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Abstract

Helicobacter pylori (H. pylori) is a Gram negative path-
ogen that selectively colonizes the human gastric epi-
thelium. Over 50% of the world population is infected
with H. pylori reaching up to 90% of infected individu-
als in developing countries. Nonetheless the increased
impact upon public health care, its reservoir and the
transmission pathway of the species has not been
clearly established yet. Molecular studies allowed the
detection of H. pylori in various aquatic environments,
even forming biofilm in tap water distribution systems
in several countries, suggesting a role of water as a
possible reservoir of the pathogen. The persistence of
human infection with 4. pyfori and the resistance of
clinical isolates to commonly used antibiotics in eradi-
cation therapy have been related to the genetic vari-
ability of the species and its ability to develop biofilm,
demonstrated both /n vivo and /in vitro experiments.
Thus, during the last years, experimental work with
this pathogen has been focused in the search for bio-
film inhibitors and biofilm destabilizing agents. How-
ever, only two anti- 4. pylori biofilm disrupting agents
have been successfully used: Curcumin - a natural
dye - and N-acetyl cysteine - a mucolytic agent used
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in respiratory diseases. The main goal of this review
was to discuss the evidences available in the literature
supporting the ability of H. pyfori to form biofilm upon
various surfaces in aquatic environments, both /n vivo
and /n vitro. The results published and our own ob-
servations suggest that the ability of 4. py/ori to form
biofilm may be important for surviving under stress
conditions or in the spread of the infection among hu-
mans, mainly through natural water sources and water
distribution systems.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: This review deals with the ability of Helico-
bacter pylori (H. pylori) to form biofilm, and the role
of the biofilm as reservoir for H. pylori infection. The
ability of 4. pylori to grow and form biofilm /n vitro and
/n vivo could be advantageous for the species to suc-
cessfully avoid injuries due to chemical stressors - such
as antimicrobial therapy /n vivo - or stress induced by
nutrient deprivation. Therefore, the ability of H. pylori
to form biofilm should be kept in mind when epidemio-
logical strategies are planned to prevent the spread of
this ubiquitous pathogen and for treatment of human
infection.
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INTRODUCTION
Helicobacter pylori (H. pylori) is a Gram negative pathogen

May 21, 2014 | Volume 20 | Issue 19 |



that selectively colonizes the human gastric epithelium.
This species is defined as a urease, catalase and oxidase
positive spiraled microaerophilic bacterium, mobile by
means of 3-5 polar flagella. Although labile at pH 3.0,
H. pylori is able to survive for decades in the highly acidic
gastric pH by metabolizing urea though its urease en-
zyme, providing a protective neutral pH in the surround-
ing of the bacterial cell™.

Over 50% of the world population is infected with H.
Ppylori showing a prevalence of 90% in some developing
countries where individuals are mainly asymptomatic.
In these countries, the pathogen is acquired in the early
infancy and its prevalence is higher among individuals
belonging to low socioeconomic status groupsm. The
persistent infection with this pathogen is associated to
the majority of the gastric pathologies, such as chronic
gastritis, MALT Lymphoma, duodenal ulcer, gastric
ulcer, and it shows a direct relationship with gastric ad-
enocarcinoma development[3’4]. Nonetheless the wide
variety of associated pathologies, only a reduced group
of infected individuals develops a clinical severe disease
which could be the consequence of environmental fac-
tors together with bacterial virulence factors and genetic
susceptibility of the host.

H. pylori infected individuals remain colonized by this
species during life due to the increased flexibility of the
pathogen[s]. The human persistent infection with H. pylori
and the antibiotic resistance showed by clinical isolates
have been related to genetic variability of the species but
also to its ability for developing biofilm as it has been
demonstrated i vivd®™ and in vitrd” . Thus, various stud-
ies have been done searching for biofilm inhibitors and
biofilm destabilizing agentsm’w], to decrease recurrent H.
Ppylori infections.

PATHOGENESIS AND EPIDEMIOLOGY OF
H. PYLORI INFECTION

Gastric colonization by H. pylori induces superficial chron-
ic gastritis in all infected individuals but few of them
develop clinical syrnptornsm. Among the pathologies

associated to the persistent infection with the pathogen,
gastric adenocarcinoma was a matter of controversy for
several years. However, large population studies cleatly
showed that infection with H. pylori significantly increas-
es the risk for developing gastric cancer

H. pylori needs at least four main cellular components
to successfully colonize and establish an infection in the
gastric mucosa: Urease enzyme, flagella, spiral morphol-
ogy and adhesins. Additionally, although it is known that
the species is able to grow under anaerobic condition'"”
it is not clear whether its microaerophilic nature is also
a requirement for mucosal colonization. Gastric acid
has a pH < 4, which is deleterious for the majority of
the bacterial species reaching the stomach by means of
drinking water or foods. Thus, successful gastric muco-
sal colonization by H. pylori relies in its ability to convert
urea into ammonium, by urease activity, rendering the
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pH surrounding the bacterial cell neutral, and the 3 to 5
polar flagella together with its spiral form that allows H.
DPylori to leave from the mucosal layer reachin%g> the neu-
tral environment of the gastric epithelial cells"™"™. While
reaching the target epithelial cells, H. pylori cells become
bound to them through specific adhesion molecules.

