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Abstract

Introduction: Despite the numerous studies demonstrating gut microbiota dysbiosis in obese subjects, there is no data on the association between
obesity and gastric microbiota. The aim of this study was to address this gap in literature by comparing the composition of gastric microbiota
in obese patients and a control group which included normal weight volunteers diagnosed with functional dyspepsia (FD).

Methodology: A total of 19 obese patients, and 18 normal weight subjects with FD and normal endoscopy results were included in the study.
The gastric tissue samples were collected from participants in both groups by bariatric surgery and endoscopy, respectively, and profiled using
16S ribosomal RNA gene sequencing.

Results: There was no significant difference in the a-diversity scores, while distinct gastric microbial compositions were detected in both
groups. Significantly lower levels of Bacteroidetes and Fusobacteria, and higher Firmicutes/Bacteroidetes ratio were recorded in the obese
patients. A total of 15 bacterial genera exhibited significant difference in gastric abundance with Prevotella 7, Veillonella, Cupriavidus, and
Acinetobacter, present in frequencies higher than 3% in at least one subject group.

Conclusions: Our study suggests a significant association between obesity and gastric microbiome composition. Future studies with larger
sample size and gastric samples from subjects without any gastrointestinal complications are required to confirm our conclusions.
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Introduction

Obesity is the second most important (after
smoking) preventable disease with complex and
multifactorial etiology. According to data provided by
the World Health Organization (WHO), more than 1.9
billion adults aged > 18 years were overweight, and
more than 650 million were classified as obese in 2016
[1]. These numbers will continue to rise as the
prevalence of obesity has been rising globally in recent
years, and is predicted to reach 20% by 2030 [2]. This
poses a serious threat to public health since obesity is
an established risk factor for chronic health problems
such as type-2 diabetes, cardiovascular diseases,
cancer, and mortality [3].

The mammalian gastrointestinal tract (GIT) is home
to a wide range of commensal microorganisms
including bacteria, archaea, viruses and protozoa,
which are collectively known as “the microbiome”.
With trillions of microorganisms in the GIT, the
microbiome plays an important role in shaping human
health by contributing to digestion, metabolism,
protection against pathogens and immune function [4].
Its structure goes through a dynamic state in the first
years of life, and adopts a more stable adult-like
composition after the age of ~3 years, which is mainly
shaped by environmental factors including diet [5].
Accordingly, subjects with obesity displayed altered
GIT microbiome composition which, apart from
increased energy harvesting capacity by the host, was
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also associated with obesity-related diseases including
type-2 diabetes, cardiovascular diseases, and non-
alcoholic fatty liver disease [6].

While stomach, the most acidic part of digestive
tract, was initially thought to be a sterile environment
because of its hostile nature, recent studies with more
sensitive DNA sequencing technologies reported the
presence of microorganisms including bacteria and
fungi in gastric tissue specimens [7,8]. Gastric tissue
health and the microbial community are in correlation
with each other as reported by studies showing altered
microbiome composition in subjects with gastric health
problems including chronic gastritis and gastric cancer
[9]. The gastric microbiome composition also exhibited
fluctuations in cases of extra-gastrointestinal diseases
including hematological, cardiovascular, neurological,
endocrine and dermatological diseases [9]. Moreover,
the gastric microbial content was shown to interact with
the microbial communities from the other locations of
the GIT (i.e. mouth, duodenum, and small intestine) [§]
which are also in correlation with diverse range of
diseases on local, systemic and remote organs,
including inflammatory bowel disease, celiac disease,
and colorectal cancer [10].

Nevertheless, despite these data and the fact that
obesity is associated with microbiome dysbiosis, there
has yet to be a study evaluating gastric microbiota
composition in subjects with obesity. In an attempt to
fill this gap in literature, the present study performed
molecular analysis to obtain relative abundances of
gastric microbial phyla and genera in the gastric tissue
samples collected from obese patients. The results were
then compared with those obtained from age-matched
normal weight subjects with functional dyspepsia (FD)
who were used as the control group since it was not
possible to recruit healthy subjects without any
gastrointestinal complaints.

Methodology
Subjects and settings

The volunteers were categorized according to body
mass index (BMI) cut off-points specified by WHO
(normal weight: 18.5-24.9 kg/m?; obese > 30.0 kg/m?).
The normal weight (NW) group included 18 subjects
(mean age: 37.2 + 15.1 years) admitted to the
gastroenterology department with dyspeptic complaints
who had normal endoscopy results and were diagnosed
with FD (without any organic or physiological disease
that could explain the complaints). The obese weight
(OW) group included 19 obese patients (mean age: 36.4
+ 15.0 years) without any dyspeptic complaints. None
of the volunteers had received any antibiotics or gastric
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medication three months prior to sample collection. All
gastric tissue samples were collected from OW and NW
group patients by bariatric surgery and endoscopy,
respectively. All samples were stored at -80 °C until
used.

Genomic DNA extraction and storage

Genomic DNA was extracted from the gastric tissue
samples by using EurX GeneMATRIX Tissue &
Bacterial DNA Purification kit (EURx, Gdansk,
Poland). The DNA concentration was determined using
a NanoDrop spectrophotometer (2000c) (Thermo
Fisher Scientific, Waltham, USA), while the integrity
and purity were detected by 1% agarose gel
electrophoresis. All DNA samples were stored at -20 °C
until further processing.

