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Abstract

The oral cavity serves as another reservoir for gastric Helicobacter
pylori and may contribute to the failure of gastric H. pylori eradica-
tion therapy. However, changes to the oral microbial composition
after gastric H. pylori eradication therapy has not yet been identified.
This study aims to dissect whether the oral microbiota is involved
and which bacterium mediates the clinic failure in H. pylori eradi-
cation. In the present study, the oral microorganisms from patients
who had received the gastric H. pylori eradication treatment were
analyzed by a high-throughput 16S rRNA deep sequencing. We
found that the B diversity and composition of oral microbiota were
remarkably changed in the patients who had experienced successful
gastric H. pylori eradication treatment (SE group) compared to the
failure group (FE group). Significantly enriched families, including
Prevotellaceae, Streptococcaceae, Caulobacteraceae, and Lactobacil-
laceae, were detected in the SE group. In contrast, the bacterial fam-
ilies, such as Weeksellaceae, Neisseriaceae, Peptostreptococcaceae,
Spirochaetaceae, and Veillonellaceae, were abundantly expressed in
the FE group. Five operational taxonomic units (OTUs) were posi-
tively correlated with DOB values, while two OTUs exhibited nega-
tive trends. These different enriched OTUs were extensively involved
in the 20 metabolic pathways. These results suggest that a balanced
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environment in the oral microbiota contributes to H. pylori eradica-
tion and metabolic homeostasis in humans. Our data demonstrated
that the changes in oral microbiota might contribute to the therapeu-
tic effects of antibiotic therapy. Therefore, a different therapy on the
detrimental oral microbiota will increase the therapeutic efficacy of
antibiotics on H. pylori infection.
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Introduction

Helicobacter pylori is a highly adaptive Gram-nega-
tive bacterium in the human stomach. H. pylori infec-
tion affects nearly half of the world’s population and is
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extensively associated with various diseases, including
chronic gastritis, peptic ulcer, and even gastric cancers
(Wroblewski et al. 2010; Salama et al. 2013). Clinically,
due to differences in host defenses and responses,
only approximately 3% of H. pylori-infected patients
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develop gastric cancers, indicating that other facilita-
tors are involved in the pathogenicity of H. pylori strains
(Uemura etal. 2001).

Systemic antibiotics have been used in the clinic to
achieve therapeutic effects. However, their therapeu-
tic efficacy is not consistent across different patients.
It may be caused by either the treatment failure or
reinfection after successful eradication. Notably, along
with the stomach, H. pylori has been detected in dental
plaque and saliva, tonsillar tissue, and the esophagus in
humans (Dagtekin-Ergiir et al. 2008; Anand et al. 2014).
Hence, the oral cavity serves as another reservoir for
H. pylori and provides a conducive microenvironment
for its growth and colonization (Goosen etal. 2002;
Teoman et al. 2007; Agarwal and Jithendra 2012; Wang
etal. 2014). Intriguingly, the presence of H. pylori in the
oral cavity negatively impacts the bacterium eradication
in the stomach, whereas the treatment of oral infection
significantly increases H. pylori eradication in the stom-
ach (Desai et al. 1991; Jia et al. 2012). Therefore, the oral
cavity may contribute to the failure of gastric H. pylori
eradication therapy.

