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General Introduction 

 

(Modified from two chapters by Amin Talebi Bezmin Abadi and Johannes G. Kusters in 
Helicobacter pylori: A Worldwide Perspective. Bentham Science Publishers, Oak Park, IL, USA. 

2013. Editor: Dr. Buzás György Miklós 

 





 

Overview 

The human pathogen Helicobacter pylori (H. pylori) is a gram negative, S-curved, 

microaerophilic bacterial species. H. pylori 

in length and is highly motile through its 2 to 6 uni-  sheathed flagella. Upon 

colonization of the gastric mucosa H. pylori causes a chronic inflammation and thereby induces a 

wide range of gastroduodenal disorders (1). The human stomach seems to be the main niche of 

infection, and transmission is thought to be predominantly due to person-to-person contact (1). 

H. pylori produces large amounts of the enzyme urease on which the bacterium depends for its 

survival in the highly acidic gastric lumen (2). The spiral morphology and its flagella make the 

bacterium highly motile and allow it to penetrate in the viscous mucus layer of the stomach 

where the pH is less acidic and more nutrients from the gastric mucosa are available, thus 

facilitating the growth of H. pylori. The clinical implication of H. pylori infections were 

recognized in 1983 when Marshall and Warren identified, and subsequently cultured this gastric 

bacterium (3). It was initially referred to as “Campylobacter pyloridis”, but later it was 

reclassified as Helicobacter pylori (4). Until then, it was commonly believed that no bacteria 

could colonize in the stomach, because of the harsh acidic conditions present in this 

environment. This concept radically changed after the famous self-ingestion experiments by 

Marshall and Warren in 1983. With this experiment, they showed that H. pylori is able to infect 

and colonize the mucosal surface of human stomach (5). This has convinced many researchers to 

take a closer look at this putative pathogen and soon it became clear that H. pylori is not only 

capable of colonizing the gastric mucosa, but by doing so it is also inducing a wide range of 

gastroduodenal disorders (2, 6). It is now generally accepted that within a few weeks after the 

initial infection by H. pylori a superficial gastritis will occur (7). Unless treated, the infection 



 

will last for life and thus result in a chronic gastritis which may ultimately progress in ulceration 

and possibly even gastric adenocarcinoma (7). H. pylori infections occur worldwide and there is 

an estimated 3.5 billion individuals currently infected with this bacterium (3, 8-11). Moreover, it 

is estimated that three quarters of the all gastric cancer cases and 90% of duodenal ulcer can be 

attributed to an  H. pylori infection (2, 12), but major regional differences exist in infection rates 

and H. pylori related pathology (6). Soon after H. pylori was recognized as a gastric pathogen, it 

was shown that successful eradication of the infection significantly decreased the risk of ulcer 

formation and gastric malignancy (13). The latter prompted the World Health Organization 

(WHO) to categorize H. pylori as the first bacterial agent that functions a class-I carcinogen (14). 

After this statement by WHO, many researchers involved in gastroenterology, studied H. pylori 

trying to explain the mechanisms of bacterial virulence association with these gastroduodenal 

disorders (15-18). While this has resulted in a greatly improved understanding of how H. pylori 

induces chronic infection and the infection associated clinical consequences, there are still many 

unanswered questions.  

Virulence of H. pylori 

In spite of the major research efforts worldwide, there is still a lack of knowledge on the specific 

virulence factors of H. pylori which determine the pathogenesis of this microbe. In part this is 

due to i) humans being the only known host of H. pylori and thus animal models are mostly 

useless, and ii) the association of specific virulence factors with gastroduodenal diseases being 

often only of regional value and/or being only assessed for small local populations and thus 

might not be of general value. Although also sometimes the duodenum can become infected, the 

predominant natural niche of H. pylori is the mucus layer of the human stomach. For many 

centuries it was thought that the stomach is sterile. This dogma was abandoned when it became 



 

clear that H. pylori can survive there for decades. In order to establish a successful H. pylori 

infection, the bacterium needs to first passage through the highly acidic lumen of the stomach 

(2). It is thought that flagellar movement of the bacterium is crucial for both a rapid passage of 

the lumen and the subsequent entry of the mucosal layer. Thus, adhesion to the mucosal layer or 

the epithelial cells alone is not enough to fulfil the requirement of a successful colonization. The 

bacterium needs to constantly reattach to the newly formed mucus and epithelial cells in order to 

avoid shedding into the gastric lumen. While less acidic than the lumen, the pH of the mucus 

layer is still very low and thus H. pylori has also to overcome these acidic conditions. It does so 

by the production of the enzyme urease. The urease enzymes can sometimes comprise up to 10% 

of the total bacterial protein content which reflects the importance of this enzyme for this 

bacterium (15). The low pH can also be of advantage to this bacterium as it has an adverse effect 

on other competitive colonizers of the stomach. In addition, it has an adverse effect on the 

stability of the antimicrobials used to eradicate H. pylori infection. In some cases, persistent 

colonization after treatment with antimicrobials is not the result of the antimicrobial resistance 

but H. pylori may occasionally enter the epithelial cells or Candida spp present in the stomach, 

and in this way being protected from the action of some antimicrobials (27, 28, 29). Another 

mechanism whereby the bacterium can potentially escape from antimicrobial therapy is that 

Helicobacter pylori can transform from its normal helical to the coccoid shape (19). In normal 

biopsy samples from patients as well as during prolonged culture of this bacterium coccoid forms 

have been observed. Some believe that these coccoid forms play a crucial role in helping the 

bacteria to survive in harsh acidic environment in stomach or during transmission (3, 19); others 

believe it is the morphological manifestation of dead bacteria. If indeed the coccoid forms 

represent a dormant form, their metabolism will be relatively low and thus they may become 



 

relatively resistant to some antimicrobials. In addition to the aforementioned flagella, CagA 

(cytotoxin-associated gene A), vacA (vacuolating cytotoxin A), and urease production there are 

many other determinants that have been claimed as H. pylori virulence factors involved in the 

colonization of the host (1). These include factors that modify the host immune response and/or 

induce host cell death. This will be discussed in more details below and in the various chapters of 

this thesis.  

Pathogenesis of H. pylori 

           The human gastric pathogen H. pylori is able to establish a successful infection in such hostile 

environment of stomach. For several H. pylori virulence factors it has now unambiguously been 

established that they are involved in bacterial pathogenesis (23). Also it is accepted that the 

clinical outcome of an H. pylori infection is dependent on the complex scenario of interaction 

between these bacterial factors and host determinants (24). These established virulence factors 

include the vacuolating toxin (vacA), bacterial enzymes (urease, proteases and phospholipases), 

and the immunogenic protein CagA (25).The cagA gene encodes a 120-145-kDa protein, and is a 

marker for the cag pathogenicity island (cag PAI). Patients infected with CagA+ strains usually 

have more gastric inflammation and are significantly more at risk for developing peptic ulcer or 

gastric cancer.  The cag PAI encodes 18 proteins that serve as the building blocks of a syringe-

like structure (type IV secretion apparatus) which facilitates the translocation of CagA, 

peptidoglycan, and possibly other bacterial factors into host cells (26). Once delivered inside the 

cell, the CagA interacts with a range of host signaling molecules, which results in morphological 

changes and the induction of pro-inflammatory cytokines in epithelial cells (3). Approximately 

50% of all H. pylori strains secrete VacA, a highly immunogenic 95-kDa toxin that binds to host 

cells and after being internalized induces massive vacuolization in epithelial cells in vitro (27). In 



 

addition VacA also induces disruption of endosomal and lysosomal activity, and it interferes 

with cytoskeleton-dependent cell functions, and it induces apoptosis of the host cells (1, 25, 27). 

Although all H. pylori strains carry a vacA gene, there is considerable variation in vacuolating 

activities among strains due to the sequence heterogeneity within the vacA gene (28). Especially 

the vacA s1/m1 genotypes are associated with an increased risk for peptic ulceration and gastric 

carcinoma. The urease enzyme is the main component of H. pylori acid resistance as it converts 

urea into ammonia and carbamate (3). Urease activity is present in all H. pylori isolates, but there 

is levels of urease activity differ significantly between strains and are also dependent on the 

growth conditions (16). The ammonia produced by the degradation of urea by this enzyme not 

only increases the pH, but also has a cytotoxic effect on gastric epithelial cells (3, 15, 29).  While 

for the classical virulence factors like CagA, VacA, and urease the role in the pathogenicity is 

fairly well established, for others this is not the case. Although the clinical outcome of the 

infection is thought to be determined by host, bacterial and environmental factors (23), the exact 

mechanisms that determine the clinical outcome of the infection are not clear. On the host site 

the immune status and host acid secretion seem critical determinants in this process (1, 6). On the 

bacterial side virulence factors like dupA, babA2, oipA, homB, cagA, vacA and iceA have been 

shown to affect the development of post-infection disorders (3). 

