Advancements in Diagnostics and Treatments of Helicobacter Pylori

ABSTRACT: -

]Helicobacter pylorilis the first officially known recognized bacterial carcinogen with more than

half the world's population colonized by the gram-negative bacterium. However, more often

complications are seen in adults than in children.

Decreased Helicobacter Pylori can be a two-edged sword, reducing the incidence of stomach
ailments while increasing the risk of allergies and constipation. ]Helicobacter Pylori causes
various intestinal diseases ranging from gastritis to gastric lymphoma,

LA number of research have been done on such pathogenic microorganisms which play a crucial
role in their diagnosis and in finding an appropriate treatment against specific diseases caused by

them| The choice of diagnostic method is based on relevance of cost, effectiveness against

antimicrobial resistance and less side effects of the drugs used un the treatment. If the disease is

not treated properly, the colonization can persist for a lifetime.

Recently, an increase in drug resistance [and failure to eliminate Helicobacter Pylori treatments

has been observed worldwide, Therefore, the rapid and accurate determination of any type of
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Helicobacter Pylori antibiotic resistance before the administration of detoxification is particularly

important.

Initially the article introduced the pathogenesis and microbiology of Helicobacter pylori. Later
there is a complete overview of the diagnostic methods currently available for the detection of
the infectious agent. The review also focuses on using next generation sequencing in the
detection of the bacterium. To date, advanced sequencing technologies and their applications
within the lab settings are in line with Helicobacter Pylori management guidelines thereby

helping in early diagnosis and treatment of the underlying disease.

Key Words: - ]Next generation sequencing, Phytotherapy, Bacteriophage therapy, Triple therapy,
Sequential therapy, Urea breath test|
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INTRODUCTION: -
Pathogenesis: -

There are some key factors that ultimately cause diseases such as chronic gastritis, peptic gland
disease, gastric adenocarcinoma or gastric mucosa-associated lymphoid tissue lymphoma in the
infection of Helicobacter Pylori. A significant role is played by the urease function of
Helicobacter Pylori in neutralizing the acidic environment which is present in the stomach. Later
motility-Mediated motility assists Helicobacter Pylori bacterium that travels to gastric epithelial
cells. This is followed by bacterial adhesins that interact with heavy cell receptors, leading to
effective colonization and further infection. Both acute as well as chronic inflammation are seen
in Helicobacter Pylori along with release of chemicals by the gastric epithelial layer that initiate
the innate immune system activating the neutrophils. These neutrophils ultimately lead to the
formation of gastritis and gastric ulcers as they continue to damage the connective tissue of the

gastric region),
Introduction:
MICROBIOLOGY: -

fThe genus Helicobacter belongs to the genus Proteobacteria, the genus Campylobacteralei and

the family Helicobacteraceae.
Helicobacter species can be divided into two main categories: -
Species Types of

e Gastric Helicobacter

o Enterohepatic (Non-gastric) Helicobacter

Both of these groups offer high organ specificity, that they are often unable to form the intestines

or liver colon.Error! Reference source not found.

Gastric Helicobacter Type: -

|
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It involves of the following species: -

» Helicobacter pylori
Helicobacter felis
Helicobacter mustelae

Helicobacter acinonychis

vV V V VYV

Helicobacter heilmannii

Gastric strains have become adapted to the detrimental conditions within the intestinal mucosa.
All known strains of the Helicobacter gut use urease positive and highly stimulating due to the
flagella type. Entry through the viscous mucus is aided by the motility of the flagella along with
morphological maturity. The neutral pH conditions, thus allowing the growth of gastric type in
the stomach. They are responsible for causing illness such as Gastritis, peptic ulcer disease,

gastric adenomas, MALT lymphoma, dyspeptic symptoms (1,2).
Enterohepatic Helicobacter Type: -
The following species are included in this category: -

> Helicobacter hepaticus (enterohepatic species)

Enterohepatic Helicobacter species cause persistent infection, accompanied by chronic
inflammation and hyperproliferation, thus increasing the chances of neoplasms (proliferative
typhlocolitis, hepatitis, hepatocellular carcinoma). ]Only murine species H. hepaticus species

have been shown to be more studied. Infected during the studj (3,4,5).

H. Hepaticus shows similarities to Campylobacter both having flagella which has two poles and
have a sheath. Being urease positive, oxidase positive and catalase positive, grow in the normal
growth medium (B-cyclodextrin-supplemented media). However, not much is known about the
violent methods of Hepaticus infection. In addition to the above-mentioned information,
hepaticus also acts on both, genes and mutation. H. hepaticus is involved in adapting to gastro
intestinal niches and niches in the liver and entero-hepatic pathogenic processes of the

disease(6,7,8,9).

Microbiology Related to Helicobacter Pylori: -

[Comment [gs8]: Please rephrase this!




These spirilla gram-negative bacterium. According to tests it has been shown that its
Heterogeneity is the modification of the gastrointestinal and abdominal conditions and different
patterns of immune response to the bacterial infection. They may appear as rods, while coccoid
status occurs after prolonged treatment or in vitro. The body is 2-6 unipolar, a flat flag about 3
um long, usually carrying a distinct lamp at the end. Flagella enable the ability to accelerate the

movement of viscous solutions of layer of mucus above the gastric epithelial cells (10).

Helicobacter Pylori is microaerophilic, with optimum growth temperature being 37 ° C. It is
considered neutralophile as gastric mucosa is their habitat. Growth of the bacteria occurs in a

narrow range of pH (5.5 to 8.0) where optimal pH is 7 (11,12).

Helicobacter Pylori has extremely complicated nutritional requirements, requiring a growth
media supplemented with blood or serum acting as a source of nutrients in addition, it also
protects against the harmful effects of fatty acid chains. The most common fluid media usually
contains brucella, Mueller-Hinton, or cardiovascular broth (2 to 10% calf serum) usually added
with supplements (13,14).