Early infection by H. pylori and the persistence of this
infection are related to an increased risk for developing
peptic ulcer disease and gastric cancer”. In developing
countries, a large number of adult asymptomatic popula-
tion is usually persistently infected with the pathogen.
This increased prevalence has been correlated with gas-
tric cancer developmentm. This disease is considered the
second cause of death among individuals died of cancer
in the world.

WATER AS H. PYLORI RESERVOIR

In spite of the large number of researchs dealing with
public health impact, the pathway of transmission and
the reservoirs of this species have not been yet elucidat-
ed. H. pylori has been isolated from the gastrointestinal
tract, including saliva and stools, suggesting that oral-oral
and fecal-oral routes are the main transmission path-
way™. However, molecular analyses show that H. Dylori
is also present in various aquatic environments suggest-
ing that human fecal contaminated water sources could
be a plausible reservoir of the pathogenlzoj. In addition,
zoonotic transmission by dogs, cats, sheep and flies as
well as iatrogenic transmission by endoscopic proce-
dures”” have been proposed.

The species has been detected in several water sourc-
es, including lakes, rivers, tap water, well water, irrigation
water and sea water (Table 1), but also has been detected
in water distribution systems. Thus, drinking water could
be the pathwayfor returning to humans, even though

food and occasionally recreational waters may also par-
ticipate in the H. pylori transmission cycle®”

H. pylori remains viable after seven days in seawater,
16 d in saline and 11-14 d in distilled water, but this sut-
vival property is strongly affected by temperature™?”,
Nonetheless, one of the main problems to accept that
water could be a possible reservoir of H. pylori is the in-
ability to routinely isolate the species from water samples
in conventional microbiological culture techniques[zz*’zgj.
Nowadays, molecular methods, like polymerase chain
reaction (PCR), are the most popular to search for H.
pylori in water, although an intrinsic limitation of these
techniques is to accurately differentiate live and dead
cells®+#7, However, new analytical methods such as
sitn fluorescent hybridization (FISH) made it possible to
successfully detect H. pylori in water distribution systems
and various water sources” " because the techniques
detect tRNA, which is indicative not only of bacterial
presence but also of viability due to the increased cellu-
lar rRNA content ™",

One of the difficulties for isolating H. pylori in cul-
ture is the ability of the species to change from a spiral
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Table 1 Detection of Helicobacter pylori in acquatic environ-

ments
Methods Water source Ref.
Immunofluorescence Surface and ground water [60]
Bacteriological culture Sea water and plankton [28]
Wastewater [24,27]
Tap water [26,29]
Contaminated wells water [25]
Polymerase chain reaction Tap water [29-31]

Sea water and plankton [28,32,33]
River and lake water [34-36]
Wastewater [24,36,37]
Fluorescent hybridization = Tap water and ground water [38]
Wastewater [27,35]
Sea water [39]
Irrigation water [39]
River water [35]

cultivable form to coccoid cells, which is described as a
viable but non cultivable state (VBNC). This change is
triggered by stressing conditions, like hyperosmolarity or
nutritional deprivation'] suggesting an adaptive mecha-
nism of the species for remaining viable and infective
for long periodsm’m. This state also allows the cells to
evade the chloride treatment of water used for human
consumption, remaining infective but undetectable by
conventional microbiological culture methods'™.

During the last decade, biofilm formation in water
environments has been proposed as a strategy of H. pylori
for surviving in the environment, and has called the at-
tention of water as a reservoir of the pathogen. The first
experimental evidence showing the ability of H. pylori to
grow in biofilm arose in 1999, from the work of Mackay
et al™. The authors found the species in the surface of tap
water distribution systems. In 2001, Park e# al™ also de-
tected H. pylori in the distribution system of tap watet in
Sweden by molecular analysis, even though the amplified
DNA fragments were not sequenced to confirm the de-
tection of the pathogen in the samples. A year later, an-
other study informed the detection of 16S rRNA genes
from H. pylori in biofilm samples obtained from water
distribution system at western Africa™. In 2004, the spe-
cies was detected by Watson ez 2/ in biofilm and water
samples from 11 England residential houses (kitchen,
toilet and shower), seven educational establishments and
hydrants. Among 151 samples analyzed, the genus was
detected by DNA in 26% of the samples (39/151 sam-
ples) and in 15% of the samples (23/151 samples) the
microorganism was identified at species level. Its pres-
ence was found mainly in biofilm samples from showers,
suggesting a role of the tap water distribution systems as
reservoir of H. pylori. Three years later, Braganra ez al”
detected, by FISH, spiral H. pylori cells (infectious form)
in biofilm from water distribution systems in the United
Kingdom suggesting that H. pylori would be resistant to
chloride treatment.