Transmission of H. pylori 

Even though there is no evidence for a zoonotic transmission of H. pylori, it is believed that the 

ancestral H. pylori strain was living in gastric epithelium of vertebrates (3, 29, 30). Several 

studies have investigated the possible role of H. pylori in the oral cavity and dental plaque but 

they mostly just confirmed the presence of bacterium in oral secretions and not actual 

colonisation of the oral cavity. While it is still not known exactly how H. pylori can be 



 

transmitted, it is thought to occur by direct contact (human-to-human) (29, 30). The initial 

acquisition of H. pylori is thought mostly to occur during the early childhood and most children 

are infected by their parents (31). In spite of the fact that the majority of new infections is during 

childhood there is also an increase in incidence with increasing age in adults. In the recent past 

there was a high percentage of H. pylori infection that was probably due to lesser socioeconomic 

status and reduced hygiene.  

Treatment of H. pylori 

H. pylori infection is highly prevalent worldwide and considered as a key pathogen in diverse 

gastric pathology. Successful eradication therapy reduces H. pylori-associated disorders and even 

cure peptic ulceration (16). Therefore it is advised that all infected patients are being treated (34, 

35). Antimicrobial resistance is the main cause of treatment failure which is strongly associated 

with a sharp decline in eradication rates (16, 17, 20). It is common for the first line therapy to 

treat with a combination of a proton pump inhibitor, clarithromycin and either amoxicillin or 

metronidazole. Furthermore, ciprofloxacin can be used in second or third line therapeutic 

regimens to increase their efficacy rates. The choice of the preferred combination of 

antimicrobials is predominantly dependent on local differences in the prevalence of antimicrobial 

resistance. Treating all positive individuals is probably not an option because the high prevalence 

of H. pylori would certainly result in high rates of antimicrobial resistance and treatment failures. 

Additionally, for pharmacological reasons, there are only few antimicrobials that can be used to 

treat H. pylori and resistance to these antimicrobials is already high. In addition one needs to 

combine two or three antimicrobials and an antacid in order to achieve successful H. pylori 

eradication. Although H. pylori resistance rates is no longer as rapidly increasing as it was in the 

past, it still remains very high (21). Having up to date information regarding H. pylori resistance 



 

rate among the different regional populations is thus mandatory to provide a guideline for 

selecting the best local therapeutic regimens against H. pylori.  

Antibiotic therapy against H. pylori 

Having a treatment protocol with of a single drug sounds attractive and indeed for most bacterial 

infections monotherapies provides an efficient way of dealing with these infections. For H. 

pylori infections the efficacy of various drugs in monotherapy has been investigated. Only for 

clarithromycin some reasonable results have been obtained with monotherapy, but these were not 

sufficient to eradicate H. pylori (16). Since usage of a single antimicrobial for eradicating H. 

pylori was not successful, combinations with different antimicrobial formulas have been initiated 

(18, 30). Eventually, numerous different regimens against H. pylori infection have been tested 

and efficacy differs due to local resistance status (22, 32, 33). Obviously, the selection of 

antimicrobials for the optimal therapeutic regimen is further complicated by factors such as 

patient compliance, cost, drug side effects, and unknown status of antimicrobial resistance. 

Below the use of different combination regimens (dual, triple, and quadruple therapy) against H. 

pylori infections in Iran are described.  

 
Helicobacter pylori Infection in Iran 

 
The prevalence of H. pylori infections can differ drastically both within and between countries 

and Iran is not an exception to this. H pylori is highly prevalent in the developing countries and 

is common in 57%-91% of Iranian population (Figure 1) (34). Thus in Iran the prevalence of H. 

pylori is higher than western countries (30-45%) and almost equal to eastern countries (80-95%) 

(35-38). With approximately 76 million inhabitants Iran has one of the largest populations in the 

Mid-East. Its relative high ulcer and gastric cancer rate has been a major trigger to perform local 



 

studies on H. pylori pathogenesis, treatment, and prevalence. Mikaeli et al (39) claimed that the 

prevalence of H. pylori in Yazd and Ardebil are 30% and 47%, respectively and that there is a 

significant association between occurrence of gastric cancer and high prevalence of H. pylori. 

Local differences in the infection rate seem to exist that cannot be explained by methodological 

differences. Most likely the observed differences reflect better diagnostic/therapeutic approaches 

and improvements in hygiene and life style (40).  

 

Figure 1. High percentage of conducted research at the small region in north of Iran 

 



 

Table 1. Overview of studies evaluating the prevalence of H. pylori in Iran 

Authors State/Province Prevalence of H. pylori [%] Year Reference 

Mikaeli et al Yazd 30 1999 (39) 

Mikaeli et al Ardebil 47 1999 (39) 

Moghaddam Mashhad 85 2010 (41) 

Moghaddam et al Mashhad 62 2005 (42) 

Mansour-Gh et al Rasht 40 2009 (43) 

Metanat et al Zahedan 34 2010 (44) 

Nasrolahi et al Mazandaran 46 2008 (45) 

Talebi et al Mazandaran 88 2011 (46) 

Talebi et al Mazandaran 93 2012 (47) 

Milani et al Tabriz 28 2012 (48) 

Khameneh et al Urmia 47 2011 (49) 

Rasmi et al Urmia 65 2011 (50) 

 

The highest infection rates for H. pylori are reported in the North of Iran [State of Mazandaran] 

where in a recent paper it was estimated to be 93% (Table 1). The prevalence of H. pylori is 

much less in southern Iran (e.g. 34% Zahedan and 30 % in Yazd) (44). In the Mazandaran 

province the infection rate exceeds 90% (51) (Figure 1) and there is a high number of patients 

with gastrointestinal complaints. This high H. pylori prevalence facilitates the collection of a 

large number of strains from a well defined, small geographical region that facilitates to perform 

comprehensive studies on the putative association between the association of bacterial virulence 

factors and clinical outcome of H. pylori infection. 



 

Treatment in Iran 

It has been shown that successful eradication of H. pylori infection prevents the recurrence of 

duodenal ulcer and other disorders but it is still under debate if eradication will also reduce the 

de novo genesis of gastric carcinoma (52). In spite of all the efforts to create an optimal treatment 

protocol the normal cure rate of H. pylori infections is still much lower than those for most other 

bacterial infections.  Due to increasing levels of antimicrobial resistance there even seems to be a 

global decline in the rate of successful treatment over the last years (53). The existing guidelines 

suggest to only use therapeutic regimens that result in an H. pylori infection eradication rate up 

to 80-90%, but mostly only efficacy data for western countries are available (16, 54). Most of 

these therapeutic failures are reported in the first-line treatment against H. pylori. Treatment 

usually consists of a so-called triple therapy, a combination of two antimicrobials and a proton 

pump inhibitor (52). Often empirical/standard regimes are used that have not been optimized to 

the antimicrobial resistance of the infecting strains. In addition, due to the severe side effect of 

these combination therapies, patients are often not motivated to complete the course (55). The 

resulting poor compliance not only results in therapy failure, it also is a major factor in the 

induction of antimicrobial resistance (54, 56). Given the high level of antimicrobial resistance 

against metronidazole, and clarithromycin in Iran (20) the generic western therapeutic protocols 

might need some tweaking, but to our knowledge no optimal therapeutic regimen for Iran has 

been reported. Below, the various generic treatment options for H. pylori will be discussed and 

while these are mostly based on data from Western countries we will wherever possible elaborate 

on the local situation in Iran. The combination of a proton pump inhibitor with one or two 

antimicrobials (clarithromycin and amoxicillin) has been suggested as the best first line therapy 

to eradicate H. pylori infections (52, 57). The efficacy for dual therapy in Iran was tested in two 



 

studies (58). Both studies found that while the eradication rates were not acceptable (<50%) 

there was a significant reduction of the clinical symptoms. In the past, also metronidazole was 

frequently used in dual therapy, but currently the use of metronidazole in anti-H. pylori therapy 

is significantly reduced as a result of the high incidence of H. pylori strains that are resistant to 

this drug. It is to be expected however that due to the increase in clarithromycin usage, and hence 

the expected induction of resistance against clarithromycin, the efficacy of this regime will 

rapidly decrease. In addition the efficacy rate of dual therapy is ~30% less than triple therapy 

among the symptomatic and asymptomatic Iranian populations (33, 59). The first findings with 

triple therapy were satisfactory, although some small differences were observed between these 

studies (60). Proton pump inhibitor-based triple therapy (with eradication rate >80% in European 

countries) only showed 50% efficacy rate among the Iranian population (58). Globally, the 

combination of proton pump inhibitor with amoxicillin and clarithromycin is the most commonly 

prescribed triple therapy and this combination also seemed to work well in Iran (32). However, 

recent studies on triple therapy indicate a drastic decrease in eradication rate when compared to 

older studies (61). As with all therapies the efficacy of the therapy is highly dependent on the 

primary resistance of the strains present in the patients treated. It was shown that eradication 

rates are relatively high (88%) if strains are clarithromycin sensitive but decrease significantly 

(down to 19%) if strains were clarithromycin resistant (62). Another important contributor to the 

efficacy of the therapy is the optimal duration of treatment. In a meta-analysis from Calvet et al 

it was shown that two weeks therapy resulted in a 10% better eradication than a 7 days therapy 

(63). While longer regimens are more beneficial from the eradication perspective, they also 

result in more pronounced side effects for the patients treated. Also studies in Iran showed that 2 

weeks of treatment is more effective for H. pylori eradication than shorter treatment periods (61). 



