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Abstract — Background: Helicobacter pylori eradication requires a combination of antibiotics. The short and
long-term effect of different H. pylori eradication regimens on the gut microbiota has received little attention.
Aims: To evaluate and compare the impact of the two most frequently recommended first-line H. pylori eradica-
tion regimens — bismuth and non-bismuth quadruple regimens — on the gut microbiota.

Patients and Methods: Two 14-day quadruple treatments were evaluated and compared: bismuth-based qua-
druple therapy (proton pump inhibitor, bismuth, tetracycline, and metronidazole) and non-bismuth quadruple
“concomitant” therapy (proton pump inhibitor, amoxicillin, clarithromycin and metronidazole). Stool samples
were collected before, and at two and six months after finishing treatment. Gut microbiota was analyzed from the
stool samples by sequencing of the 16S rRNA gene and sample-specific barcode sequences.
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Results: 51 patients were initially included and 38 completed the six months follow-up. A total of 136 stool
samples were analyzed. Eradication rates were similar between treatments (bismuth 90%, non-bismuth 89%).
Tolerance was also similar. Both treatment regimens induced a significant decrease in alpha diversity two months
after treatment, which was partially recovered at six months. Beta diversity was also similarly affected by both
treatments and partially recovered at six months follow-up. Longitudinal pairwise Aichison distances were cal-
culated: large individual variation was observed during treatment and at follow-up for both regimens but the
average distance was similar, i.e., 1.70 and 1.74, respectively, at two months after treatment, and 1.19 and 1.14 at
six months. Statistically significant changes of specific taxa were also observed and these were different for each
treatment.

Conclusions: H. pylori eradication using quadruple therapies significantly reduces microbiota diversity, al-
though it is partially recovered six months after the end of treatment. No difference was found between bismuth
and non-bismuth quadruple therapies; therefore, other aspects should guide prescription.

Keywords: Microbiota, Antibiotics, Clarithromycin, Bismuth, Proton pump inhibitors, Helicobacter pylori.

Abbreviations: Helicobacter pylori (H. pylori); proton pump inhibitor (PPI).

BACKGROUND

Helicobacter pylori (H. pylori) infection is the main cause of gastritis, peptic ulcer and gastric
cancer, and therefore eradication treatment is frequently prescribed in clinical practice'2. Helico-
bacter pylori eradication requires the use of a combination of antimicrobial agents and an antise-
cretory drug'. Among the adverse events observed, intestinal disorders are the most frequent,
especially diarrhoea, suggesting that the antibiotics have a negative effect on the intestinal mi-
crobiota®. The concomitant use of probiotics like Lactobacillus sp. or Saccharomyces boulardii
led to a decrease in the diarrheal incidence and consequently to an increase in treatment compli-
ance of antibiotic treatment. This may contribute to increased treatment efficacy*®.

At present, the standard triple therapy — that is a proton pump inhibitor (PPI) plus clarithro-
mycin and amoxicillin — is only recommended when the H. pylori clarithromycin resistance
level is lower than 15-20%"2. In most regions of the world, including most European countries,
two other treatments are currently recommended as first-line: the bismuth-based quadruple
therapy (combining a PPI, bismuth salts, tetracycline and metronidazole) and the “concomi-
tant” non-bismuth quadruple therapy (that combines a PPI, clarithromycin, amoxicillin and a
nitroimidazole)"2.

With our increasing knowledge on the central role of the gut microbiota on various aspects
of human health, it is important to determine the potential detrimental effect of these treatment
regimens on the gut microbial communities. In addition to the efficacy, i.e., H. pylori eradica-
tion rate, the microbiota stability may be a factor to consider when choosing a treatment. The
gut microbiota can be studied using high throughput sequencing technology. Many tradition-
ally non-cultivable bacterial taxa can thus be detected and quantified. Composition of the gut
microbiota is influenced by environmental factors such as diet, lifestyle and medication, in
particular, antibiotic therapy due to its inherent antimicrobial activity. The gut microbiota is
highly individual, and thus, its response to changes in such environmental factors is diverse
and difficult to predict®.

The impact of H. pylori eradication therapy on the microbiota’s composition and risk of dys-
biosis development needs to be taken into consideration. Some small-scale short-term studies
showed that standard triple therapy given for H. pylori eradication may lead to dysbiosis of gut
microbiota. However, the short and long-term impact of the quadruple (bismuth- and non-bis-
muth-based) eradication regimens on the gut microbiota have not been reported.