As is known, the oral cavity is an upstream organ of
the digestive tract. Interestingly, oral bacteria are similar
to overall gastric mucosa microbiota (Wu etal. 2021).
Microorganisms in the oral cavity may disrupt gastric
homeostasis, leading to inflammation and carcino-
genesis (Bakhti and Latifi-Navid 2021). For example,
oral bacteria, such as Fusobacterium, Porphyromonas,
and Prevotella, produce inflammatory metabolites and
carcinogenic substances, which induce chronic inflam-
mation and, subsequently, gastric cancer (Ahn etal.
2012). Further, Porphyromonas gingivalis and Fuso-
bacterium nucleatum may inhibit the host immune
response and accelerate cancer growth (Colucci 2015;
Nosho etal. 2016; Le Bars etal. 2017). Among these
bacteria, oral H. pylori have been gradually recognized
as one of the harmful bacteria in disrupting gastric
homeostasis and even aggravating gastric cancer. Epi-
demically, the global annual recurrence, reinfection,
and recrudescence rates of H. pylori are 4.3%, 3.1%,
and 2.2%, respectively (Hu etal. 2017). In China, this
rate reaches 1.5% yearly and is independently asso-
ciated with minority groups and those with lower
education levels, family histories of gastric cancer, and
residences located in Western and Central China (Xie
etal. 2020). Because the oral cavity and stomach are
tightly linked through saliva and food, the coexistence
of bacteria in both the oral cavity and gastric mucosal
microbiota may lead to the reinfection and recur-
rence of H. pylori. Indeed, it has been demonstrated
that oral H. pylori affects the outcome of eradication
therapy and is associated with the recurrence of gas-
tric infection (Miyabayashi etal. 2000). More impor-
tantly, it is more difficult to eradicate H. pylori in the
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mouth than in the stomach. Clinical investigations
indicate that recurrence of gastric H. pylori infection is
observed in approximately 30% of successfully treated
patients suffering from oral H. pylori (Yee 2016). How-
ever, most studies have focused on changes in the oral
microbiota in response to gastric H. pylori infections,
ignoring the potential variations among specific bac-
teria corresponding to gastric H. pylori eradication.
Hence, this study was performed to identify whether
the oral microbiota is involved and which bacterium
could mediate the failure of gastric H. pylori eradication
therapy in the clinic.

In the present study, we analyzed the oral micro-
organisms from patients who had received either suc-
cessful or failed gastric H. pylori eradication treatment.
Using 13C-UBT analysis, we evaluated the onset of six-
teen patients’ infection and treatment status. Next, we
performed 16S rRNA sequencing to analyze the mem-
bers and structures of the oral microbiota. We found
that the B diversity and composition of oral micro-
biota were significantly different among patients from
the successful and failed gastric H. pylori eradication
treatment groups, suggesting that changes in the oral
microbiota may contribute to the therapeutic effects of
antibiotic therapy targeting H. pylori.

Experimental
Materials and Methods

General Information. Sixteen gastric — H. pylori-
infected patients were recruited, and received anti-
biotic treatment. All procedures conducted in this
study conformed to institutional and national ethical
standards and were approved by the ethics commit-
tee in the Changzhou Traditional Chinese Medicine
Hospital (Permit Number: 2017-LL-05(L)). The detailed
process involved in the sample collection is presented
in Fig. 1A.

For the gastric H. pylori eradication treatment, all
patients received standard drug treatment according to
the quadruple therapeutic strategy, which is based on
a proton-pump inhibitor, amoxicillin, furazolidone, and
the bismuth agent for ten days. In addition, the proton-
pump inhibitor was orally administered 30 min before
meals to reduce the secretion of gastric acid. In con-
trast, other drugs were orally administered after meals
to inhibit H. pylori growth and protect the stomach by
activating the secretion of gastric mucus. All patients
received a *C-urea breath test examination again to
evaluate the successfulness of gastric H. pylori eradica-
tion ten days after treatment. During this period, the
patients were asked to have a light diet and maintain
oral hygiene by tooth brushing twice daily.
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Fig. 1. Sample collection and qualification of 16S rRNA sequencing.

A) A schematic diagram illustrating the sample collection process; B) rarefaction curve analysis; C) specaccum curve analyses; D) rank abundance
analysis; n="7 for the SE group, n=9 for the FE group; FE - failure eradication, SE - successful eradication, HP — Helicobacter pylori.

BC-Urea breath test (UBT). After 4h fasting,
YHO08 "*C infrared spectrometer (Anhui Yanghe Medi-
cal Equipment Co., Ltd.) was used to measure the *CO,
values. The difference was expressed in DOB values.
The positive or negative results were evaluated accord-
ing to the device algorithm.