Recently, the coexistence of H. pylori or Legionella
pnenmophila in biofilm together with other bacterial
species including V. paradoxus, M. chelonae, Acidovorax
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sp., Sphingomonas sp. and Brevundimonas sp. has been
analyzed™’. H. pylori can be recovered in conventional
microbiological cultures before 24 h if the biofilm is
formed by only one species (1. paradoxus, Acidovorax sp.
ot Brevundimonas sp.), but remains cultivable at least 24
h if the biofilm is made by M. chelonae, a pathogen com-
monly found in tap water. This observation suggests that
M. chelonae may play a role in supporting the incorpora-
tion of H. pylori to biofilm formed in tap water distribu-
tion systems.

BIOFILM: AN OVERVIEW

Bacterial species in natural environments usually live in
communities of microorganisms on the surface of dif-
ferent materials, embedded by a self-produced matrix,
usually of polysaccharide nature, that allows bacteria to
adapt and survive under stress conditions. These struc-
tures are called biofilm™. The biofilm develops in sev-
eral steps: (1) conditioning; (2) adhesion; (3) extracellular
matrix synthesis; (4) maturation; and (5) dispersion. The
processes render a uniform structure of cells deposit
surrounded by a matrix that leaves open channels where
water can diffuse freely. The matrix is composed by a
polymeric substance, including polysaccharide molecules,
DNA, proteins and lipids, which modify the bacterial
surface and promote first adhesion of cells to surfaces”’.

It is currently accepted that biofilms are implicated in
over 80% of the chronic infections caused by bacteria,
including middle ear otitis, endocarditis, urinary tract
infections and lung infections of patients with cystic fi-
brosis™. The importance of biofilm in medicine is due
to its role in persistence of the infection because biofilm
is not removed and bacteria in biofilms are 1000 more
resistant to antibiotics and host defenses as compared to
those free living bacteria”"!. The mechanisms involved in
antibiotic resistance ate: (1) delay in antibiotic diffusion,
allowing the expression of resistance genes; (2) chemi-
cal charge of molecules like aminoglycoside antibiotics
which show an altered diffusion throughout the nega-
tively charged exopolysaccharide matrix; (3) presence of
antibiotic hydrolyzing enzymes (such as B-lactamases); (4)
lost of effectiveness of some antibiotics that need active
growing cells to exert their function, because bacterial
growth ratio is decreased in biofilm”"*; and (5) pres-
ence of reactive oxygen species as consequence of the
oxidative burst by phagocytic cells that increase bacterial
antibiotic resistance throughout the increase of muta-
genicity in this microorganism by inducing its DNA-
break repair systemsm. In addition, recent experimental
evidences suggest that biofilm is a virulence factor in a
bacterial community, because the bacterial cells residing
in the biofilm may acquire new virulence attributes that
free living bacteria do not possess™.

H. pylori biofilm formation in vitro

Like many of the bacteria investigated, both 7 vitro and
in vivo experiments have shown that H. pylori may have
living periods of biofilm forming cells. Roughly, 15 years
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first evidence of biofilm formation by this species arose.
The biofilm obtained by growing the strain H. pylori
ATCC 43504 in a chemically defined medium (Brucella
broth supplemented with 0.1% B-cyclodextrin) was
insoluble in water, and adhered to the glass in the inter-
face glass—waterm. Five years later, Cole ez al" studied
the ability of 19 H. pylori clinical isolates and reference
strains in Brain Heart Infusion broth supplemented with
0.1% B-cyclodextrin. Both strains were able to form
biofilm and the biofilm produced had a similar progres-
sion when compared to biofilm formed by other bacte-
rial species[ssl. The steps observed were initial binding,

after H. pylori was successfully grown in culture

expansion to form microcolonies and growth in three
dimensions with the presence of water channels for nu-
trients distribution.

On the other hand, Cole ¢z a/"" also analyzed the ef-
fect of specific mutations of genes /xS and the type IV
secretion gen cagll upon biofilm formation by H. pylori,
detecting that both mutants were surprisingly twice more
efficient in biofilm formation than the isogenic wild type
parental strain.

The adherence of H. pylori to gastric mucosa is a key
step in establishing positive interaction with host gastric
epithelial cells. This adherence is mediated by BabA ad-
hesin, which binds to Lewis b antigen and facilitates H.
pylori colonization of human gastric epithelium[sﬂ. On
the other hand, gastric epithelial cells are protected by a
mucous layer composed mainly by MUC5AC which con-
tains a domain rich in glycans (including the Lewis b an-
tigen), the target for H. pylori BabA adhesin. In opposite
to MUC5AC, the MUCG6 mucin synthesized in the deep
mucosa and secreted by glandular mucosal cells works as
a natural antibiotic by inhibiting H. pylori growth, avoid-
ing the colonization of the deep gastric mucosa layer by
the pathogen®’.