168 rRNA gene amplification and sequencing

Bacterial 16S rRNA amplification and library
preparation were performed by following the 16S
sequencing library preparation protocol (Illumina, San
Diego, USA). The variable V3-V4 region of the
bacterial 16S rRNA was amplified using 16S 341F
(TCG TCG GCA GCG TCA GAT GTG TAT AAG
AGA CAG CCT ACG GGN GGC WGC AG) and 785R
(GTC TCG TGG GCT CGG AGA TGT GTA TAA
GAG ACA GGA CTA CHV GGG TAT CTA ATC C)
primers. The polymerase chain reaction (PCR) was
performed in a Thermal Cycler (Kyratec; Model
SC300, Wembley, Australia) using 25 pL reaction
volume containing 2.5 pL of microbial DNA (15
ng/ul), 5 uL of amplicon PCR forward primer (1 uM),
5 uL of amplicon PCR reverse primer (1 pM), and 12.5
pL of 2X KAPA HotStart PCR mix. The cycling
parameters were as follows: 95 °C for 3 min; followed
by 25 cycles of 95 °C for 30 s, 55 °C for 30 s, 72 °C for
30 s; and a final extension at 72 °C for 5 min. The PCR
products were quantified and then purified by using
AMPpure XP beads (Beckman Coulter, Pasadena,
USA). Barcoded V3 and V4 amplicons were sequenced
by using NovaSeq Reagent Kit (Illumina, San Diego,
USA).

Data processing and bioinformatics analysis

Raw sequencing data were converted to FastQ
format using bcl2fastq v1.8.4 software and trimmed to
remove adapter sequences by Scythe (v0.994 BETA)
(https://github.com/vsbuffalo/scythe) and  Sickle
programs  (https://github.com/najoshi/sickle).  The
FastQC program
(https://www .bioinformatics.babraham.ac.uk/projects/f
astqc/) was used for quality control, and data which had
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low sequencing quality (Phred Score < Q20, 30 bp
sequences) were removed from the entire data set. Low
quality base pairing in the ends, possible adaptor
contaminations, and chimerics were removed by using
Trimmomatic 4 algorithm based on Genomes Online
Database (GOLD). The sequences were merged using
DADAZ2? tool, which was also used for denoising and
chimera removal. Sequences for taxonomic
identification were aligned to target microorganisms by
using SILVA database using QIIME2 tool [11]. After
the alignment process, operational taxonomic unit
(OTU) groups were determined in each sample. R
scripts were used in data reporting, statistical analysis
and data visualization processes.

Statistical analysis

The phylum and genus levels were represented as
mean abundance (%) + standard deviation (SD). The
non-parametric Mann-Whitney test was used to
compare the relative abundances of taxonomic units
and alpha diversity indices between the groups. Alpha
diversity of the samples was estimated by the Chao 1,
Simpson, Shannon indices.

Chaol index is used to measure the richness of the
microbial community, and can detect rare taxa.
Shannon and Simpson indexes are used to determine the
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community heterogeneity; while the former provides
more weight to evenness, the latter measures both the
richness and evenness of the microbial community.

The rarefaction curves were generated by using
Simpson and Shannon index values. The relationship of
gastric microbiome composition with obesity was
assessed by principal coordinate analysis (PCoA) based
on unweighted and weighted UniFrac distances.
Permutational multivariate analysis of variance
(PERMANOVA) was performed to test for statistically
significant difference in B-diversity between OW and
NW subjects. False discovery rate (FDR) was applied
for multiple testing, and significant differences were
only considered for p values below 0.05.

Results
Differences in the gastric microbiota diversity

In total, 7,212,824 paired end reads (2 x 150 bp)
with an average of 194,941 =+ 14,124 analyzed
sequences (min-max: 114,675-512,614) and a mean
length of 298 base-pairs per sample (min-max: 297-
300) were acquired from 19 OW and 18 NW volunteers.
Moreover, a total of 694 OTUs were obtained at a
sequence-similarity level of 97%, with 224 + 92 (min-
max: 112-518) as the mean number of OTUs per
sample.

Figure 1. Rarefaction curves and a- and B-diversity analysis of gastric microbial samples.
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A. Shannon and Simpson rarefaction curves of control and obese group subjects. B. Box plots of a-diversity calculated by Chaol, Shannon, and Simpson
indices. The Mann-Whitney U test did not show any significant difference in the indices between the two groups (p = 0.066, 0.843 and 0.207, respectively).
C. PCoA plots based on weighted and unweighted UniFrac distance, where each dot represents a single subject from the control and obese groups. The
PERMANOVA confirmed that the community composition significantly differed between the two groups of subjects (p = 0.001).
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Table 1. Average abundances of the major gastric microbial phyla in obese and control subjects.
Abundances (%) of major microbial phyla

Phylum (mean =+ standard deviation) p value
Control Obese
Campylobacterota 19.98 +£26.78 16.57 £27.42 0.7819
Firmicutes 17.41 £10.49 18.10 £ 12.92 1.0000
Proteobacteria 15.51 +£10.62 15.60 +10.31 1.0000
Bacteroidetes 11.80 +8.52 3.00 £2.40 0.0045*
Actinobacteria 248 +1.57 2.82 +£2.54 1.000
Fusobacteria 1.83+1.92 0.16 £0.25 0.0005%*

* and ** indicate statistical significance, where p < 0.005 and p < 0.0005, respectively.

