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Abstract
Background: The distal esophagus harbors a complex bacterial population. We hypothesized that a better
understanding of bacterial communities in the esophagus would facilitate understanding of the role of bacteria in
esophageal disease. Here, we investigated bacterial composition in the distal esophagus in subjects with a normal
esophagus, reflux esophagitis, and Barrett’s esophagus.
Methods: Two biopsy specimens were obtained from the distal esophagus at 1 cm above the gastroesophageal
junction under endoscopic examination in 18 patients (6 each with normal esophagus, reflux esophagitis, and
Barrett’s esophagus) and used for histological examination and DNA extraction. Fragments of 16S rDNA genes were
amplified by PCR using general bacterial primers, and bacterial populations were examined. A third biopsy
specimen was taken from the patients with Barrett’s esophagus to histologically confirm the replacement of
squamous epithelium with columnar epithelium in the distal esophagus.
Results: Endoscopic diagnoses of normal esophagus, esophagitis, and Barrett’s esophagus were confirmed by
histological findings. The total amount of bacterial DNA detected did not significantly differ among groups (p > 0.1).
On average, each of the 18 subjects yielded about 350 clones, of which 40 were randomly picked and sequenced.
Analysis of 147 16S rDNA sequences from 240 clones of 6 subjects with normal esophagus yielded four phyla,
Proteobacteria (49%), Firmicutes (40%), Bacteroidetes (8%), and Actinobacteria (3%). Similar analysis of 139 16S rDNA
sequences from 240 clones of 6 patients with reflux esophagitis yielded 6 phyla, Proteobacteria (43%), Firmicutes
(33%), Bacteroidetes (10%), Fusobacteria (10%), Actinobacteria (2%), and TM7 (2%). while that of 138 16S rDNA
sequences from 240 clones of 6 cases of Barrett’s esophagus yielded 5 phyla, Firmicutes (55%), Proteobacteria (20%),
Bacteroidetes (14%), Fusobacteria (9%), and Actinobacteria (2%). Thus, microbial communities differed among patients
with a normal esophagus, reflux esophagitis and Barrett’s esophagus.
Conclusions: Esophageal bacterial composition differs under conditions of normal esophagus, reflux esophagitis,
and Barrett’s esophagus. Diverse bacterial communities may be associated with esophageal disease.
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Background
In western countries, where gastroesophageal reflux disease (GERD) has long been common, the incidence of
esophageal adenocarcinoma has increased progressively
since the 1970s [1]. Persistent GERD can lead to
Barrett’s esophagus [2], in which metaplastic columnar
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epithelium replaces the normal squamous mucosa, with
an accompanying predisposition to esophageal adenocarcinoma [3,4]. The incidence of GERD has recently also
increased in Asian countries [5,6], particularly in Japan,
with a reported prevalence of esophagitis of 3% in the
1970s [7] versus 14-16% in 2004 [6]. Generally, the cause
of esophageal diseases is still speculative. Host genetics
may play a key role [8,9], but environmental factors are
also likely involved [10]. Colonizing bacteria in all parts
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of the human digestive tract, from the oral cavity to the
anus, are essential to human survival [11-13]. The digestive microbiota is a diverse and dynamic system
which has developed a synergistic relationship with its
host. Moreover, it also plays a crucial role in the development of the host’s innate and adaptive immune system
for the maintenance of a normal physiological environment [14,15]. A complex bacterial biota has been defined
in the esophagus [13]. According to an estimate by Pei
et al. [13], the bacterial biota in the normal distal esophagus is composed of approximately 6 phyla and 140 species.
The determined phyla include Firmicutes, Bacteroides,
Actinobacteria, Proteobacteria, Fusobacteria, and TM7, of
which Firmicutes is the most common, followed by
Bacteroidetes.
The classical method of bacterial culture excludes a
large number of unculturable bacteria, and also misrepresents the abundance of some species due to culture
condition-related selection. To overcome these drawbacks, culture-independent methods have been developed, the most common of which involves the
amplification and analysis of the 16S rDNA gene in a
microbiome [16], on the basis that this gene contains
highly conserved regions for the identification of individual species [17]. We hypothesized that increased knowledge of bacterial communities in the distal esophagus
would assist our understanding of the role of bacteria in
diseases at this site.
Here, to better understand the role of bacteria in diseases of the distal esophagus, we examined bacterial composition at the 16S rDNA gene site in subjects with a
normal esophagus, reflux esophagitis, or Barrett’s esophagus using 16S rDNA gene-based culture-independent
techniques.