The aim of the present study was to evaluate and compare the impact of the two most fre-
quently recommended first-line H. pylori eradication regimens — bismuth and non-bismuth quadru-
ple regimens — on the alterations of the intestinal microbiota.
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PATIENTS AND METHODS

Inclusion criteria were: 1) Adult patients (18-55 years old); 2) H. pylori infected patients prescribed with
either: bismuth-based quadruple therapy: PPl (omeprazole, 20 mg/12h), bismuth salts (Gastrodenol 240
mg/12h), tetracycline (doxycycline 100 mg/12h), and metronidazole (500 mg/8h) for 14 days; or non-bis-
muth quadruple “concomitant” therapy: PPl (omeprazole, 20 mg/12h), amoxicillin (1,000 mg/12h), clar-
ithromycin (500 mg/12h) and metronidazole (500 mg/12h) for 14 days; 3) Patients having given written
informed consent to participate in the study.

Exclusion criteria were: 1) Patients having received antibiotics, bismuth salts, PPIs or H, receptor
antagonists in the month prior to inclusion; 2) Patients having received probiotics during the month prior
to inclusion; 3) Patients suffering from chronic disease, especially immunological, neoplastic, infectious
and mental diseases, having had digestive surgery, or any condition that could make attending visits
and follow up, or complying with protocol difficult; 4) Patients having received a previous H. pylori erad-
ication treatment; 5) Patients with restrictive diets (vegetarian, vegan, food allergies/intolerances, other)
or with planned in-study habit alterations (nutritional, trips, life-style, job changes, etc.); 6) Patients hav-
ing a Body Mass Index (BMI) superior to 30 or inferior to 18.5; 7) Pregnant women; and 8) Patients with
substance abuse (alcohol, drugs).

During the initial/pre-treatment visit, the study was explained to the patient and written informed
consent was obtained. Detailed clinical history on digestive diseases and other clinically relevant data
was recorded (smoking habit, alcohol consumption). A nutritional/dietary survey was taken and socio-
economical factors were recorded. Self-sampling collection tubes for stool were given to the patient,
and the procedure was explained.

One stool sample per patient was collected before the start of the treatment in order to determine
the basal intestinal microbiota, another one two months after treatment (at the same time the *C-urea
breath test was performed to confirm H. pylori eradication), and a final sample six months after the end
of treatment. The stool samples were stored frozen at -80°C within 24h.

The visit immediately after the end of treatment (post-treatment visit, two to three days after the last
dose of antibiotic was taken) included a clinical evaluation with the following items registered: adher-
ence to treatment, evolution of the symptoms, appearance of adverse events, dietary alterations, and
intake of other concomitant medication.

In all visits, clinical exploration and evaluation of adverse events, symptoms evolution, dietary alter-
ations and concomitant medications were recorded. Intake of probiotic products (yoghurt, milk, cheese
and other commercial probiotic products) during the whole study period, i.e., treatment and follow-up,
were recorded.

Processing of fecal samples

Fecal samples were processed as described previously’. Briefly, samples were thawed, pelleted and DNA
was extracted using Zymo Research’s ZR-96 Genomic DNA MagPrep. A blank negative control and a
positive mock control (ZymoBIOMICS Mock Community Standard, Zymo Research Corp, Irvine, CA, USA)
were included alongside the samples from this step on. For each sample, 50 ng DNA was submitted to a 25
cycle 1-step PCR amplification with primers for the V3-V4 region of the 16S rRNA gene. The amplicons were
subsequently sequenced on an lllumina MiSeq platform with 2x300 reads.