Oral sample collection, DNA extraction, and
16S rRNA sequencing. All the subjects were recruited
in Changzhou (Jiangsu Province, China). The inclusion
criteria for the volunteers were listed as follows: (i) ages
ranged from 30 to 70 years old; (ii) the sexes were evenly
distributed into two groups; (iii) the remained teeth
numbers were over 20; (iv) none of the volunteers suf-
fered from systemic or chronic diseases; (v) none of the
volunteers suffered from long-term administration with
drugs; (vi) non-pregnant and lactating women were
involved; (vii) according to the doctors’ instructions,
all the H. pylori-infected subjects were treated with anti-
biotics. The exclusion criteria: (i) all the volunteers were
native residents who had lived in Changzhou for more
than ten years; (ii) patients who suffered from pro-
longed drug administration; (iii) patients who suffered
from gastrointestinal cancers. A total of 2-5ml of the
patients’ saliva was collected by the same dentist and
was immediately frozen in liquid nitrogen and stored at

-80°C. Genomic DNA was extracted by using a Qiagen
DNA isolation kit. Extracted DNA was used as a tem-
plate to amplify the V3-V4 region of the 16S rRNA gene
for sequencing using the Illumina HiSeq 2500 platform
at CapitalBio (China). 16S rRNA sequence data files
have been deposited into the SRA database (https://
www.ncbinlm.nih.gov/sra) with accession number
PRJNA793997.

Bioinformatics analyses. Analysis of sequencing
results: the original data were processed by QIIME soft-
ware and compared with the Silva database (Release128
http://www.arb-silva.de). The clean reads were obtained
by following analysis: (i) Trimmomatic 0.32 (http://
www.usadellab.org/cms/?page=trimmomatic) was used
to remove sequences shorter than 50 bp in length and
a quality score lower than 20 in the raw reads (Bolger
etal. 2014); (ii) FLASH 1.2.7 (http://ccb.jhu.edu/soft-
ware/FLASH/index.shtml) analysis was performed
to merge the paired-end reads from the filtered DNA
fragments (Magoc¢ and Salzberg 2011); (iii) chimera
sequences in merged sequences were diminished
through the UCHIME algorithm (http://www.drive5.
com/usearch/manual/uchime_algo.html) (Edgar etal.
2011). A STAMP software analyzed the distribution dif-
ferences of species phyla. The Hellinger transformation
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normalized the abundance of each OTU and was further
used to construct redundancy analysis (RDA) models.
The potential functions of specific OTUs were predicted
using the phylogenetic investigation of communities by
reconstruction of unobserved states (PICRUSt) software.

Statistical analysis. SPSS21.0 software was used
for analysis. The numerical variables were recorded as
mean + SD, which were compared by t-test or analysis
of variance. The categorical variables were compared
by count and percentage, and differences were deter-
mined to be statistically significant by a chi-square test.
A p-value <0.05 was considered statistically significant.

Results

Patients’ information. Sixteen H.pylori-infected
volunteers were treated with antibiotics and received
C-UBT. Among these patients, seven cases involved
successful H. pylori eradication (Successful Eradica-
tion, SE), whereas nine cases involved failed eradication
(Failed Eradication, FE). Detailed information on these
patients, including their ages, genders, and DOB values,
is presented in Table SI. We determined the success or
failure of the therapy by evaluating the DOB values.
The DOB value less than 4 was an expected value in the
clinical evaluation of H. pylori infection. As shown in
Table SI, the DOB value of the SE group was 0.13 +1.23,
suggesting that H. pylori in these patients were eradi-
cated successfully.

16S rRNA sequencing. To identify the mechanism
behind the inconsistent treatment efficacy, we per-
formed 16S rRNA sequencing (a region) to examine
the composition and structure of bacteria in the oral
cavity. As shown in Table SII, 924,981 clean reads were
generated. Each sample in the SE group produced an
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average of 66,897 + 6,449 effective reads, while an aver-
age of 58,102 £ 6,281 effective reads was obtained in the
FE group. The average read length was 423.48+1.11 and
422.10+1.31, respectively, for the SE and FE groups.
Of note, the effective reads and read lengths were sig-
nificantly enriched in the SE group, indicating the
abundant composition of the oral bacteria after suc-
cessful treatment.

