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Abstract
Background: The profile of gastric mucosal microbiota has not yet been described in 
the Indonesian population where the prevalence of Helicobacter pylori is low.
Methods: This is a cross-sectional study analyzing 16S rRNA of 137 gastric biopsy 
specimens. We analyzed the association between gastric microbiota, H. pylori infec-
tion, and gastric mucosal damage.
Result: Among 137 analyzed samples, 27 were H. pylori-positive and 110 were H. 
pylori -negative based on culture, histology, and 16S rRNA gene analysis. Significantly 
lower α-diversity parameters, including Pielou's index, was observed in H. pylori-in-
fected individuals compared with noninfected individuals (all P  <  .001). Among H. 
pylori-negative individuals, the permutational analysis of variance of Bray-Curtis dis-
similarity distances showed a significant association with different ethnicities, sug-
gesting some ethnic groups had specific microbiota profiles based on the presence 
of different operational taxonomic units. The linear discriminant analysis effect size 
(LEfSe) of the H. pylori-negative group showed significant associations between the 
presence of Micrococcus luteus and Sphingomonas yabuuchiae with Timor and Papuan 
ethnicities, respectively. The presence of Bulledia sp and Atopobium sp was associated 
with the Javanese ethnicity. We observed lower α-diversity scores in individuals with 
gastric mucosal damage and profiles with high abundances of Paludibacter sp and 
Dialister sp based on LEfSe analysis.
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1  | INTRODUC TION

The gastric mucosal environment was thought to be sterile due to 
the presence of gastric acid until the discovery of Helicobacter py-
lori,1 a causal agent for gastritis, peptic ulcer diseases, and gastric 
cancer.2 The use of 16S rRNA next-generation sequencing revealed 
trillions of gastric mucosal microbiota, most of which cannot be cul-
tivated.3 Further, there are possibly different microbial communities 
between stomachs that are healthy and those with diseases (eg, gas-
tric cancer).4,5 The presence of H. pylori greatly influences microbial 
dysbiosis 6,7 and the risk of gastric cancer.6

The composition of the gastric microbiota is influenced by age,8 
diet,9 and ethnicity.10 Ethnicity has been proposed to influence the 
gastric microbiome through diet patterns and possibly genetic fac-
tors.4 A study conducted in China reported a significant difference 
in the richness and diversity of the gut microbiome among three 
ethnic groups (Yao, Zhuang, and Han),11 and similar findings were 
reported in Europe and the United State, indicating that ethnicity 
contributed to the intergroup dissimilarity of gut microbiota compo-
sition.12,13 However, most of these studies identified gut microbiota 
using stools samples.13 Few studies have evaluated the gastric mi-
crobiome using gastric mucosa samples, which provide a more ac-
curate representation of the resident gastric microbiome compared 
with the transient one.1415

Indonesia is a country with several hundred ethnicities and a 
low prevalence of H. pylori infection.16 The Javanese ethnicity is the 
largest in Indonesia, contributing ~40% of the population, most of 
whom live on Java Island. Several other ethnic groups live on other 
islands, such as the Kupang, Timorese, and Papuan ethnicities in 
eastern areas of Indonesia and the Nias and Batak tribes in the west-
ern tip of Indonesia. These ethnic groups have distinctive cultures 
and diets that could influence the composition of gut microbiota. 
The lower prevalence of H. pylori allows us to examine the role of 
other organisms in the pathogenesis of gastric disorders. Therefore, 
we investigated the composition of gastric mucosal microbiota in an 
Indonesian population and analyzed the associations between mi-
crobiome composition, ethnicity, and gastric disease status.

