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    I am honoured to be able to contribute to this new and exciting eBook about Helicobacter in the 21st century, coming as it does from Budapest, an area central too much of the thinking about gastrointestinal and infectious diseases over the past 150 years. The eBook has excellent credentials for describing new knowledge in these areas.




    The editor, BUZÁS GYÖRGY MIKLÓS, has attracted well known and active global researchers to update us on basic sciences, clinico-pathological correlations, newest treatments and diagnostic methods. All these facts are cleverly wrapped in a comprehensive, country-specific description of the epidemiology of the ubiquitous and fascinating bug, Helicobacter.




    In summary, I am delighted to see such an authoritative, expertly produced and well referenced eBook which will be a milestone in Helicobacter science. By starting here, newcomers will immediately achieve an understanding of the field, thereby being well grounded towards making their own discoveries.
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    The discovery of H. pylori almost 30 years ago triggered a paradigm shift in the medical community’s thinking about the pathogenesis and treatment of peptic ulcers, chronic gastritis, functional dyspepsia and other conditions. In the past 3 decades, it has generated an overwhelming amount of literature, including over 30,000 articles in peer-reviewed journals, dozens of books written in English - but also in many other languages - dedicated to the bacterium, congresses/congress sessions on all continents and many national, international and continental consensus statements. The major benefit of diagnosing and eradicating H. pylori was a change in the natural course of peptic ulcer disease, preventing its complications – a feat not achieved with any other treatment -, and improving the quality of life of the patients; regimens directed against the infections also proved to be cost-efficient in many parts of the world. The contributions of H. pylorirelated basic research to the progress of bacteriology, therapeutics, genetics and many other fields all deserve a mention.




    Knowledge about H. pylori has been widely distributed in hundreds of medical journals published worldwide. Several eBooks have already been published but unfortunately, due to the long editorial times, most become outdated shortly after their release. This is why after being invited by Bentham Publishers I was very keen to propose and compile the content of an eBook which will offer all the advantages of rapid and worldwide distribution. The preliminary content and structure of the eBook was peer-reviewed and approved by the publisher.




    The initial goal of this eBook is to give a broad perspective of Helicobacter pylori research in all major continents/geographic areas. To achieve this, more than 100 personalised letters were sent to potential contributors from 35 states, asking them to contribute with a review chapter. The subject for each author was chosen after careful review of their specific research field. Many international experts answered promptly and positively, while others proposed as co-authors their collaborators or PhD recipients: thus the list of contributors contains well-known experts and specialists along with “rising stars”. Unfortunately there were experts who declined the opportunity to write a chapter, but I fully understand their position. To my greatest surprise, I was unable to obtain contributions from the world most populous countries, even after repeated invitations. All in all, however, 20 chapters were finally submitted covering most, if not all fields of H. pylori research, ranging from microbiology, biochemistry and epidemiology to clinical aspects, meta-analysis of therapeutic results, etc. Particular emphasis was laid on presenting the local features of each country/continent, although this resulted in some overlaps.




    In spite of a relatively tight deadline and many other appointments/duties, all of the contributors forwarded their chapters in due course. I greatly appreciate their effort and am very grateful to all the authors for what they achieved. I sincerely hope that we will succeed in compiling an eBook unique in both, structure and content.




    Finally, my thanks goes to the staff of Bentham Science who published the eBook. We all hope the readers will enjoy it.
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      Abstract




      H. pylori is an S-shaped microaerophilic, gram-negative bacterium which colonizes the epithelial stomach surface of half the world’s population. The colonisation of H. pylori in human stomachs results in chronic gastritis and sometimes ulcers or gastric cancer. Infection mostly occurs during childhood and unless treated lasts for life. Treatment of H. pylori is relatively complicated and requires antibiotics to which the bacterium is sensitive. Thus a microbiological culture determining antibiotic resistance is a prerequisite for rational antibiotic treatment. Unfortunately, routine clinical practice is often done without such a culture, and hence, the treatment is frequently empirical, not based on antibiotic resistance data. In this chapter we will elaborate on how to isolate and culture this fastidious bacterium.
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      INTRODUCTION




      Helicobacter pylori is a gram-negative bacterium that colonises the gastric mucosa of more than half of the world’s population [1]. The prevalence of infection is higher in developing countries and is influenced by socioeconomic conditions and ethnic backgrounds. The bacterium measures approximately 1μm in width and 2 to 4μm in length and is highly motile with its 2 to 6 uni-polar, 3 μm long-sheathed flagella. The human stomach seems to be the principal reservoir of infection and person-to-person contact is thought to be the main route of transmission. The bacterium resides in the mucous layer of the human stomach and duodenum, and unless treated persists there for decades. This colonisation initially results in a mild inflammation but can eventually lead to chronic active gastritis, peptic ulcer disease, gastric cell carcinoma and MALT lymphomas [2]. While Helicobacter- like species were already described two centuries ago [3], the




      first description of a successful culture dates back to thirty years ago when Marshall and Warren isolated this bacterium [4]. As they believed the organism represented a slow-growing Campylobacter-like organism (CLO) they named it Campylobacter pyloridis before changing it shortly thereafter to Campylobacter pylori [5, 6]. Subsequently related CLOs from the stomachs of various animals were subsequently identified and it became clear that this bacterium might resemble Campylobacter in many aspects, but it also differed in important features such as morphology, fatty acid content, and 16S rRNA sequence. Consequently, Campylobacterpylori together with the other CLOs were transferred to the new genus Helicobacter, order Campylobacterales of the ε subdivision of the Proteobacteria [6]. To date, the genus Helicobacter consists of more than 20 recognised species, with many species awaiting formal recognition [6]. Members of the genus Helicobacter are all microaerophilic organisms and in most cases are catalase and oxidase positive. Many but not all species, are also urease positive. Helicobacter pylori belongs to the subgroup of gastric Helicobacter species which have adapted to the low pH of the stomach. H. pylori can produce large amounts of the enzyme urease, on which the bacterium depends on for its survival in the highly acidic gastric lumen [7]. The spiral morphology and its flagella render the bacterium highly motile thus allowing it to penetrate the viscous mucus layer of the stomach where the pH is less acidic, facilitating the growth of H. pylori.




      

        Isolation and Culture of H. pylori




        Histology and microbiological culture are the gold standard for the detection of H. pylori infections. Microbiological culture has the advantage over histology that it allows for the determination of antimicrobial resistance, but both techniques require the availability of a gastric bioptic sample obtained by endoscopy. In routine clinical practice, the diagnosis is often based on non-invasive diagnostic tests such as the faecal antigen and urea breath tests. Serology is also used for routine clinical diagnosis, but due to its lower specificity and sensitivity it is more appropriate in large epidemiological studies. Both culture and histology can suffer from sampling errors as the colonisation of H. pylori is patchy, and strains can display a preferential antrum or corpus location. Hence it is advisable to test a minimum of two biopsy samples, one from the corpus, and one from the antrum. When one attempts to culture H. pylori it is important to realise that this is a fastidious microorganism requiring a microaerobic environment and complex media for its growth. Optimal growth is obtained at 2-5% O2, 5-10% CO2, and high humidity. Growth occurs at 34-40°C, with an optimum of 37°C. While it may sound strange for a bacterium whose natural habitat is the acidic gastric mucosa, H. pylori is in fact a neutralophile and can only survive short exposures to pH<4.0. Survival at an acidic pH is enhanced by the presence of urea in the medium [1, 7]. Growth occurs at a neutral pH, and in the absence of urea bacterial growth is only observed at the relatively narrow pH range of 5.5 to 8.0 [8]. For optimal growth culture-media need to be supplemented with blood or serum (or more defined substances) as a source of nutrients and protection against the toxic effects of long-chain fatty acids [9]. H. pylori has an extremely narrow host and organ targeting range and seems highly adapted to this niche as infection is usually lifelong.




        Many genome sequences of H. pylori lack several of the common biosynthetic pathways of enteric bacteria [10, 11]. As a consequence, reasonable growth can only be obtained on rich media supplemented with lysed blood or serum. Synthetic media that support the growth have been described but as these require the addition of several amino acids they are not very practical to use [12, 13]. For routine isolation and culture of H. pylori, most labs use Columbia or Brucella agar plates supplemented with horse or sheep blood. To isolate the primary colonies, these plates can be supplemented with selective antibiotic mixtures (vancomycin, trimethoprim, cefsoludin, amphotericin B and/or polymyxin B) to suppress the growth of fungi and other microbes present in the gastric biopsy sample [14, 15]. Isolation rates of H. pylori from gastric biopsy samples are highly variable and range from 30-95%, depending on the technical expertise of the microbiology laboratory [1]. In addition bacterial or fungal overgrowth or inappropriate transport conditions may also result in failure to isolate the organism. Upon the initial inoculation the freshly inoculated plates should be ideally kept in a humid micro-aerobic atmosphere for at least three days before being inspected for the first time. Plates need to be incubated for a long time as it can sometimes take up to two weeks before colonies appear. H. pylori typically grows in very small, translucent, smooth colonies [1]. Meanwhile, to facilitate the detection of H. pylori colonies, the plates can be supplemented with triphenyltetrazolium chloride. This makes H. pylori appear as dark red pinpoint colonies with a golden shine [16, 17]. H. pylori is urease, catalase, and oxidase positive, and these characteristics are often used in the initial identification. With subsequent subcultures of the primary isolates, most H. pylori strains tend to adapt rapidly to the lab-specific growth conditions and as a consequence good growth can generally be achieved following 2 to 4 days of incubation. Although usually spiral-shaped, the bacterium can appear as a rod or coccoid shaped, especially after prolonged in vitro culture or antibiotic treatment [18].While it is mostly believed that these coccoids represent dead bacteria that cannot be cultured in vitro [18], some have suggested that coccoid forms represent a viable, non-culturable state [19]. Once an H. pylori culture reaches the stationary phase, the growth rate not only declines but the bacteria in the culture also undergo a rapid morphological transformation into the coccoid form [18]. Thus a prolonged culture does not lead to an increase in viable bacteria, but rather leads to a transition into an uncultivable coccoid state. Hence when one wants to prepare frozen stocks of H. pylori, it is crucial to freeze them while still in the mid-logarithmic growth phase with more than 90% spiral-shaped cells. H. pylori can be stored in the long term at −80°C in brain heart infusion or Brucella broth supplemented with either 15 to 20% glycerol or 10% dimethyl sulfoxide.