Gastric biopsy can be performed, the cultures must be checked from 3"4to 14t"day. The colonies
of Helicobacter Pylori are present in small forms which are movable exhibiting a smooth
appearance. It should be noted that the growth rate decreases rapidly once the culture has reached
a stable stage along with a morphological change in coccoid form. Cultures can be supplemented
with triphenyl tetrazolium chloride [TTC] to facilitate the visual detection, the colonies appear
dark red due to conversion of triphenyl tetrazolium chloride (TTC) to a deep red pigment and
improve golden glow. Helicobacter Pylori at —80 ° C can be stored for a longer duration for the

treatment of Cerebral Palsy (Error! Reference source not found.,16,17)
Diagnosis: -

The choice of suitable technique for the investigation of Helicobacter pylori infection is done by
the identification of strain along with the advantages, disadvantages and availability for each of

the techniques.
There are numerous factors impacting the selection of the appropriate technique such as: -

» Sensitivity of the strain

» Specificity of the strain while culturing



» Clinical status of the bacterial strain

» Cost of the processes which are involved in the diagnostic technique

Various tests were performed for Helicobacter Pylori, Available tests are categorized by tests
based on maternal histology, culture and other methods which are based on samples of blood,
feces, urine, or saliva. For general purpose of diagnosis histology, urea tests, and cultures are
used. In hospital, many patients go through endoscopy, which is unite with Helicobacter Pylori

tests. In addition, air and breathing tests are widely used (18,Error! Reference source not found.,20).
Treatment of Infective Diseases: -

Helicobacter Pylori is susceptible to a variety of antibiotic drugs, outside of a living organism
making the monotherapy difficult in vivo, related to Helicobacter pylori niche living in low ph
within the viscous mucus. Among all the antibiotics, ]CIarithromycin is the most effective

antibiotic ( average dose of 40%) which can be given twice a day for 10 to 14 days (21,22,23). |

Double therapy includes double-daily Proton Pump Inhibitors, especially Amoxicillin but two
drug therapies has been exchanged by three drugs, including two drugs (antibiotic) along with a
combination of Proton Pump Inhibitor or Bismuth. An alternative is provided by the Quadruple
therapy, including bismuth compound with PPI and two antibiotics (24,25,26).

Tetracycline, Amoxicillin, Imidazoles and limited macrolides (especially Clarithromycin and

Azithromycin) are the broadly used drugs in Helicobacter Pylori infection (27).

Rifabutin and Furazolidone has limited effectiveness and a lot of patients are unable to withstand
furazolidone (mainly used in the second-line treatment for patients who retain met)Various
treatment sessions, dosages, and combinations of drugs have been studied, but none have reached

more than 90 to 95% of accomplishment(28).
In Pregnancy: -

During pregnancy or lactation if gastric ulcer is present such a situation could be well managed
by the suppressing the acid secretion. Complete elimination of Helicobacter pylori is achieved
only after the birth of the child, however Quinolones, Tetracyclines and Bismuth along with

Metronidazole are advice not to be taken in pregnancy (29).
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A published report focusing on pregnant women with Iron deficiency anemia has examined the
complete elimination of Helicobacter pylori. Various researchers have performed trial on a
specified number of women and finally concluded that Helicobacter pylori infection is highly
common in such women. A higher degree of response is seen by the use of Eradication Therapy
than the usage of Oral Iron supplementation among women who are pregnant and are suffering

from Iron deficiency anemia.

Vaccination: -

Over the past decade, great strides have been made in the use of alternative therapies for
Helicobacter Pylori mainly vaccination. Helicobacter Pylori colonization in the stomach

proceeds in the initiation of a strong, non-invasive response that counteracts inflammation (30).

Mucosal supplements such as Cholera toxin (AB5 Toxin, CT) along with mucosal immunization
with various antigens trigger the Th2 response (thereby preventing or treating the infection)

whereas the Th1 response increases the inflammation rather than eliminating it.

Early indications of mucosal vaccination against Helicobacter triggers the Th2 response showing
a secretion of serum 1gG1 antibodies and immunoglobulin A (IgA) after oral vaccination in mice
have been observed in several experimental studies. It was observed that if a vaccine initiates an
immune response against Th2 response, the prevention as well as eradication of Helicobacter

pylori infection could be done successfully (31,32).

Other indications for therapeutic use suggest that even in the lack of complete elimination,
vaccination may have been advantageous as the number of bacteria exposed to antibiotics is
decreased and this reduces the chances of reducing antimicrobial resistance of Helicobacter
conditions, poor hygiene along with Underprivileged socioeconomic status have been cited as

the underlying cause for such bacterial infections (36,37).

An alternate option is the use of probiotics which prevents infection through the immune system
of the host. It is observed that the bacteria is eliminated by lactobacilli in vitro and to some
extent in vivo (38,39,40,41). Such a procedure would be unsuccessful in completely eradicating
the Helicobacter Pylori colonization thus it only reduces the prevalence of cancerous and

malignant lesions.
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Howsoever, these therapies remain as the support in the Helicobacter Pylori treatment. New

treatments are expected, especially when over-the-counter treatments are used to prevent cancer.

Standard Therapy: -

Several societies have issued the treatment guidelines for in order to achieve a higher eradication

rate of Helicobacter Pylori disease: -

% The European Society for Pediatric Gastroenterology Hepatology and Nutrition

R

«+ North American Society for Pediatric Gastroenterology, Hepatology and Nutrition

Triple Therapy

The therapy includes Proton Pump Inhibitors (PPI), Amoxicillin (AMO) and clarithromycin
(CLA)) for 14 days, if the strain is susceptible to clarithromycin (CLA) or metronidazole (MET).

Sequential Therapy

If triple therapy fails, another treatment option is sequential therapy for 10 days which involves
the use of Proton Pump Inhibitor (PPI) in addition to Amoxicillin for 5 days, then after
administrating of Proton Pump Inhibitor (PPIs) given along with Metronidazole and
clarithromycin for the next 5 days. These drugs should not be given if the strain is resistant to

metronidazole or clarithromycin. For younger children it is not advised to take higher doses of

Diagnosis of Helicobacter Pylori infection and advances

Proton Pump Inhibitors (PPIs) for acid supression.This treatment exposes the children to many
different types of drugs so, to prevent harmful effects it is not advised to younger age
groups(42,43) .