2  | METHODS

2.1 | Patients and samples

From January 2014 to August 2016, we collected 784 gastric mu-
cosal specimens from 784 individuals in 11 cities across Indonesia, 
including sites located on the five largest islands (Figure S1). We 

excluded patients with a history of H. pylori eradication therapy, par-
tial or total gastrectomy, or a contraindication to upper endoscopy 
with biopsies. Gastric mucosal specimens for microbiome analysis 
were obtained from the lesser curvature of the antrum, ~3 cm from 
the pyloric ring. They were preserved in transport medium and 
homogenized in 500 µL of phosphate-buffered saline for H. pylori 
culture. The remaining homogenized specimens were stored into 
−80°C and used for DNA extraction. We took two additional biopsy 
specimens from the antrum and corpus for histologic examination. 
All specimens were obtained using Radial Jaw 4 forceps (Boston 
Scientific).

We excluded 97 patients who did not have a complete histol-
ogy result. The remaining 687 samples comprised patients who 
were Javanese (203 patients), Bataknese (113 patients), Bugis (87 
patients), Chinese Indonesian (100 patients), Balinese (60 patients), 
Dayak (47 patients), Papuan (47 patients), and Timor (30 patients). 
We randomly selected 192 samples with the selection algorithm 
weighted for each ethnic group and the location regardless of H. py-
lori status. These samples included patients who were Javanese (48 
samples); Batak (30 samples); Bugis (35 samples); Chinese Indonesian 
(17 samples); Balinese (19 samples); Dayak (14 samples); Papuan (13 
samples); and Timor (16 samples).

2.2 | DNA extraction and PCR amplification of 16s 
rRNA sequences

DNA was extracted using the DNeasy Blood & Tissue Kit (QIAGEN) 
and was concentrated using a DNA Clean & Concentrator (Zymo 
Research). Extracted DNA was stored at −20°C.

We followed the manufacturer's protocol for preparing the 
16S rRNA gene DNA library (Illumina Inc, San Diego, CA). The 
V3-V4 region of the bacterial 16S rRNA gene was amplified 
using the universal primers 341F (5′-TCGTCGGCAGCGTCAG 
ATGTGTATAAGAGACAGCCTACGGGNGGCWGCAG-3′) and 
805R (5′-GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAG 
GACTACHVGGGTATCTAATCC3-3′).17 PCR amplification was per-
formed using KAPA HiFi HotStart Ready Mix (KAPA Biosystems Inc) 
with denaturing at 95°C for 3 minutes; 35 cycles of amplification at 
95°C for 30 seconds, 55°C for 30 seconds, and 72°C for 30 seconds; 
and final elongation at 72°C for 5 minutes. The Nextera XT Index kit 
(Illumina Inc) was added, and samples underwent an additional eight 
cycles of PCR. Amplicons were purified using Agencourt AMPure 
XP magnetic beads (Beckman Coulter). We validated the DNA li-
brary using a bioanalyzer MCE-202 MultiNA system (Shimadzu) 
and QuantiFluor dsDNA system (Promega Corporation). Finally, 

UN3.14/LT/2019). All authors have read 
and approved the final version of the 
manuscript.

Conclusion: Our findings suggest the presence of H. pylori is more correlated with a 
distinct microbiome profile than ethnic precedence.
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the pooled 5 pM DNA library was denatured with 0.2 N NaOH and 
mixed with PhiX Control v3 (Illumina Inc) to 15% of the final concen-
tration as described in Illumina's procedure. Paired-end sequencing 
was performed using the next-generation sequencer MiSeq plat-
form (Illumina Inc) with the MiSeq Reagent Kit version 3 (2 × 300 bp 
Paired-End Reads; Illumina Inc).