      




      

        Genome, Plasmids, Gene Regulation and Strain Diversity




        To date there are approximately 250 whole genome sequences for H. pylori present in the public databases. The average size is approximately 1.6 Mbp, with a G+C content of ~40%. The genome encodes ~1,500 genes, including two copies of the 16S, 23S, and 5S rRNA genes [10, 11]. In addition, many strains carry one or more plasmids, but in contrast to most other bacteria these plasmids do not seem to carry any antibiotic resistance genes or virulence genes [20]. There are also some reports on H. pylori-infecting bacteriophages, but there is a lack of detailed characterisation [21-23]. Understanding of the virulence and metabolism of H. pylori has also been greatly facilitated by the availability of genomic sequences of H. pylori [10, 11, 24]. Many of the biochemical deficiencies of H. pylori that were described in the pre-genome era were indeed confirmed by the lack of the corresponding genes in the sequenced genomes [11, 24]. However, many of these analyses are based on in silico predictions and often lack convincing experimental validation; for a more in-depth discussion of the pathogenicity and virulence of H. pylori, we would like to refer to the specialized chapters on this subject. While many bacterial pathogens have a clonal distribution, H. pylori is genetically very heterogeneous. This results in every H. pylori-positive subject having his/her own personal strain [25]. Often there is even clear difference between the strains of children that were infected by the H. pylori strain transferred from one of their parents. This rapid genetic evolution may represent an adaptation mechanism of H. pylori to the different gastric conditions and host-mediated immune responses [26]. In H. pylori, genetic heterogeneity is thought to occur via both rearrangements and deletions of existing sequences as well as via the introduction of novel sequences [27, 28]. These novel sequences can often be recognised by their aberrant G+C content and seldom seem to carry genes that are putatively involved in virulence. A good example of this is the cag PAI, but other plasticity regions have been identified and were suggested to carry potential virulence factors [29-32]. In addition to these major insertion and deletion events, functional genetic diversity is observed at the nucleotide level. Most notably, mutations appear in homopolymeric nucleotide tracts where the insertion/deletion of a single nucleotide results in transcriptional and translational phase variations and mutation [27, 28]. As this phase variation seems to occur often in homopolymeric G or C tracts via reversible slipped-strand mispairing generating single base pair deletions/insertions which cause a shift in translation of the affected gene, this mechanism results in phase variation via a single mutation. This can result in major phenotypic changes that are fully reversible as they are generated by single base pair insertion/deletion. Several important H. pylori virulence genes, such as the sabA, sabB, hopZ, and oipA outer membrane protein-encoding genes, display such phenotypic variation, as do lipopolysaccharide (LPS) biosynthetic enzymes [33, 34]. This makes phase variation a very simple and basic form of gene regulation, ensuring that part of the bacterial population is prepared for sudden unexpected environmental changes. In addition, H. pylori reacts to other changes in environmental conditions in a more classical way by increasing the transcription of genes which encode factors that counteract the effect of these environmental changes. In other bacteria, this classical gene regulation is often controlled by two-component regulatory systems but genome analysis revealed an apparent lack of these two-component regulatory systems in H. pylori [35]. Also other transcriptional regulator systems are relatively scarce in H. pylori as it seems to contain only three sigma factors (σ80, σ28, and σ54), two metalloregulatory proteins, two heat shock regulators and a few other regulatory proteins [35]. Initially this was considered a consequence of the fact that H. pylori is only found in human gastric mucosa, a niche that was considered to offer relatively stable conditions. Transcriptional profiling studies indicate that approximately half of the H. pylori genomes are expressed under in vitro conditions and that the expression of ~10% of the in vitro transcribed genes displays changes when environmental conditions are altered. The finding that H. pylori regulates gene expression in response to environmental stresses suggests that the gastric mucosa may not be the relatively stable environment previously assumed.
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      Virulence Factors of Helicobacter pylori


    


  




  

    

      INTRODUCTION




      Helicobacter pylori is a spiral, microaerophilic, Gram-negative bacterium and a significant human pathogen. Infection causes gastric inflammation, which




      increases the risk of duodenal ulcer disease, gastric ulcer disease, gastric adenocarcinoma, and mucosa-associated lymphoid tissue (MALT) primary B-cell lymphoma. Gastric cancer remains the fourth most common cancer and second leading cause of cancer-related deaths worldwide (http://globocan.iarc.fr/). The prevalence of H. pylori has been decreasing in developed countries, coincident with improved sanitation and standards of living, but still affects at least 50% of the world's population especially in developing countries. H. pylori is thus known as a ‘submerging’ rather than an ‘emerging’ pathogen. While the infection, typically acquired in childhood is life-long, most infected individuals do not exhibit recognizable symptoms although they may suffer unrecognized manifestations of the infection such as iron deficiency anemia. Approximately 20% to 30% of infected individuals develop clinically recognized diseases. In countries with a high prevalence of H. pylori infections such as Africa and South Asia, the primary clinical illness is duodenal ulcer disease, which is often unrecognized unless specifically diagnosed. In the absence of medical care, the lack of disease recognition has been erroneously thought to represent the absence of disease and called the African and Asian enigmas [1] (Table 1).




      The pattern of gastritis can predict the outcome of an H. pylori infection. In tropical and semitropical Africa and South Asia, most patients with non-atrophic gastritis produce robust acid secretions, and if a disease develops, it will likely be peptic ulcer. In contrast, the clinical manifestation of gastric ulcer and gastric cancer is tightly associated with atrophic gastritis which is reflected in the high incidence of gastric cancer in Japan, Korea and the northern and mountainous areas of China. The pathogenesis of the different clinical outcomes is multi-factorial with environmental factors (especially diet) often playing a dominant role, e.g., atrophic gastritis is common in East Asia where diets are seasonal and food preservation relies on salt. However, host factors especially those governing the severity of the immune response also affect the outcome of the infection in the individual patient. In addition, virulence factors of H. pylori also play a role in clinical outcomes. In this chapter, we describe the best studied virulence factors vacuolating cytotoxin (VacA) and cytotoxin-associated gene A product (CagA), and discuss their roles as clinically relevant H. pylori virulence factors.




      

        Table 1 Incidence of gastric cancer in 2008




        

          

            

              	Geographic Region



              	Total



              	Male



              	Female

            




            

              	Total Numbers



              	ASR



              	Total Numbers



              	ASR



              	Total Numbers



              	ASR

            


          



          

            

              	World total



              	989598



              	14.1



              	640556



              	19.8



              	349042



              	9.1

            




            

              	Asia



              	727500



              	18.6



              	484244



              	25.9



              	243256



              	11.7

            




            

              	



              	East Asia



              	601314



              	30.0



              	408208



              	42.4



              	193106



              	18.3

            




            

              	



              	West Asia



              	14879



              	9.4



              	9248



              	12.6



              	5631



              	6.7

            




            

              	



              	Southeast Asia



              	43281



              	8.6



              	24926



              	10.9



              	18355



              	6.7

            




            

              	



              	South-Central Asia



              	68037



              	5.3



              	41871



              	6.7



              	26166



              	3.9

            




            

              	Latin America and Caribbean



              	65360



              	11.7



              	39401



              	15.7



              	25959



              	8.4

            




            

              	



              	South America



              	47244



              	12.4



              	29312



              	17.3



              	17932



              	8.4

            




            

              	



              	Central America



              	14144



              	10.9



              	7671



              	12.7



              	6473



              	9.3

            




            

              	



              	Caribbean



              	3972



              	8.5



              	2418



              	11.2



              	1554



              	6.1

            




            

              	Europe



              	146939



              	10.3



              	87548



              	14.7



              	59391



              	7.0

            




            

              	



              	Central-East Europe



              	73940



              	14.7



              	43292



              	22.2



              	30648



              	9.7

            




            

              	



              	South Europe



              	32873



              	10.1



              	19953



              	14.0



              	12920



              	6.8

            




            

              	



              	West Europe



              	27457



              	6.5



              	16530



              	9.0



              	10927



              	4.4

            




            

              	



              	North Europe



              	12669



              	6.2



              	7773



              	8.6



              	4896



              	4.2

            




            

              	Oceania



              	2728



              	5.5



              	1746



              	7.5



              	982



              	3.7

            




            

              	North America



              	24401



              	4.2



              	15051



              	5.8



              	9350



              	2.8

            




            

              	Africa



              	22659



              	4.0



              	12557



              	4.7



              	10102



              	3.3

            


          

        




        




      




      Data were obtained from GLOBOCAN databases, which provide access to the most recent estimates (2008) for the incidence of and mortality from 27 major cancers worldwide and are organized by the International Agency for Research on Cancer (IARC) (http://globocan.iarc.fr/).




      In addition to the ASR for geographic regions, 20 countries with ASRs that are equal to or more than 17.0 for the total (male and female) with total number of gastric cancers more than 100 are listed.




      

        vacA (Vacuolating Cytotoxin)




        The vacA gene encoding a vacuolating cytotoxin is present in most H. pylori strains. Until recently, the biological role of vacA in disease pathogenesis was unclear and most observations based on in vitro experiments did not demonstrate its clinical relevance. VacA was identified because it induced vacuolation in some cell lines in vitro. Detailed study of this in vitro activity showed multiple cellular activities, such as membrane-channel formation, cytochrome c release from mitochondria leading to apoptosis, and binding to cell-membrane receptors, resulting in the initiation of a proinflammatory response [2-4]. VacA also can specifically inhibit T-cell activation and proliferation, although it is not clear whether these results, seen in vitro, are observed in vivo [5-7]. More recent evidence suggests that the primary role of VacA is related to autophagy, assisting in the production of the vacuole in which intracellular H. pylori can survive [8]. This is probably the most important role of VacA in vivo, and possibly its only important role in clinical disease.




        The structure of the vacA gene varies with differences at the signal (s) regions (s1 and s2) and middle (m) regions (m1 and m2). These differences contribute to variations in the in vitro vacuolating activity of different H. pylori strains [9] (Fig. 1) with s1/m1 strains being the most cytotoxic. Although s2/m2 strains have no in vitro cytotoxic activity, and s1/m2 strains have reduced activity, their effects on autophagy remain unstudied [9]. Risk of peptic ulcer or gastric cancer correlates best with the severity of inflammation produced by the infecting strain, and few studies have attempted to control for other variables known to be associated with inflammation. Studies from Western countries have suggested that patients infected with vacA s1 or m1 strains are at increased risk for developing peptic ulcers and/or gastric cancer compared to those infected with s2 or m2 strains [9-11]. It is possible that the overall inflammatory response is reduced because s2 or m2 strains are less able to enter and survive within epithelial cells, and may explain these epidemiological data. In East Asia, most H. pylori strains possess the vacA s1 genotype, and the s region genotypes are independent of clinical outcomes; however, the biological basis for these observations reported from Western countries remains unknown [12,13].