Invasive tests
Histopathology

Rapid Urease (CLO)
Test

Culture biopsy

PCR

Non-invasive tests

UBT (Urease Breath
Test)

Stool Antigen Test
Hp Stool Antigen Test
Serological Test

gPCR and dPCR

Challenges

False positive results
Antibiotic resistance
Eradication rate

Poor retesting rate

Among the invasive tests the quantitative polymerase chain reaction (QPCR) was used as the
criterion to estimate the susceptibility, selectivity, and the results of test reports. This endoscopic
based test has an advantage for recognition of clarithromycin resistance genes encoding for

antibiotic resistance such as that of clarithromycin due to its association to particular mutation

associated (44).

It is seen that PCR has high sensitivity and specificity as compared to other techniques which

makes the detection precise in particularly in patients suffering from gastrointestinal bleeding.

(45)

The Stool antigen test is done by using immunochromatographic assay. IThis test lack accuracy

because of the influence of various factors: -

[Comment [gs11]: Where is the reference?

Drugs that fight against bacterial infections

Drugs that inhibit the Proton Pump (PPIs)

Acetylcysteine

Movements of the Gastrointestinal Tract

Upper bowel bleeding

ADVANCED DIAGNOSTIC AND TREATMENT TECHNIQUES: -




Several new diagnostic techniques have been developed which are helpful in the early diagnosis
and timely treatment of the disease caused by pathogenic microorganisms. Some of the

techniques are stated here.

NEXT GENERATION SEQUENCINGT: -

Studies using Next generation sequencing have informed an increase in the number of families in
response to Helicobacter Pylori infection [46,47 Error! Reference source not found.]. In addition,
some studies suggest that the use of antibiotics to eliminate Helicobacter Pylori has affected the
proliferation of bacterial populations and altered viral diversity. The limit of DNA-based
techniques is that they contain all the microbiota including the bacteria which are dead and DNA
contaminants(49,50,51).

In contrast, the use of meta-transcriptomics which is the study of gene expression of microbes
within their natural environment, allows for the investigation of only the most effective and
efficient writing of the viral community. A recent study disclosed that it is precise method that
can be used directly to the samples of the abdomen. It has also showed that the process of
examining the tissue which has been removed from the stomach of the patients were initially
classified as undiagnosed by conventional methods, consisting of reoccurring Helicobacter
Pylori (52).

However, various road concerns should be considered. First, in order to improve sensitivity
multiple specimens of gastric biopsy should be used. Second, many colonies should be taken
from agar tablets to produce DNA and preparations should be considered for drug-resistant
individuals. Third, the issues must be followed by adequate coverage to obtain hetero resistance.
Fourth, factors must be followed to differentiate polymorphisms that occur naturally in drug-

resistant mutations. [Levofloxacin and Rifampicin Resistance against the bacterid is associated
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with the exchange of amino acids in the codons of genes. While clarithromycin resistance is
based on the conversion of nucleotide points to rRNA. In contrast, NGS can be used to predict
resistance against metronidazole based on genotypic data remains a challenge to Helicobacter
Pylori, most of which have been reported to undergo multiple changes (frameshift and

resistance). Together, it suggests the need for more studies in these groups(53,54,55,56).

Alternative therapies: -

Phytotherapy: -

Phytotherapy is done with the view of using plant fragments as medicines or health-promoting

substances in order to eradicate several types of infections.

[Comment [gs14]: Please rephrase this!

Studies show that the use of cranberry juice prevents the adhesion of Helicobacter pylori reason
is a urease inhibition that activates the hydrolysis of urea into CO% and NH2, informing that it

increases the pH and indicates the elimination of the infection causing bacteria.

Curcumin (turmeric) a yellow-coloured pigment, has a therapeutic effect on this bacterial
infection possibly by suppressing metalloproteinases fluid secretion by the stomach cells, giving

rise to gastric ulcer and stomach cancer. (57)

Bacteriophage treatment: -

This technique involves the use of bacteriophages in treating infectious diseases and complete
sequence of phage genome is the first step where bacteriophages are introduced into treatment to

eliminate any virulence factors.

In addition, genetically modified bacteriophages can be used for the delivery of the vaccine
directly by vaccines that carry antigens of the phages and indirectly by incorporating DNA
vaccine in the phage genome. Due to the size of the virus, these vectors can be quickly

transferred to cells that present antigen, producing a strong antibody response (58-64).

CONCLUSION: -




Various studies are being carried in view to find new highly precise and effective techniques for
detection as well as treatment for eradication of the Helicobacter pylori bacterium. Safety must
be the primary concern with assessment of each involved substance. Several Experimentations

are being done to ensure the effectiveness of the mechanism the treatments.

Future methods centers on cost efficiency and treatment efficacy focusing on the introduction of
culture-independent methods to Helicobacter Pylori detection along with the evaluation of
antibiotic resistance. All the more, a need of more research would be helpful in long term

protection from Helicobacter Pylori eradication.

REFERENCES:

1. Solnick, J. V., and D. B. Schauer. 2001. Emergence of diverse Helicobacter species in the
pathogenesis of gastric and enterohepatic diseases. Clin. Microbiol. Rev. 14:59-97. [PMC free
article] [PubMed] [Google Scholar]

2. Yoshiyama, H., and T. Nakazawa. 2000. Unique mechanism of Helicobacter pylori for

colonizing the gastric mucus. Microbes Infect. 2:55-60. [PubMed] [Google Scholar]

3. Avenaud, P., A. Marais, L. Monteiro, B. Le Bail, P. Bioulac Sage, C. Balabaud, and F.
Megraud. 2000. Detection of Helicobacter species in the liver of patients with and without

primary liver carcinoma. Cancer 89:1431-1439. [PubMed] [Google Scholar]

4. Verhoef, C., R. G. Pot, R. A. de Man, P. E. Zondervan, E. J. Kuipers, J. N. ljzermans, and J.
G. Kusters. 2003. Detection of identical Helicobacter DNA in the stomach and in the non-
cirrhotic liver of patients with hepatocellular carcinoma. Eur. J. Gastroenterol. Hepatol. 15:1171-
1174. [PubMed] [Google Scholar]