 

In a study by Najafi et al (64) furazolidone plus amoxicillin with a proton-pump inhibitor 

showed high eradication rate among Iranian children. Especially with children special care 

should be taken to keep the treatment as short as possible since with children the compliance is 

highly dependent on the length of the therapy. The length of the treatment is often enhancing the 

putative adverse effects for the patient, resulting in premature termination of the therapy and as a 

consequence induction of resistance of the infecting H. pylori strain. Thus shortening the 

duration of the therapy is of utmost importance in order to avoid over exposure and to minimize 

the induction of resistance. Quadruple therapy regimens consist of a H2 receptor blocker, or a 

proton pump inhibitor, combined with three antimicrobial agents (38) rendering it more effective 

than triple therapy. Most Iranian studies that examined the effect of quadruple therapy used a two 

week treatment regime, and they reached a high efficacy rate (>90%) (65). Fakheri et al reported 

the quadruple therapy with 80% efficacy rate, which can increase with dose, duration and better 

administration, accordingly (66). A recent study in Iran showed that a 2-week quadruple therapy 

containing high-dose furazolidone had been as successful as a clarithromycin-containing 

sequential therapy (85%) (67). A problem with the complex composition and dosing of 

quadruple therapy is that patient compliance is often lower than with dual and triple therapies 

(68). Recently several simplified quadruple therapies with twice-daily regimens have been tested 

in Iran. The compositions of these regimens were bismuth subcitrate plus amoxicillin or 

tetracycline, and metronidazole or furazolidone, and clarithromycin or azithromycin and both 

studies show that these simplified quadruple therapies have better patient compliance without 

losing their effectiveness.  

 

 



 

Outline of this thesis 

This thesis describes the major clinical concerns of H. pylori strains among the Iranian 

population. The first part of this thesis (chapter 2-7) describes the frequency of different 

virulence factor of H. pylori isolated from an ethnic population in Northern Iran. Furthermore, it 

describes the association between various virulence factors and disease outcomes. The second 

part of this thesis (chapters 8 and 9) describes the prevalence of antimicrobial resistance of H. 

pylori among the dyspeptic patients in Iran. Established antimicrobials as well as newly 

introduced drugs like a moxifloxacine are evaluated. Finally in chapter 10, we will provide a 

general discussion of the findings in this thesis and proper outline for H. pylori research in 

future. 
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Abstract: 

Background: Numerous proteins have been proposed as virulence factors for the gram negative 

gastric bacterium Helicobacter pylori but only for a few this has unequivocally been demonstrated. 

The aim of the current study was to evaluate the association of the putative virulence factors tnpA and 

tnpB (no cagA)  with H. pylori associated gastroduodenal diseases. 

Materials and Methods: A PCR based assay was used to determine the presence of the tnpA and 

tnpB genes, as well as of cagA, in 360 H. pylori strains isolated from H. pylori infected patients.  

Results: Of 360 H. pylori culture positive patients (196 men, 164 women; average age 42.1 years 

(range 17-73), 95 had gastritis, 92 had gastric ulcers, 108 had duodenal ulcers, and 65 had gastric 

cancer. Using the gastritis group as a reference a significantly aberrant gene distribution was observed 

for the tnpA, the cagA, but not the tnpB gene in the gastric cancer group.  

Conclusion: The increased incidence of the tnpA gene in gastric cancer patients suggests a role of the 

tnpA gene in the development of  H. pylori induced gastric cancer. 



Introduction 

Helicobacter pylori is the most prevalent pathogenic microorganism colonizing the gastric mucosa of 

humans. Infection rates range between 85-95% in developing countries and 30-50% in developed 

countries [1]. Colonization always results in acute gastritis and chronic gastritis when left untreated 

[2]. Additional complications such as gastric ulcers (GU), duodenal ulcers (DU), or gastric cancer 

(GC) may develop in some of these H. pylori infected patients [3]. The outcome of the infection is 

determined by both the duration of infection and environmental, host, and bacterial factors [4]. H. 

pylori strains display extensive genetic variability with considerable variation in the presence of 

virulence factors, which is thought to cause the many different clinical presentations of H. pylori 

infections [5-7]. The CagA protein is a commonly accepted virulence factor and the cagA gene is 

often used as a marker for the presence of the cag (cytotoxin-associated gene) pathogenicity island 

(cagPAI) [4]. Patients infected with H. pylori strains that carry cagA have a higher risk for developing 

peptic ulcer and gastric cancer [8]. Other virulence determinants located on the cagPAI such as cagE, 

cagG, cagH, cagI, cagL, and cagM are required for cagPAI mediated NF- B induction, and cagT and 

cagY are required for the formation of a needle-like structure that serves to inject cagA into the host 

cell [9]. Although these factors play a critical role in the pathogenesis of H. pylori, their association 

with specific disease outcomes is not as obvious as with cagA. It has been reported that in some H. 

pylori strains the cagPAI is split into two separate regions due to the integration of the IS605 insertion 

sequence [10]. The putative IS605 transposases (tnpA and tnpB) that can mediate this cagPAI 

disruption [10] might affect the virulence of H. pylori [11], but the exact biological role and clinical 

relevance of these two determinants is poorly studied. Iran is a developing country with a high 

prevalence of H. pylori, among both symptomatic and asymptomatic individuals, and with a 

prevalence as high as 95% in the northern part of the country [12, 13]. This high prevalence is 

coupled to an even higher rate of H. pylori induced peptic ulcer disease and gastric cancers [14]. This 

makes it an ideal geographically confined region to study the effect of genetic variation of this gastric 

pathogen on infection associated disorders. In this study we determined associations of the presence 

of tnpA and tnpB and clinical manifestations of H. pylori infections in patients from the North of Iran. 



Materials and Methods: 

Patients:  

All patients suspect of a H. pylori infection that visited the Tooba Medical Center, in Sari, Iran for 

endoscopic examination between May 2008 and October 2010 were invited to participate in this 

study. Patients participating in this study underwent routine gastroscopic examination and the regular 

biopsy samples for patients’ suspect of Helicobacter infection were obtained. One gastric biopsy 

sample was sent to the pathology lab and tested by routine histopathological techniques and evaluated 

by standard criteria [15]. The other routinely obtained biopsy samples were used for microbiological 

culture and Rapid Urease Test (RUT), as described below. Ages below 16 years, antibiotic use within 

four months prior to endoscopy, or use of anti-secretory drugs within one month before endoscopy 

were used as exclusion criteria. This study was approved by the local ethics committee of Tarbiat 

Modares University, as no extra biopsy samples were needed for this study and that the obtained data 

could not be traced back to the patient level. 

Microbiological analysis: 

One of the biopsy samples was routinely tested by the gastroenterologist by Rapid Urease Test; and if 

positive a second sample was obtained and placed in 200μl sterile thioglycolate (Merck, Germany) 

broth and then immediately shipped to the diagnostic laboratory for routine culture. Upon arrival in 

the microbiology lab this sample was immediately grinded and 100μl of the resultant homogenate was 

inoculated on a Colombia agar (Merck, Germany) plate supplemented with 7% defibrinated sheep 

blood (Jihad Daneshgahi, Tehran, Iran), 10% Fetal Calf Serum (FCS) and antibiotics (DENT, 

Supplement, Oxoid) [15]. Plates were incubated at 37oC, in 10% CO2 conditions provided by 

incubator (Binder, USA) and high humidity until typical H. pylori colonies appeared or for a 

maximum of 7 days if no suspect colonies were observed. Colony shape, morphology in microscopic 

examination, routine biochemical tests such as urease, catalase and oxidase tests were performed for 

identification of H. pylori strains. 



DNA Extraction and PCR: 

Bacterial DNA was extracted from single colonies of H. pylori using a commercially available kit 

(ExiPrep™ Bacteria Genomic DNA Kit, Bioneer, Daejeon, South Korea). Genotyping was performed 

by PCR, using specific primers for cagA, tnpA and tnpB as previously described (Table 1). In addition 

a glmM PCR (Table 1) was carried out [16], both as an additional control for H. pylori identification 

and quality check of the isolated DNA (positive PCR control). The PCR amplified fragments were 

size separated on 2% agarose gel (Sinagene, Tehran, Iran) and the ethidium bromide stained DNA 

was visualized using UV illumination. 

Table 1. Primers used in this study 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Statistical analysis: 

The chi-square and Fisher exact test was used to test for the association between patient 

demographics, H. pylori genotypes, and disease groups. A P value of less than 0.05 was accepted as 

statistically significant. Microsoft Excel 2010 was used to calculate the P values, odds ratio (OR) and 

95% confidence interval (95% CI). 