Rarefaction and specaccum analyses indicated that
the sequencing depth sufficiently covered rare new
microbiota (Fig. 1B and 1C). Further, rank abundance
analysis revealed that bacterial communities were simi-
lar in their composition, as evidenced by the compara-
ble trends for the rank frequency and abundance within
each sample (Fig. 1D).

Diversity analysis of oral microbiota. We next eval-
uated the a diversity of the oral bacterial community. To
achieve this result, the observed species, Chaol richness,
ACE index, Shannon index, Simpson index, and J index
were calculated from the sequencing results of either the
SE or FE group. As depicted in Fig.2A, no significant
difference existed in these parameters, indicating that
the diversity and richness of the microbial community
were minimally affected by the treatment efficacy. On
the other hand, the Weighted UniFrac Principal Coor-
dinates Analysis (PCoA) revealed a significantly differ-
ent clustering of oral microbiota composition in both
the SE and FE groups (Fig.2B). Meanwhile, the beta
diversity between the two groups significantly differed,
as evidenced by the adonis analysis accomplished with
R?=0.255 and p=0.003. These results were confirmed
by other two analyses, including MRPP (delta 0.115,
$=0.003) and ANOSIM (r=0.204, p=0.028).

Characterization of the oral microbiota. As shown
in Fig. 3A and 3B, the abundance levels of Bacteroidetes
and Firmicutes in the FE group were lower than those
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Fig. 2. o and B Diversity analyses.

A) Observed species, Chaol richness, ACE index, Shannon index, Simpson index, and J index were calculated for o diversity of the oral microbiota.
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most abundant bacterial phyla; C) t-test analysis comparing oral microbiota composition between the FE and SE groups.
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Fig. 3. Component analysis of community structure.

D) cladogram generated from LEfSe analysis.

These results were further confirmed by linear dis-
criminant analysis (LDA) effect size (LEfSe) analysis
(Fig. 3D and 3E).

RDA analyses and bacterial function prediction.
To dissect the specific bacterial types in the oral cavi-
ties of patients with failed or successful treatment, we
performed a combined analysis based on DESeq2 and
RDA, finding that 14 OTUs were differently altered
between the SE and FE groups. As shown in Fig. 4A
and 4B, OTUs, including OTU21, OTU13, OTU108,
OTU191, OTU226, and OTU231, were enriched in the
SE group compared to the FE group with these belong-
ing to the families of Prevotellaceae, Streptococcaceae,
Caulobacteraceae, and Lactobacillaceae. Conversely,
the abundance levels of OTU184, OTU141, OTU212,
OTU174, OTU199, OTU154, OTU105, and OTU171
were relatively low in the SE group. These OTUs are
classified into the families of Weeksellaceae, Neisse-
riaceae, Peptostreptococcaceae, Spirochaetaceae, and
Veillonellaceae. To further identify the correlations
between these OTUs and clinical parameters, we per-
formed the Spearman analysis, finding that the DOB
values were positively correlated with the abundance
levels of OTUs, including OTU212, OTU171, OTU105,

OTU154, and OTU199, whereas they were negatively
correlated with OTU13 and OTU21 (Fig. 4C).

