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INTRODUCTION: Oral microbiota may contribute to the development of upper gastrointestinal (UGI) disorders. In this
study, we evaluated the association between microbiota of saliva, subgingival, and buccal mucosa and 
UGI disorders, particularly precancerous lesions. We also aimed to identify which oral site have the 
greatest potential as biomarkers for the development of UGI cancers.

METHODS: In this population-based study, 388 adults underwent upper endoscopy with biopsies for 
histopathological analysis. UGI symptoms were assessed using a validated questionnaire, and 16S 
rRNA gene sequencing characterized the microbiota in 380 saliva, 200 subgingival, and 267 buccal 
mucosa samples collected during endoscopy.

RESULTS: Dysbiosis of the salivary microbiota was observed in subjects with gastroesophageal reflux symptoms 
(GERSs) alone, as well as in those with combined conditions such as GERS and esophagitis, or 
esophagitis and Barrett’s esophagus. Significant microbial alterations were also found in individuals 
with several stomach disorders including Helicobacter pylori infection, chemical reactive gastritis, 
atrophic gastritis, and intestinal metaplasia. However, microbiota dissimilarity in subgingival and 
buccal mucosa samples was primarily associated with Barrett’s esophagus or gastric atrophy. Among 
identified genera in saliva, the association between Prevotella and Fusabacterium and atrophic gastritis 
and intestinal metaplasia was notable. In subgingival samples, the link of Fretibacterium with Barrett’s 
esophagus and Fusabacterium with gastric atrophy and intestinal metaplasia has also been found to be 
important.

DISCUSSION: Dysbiosis of saliva microbiota is linked to a broad spectrum of UGI disorders. However, microbiota 
dysbiosis in subgingival and buccal mucosa sites is specifically associated with the premalignant 
conditions such as Barrett’s esophagus and gastric atrophy. Among oral sites, the subgingival 
microbiota shows more potential as a infectious biomarker for UGI cancers.
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INTRODUCTION
The oral microbiota is one of the most diverse and complex mi-
crobial communities in the human body, comprising over 700 
species that inhabit various locations within the oral cavity (1–3).

There is growing evidence linking poor oral health and peri-
odontal pathogens to an increased risk of gastrointestinal (GI) 
cancers, suggesting that the oral microbiota may contribute to the 
development of these malignancies (4–6).
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Among GI cancers, advanced esophageal and gastric cancers 
are among the deadliest types of GI cancer (7), arising from well-
recognized histopathological changes in the mucosa. Esophageal 
adenocarcinoma (EAC), for instance, has been associated with 
long-term or severe reflux symptoms, progressing through stages 
that include gastroesophageal reflux disease (GERD), esophagitis, 
Barrett’s esophagus, dysplasia, and ultimately EAC (8). Ekheden 
et al (9) showed that inflammatory changes in the esophagus can 
increase the risk of EAC by 2 to 5 times. In the gastric carcino-
genesis cascade, Helicobacter pylori-associated chronic active 
gastritis is the usual initiating point (10), which may progress 
toward atrophy, intestinal metaplasia, dysplasia, and eventually 
gastric cancer. In Western populations, it is estimated that 1 in 85 
patients with gastritis, 1 in 50 with gastritis with atrophy, 1 in 39 
patients with intestinal metaplasia, and 1 in 19 patients with 
dysplasia will develop gastric cancer within 20 years (11).

Understanding the role of bacteria in these precancerous 
lesions could lead to the discovery of new biomarkers for early 
cancer detection and monitoring of disease progression. How-
ever, the influence of oral microbiota on the progression of 
esophageal and gastric precancerous lesions remains largely un-
explored. To date, few studies with a hospital-based design and 
small sample sizes reported oral microbiota dysbiosis, which 
refers to changes in the composition of bacteria, in patients with 
GERD (12–14), Barrett’s esophagus (15), and gastric lesions 
(16,17). Moreover, the microbiota of the oral cavity is extraor-
dinarily complex. Depending on oxygen level, pH, and carbo-
hydrate concentration, each surface of oral cavity harbors unique 
bacteria (18), of which their clinical manifestations are also dif-
ferent (19). While previous research has primarily focused on 
saliva microbiota, the microbial composition at other oral sites 
remains underexplored.

In this study, we aimed to determine the microbiota compo-
sition at 3 specific sites within the oral cavity, namely saliva 
(planktonic state but bacterial transmission zone), subgingival 
(low-oxygen area), and buccal mucosa (oxygen-enriched area) 
and to compare the microbiota profiles between subjects with 
well-characterized esophageal and gastric diseases in a random 
population-based study.

METHODS
Study design and study population
This is a population-based cross-sectional study based on data 
collected in the LongGERD project, which is a longitudinal 
population-based study of GI symptoms in Sweden (20–23). The 
LongGERD study has previously been described in detail (20). 
Briefly, in 2011, all adult inhabitants of ¨ Osthammar born between
1909 and 1969 were sent an abdominal symptom questionnaire. 
Among 1,034 people who responded to the mailed questionnaire, 
388 individuals agreed to undergo endoscopy examination and 
sample collection. Of those, 380 saliva samples, 200 subgingival 
samples, and 267 buccal mucosa samples were successfully se-
quenced (Figure 1). The study was approved by the Uppsala ethics 
board (Dnr 2010/443), and participants provided written in-
formed consent. More details are provided in the Supplementary 
Materials (see Supplementary Digital Content 1, http://links.lww. 
com/AJG/D517).