 
Primers 

 
5’-3’ Sequence 

 
Reference 

 
glmM 

 

 
AAGCTTTTAGGGGTGTTAGGGGTTT 
AAGCTTACTTTCTAACACTAACGC 

 
20 

 
tnpA 

 
 

 
ATCAGTCCAAAAAGTTTTTTCTTTCC 
TAAGGGGGTATATTTCAACCAACCG 

 
 

13 

 
tnpB 

 

 
CGCTCTCCCTAAATTCAAAGAGGGC 
AGCTAGGGAAAAATCTGTCTATGCC 

 
13 

 
cagA 

 

 
ATAATGCTAAATTAGACAACTTGAGCGA 
TTAGAATAATCAACAAACATCACGCCAT 

 
5 



Results 

376 patients suspect for H. pylori infection (positive RUT test) were enrolled, but H. pylori specific 

growth was not observed from the biopsy specimen in 16 of them. The remaining 360 patients that 

were H. pylori culture positive (96%) comprised 95 patients with gastritis (G), 92 with gastric ulcer 

(GU), 108 with duodenal ulcer, and 65 with gastric cancer (GC) (Table 2). The average age was 42.1 

years (range 17 to 73 year) and there were slightly more men (n=196) than women (n=164). Detailed 

demographic data of dyspeptic patients according to age, disease symptoms, and histological findings 

are shown in Table 2. There were slightly more males with duodenal ulcers, and less with gastric 

ulcers, but there were no statistically significant associations between age, gender, histopathological 

findings, and H. pylori associated disease groups.  

 

PCR screening of tnpA, tnpB and cagA 

The overall prevalence of the tnpA, tnpB, and cagA genes were 47.5%, 13.1%, and 59.2%, 

respectively, and the prevalence of these genes in the four disease groups is listed in Table 3. No 

significant associations were observed between the presence of the tnpA, tnpB and cagA genes and 

histological findings. Statistical analysis did however reveal a significant association between the 

presence of the cagA gene and GC [Relative risk: 1.81; 95% CI 1.44-2.29], and a weak, but 

significant correlation was observed between the presence of the cagA gene and DU [Relative risk: 

1.30; 95% CI 1.01-1.69] and the tnpA gene with GC [Relative risk: 1.45; 95% CI 1.04-1.93] (Table 

3). No significant association was observed for tnpB and gastroduodenal diseases. 



Table 2. Detailed demographic data of dyspeptic patients according to the age and pathologic findings  

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 
 

Disease 
type 

 
 

Sample 
size 

 
 

Male 
(%) 

 
Pathology 

 
 findings 

Age range detailed data for each disease 
groups 

<30 31-40 41-50 51-60 >60 

 
 
 

G 

 
 
 

95 

 
 
 

51 
(53.6) 

 
Mild (n=14) 

 

6 7 1 0 0 

 
Moderate 

(n=67)  

33 26 6 2 0 

 
Atrophic 
(n=20) 

 

8 5 6 1 0 

 
 
 

GU 

 
 
 

92 

 
 
 

38 
(41.3) 

 
Mild (n=15) 

 

2 3 4 4 2 

 
Moderate 

(n=84) 
 

7 12 21 11 33 

 
Atrophic 
(n=13) 

 

0 2 2 6 3 

 
 
 

DU 

 
 
 

108 

 
 
 

72 (66) 

 
Mild (n=23) 

 

4 5 5 6 3 

 
Moderate 

(n=57) 

6 18 13 12 8 

 
Atrophic 
(n=23) 

 

6 7 7 6 4 

 
 
 

GC 
 

 
 
 

65 
 

 
 
 

35 
(53.8) 

 

 
Mild (n=7) 

 

0 0 1 2 4 

 
Moderate 

(n=47) 
 

0 0 17 16 14 

 
Atrophic 
(n=11) 

 

0 0 6 1 4 



Table 3.  Prevalence of the tnpA, tnpB, and cagA genes in the four patient groups 

 

 

Discussion 

To our knowledge, this is the largest study (n=360) investigating the distribution of the H. pylori 

virulence tnpA, tnpB and cagA in dyspeptic patients. In the first study on tnpA and tnpB by Matter et 

al [11], 63% of 215 clinical H. pylori isolates were tnpA positive and 13.5% were positive for tnpB, 

with a statistically significant association between peptic ulcer disease (PUD) and tnpA positive 

strains. This association was not apparent for tnpB. In the current study there was a similar prevalence 

of tnpA and tnpB [171/360; 47.5% and 47/360; 13.1%, for tnpA and tnpB respectively], and a similar 

association between cagA and gastric cancer patients as observed in a preliminary study by Matter et 

al [11]. Unfortunately in their study the associations of tnpA and tnpB with H. pylori associated 

disease types were not determined. In a more recent but smaller study Matter et al investigated 

associations between presence of tnpA and tnpB and gastric cancer in Brazilian patients with gastric 

Disease 
groups 

tnpA tnpB cagA 

Positives Relative Risk  95% CI Positives Relative 
Risk 

95% CI Positives Relative Risk  95% CI 

Gastritis 

(n=95) 

(Control group) 

 

             
40 (42.1%) 

                           
Reference 

              
16(16.8%)     

                         
Reference 

              
45(47.4%)     

                             
Reference 

                   
Gastric ulcer    

(n=92) 

48 (52.2%) 1.23 0.97-1.61 10(10.9%) 0.64 0.30-1.34 45(48.9%) 1.03 0.76-1.39 

                   
Duodenal ulcer 

(n=108) 

44 (40.7%) 0.96 0.69-1.34 11(10.2%) 0.59 0.29-1.22 67(62%) 1.30 1.01-1.69 

                   
Gastric cancer  

(n=65) 

39 (60.0%) 1.45 1.04-1.93 10(15.4%) 0.91 0.44-1.88 56(86.2%) 1.81 1.44-2.29 



cancer (n=34) and gastritis (n=34) [17]. The prevalence of tnpA and tnpB among gastric cancer and 

gastritis patients in the Iranian population included in the current study was 42.1% and 60.0% for 

tnpA, and 16.8% and 15.4% for tnpB, respectively, which, again, was comparable to the findings in 

the Brazilian population with gastric cancer or gastritis (29.4% and 73.5% for tnpA; and 2.9% and 

5.9% for tnpB, respectively). Kersulyte et al [18] also reported a higher frequency of tnpA in Peruvian 

gastric cancer strains than in gastritis strains (9/14 (46%) versus 15/45 (33%), respectively). Although 

the observed associations between tnpA and gastric cancer are similar in the populations in Peru, 

Brazil and Iran [11, 18], there are striking differences for associations of cagA with disease status 

between these populations. We observed a clear association between the presence of cagA and gastric 

cancer in the Iranian population, while Matter et al [11] did not observe such an association in Brazil. 

While most studies report an association between the presence of cagA and gastric cancer some 

studies do not observe this association [19, 20]. In this particular case it may be due to the low number 

of patients included in their study (n=64; versus 160 in our study). After the recognition of H. pylori 

as an important gastric pathogen [20], many attempts have been made to identify H. pylori virulence 

factors predicting clinical outcome as this might assist physicians in prediction of disease progression 

[21]. When using the gastritis group as controls for gene distribution we observed an increased 

prevalence of the tnpA and cagA genes in the gastric cancer group. To our knowledge this study 

represents the largest cohort tested thus far for the prevalence of tnpA for an association with the 

various H. pylori infection associated disease groups. While it is tempting to conclude from the 

increased prevalence of tnpA and cagA in the gastric cancer group that these genes may serve as 

useful biomarkers for gastric cancer one cannot draw that conclusion from a cross-sectional study like 

ours. A large prospective cohort study would be required to establish reliable positive and negative 

predictive values of these putative biomarkers. Due to the long time between infection and cancer 

development such a study would require long follow-up times, and since only few infected individuals 

develop cancer a large study cohort would be required. In addition there are ethical issues with such a 

study as the hypothesis to be tested is that patients infected with tnpA positive H. pylori strains are 

more prone to developing gastric cancer than patients infected with tnpA negative strains. In order to 



test this hypothesis one must establish the presence of the tnpA+/- H. pylori strain at the start of the 

study while refraining from eradication of these potentially carcinogenic strains for a long period of 

time. In spite of the shortcomings of our cross-sectional study it provides strong indications for the 

clinical relevance of the tnpA gene of H. pylori strains isolated from the Iranian population where the 

prevalence of H. pylori is relatively high [13] and this high prevalence is coupled to a high incidence 

of H. pylori induced peptic ulcer disease and gastric cancers [22]. In conclusion tnpA but not tnpB is 

clearly associated with a more severe disease outcome of H. pylori infections. As such tnpA could be 

a valuable novel biomarker but clearly further studies are required to confirm these results especially 

since at present no obvious biological explanation for a GC inducing function of this putative 

transposase can be provided. 
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Abstract: 

 

The duodenal ulcer promoting gene (dupA) of H. pylori is a virulence factor whose presence has been associated 

with H. pylori induced duodenal ulcer formation, but some dispute this association. Here we postulate that technical 

limitations of the PCR assays used to detect the dupA might explain these discrepant results. An in silico evaluation 

of the dupA gene sequences from the public DNA databases revealed significant mismatches of the different dupA 

primers that have been used in published studies. To further provide experimental evidence for our hypothesis, we 

designed new primers located within the conserved regions of dupA and then compared these new and old primers 

for their potential to detect dupA in a collection of clinical isolates. Our newly designed PCR detected dupA in 

253/394 (64.2%) of the tested strains, while the old primer sets each detected dupA at levels that ranged from 29.9-

37.8%. Our data show that the various PCR assays that have been published differ in sensitivity to detect different 

dupA alleles. Thus rather than the dupA gene itself being associated with specific H. pylori induced disease 

symptoms the observed associations should be assigned to specific dupA alleles. 



