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ABSTRACT  

Worldwide more than 1 billion people are estimated to be infected with Helicobacter pylori. Numerous factors 

from age to genetic predisposition and educational level were incriminated in the high prevalence of the 

bacteria. The direct and indirect transmission paths were studied but a defined transmission path is not 

established. The most plausible transmission path is human-to-human: vertical or horizontal and the possible 

routes are gastro-oral, oral-oral, or fecal-oral.  Due to the increased resistance to various antibiotics, which leads 

to treatment failure, more attention is given to prevention and new alternative therapies. From Cladosiphon 

fucoidan a safe, non-antibiotic agent to plant extract with antibacterial activity mixed with baby milk many 

alternative therapies were proposed in order to prevent H. pylori infection and reduce the risk of associated 

gastric cancer. The ultimate strategy regarding the infection must be the complete eradication of the bacterium 

and vaccination against H. pylori remains the most challenging issue. 
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INTRODUCTION 

Helicobacter pylori (H. pylori) infection 

affects over half of world population and it is 

usually acquired in childhood and without 

treatment persist the whole life. Worldwide, 

more than 1 billion people are estimated to be 

infected with H. pylori. The latest guidelines 

in H. pylori infection were elaborated by 

different work-groups like Kyoto global 

consensus on gastritis in 2015, The III Italian 

Working Group Consensus Report in 2015, 

Maastricht V Florence Consensus Report in 

2016, The Toronto Consensus for the 

Treatment of Helicobacter pylori Infection in 

Adults in 2016 and ESPGHAN/NASPGHAN 

Guidelines in 2011. Many factors like 

geographic variation, age, gender, genetic 

predisposition, ethnicity, educational level 

and sanitation have been reported to influence 

the incidence and epidemiology of the 

bacteria. In developed countries, less than 

10% of children younger than 12 years are 

infected, however, seropositivity increases 

with age at a rate of 0.3-1% per year. Studies 

of seropositivity in adults in developed 

countries revealed prevalence of 30-50%. The 

incidence is 3-10% of the population each 

year in developing countries compared with 

0.5% in developed countries [1] The 

bacterium is recognized as type I carcinogen 

and represent the main etiological factor of 

peptic ulcer and gastritis. H. pylori have a 

potential role in stomach cancer, 

gastroesophageal reflux disease and extra-

digestive pathologies (growth retardation, 

iron deficiency anaemia, allergic disorders) 

[2] 

 

TRANSMISSION PATH 

The strains of H. pylori seem to have 

different virulence and, in association with 

environmental and host factors lead to 

different expressions of the infection. 

Although Helicobacter pylori represents the 

human pathogen with the highest prevalence 

around the world, the transmission path way 

is still not clearly defined, many studies 

suggest more than one way of transmission. 

The most plausible direct transmission way is 

human-to-human: vertical (from parents to 

children) or horizontal (across individuals). 

Given the location of H. pylori infection and 

the basic need of this bacterium for gastric-

type mucosa for in vivo proliferation, 

ingestion appears to be the most likely means 

of acquiring H. pylori and the way of the 

bacterium to reach in the oral cavity may be 

gastro-oral, oral-oral, or fecal-oral route. 

Oral-oral route of spreading is sustained by 

several studies who revealed the presence of 

H. pylori in oral cavity, saliva, dental plaque 

even esophagus and tonsillar tissue, 

furthermore the oral cavity may be considered 

a reservoir for H. pylori and a source of 

reinfection[3] The eradication of H. pylori 

from oral cavity proved to be challenging. 

The gastro-oral path was incriminated due to 

the presence of H. pylori in gastric juice and 

vomitus of the infected people, this 

hypothesis also supports the observation that 

the gastroenterologists which perform 

endoscopy have a higher prevalence of the 

infection. Fecal-oral transmission is taken in 

consideration because H. pylori was cultured 

from rectal and terminal ileac fluid, 

gastrointestinal tract diseases may increase 

the transmissibility [4] 