In our analysis, the a-diversities of gastric diversity indices (Chao 1, Simpson, and Shannon)

microbiome samples were estimated by using Chao 1
(richness), Simpson (diversity), and Shannon
(diversity) indices. The rarefaction curves of Shannon
and Simpson indexes approached the plateau phase,
suggesting that sequencing depth was enough and
sufficient for microbial community structure analysis
(Figure 1A). Nevertheless, neither of the three o-

showed statistically significant difference between OW
and NW patient samples (Figure 1B). On contrary,
PCoA based on weighted and unweighted UniFrac
distances demonstrated distinct clustering patterns
between the two study group subjects, which was found
to be statistically significant by PERMANOVA (p =
0.001) (Figure 1C).

Figure 2. Phylum-based comparisons of gastric microbiome between control and obese subject groups.
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A. Horizontal bar chart displaying the frequencies of the five major microbial phyla with more than 1% of abundance in control and obese gastric samples.
(B-C) Box plots showing the difference in the gastric Fusobacteria B. and Bacteroidetes C. relative abundances between obese weight (OW) and normal
weight (NW) group subjects. Data are represented as mean frequency + SD. D. The F/B box plot showing the ratio of bacterial phyla Firmicutes to Bacteroidetes
in control and obese gastric samples. The Mann-Whitney U test confirmed statistically significant alterations in Fusobacteria (p = 0.0004) and Bacteroidetes
(p =0.0082) levels and F/B ratio (p = 0.0000336) between the two groups. Note: ** and *** represent p < 0.01 and, p <0.001 respectively.
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Comparison of the gastric microbiota at phylum level

The major microbial phyla with more than 1% of
abundance in the OW and NW patient samples were
Campylobacterota (19.98 + 26.78% vs. 16.57 +
27.42%), Firmicutes (17.41 £ 10.49% vs. 18.10 =+
12.92%), Proteobacteria (15.51 + 10.62% vs. 15.60 +
10.31%), Bacteroidetes (11.80 + 8.52% vs. 3.00 +
2.40%), Actinobacteria (2.48 + 1.57% vs. 2.82 =+
2.54%), and Fusobacteria (1.83 + 1.92% vs. 0.16 +
0.25%) (Figure 2A) (Table 1). Statistical analysis
revealed significantly lower gastric levels of
Bacteroidetes (Figure 2B) and Fusobacteria (Figure 2C)
in OW than that in NW group patients (p < 0.01 and p
< 0.001, respectively). Samples from obese volunteers
also displayed elevated rates of Firmicutes, and reduced
levels of Campylobacterota than those obtained from
NW patients; however, these differences were not
statistically ~significant (Table 1). Additionally,
comparison of the gastric Firmicutes/Bacteroidetes
(F/B) ratios between the two study groups showed
statistically significantly elevated F/B ratio in the obese
gastric microbiome (p < 0.0001) (Figure 2D).

Comparison of gastric microbiota at the genus level
The most dominant OTUs (mean relative
abundance values > 1% in both OW and NW group
subjects) at genus level in each sample are shown in the
heatmap (Figure 3A). Helicobacter was the most
abundant bacterial genus, with a mean abundance of
18.19 + 27.15%, which displayed a reduced frequency
in the OW patients compared to NW group (16.56 +
27.42% vs. 19.83 £ 26.87%); however, the difference
was not statistically significant. On the other hand, the
subjects with obesity displayed significantly lower
gastric levels of Prevotella_7— (3.75 = 2.93% vs. 0.19
+0.23%), Veillonella (3.38 £ 2.58% vs. 0.28 = 0.62%),
Cupriavidus (3.03 £ 2.58% vs. 0.03 = 0.06%),
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Alloprevotella (2.13 = 2.40% vs. 0.12 £ 0.17%),
Haemophilus (2.13 £ 2.42% vs. 0.22 £+ 0.29%),
Porphyromonas (2.06 + 2.29% vs. 0.09 £ 0.08%),
Massilia (1.70 £ 3.58% vs. 0.94 + 2.41%), Neisseria
(1.42 = 1.69% vs. 0.31 £ 0.84%), Gemella (1.38 +
2.45% vs. 0.25 = 0.35%), Prevotella (1.35 = 1.13% vs.
0.14 = 0.15), Actinomyces (1.33 + 0.96% vs. 0.24 +
0.55%), and Fusobacterium (1.27 = 1.36% vs. 0.13 £
0.21%); and higher levels of Acinetobacter (0.10 +
0.16% vs. 294 =+ 3.64%), Allorhizobium-
Neorhizobium-Pararhizobium-Rhizobium  (0.20 =+
0.36% vs. 2.04 + 4.63%), and Bacillus (0.04 £ 0.03%
vs. 1.09 £2.91%) relative to the NW subjects (Table 2).
Among these, only Prevotella 7, Veillonella,
Cupriavidus, and Acinetobacter exhibited frequencies >
3% in either of the two subject groups (Figure 3B-E).

Discussion

Gastric microbiota has become the focus of recent
studies following the detection of microbial
communities in the stomach using sensitive and culture-
independent approaches. Nevertheless, there is no data
on the association between gastric microbiome
composition and obesity, which is long known to affect
gut microbiota.

Our study is the first to identify major gastric
microbial phyla in obese subjects. These phyla included
Campylobacterota, Firmicutes, Proteobacteria,
Bacteroidetes, Actinobacteria, and Fusobacteria. The
same was also observed for NW volunteers with FD,
which was in alignment with data previously suggested
for healthy subjects [7,8]. Among those bacterial phyla,
Campylobacterota and Firmicutes had the highest
abundancy in the gastric microenvironment of both OW
and NW group patients in our study. Campylobacterota
is a new phylum that was formerly known as the
Epsilon proteobacteria class of Proteobacteria [12]. The

Table 2. Average abundances of the most dominant gastric microbial genera that displayed significantly altered frequencies between obese and

control gastric samples.