        The m1 genotype is common in Northeast Asian countries, such as Japan and South Korea, and the m2 genotype is predominant in Southeast Asia (e.g., Taiwan and Vietnam) [13,14]. Because the incidence of gastric cancer is higher in northern regions than in southern regions of East Asia, it is possible that the m region plays a role in these regional differences. The north-south difference is also evident in Vietnam with the m1 genotype and gastric cancer more prevalent in Hanoi than Ho Chi Minh City [15]. Okinawa consists of several small islands in southwestern Japan. Although the prevalence of H. pylori in Okinawa is not different from other parts of Japan, the incidence of gastric cancer in Okinawa (6.3 deaths/100,000 population) is the lowest in Japan (mean mortality rate of Japan, 11.8 deaths/100,000 population in 2009) (http://www.ncc.go.jp/). It is important to note that Okinawa is a tropical region with a markedly different diet and salt intake from mainland Japan, and was originally populated by non-Japanese (i.e., most of the H. pylori strains possess the vacA s1/m1 genotype in mainland Japan [13] compared to less than 70% of the strains in Okinawa [16]). Of the 337 strains evaluated from Okinawa we found that the vacA s1/m2 genotype was uncommon in this with only H. pylori gastritis (17.3%), and even less common in gastric ulcer (7.9%) (P = 0.04); vacA s2/m2 was higher in gastritis (22.4%) than in gastric ulcer (11.9%), duodenal ulcer (10.5%), and gastric cancer (4.2%) (P = 0.04, P = 0.01, and P = 0.04, respectively). We did not compare the genotype with extent, severity, pattern of gastritis, or inhabitants’ country of origin. However, even in East Asia in areas where non-s1/m1 strains are common, vacA m genotypes roughly correlated with risk of different H pylori-related diseases.
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          Figure 1)




          Structural polymorphism in the vacA gene. The vacA s1 genotype has a 27-bp deletion as compared to the s2 genotype. The vacA i region can be classified into 2 types (i1 and i2, shaded in orange and red, respectively) according to the amino acid sequences denoted as clusters A, B, and C (from left to right). The vacA d2 genotype has a 69- to 81-bp deletion as compared to the d1 genotype. The vacA m1 genotype has a 73-bp deletion as compared to the m2 genotype. As shown in this figure, typical types of clinical isolates are either vacA s1/i1/d1/m1 or s2/i2/d2/m2 types.


        




        The vacA s1 and m1 genotypes are subdivided into 3 types: s1a, s1b, and s1c [9]; m1a, m1b, and m1c, respectively [17]. The vacA s1c and m1b genotypes are common in East Asia, whereas the s1a and m1c genotypes are common in South Asia [13,17]. The vacA m1c is the predominant genotype in Central Asia (Calcuttans and ethnic Kazakhs) [13] and the m1a genotype common in Africans and ethnic Europeans [13]. Both the s1a and s1b genotypes are common in ethnic Europeans, whereas s1b genotypes are especially common in the Iberian Peninsula and Latin America [18]. The s1b genotype is predominant in Africa [18]. However, it currently remains unclear whether subtypes of the s1 and m1 genotypes correlate with clinical outcomes or to differences in the extent, severity, or distribution of gastritis.




        A third region of vacA, known as the intermediate (i) region, has been identified between the s region and the m region [19] (Fig. 1). All s1/m1 strains are classified as i1 genotype, and all s2/m2 strains as i2 genotype. Although s1/m1 strains can be classified as either i1 or i2 genotype, it has been suggested that i1 strains are possibly more pathogenic. In another study, an intermediate variant (i3) was identified in Turkish strains (25.7%) [20]. Originally, it was reported that, in Iran, the vacA i genotype was more useful in identifying risk of gastric cancer than typing the s or m regions. A subsequent study suggested that the vacA i genotype is related to peptic ulcers in Iraq and Italy [21,22]. Another study showed that the polymorphisms at amino acid position 196 of vacA, which is located in the i region, are associated with severe outcomes in South Korea [23]. However, in East and Southeast Asia, no associations are found between the i region and clinical outcomes [24]. Finally, a study from Portugal examined patients with progression to more severe histological diagnoses after a mean of 12.8 year follow-up and reported that vacA i genotyping did not improve the prediction of progression in relation to other vacAloci, s and m regions [25]. A fourth disease-related region identified between the i region and the m region has been described as the deletion or d region [26] (Fig. 1). The d region is divided into a d1 genotype (no deletion) and d2 genotype with a 69- to 81-bp deletion. In Western strains, the d1 genotype was associated with mucosal atrophy. Almost all East Asian strains are classified as s1/i1/d1, d genotypes thus, d genotyping is less useful as a marker for clinical outcomes. Overall, genotyping of the vacA i and d regions has provided interesting but not clinically useful data and no information on the involvement of these genotypes in pathogenesis.


      




      

        CagA (Cytotoxin-Associated Gene A Product)




        cagA, which encodes a highly immunogenic protein (CagA) is located at one end of the cag pathogenicity island (PAI). The approximately 40-kbp region of the PAI is believed to have been incorporated into the H. pylori genome by horizontal transfer from an unknown source [27]. The cag PAI encodes a type-IV secretion system (T4SS) (i.e., molecular syringe), which injects CagA and possibly other proteins into host cells. One of the proteins, CagL is a protein that covers the pilus and acts as a specialized adhesin to connect the T4SS to the target cell [28]. CagL binds to and activates host cell α5β1 integrins for delivery of CagA across the host cell membrane. The injected CagA then interacts with various target molecules in host cells including the cytoplasmic Src homology-2 domain of Src homology-2 phosphatase (SHP-2), which is known to have oncogenic activity [29]. Studies of Mongolian gerbils showed that gastric cancer develops in animals infected with wild-type H. pylori but not in gerbils infected with isogenic cagA mutants [30,31]. However, it is difficult to produce gastric cancer by H. pylori infection of Mongolian gerbils. An interesting study showed that gastric cancer and other malignant neoplasms occur in some transgenic mice with an artificially introduced CagA protein [32]. These results provide evidence that CagA may act as a bacterial oncoprotein when integrated into the host genome; however, whether this is relevant to clinical infection in which it is injected only into gastric cells is unknown.




        Almost all H. pylori isolates from East Asia are cagA-positive, whereas 20% to 40% of isolates from Western countries do not possess cagA (i.e., cagA-negative) [13]. In Western countries, infection with cagA-positive strains is associated with a greater inflammatory response and an increased risk of peptic ulcer and/or gastric cancer compared to infection with cagA-negative strains [33,34]. Almost all cagA-positive strains are also vacA s1 (either m1 or m2), whereas almost all cagA-negative strains are classified as vacA s2/m2 strains [9]. Both cagA-positive and cagA-negative infections are associated with the development of peptic ulcer and gastric cancer but the risk is typically lower and likely correlates with the lower inflammatory response to the infection.




        CagA-positive strains have been subdivided into East Asian and Western types according to the sequence located in the 3′ region of cagA [35,36]. This repeat-region was initially classified into 2 types (i.e., first repeat and second repeat). The sequence of the second-repeat region differs between East Asian and Western strains [13,35-37]. Each region contains the tyrosine phosphorylation site motif: Glu-Pro-Ile-Tyr-Ala (EPIYA). The first-repeat regions have been renamed EPIYA-A and EPIYA-B segments and the second-repeat region in Western and East Asian strains as EPIYA-C and EPIYA-D segments, respectively [29] (Fig. 2). Each CagA sequence is assigned a sequence type based on the EPIYA segments in the sequence (i.e., ABC, ABCC, ABCCC etc. for Wester-type CagA and ABD etc. for East Asian-type CagA) (Fig. 2).
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          Figure 2)




          Structural polymorphism in CagA. Western-type CagA contain the EPIYA-A, EPIYA-B, and EPIYA-C segments; whereas East Asian-type CagA contain the EPIYA-A, EPIYA-B and EPIYA-D segments, but do not possess the EPIYA-C segment. EPIYA-motif in each segment represent the tyrosine phosphorylation sites of CagA. The sequence flanking the tyrosine phosphorylation site of the EPIYA-D segment (EPIYATIDF), but not the EPIYA-C segment (EPIYATIDD), matches perfectly the consensus high-affinity binding sequence for the SH2 domains of SHP2.


        




        In vitro experiments have shown that CagA with a EPIYA-D segment has a higher binding ability for SHP-2 than CagA with a EPIYA-C segment [29]. Epidemiological studies from Thailand and South Korea also showed that individuals infected with East Asian-type cagA strains are at increased risk of peptic ulcer or gastric cancer compared with those infected with Western-type cagA strains [23,38]. Similarly, the difference in incidences of gastric cancer between Okinawa and mainland Japan also correlate with the difference in prevalence of Western-type cagA strains in Okinawa compared with other areas of Japan [16]. In our study from Okinawa, the East Asian-type cagA genotype was significantly more prevalent in strains derived from gastric ulcers (83.2%) and gastric cancer (87.5%) than those with only gastritis (60.2%) (P < 0.001 and P = 0.01, respectively) and those derived from duodenal ulcer (64.0%) (P = 0.001 and 0.02, respectively). In contrast, there was no significant difference between the prevalence of East Asian-type cagA in duodenal ulcers (64.0%). These data suggest that the pattern of gastritis in individuals with East Asian-type CagA had more rapid progression of gastric damage and more extensive and severe atrophic gastritis overall. It remains unclear whether the increased risk of cancer was related to the the Japanese had migrated to Okinawa from an area with a high incidence of gastric cancer as they would be more likely to retain that risk after migration. In contrast their children and grandchildren would be likely to have lower and steadily falling risks similar to the surrounding population. In mainland Japan, the incidence of gastric cancer fell approximately 60% between 1965 and 1995 despite no change in H. pylori infection or infecting strain. Such a rapid change is most consistent with changes in the environment especially diet. Importantly, the highest incidence of gastric cancer is found in the mountains of Costa Rica, an area in which East Asian-type H. pylori strains are absent. Overall, careful epidemiologic studies comparing place of birth, diet, and histology over time will be required to determine whether the East Asian-type cagA is specifically related to the development of gastric cancer.