Demographics

Age at endoscopy and sex were derived from registry information. 
Level of education was reported on the mailed questionnaire sent

in 2011. The body mass index was calculated from height and 
weight recorded by a nurse before the endoscopy. Tobacco and 
alcohol use and acid-reducing drugs intake (proton pump 
inhibitors and H2 blockers [PPI/H2]) were recorded by the 
assisting nurse before endoscopy.

Sample collection
To evaluate the esophageal status histologically, 2 biopsies were 
taken from the squamocolumnar junction during endoscopy. In 
addition, biopsies were taken from the cardia, corpus, antrum, 
and any visible aberration, with 2 biopsies from each location to 
diagnose gastric disorders. Hematoxylin and eosin staining was 
performed to detect mucosal morphological changes in the mu-
cosa, and Warthin Starry staining was performed to diagnose H. 
pylori infection. The endoscopy was performed according to the 
standard protocol, and all procedures were video recorded and 
reviewed to obtain second opinion.

Blood samples were collected, and the antibodies against 
H. pylori and gastric atrophy biomarkers (gastrin-17 and pep-
sinogens [PG I and II]) were measured using enzyme-linked 
immunosorbent assay kits (GastroPanel; Biohit Plc, Helsinki, 
Finland).

All oral samples were collected by a trained research person at 
the time of endoscopy. Briefly, subjects refrained from eating, 
drinking, smoking, or oral hygiene for at least 3 hours before 
sample collection. They were requested to relax and rub their 
cheeks gently for 30 seconds to make saliva and then deposit 
2–3 mL saliva into a sterile 50 mL microtube. For collecting 
subgingival samples, paper points were inserted deeply 3–4 mm 
under the gum, between molar and second premolar teeth on the 
right side of the mouth for 1–2 minutes. The paper points were 
held for 10 seconds and then transferred into a sterile 2 mL 
microtube. To collect the buccal mucosa sample, the left side of 
oral cavity was brushed 10 times over an area of 2 3 2 cm with 
a disposable sterile cytology brush. Then, the brush head was 
submerged into a sterile 2 mL microtube. All samples were kept in 
a 280 °C freezer for further analysis.

16S rRNA gene sequencing assay
The 16S rRNA gene sequencing procedure includes 4 steps, 
i.e., DNA extraction, polymerase chain reaction (PCR) amplifi-
cation of hypervariable regions of 16S rRNA gene, construction of 
16S rRNA gene library, and sequencing of the library. In this 
study, the DNA of oral samples was extracted using the Mag Maxi 
Manual protocol of a DNA Isolation Kit (LGC Genomics GmbH, 
Germany). The V3-V4 regions of the bacterial 16S rRNA gene 
were amplified with primers 341F (CCTACGGGNGGCWG-
CAG) and 805R (GACTACHVGGGTATCTAATCC) using 
KAPA Hifi HotStart ReadyMix (2X) (Roche, Germany) and then 
purified using 1.8X Agencourt AMPure XP purification kit 
(Beckman Coulter). Libraries were pooled and barcoded using 
dual indexing primers in a second step of PCR. The library was 
sent to National Genomics Infrastructure/Science for Life Labo-
ratories (SciLifeLab), Stockholm, Sweden, for sequencing on an 
Illumina MiSeq platform on 10 pM library and 10% PhiX using 
the 2 3 300 bp paired-end protocol (Miseq V3 reagents kit).

Two blind blank controls (nuclease-free water) as negative 
controls and one home-brew mixture (H. pylori HPAG1 and 
DU30 strains plus Lactobacillus) and one mock bacterial com-
munity’s standard as positive controls were assessed and traced 
from genome harvesting to library preparation, and sequencing
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run process. In total, 18 blind negative control and 18 blind 
positive control samples were used.

Outcome definitions
Esophageal disorders. The extended version of the abdominal 
symptom questionnaire (21,22) was used to collect information 
on heartburn and acid regurgitation. We classified the esophageal 
disorders as (i) gastroesophageal reflux symptoms (GERSs) only 
if the participants reported symptoms of heartburn and/or acid 
regurgitation over the past 3 months with no visible pathological 
changes of the esophageal mucosa. (ii) Individuals who reported 
no heartburn or acid regurgitation but had esophagitis (Los 
Angeles grade A–D) on histological examination were catego-
rized as having esophagitis only. (iii) Asymptomatic patients with 
Barrett’s esophagus on histology examination were defined as 
Barrett’s esophagus only. We classified the rest of participants as 
having (iv) both GERS and esophagitis, (v) both GERS and 
Barrett’s esophagus, (vi) both esophagitis and Barrett’s esopha-
gus, and (vii) all GERS, esophagitis, and Barrett’s esophagus.

Subjects with no PPI/H2 intake, no GERS, and no pathological 
changes of the esophageal mucosa on histopathologic examina-
tion were considered as the reference group in the analysis related 
to esophageal disorders. None of the subjects displayed other 
esophageal disorders, such as dysplasia or cancer.