Average abundances of bacterial genera (%)

Genus Control Obese p value
Prevotella 7 3.75+2.93 0.19+0.23 0.00038
Veillonella 3.38+2.58 0.28 £0.62 0.00031
Cupriavidus 3.03+£2.58 0.03 +0.06 0.00009
Alloprevotella 2.13+2.40 0.12+0.17 0.00038
Haemophilus 2.13+2.42 0.22+0.29 0.00197
Porphyromonas 2.06+2.29 0.09 £ 0.08 0.00055
Massilia 1.70 £ 3.58 0.94 +2.41 0.02747
Neisseria 1.42+1.69 0.31+0.84 0.00299
Gemella 1.38+2.45 0.25+0.35 0.00675
Prevotella 1.35+1.13 0.14+0.15 0.00078
Actinomyces 1.33+0.96 0.24+0.55 0.00055
Fusobacterium 1.27+1.36 0.13+0.21 0.00046
Acinetobacter 0.10£0.16 2.94+3.64 0.00024
Allorhizobium-Neorhizobium-Pararhizobium-Rhizobium 0.20+0.36 2.04 +£4.63 0.02568
Bacillus 0.04 +0.03 1.09+£2.91 0.00020
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data presented in this study is in agreement with
literature demonstrating Proteobacteria and Firmicutes
as the most abundant gastric phyla in subjects with
dyspeptic complaints [13,14]. On the other hand, the
relative frequencies of the two bacterial phyla are lower
than what was previously reported by Delgado et al.
[13]. This can be due to factors including differences in
the dietary traditions, geographical origin, and ethnicity
[15].

Both OW and NW groups displayed similar
dominant bacterial phyla. The comparison analysis
reported significantly lower levels of Fusobacteria and
Bacteroidetes, and increased F/B ratio in obese
subjects. Moreover, while the two study populations did
not display any difference in microbial diversity as
assessed by a-diversity indices, the PERMANOVA test
confirmed statistically significant differences in
community compositions. This supports the previous

J Infect Dev Ctries 2024; 18(6):909-918.

study by Lin et al. demonstrating the correlation of BMI
with B-diversity, but not with a-diversity of microbial
species in the upper digestive tract that included the
saliva, esophagus, and gastric contents [16].

On the other hand, in contrast to our data and data
from Lin et al. [16], significant alteration was
previously reported in both a- and B-diversities of the
obese gut microbial communities [17-20]. This implies
possible differences in the effect of obesity on a-
diversity indices between upper and lower GIT regions
which could be due to distinct microenvironmental
features such as local immune response, interphylum
network, gastric pH, and nutrients. Similar differences
in the niche factors can also explain the conflict
between our and previous data which demonstrated
elevated Fusobacteria, Actinobacteria, and
Proteobacteria levels in gut microbiota of subjects with
obesity [21-25].

Figure 3. Genus-based comparisons of gastric microbiome between control and obese subject groups.
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One important process that is crucial for the
development of healthy microbiome and distinct
microenvironment along the GIT is regulation of
oxygen concentration. Epithelial cells are essential in
this regulation process as they reduce oxygen levels by
beta-oxidation, which is disrupted during inflammation
leading to enhanced oxygen concentration in the
microenvironment [26]. During chronic infections,
creation of aerobic environment is further facilitated by
the increased levels of hemoglobin carrying oxygen and
production of reactive oxygen species [27,28]. This
supports the growth of facultative anaerobic
Proteobacteria which was recently proposed as a
microbial signature of gut microbiota dysbiosis [29].

However, having a more aerobic environment in the
stomach than the distal parts of GIT [30-33] may result
in the former to suffer from less dramatic effects from
the elevated oxygen levels during obesity-associated
chronic inflammation. This could at least partially
explain our data showing lack of change in the gastric
Proteobacteria and Campylobacterota levels between
OW and NW group patients, despite the literature
showing increased contribution of Proteobacteria to the
obese gut microbiome [21,29,34]. Nevertheless, our
observation of reduced but not significantly changed
Campylobacterota levels in the obese gastric samples
also indicate the possible effects of factors other than
oxygen concentration, including differences in the
control groups used by our and other studies.

Firmicutes were suggested to have greater
contribution to energy absorption than Bacteroidetes
through the expression of a wider range of carbohydrate
metabolizing enzymes [35]. Accordingly, decrease in
Bacteroidetes and increase in Firmicutes abundances
resulted in elevated energy harvest [36]. Moreover,
increased gut F/B ratio was proposed as a hallmark for
obesity by various reports [21,37]. Similar increase was
also detected in our study, which was suggested to be
mainly caused by significantly reduced gastric
Bacteroidetes levels. Our results also showed elevated
but not significantly altered Firmicutes abundance in
obese samples, which can be due to the low sample size.
Therefore, future studies with larger sample sizes are
recommended for validation of our findings and more
reliable conclusions.

This is the first report in literature of comparison of
the gastric microbiome structure between NW and OW
subjects at the genus level. The gastric core bacterial
microbiota with highly prevalent taxa is yet to be
clarified due to heterogeneous and diverse data in the
literature. Therefore, a recent systemic review by
Rajilic-Stojanovic et al. proposed a definition for the

J Infect Dev Ctries 2024; 18(6):909-918.

