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n INTRODUCTION

A considerably high fraction of the world pop-
ulation is infected chronically by Helicobacter 

pylori (HP). This bacterium has been known to be 
a cause of several diseases from a simple infec-
tion to stomach cancer. Thus, it warrants an im-
mediate treatment but depending on the discrep-
ancies at resistance rates in different countries, as 
well as due to incomplete implementations of the 

corresponding protocols, the success rates of the 
treatment protocols differ considerably among 
different countries. In the countries where bis-
muth procurement is possible and considering 
resistance rates in the country, bismuth plus two 
antibiotics and proton pump inhibitors (PPI), i.e., 
a quadruple treatment protocol, is offered. On the 
other hand, in the developing countries where 
bismuth is not available, a combination of PPI 
plus three antibiotics is used as a varied foursome 
treatment protocol. In these treatment protocols, 
the antibiotics such as metronidazole and tetracy-
cline are commonly used [1]. In our country, HP is 
as widespread as other countries in our region [2].
The primary use of antibiotics is the protection 

Bismuth-based quadruple Helicobacter 
pylori eradication regimen alters  
the composition of gut microbiota 
Serap Süzük Yildiz1, Meltem Yalinay2, Tarkan Karakan3

1Public Health Institution of Turkey, Microbiology Reference Laboratories Department,  
National AMR Surveillance Laboratory, Sihhiye Ankara, Turkey;  
2Gazi University, Faculty of Medicine and Clinical Microbiology Department, Bes ‚evler Ankara, Turkey;  
3Gazi University, Faculty of Medicine and Gastroenterology Department, Bes ‚evler Ankara, Turkey

Microbiota is a dynamic system showing individual 
differences in both the number and species of micro-
organisms. Dietary habits, lifestyle, age, genetic pre-
disposition of the host and use of antibiotics are ef-
fective on microbiota. The aim of our research was to 
carry out a quantitative comparison of Bifidobacterium 
spp, Bacteroides fragilis, Lactobacillus spp, Akkermansia 
mucinophilia and Faecalibacterium prausnitzii, impor-
tant bacterial microbiota species, before and after an-
tibiotic therapy treated with tetracycline and metroni-
dazole in patients who are diagnosed as positive for 
Helicobacter pylori (HP), and to determine the effects 
of antibiotic use on the microbiota. Eighteen HP-pos-
itive patients were enrolled in this study. A special 
extraction kit (QIAmp DNA Stool Mini Kit, QIAgen, 
Germany) was used for the DNA isolation procedure. 
Primers specific to the 16S rRNA region of the bacte-

SUMMARY

ria included in the study were used for the amplifi-
cation of the target region. All the bacteria were sub-
jected to real-time quantification procedure with PCR 
method on RotorGene® 20 device (Qiagen, Germany). 
According to quantification before and after antibiot-
ic use in patients receiving HP treatment, statistically 
significant decreases were observed in Bifidobacterium 
spp (p=0.001), B. fragilis (p=0.001), Lactobacillus spp 
(p=0.001), A. mucinophilia (p=0.001) and F. prausnitzii 
(p=0.001). We were unable to identify B. fragilis in the 
microbiota of five patients after treatment. Based on 
the data obtained, it can be concluded that antibiotics 
used to treat HP can prepare the ground that could 
result in dysbiosis in microbiota.
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from a pathogenic agent and to ensure a therapy 
[3]. Antibiotics, besides their expected changes 
on target microorganisms, may also lead to un-
desirable changes in microbiota. Although found 
to be extremely safe medications so far, they have 
recently gained interest as their effects on micro-
biota and host. Antibiotics may deteriorate the 
stability of microbiota, which has been quite sta-
ble in a host. Regarding the antibiotic utilization, 
variations in terms of quantity used and the types 
have been observed. These conditions usually 
lead to dysbiosis which, in a long term, results 
in the changes in the functional properties of mi-
crobiota. The impact of antibiotics on microbiota 
has been studied since 1940s. However, at that 
time, only short-term effects on variations could 
be investigated by culture-based techniques [4]. 
The data obtained by these methods are not ad-
equate to find out completely the whole range of 
antibiotic effects on the microbiota. At present, it 
is possible not only to put forward the short-term 
effects of antibiotics but also the long-term effects 
in terms of molecular techniques [5, 6]. The stud-
ies on antibiotic treatments have shown that the 
microbiota decreases by one-fourth to one-third 
of its initial quantity and more, resulting in con-
siderable changes in the composition of micro-
biota [5]. In this context, the modern molecular 
methods have boosted both the sensitivity and 
specificity of the analysis done on microbiota [7].
In this study, we aimed to screen, by real-time pol-
ymerase chain reaction (qPCR), the changes in the 
gut microbiota of HP patients, on whom a treat-
ment protocol involving PPI, tetracycline, metro-
nidazole, and bismuth was applied.