2.3 | Sequence data analysis

We removed index and adapter sequences and low-quality reads 
using Trimmomatic.18 The read-retention parameter was having a 
Phred quality score ≥20. The high-quality reads underwent close 
reference operational taxonomic unit (OTU) picking using vsearch.19 
The reference database was Greengenes version 13.5.20 Using 
a 99% identity parameters, we generated an OTU table and the 
representative sequences of each OTUs. These sequences were 
aligned using MAFFT,21,22 and a phylogenetic tree was constructed 
using FastTree.23 We imported the OTU table, representative se-
quences, and phylogenetic tree as artifacts to the QIIME 2 analy-
sis platform (https://qiime2.org). The α-diversity analysis, including 
species richness, Pielou's evenness index,24 Faith's phylogenetic 
diversity index,25 and Shannon's diversity index,26 was analyzed 
using QIIME2. The β-diversity analysis using Bray-Curtis dissimi-
larity matrix27 was also performed using QIIME 2. The Bray-Curtis 
dissimilarity matrix was used to draw principal coordinate analysis 
figures in R. The permutational analysis of variance (PERMANOVA) 
with Bonferroni correction was calculated using the Adonis function 
from the vegan package in R.28

We performed linear discriminant analysis effect size (LEfSe) to 
identify OTUs that are associated with that are likely to explain dif-
ferences between groups, specifically those based on ethnicity and 
disease status.29 In addition, we also performed analysis of variance 
(ANOVA) to identify differences in relative abundance of specific 
OTU between ethnic groups and diseases. The LEfSe and ANOVA 
analysis were performed using the Calypso web-based analysis plat-
form version 8.84,30 available at (http://cgeno​me.net:8080/calyp​so-
8.84/faces​/uploa​dFiles.xhtml).

2.4 | Determination of H. pylori infection

We determined the H. pylori infection status based on H. pylori cul-
ture and histologic examination.

2.4.1 | Culture

Antral biopsy specimens were homogenized, inoculated on an 
H. pylori -selective agar plate, and incubated up to 10  days in mi-
croaerophilic condition (10% O2, 5% CO2, and 85% N2) at 37°C. 
Subsequently, colonies were sub-cultured in antibiotic-free Mueller-
Hinton II agar medium (Becton Dickinson) supplemented with 10% 

Horse Blood and incubated in the same microaerophilic conditions. 
H. pylori stock was stored in Brucella Broth (Difco) with 10% dime-
thyl sulfoxide and 10% horse serum at −80°C.

2.4.2 | Histologic analysis

All biopsy material for histologic testing was fixed in 10% buffered 
formalin and embedded in paraffin. Serial sections were stained 
with hematoxylin and eosin and May-Giemsa stain. The degree of 
neutrophil activity, inflammation, atrophy, intestinal metaplasia, and 
H. pylori bacterial density was classified into four grades based on 
the updated Sydney system (0, normal; 1, mild; 2, moderate; and 3, 
marked).31 Samples with bacterial loads of grade 1 or higher were 
considered positive for H. pylori. We defined gastric mucosal damage, 
that is, an observation of both neutrophil or monocyte infiltration, 
as gastritis. Precancerous lesions were defined as an observation of 
either atrophic gastritis or intestinal metaplasia. To increase the ac-
curacy of H. pylori detection, we performed immunohistochemistry 
of all samples, as described previously.32 The experienced patholo-
gist (TU) who evaluated the specimens in this study also performed 
studies for Myanmar, Vietnam, Bhutan, the Dominican Republic, and 
Indonesia.33-38

3  | RESULTS

Among the gastric mucosal samples from 192 patients, 14 sam-
ples produced suboptimal 16S rRNA gene libraries for sequencing. 
Therefore, 178 samples were sequenced for microbiome profiling 
targeted at the V3-V4 regions of the 16S rRNA gene. We found 
16.3% (29/178) of specimens were H. pylori -positive based on his-
tology and confirmed by immunohistochemistry or culture.

We performed OTU selection and identified 68 classes, 135 or-
ders, and 253 families of bacteria. We excluded samples that had 
conflicting H. pylori status results between histology/culture and 
16srRNA. Among excluded samples, 39 were designated H. pylo-
ri-negative based on histology/culture but had relative abundances 
of H. pylori greater than 2% (range 2.02%-83.12%) and 2 were H. 
pylori-positive based on histology/culture but had low relative abun-
dances of H. pylori (0.67% and 0.46%).