Gastric disorders. We classified the gastric disorders as (i) non-
atrophic H. pylori gastritis if corpus and antrum H. pylori gastritis 
was diagnosed histopathologically, but with no atrophy. (ii) The 
“atrophic H. pylori gastritis” group was classified either from his-
topathology by the loss of glands graded according to the Updated 
Sydney System (USS) or serology (24). (iii) The “intestinal meta-
plasia” group was diagnosed from histopathology by the presence of 
goblet cells graded according to the USS. (iv) Chemical reactive 
gastritis of the antrum was defined as corpus mucosa with no 
pathological changes, and antrum diagnose chemical reactive gas-
tritis (defined by apical fibrosis, capillary ectasia, foveolar hyper-
plasia, and increase of ascending smooth muscle fibers as suggested 
by the USS), H. pylori negative on histology and not classified in 
other groups. (v) Post H. pylori eradication/seropositive group in-
cluded those with a histological corpus/antrum diagnosis of post 
H. pylori (defined by slight not active gastritis with remnants of 
lymphoid aggregates or follicles in antrum and corpus), and H. pylori 
was positive on serology, only.

In the analysis related to gastric disorders, those with no PPI/ 
H2 intake, no pathological changes on gastric mucosa, and 
H. pylori negative on serology were considered as the reference 
group. None of the subjects displayed other gastric disorders, 
such as dysplasia or cancer. In addition, other types of gastritis 
were not analyzed because of the limited number of cases.

Figure 1. Inclusion flowchart of participants and samples within the study.
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Details of the classification approach are described in Sup-
plementary Materials (see Supplementary Digital Content 1, 
http://links.lww.com/AJG/D517).

Bioinformatic analysis
The bioinformatic analysis was performed on FASTQ-format 
files using the QIIME 2 microbiome bioinformatics platform 
(25). Briefly, paired sequences were loaded into QIIME 2 and 
were demultiplexed to assign each individual sample to the spe-
cific barcode. DADA2 was used to denoise and dereplicate paired-
end sequences. During this process, adaptors were trimmed, and 
the sequences were removed at the specific base pair position, 
where the median quality score was less than 30. Any PhiX reads 
and chimeric sequences were filtered, and poor-quality reads 
with .2 expected errors were discarded. After DADA2 pro-
cessing, the sequences with 99% similarities were clustered into 
operational taxonomic units (OTUs) to develop a quantitative 
strategy for classifying organisms into groups based on observed 
characters. The generated OTUs were aligned to Human Oral 
Microbiome Database (1) (version 15.22), and the microbial 
composition and abundance for each sample were determined. 
To improve the classification accuracy, taxonomic weights were 
assembled with 16S rRNA gene sequence data using Human Oral 
Microbiome Database reference database trimmed to the V4 
domain (bound by the 515F/806R primer pair) using q2-
clawback. The phylogenetic tree was constructed using “fast-
tree” and “mafft” alignment with the same reference and was 
visualized by the “empress” package.

Diversity analyses
For diversity analysis, samples were rarefied to 8,000 sequences to 
standardize unequal sequencing effort. We conducted alpha and 
beta diversity analysis to compare the microbial diversity within 
and between oral samples, respectively. The richness of micro-
biota structure within samples was assessed by the Observed OTU 
index. The phylogenetic diversity (PD) of microbiota was esti-
mated by Faith PD index, and the combination of richness and 
the abundance of microbiota was measured by the Shannon in-
dex. The beta diversity was measured by Bray-Curtis metrics, 
unweighted UniFrac, weighted UniFrac, and Jaccard distance and 
were compared using Adonis in the R vegan library (v 2.5-2) 
adjusting age group (20–29, 30–39, 40–49, 50–59, 60–69, or 701), 
sex (female or male), body mass index (,25, 25–29.9 or $30), 
education (less than upper secondary school or upper secondary 
school and higher), smoking (never, ceased, or current), snuffing (no 
or yes), alcohol consumption (never, low, or high), PPI/H2 intake 
in ,3 months (no or yes), dental floss use (never, daily, weekly, 
monthly, or missing), having dentures (no, yes, or missing), and 
sequencing run, with 9,999 permutations. Bray-Curtis metric 
measures the dissimilarities related to abundance of OTUs, un-
weighted UniFrac considers the presence/absence of phylogeny, 
weighted UniFrac is associated with both abundance and phylogeny, 
and Jaccard distance focuses on the presence/absence of OTUs.

Since the literature about the factors affecting oral microbiota 
is limited, those factors that were statistically significant after 
adjusting for sequencing run in any location of oral cavity with 
any beta diversity metrics were considered as potential con-
founding factors in the final model. Although PPI intake has no 
effect on the oral microbiota, we added it to the model for its effect 
on GI disorders (26). Moreover, information about oral health

was available for approximately 50% of the population. To ad-
dress the missing data, we treated them as a separate group.

P values ,0.05 were considered as statistically significant, and 
principal-coordinate analysis (PCA) plots with confidence ellip-
soids were visualized on QIIME 2 artefact file in R (27).

Microbiome differential abundance analysis
Differential analysis was conducted using DESeq2 on unrarefied 
data, while adjusting for the same confounding factors in diversity 
analysis. DESeq2 uses a negative binomial distribution model to 
identify individual taxa for which relative abundances are sig-
nificantly different across groups and further controls the false 
discovery rate using the Benjamini Hochberg procedure (28). In 
this analysis, the taxa were selected if the false discovery rate/ 
adjusted P , 0.05 and log 2 fold change .2.5 or ,22.5 for 
considering the taxa that were at least 5 times more or 5 times less 
associated with disorders.