Because several papers indicate that mucin avoids
adhesion of H. pylori to gastric epithelial cells®”. in order
to understand what happens iz vivo, Cole et al"” studied
the effect of mucin on the formation of biofilm by H.
Pylori,. 1t was observed that increasing concentrations of
mucin favors significantly the planctonic growth of H.
pylori over biofilm formation suggesting that this spe-
cies lives primarily in biofilm but rapidly proliferates as
free living bacteria after been in contact with the mucin
in the human stomach. Nevertheless, it has been shown
that biofilm formation iz vive also occurs'®™.

A study carried out in 2009 with reference strains
and clinical isolates showed that all the strains were able
to form biofilm in the interface air-water of a cover
slip“zj. The increased ability to form biofilm observed in
one strain -H. pylori TK1402 - isolated from a Japanese
patient with gastric and duodenal peptic ulcer disease
called the attention of specialists. Scanning electron
microscopy analysis showed the presence of outer mem-
brane vesicles produced by this strain only in biofilm,
suggesting that these vesicles might play a role in bio-
film formation. One year later, the authors'” search for
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virulence factors in this strain and showed that none of
the traditional virulence factors described in the species
were related to the ability of H. pylori TK1402 to form
biofilm. Thus, new evidences are needed to better under-
stand why this strain shows an increased ability to grow
forming biofilm.

In vivo evidences of H. pylori biofilm formation

The first evidence of 7 vivo biofilm formation arose in
United States during 2006". The authors compared, by
scanning electron microscopy, gastric biopsies from ure-
ase positive (presence of H. pylori) and urease negative
(absence of H. pylori) patients, detecting the presence of
dense mature biofilm in the pathogen positive biopsies
while biofilm was absent in the urease negative biopsies,
which is indicative that H. pylori is able to form biofilm
in the human gastric mucosa.

In 2008, in Italy, a study was conducted to under-
stand if the gastric diseases caused by this species are
a consequence of its ability to form biofilm. The study
was done with gastric biopsies obtained from patients
receiving anti-H. pylori therapy three months prior to the
analysis. The authors search for presence of the bac-
teria by culture and detection by reverse transcription
polymerase chain reaction (RT-PCR) of the genes gimM
and /uxS. Only 30% of the samples were positive for H.
pylori by culture whilst 90% of positivity was detected
by RT-PCR suggesting that H. pylori could be present in
these patients as VBNC coccid form. The analysis of
the samples by scanning electron microscopy showed
an S shape or spiral forms of the bacterial cells in all the
samples that were also positive by conventional micro-
biological culture, with several coccid cells embedded
in an extracellular matrix. On the other hand, the same
study done with those positive samples only by RT-PCR
showed predominance of coccid cells. In addition, posi-
tive samples for gene gimM were also positives for the
Quorum Sensing related gene /uxS, supporting its detec-
tion as a confidence marker of biofilm formation in the
species. Interestingly, antibiotic susceptibility analysis
done to the clinical isolates strains in this study showed
that only one strain was resistant to Clarithromycin and
none to Amoxicillin (the antibiotics used for eradication
therapy) which was suggestive of a biofilm role in the
eradication failure.

Anti-biofilm agents

Because antibacterial susceptibility of a particular strain
is favored when the biofilm is destabilized”™, it is be-
lieved that a combination of antimicrobial agents and
anti-biofilm molecules should be synergisticm]. However,
only two anti- biofilm compounds have been assayed
against H. pylori: Curcumin, a natural dye extracted
from Curcuma longa, and N-acetyl-cysteine, a mucolytic
agent with anti-biofilm proved activity against other
pathogensm. Curcumin acts upon biofilm formation in
a doses dependent way when assayed at sub-inhibitory
concentrations, suggesting its utility as coadjuvant to
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standard first choice anti-H. pylori eradication therapy,
especially in recurrent infections associated to biofilm
formation.

One year later, N-acetyl-cysteine effect upon the
formation of biofilm was analyzed both iz vitro and in
vivd'™. N-acetyl-cysteine was able to avoid biofilm for-
mation and to destabilize the already formed biofilm at
concentrations over 10 mg/mlL, similar to results ob-
served with other pathogensm. On the other hand,
vivo studies with two groups of 20 individuals each, one
group (treated) received N-acetyl-cysteine for one week
before the anti-H. pylori first choice treatment while the
other group (untreated controls) did not received the de-
stabilizing agent, showed eradication of the infection in
65% of the cases for the N-acetyl-cysteine treated group
as detected by the urea breath test. The control group
showed only 20% of successful eradication, suggesting
that N-acetyl-cysteine act as a biofilm destabilizing agent
that favor iz vivo the activity of antibiotic substances.