A total of 137 samples were included in the final analysis; 27 
were H. pylori-positive and 110 were H. pylori-negative based on 
histologic examination, culture, and 16S rRNA gene sequencing. 
The mean age of this group was 48.34 ± 14.8 years, and 79 samples 
were from male patients and 58 (42.3%) from female patients. H. 
pylori-positive patients were significantly older than H. pylori-neg-
ative ones (52.2 vs 46.5 years, respectively; P = .032). There were 
22 (16.7%) samples from patients with gastritis; 20 (90.9%) were 
H. pylori-negative, and 2 (9.1%) were H. pylori-positive. Further, 56 
(40.9%) samples were from patients with atrophic gastritis or intes-
tinal metaplasia; 31 (55.4%) were H. pylori-negative, and 25 (44.6%) 
were H. pylori-positive.

https://qiime2.org
http://cgenome.net:8080/calypso-8.84/faces/uploadFiles.xhtml
http://cgenome.net:8080/calypso-8.84/faces/uploadFiles.xhtml
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3.1 | Gastric microbiota diversity and H. 
pylori positivity

We observed significantly lower species richness, Pielou's even-
ness, Shannon's diversity index, and Faith's phylogenetic diversity 
in H. pylori-positive samples (n  =  22) compared with H. pylori-
negative samples (n = 110) (all P < .001, Figure 1A). The H. pylori-
positive group had a lower number of observed OTUs, suggesting 
lower diversity in H. pylori-positive samples compared with H. py-
lori-negative samples. The H. pylori-positive group also had a lower 
Pielou's index score for evenness, suggesting dominance by one or 
more OTUs. We observed higher OTU similarity in the H. pylori-
positive than the H. pylori-negative group as indicated by Faith's 
phylogenetic diversity. Shannon's diversity index also indicated 
that the H. pylori-positive group was less diverse than the H. pylori-
negative one. There was a significant negative correlation between 
Shannon's diversity index and age (r = −0.31, P < .001, Figure 1B). 

Similarly, the H. pylori-negative group showed a significant negative 
correlation between Shannon's diversity index and age (r = −0.25, 
P = .0089; Figure S2).

Next, we evaluated differences in β-diversity between H. pylo-
ri-negative and H. pylori-positive groups using the Bray-Curtis dis-
similarity matrix. H. pylori-positive and H. pylori-negative groups 
exhibited different clustering positions (Figure 2). PERMANOVA 
analysis of the Bray-Curtis distance matrix supports our observa-
tion of distinct clustering of the H. pylori-positive compared with 
the H. pylori-negative groups, highlighting their differences in micro-
bial composition (R2 = 0.248, P <  .001). The relative abundance of 
Family Helicobacteraceae (74.6%) predominated in H. pylori-positive 
samples (Figure 3), whereas the Families Streptococcaceae (25.9%), 
Prevotellaceae (13.5%), and Veillonellaceae (10.8%) predominated 
in the H. pylori-negative group. On the species level, H. pylori had 
76.2% relative abundance in the H. pylori-positive group. In the H. 
pylori-negative group, Prevotella melaninogenica had 23.5% relative 

F I G U R E  1  Association of α-diversity with the Helicobacter pylori infection and age. A H. pylori infection significantly reduced α-diversity 
parameters and Pielou's phylogenetic diversity. B. Shannon's diversity index was significantly reduced as age increased
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abundance, Rothia mucilaginosa had 19.5%, Veillonella dispar had 
18.6%, and Haemophilus parainfluenzae had 7.2%.