5. Fox, J. G, F. E. Dewhirst, J. G. Tully, B. J. Paster, L. Yan, N. S. Taylor, M. J. Collins, Jr., P.
L. Gorelick, and J. M. Ward. 1994. Helicobacter hepaticus sp. nov., a microaerophilic bacterium
isolated from livers and intestinal mucosal scrapings from mice. J. Clin. Microbiol. 32:1238-
1245. [PMC free article] [PubMed] [Google Scholar]


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC88962/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC88962/
https://www.ncbi.nlm.nih.gov/pubmed/11148003
https://scholar.google.com/scholar_lookup?journal=Clin.+Microbiol.+Rev.&volume=14&publication_year=2001&pages=59&pmid=11148003&
https://www.ncbi.nlm.nih.gov/pubmed/10717541
https://scholar.google.com/scholar_lookup?journal=Microbes+Infect.&volume=2&publication_year=2000&pages=55&pmid=10717541&
https://www.ncbi.nlm.nih.gov/pubmed/11013355
https://scholar.google.com/scholar_lookup?journal=Cancer&volume=89&publication_year=2000&pages=1431&pmid=11013355&
https://www.ncbi.nlm.nih.gov/pubmed/14560149
https://scholar.google.com/scholar_lookup?journal=Eur.+J.+Gastroenterol.+Hepatol.&volume=15&publication_year=2003&pages=1171&pmid=14560149&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC263656/
https://www.ncbi.nlm.nih.gov/pubmed/8051250
https://scholar.google.com/scholar_lookup?journal=J.+Clin.+Microbiol.&volume=32&publication_year=1994&pages=1238&pmid=8051250&

6. Belzer, C., J. Stoof, C. S. Beckwith, E. J. Kuipers, J. G. Kusters, and A. H. M. van Vliet. 2005.
Differential regulation of urease activity in Helicobacter hepaticus and Helicobacter
pylori. Microbiology 151:3989-3995. [PubMed] [Google Scholar]

7. Mehta, N. S., S. Benoit, J. V. Mysore, R. S. Sousa, and R. J. Maier. 2005. Helicobacter
hepaticus hydrogenase mutants are deficient in hydrogen-supported amino acid uptake and in
causing liver lesions in  A/J  mice. Infect.  Immun. 73:5311-5318. [PMC free
article] [PubMed] [Google Scholar]

8. Young, V. B., K. A. Knox, J. S. Pratt, J. S. Cortez, L. S. Mansfield, A. B. Rogers, J. G. Fox,
and D. B. Schauer.2004. In vitro and in vivo -characterization of Helicobacter
hepaticus cytolethal ~distending toxin mutants. Infect. Immun. 72:2521-2527. [PMC free
article] [PubMed] [Google Scholar]

9. O'Toole, P. W., M. C. Lane, and S. Porwollik. 2000. Helicobacter pylori motility. Microbes
Infect. 2:1207-1214. [PubMed] [Google Scholar]

10. Scott, D. R., E. A. Marcus, D. L. Weeks, and G. Sachs. 2002. Mechanisms of acid resistance
due to the urease system of Helicobacter pylori. Gastroenterology 123:187-195.
[PubMed] [Google Scholar]

11. Stingl, K., K. Altendorf, and E. P. Bakker. 2002. Acid survival of Helicobacter pylori: how
does urease activity trigger cytoplasmic pH homeostasis? Trends Microbiol. 10:70-74.
[PubMed] [Google Scholar]

12. Taneera, J., A. P. Moran, S. O. Hynes, H. O. Nilsson, W. Al-Soud, and T. Wadstrom. 2002.
Influence of activated charcoal, porcine gastric mucin and beta-cyclodextrin on the morphology
and growth of intestinal and gastric Helicobacter spp. Microbiology 148:677-684.
[PubMed] [Google Scholar]

13. Reynolds, D. J., and C. W. Penn. 1994. Characteristics of Helicobacter pylori growth in a
defined medium and determination of its amino acid requirements. Microbiology 140:2649-
2656. [PubMed] [Google Scholar]

14. Han, S. W., R. Flamm, C. Y. Hachem, H. Y. Kim, J. E. Clarridge, D. G. Evans, J. Beyer, J.

Drnec, and D. Y. Graham. 1995. Transport and storage of Helicobacter pylori from gastric


https://www.ncbi.nlm.nih.gov/pubmed/16339943
https://scholar.google.com/scholar_lookup?journal=Microbiology&volume=151&publication_year=2005&pages=3989&pmid=16339943&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1231121/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1231121/
https://www.ncbi.nlm.nih.gov/pubmed/16113246
https://scholar.google.com/scholar_lookup?journal=Infect.+Immun.&volume=73&publication_year=2005&pages=5311&pmid=16113246&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC387909/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC387909/
https://www.ncbi.nlm.nih.gov/pubmed/15102759
https://scholar.google.com/scholar_lookup?journal=Infect.+Immun.&volume=72&publication_year=2004&pages=2521&pmid=15102759&
https://www.ncbi.nlm.nih.gov/pubmed/11008110
https://scholar.google.com/scholar_lookup?journal=Microbes+Infect.&volume=2&publication_year=2000&pages=1207&pmid=11008110&
https://www.ncbi.nlm.nih.gov/pubmed/12105847
https://scholar.google.com/scholar_lookup?journal=Gastroenterology&volume=123&publication_year=2002&pages=187&pmid=12105847&
https://www.ncbi.nlm.nih.gov/pubmed/11827807
https://scholar.google.com/scholar_lookup?journal=Trends+Microbiol.&volume=10&publication_year=2002&pages=70&pmid=11827807&
https://www.ncbi.nlm.nih.gov/pubmed/11882701
https://scholar.google.com/scholar_lookup?journal=Microbiology&volume=148&publication_year=2002&pages=677&pmid=11882701&
https://www.ncbi.nlm.nih.gov/pubmed/8000535
https://scholar.google.com/scholar_lookup?journal=Microbiology&volume=140&publication_year=1994&pages=2649&pmid=8000535&

mucosal biopsies and clinical isolates. Eur. J. Clin. Microbiol. Infect. Dis. 14:349-352.
[PubMed] [Google Scholar]