Introduction: 

 

Following the first report on the identification of Helicobacter pylori it rapidly became clear that H. 

pylori is a major human pathogen and infection can result in gastroduodenal disorders; ranging from 

chronic gastritis to peptic ulcer and gastric cancer [1]. The exact mechanisms involved in the development 

of these diseases are still under debate but probably involves both host factors as well as environmental 

and bacterial factors [1, 2]. Lu et al described the duodenal ulcer promoter gene A (dupA) which was 

found to be associated with an increased risk of ulcer formation [3]. In the fully sequenced reference 

strain 26695 the dupA gene is a single open reading frame (ORF) while in the other sequenced reference 

strain J99 the dupA gene seems to consist of two ORFs (jhp0917 and jhp0918) [3]. The exact function of 

the dupA is unclear [4], and it is unknown if for full biological function the dupA gene needs to be present 

as a single ORF. Shortly after the report by Lu et al, several reports appeared and although many of these 

confirm the association with duodenal ulcers and some even report a negative association with gastric 

cancer, others do not find these associations [5-10]. Local differences between patients and infecting 

strains have been proposed as the most likely explanation for these controversial findings. The fact that H. 

pylori is genetically highly variable, and the dupA gene is located in a variable area on the H. pylori 

genome, might lead to an alternative explanation. In most reports the absence/presence of the dupA gene 

is tested with a PCR assay, and the genetic differences between strains could explain the observed 

discrepancies [5-10]. The aim of the study was to determine the effect of an alternative PCR design on the 

detection of H. pylori dupA in isolates obtained from Dutch patients. 



Materials and Methods 

 

Strains selection: 

H. pylori strains were selected from a historical collection that contained all cultured isolates from 

patients suspected of an H. pylori infection that had consulted the Zaans Medical Center, Zaandam, the 

Netherlands, between 2005 and 2007. Biopsy samples were obtained from these patients and routine 

diagnostic microbiological culture for detection of H. pylori was performed on Colombia agar plates 

supplemented with 7% defibrinated sheep blood, 10% Fetal Calf Serum (FCS) and antibiotics (DENT, 

Supplement, Oxoid). Plates were incubated at 37ºC and 7% CO2, and high humidity for a maximum of 10 

days, or until typical H. pylori colonies appeared. Colony morphology, bacterial morphology, routine 

biochemical testing for urease, catalase, and oxidase tests were performed to confirm that cultured 

bacteria represented H. pylori. All positive cultures were then routinely stored at -80ºC. H. pylori 

reference strain J99 and 26695 were used as controls. 

 

DNA Extraction: 

DNA-isolation from the bacterial strains was by standard automated DNA extraction using the MagNA 

Pure 96 DNA and Viral NA Small Volume Kit on a Roche Magna Pure 96 with the Viral NA Universal 

SV extraction protocol according to the manufacturer’s instructions (Roche Diagnostics, Almere, the 

Netherlands). Isolated DNA was stored at -80oC. The use of this strain collection was approved by the 

local ethics committee, as it was based on a stored collection of strains, no extra biopsy samples were 

needed for this study, and the obtained data could not be traced back to the patient level.  

 

Primer design and PCR setup 

We created an alignment of all 221 dupA gene sequences present in the NCBI DNA database on 

November 2011 with Clone Manager Professional Edition (version 9.2) [11].  Based on this alignment we 

designed a new set PCR primers and a probe (Table 1) that targeted a highly conserved area of the dupA 



gene. PCR conditions for this Real Time PCR (AR-dupA) were as follows: 95ºC for 10 minutes (pre-

incubation), 42 amplification cycles consisting of 95ºC for 20 seconds and 60ºC for 55 seconds. PCR 

amplification was performed on a Roche Light Cycler 480 II (Roche Diagnostics, Almere, the 

Netherlands). In addition we used three dupA primer sets [6] that have been used previously by others to 

establish the presence/absence of the dupA gene (Table 1) and PCR was performed according to the 

conditions as reported by the authors that originally designed these primers (See table 1). 

 

Table 1: Oligonucleotide primer sequences and annealing temperature used in current study 

Gene Sequences (5-3) Size of PCR 

fragment 

Annealing temp 

(oC) 

Reference 

 
jhp0917 

TGGTTTCTACTGACAGAGCGC 
AACACGCTGACAGGACAATCTCCC 

 
307bp 

 
59 

 
Lu et al 

 
jhp0918 

CCTATATCGCTAACGCGCGCTC 
AAGCTGAAGCGTTTGTAACG 

 
276bp 

 
58 

 
Lu et al 

 
dupA 

TAAGCGTGATCAATATGGATT 
GGAACGCCGCATTCTATTA 

 
350bp 

 
56 

 
Nguyen et al 

 
AR-

dupA 

CATGGCGTTTCAAAAAATATCTCAA 
TTCATCAGTATCTTTTGTGGGGTA 

FAM-GGCAACCTTTCTCAAGTGATTATC-BBQ 

 
112bp 

 
60 

 
Current 
study 

 

Statistical analysis: 

IBM SPSS Statistics version 21 was used for statistical analysis and a p value <0.05 considered as 

significant. 

 

Results: 

From the stored collection of frozen strains we selected the first 400 strains, i.e. all stored isolates from 

2005 (n=44) and 2006 (n=141), and the first 215 isolates from 2007. From six of these strains we could 

not obtain DNA thus leaving 394 H. pylori strains for our analysis with the dupA PCR primers. 

Comparing the positivity rate of all four PCR assays showed significant differences between the different 

investigated primer sets (p<0.05; Figure 1). The jhp0918 and AR-dupA showed the lowest and highest 



detection rates (29.9% and 64.2%, respectively) of dupA in these clinical isolates (Figure 1). The newly 

designed AR-dupA PCR showed to be the most sensitive PCR to detect dupA. In fact for 30/394 (7.6%) of 

the strains only the AR-dupA PCR was positive. Sequencing the AR-dupA PCR products from the strains 

that were only positive in the AR-dupA PCR confirmed that these PCR products actually represented true 

dupA positives that were false negative in the PCR reactions based on any of the other three primer sets. 

The jhp0917 PCR was positive in 149/394 (37.8%) of the samples and the jhp0918 PCR in 118/394 

(29.9%). When using the recommendation of the original designers of the jhp0917 and jhp0918 PCR to 

report the dupA status as positive (or negative) when both the jhp0917 and jhp0918 PCRs were positive 

(or negative), only for 254 of the 394 isolates (64.4%) a dupA status could be obtained as. Eliminating the 

140 isolates with discordant jhp0917 and jhp0918 PCR data resulted in a dupA positivity rate of 41/254 

(16.1%).  

Figure 1. Detection of H. pylori dupA with different primer sets 

 

  

 

 

 

 



Discussion 

H. pylori is genetically diverse and can easily change its genomic contents by obtaining or losing genes. 

Eight years after the first report by Lu et al on dupA as a putative virulence factor for H. pylori a lot of 

data has been generated that confirm their initial claim [3]. However, there have also been controversial 

findings regarding the possible association between specific disease outcome and the presence of dupA 

[8-10]. Most investigators agree that dupA is an independent virulence factor with no linkage to other 

classical virulence factors like cagA, vacA, and iceA and the prevalence of dupA varies depending on the 

geographical region [12]. However not all agree that dupA positive H. pylori strains are indeed more 

prevalent in patients with duodenal ulcers than in gastritis patients [8, 10]. This discrepancy has been 

attributed to differences in diet, smoking habits, socioeconomic conditions, and immune status of the 

infected patients [4]. Also local differences in the infecting H. pylori strains have been mentioned, e.g. 

with regard to dupA genes or the presence/absence of other virulence factors. As far as we know none has 

actually tested the technical limitations of the PCR assays used to detect the dupA status as potential 

reason for these discrepant results. H. pylori is a genetically variable bacterium and especially at the 

plasticity region where the dupA gene is located is known to display substantial genomic diversity [13, 

14]. This prompted us to check the effect of the variability of this region on the various PCR reactions 

that have been used to detect the dupA gene. An in silico evaluation of the dupA gene sequences from the 

public DNA databases revealed significant mismatches of the different dupA primers that have been used 

in the published studies. Indeed the prevalence of dupA among the H. pylori strains was significantly 

higher when using a newly designed primer set that targeted conserved areas of the dupA gene, indicating 

that the dupA PCR assays that have been used in the published studies probably missed some dupA 

positive isolates. In addition all four primer sets seemed to detect a different subset of strains. 