3.2 | Microbiome diversity and ethnic groups

There were significant differences in species richness, evenness, 
Faith's phylogenetic diversity, and Shannon's diversity indexes (all 

P  <  .001) among the different ethnic groups (Figure 4A). Pairwise 
analysis showed the Timor (n = 9), Balinese (n = 7), and Papuan (n = 9) 
ethnic groups had significantly lower richness, evenness, Faith's 
phylogenetic diversity index, and Shannon's diversity index than 
Javanese (n = 30), Dayak (n = 12), Chinese (n = 11), Bugis (n = 33), and 
Bataknese (n = 26; Figure S3). Interestingly, in the H. pylori-negative 
group, there were no significant differences in richness, evenness, 
Faith's phylogenetic diversity index, or Shannon's diversity index 
(P = .087, P = .065, P = .222, and P = .078, respectively) among ethnic 
groups (Figure 4B), but the β-diversity was significantly associated 
with ethnic group based on the PERMANOVA analysis of Bray-
Curtis dissimilarity matrix (P = .023, R2 = 0.086). This result suggests 
a predominant OTU in some ethnic groups. We performed alpha and 
phylogenetic diversity analyses comparing H. pylori-positive and H. 
pylori-negative samples in each ethnic group and observed signifi-
cantly lower species richness, Pielou's evenness, Shannon's diversity 
index, and Faith's phylogenetic diversity index in the positive group 
compared with the negative group (all P < .001; Figure S3).

To find candidate OTUs related to each ethnic group, we per-
formed LEfSe analysis of only H. pylori-negative samples. We observed 
that Streptococcus sp and Micrococcus luteus were associated with the 
Timor ethnicity (linear discriminant analysis [LDA] score  =  4.78 and 
3.56, respectively). Sphingomonas yabuuchiae was associated with the 
Papuan ethnicity (LDA score = 3.82). Bulledia sp and Atopobium sp were 
associated with the Javanese ethnicity (LDA score = 3.89 and 3.87, 
respectively). Neisseria subflava, Leptotrichia sp, Prevotella nanciensis 

F I G U R E  2   The β-diversity of 137 analyzed samples between 
Helicobacter pylori-positive and H. pylori-negative subjects. H. 
pylori-positive and H. pylori-negative samples were clustered 
separately. PERMANOVA analysis showed a significant difference 
in β-diversity between H. pylori-positive and H. pylori-negative 
groups (P < .001)

F I G U R E  3   Relative abundance of gastric microbiota between Helicobacter pylori-positive and H. pylori-negative subjects. At the family 
level, we observed that Helicobacteraceae accounted for 74.6% of the relative abundance in the H. pylori-positive group. At the species level, 
H. pylori was the most dominant OTU, accounting for 76.2% of the relative abundance in the H. pylori-positive group
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(LDA score = 4.16, 3.91 and 3.77, respectively), and Actinobacillus par-
ahaemolyticus (LDA score  =  3.90) were associated with the Dayak 
ethnicity. Schlegelella sp was associated with the Bataknese ethnic-
ity (LDA score = 3.83). Capnocytophaga sp, Prevotella intermedia, and 
Mycoplasma sp were associated with the Balinese ethnicity (LDA 
score = 3.94, 3.94 and 3.48, respectively). ANOVA analysis showed sig-
nificant differences in the relative abundances of Bulledia sp, Prevotella 
nanciensis, and Prevotella intermedia among the ethnic groups (P = .022, 
P = .048 and P < .001, respectively; Figure S4).

3.3 | The microbiome diversity and 
gastroduodenal diseases

Analysis of all included samples showed significant lower Pielou's 
phylogenetic diversity index and α-diversity parameters, including 
Shannon's diversity index, OTU evenness, and species richness, 
among individuals with gastric mucosal damages (either gastritis 
(n  =  22) or precancerous lesions (n  =  56) group) than those with 
normal mucosa (n = 59) (all P <  .001). When only analyzing the H. 
pylori-negative group, there was no significant difference in species 
richness between the gastritis (n = 20) group and the normal group 
(n = 59; P = .16). However, the gastritis group had significantly lower 
OTU evenness and Shannon's diversity index (P = .02 and P = .046, 
respectively).