n PATIENTS AND METHODS 

Ethics committee approval and informed consent 
An approval was obtained at the beginning of 
the study from the local ethics committee of the 
Zekai Tahir Burak Women’s Health Training and 
Research Hospital. Written informed consent was 
obtained from all patients who participated in 
this study.

Patients’selection
For this study, 26 HP-positive patients admitted 
to Department of Gastroenterology, Gazi Univer-
sity, were enrolled after screening their baseline 

stool samples. Exclusion criteria were the history 
of antibiotic therapy right before up to one month 
of starting the study; the patients who were treat-
ed by corticosteroids, prebiotics or/and probiot-
ics in last six months; and a medical history of 
kidney disorder, gut surgery, diabetes, obesity, 
inflammatory bowel disease, irritable bowel syn-
drome, mental disorder, neurological disorders or 
cardiopulmonary disease. The patients who were 
not able to complete the HP eradication treatment 
were not included.
Only 18 out 26 patients completed the study. The 
others were excluded due to medication side-ef-
fects (n=2), failure to comply with the treatment 
protocol (n=2), and protocol violation due to ex-
clusion criteria [6].
The compliance to the treatment was checked by 
empty medication boxes returned after the treat-
ment.
The HP eradication protocol was a quadruple 
bismuth-containing regimen (PPI bid, tetracy-
cline 500 mg qid, metronidazole 500 mg tid, and 
bismuth subsalicylate 262 mg qid for 10 days). 
Among 18 patients, 15/18 (83%) were responders 
(HP eradication) and 3 were still positive for HP. 
These 18 patients had the full dosage of the treat-
ment regimen and for this reason, the results were 
presented as per protocol analysis. These patients 
(completing the full protocol) were enrolled in the 
microbiome study.
Pre-treatment HP diagnosis was made by patho-
logical evaluation of endoscopic biopsies (2 an-
trum, 2 corpus and 1 incisura angularis). Any 
positive result from these biopsies confirmed HP 
diagnosis. Post-treatment HP eradication was 
confirmed by C13 urea breath test after 6 weeks.
Thirty-six stool samples were collected before 
and after six weeks of HP eradication therapy. All 
samples collected both before and after antibiotic 
medication were kept at -80 °C until the day of 
study.

n REAL TIME PCR CONDITIONS

Preparation of Standards
In this study, Bifidobacterium breve ATCC 15700, 
Bacteroides fragilis ATCC 25285, Lactobacillus acido-
philus ATCC 4356, Akkermansia muciniphila ATCC 
BAA-835 and Faecalibacterium prausnitzii ATCC 
27766 from the American type standard culture 
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collections (ATCC) were used (Table 1) [6-10]. The 
primary sequences specific to 16S rRNA of the 
bacteria were used and at least three standards 
were implemented to obtain the standard curve. 
The numbers of copies of the bacterium in the 
clinical samples were determined from the drawn 
standard curves.