16S rRNA gene sequence processing

After base calling and demultiplexing, the generated fastq files were submitted to our CTMR-ampl-
icon pipeline which is based on DADA2, version 1.8% and implemented in Nextflow (http://nextflow.
io). Major steps and key parameters were as follows: checking the reads quality profiles, removing
16S primers and low-quality regions and 17 or 21 bases from the 5-ends, and 15 or 75 bases from
the 3’-ends for forward and reverse read, respectively, filtering PhiX sequences and low quality
reads, i.e., reads containing either “N” or a minimum of two expected errors, denoising with DADA2
and merging paired forward and reverse reads with a minimum sequence overlap of 30 bases.
The recovered amplicon sequences were then annotated using the Silva ribosomal RNA database
version 128°.
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Bioinformatics analysis

410 taxa were identified in the dataset which comprised 3,786 unique features and 1,751,898 reads
across a total of 136 samples. After the conversion of the feature table into the biom format', rar-
efaction curves of observed features were produced in Qiime2 version 2018.11". A cut-off at 6,000
reads per sample was chosen as a minimum requirement for a sample to be retained in the dataset
based on these rarefaction curves. This led to the exclusion of six samples. Filtering the taxa table
of rare reads in Qiime2 with ‘--p-min-frequency 30 --p-min-samples 13’ reduced the total number of
annotated taxa to 178 out of 410, i.e., to 43.41% and the total number of reads to 1,709,241 reads
out of 1,751,898 (97.57%). Thus, more than half of all annotated taxa were rare, comprising only a
total of less than 2.5% of all reads of the data set. Alpha and beta diversity were calculated using
Qiime2. Dunn’s test of multiple comparisons with Benjamini-Hochberg adjustment was calculated for
both alpha diversity measures. PCoA results were visualized with EMPeror'2. The paired Wilcoxon
test was used to calculate p-values and FDR values for all taxa of the filtered table. We calculated
individual Aitchison distances for S1-S2 (before treatment-two months after treatment) and S1-S3
(before treatment-six months after treatment) for each treatment group using giime longitudinal pair-
wise-distances in Qiime2. Normal distribution was confirmed using the Shapiro-Wilk test of normality
for one variable in R. Differences in pairwise Aitchison distances between treatment groups for each
time point were tested for significance using the Welch two Sample t-test. Correlation analyses were
performed by calculating Spearman’s rho, p-values and FDR. All statistical analyses were performed
in R Studio version 1.1.463, using R version 3.5.2. Boxplots, bar plots and graphs were produced in
R using the rafalib and RColorBrewer libraries.

RESULTS

A total of 51 patients were included. 26 patients received the non-bismuth concomitant treatment and
25 received the bismuth-based regimen, with a treatment adherence of 20/26 (77%) and 18/25 (72%).
33 (65%) were women, and the average age was 41 (+8.54) years.

Eradication rate

Of the included patients, the infection was eradicated in 24 (92%) with the non-bismuth regimen and 22
(88%) with the bismuth one (intention-to-treat analysis). If only adherent patients were included, respec-
tive eradication rates were 90% (18/20) and 89% (16/18) (per-protocol analysis).

Adverse events

During the seven days prior to treatment, 43 patients (84%) suffered from dyspeptic symptoms.
Each of these seven days, between 50% and 67% of patients had at least one symptom (aver-
age 2.27+1.21 symptoms per day). During the two weeks of treatment 47 patients (92%) suffered
symptoms or adverse events, 92% during the first week and 88% during the second week (average
2.80+1.55 symptoms per day), while during the week prior to confirmatory testing only 35 patients
(78%) did show symptomatology (average 2.34+1.44 symptoms per day).

Both treatment groups had the same basal incidence of symptoms, 22/26 (85%; 2.06+0.99) in
the non-bismuth therapy group and 21/25 (84%; 2.49+1.34) in the bismuth therapy; however, the
non-bismuth regimen caused higher increase of patients with symptoms during treatment (96%
vs. 88% during week one, and 96% vs. 84% during week two). After treatment, 18/22 patients
(82%) in the non-bismuth therapy group and 17/23 (74%) in the bismuth therapy suffered symp-
tomatology.