        A number of second-repeat regions have been reported to be associated with gastric cancer both in East Asian and Western countries [35,36]. For example, the incidence of gastric cancer is higher in Colombia than in the US (age-standardized incidence rates per 100,000 population = 4.1), and 57% of Colombian isolates have 2 EPIYA-C segments compared with only 4% of the isolates from the U.S. [14]. Subsequent studies have confirmed the association of gastric cancer with strains with multiple EPIYA-C segments compared with those infected with a single segment [35,36,39,40]. Recent in vitro data have shown that C-terminal Src tyrosine kinase (Csk), which is an important molecule involved in intracellular signaling systems, prefers to bind EPIYA-A and EPIYA-B motifs [41]. We recently reported that c-Src can only phosphorylate EPIYA- C and D motifs, while c-Abl phosphorylates EPIYA-A, -B, -C and -D motifs [42]. These data suggest that EPIYA-A, -B, -C and -D motifs all play some role. We previously showed that the number of repeats could be easily changed in the stomach [36,37]. The incidence of gastric cancer fell rapidly in most countries over the same 50 years described in the Japan study above. It is possible that the H. pylori with cagA containing multiple repeats also decreased. This concept is supported by studies in children where despite the high prevalence of multiple repeats in the infected elderly this pattern is not found in children [43]. Importantly, strains with an increased number of repeats has been shown to be sensitive to acid [36], suggesting that the number of repeats is a post hoc event occurring in response to the development of atrophic gastritis and not the cause. The overall correlation of any cagA genotype with an outcome is potentially a surrogate marker for a biologically important event or events; however, such an event is currently unknown.


      




      

        Detection of Genomic Changes




        The rapid advances in sequencing technology have provided new rapid methods to identify novel putative virulence factors [44-46]. McClain et al. compared the genome sequences of an isolate obtained from a patient with gastric cancer (strain 98-10) with an isolate from a patient with gastric ulcer (strain B128) to search for strain-specific genes of strain 98-10 associated with gastric cancer using a next-generation sequencer [47]. Kawai et al. used this approach to study the evolution of East Asian strains using 20 whole genomes of Japanese, Korean, Amerindian, European, and West African strains [45]. A phylogenetic analysis revealed greater divergence between the East Asian strains and the Western strains in genes related to virulence factors, especially those related to outer membrane proteins and lipopolysaccharide synthesis enzymes. Genomic changes during infection also have been studied. The whole-genome sequence of strain HPAG1 was determined with the whole-genome shotgun method, and the data obtained were used to design a custom microarray [48]. Genotyping of isolates that were obtained from patients with chronic atrophic gastritis revealed that genes are gained and lost during the progression of the disease. Whole-genome transcriptional profiling also identified genes associated with the adaptation of H. pylori to chronic atrophic gastritis. A chronological comparison of the whole genome was performed on 5 sets of H. pylori strains from Colombia with isolation intervals of 3 to 16 years using the next-generation sequencing technology to identify genomic changes occurring in the same stomach [49]. Data obtained from the massively parallel sequencing technology should provide valuable candidates for novel virulence factors.


      


    




    

      CONCLUSIONS




      Of the approximately 1,600 genes contained in the H. pylori genome, it is likely that only a fraction of potential virulence genes have been identified. Comparative genomic techniques and the sequential sampling of the stomach during the course of the infection may provide an opportunity to correlate changes in bacteria with environmental factors, such as diet (e.g., salt intake), which are critical determinants of outcome. Future studies should examine putative virulence factors as groups or as part of a virulence complex rather than individually. This approach is likely to provide a more complete understanding of the underlying mechanism of H. pylori-induced gastric inflammation that leads to severe gastroduodenal diseases by combining bacterial virulence factors with other factors, such as the environment and host.


    


  




  

    ACKNOWLEDGeMENTS




    His report is based on work supported in part by grants from the National Institutes of Health (DK62813), grants-in-aid for Scientific Research from the Ministry of Education, Culture, Sports, Science, and Technology (MEXT) of Japan (22390085 and 22659087), Special Coordination Funds for Promoting Science and Technology from MEXT of Japan, and a Research Fund at the Discretion of the President, Oita University. Dr. Graham is supported in part by the Office of Research and Development Medical Research Service Department of Veterans Affairs, Public Health Service grants DK067366 and DK56338 which funds the Texas Medical Center Digestive Diseases Center. The contents are solely the responsibility of the authors and do not necessarily represent the official views of the VA or NIH.




    

      CONFLICT OF INTEREST




      The author(s) confirm that this chapter content has no conflict of interest.


    




    References




    

      

        	



        	

      




      

        	
[1]



        	Graham D.Y., Lu H., Yamaoka Y.. African, Asian or Indian enigma, the East Asian Helicobacter pylori: facts or medical myths.J. Dig. Dis.2009107784

      




      

        	
[2]



        	Atherton J.C.. The pathogenesis of Helicobacter pylori-induced gastro-duodenal diseases.Annu Rev Pathol Mech Dis200616396

      




      

        	
[3]



        	Cover T.L., Blanke S.R.. Helicobacter pylori VacA, a paradigm for toxin multifunctionality.Nat. Rev. Microbiol.20053320332

      




      

        	
[4]



        	Kusters J.G., van Vliet A.H., Kuipers E.J.. Pathogenesis of Helicobacter pylori infection.Clin. Microbiol. Rev.200619449490

      




      

        	
[5]



        	Boncristiano M., Paccani S.R., Barone S., et al. The Helicobacter pylori vacuolating toxin inhibits T cell activation by two independent mechanisms.J. Exp. Med.200319818871897

      




      

        	
[6]



        	Gebert B., Fischer W., Weiss E., Hoffmann R., Haas R.. Helicobacter pylori vacuolating cytotoxin inhibits T lymphocyte activation.Science200330110991102

      




      

        	
[7]



        	Sundrud M.S., Torres V.J., Unutmaz D., Cover T.L.. Inhibition of primary human T cell proliferation by Helicobacter pylori vacuolating toxin (VacA) is independent of VacA effects on IL-2 secretion.Proc. Natl. Acad. Sci. USA200410177277732

      




      

        	
[8]



        	Raju D., Hussey S., Ang M., et al. Vacuolating cytotoxin and variants in Atg16L1 that disrupt autophagy promote Helicobacter pylori infection in humans.Gastroenterology201214211601171

      




      

        	
[9]



        	Atherton J.C., Cao P., Peek R.M. Jr, et al. Mosaicism in vacuolating cytotoxin alleles of Helicobacter pylori. Association of specific vacA types with cytotoxin production and peptic ulceration.J. Biol. Chem.19952701777117777

      




      

        	
[10]



        	Sugimoto M., Zali M.R., Yamaoka Y.. The association of vacA genotypes and Helicobacter pylori-related gastroduodenal diseases in the Middle East.Eur. J. Clin. Microbiol. Infect. Dis.20092812271236

      




      

        	
[11]



        	Sugimoto M., Yamaoka Y.. The association of vacA genotype and Helicobacter pylori-related disease in Latin American and African populations.Clin. Microbiol. Infect.200915835842

      




      

        	
[12]



        	Yamaoka Y., Kodama T., Gutierrez O., et al. Relationship between Helicobacter pylori iceA, cagA, and vacA status and clinical outcome: studies in four different countries.J. Clin. Microbiol.19993722742279

      




      

        	
[13]



        	Yamaoka Y., Orito E., Mizokami M., et al. Helicobacter pylori in North and South America before Columbus.FEBS Lett.2002517180184

      




      

        	
[14]



        	Yamaoka Y.. Mechanisms of disease: Helicobacter pylori virulence factors.Nat. Rev. Gastroenterol. Hepatol.20107629641

      




      

        	
[15]



        	Uchida T., Nguyen L.T., Takayama A., et al. Analysis of virulence factors of Helicobacter pylori isolated from a Vietnamese population.BMC Microbiol.20099175

      




      

        	
[16]



        	Matsunari O., Shiota S., Suzuki R., et al. Association between Helicobacter pylori virulence factors and gastroduodenal diseases in Okinawa, Japan.J. Clin. Microbiol.201250876883

      




      

        	
[17]



        	Mukhopadhyay A.K., Kersulyte D., Jeong J.Y., et al. Distinctiveness of genotypes of Helicobacter pylori in Calcutta, India.J. Bacteriol.200018232193227

      




      

        	
[18]



        	Sugimoto M., Yamaoka Y.. The association of vacA genotype and Helicobacter pylori-related disease in Latin American and African populations.Clin. Microbiol. Infect.200915835842

      




      

        	
[19]



        	Rhead J.L., Letley D.P., Mohammadi M., et al. A new Helicobacter pylori vacuolating cytotoxin determinant, the intermediate region, is associated with gastric cancer.Gastroenterology2007133926936

      




      

        	
[20]



        	Chung C., Olivares A., Torres E., et al. Diversity of VacA intermediate region among Helicobacter pylori strains from several regions of the world.J. Clin. Microbiol.201048690696

      




      

        	
[21]



        	Hussein N.R., Mohammadi M., Talebkhan Y., et al. Differences in virulence markers between Helicobacter pylori strains from Iraq and those from Iran: potential importance of regional differences in H. pylori-associated disease.J. Clin. Microbiol.20084617741779

      




      

        	
[22]



        	Basso D., Zambon C.F., Letley D.P., et al. Clinical relevance of Helicobacter pylori cagA and vacA gene polymorphisms.Gastroenterology20081359199

      




      

        	
[23]



        	Jones K.R., Jang S., Chang J.Y., et al. Polymorphisms in the intermediate region of VacA impact Helicobacter pylori-induced disease development.J. Clin. Microbiol.201149101110

      




      

        	
[24]



        	Ogiwara H., Graham D.Y., Yamaoka Y.. vacA i-region subtyping.Gastroenterology20081341267

      




      

        	
[25]



        	Ferreira R.M., Figueiredo C., Bonet C., et al. Helicobacter pylori vacA intermediate region genotyping and progression of gastric preneoplastic lesions.Am. J. Gastroenterol.2012107145146

      




      

        	
[26]



        	Ogiwara H., Sugimoto M., Ohno T., et al. Role of deletion located between the intermediate and middle regions of the Helicobacter pylori vacA gene in cases of gastroduodenal diseases.J. Clin. Microbiol.20094734933500

      




      

        	
[27]



        	Censini S., Lange C., Xiang Z., et al. cag, a pathogenicity island of Helicobacter pylori, encodes type I-specific and disease-associated virulence factors.Proc. Natl. Acad. Sci. USA1996931464814653