Methods
Subjects

Patients presenting to Nagoya University Hospital with
gastrointestinal symptoms requiring upper gastrointestinal
endoscopy between January 21 2008 and March 2 2009
were eligible for the study. Those who were willing to participate in studies of upper gastrointestinal microbiology
and who signed an informed consent form were recruited
for this study. Exclusion criteria included the use of antibiotics or PPIs or other acid-reducing treatments in the previous 8 weeks, previous gastric esophageal surgery, active
infection of the oral cavity, and HBV, HCV, or HIV infection. Six consecutive patients each with normal esophagus,
reflux esophagitis, and Barrett’s esophagus were included
(Table 1). Status was confirmed histologically for the morphological features of normal esophagus, esophagitis, and
Barrett’s esophagus (identifying intestinal metaplasia). The
study was approved by the Ethics Committee of Nagoya
University Hospital.
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Table 1 Patient characteristics
Number

Sex (M/F)

Mean age (min-max)

Normal subjects

6

2/4

55.5 (41–75)

Reflux esophagitis

6

2/4

75.5 (61–83)

Barrett’s esophagus

6

4/2

73.7 (64–83)

Specimen processing

During upper gastrointestinal endoscopy, two esophageal biopsies were obtained 1 cm above the gastroesophageal junction, one for DNA extraction and the second
for histological examination. A third biopsy specimen
was taken from the patients with Barrett’s esophagus to
histologically confirm the replacement of squamous with
columnar epithelium in the distal esophagus. For each
patient, one specimen (approximately 2 mm in diameter)
was coded as N1-N6 (normal esophagus), R1-R6 (reflux
esophagitis), B1-B6 (Barrett’s esophagus), and randomly
assigned a number from 1 to 18 so that researchers who
performed subsequent processes were blinded to clinical
information. They were then placed in a 1.5-ml test tube
and stored at −80°C until processing. DNA was
extracted from the biopsy using a tissue DNA extraction
kit (QIAamp DNA Mini Kit, Qiagen, Hilden, Germany),
and the DNA-enriched fractions were eluted in 200 μl of
H2O and stored at −20°C.
Quantitative PCR (qPCR)

The amount of total bacterial DNA was quantified by
qPCR using a Stratagene Mx3000P thermal cycler
(Agilent Technologies, Santa Clara, CA, USA). Each reaction contained a total volume of 20 μl per well and
was performed in triplicate. The qPCR reaction solution
contained 0.8 μl (10 μM) of forward and reverse primers,
10 μl SYBRW Premix Ex Taq™ II (2 × conc,TaKaRa, Otsu,
Japan), 2 μl (40 ng/μl) of template DNA, and 0.4 ul of
ROX™ Reference Dye II (50 × conc,TaKaRa, Otsu,
Japan), and was made up to 20 μl with RNase-free water.
A 466-bp fragment of the bacterial 16S rDNA gene was
amplified using the forward primer 50-TCCTACGGGA
GGCAGCAGT-30 and reverse primer 50 –GGACTAC
CAGGGTATCTAATCCTGTT-30. Thermal cycling conditions were 50°C for 2 minutes and 95°C for 5 minutes,
followed by 40 cycles of denaturing at 95°C for 15 seconds, primer annealing at 60°C for 30 seconds, and
DNA extension at 72°C for 90 seconds. Finally, a dissociation step was added to qualitatively assess reaction
product specificity (temperature raised to 95°C, cooled
to 60°C then slowly heated back to 95°C over about
20mins) for melt curve analysis of the PCR products.
Plasmids containing cloned 16 s rDNA sequences were
prepared into a series of 10-fold dilutions in RNase-free
water ranging from 1 × 106 copies to one copy and used
as positive control in order to make a standard curve.