RESULTS
The demographic and clinical characteristics of the study population 
are presented in Table 1. The distribution of these characteristics 
across different locations of oral cavity shows no significant differ-
ence (P . 0.05). We sequenced 380 saliva, 200 subgingival, and 267 
buccal mucosa specimens. In total, 194 samples with less than 1,000 
sequencing reads were discarded, leaving 330 saliva samples with an 
average of 54,619 reads per sample, 182 subgingival samples with an 
average of 45,301 reads per sample, and 141 buccal mucosa samples 
with an average of 13,956 reads per sample for further analysis 
(Figure 1). High-quality nonchimeric reads were clustered at 99% 
similarity into 615 OTUs in saliva, 579 OTUs in subgingival, and 515 
OTUs in buccal mucosa samples. We further removed features 
present in less than 2% of the total samples of each location, and 
feature with frequency less than 0.005% of total frequencies: leaving 
325 OTUs in saliva, 362 OTUs in subgingival samples, and 319 
OTUs in buccal mucosa samples.

Oral microbiota composition

We determined the microbial composition in all samples since 
the study is a random population-based study. The top 3 phyla 
present in all saliva samples were Firmicutes (45.0%), Bacter-
oidetes (16.9%), and Saccharibacteria (Figure 2a). In all sub-
gingival samples, Firmicutes (59.6%), Actinobacteria (10.6%), 
and Proteobacteria (9.5%) were the most frequent phyla, and in 
buccal mucosa samples, Firmicutes (41.2%), Proteobacteria 
(38.5%), and Bacteroidetes (7.3%) constituted the top phyla.

At the genus level, Streptococcus (17.0%), Veillonella (13.8%), 
and Prevotella (10.2%) constituted the most abundant genera in 
all saliva samples (Figure 2b). In all subgingival samples, Strep-
tococcus (27.0%), Veillonella (22.1%), and Selenomonas (5.5%) 
were the top genera, and Streptococcus (26.2%), Sphingomonas 
(8.7%), and Delftia (8.5%) constituted the top genera in buccal 
mucosa samples.

We also determined the microbial composition of 81 partic-
ipants from whom all 3 types of samples were collected. The 
microbial composition of saliva, subgingival, and buccal mucosa 
of these 81 participants closely resembled those of the larger 
sample sizes: 380 saliva, 182 subgingival, and 141 buccal mucosa 
samples, respectively (see Supplementary Figure 1, Supplemen-
tary Digital Content 1, http://links.lww.com/AJG/D517). This 
uniformity suggests minimal selection bias, bolstering the gen-
eralizability of our study findings.
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Table 1. Demographic and clinical characteristics of the study population

Characteristics Saliva (N 5 330) Subgingival (N 5 182) Buccal mucosa (N 5 141) P value

Age at endoscopy, mean (6SD) 53.6 (13.6) 51.9 (14.4) 52.4 (15.1) 0.382

Age at endoscopy, n (%) 0.761

20–29 24 (7.3) 17 (9.5) 17 (12.2)

30–39 31 (9.5) 22 (12.3) 15 (10.8)

40–49 62 (18.9) 36 (20.1) 21 (15.1)

50–59 74 (22.6) 38 (21.2) 29 (20.9)

60–69 105 (32.0) 49 (27.4) 43 (30.9)

$70 32 (9.8) 17 (9.5) 14 (10.1)

Sex, n (%) 0.994

Female 176 (53.5) 94 (51.9) 76 (53.9)

Male 153 (46.5) 87 (48.1) 65 (46.1)

Education, n (%) 0.512

,Upper secondary school 112 (34.9) 54 (30.7) 45 (32.6)

.Upper secondary school 209 (65.1) 122 (69.3) 93 (67.4)

PPI/H2 ,3M, n (%) 0.440

No 291 (88.7) 164 (91.6) 122 (87.8)

Yes 37 (11.3) 15 (8.4) 17 (12.2)

BMI, n (%) 0.840

Underweight-normal range (,25) 131 (40.9) 80 (45.5) 62 (45.3)

Overweight (25–29.9) 56 (17.5) 27 (15.3) 22 (16.1)

Obese ($30) 133 (41.6) 69 (39.2) 53 (38.7)

Smoking, n (%) 0.896

Never 198 (60.8) 39 (11.9) 89 (27.3)

Current 113 (63.1) 16 (8.9) 50 (27.9)

Ceased 90 (65.8) 17 (12.2) 32 (23)

Current snus dipping, n (%) 0.782

No 286 (87.5) 155 (87.1) 124 (89.2)

Yes 41 (12.5) 23 (12.9) 15 (10.8)

Current alcohol consumption, n (%) 0.588

Never 40 (12.3) 26 (14.6) 10 (7.2)

Low (,15 CL per week) 195 (60) 104 (58.5) 94 (67.1)

High ($15 CL per week) 90 (27.7) 48 (26.9) 36 (25.7)

Brush teeth, n (%) a 0.648

Once per day 171 (51.8) 85 (46.7) 65 (46.1)

1–5 times per week 8 (2.4) 3 (1.7) 3 (2.1)

Missing 151 (45.8) 94 (51.6) 73 (51.8)

Bleeding gum, n (%) a 0.654

No 115 (34.9) 59 (32.4) 47 (33.3)

Yes 63 (19.1) 29 (15.9) 22 (15.6)

Missing 152 (46.1) 94 (51.7) 72 (51.1)

Mouth wash, n (%) a 0.845

Never 90 (27.3) 46 (25.3) 33 (23.4)

Daily 32 (9.7) 13 (7.1) 14 (9.9)

Weekly 25 (7.6) 13 (7.1) 11 (7.8)
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Table 1. (continued)