Unfortunately, we do not have clinical data related to the strains from our collection, nor do we pose such 

a collection, and thus we cannot check the association of the various PCRs with specific disease outcome 

and the presence of dupA. Obviously, this needs to be examined in various geographical areas to further 

test the validity or our hypothesis. In conclusion, our findings suggest that previous results on an 



association between the increased prevalence of dupA in patients suffering from H. pylori induced 

ulceration should be interpreted with caution. More likely these papers reported the association of a 

specific dupA allele instead of the actual presence of the dupA gene. Thus rather than disputing or 

confirming the association between the presence of dupA and different gastroduodenal disease these 

reports tested a relationship between a specific dupA allele and disease. Since various primer sets were 

used these different PCR assays probably tested for different dupA alleles and can thus not be compared 

to each other. It is commonly accepted that for the classical H. pylori virulence factor vacA there exist 

different alleles (s1/s2 m1/m2), and that it is not the presence of vacA, but the presence of a specific allele 

that is associated with a different risk on inducing H. pylori associated disease [15]. Our data indicate that 

also for dupA there exist different alleles that, as with vacA, might be associated with different risks for 

the induction H. pylori associated disease. The challenge would be to identify these disease specific dupA 

alleles and to design allele specific primers for their detection.  
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Chapter 10 

 
General Discussion 





H. pylori; current status 

H. pylori is a Gram-negative microaerophilic organism which, unless treated effectively, can cause a life-

long colonization of the human stomach. The initial infection usually occurs during childhood as the 

stomach is less acidic in young children (1). Currently, more than 50% of the world population is 

colonized with H. pylori (2, 3), and this colonization significantly increases the peptic ulcer and gastric 

cancer risk of the infected individuals (4, 5). About 10-20 % of the colonized individuals will develop the 

more severe H. pylori infection associated disease such as peptic ulcers or gastric cancer (6-8). Not only 

is the prevalence of H. pylori in various regions of the world different, also the prevalence of H. pylori 

induced gastroduodenal disorders differs widely between different geographical regions (2, 7). Strikingly, 

there is no straightforward universal association between the prevalence of H. pylori and the H. pylori-

induced gastric cancer prevalence. That is in some regions such as a Japan there is a relatively low rate of 

H. pylori infections but a high prevalence of H. pylori induced gastric cancer cases while in other regions 

like Africa there is a high infection rate but only a low rate of gastric cancer. In Mid-Eastern regions, such 

as the north of Iran, the prevalence of both gastric cancer and H. pylori infection are relatively high (9, 

10). One potential explanation for these differences between infection rates and disease outcomes could 

be in that there are differences in the virulence of the infecting H. pylori strains. H. pylori is a high 

heterogeneous species with ~1600 genes, but these are not all functionally characterized (11, 12). Of these 

genes ~5% is unique to H. pylori and ~15% of the genes are highly variable or sometimes lacking 

completely between the different isolates (11, 13). Many of these unique and variable genes are clustered 

in so called plasticity regions (11). Plasticity regions represent small area’s within the genome that are 

distinct from the rest of the genome in four aspects; i) they have a different GC content than the rest of the 

genome, ii) their gene content varies considerably between different isolates, iii) they do not seem to 

contain any essential (house keeping) genes, but instead carry genes that are potentially involved in the 

bacterial communication with the outside world such as type IV secretion factors. Thus in many aspects 

these plasticity regions are very similar to the ‘pathogenicity islands’ of other bacterial pathogens. It is 



thus tempting to speculate that these plasticity regions contain H. pylori specific virulence factors that are 

present in some, but lacking in other strains thereby explaining the diverse clinical outcomes of an H. 

pylori infection. If the absence/presence of specific genes in these plasticity regions shows an association 

with the outcome of an H. pylori infection, these genes might represent good biomarkers to predict the 

chance for a certain clinical outcome of an H. pylori infection. Accepting that not all H. pylori strains are 

equal in their disease potential raises the question if the treatment procedure should be the same for all H. 

pylori infections. Some strains might even not require treatment at all, but it is currently not regarded 

acceptable to deny treatment to a patient that is infected with a potentially cancer inducing bacterium. 

Being able to reliably predict the chance of development of serious clinical disease would allow us to 

differentiate between the harmful and more innocent H. pylori and thus perhaps provide a rationale for a 

negative treatment advice in those patients infected with a low risk H. pylori strain. Due to the high 

prevalence of H. pylori globally, the wide spectrum of gastroduodenal diseases attributed to this 

bacterium, and the unknown additional factors with influence on outcome it will probably not be easy to 

define simple generally applicable criteria for defining such high/low risk groups that should (or should 

not) receive treatment. In order to do so one would require answers for unsolved issues such as how 

strong is the association between presence/absence of virulence factors and the outcome of H. pylori 

colonization, and what is the role of host genetics and environmental factors (e.g. gut flora composition) 

on this outcome. In this thesis, we discuss some of these issues and try to provide an initial approach to 

the identification of bacterial biomarkers.  

 

 

 

 



Goals of this thesis 

The identification of the virulence mechanisms and the search for effective ways to eliminate an ongoing 

infection have been the two major research topics for those working in the field of H. pylori (14). In fact 

there is only scarce data on this, that is mostly derived from studies showing an association between the 

presence/absence of these genes and specific H. pylori induced disease symptoms. In this thesis we aim to 

assess the value of the presence/absence of H. pylori virulence factors on the prediction of the clinical 

manifestations of an infection. The main reason for investigating the potential use of these virulence 

factors as markers is not only out of academic curiosity, but also to aid clinicians to reliably predict the 

clinical outcome of the infection. Given that i) there are many infected patients, ii) there is only a very 

limited set of 4-5 antibiotics to effectively treat H. pylori patients, iii) that these few antibiotics are only 

truly effective if used in combination, and iv) resistance to these drugs is rapidly increasing, have 

triggered initiatives on selective treatment.  

H. pylori is a typical example of a panmictic bacterial species, and it has often been claimed that every 

infected patient carries his/her own strain (13). One of the reasons for this diversity is that H. pylori is 

naturally competent and can take up environmental DNA, especially from other H. pylori isolates. 

Sequence analysis of various H. pylori isolates has revealed that DNA exchange is an effective 

mechanism to create novel variants representing potentially more virulent/resistant bacteria (15). In 

addition it is not uncommon to find different isolates of H. pylori within a single host (16), thus creating 

ideal conditions for the generation of new ‘mixed’ strains. Given the high prevalence of H. pylori, its high 

genetic variability, and the high rate at which this bacterium develops resistance against these drugs, one 

can easily predict that in a few years there will not be any effective therapy left (17). Unlike many other 

bacteria where resistance is based on the acquirement of a new resistance encoding gene, with H. pylori 

antimicrobial resistance is always based on single point mutations in house keeping genes (18). This de 

novo induction of resistance can rapidly occur in H. pylori. As there is only a limited choice of effective 

antimicrobials (17, 19), we are now rapidly running out of options for effective treatment. Knowing that 



the majority of H. pylori infected individuals will only suffer from a symptomless chronic gastritis as the 

result of this infection (5, 7, 14), one could reduce the number of patients to treat by offering treatment 

only to those patients that are at risk for a more severe disease outcome. This would allow for restricted 

antimicrobial use that will consequently prevent further increase in antimicrobial resistance. Currently, 

there is no reliable algorithm available to predict who will develop more severe outcomes and thus require 

treatment and who can be left untreated. Except for the well-established H. pylori virulence factors cagA 

and vacA, there are no other well characterized virulence factors that show good associations with disease 

outcome. In the first part of this thesis, we selected some of less characterized virulence factors such as 

babA, dupA, homB, iceA, tnpA, and tnpB and assessed their association with the disease outcomes in an 

Iranian population. In the second part of this thesis, the presence of antimicrobial resistance among the H. 

pylori strains isolated from ethnic individuals in North of Iran is analyzed  



Section 1: Virulence factors 

Clinical relevance of H. pylori 

H. pylori is the only known bacterial pathogen able to persistently colonize the human gastric mucus. The 

initial colonization by H. pylori usually is without symptoms but over time it will develop in an acute 

gastric inflammation. If left untreated most H. pylori strains will persist lifelong in the gastric mucosa. 