PERSPECTIVES

H. pylori biofilm formation and the role of coccid cells
found in the environment or among clinical samples
extend our frontiers in the understanding of the epide-
miological cycle of this pathogen, but new challenges
arises dealing with the identification of the molecular
mechanisms allowing H. pylori to reactivate its metabo-
lism acquiring the active divisionary form immediately
after reaching the human stomach mucosa. The role of
particular proteins in the regulation of the conversion
from coccid to bacillary cells needs to be elucidated.
Candidates of rod shape-promoting proteins - ze., the
serendipity finding of YeaZ in Escherichia el -
give new insight evidences into the mechanism of infec-
tion of the species.

could

CONCLUSION

Our understanding of the role of water as reservoir of
H. pylori infection and the pathway of transmission of
the pathogen is still controversial although a fecal-oral
route is accepted worldwide. New experimental evidence
is needed to improve our knowledge on the survival
strategies of H. pylori in the environment and how this
reservoir contributes to the distribution of the infection
among humans.

It has been suggested that biofilm formation is a
critical step in bacterial survival in water and other en-
vironments. Thus, the ability of H. pylori to grow and
form biofilm 7 vitro and in vive could be an advantage for
the species to successfully avoid injuries due to chemical
stressors - such as antimicrobial therapy 7 vivo - or stress
induced by nutrient deprivation in the environment. Un-
der these stressing conditions, biofilm formation seems
to play a key role for H. pylori survival, especially in water
- included tap water and distribution systems- because
the species may stay as spiral rod (active form) ot acquire
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U form or coccid form (viable but non cultivable form).
Thus, the ability of H. pylori to form biofilm should
be kept in mind when epidemiological strategies are
planned to prevent the spread of this ubiquitous human
pathogen and treatment in human infection.

REFERENCES

1  Wroblewski LE, Peek RM, Wilson KT. Helicobacter py-
lori and gastric cancer: factors that modulate disease risk.
Clin Microbiol Rev 2010; 23: 713-739 [PMID: 20930071 DOI
10.1128/CMR.00011-10]

2 van Amsterdam K, van Vliet AH, Kusters JG, van der Ende
A. Of microbe and man: determinants of Helicobacter py-
lori-related diseases. FEMS Microbiol Rev 2006; 30: 131-156
[PMID: 16438683 DOI: 10.1111/§.1574-6976.2005.00006.x]

3 Kusters JG, van Vliet AH, Kuipers EJ. Pathogenesis of Heli-
cobacter pylori infection. Clin Microbiol Rev 2006; 19: 449-490
[PMID: 16847081 DOI: 10.1128 / CMR.00054-05]

4  Yamaoka Y. Mechanisms of disease: Helicobacter pylori vir-
ulence factors. Nat Rev Gastroenterol Hepatol 2010; 7: 629-641
[PMID: 20938460 DOI: 10.1038 /nrgastro.2010.154]

5 Figueiredo C, Machado JC, Yamaoka Y. Pathogenesis of
Helicobacter pylori Infection. Helicobacter 2005; 10 Suppl 1:
14-20 [PMID: 16178966 DOI: 10.1111/j.1523-5378.2005.00339.
x|

6 Carron MA, Tran VR, Sugawa C, Coticchia JM. Identifica-
tion of Helicobacter pylori biofilms in human gastric mu-
cosa. | Gastrointest Surg 2006; 10: 712-717 [PMID: 16713544]

7 Cellini L, Grande R, Di Campli E, Traini T, Giulio MD, Lan-
nutti SN, Lattanzio R. Dynamic colonization of Helicobacter
pylori in human gastric mucosa. Scand | Gastroenterol 2008; 43:
178-185 [PMID: 17918004 DOI: 10.1080/00365520701675965]

8 Coticchia JM, Sugawa C, Tran VR, Gurrola J, Kowalski E,
Carron MA. Presence and density of Helicobacter pylori bio-
films in human gastric mucosa in patients with peptic ulcer
disease. ] Gastrointest Surg 2006; 10: 883-889 [PMID: 16769546]

9 Bessa L], Grande R, Di lorio D, Di Giulio M, Di Campli E,
Cellini L. Helicobacter pylori free-living and biofilm modes
of growth: behavior in response to different culture media.
APMIS 2013; 121: 549-560 [PMID: 23237527 DOI: 10.1111/
apm.12020]

10 Cole SP, Harwood ], Lee R, She R, Guiney DG. Character-
ization of monospecies biofilm formation by Helicobacter
pylori. | Bacteriol 2004; 186: 3124-3132 [PMID: 15126474 DOL:
10.1128/]B.186.10.3124-3132.2004]

11 Stark RM, Gerwig GJ, Pitman RS, Potts LF, Williams NA,
Greenman ], Weinzweig IP, Hirst TR, Millar MR. Biofilm
formation by Helicobacter pylori. Lett Appl Microbiol 1999; 28:
121-126 [PMID: 10063642 DOI: 10.1046/j.1365-2672.1999.00481.
x]