‘typical’ gastric bacteria that depended on the bacterial
groups reported in at least 20% of previous gastric
microbiota studies [8]. While most of the bacterial
genera with > 1% abundance in our study were among
the suggested ‘typical’ gastric bacteria population, they
also included Alloprevotella (phylum: Bacteroidetes),
Allorhizobium-Neorhizobium-Pararhizobium-
Rhizobium (phylum: Proteobacteria), Cupriavidus
(phylum: Proteobacteria), Chryseobacterium (phylum:
Bacteroidetes), Mangrovibacter (phylum:
Proteobacteria), and Massilia (phylum: Proteobacteria).
Our data showing Helicobacter as the most abundant
bacterial genus is in agreement with the previous results
showing Helicobacter pylori as the most dominant
species in the stomach [8,38]. Accordingly, H. pylori
was suggested as a core gastric microbiota member due
to its high prevalence. In fact, its colonization, rather
than its presence, was associated with pathogenic
outcomes, reduced microbial diversity, and decreased
abundance of other bacterial groups [8,38].

Our analysis identified 15 bacterial genera that
displayed significant difference in gastric abundance
between NW and OW group subjects, among which
only Prevotella 7 (phylum: Bacteroidetes), Veillonella
(phylum:  Firmicutes),  Cupriavidus  (phylum:
Proteobacteria), and  Acinetobacter  (phylum:
Proteobacteria) exhibited frequencies higher than 3% in
at least one subject group. To the best of our knowledge,
there is no published data correlating obesity with
Cupriavidus, and Prevotella_7 levels, which were all
lower in the obese gastric microbiome in our study.
Obese subjects also displayed lower gastric levels of
Veillonella which was in alignment with previous
studies showing inverse relation between oral
Veillonella frequency and BMI [39,40]. As Veillonella
is regarded as one of the most abundant bacterial genera
in the oral cavity [41], the reduced gastric levels could
be due to lower transport of oral microbial community
to stomach, as well as altered gastric microenvironment
in the obese subjects. Moreover, in agreement with the
literature demonstrating positive association of obesity
with gut Acinetobacter levels [42] and Acinetobacter
infections [43], higher levels of Acinetobacter were
detected in the obese gastric tissue samples. While
Acinetobacter species is recognized as an important
opportunistic nosocomial pathogen [44], and regarded
as a critical group of antibiotic-resistant bacteria by
WHO [45], they were also associated with gastric
carcinoma [46,47]. Therefore, whether the observed
differences in gastric microbiome structure precedes
any gastric and extra-gastric diseases, including

915



Gazi et al. — Gastric microbiome in obese individuals

carcinogenesis needs further attention in future follow-
up studies.

The major limitation of our study is the low sample
size. In addition, since both OW and NW groups in our
study contained volunteers with hospital admission, our
results are also prone to a hospital-based bias. Further
bias may be introduced by the lack of gastric biopsy
samples from healthy subjects without any
gastrointestinal complaints and the use of FD patients
as the control group. It was not possible to obtain
detailed data at species level due to limited resolution
of 16S rRNA gene sequencing. Moreover, since it was
not a prospective study with multiple measurements
mainly because of ethical issues in having repeated
gastric biopsy samples from volunteers, the association
detected in our study may have occurred without a
causal relation to obesity. Therefore, future animal
studies with multiple time measurements would not
only contribute to our understanding in this area, but
also help to enlighten the relationship between the
observed changes in gastric microbiota and obesity-
associated complications, including cancer.

Conclusions

In summary, our study detected significant
difference in gastric microbiome composition between
OW patients and NW subjects with FD, with lower
levels of Bacteroidetes and Fusobacteria and higher
Firmicutes/Bacteroidetes ratio in the former. The
results also showed significant differences in gastric
abundance of Prevotella 7, Veillonella, Cupriavidus,
and Acinetobacter between the two subject groups.
Future studies are required to confirm our findings and
investigate whether the reported changes precede
obesity-associated complications.

Acknowledgements

We would like to thank BM Laboratory Systems
(Ankara/Turkey) for the 16S rRNA gene sequencing and
analysis; and Dr. Nuno S. Osorio (Life and Health Sciences
Research Institute, School of Medicine, University of Minho,
Braga, Portugal) for his help for bioinformatics analysis. Part
of this study was presented as an oral presentation (No: SS —
106) at the 7th National Clinical Microbiology Congress
(November 1-5, 2023, Bodrum, Turkey).

Funding
The study was funded by Near East University Research
Projects Coordination Unit (Project no: SAG-2017-2-007).

Authors' contributions

Study conception and design: GK, UG; data collection: GK,
UG, MC, ACD, OB; analysis and interpretation of results:
GK, UG, ER, CH, OT; draft manuscript preparation: GK,

J Infect Dev Ctries 2024; 18(6):909-918.

UG. All authors reviewed the results and approved the final
version of the manuscript.

Ethics approval and consent to participate

The study was approved by the Health Sciences Ethics
Committee of the Near East University Ethics Review Board
(YDU/2017/51-472) and performed in accordance with the
Declaration of Helsinki. Written informed consents were
obtained from each person prior to enrolment.

Availability of data and materials

The datasets generated and/or analysed during the current
study are available in the BioProject database under
accession number PRINAS835353
(http://www.ncbi.nlm.nih.gov/bioproject/835353).

References

1.  World Health Organization (2021) Fact sheet: obesity and
overweight. Available: https://www.who.int/news-room/fact-
sheets/detail/obesity-and-overweight. Accessed: 23 November
2023.

2. Kelly T, Yang W, Chen CS, Reynolds K, He J (2008) Global
burden of obesity in 2005 and projections to 2030. Int J Obes
32: 1431-1437. doi: 10.1038/ij0.2008.102.