The LEfSe analysis showed H. pylori and Helicobacter sp 
OTUs are likely to be factors in gastric mucosal damage (LDA 
score = 4.83 and 3.69, respectively; Figure 5A). ANOVA analysis 
confirmed a higher abundance of both H. pylori and Helicobacter 
sp in the gastritis group versus the normal group (P  <  .001 and 
P = .012, respectively). In the H. pylori-negative group, Lactobacillus 
sp, Paludibacter sp, Dialister sp, and Scardovia sp are likely to be 
factors in gastric mucosal damage (LDA score = 3.86, 3.56, 3.52 
and 3.52, respectively; Figure 5B). Furthermore, ANOVA analysis 
showed significantly higher relative abundances of Lactobacillus 
sp, Paludibacter sp, Dialister sp, and Scardovia sp in the gastritis 
group versus the normal group (P  =  .03, P  =  .025, P  =  .03, and 
P = .019, respectively).

There were significant differences in species richness, OTU 
evenness, and Shannon's diversity index observed between the 
precancerous (ie, atrophic gastritis, intestinal metaplasia), gas-
tritis, and normal groups (all P <  .001). The lowest diversity was 
observed in the precancerous group, followed by the gastritis 
and normal groups. Among H. pylori-positive samples, the spe-
cies richness, OTU evenness, and Shannon's diversity index were 
significantly lower in the precancerous group compared with the 
gastritis group (P =  .02, P =  .023, and P =  .012, respectively). In 
the H. pylori-negative group, the evenness was reduced in the 
gastritis and precancerous groups compared with the normal 
group (P  =  .067), whereas there were no significant differences 

F I G U R E  4   The α-diversity among ethnic group in Indonesia. The α-diversity among all Indonesian samples was significantly different, 
suggesting that ethnic group influences gastric microbial composition in Indonesia. When we analyzed only the Helicobacter pylori-negative 
samples, there were no observed differences among ethnic groups, suggesting that H. pylori infection is a stronger influence on microbial 
composition than ethnic group
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in Shannon's diversity index and species richness. LEfSe analysis 
showed Corynebacterium sp and Rothia dentocariosa are likely to 
be factors in the precancerous group (LDA score = 3.56 and 3.47, 
respectively), and Paludibacter sp is likely to be a factor in with 
the gastritis group (LDA score = 3.43; Figure 6). ANOVA analysis 
showed Rothia dentocariosa had significantly higher relative abun-
dance in the precancerous group compared with the other groups 
(P = .037).

4  | DISCUSSION

This is the first study to analyze how gastric mucosal microbiota is 
related to H. pylori infection and ethnicity in Indonesia. Similar to 
previous studies,39,40 we showed that H. pylori infection status was 
an important factor in determining the gastric microbiota diversity 
in Indonesia, with lower α-diversity in the positive group compared 
with the negative group. In addition to H. pylori infection, increasing 

F I G U R E  5  The LEfSe analysis of gastric abnormality among Indonesian patients. A. Among all analyzed data, Helicobacter pylori and 
other Helicobacter sp showed the most associated to the gastric abnormalities, regardless the type of the abnormality. B. When classified 
into three groups, the H. pylori and other Helicobacter sp. showed the most associated to the gastric cancer precursor group (either atrophic 
gastritis or intestinal metaplasia)
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age was also significantly associated with a lower diversity index, 
consistent with previous observations.41,42 As expected, β-diversity 
analysis showed family Helicobacteraceae had extremely high rela-
tive abundance in H. pylori-positive group, representing more than 
three-quarters of the total family output.39 Also consistent with pre-
vious studies,39,43 we found that Prevotella and Rothia were the two 
highest abundance bacterial families within the H. pylori-negative 
group in Indonesia.

In this study, we found and excluded from the analysis 39 cases 
with discordance in H. pylori finding between histologic analysis and 
16s rRNA analysis which was excluded for further analysis. This dis-
cordance might due to very low bacterial load in the stomach which 
could not be observed by histologic analysis. Additionally, there are 
several cases that H. pylori colonized in the patchy state.