15. Kusters, J. G., M. M. Gerrits, J. A. Van Strijp, and C. M. Vandenbroucke-Grauls. 1997.
Coccoid forms of Helicobacter pylori are the morphologic manifestation of cell death. Infect.
Immun. 65:3672-3679. [PMC free article] [PubMed] [Google Scholar]

16. Westblom, T. U., E. Madan, and B. R. Midkiff. 1991. Egg yolk emulsion agar, a new
medium for the cultivation of Helicobacter pylori. J. Clin. Microbiol. 29:819-821. [PMC free
article] [PubMed] [Google Scholar]

17. Bochner, B. R., and M. A. Savageau. 1977. Generalized indicator plate for genetic,
metabolic, and taxonomic studies with microorganisms. Appl. Environ. Microbiol. 33:434-
444, [PMC free article] [PubMed] [Google Scholar]

18. Logan, R. P.1998. Urea breath tests in the management of Helicobacter pylori
infection. Gut 43(Suppl. 1): S47-S50. [PMC free article] [PubMed] [Google Scholar]

19. Vaira, D., P. Malfertheiner, F. Megraud, A. T. Axon, M. Deltenre, A. M. Hirschl, G.
Gasbarrini, C. O'Morain, J. M. Garcia, M. Quina, and G. N. Tytgat. 1999. Diagnosis of
Helicobacter pylori infection with a new non-invasive antigen-based assay. Lancet 354:30-33.
[PubMed] [Google Scholar]

20. Zagari, R. M., F. Bazzoli, P. Pozzato, S. Fossi, L. De Luca, G. Nicolini, D. Berretti, and E.
Roda. 1999. Review article: non-invasive methods for the diagnosis of Helicobacter pylori
infection. Ital. J. Gastroenterol. Hepatol. 31:408-415. [PubMed] [Google Scholar]

21.Graham, D. Y., A. R. Opekun, and P. D. Klein. 1993. Clarithromycin for the eradication of
Helicobacter pylori. J. Clin. Gastroenterol. 16:292-294. [PubMed] [Google Scholar]

22. Megraud, F. 1995. Rationale for the choice of antibiotics for the eradication of Helicobacter
pylori. Eur. J. Gastroenterol. Hepatol. 7(Suppl. 1): S49-S54. [PubMed] [Google Scholar]

23. Peterson, W. L., D. Y. Graham, B. Marshall, M. J. Blaser, R. M. Genta, P. D. Klein, C. W.
Stratton, J. Drnec, P. Prokocimer, and N. Siepman. 1993. Clarithromycin as monotherapy for
eradication of Helicobacter pylori: a randomized, double-blind trial. Am. J.
Gastroenterol. 88:1860-1864. [PubMed] [Google Scholar]


https://www.ncbi.nlm.nih.gov/pubmed/7649201
https://scholar.google.com/scholar_lookup?journal=Eur.+J.+Clin.+Microbiol.+Infect.+Dis.&volume=14&publication_year=1995&pages=349&pmid=7649201&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC175523/
https://www.ncbi.nlm.nih.gov/pubmed/9284136
https://scholar.google.com/scholar_lookup?journal=Infect.+Immun.&volume=65&publication_year=1997&pages=3672&pmid=9284136&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC269878/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC269878/
https://www.ncbi.nlm.nih.gov/pubmed/1890184
https://scholar.google.com/scholar_lookup?journal=J.+Clin.+Microbiol.&volume=29&publication_year=1991&pages=819&pmid=1890184&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC170700/
https://www.ncbi.nlm.nih.gov/pubmed/322611
https://scholar.google.com/scholar_lookup?journal=Appl.+Environ.+Microbiol.&volume=33&publication_year=1977&pages=434&pmid=322611&
file:///C:/pmc/articles/PMC1766595/
file:///C:/pubmed/9764040
https://scholar.google.com/scholar_lookup?journal=Gut&volume=43&publication_year=1998&pages=S47&pmid=9764040&
file:///C:/pubmed/10406362
https://scholar.google.com/scholar_lookup?journal=Lancet&volume=354&publication_year=1999&pages=30&pmid=10406362&
file:///C:/pubmed/10470602
https://scholar.google.com/scholar_lookup?journal=Ital.+J.+Gastroenterol.+Hepatol.&volume=31&publication_year=1999&pages=408&pmid=10470602&
file:///C:/pubmed/8331260
https://scholar.google.com/scholar_lookup?journal=J.+Clin.+Gastroenterol.&volume=16&publication_year=1993&pages=292&pmid=8331260&
file:///C:/pubmed/8574736
https://scholar.google.com/scholar_lookup?journal=Eur.+J.+Gastroenterol.+Hepatol.&volume=7&publication_year=1995&pages=S49&pmid=8574736&
file:///C:/pubmed/8237933
https://scholar.google.com/scholar_lookup?journal=Am.+J.+Gastroenterol.&volume=88&publication_year=1993&pages=1860&pmid=8237933&

24. Lambert, J. R., and P. Midolo. 1997. The actions of bismuth in the treatment of Helicobacter
pylori infection. Aliment. Pharmacol. Ther. 11:27-33. [PubMed] [Google Scholar]

25. Armstrong, J. A.,, S. H. Wee, C. S. Goodwin, and D. H. Wilson. 1987. Response
of Campylobacter pyloridis to antibiotics, bismuth and an acid reducing agentin vitro—an
ultrastructural study. J. Med. Microbiol. 24:343-350. [PubMed] [Google Scholar]

26. Vogt, K., M. Warrelmann, and H. Hahn. 1989. The minimum inhibitory concentrations of
various bismuth salts against Campylobacter pylori. Zentbl.  Bakteriol. 271:304-308.
[PubMed] [Google Scholar]

27. Megraud, F., and H. Lamouliatte. 2003. Review article: the treatment of refractory
Helicobacter pylori infection. Aliment. Pharmacol. Ther. 17:1333-1343. [PubMed] [Google
Scholar]

28. Megraud, F.2004. Basis for the management of drug-resistant Helicobacter pylori
infection. Drugs 64:1893-1904. [PubMed] [Google Scholar]

29. Lopes Al, Vale FF, Oleastro M. Helicobacter pylori infection - recent developments in
diagnosis. World J Gastroenterol. 2014 Jul 28;20(28):9299-313. [PMID: 25071324; PMCID:
PMC4110561.]