      




      

        	
[28]



        	Kwok T., Zabler D., Urman S., et al. Helicobacter exploits integrin for type IV secretion and kinase activation.Nature2007449862866

      




      

        	
[29]



        	Hatakeyama M.. Oncogenic mechanisms of the Helicobacter pylori CagA protein.Nat. Rev. Cancer20044688694

      




      

        	
[30]



        	Franco A.T., Israel D.A., Washington M.K., et al. Activation of beta-catenin by carcinogenic Helicobacter pylori.Proc. Natl. Acad. Sci. USA20051021064610651

      




      

        	
[31]



        	Franco A.T., Johnston E., Krishna U., et al. Regulation of gastric carcinogenesis by Helicobacter pylori virulence factors.Cancer Res.200868379387

      




      

        	
[32]



        	Ohnishi N., Yuasa H., Tanaka S., et al. Transgenic expression of Helicobacter pylori CagA induces gastrointestinal and hematopoietic neoplasms in mouse.Proc. Natl. Acad. Sci. USA200810510031008

      




      

        	
[33]



        	van Doorn L.J., Figueiredo C., Sanna R., et al. Clinical relevance of the cagA, vacA, and iceA status of Helicobacter pylori.Gastroenterology19981155866

      




      

        	
[34]



        	Yamaoka Y., Kikuchi S., El-Zimaity H.M., et al. Importance of Helicobacter pylori oipA in clinical presentation, gastric inflammation, and mucosal interleukin 8 production.Gastroenterology2002123414424

      




      

        	
[35]



        	Yamaoka Y., Kodama T., Kashima K., Graham D.Y., Sepulveda A.R.. Variants of the 3′ region of the cagA gene in Helicobacter pylori isolates from patients with different H. pylori-associated diseases.J. Clin. Microbiol.19983622582263

      




      

        	
[36]



        	Yamaoka Y., El-Zimaity H.M., Gutierrez O., et al. Relationship between the cagA 3′ repeat region of Helicobacter pylori, gastric histology, and susceptibility to low pH.Gastroenterology1999117342349

      




      

        	
[37]



        	Yamaoka Y., Osato M.S., Sepulveda A.R., et al. Molecular epidemiology of Helicobacter pylori: separation of H. pylori from East Asian and non-Asian countries.Epidemiol. Infect.20001249196

      




      

        	
[38]



        	Vilaichone R.K., Mahachai V., Tumwasorn S., et al. Molecular epidemiology and outcome of Helicobacter pylori infection in Thailand: a cultural cross roads.Helicobacter20049453459

      




      

        	
[39]



        	Argent R.H., Kidd M., Owen R.J., et al. Determinants and consequences of different levels of CagA phosphorylation for clinical isolates of Helicobacter pylori.Gastroenterology2004127514523

      




      

        	
[40]



        	Azuma T., Yamakawa A., Yamazaki S., et al. Correlation between variation of the 3′ region of the cagA gene in Helicobacter pylori and disease outcome in Japan.J. Infect. Dis.200218616211630

      




      

        	
[41]



        	Selbach M., Paul F.E., Brandt S., et al. Host cell interactome of tyrosine-phosphorylated bacterial proteins.Cell Host Microbe20095397403

      




      

        	
[42]



        	Mueller D., Tegtmeyer N., Brandt S., et al. c-Src and c-Abl kinases control hierarchic phosphorylation and function of the CagA effector protein in Western and East Asian Helicobacter pylori strains.J. Clin. Invest.2012

      




      

        	
[43]



        	Yamaoka Y., Reddy R., Graham D.Y.. Helicobacter pylori virulence factor genotypes in children in the United States: clues about genotype and outcome relationships.J. Clin. Microbiol.20104825502551

      




      

        	
[44]



        	Fischer W., Windhager L., Rohrer S., et al. Strain-specific genes of Helicobacter pylori: genome evolution driven by a novel type IV secretion system and genomic island transfer.Nucleic Acids Res.2010

      




      

        	
[45]



        	Kawai M., Furuta Y., Yahara K., et al. Evolution in an oncogenic bacterial species with extreme genome plasticity: Helicobacter pylori East Asian genomes.BMC Microbiol.201111104

      




      

        	
[46]



        	McClain M.S., Shaffer C.L., Israel D.A., Peek R.M. Jr, Cover T.L.. Genome sequence analysis of Helicobacter pylori strains associated with gastric ulceration and gastric cancer.BMC Genomics2009103

      




      

        	
[47]



        	McNamara D.. Helicobacter pylori infection and the pathogenesis of gastric cancer: a paradigm for host-bacterial interactions. 2008..

      




      

        	
[48]



        	Oh J.D., Kling-Backhed H., Giannakis M., et al. The complete genome sequence of a chronic atrophic gastritis Helicobacter pylori strain: evolution during disease progression.Proc. Natl. Acad. Sci. USA2006103999910004

      




      

        	
[49]



        	Kennemann L., Didelot X., Aebischer T., et al. Helicobacter pylori genome evolution during human infection.Proc. Natl. Acad. Sci. USA201110850335038

      


    


  




  




  

    Epidemiology, Transmission and Public Health Implications of Helicobacter pylori Infection in Western Countries




    


    Mónica S. Sierra*, Emily V. Hastings, Katharine Fagan-Garcia, Amy Colquhoun, Karen J. Goodman




    

      University of Alberta Division of Gastroenterology, Edmonton, Canada


    






    

      Abstract




      Across western countries, the observed prevalence of H. pylori infection ranges from 4% to 95% in adults and 4% to 82% in children, with estimates varying by country and subpopulation within countries. Reported incidence ranges from 0 to 7.3% per year in adults, with higher rates observed among travelers to high prevalence areas. Reported incidence ranges from 0 to 1.7% per month in children under 2 years old and 0.11% to 16% per year in 2- to 18-year olds. Reported elimination rates in children range from 0.37% to 35% per year. Evidence points to direct person-to-person contact as the predominant mode of transmission. Factors linked to increased prevalence in adults include residential crowding, institutionalization, and having hepatitis A virus. In children, H. pylori infection is associated with age, indicators of poor socioeconomic status such as residential crowding and parents’ education level, and migration from high prevalence areas. Factors associated with elimination of H. pylori in childhood are age, sex, ethnicity, and antibiotic use. Recurrence of H. pylori infection after successful treatment is not frequently observed in western countries. Studies investigating the relationship between intrafamilial clustering of H. pylori infection and H. pylori recurrence have had inconsistent results. Development of cost-effective prevention strategies requires more evidence pertaining to transmission pathways and risk factors, as well as more effective treatments, particularly for high prevalence subpopulations.
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      NATURAL HISTORY OF H.PYLORI INFECTION




      At onset, Helicobacter pylori infection has non-specific dyspeptic symptoms and generally goes undetected, thus few acute cases have been observed [1-3]. Evidence suggests that acute infection sometimes resolves spontaneously without




      the development of detectable antibodies [2,4]. In other cases the infection persists indefinitely, generating specific anti-H. pylori IgG, generally detectable while the infection is present [2,4]; antibody titers often, but not always, reduce to undetectable levels following elimination of the infection [2,4]. Because of obstacles to studying the course of acute cases, it is not known what proportion of acute H. pylori infections become chronic [1,2,4]. Chronic H. pylori infection is nearly always accompanied by chronic gastritis [1,2,4] and occasionally leads to duodenal ulcers, gastric ulcers, and, more rarely, gastric carcinoma [1-4]. Chronic gastritis and peptic ulcer disease are more common in older and low-income populations [4]. Chronic H. pylori-associated gastritis is generally asymptomatic, particularly in children; symptomatic diseases associated with long-term infection generally occur in adults [1,2,4].




      Initially, epidemiologic studies of H. pylori infection focused on adults; this focus changed with growing evidence that most infections are acquired in childhood [3]. Epidemiologic evidence shows that the prevalence of H. pylori infection is much higher in developing countries than in the developed world, with estimates in the range of 22 to 95% and 1 to 58%, respectively [3,5,6]. The prevalence of H. pylori infection varies by geographic location, ethnicity, socioeconomic status, and age [1,3]. In developing countries, most people become infected during childhood; in developed countries, a smaller percentage of children become infected and the prevalence of infection increases with age [3,7]. The aim of this chapter is to provide a summary of the evidence pertaining to the epidemiology, transmission, and public health implications of H. pylori infection in countries in the western part of the world, specifically: Western Europe, North America, and Oceania.


    




    

      EPIDEMIOLOGY OF H.PYLORI INFECTION IN WESTERN COUNTRIES




      

        Occurrence




        Measures of occurrence of H. pylori infection reported in the literature include estimates of prevalence, incidence rates and elimination rates. The prevalence is the proportion of persons in a defined population who have H. pylori infection at a point in time. Incidence and elimination measures have as their numerator the number of H. pylori infection events (infections acquired or eliminated) in a defined population during a specific period of time. Incidence and elimination rates have as their denominator the person-time at risk of an infection event. Given that new H. pylori infections are not generally detected at onset, acquisition of H. pylori infection is inferred if tests that classify the infection status of an individual change from negative to positive from one exam to the next. Similarly, the elimination (loss or clearance) of H. pylori infection is inferred when the infection status of an individual changes from positive to negative from one exam to the next. Longitudinal studies of H. pylori infection are limited to testing for H. pylori at designated intervals and classifying subjects as having or not having a prevalent infection at each follow-up exam; therefore, the time of infection events can only be known to occur at some point during the interval between observations. To estimate the denominator for incidence or elimination rates, investigators must make assumptions about the average time of infection events within intervals.




        A systematic review of the H. pylori literature was conducted to identify high quality reviews published in Ovid-Medline between 2000 and 2012. To identify published reviews, Helicobacter pylori (both as a medical subject heading and free text term) was combined using the set operator “OR” with the terms: helicobacter infections, isolation and purification, diagnosis, pathology, therapy, and transmission. These key terms were linked with the “AND” operator to the following terms either in the abstract, title, or as free text: prevalence or incidence, acquisition or persistence, elimination. The search was limited to review articles published in English. High quality reviews were defined as reports published in an epidemiology journal or reviews that met the following criteria: (a) listed one of the following key words: systematic review, meta-analysis, critical review, comprehensive review (in the title, abstract, or text); or (b) explicitly listed the criteria that were used to include or exclude study reports.