Characteristics Saliva (N 5 330) Subgingival (N 5 182) Buccal mucosa (N 5 141) P value

Monthly 32 (9.7) 16 (8.8) 10 (7.1)

Missing 150 (45.5) 94 (51.7) 73 (51.8)

Dental floss, n (%) a 0.880

Never 49 (14.9) 24 (13.2) 18 (12.8)

Daily 49 (14.9) 22 (12.1) 15 (10.6)

Weekly 55 (16.7) 26 (14.3) 23 (16.3)

Monthly 27 (8.2) 16 (8.8) 13 (9.2)

Missing 150 (45.5) 94 (51.6) 72 (51.1)

Denture, n (%) a 0.201

No 170 (51.5) 81 (44.5) 60 (42.6)

Yes 9 (2.7) 6 (3.3) 8 (5.7)

Missing 151 (45.8) 95 (52.2) 73 (51.7)

Dental visit, n (%) a 0.601

No 5 (1.5) 4 (2.2) 3 (2.1)

Yes 175 (53) 85 (46.7) 66 (46.9)

Missing 150 (45.5) 93 (51.1) 72 (51.0)

Esophageal disorders, n (%) 0.964

Reference b 164 (53.9) 94 (55.3) 68 (53.1)

GERS only 70 (23.) 30 (17.6) 25 (19.5)

Esophagitis only 26 (8.6) 17 (10) 14 (11)

BE only 20 (6.6) 10 (5.9) 8 (6.3)

Both GERS and esophagitis 16 (5.3) 14 (8.2) 10 (7.8)

Both GERS and BE 2 (0.7) 1 (0.6) 2 (1.5)

Both esophagitis and BE 2 (0.7) 1 (0.6) 1 (0.8)

GERS, esophagitis and BE 4 (1.3) 3 (1.8) 0

Dyspepsia, n (%) 0.630

Reference c 103 (57.9) 65 (60) 46 (62.2)

Yes 72 (42.1) 36 (40) 28 (37.8)

H. pylori histology, n (%) 0.865

Reference c 103 (74.1) 65 (73.9) 46 (69.7)

Positive 36 (25.9) 23 (26.1) 20 (30.3)

Gastric disorders, n (%) 0.890

Reference c 103 (47.2) 65 (50) 46 (44.2)

Nonatrophic H. pylori gastritis 31 (14.2) 20 (15.4) 16 (15.4)

Atrophic H. pylori gastritis 10 (4.6) 4 (3) 3 (2.9)

Chemical reactive gastritis 44 (20.2) 26 (20) 28 (26.7)

Post H. pylori and seropositive 28 (12.8) 15 (11.6) 11 (10.6)

Other gastritis (unclassified) 2 (0.9) 0 (0) 0 (0)

Intestinal metaplasia, n (%) 0.713

Reference b 103 (90.4) 65 (91.6) 46 (92)

Yes 11 (9.6) 6 (8.4) 4 (8)

BE, Barrett’s esophagus; BMI, body mass index, was calculated as weight (kg)/height (m 2 ); CL, centiliters; esophagitis: defined by Los Angeles grade: mucosal breaks; GERS, 
gastroesophageal reflux symptoms; H2, H2 receptor antagonist; PPI, proton pump inhibitor; PPI/H2 ,3M, take PPI/H2 any time during the past 3 months before endoscopy.
P value for age was derived from Kruskal-Wallis, and Benjamin-Hochberg post hoc tests and categorical variables from x 2 or Fisher exact test where appropriate.
a Since the information about oral health was available for approximately 50% of the population, we treated missing as a separate group.
b No PPI/H2 intake, no GERS, and no histological changes in esophageal mucosa.
c No PPI intake, no dyspepsia, H. pylori negative on serology, and no histological changes in gastric mucosa.
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Alpha and beta diversity in association with oral cavity 
anatomical sites
To compare the microbiome diversity in 3 sites of oral cavity, 
diversity analyses were performed on samples from all participants 
(Figures 3 and 4) and separately on healthy individuals, defined as 
those without any esophageal and gastric disorders (see Supple-
mentary Figures 2 and 3, Supplementary Digital Content 1, http:// 
links.lww.com/AJG/D517).

In all samples and among healthy individuals, saliva, subgingival, 
and buccal mucosa showed distinct differences in microbiota di-
versity, distribution, abundance, and phylogenetic distance (alpha 
and beta diversity metrics: P , 0.001). Clustering by the location 
category was also visualized in a PCA plot (Figure 4a–d).

Microbial alpha diversity in association with UGI disorders
Esophageal disorders. In saliva, we observed individuals with 
esophageal disorders had significantly lower microbial diversity

(Faith PD) compared with the reference group (see Supplemen-
tary Table 1, Supplementary Digital Content 1, http://links.lww. 
com/AJG/D517). However, in subgingival sites and in buccal 
mucosa, the microbial richness and diversity (Observed OTUs, 
Faith PD, and Shannon) significantly increased (Kruskal-Wallis, 
P , 0.05).
Gastric disorders. Among gastric disorders, we only found the 
diversity changes (Observed OTUs and Faith PD) in subgingival 
microbiota of those with atrophic H. pylori gastritis compared 
with the reference group (Kruskal-Wallis, P , 0.05), but not in 
saliva or buccal mucosa sites (see Supplementary Table 2, Sup-
plementary Digital Content 1, http://links.lww.com/AJG/D517).