12 Yonezawa H, Osaki T, Kurata S, Fukuda M, Kawakami H,
Ochiai K, Hanawa T, Kamiya S. Outer membrane vesicles
of Helicobacter pylori TK1402 are involved in biofilm for-
mation. BMC Microbiol 2009; 9: 197 [PMID: 19751530 DOI:
10.1186/1471-2180-9-197]

13 Yonezawa H, Osaki T, Kurata S, Zaman C, Hanawa T, Ka-
miya S. Assessment of in vitro biofilm formation by Helico-
bacter pylori. ] Gastroenterol Hepatol 2010; 25 Suppl 1: 590-594
[PMID: 20586874 DOI: 10.1111/}.1440-1746.2009.06213.x]

14 Cammarota G, Branca G, Ardito F, Sanguinetti M, laniro
G, Cianci R, Torelli R, Masala G, Gasbarrini A, Fadda G,
Landolfi R, Gasbarrini G. Biofilm demolition and antibiotic
treatment to eradicate resistant Helicobacter pylori: a clini-
cal trial. Clin Gastroenterol Hepatol 2010; 8: 817-820.e3 [PMID:
20478402 DOI: 10.1016/j.cgh.2010.05.006]

15 Pattiyathanee P, Vilaichone R, Chaichanawongsaroj N. Ef-
fect of curcumin on Helicobacter pylori biofilm formation.
Afr | Biotechnol 2009; 8: 5106-5115

May 21, 2014 | Volume 20 | Issue 19 |



16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

JRaishideng®

Uemura N, Okamoto S, Yamamoto S, Matsumura N, Yama-
guchi S, Yamakido M, Taniyama K, Sasaki N, Schlemper R].
Helicobacter pylori infection and the development of gastric
cancer. N Engl | Med 2001; 345: 784-789 [PMID: 11556297
DOI: 10.1056/ NEJM0a001999]

Andersen LP. Colonization and infection by Helicobacter
pylori in humans. Helicobacter 2007; 12 Suppl 2: 12-15 [PMID:
17991171]

Rivas-Traverso F, Hernandez F. Helicobacter pylori: Facto-
res de virulencia, patologia y diagndstico. Rev Biomed 2000;
11: 187-205

Ferreccio C, Rollan A, Harris PR, Serrano C, Gederlini A,
Margozzini P, Gonzalez C, Aguilera X, Venegas A, Jara A.
Gastric cancer is related to early Helicobacter pylori infection
in a high-prevalence country. Cancer Epidemiol Biomarkers Prev
2007; 16: 662-667 [PMID: 17416755 DOI: 10.1158/1055-9965.
EPI-06-0514]

Brown LM. Helicobacter pylori: epidemiology and routes
of transmission. Epidemiol Rev 2000; 22: 283-297 [PMID:
11218379]

Bellack NR, Koehoorn MW, MacNab YC, Morshed MG. A
conceptual model of water’s role as a reservoir in Helico-
bacter pylori transmission: a review of the evidence. Epide-
miol Infect 2006; 134: 439-449 [PMID: 16512966 DOI: 10.1017/
50950268806006005]

West AP, Millar MR, Tompkins DS. Survival of Helicobacter
pylori in water and saline. | Clin Pathol 1990; 43: 609 [PMID:
2199542]

Shahamat M, Mai U, Paszko-Kolva C, Kessel M, Colwell RR.
Use of autoradiography to assess viability of Helicobacter py-
lori in water. Appl Environ Microbiol 1993; 59: 1231-1235 [PMID:
8489232]

Lu Y, Redlinger TE, Avitia R, Galindo A, Goodman K. Isola-
tion and genotyping of Helicobacter pylori from untreated mu-
nicipal wastewater. Appl Environ Microbiol 2002; 68: 1436-1439
[PMID: 11872498 DOI: 10.1128/ AEM.68.3.1436-1439.2002]
Degnan AJ, Sonzogni WC, Standridge JH. Development of
a plating medium for selection of Helicobacter pylori from
water samples. Appl Environ Microbiol 2003; 69: 2914-2918
[PMID: 12732566 DOI: 10.1128/ AEM.69.5.2914-2918.2003]
Al-Sulami AA, Al-Taee AM, Juma’a MG. Isolation and
identification of Helicobacter pylori from drinking water
in Basra governorate, Iraq. East Mediterr Health | 2010; 16:
920-925 [PMID: 21218716]

Moreno Y, Ferrtis MA. Specific detection of cultivable Heli-
cobacter pylori cells from wastewater treatment plants. He-
licobacter 2012; 17: 327-332 [PMID: 22967115 DOI: 10.1111/
j.1523-5378.2012.00961.X]

Cellini L, Di Campli E, Grande R, Di Bartolomeo S, Prenna
M, Pasquantonio MS, Pane L. Detection of Helicobacter py-
lori associated with zooplancton. AME 2005 40: 115-120 [DOI:
10.3354/ame040115]