We used the PICRUSt software to analyze the poten-
tial function of these altered OTUs. Notably, we focused
on the L3 channel prediction results of the KEGG data-
base. As shown in Fig. 4D, principal component analysis
(PCA) indicated that unique KEGG pathways existed
in either the SE or the FE group. After functional anno-
tation and calculation (ANOVA and Duncan’s tests),
20 KEGG pathways were altered. Compared to the
FE group, the oral microbiota of the SE patients were
enriched for pathways involved in folate biosynthesis,
the biosynthesis of the siderophore group, nonriboso-
mal peptides, nitrogen metabolism, ubiquinone and
other terpenoid quinone biosynthesis pathways, ster-
oid hormone biosynthesis, glycosaminoglycan degrada-
tion, the sphingolipid signaling pathway, carbohydrate
digestion and absorption, and proteasomes. In contrast,
the enrichment pathways in the FE group were ami-
nobenzoate degradation, styrene degradation, lysine
degradation, chloroalkane and chloroalkene degrada-
tion, taurine and hypotaurine metabolism, tryptophan
metabolism, stilbenoid dialylheptanoid and gingerol
biosynthesis, flavonoid biosynthesis, biosynthesis of
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vancomycin group antibiotics, and fatty acid degra-
dation (Fig.4E). Collectively, the microorganisms in
the oral cavities of the SE group mainly affected folate
biosynthesis and steroid hormone biosynthesis. In con-
trast, the oral bacteria in the FE group were enriched in
the degradation process for amino acids and fatty acids,
suggesting that oral microorganisms in the patients
of the FE group exerted potential harmful regulatory
properties on human metabolic homeostasis.

Venn analysis. Lastly, we performed a Venn analysis
to identify the unique oral bacterial species leading to
different treatment efficacies among H. pylori-infected
patients. As shown in Fig. 5, 347 OTUs were found
within the two groups. More importantly, 29 unique
OTUs were enriched in the SE group, and 59 unique
OTUs were abundantly expressed in the FE group. Even
more importantly, Epsilonbacteraeota, Fusobacteria,
Patescibacteria, Spirochaetes, and Tenericutes were the
only phyla found in the oral cavities of the FE group,
indicating that the bacteria belonging to these phyla
may contribute to failed H. pylori eradication in the
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C) correlations of the abundances of 14 OTUs with DOB values, ages, sex, and treatment status in patients from either FE or SE groups;
*p<0.05, **p<0.01; PICRUSt2 function prediction of changed OTUs; D) PCA analysis.

clinic. In contrast, Cyanobacteria and Euryarchaeota
were the unique phyla found in the SE group, suggest-
ing these two phyla may function as antagonists against
the recurrence of H. pylori infection. In addition, when
we performed the taxonomic assignation at the species
level, we found that 13 unique species were presented in
the FE group. These species include Treponema geno-
mosp. P4 oral clone MB2_G19, Treponema parvum,

Porphyromonas uenonis, Phocaeicola abscessus, Prevo-
tella heparinolytica, SR1 bacterium human oral taxon
HOT-345, Actinomyces weissii, Simonsiella muelleri
ATCC 29453, Cobetia marina, Eubacterium saphenum
ATCC 49989, Syntrophomonas palmitatica, Desulfomi-
crobium orale, and Mycoplasma lipophilum (Table SIII).
These data suggested that these bacterial species may be
involved in gastric H. pylori infection recurrence.
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A

Aminobenzoate degradation
Amoebiasis 1

Fatty acid degradation 4
Flavonoid biosynthesis -
Folate biosynthesis -

Biosynthesis of vancomycin group antibiotics -
Carbohydrate digestion and absorption
Chloroalkane and chloroalkene degradation -

Biosynthesis of siderophore group nonribosomal peptides -

Glycosaminoglycan degradation 4

Lysine degradation -

Nitrogen metabolism 4
Proteasome |

Sphingolipid signaling pathway -
Steroid hormone biosynthesis -
Styrene degradation -
Tryptophan metabolism 4

Taurine and hypotaurine metabolism

Stilbenoid diarylheptanoid and gingerol biosynthesis -
Ubiquinone and other terpenoid-quinone biosynthesis 1

Fig. 4. Correlation analysis of microbial environmental factors.

E) KEGG analysis diagram; n=7 for the SE group, n=9 for the FE group; SE - patients with successful eradication therapy, FE - patients with failed
eradication therapy.