        The selected review papers were scrutinized for reports of prevalence, incidence, or elimination of H. pylori infection in a non-infirm population from an identified geographic location in a western country (Western Europe, North America, including Greenland, and Oceania). Original sources were consulted when detailed information regarding sample size, detection method, population characteristics, or confidence intervals were not available in the review paper; in those instances the original source is also cited. The restriction to non-infirm populations excluded studies of patients being evaluated for symptoms; it included studies of people in non-clinical settings or clinical settings with non-infirm people, such as vaccination trials or prenatal care.




        A second literature review was conducted to identify cohort studies of H. pylori infection in non-infirm populations of children from an identified geographic location in a western country (Western Europe, North America, including Greenland, and Oceania). To identify published reports, Helicobacter pylori (both as a medical subject heading and free text term) was combined using the set operator “OR” with the term helicobacter infections. These key terms were linked with the “AND” operator to the following terms either in the abstract, title, or as free text: incidence, acquisition or persistence, elimination or clearance. The search was limited to “all child (0 to 18 years)" and articles published in English. Articles were included in the review if the following information was included in the abstract or text: (a) incidence, (b) elimination or clearance, or (c) event counts and person-time at risk or person-time of follow-up.




        Estimates of prevalence, incidence rates and elimination rates are presented in tables showing the study location, population and H. pylori detection method. In addition, factors examined in association with these estimates are summarized in tables showing the study location and classifying associations as positive, inverse or null. Reported associations are further subdivided by their statistical precision (precise vs. imprecise), with associations for which precision was not reported included in the imprecise category.




        

          Prevalence




          

            Prevalence in Adults




            Across varied populations of adults in western countries, the reported prevalence of H. pylori infection ranges from 10% to 95% (Tables 1, 2). Low prevalence has been observed in general populations within the United States and Denmark [1], and among pregnant women seeking antenatal care in a study by Blecker and Vandenplas (1993) in Brussels, Belgium (as cited in [2]). Conversely, high prevalence has been observed in a Canadian Aboriginal population in a study by Bernstein et al. (1999) (as cited in [8]), in a Finnish study by Aromaa et al. (1996) (as cited in [9]), as well as in studies of institutionalized persons in the Netherlands and Australia, by Bohmer (1997) and Lambert (1995), respectively (as cited in [1,9]).




            

              Table 1 Prevalence of H. pylori infection in adults in Western Countries.




              

                

                  

                    	Study Location, Year, and Author



                    	Study Population



                    	



                    	Detection Method



                    	Age Range (Years)



                    	Sample Size



                    	
Prevalence


                    (%)


                  


                



                

                  

                    	Western Europe

                  




                  

                    	Belgium2


                    1993


                    Blecker



                    	Asymptomatic pregnant women seeking antenatal care in Brussels



                    	



                    	Serology



                    	20-29


                    30-40



                    	213


                    276



                    	12


                    23

                  




                  

                    	Belgium5,[10]


                    2008


                    De Schryver



                    	Workers


                    Cases: caretakers of institutionalized


                    children with intellectual disability at 2 institutions


                    Controls: administrative workers (volunteers for a check-up for cardiovascular risk factors)



                    	



                    	Serology



                    	20-50


                    Mean 36 (SD=


                    8.0)


                    Mean 39 (SD=


                    7.9)



                    	587


                    390



                    	41


                    29

                  




                  

                    	Denmark4


                    1996


                    Andersen



                    	General population



                    	



                    	Serology



                    	30-60



                    	3,589



                    	26

                  




                  

                    	Denmark4


                    1993



                    	General population, EUROGAST Study group13




                    	



                    	Serology



                    	25-34


                    55-64



                    	157



                    	15


                    30

                  




                  

                    	England2,[11]


                    1994


                    Webb



                    	Male factory employees in Stoke on Trent



                    	Non-manual occupation


                    Manual occupation



                    	Serology



                    	18-65


                    18-65



                    	65


                    406



                    	22


                    229


                    40


                    409


                  




                  

                    	England and Wales3




                    	Male participants in two cohort studies11 between



                    	



                    	Serology



                    	35-64



                    	116



                    	47

                  




                  

                    	1991


                    Forman



                    	1975-1982



                    	



                    	



                    	



                    	



                    	

                  




                  

                    	England3


                    1997


                    Wald



                    	Professional men attending the British United Provident Association medical center in London during 1975-1982



                    	



                    	Serology



                    	35-64



                    	1,296



                    	46

                  




                  

                    	Finland3


                    1996


                    Aromaa



                    	Participants randomly selected from the 1966-1972 Mobile Clinic Unit of the Social Insurance Institution screening examinations across Finland



                    	



                    	Serology



                    	32-85



                    	146



                    	83

                  




                  

                    	France2, 14,[12]


                    1989


                    Megraud



                    	Random sample of adults attending a health checkup center



                    	



                    	Serology



                    	20-29


                    30-39


                    40-49


                    50-59


                    ≥60



                    	105


                    299


                    285


                    324


                    45



                    	25


                    26


                    30


                    35


                    30

                  




                  

                    	Germany6


                    Weyermann 2009



                    	Parents of children enrolled in a birth cohort study, Ulm



                    	Mothers


                    German


                    Turkish


                    Other


                    Fathers


                    German


                    Turkish


                    Other



                    	UBT


                    SAT



                    	Mean 31.8


                    Mean 34.2



                    	613


                    551


                    17


                    45


                    662


                    605


                    11


                    46



                    	17


                    13


                    77


                    44


                    18


                    16


                    64


                    35

                  




                  

                    	Italy2


                    1994


                    Palli



                    	Random sample of residents of four geographic areas in Italy: Forli, Imola, Florence, Genoa & Cagliari



                    	



                    	Serology



                    	35-49


                    50-64



                    	234


                    335



                    	36


                    47

                  




                  

                    	Italy5


                    2008


                    Zagari



                    	Residents of two northern villages who participated in earlier population-based survey



                    	



                    	UBT and biopsy10




                    	≥ 32 Mean


                    59



                    	1,033



                    	58

                  




                  

                    	Ireland6,[13]


                    2006


                    Rowland



                    	Parents of children enrolled in a cohort study



                    	Mothers


                    Fathers



                    	UBT



                    	Not reported



                    	286


                    136



                    	45


                    51

                  




                  

                    	Norway3


                    1999


                    Hansen



                    	Participants from two studies12 during 1974-1978



                    	



                    	Serology



                    	34-68



                    	983



                    	63

                  




                  

                    	Norway7


                    2009


                    Breckan



                    	Representative sample of healthy adults



                    	



                    	SAT



                    	18-85



                    	1,414



                    	33

                  




                  

                    	Spain4


                    1998


                    Senra-Varela



                    	General population



                    	



                    	Serology



                    	Adults



                    	332



                    	43

                  




                  

                    	Sweden3


                    1997


                    Siman



                    	Volunteers at the health screening intervention program of the Prevention Section of the Department of Medicine at the University Hospital of Malmo



                    	



                    	Serology



                    	38-70



                    	224



                    	49

                  




                  

                    	United Kingdom4


                    1995


                    Harris



                    	Institutionalized persons


                    Healthy controls



                    	



                    	Serology



                    	18-106


                    18-80+



                    	424


                    267



                    	87


                    41

                  




                  

                    	United Kingdom4


                    1994


                    Webb



                    	Male volunteers



                    	



                    	Serology



                    	18-64



                    	471



                    	37

                  




                  

                    	United Kingdom7


                    2009


                    Jackson



                    	Healthy adults (randomly selected)



                    	



                    	Serology



                    	18-70



                    	2,437



                    	26

                  




                  

                    	Wales2


                    1992


                    Mendall



                    	Consecutive patients attending a health screening clinic in Gwynedd and North West Clwyd



                    	Non-manual occupation


                    Manual occupation



                    	Serology



                    	21-30


                    41-50


                    51-60


                    21-30


                    41-50


                    51-60



                    	137


                    131


                    65


                    138


                    108


                    43



                    	33


                    34


                    52


                    46


                    46


                    58

                  




                  

                    	Wales4


                    1998


                    Strachan



                    	General population in South Wales



                    	



                    	Serology



                    	45-59



                    	1,796



                    	70

                  




                  

                    	North America

                  




                  

                    	Canada1


                    1990


                    Drumm



                    	Parents of upper endoscopy patients at the Hospital for Sick Children, Toronto Ontario



                    	



                    	Serology



                    	Mean


                    47



                    	67



                    	49

                  




                  

                    	Canada1


                    1994


                    Veldhuyzen van Zanten



                    	Participants in a study of Coxiella burnetii infection, randomly selected from the provincial medical insurance registry, Nova Scotia



                    	



                    	Serology



                    	18-72


                    20-29


                    30-39


                    40-49


                    50-59


                    60-69


                    70-79



                    	316


                    28


                    68


                    79


                    51


                    72


                    16



                    	38


                    21


                    28


                    39


                    41


                    47


                    50

                  




                  

                    	Canada1


                    1997


                    Pérez-Pérez



                    	Stored serum samples selected from healthy persons



                    	Canada



                    	Serology



                    	>20


                    23-65



                    	469


                    265



                    	35


                    46

                  




                  

                    	Canada1


                    1998


                    Hodgins



                    	Cord blood samples, consecutive births in Southern Quebec



                    	



                    	Serology



                    	Maternal age range



                    	99



                    	10

                  




                  

                    	Canada1


                    1998


                    Hodgins



                    	Cord blood samples, consecutive Inuit births in Nunavik, northern Quebec



                    	



                    	Serology



                    	Maternal age range



                    	100



                    	27

                  




                  

                    	Canada1


                    1999


                    Bernstein



                    	Residents of a Wasagamack Cree community, northern Manitoba



                    	



                    	Serology



                    	Adult ages



                    	306



                    	95

                  




                  

                    	Greenland1


                    2003


                    Milman



                    	Population survey participants



                    	



                    	Serology



                    	22-76



                    	71



                    	47

                  




                  

                    	United States2,[14]


                    1991


                    Graham



                    	Residents of Houston, Texas recruited through newspapers and flyers



                    	European-American


                    African-American



                    	Serology and UBT



                    	20-29


                    40-49


                    50-69


                    20-29


                    40-49


                    50-69



                    	39


                    38


                    65


                    38


                    34


                    54



                    	12


                    38


                    50


                    42


                    75


                    90

                  




                  

                    	United States3


                    1991


                    Parsonnet



                    	Participants in a multiphasic health checkup



                    	



                    	Serology



                    	44-90



                    	111



                    	60

                  




                  

                    	United States3


                    1991


                    Nomura



                    	Japanese American men born between 1900 and 1919, who participated in the Honolulu Heart Program, Hawaii