Although many infected patients will not develop clinical symptoms they will suffer from chronic 

gastritis and consequently develop atrophy of their gastric epithelium. Over time 10-15% of all H. pylori 

patients will develop severe gastroduodenal diseases (Figure 1). Initially most clinicians believed that the 

final outcome of a H. pylori infection could be explained solely by the differences in virulence factors of 

the infecting strains. Given the sheer number of studies which have been performed for finding these 

disease outcome determining virulence factors of H. pylori, and the fact that there is still no such disease 

determining virulence factor identified illustrates that this concept is to simple (20). Currently, it is 

believed that in addition to bacterial factors also environmental factors and host factors play an important 

role and it is the combined interplay of these factors that determines the clinical outcome in the H. pylori 

infected patient (21). In conclusion the prediction of the final outcome of an H. pylori infection based on 

only virulence factors may not be entirely possible, but it will provide a good starting point for the design 

of such an algorithm.   

 

Figure 1. Distribution of different clinical outcomes after primary infection by H. pylori 



 

Can virulence factors serve as an actual biomarker for disease outcome? 

Finding the H. pylori virulence factors responsible for the clinical outcome of H. pylori has been the aim 

of several studies (22, 23). Close associations have been found between the presence of certain virulence 

factors and the occurrence of clinical gastrointestinal disorders (20, 24). To date, most studies have 

focused on classic, well established virulence factors such cagA and vacA which showed an association 

with the more severe diseases outcomes. The presence of the cagA gene can easily be detected by 

molecular methods (25, 26). As we showed in chapter 2, the low frequency of the cagA positive 

genotype among the H. pylori strains isolated from the patients with gastric cancer and MALT lymphoma 

in our study implies that there is not always a positive association between cagA and gastric 

cancer/MALT lymphoma. This shows that even for a well established virulence factor like cagA there is 

not always an unambiguous link between its presence and disease outcome. But there are more issues 

when trying to design a simple algorithm, as is exemplified by the other well established H. pylori 

virulence factor vacA. The vacA gene is present in all strains, hence its association with gastric pathology 

is not determined by its presence/absence but by specific allelic variants in both the signal and middle 

region of the vacA gene, with the vacA s1m1 allele being the most virulent allelic type (27, 28). Reliable 

detection of these allelic variants may not always be possible by a simple PCR reaction and the routine 

use of these vacA alleles for the pathotyping of H. pylori is currently not a viable option (29). It becomes 

even more complicated with both vacA and cagA: there is much variation in pathogenesis associated 

motifs and the simple absence/presence of these genes may not suffice as a biomarker for the prediction 

of disease outcome. In chapter 3, we looked for an association of dupA with different H. pylori induced 

digestive disorders with patients from Northern Iran. To our knowledge, our cohort included the largest 

gastric cancer patient collection ever tested for putative associations with dupA. This not only allowed us 

to confirm the association of dupA with duodenal ulcer induction, but we also observed a negative 

association between the presence of dupA and gastric cancer. In this regard, dupA is an interesting 



example. When testing for an association between the presences of dupA and clinical manifestations we 

selected a PCR primer set that had been used by others. In addition we used more than one primer set in 

an attempt to avoid putative bias due to false negative as a result of lack of primer binding resulting from 

the high genetic variability of H. pylori. We initially believed (chapter 3) that the presence/absence of the 

dupA gene was indeed positively associated with duodenal ulcer formation, and negatively associated 

with gastric cancer formation, as had been described by others. Later (chapter 7) we reevaluated the 

primers that we used and realized that using primers for a variable region of the genome can easily lead to 

unreliable results. Indeed the percentage dupA positives ranged from 29%-64% depending on the primer 

set used. This shows that one has to be particularly careful when analyzing a genetically diverse organism 

as H. pylori as in this case almost eight years after describing the dupA as new virulence factor a lot of 

data has been generated that suggest towards dupA being a useful biomarker. However, this data is in part 

dependent on the PCR-design; i.e. the primers used may not bind to all the genetic variants of the genes 

tested, and thus there is a serious concern of false-negative PCR results. This makes that for some studies 

the conclusions have to be critically evaluated. Finding a much higher prevalence of dupA with our newly 

designed primers indicate that it was not the presence of the dupA gene that was tested by these PCR 

reactions, but more likely the presence of selected dupA allelic variants. Thus our conclusion that there is 

an association between the presence of dupA and duodenal ulcer formation should be rephrased into: “An 

association between duodenal ulcer formation and the specific dupA allele detected by the PCR used”. 

The recent introduction of affordable whole genome sequencing techniques is a promising new technique 

to replace PCR based analysis that will avoid such artifacts in the near future. In search of alternative 

markers clinicians and researchers used the information from the many available genome sequences. 

These revealed the presence of some highly variable regions carrying genes which can potentially act as 

novel virulence factors (13). In chapter 6, we focused on two novel virulence factors that might serve as 

biomarkers: i.e. tnpA and tnpB. These genes are likely to encode for the transposases that can induce 

deletions in the cag pathogenicity island, and thereby might affect the virulence of this gastric pathogen 



(30). Our findings indicate that the tnpA gene might serve as a biomarker to detect strains associated with 

higher risk to develop gastric cancer. Unfortunately the observed associations were not very strong, thus 

one can easily dispute the clinical relevance of our findings and further prospective studies would be 

needed to provide more definitive evidence. In chapter 5, we tested for an association between babA2 and 

clinical manifestations. We observed that the prevalence of babA2 in H. pylori strains is close to 40% 

which is in contrast to other studies where it sometimes was up to 90% (31). We observed that there is a 

correlation between babA2 and gastric cancer. While babA2 may serve as a potential biomarker that is 

associated with gastric cancer further experiments with larger numbers of samples in different 

geographical areas are needed to show the general validity of this. The same is true for the work described 

in chapter 4, where we selected a population from the North of Iran to investigate the proposed role of 

homB as a biomarker for detecting the presence or prognosis of gastric cancer in infected patients. Also 

here we performed a cross-sectional study which shows a distribution of this gene in the infected 

population at a single time-point, but to substantiate our claims we would need to perform a prospective 

study using asymptomatic patients only and study the distribution of these genes after a long time interval 

and estimate the level of association between presence/absence of a particular gene and the development 

of gastrointestinal symptoms in these patients. The same goes for many of the other factors that have been 

proposed as putative biomarkers. Hopefully in the near future large prospective studies will be performed 

determining the strength of the associations between these virulence-associated H. pylori genes and 

increased risk of specific disease outcomes. However, to define a good algorithm for the prediction of 

disease outcome, one cannot depend on bacterial factors alone. As mentioned above the disease risk not 

only dependents on H. pylori strain-specific components, but also on environmental factors and host 

factors. While some of these factors can still be objectively established retrospectively, others (like food 

intake during a patients childhood) requires going back in time by >50 years and is thus very much 

dependent on the perception of the patient. As a result most research went into finding links between 

stable genetic determinants of host factors such as immune polymorphisms. Here there is clear evidence 



that polymorphisms in TNF-alpha, IL-8, IL-1 and IL-10 in H. pylori infected patients are associated with 

an increased risk of gastric cancer and other gastrointestinal disorders (32-35). Based on current data, it 

has been proposed that H. pylori are able to rapidly adapt to their hosts, thus effectively each individual is 

infected by their own specific strain (36). In other words, a successful bacterial infection depends on a 

well arranged communication between the bacterium and its host. The exact details of this process are not 

yet fully understood, questions that remain are e.g. what is the source of the newly introduced genes, what 

exactly is driving the selection of new variants, and is there a stable situation reached after a certain 

period of time or is the changes a continuous process. In spite of the many efforts made by us and others, 

there currently is no reliable algorithm to predict the specific H. pylori associated disease. Suppose that 

finally good and well validated biomarkers can be identified to predict the gastroduodenal disease caused 

by the H. pylori infection, how will these be used in a clinical setting, how strict can one be in the 

resulting advice on whether or not to eradicate the infecting strain, and are these decisions considered to 

be ethically correct? These issues will be complicated further by the fact that often a patient was exposed 

to variable environmental conditions and/or is infected by more than one strain. So then the question is if 

there is a dominant environment, strain/genotype with regard to disease development. Even if we can 

solve the issue of what is this dominance, there remains the issue of how often we have to rescreen our 

infected patients in order to allow for a reliable prediction as it is known that e.g. strains rapidly evolve 

and can change their genotype during the infection.  