Bahrami AR, Rahimi E, Ghasemian Safaei H. Detection of
Helicobacter pylori in city water, dental units” water, and bot-
tled mineral water in Isfahan, Iran. ScientificWorldJournal 2013;
2013: 280510 [PMID: 23606812 DOI: 10.1155/2013/280510]
Park SR, Mackay WG, Reid DC. Helicobacter sp. recovered
from drinking water biofilm sampled from a water distribu-
tion system. Water Res 2001; 35: 1624-1626 [PMID: 11317912]
Watson CL, Owen RJ, Said B, Lai S, Lee JV, Surman-Lee S,
Nichols G. Detection of Helicobacter pylori by PCR but not
culture in water and biofilm samples from drinking water
distribution systems in England. | Appl Microbiol 2004; 97:
690-698 [PMID: 15357718]

Cellini L, Del Vecchio A, Di Candia M, Di Campli E, Favaro
M, Donelli G. Detection of free and plankton-associated
Helicobacter pylori in seawater. | Appl Microbiol 2004; 97:
285-292 [PMID: 15239694]

Twing KI, Kirchman DL, Campbell B]. Temporal study of
Helicobacter pylori presence in coastal freshwater, estuary

WJG | www.wjgnet.com

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

Garcia A et al. H. pylori biofilm

and marine waters. Water Res 2011; 45: 1897-1905 [PMID:
21193216 DOI: 10.1016/j.watres.2010.12.013]

Fujimura S, Kato S, Kawamura T. Helicobacter pylori in
Japanese river water and its prevalence in Japanese chil-
dren. Lett Appl Microbiol 2004; 38: 517-521 [PMID: 15130149
DOI: 10.1111/§.1472-765X.2004.01529.x]

Moreno Y, Ferras MA, Alonso JL, Jiménez A, Hernandez
J. Use of fluorescent in situ hybridization to evidence the
presence of Helicobacter pylori in water. Water Res 2003; 37:
2251-2256 [PMID: 12691913]

Queralt N, Bartolomé R, Araujo R. Detection of Helicobacter
pylori DNA in human faeces and water with different
levels of faecal pollution in the north-east of Spain. | Appl
Microbiol 2005; 98: 889-895 [PMID: 15752335 DOI: 10.1111/
j-1365-2672.2004.02523.x]

Yafiez MA, Barberd VM, Soria E, Cataldan V. Quantitative
detection of Helicobacter pylori in water samples by real-
time PCR amplification of the cag pathogenicity island gene,
cagE. ] Appl Microbiol 2009; 107: 416-424 [PMID: 19302298
DOI: 10.1111/j.1365-2672.2009.04219.x]

Braganra SM, Azevedo NF, Simdes LC, Keevil CW, Vieira
MJ. Use of fluorescent in situ hybridisation for the visualisa-
tion of Helicobacter pylori in real drinking water biofilms.
Water Sci Technol 2007; 55: 387-393 [PMID: 17547009]
Piqueres P, Moreno Y, Alonso JL, Ferras MA. A combina-
tion of direct viable count and fluorescent in situ hybridiza-
tion for estimating Helicobacter pylori cell viability. Res
Microbiol 2006; 157: 345-349 [PMID: 16380234]

Gidao MS, Azevedo NF, Wilks SA, Vieira M]J, Keevil CW.
Persistence of Helicobacter pylori in heterotrophic drinking-
water biofilms. Appl Environ Microbiol 2008; 74: 5898-5904
[PMID: 18676697 DOI: 10.1128/ AEM.00827-08]

Zheng PY, Hua ], Ng HC, Ho B. Unchanged characteristics
of Helicobacter pylori during its morphological conversion.
Microbios 1999; 98: 51-64 [PMID: 10413877]

She FF, Lin JY, Liu JY, Huang C, Su DH. Virulence of water-
induced coccoid Helicobacter pylori and its experimental in-
fection in mice. World | Gastroenterol 2003; 9: 516-520 [PMID:
12632509]

Azevedo NF, Almeida C, Cerqueira L, Dias S, Keevil CW,
Vieira M]J. Coccoid form of Helicobacter pylori as a morpho-
logical manifestation of cell adaptation to the environment.
Appl Environ Microbiol 2007; 73: 3423-3427 [PMID: 17400788
DOI: 10.1128/ AEM.00047-07]

Moreno Y, Piqueres P, Alonso JL, Jiménez A, Gonzélez A,
Ferrts MA. Survival and viability of Helicobacter pylori
after inoculation into chlorinated drinking water. Water Res
2007; 41: 3490-3496 [PMID: 17585990]

Mackay WG, Gribbon LT, Barer MR, Reid DC. Biofilms
in drinking water systems: a possible reservoir for Heli-
cobacter pylori. | Appl Microbiol 1998; 85 Suppl 1: 525-59S
[PMID: 21182693 DOI: 10.1111/§.1365-2672.1998.tb05283 ]
Bunn JE, MacKay WG, Thomas JE, Reid DC, Weaver LT.
Detection of Helicobacter pylori DNA in drinking water
biofilms: implications for transmission in early life. Lett Appl
Microbiol 2002; 34: 450-454 [PMID: 12028428]