Microbial beta diversity in association with UGI disorders
Esophageal disorders. Beta-diversity analysis indicated that sa-
liva microbiota in patients with GERS only (unweighted UniFrac: 
R 2 5 0.011, Jaccard Distance: R 2 5 0.007) or both GERS and

Figure 2. The microbiota composition in oral cavity. The top phyla (a) and genera (b) presented in all saliva, subgingival, and buccal mucosa samples.
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esophagitis (unweighted UniFrac: R 2 5 0.014) were different 
from the reference group (Figure 5a). Moreover, the abundance, 
phylogeny distance, and distribution of saliva microbiota in 
subjects suffering from both esophagitis and Barrett’s esophagus

were also dysbiosis (Bray-Curtis Dissimilarity: R 2 5 0.015; 
weighted UniFrac: R 2 5 0.019; Jaccard Distance: R 2 5 0.013).

In subgingival (unweighted UniFrac: R 2 5 0.026) and buccal 
mucosal (unweighted UniFrac: R 2 5 0.033), microbiota dysbiosis

Figure 4. Principal coordinates analysis (PCA) plot of beta diversity indexes: including (a) Bray-Curtis dissimilarity, (b) Jaccard distance, (c) unweighted 
UniFrac distance, and (d) weighted UniFrac distance based on all saliva, subgingival, and buccal mucosa samples. P-s values derived from PERMANOVA 
test with ***P , 0.001.

Figure 3. Box plot of alpha diversity indexes including (a) observed operational taxonomic units, (b) Faith PD, and (c) Shannon on all samples of saliva, 
subgingival, and buccal mucosa. Error bars represent SD, and the median estimates compared across locations using the Kruskal-Wallis and Benjamin-
Hochberg post hoc tests. ***P , 0.001. PD, phylogenetic diversity.
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was observed only in asymptomatic individuals with Barrett’s 
esophagus (Figure 5a).
Gastric disorders. Subjects with H. pylori positive (weighted 
UniFrac: R 2 5 0.021), chemical reactive gastritis (Bray-Curtis 
dissimilarity: R 2 5 0.013, weighted UniFrac: R 2 5 0.021), and 
intestinal metaplasia (Bray-Curtis dissimilarity: R 2 5 0.023) 
showed saliva microbiota dysbiosis. Moreover, the abundance, 
phylogeny distance, and distribution of saliva microbiota in 
atrophic H. pylori gastritis were significantly altered compared 
with the control group (Bray-Curtis dissimilarity: R 2 5 0.023; 
unweighted UniFrac: R 2 5 0.019; weighted UniFrac: R 2 5 0.025; 
Jaccard distance: R 2 5 0.017) (Figure 5b).

Similar to saliva, the diversity changes in atrophic H. pylori 
gastritis were also observed in both subgingival (unweighted 
UniFrac: R 2 5 0.036) and buccal mucosa sites (Bray-Curtis

dissimilarity: R 2 5 0.057; Jaccard Distance: R 2 5 0.043) but not 
for the other gastric disorders (Figure 5b).

Taxonomic changes in UGI disorder
The composition of microbiota taxa was profiled according to 
upper GI (UGI) disorders (see Supplementary Table 3 and 4, 
Supplementary Digital Content 1, http://links.lww.com/AJG/ 
D517) at the genus level.
Esophageal disorders. Briefly, in the saliva microbiome, the taxa 
of Atopium constituted 2.5% of total taxa in subjects suffering 
from both esophagitis and Barrett’s esophagus, compared with 
1.1% in the reference group, making it one of the top 10 taxa in 
this group (see Supplementary Table 3, Supplementary Digital 
Content 1, http://links.lww.com/AJG/D517). In the subgingival 
location, 10 times enrichment of Fretibacterium (from 0.6% to

Figure 5. Adonis test on beta diversity indexes including Bray-Curtis dissimilarity, unweighted-UniFrac distance, weighted UniFrac distance, and Jaccard 
distance, adjusted for age, sex, body mass index, education, smoking, snuff use, alcohol intake, proton pump inhibitors and H2 blockers intake, dental floss 
using, having dentures, and sequencing run (9,999 permutations, false discovery rate-adjusted *P , 0.05, **P , 0.01). GERS, gastroesophageal reflux 
symptoms; HP, H. pylori; esophagitis (defined by Los Angeles grade A–D: mucosal breaks).
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6%), and in buccal mucosa, 3 times enrichment of Fusobacterium 
(from 3.4% to 10.1%) were noted in the Barrett’s esophagus 
compared with the reference group.
Gastric disorders. In saliva, Prevotella genera, which constituted 
9.74% of all microbiota in the reference group, was the dominant 
genera in atrophic H. pylori gastritis (19.54%) and the top third in 
intestinal metaplasia (17.08%) (see Supplementary Table 4, 
Supplementary Digital Content 1, http://links.lww.com/AJG/ 
D517). In the subgingival, there was a notable enrichment of 
Fusobacterium, from 3.6% in the reference group to 21.6% in 
atrophic gastritis and 9.2% in intestinal metaplasia. Conversely, 
Haemophilus was higher in the reference group (4.43%), com-
pared with 0.8% in gastric atrophy and with 2.43% in intestinal 
metaplasia.

Differential abundance analysis in association with UGI
In differential abundance analysis derived from Deseq2, only taxa 
with a defined taxonomy level at genus or higher level were pre-
sented. We identified 27 genera associated with different UGI dis-
orders in saliva, 47 in subgingival, and 37 in buccalmucosa (Figure 6).