Liu et al. BMC Infectious Diseases 2013, 13:130
http://www.biomedcentral.com/1471-2334/13/130

PCR amplification and sequencing of bacterial 16S rDNA

Fragments of 16S rDNA genes were amplified using general bacterial primers (forward, 27 F 5-AGAGTTT
GATCCTGGCTCAG-3, and reverse, 1492R 5-GGTT
ACCTTGTTACGACTT-3). For each PCR, Taq DNA
polymerase (Toyobo, Osaka, Japan) was used and mixed
in accordance with the manufacturer’s protocol. PCR
conditions were 94°C for 2 min, 35 cycles of amplification at 94°C for 30 sec, 52°C for 30 sec, and 72°C for
90 sec, followed by a 10-min extension period at 72°C.
PCR products were electrophoresed on an agarose gel,
and target DNA fragments were extracted from the agarose gel and purified using a Mono Fas DNA purification
kit I (GL Sciences Inc., Tokyo, Japan), ligated with the
pGEMT Easy (Promega, Madison, WI, USA) cloning
vector, and then used to transform E. coli DH5αcompetent cells. The cloned inserts underwent sequence
analysis using the forward PCR primer. The sequenced
clones were analyzed using a standard nucleotide
BLAST search of GenBank for homology with known
bacterial 16S rDNA sequences. In this study, 16S rDNA
sequences with >97% identity with known bacterial species
were considered as homologous with that species [18].

Results
Quantification of bacterial populations

Measurement of total bacterial load in mucosal biopsy
samples from the distal esophagus in control subjects
and patients with reflux esophagitis and Barrett’s
esophagus showed high variability among samples, but
no significant difference in the total amount of bacterial
DNA between the three groups (p > 0.1) (Figure 1).
Distribution of clones at the phylum and genus levels

Examination of bacterial populations in the distal
esophagus by universal 16S rDNA PCR in biopsy samples from 18 subjects revealed an average of about 350
clones in each of the 18 subjects. Of these, 40 were randomly selected and sequenced.
To characterize bacterial populations in normal
esophagus, we analyzed bacterial flora from 6 subjects.
Two hundred and forty clones (40 clones from each subject) yielded 147 16S rDNA sequences, all of which were
classified into 4 phyla. Proteobacteria was the most
prevalent phylum represented in normal subjects, accounting 49% of clones, followed by Firmicutes (40%),

1.00E+08
1.00E+07
1.00E+06

CFU equivalent

Quantification of template concentrations was made by
linear extrapolation of baseline-subtracted data from the
bacterial dilution series standard curve. For each reaction a threshold of luminescence was determined and
compared to the standard curve. An equivalent
concentration given in colony-forming units could be
established for each sample.
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Figure 1 qPCR analysis of total bacterial load in mucosal
biopsy samples. Mean results are shown for each patient cohort.
Error bars denote standard deviation from the mean. Total bacterial
load was not significantly different between the groups (p > 0.1;
Student’s t-test).

Bacteroidetes (8%), and Actinobacteria (3%) (Table 2).
Members of 11 genera (≥3%) were observed, including
Streptococcus (21%), Klebsiella (10%), Gemella (6%),
Eubacterium (5%), Citrobacter (4%), Granulicatella (4%),
Haemophilus (4%), Helicobacter (4%), Escherichia (4%),
Bulleidia (3%), and Prevotella (3%) (Figure 2A).
To characterize bacterial populations in reflux esophagitis, we analyzed bacterial flora from six patients with
reflux esophagitis. Two hundred and forty (40 clones
from each subject) clones yielded 139 16S rDNA sequences, all of which were classified into 6 phyla.
Proteobacteria was the most prevalent phylum of reflux
esophagitis, accounting 43% of clones, followed by
Firmicutes (33%), Bacteroidetes (10%), Fusobacteria
(10%), Actinobacteria (2%) and TM7 (2%) (Table 2).
Members of 10 genera (≧3%) were observed including
Streptococcus (20%), Pasteurella (10%), Klebsiella (9%),
Fusobacterium (9%), Haemophilus (9%), Prevotella (5%),
Neisseria (4%), Helicobacter (3%), Bacillus (3%), and
Veillonella (3%) (Figure 2B).
To characterize bacterial populations in Barrett’s
esophagus, we analyzed bacterial flora from six patients
with Barrett’s esophagus. Two hundred and forty clones
(40 clones from each subject) yielded 138 16S rDNA sequences, all of which were classified into 5 phyla.
Firmicutes was the most prevalent phylum represented
in Barrett’s esophagus, accounting 55% of clones,
followed by Proteobacteria (20%), Bacteroidetes (14%),
Fusobacteria (9%) and Actinobacteria (2%) (Table 2).
Members of 11 genera (≥3%) were observed, including
Veillonella (19%), Prevotella (12%), Streptococcus (11%),
Fusobacterium (9%), Gemella (4%), Helicobacter (4%),
Neisseria (4%), Actinobacillus (4%), Lactobacillus
(4%), Dialister (3%), and Achromobacter (3%) (Figure 2C).
Compared to patients with normal esophagus or reflux
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Table 2 Distribution of clones at the phylum and genus levels
Normal subject

