gene sequence against Silva (SSU128) using a confidence 
threshold of 0.8.

Identification of differentially abundant OTUs

Linear discriminant analysis effect size (LEfSe) was applied 
to identify differential taxa between baseline and 2 weeks 
after therapy. The effect size threshold was 4.

Statistical analysis

We used Stata 11 (Stata Corporation, College Station, TX, 
USA) to analyze the data. Baseline continuous data were 
shown as the mean ± standard deviation (SD). Depending 
on the distribution, we used one-way ANOVA or the 
Kruskal-Wallis test to compare these data among different 
groups. Categorical data were presented as percentages, 
and the Chi-squared test or Fisher’s exact test was used 
for comparisons. Mothur software was used to calculate 
community diversity parameters (Shannon index) and 
community richness parameters (Chao 1). At different time 
points in certain groups or between different groups at the 
same time point, we used the Wilcoxon rank-sum test and 
Kruskal‒Wallis test to compare among groups. Considering 
the phylogenetic tree and thus phylogenetic distances 
between community members, principal coordinate analysis 
(PCoA) based on weighted UniFrac distance metrics 
was used to determine beta diversity, and the microbial 
communities were compared between the study groups. 
Statistical significance was calculated by ANOSIM. To 
compare the differences in the relative abundances of 
bacterial taxa within and between groups, we used the 
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Wilcoxon rank-sum test and Kruskal-Wallis test. P values 
were adjusted by the false discovery rate (FDR). A two-
tailed P value <0.05 was considered to indicate statistical 
significance.

Results

Characteristics of the subjects

In total, 42 patients with PUD were enrolled. Twenty-three 
patients in the BT group and 19 patients in the CT group 
were recruited. Twenty-three participants composed the 
HC group. The first (baseline), the second (immediately 
after eradication) and the third (6 weeks post-therapy) 
fecal sample collection were completed for all patients. In 
the BT group, 17 patients (73.9%), and in the CT group,  
14 patients (73.7%) completed the fourth (12 months post-
therapy) stool sample collection. Eventually, 180 stool 
samples were subjected to microbiota analysis (Figure 1). 
The baseline characteristics of all the enrolled patients and 
healthy controls are shown in Table S1. Compared with 

the negative controls, there was a greater age and greater 
frequency of male subjects in each of the two anti-H. pylori 
treatment groups. There was no significant difference 
in body mass index among the BT, CT and HC groups 
(P=0.98). We obtained 9,327,861 quality-filtered reads from 
all the fecal samples, with an average of 51,821±10,792 
reads per sample.

Diversity analysis before and after H. pylori eradication

For alpha diversity estimation, the Shannon index, which 
represents community diversity, and the Chao 1 index, which 
represents community richness, were used for measurement 
and comparison at the OTU level (Table S2). Comparisons 
of alpha diversity among different time points are shown in 
Figure 2. Compared with those at baseline, both indices of 
alpha diversity (Shannon and Chao 1 indices) were markedly 
lower at week 2 (P<0.001, P<0.001) and week 6 (P<0.001, 
P<0.001) but recovered at week 52 (P=0.15, P=0.26) after 
bismuth quadruple therapy (Figure 2A,2B). PCoA generated 

Assessed for eligibility
(n=91)

Enrolled patients 
(n=42)

Excluded (n=49)
• Not meeting inclusion 

criteria (n=14)
• Refused to participate 

(n=35)

BT group
(n=23)

Week 2 follow-up
(n=23)

CT group
(n=19)

Week 2 follow-up
(n=19)

Week 6 follow-up
(n=23)

Week 6 follow-up
(n=19)

Week 52 follow-up
(n=17)

Week 52 follow-up
(n=14)

Lost to follow-up (n=5)Lost to follow-up (n=6)

Analysed
(n=23)

Analysed
(n=19)

Figure 1 Flow chart of the study. BT, bismuth quadruple therapy; CT, concomitant therapy.
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from weighted UniFrac distance metrics was used to further 
evaluate differences in microbial community structures. 
Significant differences were shown at week 2 (R=0.5162, 
P=0.001) compared with baseline. However, the microbial 
community structures were restored at week 6 (R=0.0025, 
P=0.42) and week 52 (R=0.0079, P=0.47) (Figure 2C).