30. Mohammadi, M., S. Czinn, R. Redline, and J. Nedrud. 1996. Helicobacter-specific cell-
mediated immune responses display a predominant Thl phenotype and promote a delayed-type
hypersensitivity  response in  the stomachs of mice.J. Immunol. 156:4729-4738.
[PubMed] [Google Scholar]

31. Lee, C. K., R. Weltzin, W. D. Thomas, Jr., H. Kleanthous, T. H. Ermak, G. Soman, J. E. Hill,
S. K. Ackerman, and T. P. Monath. 1995. Oral immunization with recombinant Helicobacter
pylori urease induces secretory IgA antibodies and protects mice from challenge with
Helicobacter felis. J. Infect. Dis. 172:161-172. [PubMed] [Google Scholar]

32. Ferrero, R. L., J. M. Thiberge, I. Kansau, N. Wuscher, M. Huerre, and A. Labigne. 1995. The
GroES homolog of Helicobacter pylori confers protective immunity against mucosal infection in
mice. Proc. Natl. Acad. Sci. USA 92:6499-6503. [PMC free article] [PubMed] [Google Scholar]


file:///C:/pubmed/9146788
https://scholar.google.com/scholar_lookup?journal=Aliment.+Pharmacol.+Ther.&volume=11&publication_year=1997&pages=27&pmid=9146788&
file:///C:/pubmed/3694664
https://scholar.google.com/scholar_lookup?journal=J.+Med.+Microbiol.&volume=24&publication_year=1987&pages=343&pmid=3694664&
file:///C:/pubmed/2803458
https://scholar.google.com/scholar_lookup?journal=Zentbl.+Bakteriol.&volume=271&publication_year=1989&pages=304&
file:///C:/pubmed/12786627
https://scholar.google.com/scholar_lookup?journal=Aliment.+Pharmacol.+Ther.&volume=17&publication_year=2003&pages=1333&pmid=12786627&
https://scholar.google.com/scholar_lookup?journal=Aliment.+Pharmacol.+Ther.&volume=17&publication_year=2003&pages=1333&pmid=12786627&
file:///C:/pubmed/15329036
https://scholar.google.com/scholar_lookup?journal=Drugs&volume=64&publication_year=2004&pages=1893&pmid=15329036&
https://pubmed.ncbi.nlm.nih.gov/25071324/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4110561/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4110561/
file:///C:/pubmed/8648119
https://scholar.google.com/scholar_lookup?journal=J.+Immunol.&volume=156&publication_year=1996&pages=4729&pmid=8648119&
file:///C:/pubmed/7797906
https://scholar.google.com/scholar_lookup?journal=J.+Infect.+Dis.&volume=172&publication_year=1995&pages=161&pmid=7797906&
file:///C:/pmc/articles/PMC41545/
file:///C:/pubmed/7604021
https://scholar.google.com/scholar_lookup?journal=Proc.+Natl.+Acad.+Sci.+USA&volume=92&publication_year=1995&pages=6499&pmid=7604021&

33. Johansson, E. L., C. Bergquist, A. Edebo, C. Johansson, and A. M. Svennerholm. 2004.
Comparison of different routes of vaccination for eliciting antibody responses in the human
stomach. Vaccine 22:984-990. [PubMed] [Google Scholar]

34. Keller, W. C., and P. Michetti. 2001. Vaccination against Helicobacter pylori—an old
companion of man. Expert Opin. Biol. Ther. 1:795-802. [PubMed] [Google Scholar]

35. Kreiss, C., T. Buclin, M. Cosma, |I. Corthesy-Theulaz, and P. Michetti. 1996. Safety of oral
immunisation  with  recombinant urease in patients with  Helicobacter  pylori
infection. Lancet 347:1630-1631. [PubMed] [Google Scholar]

36. Woodward, M., C. Morrison, and K. McColl. 2000. An investigation into factors associated
with Helicobacter pylori infection. J. Clin. Epidemiol. 53:175-181. [PubMed] [Google Scholar]

37. Herbarth, O., P. Krumbiegel, G. J. Fritz, M. Richter, U. Schlink, D. M. Muller, and T.
Richter. 2001. Helicobacter pylori prevalences and risk factors among school beginners in a
German urban center and its rural county. Environ. Health Perspect. 109:573-577. [PMC free
article] [PubMed] [Google Scholar]

38. Armuzzi, A., F. Cremonini, F. Bartolozzi, F. Canducci, M. Candelli, V. Ojetti, G.
Cammarota, M. Anti, A. De Lorenzo, P. Pola, G. Gasbarrini, and A. Gasbarrini. 2001. The effect
of oral administration of Lactobacillus GG on antibiotic-associated gastrointestinal side-effects
during Helicobacter pylori eradication therapy. Aliment. Pharmacol. Ther. 15:163-169.
[PubMed] [Google Scholar]

39. Armuzzi, A., F. Cremonini, V. Ojetti, F. Bartolozzi, F. Canducci, M. Candelli, L. Santarelli,
G. Cammarota, A. De Lorenzo, P. Pola, G. Gasbarrini, and A. Gasbarrini. 2001. Effect of
Lactobacillus GG supplementation on antibiotic-associated gastrointestinal side effects during
Helicobacter pylori eradication therapy: a pilot study. Digestion 63:1-7. [PubMed] [Google
Scholar]