                    	



                    	Serology



                    	56-85



                    	109



                    	76

                  




                  

                    	United States4


                    1992


                    Malaty



                    	Healthy volunteers in Texas



                    	Hispanic


                    Black


                    White



                    	Serology



                    	20-75



                    	89


                    89


                    89



                    	65


                    66


                    26

                  




                  

                    	United States4


                    1995


                    Replogle



                    	Outpatients in California



                    	



                    	Serology



                    	20-39



                    	556



                    	27

                  




                  

                    	United States4


                    1993



                    	General population in Minnesota, EUROGAST Study Group13




                    	



                    	Serology



                    	25-34


                    55-64



                    	198



                    	15


                    34

                  




                  

                    	United States1,[15]


                    2006


                    Zhu



                    	Rural village residents, Norton Sound, Alaska



                    	



                    	Serology



                    	18-75+


                    18-24


                    25-34


                    35-44


                    45-54


                    55-64


                    65-74


                    75+



                    	610



                    	80


                    72


                    82


                    85


                    77


                    87


                    78


                    63

                  




                  

                    	Oceania



                    	



                    	



                    	



                    	



                    	



                    	

                  




                  

                    	Australia8,[16]


                    1993


                    Cullen



                    	Randomly selected participants in the Busselton Population Study with an oversampling of males



                    	



                    	Serology



                    	41.3-65



                    	141



                    	35

                  




                  

                    	Australia4


                    1998


                    Lin



                    	General population



                    	



                    	Serology



                    	20-80



                    	273



                    	38

                  




                  

                    	Australia4,[17]


                    1998


                    Lin



                    	Random selection of dental staff matched by age and sex to randomly selected practicing gastroenterologists and gastroenterology nurses


                    Dental students matched by age and sex to a random sample of the urban population (using the phonebook)



                    	Dentist


                    Gastroenterologist


                    Dental nurses


                    Gastroenterology nurses


                    Dental students, 5th year


                    Dental students, 1st year


                    Urban population



                    	Serology



                    	Mean 42


                    Mean 32


                    Mean 24


                    Mean 19



                    	92


                    187


                    40


                    108


                    33


                    30


                    14



                    	23


                    33


                    18


                    30


                    18


                    16


                    18

                  




                  

                    	Australia4


                    1995


                    Lambert



                    	Institutionalized patients (mentally and physically disabled)


                    Population controls, sex and age matched



                    	



                    	Serology



                    	19-47



                    	122



                    	75


                    23

                  




                  

                    	New Zealand4


                    1996


                    Fraser



                    	Workers



                    	All


                    European


                    Maori


                    Pacific Islander



                    	Serology



                    	40-64



                    	579


                    190


                    195


                    194



                    	56


                    36


                    57


                    73

                  


                

              




              

                UBT, urea breath test; SAT, stool antigen test




                1 As cited in reference [8]




                2 As cited in reference [2]




                3 As cited in reference [9]




                4 As cited in reference [1]




                5 As cited in reference [18]




                6 As cited in reference [19]




                7 As cited in reference [20]




                8 As cited in reference [4]




                9 Adjusted for age




                10H. pylori-positive status defined by positive result on at least two of the following: urea breath test, histology, rapid urease test




                11 Participants of the British United Provident Association study and the Caerphilly Collaborative Study




                12 Participants of the Norwegian JANUS cohort study (blood donors in Oslo from 1973-1985 for the Study of Cardiovascular Disease) and participants from the Norwegian Counties Study




                13 From the EUROGAST Study Group. Includes participants from Algeria, Belgium, Denmark, Germany, Greece, Iceland, Italy, Japan, Poland, Portugal Slovenia, United Kingdom, United States




                14 Prevalence estimated from Fig. 1 pg. 1871


              




            




            Estimates of H. pylori prevalence vary by country and by subpopulation within countries (Tables 1, 2). For instance, in Canada, Hodgins et al. (1998) reported a prevalence of 10% among women of maternal age in southern Quebec, while Bernstein et al. (1999) reported a prevalence of 95% in the Wasagamack Cree community in Northern Manitoba (as cited in [8]). In Australia, Cullen et al. (1993) and Lin et al. (1998) reported prevalences of 35% and 38%, respectively, in the general population (as cited in [4] and [1], respectively), while Lambert et al. (1995) reported a prevalence of 75% among institutionalized mentally and physically disabled patients (as cited in [1]).




            The prevalence of H. pylori infection appears to increase with age (Table 2); however, this increase is believed to reflect a cohort effect rather than an increased risk in older age groups. Reported H. pylori prevalence is higher among ethnic groups that have relatively low socioeconomic status on average (Tables 1-3). In the United States, the prevalence has been shown to be considerably higher among African or Hispanic Americans compared to non-Hispanic whites. Differences based on ethnicity have also been found in other geographic regions: for example, in a New Zealand study, Fraser et al. (1996) reported 1.4- and 1.8-fold increases in H. pylori prevalence among Maori and Pacific Islander workers, respectively, compared to European workers (as cited in [1]). Factors linked to increased H. pylori prevalence in several studies were residential crowding, institutionalization, and infection with hepatitis A virus (Table 3). Studies that compare H. pylori prevalence across occupations have reported inconsistent results. Many of the studies that investigated potential predictors of H. pylori prevalence report results that are too imprecise to draw conclusions, and this may explain much of the inconsistency across studies.




            

              Table 2 Prevalence of H. pylori infection in combined populations of adults and children in Western Countries.




              

                

                  

                    	Study Location, Year, and Author



                    	Study Population



                    	



                    	Detection Method



                    	Age Range (Years)



                    	Sample Size



                    	
Prevalence


                    (%)


                  


                



                

                  

                    	Western Europe

                  




                  

                    	Ireland4


                    1997


                    Murray



                    	General population



                    	



                    	Serology



                    	12-64



                    	4,724



                    	50

                  




                  

                    	Netherlands4,[21]


                    1997


                    Bohmer



                    	Residents of institutes for the mentally disabled



                    	



                    	Serology



                    	11-89



                    	338



                    	83

                  




                  

                    	Sweden6,[22]


                    2005


                    Kivi



                    	Parents and siblings of


                    10- to 14-year-old children enrolled in a H. pylori study



                    	
H. pylori+ index child:


                    Mother


                    Father


                    Siblings


                    H. pylori- index child:


                    Mother


                    Father


                    Siblings



                    	Serology



                    	ND


                    ND


                    0-23


                    ND


                    ND


                    0-23



                    	50


                    35


                    99


                    98


                    70


                    125



                    	94


                    91


                    66


                    36


                    41


                    11

                  




                  

                    	North America

                  




                  

                    	Canada1


                    1999


                    McKeown



                    	Residents of Inuit communities: Chesterfield Inlet and Repulse Bay, Nunavut



                    	



                    	Serology



                    	All ages



                    	256



                    	51

                  




                  

                    	Greenland1 2005


                    Koch



                    	Participants in a population-based cohort study during 1996-1998



                    	



                    	Serology



                    	15-87



                    	685



                    	58

                  




                  

                    	United States4


                    1991


                    Graham



                    	Healthy volunteers in Texas



                    	Blacks


                    Whites



                    	Serology



                    	15-80



                    	246


                    239



                    	70


                    34

                  




                  

                    	United States4


                    1994


                    Smoak



                    	Army recruits



                    	



                    	Serology



                    	17-26



                    	938



                    	26

                  




                  

                    	United States4


                    1995


                    Hyams



                    	Navy and Marine Corps personnel



                    	



                    	Serology



                    	17-50



                    	1,000



                    	25

                  




                  

                    	Canada1


                    1990


                    Drumm



                    	Random sample from the Hospital for Sick Children, Toronto, Ontario



                    	



                    	Serology



                    	Mean


                    16



                    	37



                    	14

                  




                  

                    	Oceania



                    	



                    	



                    	



                    	



                    	



                    	

                  




                  

                    	Australia1,4,[23]


                    1993


                    Mitchell



                    	Family members of index children infected with H. pylori




                    	Grandparents


                    Parents


                    Siblings



                    	Serology



                    	1-49


                    ND


                    22-49


                    1-21



                    	69


                    1


                    41


                    27



                    	77


                    100


                    80


                    70

                  




                  

                    	Australia5


                    2008


                    Moujaber



                    	Age-stratified random sampling from 8000 banked diagnostic laboratory samples



                    	



                    	Serology



                    	1-59



                    	2,413



                    	15

                  




                  

                    	New Zealand


                    2[24]


                    1986


                    Morris



                    	Blood donors



                    	



                    	Serology



                    	15-20


                    21-30


                    31-40


                    41-50


                    51-60


                    61-70



                    	175


                    165


                    93


                    35


                    12


                    3



                    	32


                    33


                    45


                    54


                    33


                    0

                  




                  

                    	



                    	



                    	All


                    Maori


                    Cook Island


                    Samoan


                    Tongan



                    	



                    	15-70



                    	462


                    192


                    85


                    129


                    56



                    	37


                    21


                    39


                    44


                    70

                  


                

              




              

                ND, no data provided in report




                1 As cited in reference [8]




                2 As cited in reference [2]




                3 As cited in reference [9]




                4 As cited in reference [1]




                5 As cited in reference [18]




                6 As cited in reference [19]


              




            




            

              Table 3 Predictors of H. pylori Prevalence in Adults in Western Countries.




              

                

                  

                    	Factor



                    	Positive Association



                    	Inverse Association



                    	Null Association



                    	



                    	



                    	

                  




                  

                    	Precise



                    	Imprecise



                    	Precise



                    	Imprecise



                    	Precise



                    	Imprecise

                  


                



                

                  

                    	Race/Ethnicity

                  




                  

                    	Non-Caucasian vs. Caucasian



                    	



                    	



                    	



                    	



                    	



                    	

                  




                  

                    	Black or Hispanic vs. White



                    	



                    	



                    	



                    	



                    	



                    	

                  




                  

                    	African American or Hispanic vs. White



                    	United States 2,4,[25-27]




                    	United States4




                    	



                    	



                    	



                    	

                  




                  

                    	Cook Island or Samoan vs. Tongan



                    	



                    	New



                    	



                    	



                    	



                    	

                  




                  

                    	Zealand4[24]




                    	



                    	



                    	



                    	



                    	



                    	

                  




                  

                    	Chinese vs. Chinese-Australian



                    	



                    	



                    	Australia2,7




                    	



                    	



                    	

                  




                  

                    	Japanese vs. Chinese-Australian



                    	



                    	



                    	



                    	



                    	



                    	Australia2,7


                  




                  

                    	Occupation

                  




                  

                    	Endoscopy & non-endoscopy physicians vs. controls8




                    	Germany4,[28]




                    	



                    	



                    	



                    	



                    	

                  




                  

                    	Endoscopy & non-endoscopy nurses vs.