Compared with that at baseline, the alpha diversity of CT 
group at week 2 markedly decreased (P<0.001, P<0.001). 
At week 6, after concomitant therapy, the Shannon index 
returned to the basal state (P=0.26), but the Chao 1 index 
did not (P=0.01). Two alpha diversity indices were restored 
at week 52 (P=0.46, P=0.46) (Figure 2D,2E). Compared 
with those at baseline, significant differences in the fecal 
microbiota structure were observed at week 2 (R=0.4248, 
P=0.001). It recovered at week 6 (R=0.0265, P=0.16) and 
week 52 (R=0.0123, P=0.51) (Figure 2F).

Compositional analysis before and after H. pylori 
eradication

The relative abundances of different phyla (mean relative 

abundance >1%) were compared before and after H. pylori  
eradication. The composition of the gut microbiota 
could be significantly disturbed by H. pylori eradication. 
Table S3 shows a detailed description of these changes. 
The most dominant phyla with relative abundances >5% 
were Firmicutes and Bacteroidetes in the BT and CT 
groups at baseline, accounting for 93.3% and 92.1%, 
respectively, of the total bacteria. Compared with those 
at baseline in the BT group, at the end of eradication, the 
relative abundances of Firmicutes (47.37%±18.33% vs. 
19.42%±18.60%, P<0.001), Bacteroidetes (45.90%±19.62% 
vs. 10.20%±19.33%, P<0.001), Actinobacteria (3.21%±5.06% 
vs. 2.88%±7.67%, P=0.03) and Fusobacteria (0.28%±0.80% 
vs. 0.14%±0.55%, P=0.048) significantly decreased, while 
that of Proteobacteria (2.55%±2.44% vs. 67.24%±32.78%, 
P<0.001) increased (Figure 3A). Compared with those at 
baseline in the CT group, at the end of eradication, the 
relative abundances of Firmicutes (44.69%±18.84% vs. 
17.25±14.43%, P<0.001), Bacteroidetes (47.41%±18.97% 
vs. 22.02%±29.82%, P=0.02) and Fusobacteria (2.03±7.33% 
v s .  4 .94E−4%±2.15E−3%,  P=0 .02)  s ign i f i cant ly 
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decreased, while those of Proteobacteria (2.60%±2.87% vs. 
57.83%±34.19%, P<0.001) and Actinobacteria (2.50±2.68% 
vs. 2.73±5.74%, P=0.04) increased (Figure 3B). At week 6, 
the relative abundance of Proteobacteria (P=0.02) in the BT 
group and Actinobacteria (P=0.01) in the CT group had not 
yet returned to baseline (Figure 3A,3B). In both the BT 
group and CT group, the relative abundance of phyla at the 
1-year follow-up was comparable to that at baseline.

Next, we investigated the dynamic changes in bacterial 
genera. In the BT group, 5 bacterial taxa were enriched, 
while 6 bacterial taxa were depleted two weeks after 
therapy compared to the baseline. The enriched bacterial 
taxa included Escherichia-Shigella, Klebsiella, Enterococcus, 
Veillonella, and Enterobacteriaceae, while the depleted taxa 
included Bacteroides, Faecalibacterium, Blautia, Lachnospiraceae, 
Alistipes, and Subdoligranulum (Figure 3C). In the CT group, 
5 taxa were increased, and 4 taxa were decreased. The 
increased taxa included Escherichia-Shigella, Klebsiella, 
Enterobacteriaceae, Enterococcus, and Streptococcus, and the 
decreased taxa included Bacteroides, Faecalibacterium, 
Lachnospiraceae and Blautia (Figure 3D). According to the 
genera abundance before and 2 weeks after treatment, 
interactions among the top 10 genera were further explored 
by microbial network analysis with R≥0.5 and P<0.05. 
Faecalibacterium was positively correlated with Bacteroides 
and Blautia, and Enterococcus was positively correlated 
with Escherichia-Shigella and Klebsiella in both the anti-H. 
pylori treatment groups. In contrast, the abundance 
of Faecalibacterium was negatively correlated with the 
abundances of Enterococcus, Escherichia-Shigella and Klebsiella 
(Figure 3E,3F).

Diversity analysis among the BT, CT and HC groups at 
certain time points

Taxonomic analysis of the gut microbiota to explore 
microbiota composition and diversity alterations was also 
performed at the same time points. Prior to treatment, 
there was no significant difference in the Shannon or 
Chao 1 index among these three groups (P>0.05, Table S4, 
Figure 4A,4B). Immediately after eradication, these two 
indices were significantly lower in the BT group (P<0.001, 
P<0.001) and CT group (P<0.001, P<0.001) than in the HC 
group (Figure 4C,4D). No significant difference was found 
between the two treatment groups (all P>0.05). Although 
there was a trend for the alpha diversity to increase with time, 
the two indices in the BT group (P=0.02, P=0.008) and the 
Chao 1 index (P=0.02) in the CT group were still lower than 

those in the healthy control group at week 6 (Figure 4E,4F). 
At the 1-year time point, the alpha diversity of the BT and 
CT groups was not significantly different from that of the 
HC group (all P>0.05) (Figure 4G,4H).