Gido MS, Azevedo NF, Wilks SA, Vieira M]J, Keevil CW.
Interaction of Legionella pneumophila and Helicobacter
pylori with bacterial species isolated from drinking water
biofilms. BMC Microbiol 2011; 11: 57 [PMID: 21418578 DOI:
10.1186/1471-2180-11-57]

Costerton JW, Stewart PS, Greenberg EP. Bacterial biofilms:
a common cause of persistent infections. Science 1999; 284:
1318-1322 [PMID: 10334980 DOI: 10.1126/ science.284.5418.1318]
Tsuneda S, Aikawa H, Hayashi H, Yuasa A, Hirata A. Ex-
tracellular polymeric substances responsable for bacterial
adhesion onto solid surface. FEMS Microbiol Lett 2003; 223:
287-292 [DOI: 10.1016/S0378-1097(03)00399-9]
Hall-Stoodley L, Stoodley P. Evolving concepts in bio-
film infections. Cell Microbiol 2009; 11: 1034-1043 [PMID:

May 21, 2014 | Volume 20 | Issue 19 |



51

52

53

54

55

56

JRaishideng®

Garcia A et al. H. pylori biofilm

19374653 DOI: 10.1111/.1462-5822.2009.01323.x]

Herrera M. El papel del biofilm en el proceso infeccioso y la
resistencia. NOVA 2004; 2: 71-80

Cammarota G, Sanguinetti M, Gallo A, Posteraro B. Review
article: biofilm formation by Helicobacter pylori as a target
for eradication of resistant infection. Aliment Pharmacol
Ther 2012; 36: 222-230 [PMID: 22650647 DOI: 10.1111/
j-1365-2036.2012.05165.x]

Hu FZ, Ehrlich GD. Population-level virulence factors amongst
pathogenic bacteria: relation to infection outcome. Future Microbiol
2008; 3: 31-42 [PMID: 18230032 DOI: 10.2217/17460913.3.1.31]
Marshall BJ, Warren JR. Unidentified curved bacilli in the
stomach of patients with gastritis and peptic ulceration.
Lancet 1984; 1: 1311-1315 [PMID: 6145023]

Hall-Stoodley L, Costerton JW, Stoodley P. Bacterial bio-
films: from the natural environment to infectious diseases.
Nat Rev Microbiol 2004; 2: 95-108 [PMID: 15040259 DOI:
10.1038/nrmicro821]

Tzouvelekis LS, Mentis AF, Makris AM, Spiliadis C, Black-
well C, Weir DM. In vitro binding of Helicobacter pylori
to human gastric mucin. Infect Immun 1991; 59: 4252-4254
[PMID: 1937781]

WJG | www.wjgnet.com

5638

57

58

59

60

61

El-Azizi M, Rao S, Kanchanapoom T, Khardori N. In vitro
activity of vancomycin, quinupristin/dalfopristin, and line-
zolid against intact and disrupted biofilms of staphylococci.
Ann Clin Microbiol Antimicrob 2005; 4: 2 [PMID: 15638934
DOI: 10.1186/1476-0711-4-2]

Aslam S, Trautner BW, Ramanathan V, Darouiche RO.
Combination of tigecycline and N-acetylcysteine reduces
biofilm-embedded bacteria on vascular catheters. Antimicrob
Agents Chemother 2007; 51: 1556-1558 [PMID: 17220399 DOI:
10.1128/ AAC.00893-06]

Aslam S, Darouiche RO. Role of antibiofilm-antimicrobial
agents in controlling device-related infections. Int | Artif
Organs 2011; 34: 752-758 [PMID: 22094553 DOI: 10.5301/
1ja0.5000024]

Hegarty JP, Dowd MT, Baker KH. Occurrence of Helico-
bacter pylori in surface water in the United States. | Appl
Microbiol 1999; 87: 697-701 [PMID: 10594710 DOI: 10.1046/
j-1365-2672.1999.00912.x]

Handford JI, Ize B, Buchanan G, Butland GP, Greenblatt J,
Emili A, Palmer T. Conserved network of proteins essential
for bacterial viability. | Bacteriol 2009; 191: 4732-4749 [PMID:
19376873 DOI: 10.1128/]B.00136-09]

P- Reviewers: Catalan V, Lee GC
S- Editor:Zhai HH L- Editor: A E- Editor: Liu XM

May 21, 2014 | Volume 20 | Issue 19 |



JRnishideng®

Published by Baishideng Publishing Group Inc
8226 Regency Drive, Pleasanton, CA 94588, USA
Telephone: +1-925-223-8242
Fax: +1-925-223-8243
E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.wijgnet.com/esps/helpdesk.aspx
http:/ /www.wjgnet.com

ISSN1007-9327

AR i
© 2014 Baishideng Publishing Group Inc. All rights reserved.




	5632
	WJGv20i19-Back cover