DNA extraction
The DNA was isolated from the stool samples 
using an extraction kit designed for special stool 
samples (QIAamp DNA Stool Mini Kit, Qiagen, 
Hilden, Germany) following the extraction pro-
tocol prescribed for the kit (Protocol: Using Stool 
Tubes for Isolation of DNA from Stool for Human 
DNA Analysis).

qPCR
Amplification reaction for the quantitation was 
realized using the SYBR green (RT2 SYBR Green 
qPCR, Qiagen, Germany) Rotor-Gene 6000 instru-
ment. For each sample, an amplification mixture 
in a final volume of 25 μL was prepared. Melting 
curve analysis using the fluorescence by qPCR 
was drawn.

Statistical analysis 
The data were fed into a Microsoft Excel sheet and 
the amount of bacterium in logarithmic scale was 
calculated. The evaluation of the data was real-
ized by using Statistics package for Social Scienc-
es (SPSS) 22 package program (Inc. USA). Average 

and percentile values were calculated and neces-
sary comparisons were made. The average values 
of the data related to both pre- and post-antibiot-
ic utilization were assessed by Mann-Whitney U 
test and p<0.05 was accepted as significant (SPSS 
version 22, Inc USA).

n RESULTS

The study population consisted of 7 males (39%) 
and 11 females (61%). The mean age value was 
42±13 years. The quantitation of all bacterial spe-
cies in the baseline stool samples revealed that the 
bacterial composition was similar at the baseline, 
regardless of the gender and the age of the pa-
tients. Seven patients were overweight according 
to their body mass index (BMI) (between 25 and 
9.9 kg/m2). However, we did not detect any signif-
icant difference in the gut microbiota composition 
of these patients (Bifidobacterium spp. p=0.508, B. 
fragilis p=0.456, Lactobacillus spp. p=0.204, A. mu-
cinophilia p=0.714, F. prausnitzii p=0.714).
The quantification of bacteria in stool was rep-
resented under log10/g logarithmic scale. In ad-
dition, the average values of the bacterium at 
log10/g stool are also shown in Table 2.

Bifidobacterium spp. qPCR results
Bifidobacterium breve ATCC 15700 was used to 
determine the copy number in both pre and 
post-treatment samples. Bifidobacterium spp. were 

Table 1 - Primers belonging to standard strains, target region volume and PCR temperature.

Microorganism Primer name Primer (5’=>3’)
Target Region 
Volume (bp*)

Annealing 
temperature (ºC)

Reference

Bifidobacterium spp.
g-Bifid-F CTCCTGGAAACGGGTGG

550 55 [8]
g-Bifid-R GGTGTTCTTCCCGATATCTACA

Bacteroides fragilis 
group

g-Bfra-F ATAGCCTTTCGAAAGRAAGAT
495 50 [8]

g-Bfra-R CCAGTATCAACTGCAATTTTA

Lactobacillus spp.
Lact-F AGCAGTAGGGAATCTTCCA

341 50 [9]
Lact-R CACCGCTACACATGGAG

Akkermancia 
mucinophilia

AM-1 CAGCACGTGAAGGTGGGGAC
327 60 [10]

AM-2 CCTTGCGGTTGGCTTCAGAT

Faecalibacterium 
prausnitzii

Fprau223F GATGGCCTCGCGTCCGATTAG
199 58 [11]

Fprau420R CCGAAGACCTTCTTCCTCC

*bp: base pair.
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significantly decreased (p=0.001) and were de-
tected in four patients.

B. fragilis qPCR results
Bacteroides fragilis ATCC 252855 isolate was used 
to determine the copy number of B. fragilis before 
and after antibiotic medication. By comparing the 
samples taken before and after antibiotic medica-
tion, it was observed that B. fragilis was signifi-
cantly decreased (p=0.001). This bacterium was 
not detected in five patients and all of them were 
of an age over 60 years.