Focusing on lower Gl tract symptoms (diarrhoea, abdominal pain, swelling and constipation),
a composite index variable was created based on duration and intensity of symptoms. Figure 1
shows the symptomatology intensity trends between treatments. Although sample size did not
allow for statistical comparison, both treatments showed similar patterns. In general, lower Gl



H. pylori eradication and microbiota
A ——

1.00 4 1.00 4
Diarrhoea Abdominal pain
PPI-C-A-M PPI-C-A-M
0.80 — 0.80 U
PPI-B-T-M PPI-B-T-M
z z
g 0.60 4 2 0.60
2 ]
£ £
0.40+ 0.40
A
0.20 0.16 0.20 4
015 0.18
0.12 0.12
0.00 . . Y 0.00 v v T
Pre Treatment Post Intens_pain_pre Intens_pain_treat Intens_pain_poster
1.004 1.004
Constipation Swelling
0.801 PPI-C-A-M 0.807 EREC-AM
PPLB-T-M PPI-B-T-M
> >
- F =
® 060 B 0601
5 3
= £
0.404 0.404 - —
=
o SN
0.25 0.21
. 0.19 o 0.20 0.21
0.11 0.08
0.07,
,.0," =y 1 v ' 0.00 . . .
Pre Treatment Post Pre Treatment Post

Figure 1. Average symptom intensity trends by treatment. Intensity was measured as the average daily intensity
(0 — not present, 1 — mild, 2 — moderate, 3 — severe), for 7 days prior to treatment, 14 days during treatment and 7
days two months after treatment. Pre: before H. pylori eradication treatment; treatment: two months after treatment;
post: six months after treatment. PPI+C+A+M: 14 days omeprazole, clarithromycin, amoxicillin and metronidazole.
PPI1+B+T+M: 14 days omeprazole, bismuth, tetracycline and metronidazole.

symptom intensity was maintained or slightly increased during treatment except constipation that
seemed to improve with treatment. The only potential difference between treatments was a clear
increase in diarrhea intensity with the non-bismuth regimen during treatment. Two months after
treatment most patients improved from basal symptoms, except diarrhea that just returned to
pre-treatment levels.

Fecal microbiota analysis

38 patients completed the six months follow-up (providing the three stool samples), and 11 patients
provided only the basal and two months stool sample. Thus, a total of 136 stool samples were analyzed.

Within sample diversity, i.e., alpha diversity is shown in Figure 2. Both treatment regimens induced
a significant decrease in alpha diversity at two months after end of treatment (S2) demonstrated by
the Chao1 index of richness and the Shannon index of diversity, which includes evenness. Six months
after the end of treatment (S3), alpha diversity had increased for patients from both treatment groups
compared to two months after treatment but only the Shannon index was significantly increased in the
bismuth-based therapy group. However, median sample diversity was not fully recovered to median
levels observed before treatment (S1) for either group.

Beta diversity, a measure of diversity between samples, was calculated as Aitchison distances.
PCoA of the whole data set showed a clear shift of microbial composition two months after antibi-
otics treatment, whereas the composition of the six months follow-up samples was more similar to
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Figure 2. Changes in alpha diversity following non-bismuth and bismuth antibiotic regimens. Chao1 index
of richness and Shannon index of diversity for non-bismuth (A) and bismuth (B) treatment regimen are shown for
each sample time point: S1, pre-treatment; S2, two months after treatment; S3, six months after treatment. Data
are presented as median and IQR. Dunn’s test of multiple comparisons with Benjamini-Hochberg adjustment:
*p<0.05, **p<0.01 and **p<0.001.

the baseline samples (Fig. 3a). A similar shift for S2 (two months) could be found in both groups
when separated by treatment regimen (Fig. 3b and 3c). In both groups the microbiota at S2, i.e.,
two months after finishing the antibiotics course, was more different from baseline (S1) than the six
months follow-up sample (S3); however, no profound differences were found between the bismuth
and non-bismuth treatment groups at either S2 or S3 compared to baseline. To further analyze
and quantify the individual changes in the microbiota composition from baseline to S2 and from
baseline to S3, longitudinal pairwise Aitchison distances were calculated (Fig. 4). We detected a
big individual variation ranging from 0.27 to 3.64 for S2 and from 0.43 to 2.98 for S3, respectively,
in the group receiving the non-bismuth therapy. In the bismuth therapy, treated individuals pairwise
Aitchison distances ranged from 0.41 to 3.11 for S2 and from 0.23 to 2.44 for S3. Mean distance
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Figure 3. Changes in beta diversity following non-bismuth and bismuth antibiotic regimens. Biplot PCoA anal-
ysis of Aichison distances for (A) both treatments, (B) non-bismuth therapy and (C) bismuth therapy. Green, pre-treat-
ment; Orange, two months after treatment; Purple, six months after treatment. Arrows represent the most driving taxa
and their directions in the three dimensional space: Seq_00001, Firmicutes; Clostridia; Clostridiales; Ruminococcace-
ae; Faecalibacterium; F_prausnitzii; Seq_00006, Bacteroidetes; Bacteroidia; Bacteroidales; Bacteroidaceae; Bacteroi-
des; B_uniformis; Seq_00008, Proteobacteria; Gammaproteobacteria; Enterobacteriales;Enterobacteriaceae; Esche-
richia/Shigella; Seq_00013, Firmicutes; Negativicutes; Selenomonadales; Veillonellaceae; Dialister; D_invis.