40. Cats, A., E. J. Kuipers, M. A. Bosschaert, R. G. Pot, C. M. Vandenbroucke-Grauls, and J. G.
Kusters. 2003. Effect of frequent consumption of a Lactobacillus casei-containing milk drink in
Helicobacter pylori-colonized subjects. Aliment. Pharmacol. Ther. 17:429-435.
[PubMed] [Google Scholar]


file:///C:/pubmed/15161075
https://scholar.google.com/scholar_lookup?journal=Vaccine&volume=22&publication_year=2004&pages=984&pmid=15161075&
file:///C:/pubmed/11728215
https://scholar.google.com/scholar_lookup?journal=Expert+Opin.+Biol.+Ther.&volume=1&publication_year=2001&pages=795&pmid=11728215&
file:///C:/pubmed/8667902
https://scholar.google.com/scholar_lookup?journal=Lancet&volume=347&publication_year=1996&pages=1630&
file:///C:/pubmed/10729690
https://scholar.google.com/scholar_lookup?journal=J.+Clin.+Epidemiol.&volume=53&publication_year=2000&pages=175&pmid=10729690&
file:///C:/pmc/articles/PMC1240338/
file:///C:/pmc/articles/PMC1240338/
file:///C:/pubmed/11445510
https://scholar.google.com/scholar_lookup?journal=Environ.+Health+Perspect.&volume=109&publication_year=2001&pages=573&
file:///C:/pubmed/11148433
https://scholar.google.com/scholar_lookup?journal=Aliment.+Pharmacol.+Ther.&volume=15&publication_year=2001&pages=163&pmid=11148433&
file:///C:/pubmed/11173893
https://scholar.google.com/scholar_lookup?journal=Digestion&volume=63&publication_year=2001&pages=1&
https://scholar.google.com/scholar_lookup?journal=Digestion&volume=63&publication_year=2001&pages=1&
file:///C:/pubmed/12562457
https://scholar.google.com/scholar_lookup?journal=Aliment.+Pharmacol.+Ther.&volume=17&publication_year=2003&pages=429&pmid=12562457&

41. Coconnier, M. H., V. Lievin, E. Hemery, and A. L. Servin. 1998. Antagonistic activity
against Helicobacter infection in vitro and in vivo by the human Lactobacillus acidophilus strain
LB. Appl. Environ. Microbiol. 64:4573-4580. [PMC free article] [PubMed] [Google Scholar]

42. Jones NL, Koletzko S, Goodman K, Bontems P, Cadranel S, Casswall T, Czinn S, Gold BD,
Guarner J, Elitsur Y, Homan M, Kalach N, Kori M, Madrazo A, Megraud F, Papadopoulou A,
Rowland M, Joint ESPGHAN/NASPGHAN Guidelines for the Management of Helicobacter
pylori in Children and Adolescents (Update 2016). Journal of pediatric gastroenterology and
nutrition. 2017 Jun [ PubMed PMID: 28541262]]

43.Koletzko S, Jones NL, Goodman KJ, Gold B, Rowland M, Cadranel S, Chong S, Colletti RB,
Casswall T, Elitsur Y, Guarner J, Kalach N, Madrazo A, Megraud F, Oderda G, Evidence-based
guidelines from ESPGHAN and NASPGHAN for Helicobacter pylori infection in children.
Journal of pediatric gastroenterology and nutrition. 2011 Aug  [PubMed PMID: 21558964]

44. Marais, A., G. L. Mendz, S. L. Hazell, and F. Megraud. 1999. Metabolism and genetics
of Helicobacter pylori: the genome era. Microbiol. Mol. Biol. Rev. 63:642-674. [PMC free
article] [PubMed] [Google Scholar]

45, Hussein RA, Al-Ougaili MTS, Majeed YH (2021) Detection of Helicobacter Pylori infection
by invasive and non-invasive techniques in patients with gastrointestinal diseases from Iraq: A
validation study. PLoS ONE 16(8): €0256393. https://doi.org/10.1371/journal.pone.0256393

46. Sjostedt S, Kager L, Heimdahl A, Nord CE. Microbial colonization of tumors in relation to
the upper gastrointestinal tract in patients with gastric carcinoma. Ann Surg. 1988; 207:341-
346. [PubMed] [DOI]

47.  Ferreira  RM, Pereira-Marques J, Pinto-Ribeiro |, Costa JL, Carneiro F, Machado
JC, Figueiredo C. Gastric microbial community profiling reveals a dysbiotic cancer-associated
microbiota. Gut. 2018; 67:226-236. [PubMed] [DOI]

48. Klymiuk I, Bilgilier C, Stadlmann A, Thannesberger J, Kastner MT, Hogenauer C, Puspok
A, Biowski-Frotz S, Schrutka-Kélbl C, Thallinger GG, Steininger C. The Human Gastric
Microbiome Is Predicated upon Infection with Helicobacter pylori. Front Microbiol. 2017;
8:2508. [PubMed] [DOI]


file:///C:/pmc/articles/PMC106686/
file:///C:/pubmed/9797324
https://scholar.google.com/scholar_lookup?journal=Appl.+Environ.+Microbiol.&volume=64&publication_year=1998&pages=4573&pmid=9797324&
http://www.ncbi.nlm.nih.gov/pubmed/28541262
http://www.ncbi.nlm.nih.gov/pubmed/21558964
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC103749/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC103749/
https://www.ncbi.nlm.nih.gov/pubmed/10477311
https://scholar.google.com/scholar_lookup?journal=Microbiol.+Mol.+Biol.+Rev.&volume=63&publication_year=1999&pages=642&pmid=10477311&
https://doi.org/10.1371/journal.pone.0256393
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1493406/
https://pubmed.ncbi.nlm.nih.gov/29102920/
https://www.frontiersin.org/articles/10.3389/fmicb.2017.02508/full

49. Yap TW, Gan HM, Lee YP,Leow AH, Azmi AN, Francois F, Perez-Perez GlI, Loke
MF, Goh KL, Vadivelu J. Helicobacter pylori Eradication Causes Perturbation of the Human Gut
Microbiome in Young Adults. PLoS One. 2016;11: €0151893. [PubMed] [DOI]

50. Jakobsson HE, Jernberg C, Andersson AF, Sj6lund-Karlsson M, Jansson JK, Engstrand
L. Short-term antibiotic treatment has differing long-term impacts on the human throat and gut
microbiome. PLoS One. 2010;5: €9836. [PubMed] [DOI]

51. [Gotoda T, Takano C, Kusano C, Suzuki S, Ikehara H, Hayakawa S, Andoh A. Gut
microbiome can be restored without adverse events after Helicobacter pylori eradication therapy
in teenagers. Helicobacter. 2018;23: €12541. [ PubMed] [DOI]