                    	



                    	



                    	



                    	



                    	



                    	

                  




                  

                    	controls8




                    	Germany4,[28]




                    	Germany4,[28]




                    	



                    	



                    	



                    	

                  




                  

                    	Endoscopy & medical staff vs. controls8




                    	Germany4,[28]




                    	



                    	



                    	



                    	



                    	

                  




                  

                    	Gastroenterologists vs. blood donors



                    	Australia2




                    	



                    	



                    	



                    	



                    	

                  




                  

                    	Gastroenterology nurses vs. blood donors



                    	



                    	



                    	Australia2




                    	



                    	



                    	

                  




                  

                    	General practitioners vs. blood donors



                    	



                    	Australia2




                    	



                    	



                    	



                    	

                  




                  

                    	Gastroenterologists & endoscopy staff vs. controls8




                    	Germany2,[29]




                    	



                    	



                    	



                    	



                    	

                  




                  

                    	Physicians vs. nurses, endoscopy- vs. non-endoscopy physicians, endoscopy- vs. non-endoscopy staff



                    	



                    	



                    	



                    	



                    	



                    	Germany4,[28]


                  




                  

                    	Endoscopy- vs. non-endoscopy nurses



                    	Germany4,[28]




                    	



                    	



                    	



                    	



                    	

                  




                  

                    	Dental assistants vs. dentists



                    	United States 2




                    	



                    	



                    	



                    	



                    	

                  




                  

                    	Dentists vs. gastroenterologists



                    	



                    	



                    	



                    	Australia4,[17]




                    	



                    	

                  




                  

                    	Dental nurses vs. gastroenterology nurses



                    	



                    	



                    	



                    	



                    	



                    	Australia4,[17]


                  




                  

                    	Dental students vs. random sample of urban population



                    	



                    	Australia4,[17]




                    	



                    	



                    	



                    	

                  




                  

                    	Dental hygienists & students vs. dentists



                    	



                    	United States 2




                    	



                    	



                    	



                    	

                  




                  

                    	≤3 years of work in the gastroenterology or endoscopy unit vs. >3 years



                    	



                    	



                    	



                    	Germany4,[30]




                    	



                    	

                  




                  

                    	≥5 years of work in institutes for the mentally disabled



                    	



                    	



                    	



                    	



                    	



                    	

                  




                  

                    	
vs. <5 years



                    	The Netherlands [21]




                    	



                    	



                    	



                    	



                    	

                  




                  

                    	Nurses vs. staff with little direct contact with patients



                    	The Netherlands4,[21]




                    	



                    	



                    	



                    	



                    	

                  




                  

                    	Years in a job with public contact



                    	Australia [31]




                    	



                    	



                    	



                    	



                    	

                  




                  

                    	Submarine crews vs. air force crews



                    	Germany2,[32]




                    	



                    	



                    	



                    	



                    	

                  




                  

                    	H. pylori-Positive Spouse

                  




                  

                    	Yes vs. no



                    	Germany4,[33]




                    	



                    	



                    	



                    	



                    	United States2,[34]


                  




                  

                    	Length of cohabitation with an infected partner



                    	



                    	



                    	



                    	



                    	



                    	

                  




                  

                    	(≤15 years vs. >15)



                    	Germany4,[33]




                    	



                    	



                    	



                    	



                    	

                  




                  

                    	Duration of cohabitation with an infected partner



                    	



                    	



                    	



                    	



                    	



                    	United States2,[34]


                  




                  

                    	Partner born outside the United States



                    	



                    	



                    	



                    	



                    	



                    	United States2,[34]


                  




                  

                    	Crowding

                  




                  

                    	More than one person/room in childhood home



                    	England2




                    	



                    	



                    	



                    	



                    	

                  




                  

                    	Australia [31]




                    	



                    	



                    	



                    	



                    	



                    	

                  




                  

                    	Share a bed during childhood vs. not



                    	England2




                    	



                    	



                    	



                    	



                    	

                  




                  

                    	Domestic crowding during childhood



                    	England2




                    	



                    	



                    	



                    	



                    	

                  




                  

                    	Institutionalized schizophrenic patients vs. blood donors



                    	Belgium4




                    	



                    	



                    	



                    	



                    	

                  




                  

                    	≥15 years living in institution for mentally disabled vs. <15 years



                    	Netherlands4,[21]




                    	



                    	



                    	



                    	



                    	

                  




                  

                    	Hospitalization length



                    	



                    	



                    	



                    	



                    	



                    	United States 2,[26]


                  




                  

                    	Hygiene Practices

                  




                  

                    	Use of chopsticks to eat from communal dishes vs. not



                    	Australia4,[35]




                    	



                    	



                    	



                    	



                    	

                  




                  

                    	Drinking Water Source

                  




                  

                    	Non-municipal water supply vs. municipal water supply



                    	



                    	Germany6




                    	



                    	



                    	



                    	

                  




                  

                    	Hot water in household during childhood



                    	England2




                    	



                    	



                    	



                    	



                    	

                  




                  

                    	Hepatitis A Virus Infection

                  




                  

                    	Seropositive vs. seronegative



                    	Germany3




                    	



                    	



                    	



                    	



                    	

                  




                  

                    	Italy3




                    	



                    	



                    	



                    	



                    	



                    	

                  




                  

                    	United Kingdom3




                    	



                    	



                    	



                    	



                    	



                    	

                  




                  

                    	United States 3,[36]




                    	Italy3




                    	



                    	



                    	



                    	



                    	

                  




                  

                    	Dental Plaque

                  




                  

                    	High score vs. low score



                    	Australia4




                    	



                    	



                    	



                    	



                    	

                  




                  

                    	<1 dentist visit per year vs. >1



                    	Australia4




                    	



                    	



                    	



                    	



                    	

                  




                  

                    	Contact with Animals

                  




                  

                    	Poultry workers vs. no job-related contact with animals



                    	



                    	



                    	



                    	



                    	



                    	France2


                  




                  

                    	Livestock slaughterers vs. no job-related contact with animals



                    	



                    	



                    	



                    	France2




                    	



                    	

                  




                  

                    	Direct Contact with Feces

                  




                  

                    	Regularly vs. never



                    	Belgium5




                    	



                    	



                    	



                    	



                    	

                  




                  

                    	Sometimes vs. never



                    	



                    	Belgium5




                    	



                    	



                    	



                    	

                  




                  

                    	Alcohol Consumption

                  




                  

                    	Yes vs. no



                    	



                    	



                    	



                    	New Zealand4,[37]




                    	



                    	Australia4,[31]


                  




                  

                    	United States4, 9,[38]




                    	



                    	



                    	



                    	



                    	



                    	

                  




                  

                    	High vs. low intake



                    	



                    	



                    	Germany4,[39-41]




                    	Germany4,[41]




                    	



                    	

                  




                  

                    	United States4, [25]




                    	



                    	



                    	



                    	



                    	



                    	

                  




                  

                    	Moderate vs. low intake



                    	



                    	



                    	United States4,[25]




                    	Germany4,[39-41]




                    	



                    	

                  




                  

                    	Smoking

                  




                  

                    	Current or ex-smoker vs. never smoker



                    	United States4, 9,[38]




                    	Australia4,[42]




                    	



                    	



                    	



                    	

                  




                  

                    	United States4,[25]




                    	



                    	



                    	



                    	



                    	



                    	

                  




                  

                    	Germany4,[39]




                    	



                    	



                    	



                    	Australia4,[31]




                    	



                    	

                  




                  

                    	United States4, 9,[38]




                    	



                    	



                    	



                    	



                    	



                    	

                  




                  

                    	San Marino4,[43]




                    	



                    	



                    	



                    	



                    	



                    	

                  




                  

                    	New Zealand4,[37]




                    	



                    	



                    	



                    	



                    	



                    	

                  




                  

                    	Female: current vs. never smoker



                    	Australia4, [42]




                    	



                    	



                    	



                    	



                    	

                  




                  

                    	Male: current vs. never smoker



                    	



                    	



                    	



                    	



                    	



                    	Australia4,[42]


                  




                  

                    	Black ethnicity: current smoker vs. not current



                    	



                    	



                    	



                    	



                    	



                    	

                  




                  

                    	White ethnicity: current smoker vs. not current



                    	United States4,[25]




                    	



                    	



                    	



                    	



                    	

                  




                  

                    	Smoking intensity



                    	



                    	



                    	



                    	



                    	



                    	

                  




                  

                    	Age at smoking initiation



                    	



                    	



                    	



                    	



                    	



                    	Australia4,[42]


                  




                  

                    	Sexual Orientation

                  




                  

                    	Regular homosexual contact vs. never



                    	



                    	



                    	United States 2,[27]




                    	



                    	



                    	

                  




                  

                    	HIV Infection

                  




                  

                    	Seropositive vs. seronegative



                    	



                    	United States 2,[27]




                    	



                    	



                    	



                    	

                  


                

              




              

                1 As cited in reference [3].




                2 As cited in reference [2].




                3 As cited in reference [44].




                4 As cited in reference [1].




                5 As cited in reference [18].




                6 As cited in reference [45].




                7 Control groups included: random sample of children (aged 5-17 years) without acute abdominal symptoms, healthy medical students, blood donors, and a random sample of 58 patients without acute peptic ulcer or acute gastritis. Controls were matched by age and sex.




                8 Controls were individuals who did not work in the field of medicine.




                9 From the EUROGAST Study Group. Includes participants from Algeria, Belgium, Denmark, Germany, Greece, Iceland, Italy, Japan, Poland, Portugal, Slovenia, United Kingdom, United States.


              




            


          









OEBPS/Images/cover.jpg
elSBN: 978-1-60805-737-5
ISBN: 978-1-60805-738-2

Helicobacter pylori =/AWNGridwide

Editor:
Gyorgy M. Buzas





OEBPS/Images/9781608057375-C2_F2.jpg
Westernype cog (————1_[Il_[LAILIIC]

EastAsian-type Cagh [ 1 W[ NIT]
n

A B D





OEBPS/Images/9781608057375-C2_F1.jpg
m1

d1

s1






OEBPS/Images/bentham_logo.jpg