DISCUSSION
In this population-based study, we evaluated the association be-
tween saliva, subgingival, and buccal mucosa microbiota with 
different UGI disorders. Our findings reveal that saliva dysbiosis 
is linked to several UGI conditions, including GERS only, 
symptomatic esophagitis, combined esophagitis and Barrett’s 
esophagus, H. pylori histology positive, chemical reactive gastri-
tis, atrophic H. pylori gastritis, and intestinal metaplasia. By 
contrast, dysbiosis in subgingival and buccal mucosa was more 
specifically associated with Barrett’s esophagus and atrophic H. 
pylori gastritis.

“Top-down” population-based studies with a large sample size 
are required to identify the bacteria involved in cancer cascades by 
observing human populations. We found that saliva microbiota 
dysbiosis is associated with esophageal disorders even in the ab-
sence of histological abnormalities (GERS only), as well as in 
symptomatic esophagitis patients (both GERS and esophagitis), 
or those with more severe condition such as having both esoph-
agitis and Barrett’s esophagus. Previous studies have focused on 
saliva and reported saliva microbiota dysbiosis in Barrett’s 
esophagus (15) and reflux esophagitis (29); however, these studies 
did not clearly address the symptom status of the patients. Our 
study for the first time suggests that microbiota in the subgingival 
and buccal regions may serve as more specific biomarkers for 
detecting precancerous lesions in asymptomatic patients, par-
ticularly for Barrett’s esophagus. To the best of our knowledge, we 
enrolled the largest sample size to date including nonpatient 
individuals. This is the first population-based study and first 
study covering different types of the UGI symptoms and dis-
orders, evaluating 3 sites in the oral cavity simultaneously.

Oral microbiota can directly invade the esophagus, causing an 
imbalance in the GI microecology. We identified several oral 
bacteria linked to esophageal disorders. Consistent with our 
results, Actinomyces and Atopobium have been found in studies of 
reflux esophagitis (29), GERD (30), low-grade dysplasia in the 
esophagus (31), EAC (32,33), and esophageal squamous cell 
carcinoma (29). In our study, Actinomyces was 10 times more 
associated with Barrett’s esophagus than GERS in buccal mucosa, 
which is similar to the findings of Hao et al in saliva (33), who also 
showed that saliva Actinomyces and Atopobium were associated

with disease progression from GERD to Barrett’s esophagus, and 
eventually to EAC (33). Atopobium is an oral pathogen, and many 
Actinomyces species are opportunistic pathogens that might be 
highly involved in different cascades of esophageal carcinoma. 
Interestingly, we identified a 10-fold differential expression of 
Fretibacterium in Barrett’s esophagus than GERS, in subgingival 
samples for the first time. Notably, there is a remarkable en-
richment of this taxon in Barrett’s esophagus cases, with a prev-
alence of 6% compared with 0.6% in reference or 1.6% in GERS. 
This finding sheds new light on a potential link between Freti-
bacterium and the development or progression of Barrett’s
esophagus. 

We found Gram-negative bacteria such as Prevotella and 
Leptotrichia in the subgingival and buccal mucosa microbiome 
are associated with esophagitis and/or Barrett’s esophagus. These 
oral bacteria have also been detected in the esophageal micro-
biome and linked to Barrett’s esophagus and EAC (34). Trans-
location of oral microbes to the GI track has been suggested to 
contribute to the development of UGI disease (35). LPS of Gram-
negative bacteria can activate a cascade of inflammatory response 
through binding TLR4 and TLR5, which have been shown to be 
potential mediators of the progression from reflux disorders to 
EAC (36). Furthermore, Prevotella can also promote cancer by 
suppressing the immune system and facilitating the trans-
formation of normal cells into cancerous ones (37). This genus 
has been highly expressed in different premalignant esophageal 
lesions in subgingival and buccal mucosa in this study.

The relationship between oral microbiota and gastric lesions is 
less well understood, with 1 study reporting saliva microbiota 
alterations in intestinal metaplasia (17) but not in gastritis (16). 
Our study importantly found that, akin to findings in esophageal 
disorders, saliva microbiota dysbiosis was associated with dif-
ferent gastric disorders, including H. pylori infection, chemical 
reactive gastritis, atrophic H. pylori gastritis, and intestinal 
metaplasia. However, dysbiosis in subgingival and buccal mucosa 
microbiota was exclusively observed in cases of H. pylori gastritis. 
This observation could be attributed to the fact that saliva serves 
as a primary zone for bacterial transmission, thereby being sus-
ceptible to influences from various disorders. Saliva might be 
more appropriate for monitoring any UGI disorders at the pop-
ulation level, while subgingival and buccal microbiota offer more 
specific insights.

In addition, oral microbiota might be a better source of bio-
markers for esophageal disorders rather than gastric disorders. In 
this study, the majority of oral microbiota were suppressed in 
gastric diseases, with only Fusobacterium showing a strong as-
sociation with gastric atrophy and Fusobacterium, Atopobium, 
and Prevotella with intestinal metaplasia in subgingival samples. 
The high enrichment of Fusobacterium in atrophic gastritis 
(21.6%) and intestinal metaplasia (9.2%) compared with the 
reference group (3.6%) are indicative of subgingival microbial 
dysbiosis in atrophic gastritis. Fusabacterium, Prevotella, and 
Atopobium have been found in the gastric mucosa of patients with 
gastric cancers (38,39), which might explain the association be-
tween oral health and UGI cancers. However, the direct link be-
tween identified genera and cancer development needs further 
research.