We used PCoA to analyze the structure of the gut 
microbiota. No significant differences were found among the 
three groups at the beginning of this study (R=0.0132, P=0.22, 
Figure 4I). At week 2, both PCoA and ANOSIM showed 
significant differences among the three groups (R=0.4156, 
P=0.001; Figure 4J). They reverted at week 6 (R=0.0173, 
P=0.18; Figure 4K) and remained there for one year  
(R=0.0427, P=0.11; Figure 4L).

Compositional analysis among the BT, CT and HC groups 
at certain time points

The relative abundances of the top 5 different phyla and 
the top 20 genera among these three groups at each time 
point were compared further (Tables S5,S6). No significant 
difference was found at the phylum level among the three 
groups before therapy (all P>0.05) (Figure 5A). Significant 
differences were observed in the relative abundances of 
Proteobacteria (P<0.001), Bacteroidetes (P<0.001), Firmicutes 
(P<0.001), Actinobacteria (P=0.007) and Desulfobacterota 
(P<0.001) among the three groups at week 2 (Figure 5B), 
and no significant difference was found between the 
two treatment groups (all P>0.05). In subsequent follow-
up, significant differences were detected in the relative 
abundance of Actinobacteria at week 6 (P=0.007) (Figure 5C) 
and Proteobacteria at week 52 (P=0.02) (Figure 5D).

At the genus level, no significant differences were found 
among the three groups before treatment (all P>0.05, 
Figure 5E). At week 2, there were significant differences 
in the relative abundance of 90% (18/20) of the bacterial 
genera (Figure 5F). Among the top 20 bacterial genera, the 
relative abundances between the BT and CT groups were 
not significantly different at week 2. At week 6, 15% (3/20) 
of the bacterial genera exhibited significant differences in 
relative abundance (Figure 5G). At week 52, only 10% (2/20) 
of the bacterial genera existed differences (Figure 5H). The 
change trends were similar in both the BT and CT groups 
at each follow-up time point at both the phylum and genus 
levels.

Discussion

In a previous study, our results showed that, in children 
with H. pylori-associated gastritis, triple therapy, sequential 
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Figure 3 Changes in the gut microbiota composition of patients at the phylum and genus levels. (A,B) Circos plots were used to show the 
proportions of the dominant phyla. “Others” refers to phyla with less than 1% relative abundance. (C,D) LEfSe analysis was used to show 
differences in taxa between pre-eradication and two weeks post-eradication. (E,F) Spearman’s rank correlation test with R≥0.5 and P<0.05 
was used to analyze the single-factor correlation network including the 10 most abundant genera. Each node indicates a genus, and the size 
is positively associated with the relative abundance. Positive correlations between two genera are indicated by orange edges, and negative 
correlations are indicated by blue edges. The correlation coefficient is represented by the thickness of the lines. BT, bismuth quadruple 
therapy; CT, concomitant therapy; LDA, Linear discriminant analysis; LEfSe, Linear discriminant analysis effect size. 

BT group

BT_Week0_Group
BT_Week2_Group CT_Week0_Group

CT_Week2_Group

p_Bacteroidota
p_Proteobacteria  
p_Firmicutes  
p_Actinobacteria 

p_Firmicutes
p_Proteobacteria 
p_Bacteroidota

LDA SCORE (log10) LDA SCORE (log10)

CT group

A B

C D

E F



He et al. Gut flora related to therapy in children with peptic ulcers1954

© AME Publishing Company.   Transl Pediatr 2024;13(11):1947-1958 | https://dx.doi.org/10.21037/tp-24-207

Figure 4 Comparison of diversity among the BT, CT, and HC groups at the same time points. (A-H) Alpha diversity. (I-L) Beta diversity. 
PCoA using the weighted UniFrac distance was used to cluster the fecal microbiota communities. *, 0.01≤P<0.05; **, 0.001≤P<0.01; ***, 
P<0.001. BT, bismuth quadruple therapy; CT, concomitant therapy; HC, healthy control; PCoA, principal coordinate analysis. 
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therapy, bismuth quadruple therapy and concomitant 
therapy can all result in transient gut microbiota dysbiosis, 
and at 1 year post-eradication, the gut microbiota almost 
returns to the pre-eradication level. This may indicate the 
long-term safety of H. pylori therapy. However, among 
these regimens, the speed and extent of restoration of the 
gut microbiota are different (7). Because more than 70% 
of peptic ulcers are associated with H. pylori infection, few 
reports have investigated changes in the microbiota of 
PUD patients receiving H. pylori therapy. Current evidence 
indicates that H. pylori infection does not cause symptoms in 
children in the absence of PUD and/or erosions. So we pay 
special attention to PUD patients (3).