The role of the environmental factors 

regarding indirect transmission mechanism is 

uncertain; food, animals and water sources 

have been suggested as reservoirs. A positive 

correlation was reported between prevalence 

of infection and consumption of food from 

street vendors (food prepared under 

unhygienic conditions) as a probable 

mechanism of transmission of H. pylori in 

developing countries. H. pylori was isolated 

from pigtailed and rhesus monkeys, cats, 

sheep, cockroaches. Some studies suggest 

that working with animals is an increased risk 
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of infection; furthermore the bacterium was 

isolated from cow and sheep milk. Many 

reports, mostly from developing countries, 

suggested contaminated water sources (from 

running, municipal, underground sources and 

wastewater) as risk factors and possible 

reservoir for H. pylori. The bacteria proteins 

and DNA, even viable bacterium can be 

detected and isolated from water [5]  

Differences in H. pylori prevalence have 

been observed and reported among various 

ethnic and racial groups and a study on 

monozygotic and dizygotic twins suggested 

that genetic factors might have some 

influence on the incidence of infection. A 

recent meta-analysis of large, population-

based studies confirms the male 

predominance of H. pylori infection in adults 

as a global and homogeneous phenomenon; 

such predominance is not proven in children. 

The role of the interfamilial relation in H. 

pylori transmission is taken in consideration, 

the cause of interfamilial infection is most 

likely the mother-to-child transmission, 

although the transmissions between siblings 

or spouse-to-spouse are also proven [6] The 

bacterial virulence factors VacA and CagA 

modulate the immune response implicated in 

the carcinogenesis process, the host genetic 

factors like IL-1β, TNF-α, IL-10 influence the 

inflammatory response leading to mucosal 

damage and well-known harmful 

environmental factors like smoking, play an 

important role in the progression and outcome 

of the infection with H. pylori. 

Socioeconomic status was reported as one of 

the most important factors affecting the 

spreading of H. pylori infection; 

socioeconomic status includes income, living 

standards, sanitation, urbanization, and 

educational level. Educational level has been 

considered as one of the important 

determinants of H. pylori prevalence in both 

developed and developing countries [7]   

 

ANTIBIOTIC THERAPY  

Since 1983 when Helicobacter pylori was 

discovered, a special attention is focused on 

the diagnostic methods. During the years, 

many methods were studied because a 

reliable diagnostic-test is necessary before 

and after eradication therapy. Nowadays 

several tests are available, each one with 

limitation, advantages and disadvantages. 

From 1990 the standard therapy for 

Helicobacter pylori infection is represented 

by triple therapy. First line treatment, triple 

therapy is consisted from an association of 

proton-pump inhibitor (PPI), clarithromycin 

and amoxicillin or metronidazole for 7-10 

days. In the latest years, the therapy 

efficiency decreased up to less than 80% 

eradication rate [8] This phenomenon is 

caused by various reasons including high 

gastric acidity, low compliance to treatment, 

side effects and the bacterium strains 

variations. The antibiotic resistance varies 

from one geographic region to other, and it is 

correlated with the population antibiotic 

consume. The resistance toward 

clarithromycin, one of the most potent 

antibiotic, is increased worldwide, in Europe 

the resistance rate is up to 20%. Resistance to 

metronidazole and clarithromycin is 

population dependent, and several studies 

suggest that clarithromycin resistance is 

higher in strains obtained from children than 

in those from adults. To increase the 

eradication rate, several methods have been 

proposed: increasing the PPIs dosage (twice a 

day), increasing treatment length up to 14 

days, the usage of metronidazole instead 

amoxicillin and adjuvant treatment like 

probiotics, each one leading to a small 

improve in treatment efficiency [9] A new 

treatment approach with promising result is 

sequential therapy; the regime is composed 

from 5 days therapy with PPI and amoxicillin 

followed by 5 days with clarithromycin and 
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metronidazole all in standard dosages.  The 

second-line therapy is the quadruple therapy 

(PPI, a bismuth salt, tetracycline and 

metronidazole) with a 90% eradication rate at 

patients non-responder to standard treatment, 

it can also be applied to patients with allergy 

to penicillin. An alternative as second line 

treatment is PPI-amoxicillin-levofloxacin 

based therapy but it should be taken in 

consideration the quinolones resistance and 

the risk of developing tendonitis under 

levofloxacin treatment. [10] If the treatment-

first and second line- fails to eradicate the 

infection is recommended gastric biopsy for 

culturing and testing the antimicrobial 

susceptibility. The candidates for the third 

line therapy are rifabutin and furazolidone. 