Our study has several strengths, including being the first study 
that evaluated 3 different locations of oral cavity microbiota in 
a random population-based sample with a large sample size. This 
is a representative sample from the general population, with
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Figure 6. Differential abundance analysis of oral microbiota associated with esophageal and gastric disorders, using the DESeq-2 tool. Only genus with 
log2 fold-change higher than 2.5 or lower than 22.5 and with false discovery rate-adjusted P value ,0.05 are shown. Models were adjusted for age, sex, 
body mass index, education, smoking, snuff use, alcohol intake, proton pump inhibitors and H2 blockers intake, dental floss using denture and sequencing 
run. GERS, gastroesophageal reflux symptom; HP, H. pylori; esophagitis (defined by Los Angeles grade A–D: mucosal breaks).
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minimum nonresponse bias in the 1989 mail survey and only 
a minor age-related effect (probability clinically insignificant) in 
the 2011/2012 survey. The similarity in age and sex between those 
included in final analysis and those excluded also suggests min-
imum selection bias. This strong methodology supports the val-
idity of oral microbiota as a biomarker for precancerous lesions 
and reflux symptom in the general population. Moreover, the 
samples were collected by trained research person following 
a standardized protocol, and the GI biopsies were collected by the 
endoscopists following a structured biopsy protocol. A video-
reviewed endoscopy process was also used to reduce the variation 
between sample collections. However, we used bacterial DNA 
instead of RNA; therefore, it was not possible to identify micro-
organisms that were metabolically active in the oral cavity. In 
addition, diet data, including probiotics, chewing gun, or orally 
disintegrating tablets, were not collected. Although we asked 
participants about probiotic use, the number of users was so small 
that these data were not registered. We expect that probiotic use 
was low in the population a decade ago, and antibiotic use in 
Sweden has remained low due to stringent public health policies 
(40,41). Information about oral health was available for approx-
imately 50% of the population. Our study has a cross-sectional 
design, thus prohibiting us from drawing causal conclusions, and 
longitudinal associations were not investigated, so we cannot 
evaluate how microbiome changes may influence the progression 
of precancerous lesions to esophageal or gastric cancer over time.

Our study focuses on a Swedish population from ̈  Osthammar in
Uppsala County, where the prevalence of UGI cancers is relatively 
low (42), but the findings suggest that the microbiome could serve as 
a valuable, noninvasive tool for identifying populations at risk for 
UGI disorders, even in low-prevalence areas. In addition, micro-
biome composition can vary across populations due to differences in 
diet, lifestyle, and ethnicity. Given the lifestyle similarities between 
Swedish and other Northern European populations (43), our find-
ings may be applicable in this region, although validation in more 
diverse populations would be essential to confirm broader general-
izability. Future multicenter collaborations in regions with diverse 
dietary patterns and ethnic backgrounds would be valuable to con-
firm the generalizability of these findings.

In conclusion, this study highlights the potential of oral 
microbiota, particularly from subgingival and buccal sites, as 
biomarkers for UGI disorders, including the precancerous lesions 
Barrett’s esophagus and atrophic H. pylori gastritis. Some of the 
identified bacteria may contribute to carcinogenesis, offering new 
avenues for noninvasive screening and risk assessment of UGI 
cancers in the future.

CONFLICTS OF INTEREST

Guarantor of the article: Weimin Ye, MD, PhD.
Specific author contributions: F.S.: conducted all bioinformatics 
and statistical analyses, drafted the manuscript. A.S.: performed the 
laboratory experiments and critically revised the manuscript. U.Z.: 
planned and coordinated the collection of the oral study samples, and 
critically revised the manuscript. A.A.: coordinated the main project 
and critically revised the manuscript. M.V.: performed 
serohistopathologic evaluation and critically revised the manuscript. 
N.J.T.: contributed to study conception and analysis, and critically 
revised the manuscript. L.A.: contributed to conception; design, 
coordinated, and collected study sample; and critically revised the 
manuscript. W.Y.: contributed to conception, design, supervision, 
and critically revised the manuscript.

Financial support: This study was supported by Swedish Cancer 
Society (2022–2107) and Swedish Research Council (2017–05814). 
Potential competing interests: None to report.
Data availability: Data will be available to other researchers by 
requested.

Study Highlights

WHAT IS KNOWN

3 Dysbiosis of the oral microbiota has been linked to various 
diseases.

3 The role of site-specific oral microbiota in upper 
gastrointestinal (UGI) disorders, particularly in precancerous 
lesions, remains underexplored.

WHAT IS NEW HERE

3 Salivary microbiota dysbiosis is associated with a broad 
spectrum of UGI disorders, including gastroesophageal reflux 
symptoms (GERS), esophagitis, Barrett’s esophagus, and 
gastric conditions such as H. Pylori infection, chemical 
reactive gastritis, atrophic gastritis, and intestinal metaplasia.

3 Microbiota changes in subgingival and buccal mucosa are 
primarily associated with precancerous conditions such as 
Barrett’s esophagus and gastric atrophy.

3 Specific genera, including Prevotella, Fusobacterium, and 
Fretibacterium, are linked to conditions like atrophic gastritis, 
intestinal metaplasia, and Barrett’s esophagus.

3 Among oral sites, the subgingival microbiota shows more 
potential as a biomarker for UGI cancers.
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