We found that the Timor, Balinese, and Papuan ethnic groups 
had significantly less microbiota richness and evenness compared 
with the Javanese, Dayak, Chinese, Bugis, and Bataknese ethnic 
groups. When these analyses were stratified by H. pylori status, 
there were no significant differences in gastric microbiota compo-
sition between the different ethnic groups among H. pylori-positive 
individuals, likely due to H. pylori dominating the microbiota compo-
sition. Additionally, we found no significant differences in α-diversity 
between the different ethnic groups among H. pylori-negative indi-
viduals. Therefore, these differences were more likely explained by 
the higher prevalence of H. pylori infection in these ethnic groups as 
the prevalence had been shown in previous studies.16,44 However, 
among H. pylori-negative individuals, we found a significant associa-
tion between β-diversity and ethnic groups based on PERMANOVA 
analysis, suggesting the presence of a predominant OTU in each eth-
nic group. Streptococcus sp was the predominant species in H. py-
lori-negative subjects of Timor ethnicity, Sphingomonas yabuuchiae 
was predominant in those of Papuan ethnicity, and Bulledia sp was 
predominant in those of Javanese ethnicity.

The analysis of the microbiota factors that could explain the dif-
ferences between healthy tissue and gastric mucosal damage showed 
that the H. pylori and Helicobacter sp OTUs had the largest effect 
size in with respect to gastric mucosal damage. However, Indonesia 
has a low prevalence of H. pylori infection but a high prevalence of 
dyspepsia cases in outpatient clinics.16,45,46 Therefore, we focused 
on H. pylori-negative subjects when analyzing association between 
histologic gastric disease and gastric microbiota. While there was no 

significant difference in species richness between subjects with and 
without gastric mucosal damage, we found significant difference in 
OTU evenness, which could be caused by the predominance of spe-
cific bacteria in the stomachs of subjects with abnormalities. This 
finding was also supported by the significant differences observed 
in β-diversity analysis. We found that Lactobacillus sp, Paludibacter 
sp, and Dialister sp were significantly higher in subjects with gastric 
abnormalities. Additionally, LEfSe analysis showed that Paludibacter 
sp had the largest effect size in with respect to the gastritis group. 
Paludibacter is a genus of a Gram-negative bacteria that are nonmo-
tile; strictly anaerobic; and lack oxidase, catalase, and nitrate reduc-
ing activity.47 One previous study reported that Paludibacter sp was 
significantly reduced in subjects receiving proton-pump inhibitor 
treatment.48 Therefore, there could be a possible role for these bac-
teria in the development of gastric disease. Dialister sp found in gas-
tric mucosa was hypothesized to be a members of oral pathogenic 
taxa that could have a role in the development of gastric cancer.49 
Dialister sp was previously reported to form co-occurring interac-
tions that strengthen with gastric disease progression.49

The study was limited by the relatively small sample size for some 
of the ethnic groups. This small sample size resulted in small numbers 
in some groups. To mitigate this effect, we combined atrophic gastri-
tis and intestinal metaplasia into the gastric cancer precursor group. 
Therefore, the associated microorganism needs to be interpreted with 
caution. The further study with bigger sample number is necessary 
for more clear association. In addition, we did not include transcrip-
tome, proteomic, or metabolomic profiles; therefore, we cannot draw 
inferences regarding functional differences. The use of DNA analysis 
does not confirm whether microorganisms are alive or not. Finally, the 
findings reflect significant association that may not be interpreted as 
the causal. Future studies are needed to determine the correlations 
between gastric microbiota and the natural history of gastric disease 
and get a better understanding of the role of gastric microbiota.

5  | CONCLUSIONS

Our study confirmed that H. pylori infection overwhelms other 
gastric microbiota, dominating the gastric microbial composition. 
The effect of H. pylori infection on the gastric microbiomes of vari-
ous ethnic groups is stronger than the effect of the ethnic group 

F I G U R E  6  The LEfSe analysis of gastric abnormalities among the Helicobacter pylori-negative group
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designation itself. Among H. pylori-negative individuals, Paludibacter 
sp and Dialister sp were the species that could explain gastric mu-
cosal damage in Indonesia.
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