52. Thorell K, Bengtsson-Palme J, Liu OH, Palacios Gonzales RV, Nookaew I, Rabeneck L,
Paszat L, Graham DY, Nielsen J, Lundin SB, Sjéling A.In Vivo Analysis of the Viable
Microbiota and Helicobacter pylori Transcriptome in Gastric Infection and Early Stages of
Carcinogenesis. Infect Immun. 2017;85: pii: €00031-17. [PubMed] [DOI]

53. Miftahussurur M, Cruz M, Subsomwong P, Jiménez Abreu JA, Hosking C, Nagashima
H, Akada J, Yamaoka Y. Clarithromycin-Based Triple Therapy is Still Useful as an Initial
Treatment for Helicobacter pylori Infection in the Dominican Republic. Am J Trop Med
Hyg. 2017; 96:1050-1059. [PubMed] [DOI]

54. Lauener FN, Imkamp F, Lehours P, Buissonniére A, Benejat L, Zbinden R, Keller
PM, Wagner K. Genetic Determinants and Prediction of Antibiotic Resistance Phenotypes in
Helicobacter pylori. J Clin Med. 2019;8: pii: E53. [PubMed] [DOI]

55. Miftahussurur M, Syam AF, Nusi IA, Makmun D, Waskito LA, Zein LH, Akil F, Uwan
WB, Simanjuntak D, Wibawa ID, Waleleng JB, Saudale AM, Yusuf F, Mustika S, Adi
P, Maimunah U, Maulahela H, Rezkitha YA, Subsomwong P, Nasronudin, Rahardjo D, Suzuki
R, Akada J, Yamaoka Y. Surveillance of Helicobacter pylori Antibiotic Susceptibility in
Indonesia: Different Resistance Types among Regions and with Novel Genetic Mutations. PL0S
One. 2016;11: e0166199. [PubMed] [DOI]


https://pubmed.ncbi.nlm.nih.gov/26991500/
https://pubmed.ncbi.nlm.nih.gov/20352091/
https://pubmed.ncbi.nlm.nih.gov/30311721/
https://pubmed.ncbi.nlm.nih.gov/28694295/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5417194/
https://pubmed.ncbi.nlm.nih.gov/30621024/
https://europepmc.org/article/med/27906990

56. Miftahussurur M, Shrestha PK, Subsomwong P, Sharma RP, Yamaoka Y. Emerging

Helicobacter pylori levofloxacin resistance and novel genetic mutation in Nepal. BMC
Microbiol. 2016; 16:256. [PubMed] [DOI]

57. Kosikowska P, Berlicki L. Urease inhibitors as potential drugs for gastric and urinary tract
infections: a patent review. Expert Opin Ther Pat. 2011 Jun;21(6):945-57. Epub 2011 Apr 4.
[PMID: 21457123].

58. Clark JR, March JB. Bacteriophages and biotechnology: vaccines, gene therapy and
antibacterials. Trends Biotechnol. 2006 May;24(5):212-8. Epub 2006 Mar 29. [PMID:
16567009].

59.

60.

61.

62.

63.

64.

Chandak, Manoj, Chanchal Rathi, Madhulika Chandak, Saurabh Rathi, Samrudhi
Khatod, and Anuja Ikhar. “Comparative Evaluation of Microleakage of Three Different
Sealers Using Vertical Compaction Technique under Stereomicroscope: An in Vitro
Study.” MEDICAL SCIENCE 24, no. 104 (August 2020): 2067-73.

Chandi, Dhruba Hari, Praful Patil, Smita Damke, Silpi Basak, and Rangaiahagari Ashok.
“Bacteriologic Antibiography Outline of Isolates from Blood Culture at Tertiary Center.’
JOURNAL OF PURE AND APPLIED MICROBIOLOGY 14, no. 4 (December 2020):
2801-6. https://doi.org/10.22207/JPAM.14.4.55.

Hande, Alka Harish, Archana Sonone, Roshni Porwar, Vidya Lohe, Suwarna Dangore,
and Mrunal Meshram. “Evaluation of Oral Microbial Flora in Saliva of Patients of Oral
Submucous Fibrosis.” JOURNAL OF EVOLUTION OF MEDICAL AND DENTAL
SCIENCES-JEMDS 9, no. 7 (February 17, 2020): 409-12.
https://doi.org/10.14260/jemds/2020/93.

Lamture, Yeshwant, and D. Rajesh. “Successful Revision Surgery: For Above-Knee
Amputated Leg Infected with Multiple Microorganisms.” JOURNAL OF CLINICAL
AND DIAGNOSTIC RESEARCH 14, no. 5 (May 2020): PD01-3.
https://doi.org/10.7860/JCDR/2020/42821.13717.

Nimbulkar, Gargi, Vikram Garacha, Vittaldas Shetty, Ketaki Bhor, Kumar Chandan
Srivastava, Deepti Shrivastava, and Mohammed G. Sghaireen. “Microbiological and
Clinical Evaluation of Neem Gel and Chlorhexidine Gel on Dental Plaque and Gingivitis
in 20-30 Years Old Adults: A Randomized Parallel-Armed, Double-Blinded Controlled
Trial.” JOURNAL OF PHARMACY AND BIOALLIED SCIENCES 12, no. 1 (August
2020): 345-51. https://doi.org/10.4103/jpbs.JPBS_101 20.

Patil, Praful S., Dhruba Hari Chandi, Smita Damke, Shital Mahajan, R. Ashok, and Silpi
Basak. “A Retrospective Study of Clinical and Laboratory Profile of Dengue Fever in
Tertiary Care Hospital, Wardha, Maharashtra, India.” JOURNAL OF PURE AND
APPLIED MICROBIOLOGY 14, no. 3 (September 2020): 1935-39.
https://doi.org/10.22207/JPAM.14.3.32.

}


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5096319/
https://pubmed.ncbi.nlm.nih.gov/21457123/
https://pubmed.ncbi.nlm.nih.gov/16567009/
https://pubmed.ncbi.nlm.nih.gov/16567009/