Reflux esophagitis

Actinobacteria

3%

2%

Barrett’s esophagus
2%

Bacteroidetes

8%

10%

14%

Firmicutes

40%

33%

55%

Fusobacteria

0%

10%

9%

Proteobacteria

49%

43%

20%

TM7

0%

2%

0%

no significant difference was detected between the three groups.

esophagitis, patients with Barrett’s esophagus had a
lower percentage of Streptococcus.
Bacteria-positive patient numbers by group

To examine bacterial prevalence in the distal esophagus,
we also checked positive patient numbers among the six
subjects in each of the normal esophagus, reflux esophagitis, and Barrett’s esophagus groups (Figure 3A, B, C).
Streptococcus, Provotella, and Helicobacter were prevalent in all patients. Interestingly, Veilonella, Neisseria,
and Fusobacterium were prevalent in the patients with
reflux esophagitis and Barrett’s esophagus, but were not
found in the subjects with a normal esophagus.
Streptococcus was the most prevalent genus in patients
with a normal esophagus (5/6), reflux esophagitis (5/6),
and Barrett’s esophagus (5/6). Fusobacterium was not

A

Normal subjects
0

Firmicutes

Proteobacteria

Bacteroidetes
Fusobacteria

Streptococcus
Gemella
Eubacterium
Granulicatella
Bulleidia
Veillonella
Lactobacillus
Dialister
Klebsiella
Citrobacter
Haemophilus
Helicobacter
Escherichia
Bacillus
Pasteurella
Neisseria
Actinobacillus
Achromobacter
Prevotella
Fusobacterium

5

detected in any subject with a normal esophagus, but
was observed in five of six patients each with reflux
esophagitis and Barrett’s esophagus. Helicobacter was
found in four of six subjects with a normal esophagus,
two of six with reflux esophagitis, and three of six
with Barrett’s esophagus. These findings indicate the
presence of a difference in microbial communities
between normal esophagus, reflux esophagitis and
Barrett’s esophagus.

Discussion
Here, we analyzed bacteria colonizing the mucosal tissue
in Japanese people with a normal esophagus, reflux
esophagitis, and Barrett’s esophagus. Our study showed
no significant difference in the total amount of bacterial
DNA between the three groups (p > 0.1), but unexpected
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(%)
10 15 20 25

0

Streptococcus
Gemella
Eubacterium
Granulicatella
Bulleidia
Veillonella
Lactobacillus
Dialister
Klebsiella
Citrobacter
Haemophilus
Helicobacter
Escherichia
Bacillus
Pasteurella
Neisseria
Actinobacillus
Achromobacter
Prevotella
Fusobacterium

C Barrett’s esophagus

(%)
5 10 15 20 25

0

(%)
5 10 15 20 25

Streptococcus
Gemella
Eubacterium
Granulicatella
Bulleidia
Veillonella
Lactobacillus
Dialister
Klebsiella
Citrobacter
Haemophilus
Helicobacter
Escherichia
Bacillus
Pasteurella
Neisseria
Actinobacillus
Achromobacter
Prevotella
Fusobacterium