values at S2 were comparable for both treatments whereas they were slightly lower for the non-bis-
muth group at S3 (follow-up). This difference was, however, not statistically significant.

Fecal samples were dominated by Firmicutes, Bacteroidetes and Proteobacteria as the most
abundant phyla (Fig. 5a and b) in both treatment groups. Paired Wilcoxon Rank Sum tests were
performed to identify bacteria at all taxonomic levels that changed significantly during treatment
and that were significantly changed at follow-up in each treatment group (Supplementary Tables
1-4). For the non-bismuth treatment, 21 out of 178 taxa were significantly different from baseline
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Figure 4. Individual disturbances of the gut microbial community following bismuth and non-bismuth
antibiotic regimens. Pairwise Aichison distances were calculated for each individual at each time point. Com-
paring pre-treatment samples to themselves resulted in a zero-value representing identical communities and the
larger the diversion from zero the larger the differences in community composition to pre-treatment. Non-bismuth
therapy, individual samples, pale red; mean and standard deviation within the group, dark red. Bismuth therapy, in-
dividual samples, pale blue; mean and standard deviation within the group, dark blue. Time point 1, pre-treatment;
2, two months after treatment; 3, six months after treatment.

two months after treatment (p<0.05, but all false discovery rates (FDR) were > 0.10). Eleven taxa
were significantly changed after six months, of which Sutterella wadsworthensis had the lowest
false discovery rate (FDR = 0.104). The bismuth treatment caused 37 out of 178 taxa to change
significantly two months after treatment, of which Christensenellaceae R-7 group and three Rumi-
nococcaceae had an FDR < 0.10. After six months, nine taxa were significantly changed, however
with FDR values above 0.70.

As we found a larger increase in diarrhea symptoms during non-bismuth treatment, we explored
whether the abundance of any bacteria correlated with the intensity of diarrhea at sampling time for both
treatments. We found that Ruminiclostridium 6 positively correlated with diarrhea intensity in patients
receiving non-bismuth treatment before treatment start and Oscillospira and Anaerotruncus negatively
correlated with diarrhea during follow-up (Supplementary Table 5). For bismuth therapy, no correlation
was found before starting treatment and Odoribacter abundance correlated positively with diarrhea
symptoms after treatment.

DISCUSSION

Our study aimed to compare two of the most commonly used and recommended treatments for the
eradication of H. pylori — the non-bismuth quadruple concomitant and the bismuth quadruple regimens
— focusing not only on the eradication rate, which appears equivalent according to current consensus'2
but also on their safety and impact on the gut microbiota.
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Figure 5. Phylum level taxonomic profiles of individuals from each treatment group for each time point.
A, Non-bismuth; B, Bismuth therapy.

In our study, both treatments provided similar adherence rates and approximately 90% eradi-
cation rate by intention-to-treat, the threshold for minimum accepted eradication, consistent with
results published in the literature®'5. In the context of highly effective treatments, the election of
treatment of choice will have to consider not only drug costs but, especially, potential adverse
events and dysbiosis. Our results show how both treatments increased incidence and intensity
of adverse events during the 14 days that lasted each regimen, but that basal symptomatology
levels were recovered or even improved two months after treatment. No differential patterns of
symptoms or intensity could be identified between treatments, except in the case of diarrhea’s
intensity that seemed to increase more during treatment in patients taking the non-bismuth reg-
imen and correlated with the abundance of certain Ruminococcaceae. This adverse reaction
may be caused by amoxicillin'®. Prescribing physicians may take this point into consideration in
patients with pre-existing diarrhea or in which this adverse event may be especially impairing to
or detested by the patient, as it may affect compliance and therefore final eradication. From our
results, apart from this potential nuance with diarrhea, adverse events do not seem to be a factor
to consider in favor of one treatment over the other.