Lactobacillus spp. qPCR results
Lactobacillus acidophilus ATCC 4356 was taken as a 
standard strain to determine the copy number of 
Lactobacillus spp. before and after antibiotic use. 
From the samples taken before and after the anti-
biotic medication, it was concluded that Lactoba-
cillus spp. were significantly decreased (p=0.001).

A. mucinophilia qPCR results
Using the standard Akkermansia muciniphila ATCC 
BAA-835 isolate, indicated a decrease in the copy 
number of A. mucinophilia after antibiotic use at a 
statistically significant level (p= 0.001).

F. prausnitzii qPCR results
Faecalibacterium prausnitzii ATCC 27766 was used 
as a standard isolate, and copy numbers of F. 
prausnitzii were determined before and after the 
antibiotic use. We found that F. prausnitzii was 
significantly decreased after antibiotic treatment 
(p=0.001).

Antibiotic effect on microbiota
All bacterial groups were significantly decreased 
following HP eradication regimen. Mann-Whit-
ney U test was carried out for each bacterial 

species and indicated that the differences were 
statistically significant (p=0.001). The degree 
of decrease in bacterial groups in patients who 
had eradicated or failed eradication was similar 
(p>0.05).

n DISCUSSION

In this study, we aimed to investigate the effects 
of antibiotics on microbiota, which are used for 
the treatment of HP patients in Turkey and oth-
er countries. For this purpose, volunteer patients, 
who were diagnosed with HP at the gastroenter-
ology department, faculty of medicine at Gazi 
University, were enrolled in the study. A gastro-
enterology specialist implemented the standard 
treatment protocol to the volunteers. Regarding 
the protocol, a quadruple treatment protocol, 
involving PPI, tetracycline, metronidazole, and 
bismuth subsalicylate, was administered for ten 
days. Two stool samples were taken from the pa-
tients: before antibiotic medication and six weeks 
after the medication. We believe that 6 weeks is a 
short time for recovery of the gut microbiota. In 
the study, two different classes of antibiotics were 
used: tetracycline and metronidazole. The simul-
taneous medication of both tetracycline and met-
ronidazole significantly affected Bifidobacterium 
spp., B. fragilis, Lactobacillus spp., A. mucinophil-
ia, and F. prausnitzii, whose concentrations were 
found to be significantly lowered after antibiotic 
use as compared to the pre-medication condition.
It has been reported that a couple of weeks after 
the treatment, the microbiota returns back to its 
pre-treatment state. However, in some other cas-
es, this effect lasted for a long-term and even three 
months after the medication, the microbiota was 
not able to come back to its pre-medication state 

Table 2 - Bacteria qPCR results average and standard deviation.

Microorganism Before antibiotic usage average±SD* (log10/g) After antibiotic usage average±SD* (log10/g)