SE

Phylum:

Firmicutes: 8 OTUs
Bacteriodetes: 9 OTUs
Actinobacteria: 6 OTUs
Proteobacteria: 4 OTUs
Cyanobacteria: 1 OTU
Euryarchaeota: 1 OTU

29
(6.7%)

Phylum:
Firmicutes: 17 OTUs

Bacteriodetes: 11 OTUs
Actinobacteria: 2 OTUs
Proteobacteria: 4 OTUs
Epsilomacteraeota: 1 OTU
Fusobacteria: 1 OTU
Patesconacteria: 5 OTUs
Spirochaetes: 5 OTUs
Tenericutes: 2 OTUs

FE

59
(13.6%)

Fig. 5. Venn analysis revealing differently affected and overlapping OTUs between the FE and SE groups; n=7 for the SE group,
n=9 for the FE group; SE - patients with successful eradication therapy, FE - patients with failed eradication therapy.

Discussion

The oral cavity is connected to the stomach through
the esophagus, establishing a relationship between the
microorganisms inhabiting these niches. Hence, it is
necessary to comprehensively analyze the relation-
ship between oral microbial diversity and gastroin-

testinal diseases. In addition, H. pylori infection is
extensively associated with various gastrointestinal
diseases, including chronic gastritis, peptic ulcer, and
even gastric cancers (Tohidpour 2016). Although anti-
biotic therapy is known to be a standard treatment for
gastric H. pylori infection, its therapeutic efficacy var-
ies in the clinic. Considering that H. pylori have been
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detected in the human mouth the oral cavity may serve
as another reservoir for this pathogen contribution to
the failure of gastric H. pylori eradication therapy (Zou
and Li 2011; Bharath etal. 2014; Yee 2016). To prove
this hypothesis, we examined the changes in the oral
microbial abundance and composition in patients who
had received either successful or failed gastric H. pylori
eradication treatment. We found that the B diversity
and composition of oral microbiota were remarkably
different in the SE and FE patients. In brief, significantly
enriched families, including Prevotellaceae, Streptococ-
caceae, Caulobacteraceae, and Lactobacillaceae, were
detected in the SE group, while bacterial families such
as Weeksellaceae, Neisseriaceae, Peptostreptococcaceae,
Spirochaetaceae, and Veillonellaceae were abundantly
expressed in the FE group. Five OTUs were positively
correlated with DOB values, while two OTUs exhibited
negative trends. Functionally, these differently enriched
OTUs were extensively involved in multiple metabolic
pathways, including folate biosynthesis and steroid
hormone biosynthesis (enriched in the SE group), and
the degradation process of amino acids and fatty acids
(enriched in the FE group). Our results suggest that the
maintenance of the healthy oral microbiota conditions
contributes to both H. pylori eradication and metabolic
homeostasis in humans. In addition, maintaining a low
abundance of detrimental oral bacteria (e.g., F. nuclea-
tum, P, gingivalis, and Bacteroides forsythus) and prompt
therapy on the periodontal and its related diseases could
decrease the adhesion of oral H. pylori (Bartold and Van
Dyke 2019) and improve the oral environment leading
to a reduced recurrence of gastric H. pylori infections.

The oral microbiota composition is altered by many
external factors, including lifestyle, eating habits, and
host conditions. Therefore, minimizing the deviation
caused by these factors was considered when we selec-
ted the samples. In our study, the subjects were selected
from the same geographical region to reduce its poten-
tial impacts on oral microbiota. Further, we chose the
salivary microbiota for analyzing the oral bacteria
since it has long-term stability and is a classic routine
in reflecting the microbial structure in the human oral
cavity. On the other hand, with microecology develop-
ment, oral microorganisms have been documented to
play essential roles in diagnosing and treating gastro-
intestinal diseases. Hence, a high-throughput sequenc-
ing technology will be extensively applied in the clinic,
owing to its advantages in analyzing the oral microbiota
(Wang etal. 2016).