3. Hruby A, Hu FB (2015) The epidemiology of obesity: a big
picture. Pharmacoeconomics ~ 33: 673-689. doi:
10.1007/s40273-014-0243-x.

4. Das B, Nair GB (2019) Homeostasis and dysbiosis of the gut
microbiome in health and disease. J Biosci 44: 117. doi:
10.1007/s12038-019-9926-y.

5. YaoY, Cai X, Ye Y, Wang F, Chen F, Zheng C (2021) The
role of microbiota in infant health: from early life to adulthood.
Front Immunol 12: 708472. doi: 10.3389/fimmu.2021.708472.

6. Muscogiuri G, Cantone E, Cassarano S, Tuccinardi D, Barrea
L, Savastano S, Colao A; on behalf of the Obesity Programs of
nutrition, Education, Research and Assessment (OPERA)
group (2019) Gut microbiota: a new path to treat obesity. Int J
Obes Suppl 9: 10-19. doi: 10.1038/s41367-019-0011-7.

7. Nardone G, Compare D (2015) The human gastric microbiota:
is it time to rethink the pathogenesis of stomach diseases?
United Eur  Gastroenterol J 3: 255-260. doi:
10.1177/2050640614566846.

8. Rajilic-Stojanovic M, Figueiredo C, Smet A, Hansen R,
Kupcinskas J, Rokkas T, Andersen L, Machado JC, laniro G,
Gasbarrini A, Leja M, Gisbert JP, Hold GL (2020) Systematic
review: gastric microbiota in health and disease. Aliment
Pharmacol Ther 51: 582—602. doi: 10.1111/apt.15650.

9. Vasile Petra C, Rus A, Dumitrascu DL (2017) Gastric
microbiota: tracing the culprit. Clujul Med 90: 369-376. doi:
10.15386/cjmed-854.

10. Kho ZY, Lal SK (2018) The human gut microbiome — a
potential controller of wellness and disease. Front Microbiol 9:
1835. doi: 10.3389/fmicb.2018.01835.

11. Bolyen E, Rideout JR, Dillon MR, Bokulich NA, Abnet CC,
Al-Ghalith GA, Alexander H, Alm EJ, Arumugam M, Asnicar
F, Bai Y, Bisanz JE, Bittinger K, Brejnrod A, Brislawn ClJ,
Brown CT, Callahan BJ, Caraballo-Rodriguez AM, Chase J,
Cope EK, Da Silva R, Diener C, Dorrestein PC, Douglas GM,
Durall DM, Duvallet C, Edwardson CF, Ernst M, Estaki M,
Fouquier J, Gauglitz JM, Gibbons SM, Gibson DL, Gonzalez

916



Gazi et al. — Gastric microbiome in obese individuals

12.

13.

14.

15.

16.

17.

18.

19.

A, Gorlick K, Guo J, Hillmann B, Holmes S, Holste H,
Huttenhower C, Huttley GA, Janssen S, Jarmusch AK, Jiang
L, Kaehler BD, Kang KB, Keefe CR, Keim P, Kelley ST,
Knights D, Koester I, Kosciolek T, Kreps J, Langille MGI, Lee
J, Ley R, Liu YX, Loftfield E, Lozupone C, Maher M, Marotz
C, Martin BD, McDonald D, Mclver LJ, Melnik AV, Metcalf
JL, Morgan SC, Morton JT, Naimey AT, Navas-Molina JA,
Nothias LF, Orchanian SB, Pearson T, Peoples SL, Petras D,
Preuss ML, Pruesse E, Rasmussen LB, Rivers A, Robeson MS
2nd, Rosenthal P, Segata N, Shaffer M, Shiffer A, Sinha R,
Song SJ, Spear JR, Swafford AD, Thompson LR, Torres PJ,
Trinh P, Tripathi A, Turnbaugh PJ, Ul-Hasan S, van der Hooft
J1J, Vargas F, Vazquez-Baeza Y, Vogtmann E, von Hippel M,
Walters W, Wan Y, Wang M, Warren J, Weber KC,
Williamson CHD, Willis AD, Xu ZZ, Zaneveld JR, Zhang Y,
Zhu Q, Knight R, Caporaso JG (2019) Reproducible,
interactive, scalable and extensible microbiome data science
using QIIME 2. Nat Biotechnol 37: 852-857. Erratum in: Nat
Biotechnol (2019) 37: 1091. doi:
10.7287/peer;j.preprints.27295.

Waite DW, Chuvochina MS, Hugenholtz P (2019) Road Map
of the Phylum Campylobacterota. Bergey's Manual of
Systematics of Archaea and Bacteria. Available:
https://onlinelibrary.wiley.com/doi/10.1002/9781118960608.
bm00040. Accessed: 2 October 2023.

Delgado S, Cabrera-Rubio R, Mira A, Suarez A, Mayo B
(2013) Microbiological survey of the human gastric ecosystem
using culturing and pyrosequencing methods. Microb Ecol 65:
763-772. doi: 10.1007/s00248-013-0192-5.

Paroni Sterbini F, Palladini A, Masucci L, Cannistraci CV,
Pastorino R, laniro G, Bugli F, Martini C, Ricciardi W,
Gasbarrini A, Sanguinetti M, Cammarota G, Posteraro B.
(2016) Effects of proton pump inhibitors on the gastric
mucosa-associated microbiota in dyspeptic patients. Appl
Environ Microbiol 82: 6633-6644. doi: 10.1128/ AEM.01437-
16.