Figure 2 Distribution of clones at the genus level. A: Normal subjects. B: Patients with reflux esophagitis. C: Patients with Barrett’s esophagus.
Genus-level distribution of clones in patients with a normal esophagus, reflux esophagitis and Barrett’s esophagus is shown. Veillonella was the
most prevalent genus in patients with Barrett’s esophagus. Fusobacterium was not found in patients with a normal esophagus.
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Figure 3 Bacteria-positive patient numbers. A: Normal subjects. B: Patients with reflux esophagitis. C: Patients with Barrett’s esophagus. Y axis
shows the number of patients positive for each bacterium at the genus level. Streptococcus, Provotella and Helicobacter were prevalent in all
patients. Veilonella, Neisseria and Fusobacterium were prevalent in patients with reflux esophagitis and Barrett’s esophagus, but were not found in
patients with a normal esophagus.

diversity in bacterial populations on the esophageal epithelia in these subjects.
The evolutionary idea that natural selection generally favors the good of the species is currently accepted [19].
This evolutionary history suggests that the bacterial population of the esophagus should remain relatively invariable.
Pei Z et al. have reported a complex but conserved bacterial population in the normal distal esophagus [13]. Generally, the relationship between bacteria and the normal
esophagus must be balanced, and disruption of this

homeostasis may result in esophageal diseases, or esophageal diseases may cause the change in bacterial biota. This
prompted us to investigate the relationship between the
bacterial biota and esophageal diseases. Our findings suggest the presence of highly complex bacterial populations
in the distal esophagus in Japanese subjects, no matter
whether they have a normal esophagus, reflux esophagitis,
or Barrett’s esophagus. We also found that esophageal
bacterial composition differs between these groups. Traditionally, the human esophagus has not been viewed as a
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hospitable environment for microorganisms because of
anatomical structure, and culture-based approaches that
have been used to analyze microbiota showed that the
esophagus was either sterile or contained only a few transient bacteria [20,21]. However, conventional culturing
techniques cannot detect all the bacteria in the gut because of the requirements of an anaerobic and complex
environment [22]. The recent use of molecular methods
and, in particular, genetic sequencing have revealed a
much more diversified flora, of which some are cultivable
by traditional techniques whereas many others are not
[23]. Pei Z et al. studied bacterial biota in the human distal
esophagus using a phylogenetic approach based on 16S
rDNA sequences [13]. In the present study, we analyzed
bacterial 16S rDNA sequences using a standard nucleotide
BLAST search of GenBank for homology with known bacterial 16S rDNA sequences.
Regarding the amount of bacteria in the distal esophagus,
we used a real-time PCR method to amplify a 466-bp fragment of the bacterial 16S rDNA gene. Results demonstrated
the presence of numerous bacteria in the esophagus, in
contrast to previous reports using culture-based approaches
[20,21,24]. Interestingly, our study showed no significant
difference in the amount of bacteria between groups with a
normal esophagus, reflux esophagitis, or Barrett’s esophagus
(p > 0.1).
Phylum-level analysis of our present samples revealed
that the bacterial communities differed among groups. First,
each group had a different number of phyla: populations
could be classified into four phyla in patients with normal
esophagus, six in those with reflux esophagitis, and five in
those with Barrett’s esophagus. Second, phyla composition
differed among groups. For example, Fusobacteria was
found in patients with reflux esophagitis or Barrett’s
esophagus but not in those with a normal esophagus. We
found differences in composition at the genus level among
the normal esophagus, reflux esophagitis, and Barrett’s
esophagus groups. We compared not only the distribution
of bacterium 16S rDNA gene clone libraries but also the
bacteria-positive patient numbers. The most prevalent
genus was Streptococcus in patients with a normal esophagus or reflux esophagitis, versus Veillonella in patients with
Barrett’s esophagus. Among other genera, we found that
Fusobacterium was not detected in normal esophagus but
was detected at 9% in both reflux esophagitis and Barrett’s
esophagus. A number of other disease-associated differences in genera were noted (Figure 2). These findings therefore show that bacterial populations differ among normal
subjects and patients with reflux esophagitis or Barrett’s
esophagus at both the phylum and genus levels.
According to an estimate by Ashktrab et al. in African
Americans [25], the H. pylori positivity was much smaller
in patients with esophagitis (4%) than in normal controls
(34%). The prevalence of Helicobacter pylori (H. pylori)
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infection varies widely by geographic area, age, race and socioeconomic status [26]. Generally, H. pylori is a common
stomach bacteria among Asian populations [26]. It has been
suggested that Asians could be protected against GERD by
their high prevalence of H. pylori infection [27]. The declining prevalence of H. pylori infection due to improved hygiene conditions or use of H. pylori eradication therapy
might have contributed to the recent increased frequency
of reflux esophagitis in Asia [27]. Here, we found
Helicobacter in four of six subjects with a normal esophagus, two of six with reflux esophagitis, and three of six with
Barrett’s esophagus. Allowing for the small number of subjects in each group, we consider that these findings may
support the idea that a high prevalence of H. pylori infection protects against reflux esophagitis.
Several limitations of our study warrant mention. First,
we evaluated bacterial microbiota in the distal esophagus
in patients with gastro-esophageal reflux disease
(GERD), Barrett’s esophagus, and normal esophageal
mucosa using a small data set. Second, the normal subjects were younger than the reflux esophagitis and
Barrett’s esophagus patients, which may have affected
bacterial variability. Third, we defined species as homologous when their 16S rDNA sequences had >97%
identity with known bacterial species. However, comparative studies have clearly revealed the limitations of
sequence analysis of this conserved gene and gene product in the determination of relationships at the strain
level, for which DNA-DNA reassociation experiments
still constitute the superior method [18]. Accordingly,
additional study with more refined data collection and an
increased number of normal older subjects is required.