However, this study revealed that immediately after 
eradication, the alpha diversity (Shannon and Chao 1 
indices) was strikingly reduced in the BT and CT groups. 
Although longitudinal analysis revealed a sustained increase 
in alpha diversity, the alpha diversity indices in both the 
BT and CT groups completely recovered until week 52. 
These results are in accordance with our previous results in 
patients with gastritis (7).

In the healthy gut, the dominant phyla Bacteroidetes 
and Firmicutes make up >90% of the microbiota, while 
Proteobacteria and Actinobacteria are present as minor 
players. Among these four phyla, the phylum Proteobacteria 
is the most unstable over time. Various studies have 
reported an increase in Proteobacteria in the stool after 
H. pylori infection (11,19). Our findings also showed that 
the high proportions of Firmicutes and Bacteroidetes were 
soon replaced by Proteobacteria during the 2 weeks of H. 
pylori eradication. This may be because antibiotics such as 
amoxicillin, clarithromycin and metronidazole have limited 
ability to inhibit Proteobacteria, but they can also efficiently 
inhibit other commensal bacteria. A high abundance of 
Proteobacteria has been shown to be associated with several 
intestinal disorders, such as inflammatory bowel disease and 
necrotizing enterocolitis (20,21). A bloom of Proteobacteria 
in the gut has been proposed as a microbial signature of gut 
dysbiosis representing an unstable microbial community 
structure (22).

The relative abundances of Escherichia-Shigella, Klebsiella, 
Enterococcus and Enterobacteriaceae increased; however, the 
abundances of Bacteroides, Faecalibacterium, Lachnospiraceae and 
Blautia decreased in the BT and CT groups at 2 weeks after 
therapy. Although some researches think these bacterial 
genera maybe related to gut inflammation, only specific 
species would cause these results. Like Bacteroides spp. are 
known to maintain eubiosis in the human gastrointestinal 

tract, however, some species are opportunistic pathogen (23). 
In this study we didn’t analyse the abundance at specie-level. 
So we can’t definitely hypothesize the effects of changes in 
genus-level is positive or negative.

In this study, H. pylori-negative asymptomatic children 
were enrolled in the healthy control group. We compared 
alpha diversity and beta diversity between H. pylori-positive 
patients (including the BT group and CT group) and H. 
pylori-negative healthy control children. We found no 
significant difference at baseline, which is in accordance 
with the findings of Gao et al. (24). In contrast, in Cornejo-
Pareja et al.’s research, a lower diversity and significant 
alterations in the microbiota composition were detected in 
patients with H. pylori infection (25). Such divergences may 
be caused by different variables, such as age, diet, lifestyle 
and age at infection onset. A larger sample is needed to 
validate the baseline results.

There were some limitations in this study. Only 73.8% 
of patients completed this 1-year follow-up. Additionally, 
the 16S rRNA method has limitations at the species level. 
To overcome these limitations, further in-depth sequencing, 
such as whole-genome shotgun sequencing, is needed. Diet 
was another important influencing factor. However it was 
a single center study, most patients came from Shanghai 
and around area. Dietary factors are unlikely to make a big 
difference. So we didn’t analyse it. With the population 
mobility and diversification of diet, we still need to know 
the birthplace and dietary preferences of the children in 
future studies. To the best of our knowledge, this is the first 
prospective trial investigating the short-term and long-
term effects of bismuth-containing quadruple therapy 
and concomitant therapy on the gut microbiota in PUD 
patients. A self-comparison study before and after treatment 
was performed, which can effectively control for individual 
differences and complex confounding factors.

Conclusions

This study revealed that bismuth quadruple therapy and 
concomitant therapy can cause transient changes of the 
gut microbiota in Chinese children, and at one year post-
eradication, these changes almost completely returned to 
the pre-eradication level, which indicated that H. pylori 
therapy may have long-term safety in PUD patients.
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