Furazolidone is an efficient antibacterial 

against some gram-negative enteric 

bacterium, his usage associated with 

amoxicillin and PPI lead to a 60% eradication 

rate. Rifabutin is an antituberculous drug, and 

some studies showed his efficacy in H. pylori 

treatment, but his side effects-myelotoxicity 

and ophthalmic pathology should be taken in 

consideration. Rifabutin regimens should be 

restricted to patients who have failed to 

respond to at least 3 prior options [11, 12] 

Further studies are required to stabilize a 

clear protocol for the patients non-responsive 

to standard therapy. A reliable noninvasive 

test for bacterial eradication should be 

performed at least 4 to 8 weeks following 

completition of the therapy, including urea 

breath test or a monoclonal enzyme 

immunoassay (EIA) for detection of H. pylori 

antigen in stool [13] 

 

ALTERNATIVE THERAPY  

Due to the fact that worldwide 

Helicobacter pylori develops an increased 

resistance to various antibiotics, which leads 

to treatment failure, more attention is given to 

prevention and new alternative therapies 

which can lead to a good control of the 

infection rate and to minimize the numerous  

negative effects and risks of this chronic 

pathology [14]  Plants are used from the 

ancient times in healing process; many 

studies on medicinal herbs antimicrobial 

effect were conducted in Greece, Mexico, 

China, and Iran in research of new molecules 

to fight against H. pylori [15] Some of these 

phytochemical studies revealed molecules 

like catechins, epigallocatechin gallate, 

terpene plaunotol, flavonoid kaempferol, 

alkaloid tryptanthrin, canolol with promising 

activity anti-Helicobacter pylori in vitro, but 

with low effect in vivo experiment. A 

standard extract of thiosulphinate from garlic 

did not eradicate the infection, but have a 

positive effect in reducing the gastritis 

incidence and symptoms [16] Isothiocyanate 

sulphoraphane, a compound found in broccoli 

sprouts, in vitro proved efficient in eliminate 

H. pylori from human gastric xenografts in 

mice, in vivo on human trials showed a lower 

bacterial colonization and inducing the 

organism cytoprotective response [17] Some 

compounds of green tea like Catechins which 

are the main antioxidants, have a role in 

urease inhibition and polyphenols inhibits the 

vacuolization effect of VacA, furthermore 

some studies showed antimicrobial effect 

against H. pylori in vivo and in vitro [18] The 

resveratrol from red wine may reduce the 

symptoms related to H. pylori infection. A 

flavonoid extract of Glycyrrhiza glabra Linn 

(liquorice) proved efficient in reducing the 

bacterium colonization of gastric mucosa and 

inflammation; more tests are required for 

confirmation [19] Many other components 

from natural products like honey and propolis 

proved antimicrobial effect in vitro on 

Helicobacter pylori, but for confirmation are 

required more evidences. A study of a plant 

extract (Cloves, Pepper, Cumin, Sage, 

Pomegranate peel, Ginger, Myrrh and 

Licorice) with antibacterial activity, mixed 

with baby milk as a new combination for H. 
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pylori infection prevention and treatment, is 

conducted in babies, so far with promising 

results [20] Cladosiphon fucoidan and other 

polysaccharides have an inhibitory effect on 

H. pylori attachment to porcine gastric mucin. 

The effect of Cladosiphon fucoidan on H. 

pylori-induced gastritis was examined in vivo 

using Mongolian gerbils who received 

fucoidan in drinking water. In the in vivo 

experiment, the H. pylori-induced gastritis 

and the prevalence of H. pylori infected 

animals were markedly reduced by fucoidan 

in a dose-dependent manner, at doses of 0.05 

and 0.5% in the drinking water. Cladosiphon 

fucoidan may deserve particular attention as a 

safe, non-antibiotic agent that can prevent H. 

pylori infection and reduce the risk of 

associated gastric cancer [21] 

Probiotics, the live organisms which 

brings health benefits, with qualities like 

inducing gastric acid secretion which lowers 

the bacteria density, immune response 

modulation, competing with others organism 

for human receptors and stimulation of mucin 

production were studied as an alternative 

treatment. According some authors 

Saccharomyces boulardii associated to triple 

therapy increased the eradication rate and 

lowered the adverse effects of antibiotics 

(especially diarrhea). Different strains of 

Lactobacilli proved helpful in reducing the 

antibiotic-therapy symptomatology [22] On 

the other hand, the Toronto consensus group 

stated that probiotics were not useful to 

attenuate side effects of the 14-days antibiotic 

treatment, nor were probiotics helpful 

proactively to improve the eradication rate. 