Bifidobacterium spp 7.81±1.12 6.11±2.74

B. fragilis 8.24±1.19 5.69±2.89

Lactobacillus spp 7.39±0.61 6.32±1.74

A. mucinophilia 8.08±0.60 6.10±0.86

F. prausnitzii 9.21±2.09 6.32±1.59

*SD: standard deviation.
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completely [12-14]. Earlier analysis of gut micro-
biota in our study might yield a false result due to 
slow recovery in some patients. 
In an experimental animal model, an antibiotic 
cocktail of ampicillin, gentamicin, metronidazole, 
neomycin, and vancomycin was implemented to 
animals for ten days. In the presence of a bacterial 
loading, anatomical, histological, and immuno-
logical variations were detected. After studying 
the microbiome by 16S rDNA and qPCR, it was 
noticed that the number of bacteria has decreased 
by ten times compared to that of the control group 
and this reduction was more prominent on Firmi-
cutes spp. However, in the case of Bacteroides and 
Akkermansia spp, an increase was observed [15]. 
Similarly, in our study, the reduction of Firmicutes 
was more than ten-times but in contrast to the 
previous reports, we found a ten-fold decrease in 
Bacteroides and Akkermansia spp. Moreover, no B. 
fragilis were found in five patients. 
The antibacterial activity of bismuth, involved 
in the treatment protocol, has been well estab-
lished [16]. It can be speculated that the use of 
bismuth could have contributed to the decrease 
in the number of these bacteria. It was observed 
that in the HP patients on whom clarithromycin 
and metronidazole treatment protocol had been 
implemented, in culture-based studies, as a short-
term effect of antibiotics, an absolute change at 
microbiota was noted [17-19].
A sharp and considerable decrease was noted 
soon after the treatment for the bacteria, Bifidobac-
terium, Clostridium, and Bacteroides spp, which can 
be cultured, and Bifidobacterium spp. and Bacte-
roides spp. bacteria showed a sustainable decrease 
lasting up to four weeks after the treatment [17]. 
A research group, considering the importance of 
individual evaluation of the effects of antibiotics, 
investigated both short and long term effects of 
antibiotics on intestine microbiota at three HP pa-
tients taking clarithromycin and metronidazole. 
The stool samples were evaluated at zero day, 
8-13 day, first year, and fourth year. However, a 
decrease in bacteroides was observed in all pa-
tients. The discrepancies in the bacteria type were 
followed for all patients [20]. As a similarity to 
our study, a decrease in all groups of bacteria was 
noticed among the individuals along with their 
different decrease rates.
Regarding our data, it can be speculated that the 
statistically significant decline of all the bacteria 

may be brought by the high sensitivity of the an-
aerobic bacteria to metronidazole. In fact, in our 
country, the rate of metronidazole resistance of B. 
fragilis is under 1% [21].
A continuous and long-term medication using 
antibiotics leads to the occurrence of dysbiosis in 
the intestine, which actually triggers the factors 
leading to several diseases. In a study carried on 
718 volunteers with a four-year follow-up, a pos-
itive correlation between antibiotic use of the pa-
tients and the evolution of intestine inflammatory 
disease was observed. Moreover, it was expressed 
that the intensity of the disease had increased 
with the increasing rate of antibiotic use [22].
There are studies investigating the role of antibi-
otic-induced dysbiosis and carcinogenesis [23]. In 
a similar study involving 4029 patients, antibiot-
ic-induced dysbiosis was related with colon can-
cer risk. Moreover, an antibiotic prescription for 
five or more times in a year significantly increased 
cancer risk [24].
There are many weak points in our study. We had 
chosen only 5 bacterial species which represents 
the major species that might change after antibi-
otic therapy. Another reason is that these bacteria 
were associated with many conditions in previ-
ous reports. This approach (may be not complete) 
might facilitate the translation of this complex 
and expensive microbiome analysis procedure 
into clinical practice.
Probiotics have been studied for their protec-
tive role in antibiotic-induced dysbiosis. Some 
researchers claimed that probiotics are effective 
in reducing side effects of HP eradication and 
no probiotic is superior to the other [25]. On this 
aim, in a study, a group of patients took anti-HP 
treatment and another group had HP treatment 
plus a probiotic. Consequently, in both groups, 
Firmicutes filum was decreased statistically but 
the change was mild in the group treated with 
the probiotic. It has been proved that probiotics 
are effective in both protecting microbiota bal-
ance connected to antibiotic use and keeping the 
changes caused by antibiotics at minimum levels 
[26]. Probiotics also increase patient adherence to 
HP eradication regimens by attenuating antibiot-
ic-related side effects [27, 28]. Recent Maastricht 
Guideline recommended probiotic supplementa-
tion in HP eradication [29].
Our study is the first attempt in the literature in-
vestigating the effect of bismuth-based quadru-
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ple therapy on gut microbiota. Bismuth is widely 
used in areas where clarithromycin resistance has 
increased. However, bismuth salt is a strong topi-
cal antibiotic with widespread effects on local gut 
community. This study, which assesses the short-
term effect of HP treatment on microbiota, is a 
preliminary study. We need of long term studies 
to assess whether dysbiosis in HP-treated patients 
is a risk factor for disease.
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