Senghor B, Sokhna C, Ruimy R, Lagier JC (2018) Gut
microbiota diversity according to dietary habits and
geographical provenance. Hum Microbiome J 7-8: 1-9. doi:
10.1016/j.humic.2018.01.001.

Lin SW, Freedman ND, Shi J, Gail MH, Vogtmann E, Yu G,
Klepac-Ceraj V, Paster BJ, Dye BA, Wang GQ, Wei WQ, Fan
JH, Qiao YL, Dawsey SM, Abnet CC (2015) Beta-diversity
metrics of the upper digestive tract microbiome are associated
with body mass index. Obesity 23:862-869. doi:
10.1002/0by.21020.

Dominianni C, Sinha R, Goedert JJ, Pei Z, Yang L, Hayes RB,
Ahn J (2015) Sex, body mass index, and dietary fiber intake
influence the human gut microbiome. PLoS One 10: e0124599.
doi: 10.1371/journal.pone.0124599.

Kasai C, Sugimoto K, Moritani I, Tanaka J, Oya Y, Inoue H,
Tameda M, Shiraki K, Ito M, Takei Y, Takase K (2015)
Comparison of the gut microbiota composition between obese
and non-obese individuals in a Japanese population, as
analyzed by terminal restriction fragment length
polymorphism and next-generation sequencing. BMC
Gastroenterol 15: 100. doi: 10.1186/s12876-015-0330-2.
Verdam FJ, Fuentes S, de Jonge C, Zoetendal EG, Erbil R,
Greve JW, Buurman WA, de Vos WM, Rensen SS (2013)
Human intestinal microbiota composition is associated with
local and systemic inflammation in obesity. Obesity 21: E607—
615. doi: 10.1002/0by.20466.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

J Infect Dev Ctries 2024; 18(6):909-918.

Chen X, Sun H, Jiang F, Shen Y, Li X, Hu X, Shen X, Wei P
(2020) Alteration of the gut microbiota associated with
childhood obesity by 16S rRNA gene sequencing. Peer] 8:
e8317. doi: 10.7717/peerj.8317.

Crovesy L, Masterson D, Rosado EL (2020) Profile of the gut
microbiota of adults with obesity: a systematic review. Eur J
Clin Nutr 74: 1251-1262. doi: 10.1038/s41430-020-0607-6.
Kim MH, Yun KE, Kim J, Park E, Chang Y, Ryu S, Kim HL,
Kim HN (2020) Gut microbiota and metabolic health among
overweight and obese individuals. Sci Rep 10: 19417. doi:
10.1038/541598-020-76474-8.

Duan M, Wang Y, Zhang Q, Zou R, Guo M, Zheng H (2021)
Characteristics of gut microbiota in people with obesity. PLoS
One 16: €0255446. doi: 10.1371/journal.pone.0255446.
Andoh A, Nishida A, Takahashi K, Inatomi O, Imaeda H,
Bamba S, Kito K, Sugimoto M, Kobayashi T (2016)
Comparison of the gut microbial community between obese
and lean peoples using 16S gene sequencing in a Japanese
population. J Clin Biochem Nutr 59: 65-70. doi:
10.3164/jcbn.15-152.

Turnbaugh PJ, Hamady M, Yatsunenko T, Cantarel BL,
Duncan A, Ley RE, Sogin ML, Jones WJ, Roe BA, Affourtit
JP, Egholm M, Henrissat B, Heath AC, Knight R, Gordon JI
(2009) A core gut microbiome in obese and lean twins. Nature
457: 480-484. doi: 10.1038/nature07540.

Rizzatti G, Lopetuso LR, Gibiino G, Binda C, Gasbarrini A
(2017) Proteobacteria: a common factor in human diseases.
Biomed Res Int 2017: 9351507. doi: 10.1155/2017/9351507.
Rigottier-Gois L (2013) Dysbiosis in inflammatory bowel
diseases: the oxygen hypothesis. ISME J 7: 1256-1261. doi:
10.1038/ismej.2013.80.

Henson MA, Phalak P (2017) Microbiota dysbiosis in
inflammatory bowel diseases: in silico investigation of the
oxygen hypothesis. BMC Syst Biol 11: 145. doi:
10.1186/s12918-017-0522-1.

Shin NR, Whon TW, Bae JW (2015) Proteobacteria: microbial
signature of dysbiosis in gut microbiota. Trends Biotechnol 33:
496-503. doi: 10.1016/j.tibtech.2015.06.011.

Zhang H, DiBaise JK, Zuccolo A, Kudrna D, Braidotti M, Yu
Y, Parameswaran P, Crowell MD, Wing R, Rittmann BE,
Krajmalnik-Brown R (2009) Human gut microbiota in obesity
and after gastric bypass. Proc Natl Acad Sci USA 106: 2365—
2370. doi: 10.1073/pnas.0812600106.

Ravcheev DA, Thiele 1 (2014) Systematic genomic analysis
reveals the complementary aerobic and anaerobic respiration
capacities of the human gut microbiota. Front Microbiol 5: 674.
doi: 10.3389/fmicb.2014.00674.

Heiss CN, Olofsson LE (2018) Gut microbiota-dependent
modulation of energy metabolism. J Innate Immun 10: 163—
171. doi: 10.1159/000481519.

Albenberg L, Esipova TV, Judge CP, Bittinger K, Chen J,
Laughlin A, Grunberg S, Baldassano RN, Lewis JD, Li H,
Thom SR, Bushman FD, Vinogradov SA, Wu GD (2014)
Correlation between intraluminal oxygen gradient and radial
partitioning of intestinal microbiota. Gastroenterology 147:
1055-1063.e8. doi: 10.1053/j.gastro.2014.07.020.