Conclusions
Esophageal bacterial composition differs among subjects
with a normal esophagus, reflux esophagitis, and Barrett’s
esophagus. Diverse bacterial communities may be associated with esophageal diseases, and comparison of bacterial
populations in the esophagus may enhance our understanding of the role of bacteria in esophageal diseases.
Abbreviations
GERD: Gastroesophageal reflux disease; qPCR: Quantitative PCR.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
NL, TA, and HG were responsible for the study design and co-ordination.
Samples were collected and prepared by TA, KI, OM, OW, KF, MN, RM, and
NO. Histological examination was done by TA. DNA extraction and PCR were
done by NL. NL analyzed the data. TA drafted the report. All authors
participated in critical review of the paper. All authors read and approved
the final version of the manuscript.
Received: 2 October 2012 Accepted: 6 March 2013
Published: 11 March 2013

Liu et al. BMC Infectious Diseases 2013, 13:130
http://www.biomedcentral.com/1471-2334/13/130

References
1. Brown LM, Devesa SS, Chow WH: Incidence of adenocarcinoma of the
esophagus among white Americans by sex, stage, and age. J Natl Cancer
Inst 2008, 100(16):1184–1187.
2. Tharalson EF, Martinez SD, Garewal HS, Sampliner RE, Cui H, Pulliam G, Fass
R: Relationship between rate of change in acid exposure along the
esophagus and length of Barrett’s epithelium. Am J Gastroenterol 2002,
97(4):851–856.
3. Spechler SJ, Sharma P, Souza RF, Inadomi JM, Shaheen NJ, Association AG:
American Gastroenterological Association medical position statement on
the management of Barrett’s esophagus. Gastroenterology 2011,
140(3):1084–1091.
4. Hvid-Jensen F, Pedersen L, Drewes AM, Sorensen HT, Funch-Jensen P:
Incidence of adenocarcinoma among patients with Barrett’s esophagus.
N Engl J Med 2011, 365(15):1375–1383.
5. Wong BC, Kinoshita Y: Systematic review on epidemiology of
gastroesophageal reflux disease in Asia. Clin Gastroenterol Hepatol 2006,
4(4):398–407.
6. Fujimoto K: Review article: prevalence and epidemiology of gastrooesophageal reflux disease in Japan. Aliment Pharmacol Ther 2004,
20(Suppl 8):5–8.
7. Endo M, Yazawa C, Nakayama K: Endoscopy of early esophageal cancer.
Gastroenterologia Japonica 1972, 7(2):107–112.
8. Halfvarson J, Bodin L, Tysk C, Lindberg E, Järnerot G: Inflammatory bowel
disease in a Swedish twin cohort: a long-term follow-up of concordance
and clinical characteristics. Gastroenterology 2003, 124(7):1767–1773.
9. Barrett JC, Hansoul S, Nicolae DL, Cho JH, Duerr RH, Rioux JD, Brant SR,
Silverberg MS, Taylor KD, Barmada MM, et al: Genome-wide association
defines more than 30 distinct susceptibility loci for Crohn’s disease.
Nat Genet 2008, 40(8):955–962.
10. Xavier RJ, Podolsky DK: Unravelling the pathogenesis of inflammatory
bowel disease. Nature 2007, 448(7152):427–434.
11. Hayashi H, Takahashi R, Nishi T, Sakamoto M, Benno Y: Molecular analysis
of jejunal, ileal, caecal and recto-sigmoidal human colonic microbiota