Pharmacotherapy has an extensive impact on the viability of common intestinal bacteria. Up to 24%
of drugs with human targets from all therapeutic classes impaired the growth of at least one of 40 rep-
resentative gut bacterial strains in vitro'. Antibiotics have an inherent antimicrobial activity and impact
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the intestinal microbiota dependent on their spectrum, dosage and way of administration. In our study,
alpha diversity was significantly decreased two months after treatment for both regimens. Six months
after completing the regimen, alpha diversity had started to recover but did not reach the pre-treat-
ment levels. These changes were similar in both treatment groups and suggest that a dysbiosis was
induced irrespective of antibiotic regimen used and recovery of the gut microbiota takes longer than six
months'&1°,

A change in between-samples diversity, i.e., beta diversity, was also observed during this lon-
gitudinal intervention study. However, pairwise distance analysis for compositional changes from
pre-treatment to two months post-treatment as well as pre-treatment to six months post-treatment
did not reveal significant differences between the two regimens. Both induced a clear change in
the microbial composition due to the antibiotics therapy and, again, this was not recovered after
six months.

Previous studies have shown that different antibiotics may exert distinct effects on gut mi-
crobiota. However, most of these studies addressed only the short-term changes after antibiotic
treatment and few of them addressed the long-term impact?. In particular, the changes in the gut
microbiota before and after H. pylori eradication treatment have been reported in six small scale
studies™?"2% including only few patients (from six to twenty-three). Bismuth based quadruple
therapy was used in two studies2+25. Shortly after H. pylori eradication therapy, the bacterial di-
versity was significantly reduced'®2'-25. Namely, in patients treated with bismuth quadruple thera-
py, the relative abundance of Proteobacteria was increased, whereas those of Bacteroidetes and
Actinobacteria were reduced.

However, the long-term impact of H. pylori eradication on the gut microbiota was assessed
in only 3 studies (with a total of only 34 cases)'®2'24, |n these studies, the alpha- and beta-di-
versity of the microbiota and the relative abundance of all phyla were restored to pre-treatment
states at one year'®2"24, Jakobsson et al'® showed that the diversity of the microbiota recovered
to resemble the pre-treatment states, but some notable changes at the genus levels at 1 year
and 4 year after triple therapy (N=6), but the formal statistical analysis was not done due to
small sample size. Yap et al?' also showed no significant differences in richness and evenness
of bacterial species, but they found some notable changes at the phylum and genus levels after
triple therapy (N=17). Hsu et al®* reported that the relative abundances of all phyla restored to the
levels at baseline at 48 weeks after bismuth quadruple therapy (N=11). Nevertheless, all these
studies were underpowered to assess the long-term alterations in gut microbiota after H. pylori
eradication.

We should acknowledge some limitations of our study. The dietary habits and medication his-
tory were not recorded during the follow-up periods. Nevertheless, although some of them may
change their dietary habits, the proportion is expected to be similar among the two treatment
groups. A second limitation is that, although the follow-up after H. pylori eradication treatment
was relatively long (six months), it was probably insufficient to confirm whether the changes in
intestinal microbiota could be completely recovered. On the other hand, the present study has
some strengths. To the best of our knowledge, it is the largest one evaluating the short and long-
term effect of H. pylori eradication treatment on intestinal microbiota. Furthermore, we not only
evaluated but also compared the impact of the two most frequently recommended first-line H.
pylori eradication regimens — bismuth and non-bismuth quadruple regimens — on the intestinal
microbiota.

CONCLUSIONS

In summary, our results show that both bismuth and non-bismuth quadruple H. pylori eradication
treatments significantly reduce microbiota diversity shortly (two months) after treatment, but with
partial recovery after six months. However, no relevant differences in microbiota diversity changes
were found between bismuth and non-bismuth quadruple therapies, although different taxa were
differently affected by the two treatment regimens. As we today do not know which taxa should be
part of a healthy microbiota and which might be dispensable, it is difficult to formulate advice for the
prescription of one treatment regimen over the other based on our microbiota study; therefore, other
factors such as personal experience, drug availability, prevalence of antibiotic resistance or costs
should guide the choice between bismuth and non-bismuth quadruple therapy.
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