Rinninella E, Raoul P, Cintoni M, Franceschi F, Miggiano
GAD, Gasbarrini A, Mele MC (2019) What is the healthy gut
microbiota composition? A changing ecosystem across age,
environment, diet, and diseases. Microorganisms 7: 14. doi:
10.3390/microorganisms7010014.

Ibrahim M, Anishetty S (2012) A meta-metabolome network
of carbohydrate metabolism: interactions between gut

917



Gazi et al. — Gastric microbiome in obese individuals

36.

37.

38.

39.

40.

41.

42.

43.

microbiota and host. Biochem Biophys Res Commun 428:
278-284. doi: 10.1016/j.bbrc.2012.10.045.

Jumpertz R, Le DS, Turnbaugh PJ, Trinidad C, Bogardus C,
Gordon JI, Krakoff J (2011) Energy-balance studies reveal
associations between gut microbes, caloric load, and nutrient
absorption in humans. Am J Clin Nutr 94: 58-65. doi:
10.3945/ajcn.110.010132.

Magne F, Gotteland M, Gauthier L, Zazueta A, Pesoa S,
Navarrete P, Balamurugan R (2020) The
Firmicutes/Bacteroidetes ratio: a relevant marker of gut
dysbiosis in obese patients? Nutrients 12: 1474. doi:
10.3390/nu12051474.

Sheh A, Fox JG (2013) The role of the gastrointestinal
microbiome in Helicobacter pylori pathogenesis. Gut Microbes
4:505-531. doi: 10.4161/gmic.26205.

Dzunkova M, Liptak R, VIkova B, Gardlik R, Cierny M, Moya
A, Celec P (2020) Salivary microbiome composition changes
after bariatric surgery. Sci Rep 10: 20086. doi:
10.1038/541598-020-76991-6.

Raju SC, Lagstrom S, Ellonen P, de Vos WM, Eriksson JG,
Weiderpass E, Rounge TB (2019) Gender-specific associations
between saliva microbiota and body size. Front Microbiol 10:
767. doi: 10.3389/fmicb.2019.00767.

Zhou P, Manoil D, Belibasakis GN, Kotsakis GA (2021)
Veillonellae: beyond bridging species in oral biofilm ecology.
Front Oral Heal 2: 774115. doi: 10.3389/froh.2021.774115.
Chiu CM, Huang WC, Weng SL, Tseng HC, Liang C, Wang
WC, Yang T, Yang TL, Weng CT, Chang TH, Huang HD
(2014) Systematic analysis of the association between gut flora
and obesity through high-throughput sequencing and
bioinformatics approaches. Biomed Res Int 2014: 906168. doi:
10.1155/2014/906168.

Ardoino I, Zangirolami F, lemmi D, Lanzoni M, Cargnelutti
M, Biganzoli E, Castaldi S (2016) Risk factors and
epidemiology of Acinetobacter baumannii infections in a
university hospital in Northern Italy: a case-control study. Am

44,

45.

46.

47.

J Infect Dev Ctries 2024; 18(6):909-918.

J Infect Control 44:
10.1016/j.ajic.2016.05.005.

Chiu CH, Lee YT, Wang YC, Yin T, Kuo SC, Yang YS, Chen
TL, Lin JC, Wang FD, Fung CP (2015) A retrospective study
of the incidence, clinical characteristics, identification, and
antimicrobial susceptibility of bacteremic isolates of
Acinetobacter ursingii. BMC Infect Dis 15: 400. doi:
10.1186/s12879-015-1145-z.

World Health Organization (2017) World Health Organization
publishes list of bacteria for which new antibiotics are urgently
needed. Available: https://www.who.int/news/item/27-02-
2017-who-publishes-list-of-bacteria-for-which-new-
antibiotics-are-urgently-needed. Accessed: 23 November
2023.

Chen XH, Wang A, Chu AN, Gong YH, Yuan Y (2019)
Mucosa-associated microbiota in gastric cancer tissues
compared with non-cancer tissues. Front Microbiol 10: 1261.
doi: 10.3389/fmicb.2019.01261.

Liu D, Chen S, Gou Y, Yu W, Zhou H, Zhang R, Wang J, Ye
F, Liu Y, Sun B, Zhang K (2021) Gastrointestinal microbiota
changes in patients with gastric precancerous lesions. Front
Cell Infect Microbiol 11: 749207. doi:
10.3389/fcimb.2021.749207.

1600-1605. doi:

Corresponding author

Umut Gazi, PhD

Department of Medical Microbiology and Clinical Microbiology,
Faculty of Medicine,

Near East University, Near East Boulevard, Nicosia, Cyprus.

Tel: +(90) 392 675 10 00

Fax: +90 (392) 223 64 61

Email: umut.gazi@neu.edu.tr

Conflict of interests: No conflict of interests is declared.

918



	Introduction
	Methodology
	Subjects and settings
	Genomic DNA extraction and storage
	16S rRNA gene amplification and sequencing
	Data processing and bioinformatics analysis
	Statistical analysis

	Results
	Differences in the gastric microbiota diversity
	Comparison of the gastric microbiota at phylum level
	Comparison of gastric microbiota at the genus level

	Discussion
	Conclusions
	Acknowledgements
	Funding
	Authors' contributions
	Ethics approval and consent to participate
	Availability of data and materials
	References
	Corresponding author