Fusobacteria and Spirochaetes were highly enriched
in the oral cavities of the FE group, implying their
potential correlations with the recurrence of gastric
H. pylori infection. F. nucleatum, a representative bacte-
rium of Fusobacteria, is closely associated with the pro-
gression of colorectal cancer in the preclinical models
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(Abed etal. 2016). Interestingly, multi-omics analyses
indicated that F. nucleatum localizes to and is enriched
in colon adenomas and colorectal adenocarcinoma
(Castellarin etal. 2012; Chen etal. 2012; Kostic et al.
2012; McCoy etal. 2013; Flanagan etal. 2014; Ito etal.
2015). Consistently, this bacterium also suppresses anti-
tumor immunity by inhibiting the tumor-killing ability
of natural killer cells (Gur etal. 2015), while its abun-
dance exhibits significant correlations with the expres-
sion levels of pro-inflammatory genes (Kostic etal.
2013). Functionally and mechanistically, the fusobac-
terial proteins, including FadA and Fap2, may mediate
its potential attachment to colorectal cancer (Rubinstein
etal. 2013; Abed etal. 2016). All these findings indicated
Fusobacteria might potentially alter the cancer metabo-
lism and systemic inflammation. However, we noticed
that Fusobacteria are core members of the human oral
microbiome and are less abundant in the healthy gut,
raising an interesting question of whether Fusobacteria
transfer from the oral cavity to the gut.

Further investigations are needed to track Fusobac-
teria using a genetically modified GFP-expressing bac-
terium. Spirochaetes can penetrate tissues and bring the
metabolites/endotoxins direct to the target cells. Such
a penetration could perturb essential functions of host
cells and the immune system (Dahle etal. 1993). More-
over, Spirochetes are suspected to be linked to the iron
homeostasis and pathogenesis of neurological diseases,
including neurosyphilis or neurodegeneration (Jolivet-
Gougeon and Bonnaure-Mallet 2018). Hence, these
two bacterial phyla accumulated abundance induced
potential dysfunction of immune cells, disruption of
iron homeostasis, and systemic inflammation. It might
collectively lead to the failure of eradication or gastric
H. pylori infection recurrence in this group.

On the other hand, gastric H. pylori infection is
inversely affected by the oral microbiota since the oral
cavity is another known reservoir of these bacteria.
Strikingly, H. pylori may selectively adhere to bacte-
ria. Okuda etal. (2003) reported that P. gingivalis and
E nucleatum could interact with H. pylori strains. Such
interactions occur within biofilms and are conducive
to H.pylori colonization of the human oral cavity.
Although H. pylori can be detected in the oral cavity
by molecular techniques, it is hardly cultured (Cha-
manrokh etal. 2015). Hence, few studies identify the
significance of oral H. pylori infection and colonization.
Several investigations indicated that the stress-induced
transformation of H. pylori from its spiral to the coc-
coid could lead to the different functions of this bac-
terium (Cellini et al. 1994; Roe et al. 1999; Grzybowski
and Rudnicka 2014). The coccoid form is a quiescent
state of H. pylori in the oral cavity and could not be
resurrected in the bacterial culture medium. In con-
trast, the spiral form of H. pylori in the stomach can be
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found (Mao etal. 2021). More importantly, the coccoid
H. pylori trigger the alternations of the gastric tissues
when they are gavaged into the stomach for two weeks
(Cellini et al. 1994). These findings indicated that even
if the oral H. pylori were transiently inactive, the stress
(e.g., antibiotics and gastric acid) might initiate the oral
coccoid H. pylori transformation into the spiral form
to trigger the gastric diseases in either the oral cavity
or the stomach. In addition, microbial diversity may
change according to the drug selection. When fac-
ing the drug challenge, microorganisms can express
antibiotic resistance genes (ARGs), increasing drug
resistance risks (Costalonga and Herzberg 2014). Such
resistance could increase the overgrowth of pathogenic
bacteria, causing a non-dysbiotic state, which may fur-
ther provide a more suitable environment for H. pylori
colonization. In addition, the persistent inflamma-
tion and the complicated bacterial environment in the
periodontal pockets are facilitators of failures to clear
H. pylori in both the human oral cavity and stomach
(Bago etal. 2011). However, neither patients themselves
nor gastroenterologists have paid enough attention
to oral microbial dysbiosis in the eradication process of
gastric H. pylori infection.