However, probiotics are being proposed these 

days for a lot of non-evidence-based reasons 

and their administration remains controversial 

[11] 

 

VACCINATION  

Taking in consideration the Helicobacter 

pylori role in gastric ulcer, duodenal ulcer, 

gastric cancer and MALT, the increasing 

antibiotic resistance and the re-infection risk 

an ultimate strategy regarding the infection 

must be the complete eradication of the 

bacterium. Vaccination against H. pylori 

remains the most challenging issue for 

developing countries, where relatively high 

prevalence of infection is a public health 

problem. Many studies and research projects 

were focused on this difficult task trying to 

establish the best delivery route and the most 

efficient adjuvants and antigen to induce 

protective immunity. The human immune 

response and the Helicobacter pylori high 

genetic diversity are the main issues in 

vaccine development [23] Experimental 

mucosal and systemic H. pylori vaccines in 

mice significantly reduce bacterial charge and 

sometimes provide bacterial eradication. 

Clinical trials of oral vaccines consisting of 

H. pylori proteins with bacterial exotoxin 

adjuvants or live attenuated bacterial vectors 

expressing H. pylori proteins induce adaptive 

immune mechanisms but fail to consistently 

reduce bacterial load. Clinical trials and 

murine studies demonstrate that where H. 

pylori is killed, either spontaneously or 

following vaccination, the host demonstrated 

cellular immunity. A single-blind Phase I 

study of a vaccine consisting of recombinant 

H. pylori vacuolating cytotoxin A (VacA), 

cytotoxin-associated antigen (CagA), and 

neutrophil-activating protein (NAP) 

administrated intramuscularly with aluminum 

hydroxide as an adjuvant demonstrated 

satisfactory safety and immunogenicity and 

produced antigen-specific T-cell memory [24] 

Clinical trials have been performed with a 

formalin-inactivated H. pylori whole cell 

(HWC) vaccine, given orally in combination 

with the mucosal adjuvant mLT(R192G), a 

mutant of Escherichia coli heat-labile toxin 

the results were reducing gastric urease levels 

and H. pylori colonization in the stomach. 

The efficacy of alkyl hydroperoxide reductase 
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(AhpC) and mannosylated AhpC (mAhpC) as 

candidate vaccines were studied in the mouse 

model of H. pylori infection. Mice were 

immunized systemically and mucosal with 

AhpC and systemically with mAhpC prior to 

challenge with H. pylori. Systemic 

prophylactic immunization with AhpC/alum 

and mAhpC/alum conferred protection 

against infection in 55% and 77.3% of mice. 

Mannosylated-AhpC represents a candidate 

vaccine against H. pylori infection [25] A 

study succeeded using recombinant 

technology to produce edible urease B 

vaccine derived from Lactococcus lactis 

against H. pylori. A silico-based approach 

was utilized to develop a multi-epitope DNA-

prime/peptide-boost immunization strategy 

using informatics tools. The multi-epitope 

vaccine administered intranasal induced a 

broad immune response and significant 

reduction in H. pylori colonization [26] 

Helicobacter pylori bacterial ghosts applied 

in therapeutic immunization of H. pylori-

infected mice lead to stimulated serum anti- 

H. pylori specific antibodies which resulted in 

significant reduction of gastric colonization. 

The most promising results have a phase 3 

study from China which uses a three-dose 

oral recombinant vaccine in children without 

active or chronic H. pylori infection, so far it 

proved to be safe and efficient, but the long-

term protection should be evaluated [27] 

Despite limitations and concerns, the proof of 

concept shown by researchers of vaccine 

induced protection against H. pylori infection 

is a major step onwards a vaccine that 

protects against gastric cancer. 

CONCLUSION 

Helicobacter pylori, a bacteria with a 

remarkable genetic and phenotypic diversity, 

high incidence, multiple transmission path 

and growing antibiotic resistance became a 

public health problem. Consequently, more 

attention should be focused on epidemiology 

and prevention, updated antibiotic guidelines, 

alternative therapies and vaccine 

development. Therefore more studies and 

solutions are required in order to eradicate the 

infection and the associated pathologies. 
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