using 16S rRNA gene libraries and terminal restriction fragment length
polymorphism. J Med Microbiol 2005, 54(Pt 11):1093–1101.
12. Bik EM, Eckburg PB, Gill SR, Nelson KE, Purdom EA, Francois F, Perez-Perez G,
Blaser MJ, Relman DA: Molecular analysis of the bacterial microbiota in
the human stomach. Proc Natl Acad Sci U S A 2006, 103(3):732–737.
13. Pei Z, Bini EJ, Yang L, Zhou M, Francois F, Blaser MJ: Bacterial biota in the
human distal esophagus. Proc Natl Acad Sci U S A 2004,
101(12):4250–4255.
14. Gustafsson BE: The physiological importance of the colonic microflora.
Scand J Gastroenterol Suppl 1982, 77:117–131.
15. Cunningham-Rundles S, Ahrn S, Abuav-Nussbaum R, Dnistrian A:
Development of immunocompetence: role of micronutrients and
microorganisms. Nutr Rev 2002, 60(5 Pt 2):S68–S72.
16. Weisburg WG, Barns SM, Pelletier DA, Lane DJ: 16S ribosomal DNA
amplification for phylogenetic study. J Bacteriol 1991, 173(2):697–703.
17. Van de Peer Y, Chapelle S, De Wachter R: A quantitative map of
nucleotide substitution rates in bacterial rRNA. Nucleic Acids Res 1996,
24(17):3381–3391.
18. Stackebrandt E, Goebel BM, Taxonomic Note: A place for DNA-DNA
reassociation and 16S r-RNA sequence analysis in the present species
definition in bacteriology. Int J Syst Bacteriol 1994, 44(4):846–849.
19. Foster KR, Wenseleers T: A general model for the evolution of mutualisms.
J Evol Biol 2006, 19(4):1283–1293.
20. Gagliardi D, Makihara S, Corsi PR, Viana AT, Wiczer MV, Nakakubo S, Mimica
LM: Microbial flora of the normal esophagus. Dis Esophagus 1998,
11(4):248–250.
21. Pajecki D, Zilberstein B, dos Santos MA, Ubriaco JA, Quintanilha AG,
Cecconello I, Gama-Rodrigues J: Megaesophagus microbiota: a qualitative
and quantitative analysis. J Gastrointest Surg 2002, 6(5):723–729.
22. Guarner F, Malagelada JR: Gut flora in health and disease. Lancet 2003,
361(9356):512–519.
23. Pace NR: A molecular view of microbial diversity and the biosphere.
Science 1997, 276(5313):734–740.
24. Hayashi H, Sakamoto M, Benno Y: Phylogenetic analysis of the human gut
microbiota using 16S rDNA clone libraries and strictly anaerobic culturebased methods. Microbiol Immunol 2002, 46(8):535–548.

Page 7 of 7

25. Ashktorab H, Entezari O, Nouraie M, Dowlati E, Frederick W, Woods A, Lee E,
Brim H, Smoot DT, Ghadyari F, Kamangar F, Razjouyan H: Helicobacter pylori
protection against reflux esophagitis. Dig Dis Sci 2012, 57(11):2924–2928.
26. Brown LM: Helicobacter pylori: epidemiology and routes of transmission.
Epidemiol Rev 2000, 22(2):283–297.
27. Ho KY, Chan YH, Kang JY: Increasing trend of reflux esophagitis and
decreasing trend of Helicobacter pylori infection in patients from a
multiethnic Asian country. Am J Gastroenterol 2005, 100(9):1923–1928.
doi:10.1186/1471-2334-13-130
Cite this article as: Liu et al.: Characterization of bacterial biota in the
distal esophagus of Japanese patients with reflux esophagitis and
Barrett’s esophagus. BMC Infectious Diseases 2013 13:130.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