Function prediction is crucial in understanding the
roles oral microbiota plays in host health. In our study,
PCA results showed that the metabolic pathways signi-
ficantly differed, indicating various microbial functions
of the two groups. In particular, we found that the pre-
dicted function of oral microbiota clustered into fatty
acid and protein degradation in the FE group, imply-
ing a negative impact on host metabolic homeostasis.
Bacterial colonization depends on the adaptation to the
host environment. As an important component of bac-
terial membranes, fatty acids facilitate such adaptation
(Aggarwal etal. 2021). In our study, the ability of fatty
acid degradation was enriched in the FE group, indi-
cating the enhanced fatty acid utilization in this group.
Hence, we speculated that such an enhancement might
help detrimental bacteria to colonize host tissues.

Additionally, most bacteria exhibited amino acids’
unique consumption and metabolic mode (Liu etal.
2020). ARG-expressing bacteria have been demon-
strated to show the priority for the proline metabolism
(Halsey etal. 2017). In the present study, we found
that the tryptophan metabolism and lysine degrada-
tion occurred more often in the FE group, indicat-
ing that tryptophan and lysine might be two essential
amino acids for the growth and survival of detrimental
bacteria belonging to Fusobacteria and Spirochaetes
phyla. On the other hand, it should be noted that the
mammalian cells could not produce folic acid, and the
beneficial bacteria are the source of folic acid in vivo.
Notably, the folate biosynthesis pathway was inactive in
the FE group compared with the SE group. Consider-
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ing that folic acid is an essential substrate for the host
metabolism (Sid etal. 2017), the dysbiosis of the oral
microbiota may disrupt the host metabolic homeostasis
by altering the circulating levels of folic acid.

On the other hand, by using Venn analysis, we found
that Epsilonbacteraeota, Fusobacteria, Patescibacteria,
Spirochaetes, and Tenericutes were the unique phyla
that existed in the oral cavity of the FE group. At the
same time, Cyanobacteria and Euryarchaeota were the
unique phyla that were enriched in the SE group, sug-
gesting these phyla may be involved in the recurrence
of H. pylori infection and potentially interact with it. We
also identified the unique species in the FE group and
found 13 OTUs that could be annotated. Among them
T. parvum and P. uenonis were closely related to peri-
odontal or its related diseases, as well as the oral inflam-
mation (Cobo etal. 2021; Zeng and Watt 2021,), while
the proportions of D. orale were significantly higher in
periodontitis than in peri-implantitis (Maruyama et al.
2014). All the findings implied that periodontal dis-
eases and the related dysbiosis exhibited strong correla-
tions with the recurrence of gastric H. pylori infections.
Further studies are of great importance to identify the
interactions between H. pylori and each bacterium, and
the underlying mechanisms for the continuous recur-
rence of H. pylori infections. However, we could not
perform this investigation because of the limitations
both in the funding and techniques.

Conclusions

Our study found that the relative abundances of
Fusobacteria and Spirochaetes were highly enriched in
the FE group, which may be the possible reason for the
failure of gastric H. pylori infection eradication therapy.
Functionally, the highly enriched bacteria found in the
oral cavities of the FE patients may potentially lead
to metabolic disorders in humans. Hence, maintain-
ing balanced microbiota in the oral cavity is impor-
tant for H. pylori-infected patients, as it can effectively
decrease the incidence of gastric H. pylori infection or
recurrence. However, limitations still existed in our
study. The samples were collected within a city, which
may lead to district-specific results. Meanwhile, the
sequencing methods could only reflect the relative
abundance of bacteria. Hence, both the increase in
sample numbers and multi-omics analyses are needed
for further studies, which will have great potential for
gastric H. pylori infection therapy.
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