 
 
 
 
 
 
 
 
 
 
 
 



Section 2: Treatment 

In vitro, H. pylori is susceptible to the most antimicrobials, but successful eradication of H. pylori in the 

patient can only be achieved by a handful of them with clarithromycin, amoxicillin,  tetracycline, and 

metronidazole being used most frequently in routine practice (17, 19). This gap between in vitro and in 

vivo findings is further complicated by the finding that successful eradication can only be achieved if two 

or more of these few effective antimicrobials are combined. There are many papers on how to use the 

current antibiotic regimens in order to achieve optimal treatment (37-39), and how to limit the induction 

of antimicrobial resistance. There is a growing concern on how to effectively treat patients with primary 

resistance because the prevalence of antimicrobial resistance is still increasing. Chapters 8 and 9 show 

that resistance in Iran is currently 78% and 34%, against the two most commonly used antibiotics 

(metronidazole and clarithromycin, respectively). Against the newly introduced antimicrobials 

moxifloxacine and levofloxacin, resistance in Iran was already 5% and 10%, respectively (chapter 8). It 

is expected that also these resistance levels will rapidly increase over time. Luckily in Iran there is a 

surveillance system for nationwide resistance rates in H. pylori; in many western countries there is no 

such surveillance for the resistance profiles of the locally circulating H. pylori isolates. In many countries 

there is even a trend to no longer perform susceptibility tests prior to starting Helicobacter treatment, and 

given the high levels of antimicrobial resistance this can easily result in the dual and triple therapy 

effectively only being monotherapy. This is a scenario for therapy failure and induction of resistance, thus 

completing the circle. This is especially alarming as it is not expected that any new effective 

antimicrobials will be available soon.  

Having H. pylori: Good or bad? 

To date the available eradication regimens look far from ideal. The fact that most H. pylori infected 

individuals lack any clinical symptoms supports the concept that we do not need to eradicate all H. pylori. 



Thirty years ago most clinicians regarded H. pylori as part of the normal gram negative bacterial flora of 

the stomach which could be found in histopathological smear of the gastric epithelial cells nearly all 

patients. This view has drastically changed as with the discovery of H. pylori strong evidence became 

available for a direct association between an increased risk of gastric cancer development in H. pylori 

infected individuals. The situation is perhaps more complicated if we realize that next to the benign 

associations with duodenal ulcers and gastric cancer there are also indications of beneficial effects of H. 

pylori colonization. E.g. it was reported that there is a negative association between the presence of H. 

pylori colonization and Gastro-Esophageal Reflux Disease (GERD), Barrett’s, and esophageal cancer (7, 

40). Perhaps, in the case of H. pylori, we need to replace the word “pathogen” for specific strains with a 

new phrase which would be “symbiont”. This poses the problem of choosing to eradicate the H. pylori 

infection in stomach and decrease the chance of Duodenal ulcer (DU) and Gastric cancer (GC) induction, 

or just leave it in the stomach and reduce the chance of BE and esophageal adenocarcinoma. Currently we 

are unable to distinguish which H. pylori strains should be considered as beneficial symbionts or true 

pathogens and this makes it difficult to decide how to deal with H. pylori infections. Given that the final 

outcome of H. pylori infection is the combined result of host, environmental, and bacterial factors, it is 

remarkable that there is often such a strong correlation between bacterial virulence factors and disease 

outcome. It implies that some virulence factors must have a very strong effect on the disease outcome. 

But algorithms that attribute the H. pylori induced disease symptoms only to specific virulence 

determinants are doomed to fail if they do not at some point also include host and environmental factors. 

Conclusion 

Three decades of intense research into H. pylori virulence factors have revealed many aspects of the 

relationships between this bacterium, the gastric mucosal surface, and the induction of disease. Strain-to-

strain genetic variability in bacterial virulence factors not only affects the ability of the organism to 

colonize and cause disease but also affects inflammation and gastric acid output. In the continuous 



interactions with the host and exposure to antimicrobials, the bacteria are able to adapt by mutations and 

DNA rearrangements, rendering novel genotypes that are more resistant to the antimicrobials used to 

eradicate these bacteria. It is unlikely that many novel antimicrobials will be available in the near future, 

thus treatment including two antimicrobials (triple therapy) will have to be replaced with therapy that 

employ three or even four antimicrobials in order to stay effective. This will raise the issue on how to 

reduce the long duration of the treatment as including more antimicrobials will enhance side effects and 

thus result in poor patient compliance. Vaccines could be an alternative to antimicrobials, but until now 

this has not been a very promising approach and it is unlikely that there will be an effective vaccine any 

time soon.  Hence we need a completely alternative strategy and the detection of both bacterial virulence 

factors and host factors that contribute to the pathology of this infection may allow the design an effective 

algorithm to predict if a patient is infected with either a ‘good’ Helicobacter or a pathogenic one. But 

given that some of these host and bacterial virulence factors have been identified, and do show significant 

associations with disease induction suggests that such an algorithm can be designed. But still much effort 

needs to go into these algorithms and they may need tweaking for each region and ethic population in 

order to be effective. 
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Summary 

Helicobacter pylori (H. pylori) is a bacterium that can colonize the epithelial mucosa of the human 

stomach. With approximately 50% of the world's population infected by H. pylori, this makes it the most 

common cause of chronic gastritis, gastroduodenal ulcer disease, and also gastric adenocarcinoma. It is 

not clear why some people with H. pylori get disease symptoms while most infected individuals never 

show any symptoms in spite of suffering from serious chronic gastritis. Currently, the main topics for 

studies on H. pylori are antibiotic resistance and the presence of virulence factors and their association 

with specific clinical outcomes. To date, different virulence factors such as babA, iceA and vacA have 

been suggested; however, there is no clue how these factors can affect the disease outcomes associated 

with H. pylori infection. Another major topic with H. pylori is that over the last years, the efficacy of 

therapeutic regimens seems to be decreasing due to the development of antibiotic resistance. This is an 

alarming issue with regard to treatment efficacy. 

 

Virulence Factors 

Among the H. pylori virulence factors, cagA is the most important determinant and it has been shown to 

be undeniably associated with serious H. pylori induced disorders.  The cagA gene is located at one end of 

the cag pathogenicity island (PAI), which is an approximately 40 kbp region that is incorporated into the 

H. pylori genome by horizontal transfer from an unknown source. In chapter 2 the frequency of cagA 

gene in H. pylori strains isolated from symptomatic patients were investigated. Of 128 strains, 84 (65.6%) 

were cagA positive. Much to our surprise no significant association was observed between specific 

disease types and cagA positive isolates (P>0.05). A lack of correlation between the cagA and more 

severe diseases has been reported before and was attributed to geographical differences in the studied 

regions. The duodenal ulcer-promoting gene (dupA) was recently reported as a novel H. pylori virulence 

factor associated with an increased rate of occurrence of duodenal ulcer (DU) and a decreased risk for 

gastric cancer (GC). As described in chapter 3, dupA could serve as independent predictor for the clinical 

outcome of H. pylori infection, as was suggested previously. While our association study provides only 

circumstantial evidence for an obvious role of dupA as a disease causing factor it cannot prove that it is a 

true virulence factor. This would e.g. require additional infection experiments with isogenic mutants. In 

an attempt to explain this we tested the growth of DupA positive and negative strains at various pH 

conditions. We observed that DupA positive strains are more resistant to low pH, making it likely that 

DupA positive strains reside in the lower parts of the stomach (antrum vs corpus). This difference in the 

distribution of the gastric colonization would explain with the different patient populations.   



The Helicobacter outer membrane (Hom) adhesion molecules constitute a paralogous family of proteins 

that contain a signal sequence at the C terminus and several alternating hydrophobic/hydrophilic motifs, 

which are typical markers of outer membrane proteins. In 2009, it has been suggested that homB can be a 

good biomarker to predict the presence of gastric adenocarcinoma in H. pylori infected individuals. The 

authors indicated that more studies with higher sample size in different geographical regions are required 

to confirm their findings. In the Northern parts of Iran there is a high risk of getting gastric cancer as a 

result of H. pylori infection. Our results in chapter 4 showed that the homB gene can be a valuable 

biomarker for the prediction of gastric cancer in H. pylori infected patients (P<0.001). Moreover, our 

study was the first to confirm this association in an Asian country. But again, this is an association study 

only and to proof that homB is a true virulence factor one would need to further investigate the exact 

biological mechanisms.  

Presumably, the type and location of the H. pylori colonization in the gastric mucosal epithelium plays a 

critical role with regards to the clinical symptoms of the H. pylori infection. Thus it is no surprise that the 

presence/absence of certain H. pylori adhesions is associated with the occurrence of various digestive 

disorders. In chapter 5, we confirmed the previously reported association between the presence of the 

adhesion factor encoding babA2 and iceA1 genes and disease outcome. Also in the tested North Iranian 

population both genes are more prevalent in patients suffering from gastric cancer than in the other 

patients groups. To date, only a few studies have investigated the possible association of babA2 and 

clinical outcome. In most Asian countries studies the prevalence of babA2is around 90%. Interestingly we 

found that in the Iranian population the prevalence of babA2 in H. pylori strains is 40%. Due to this more 

even distribution between babA2 positive and negative strains in our relatively small study population, we 

were able to draw statistically significant conclusions on the association between the presence of this 

adhesion factor encoding gene and disease outcome. However, we need more studies in different 

geographical regions to confirm current findings. Also here further experiments with higher number of 

samples in different geographic population are needed to substantiate the general validity of our findings. 

In chapter 6 we studied the recently proposed H. pylori virulence factors jhp0652, tnpA and tnpB. The 

results from our study confirm the significant association of the cagA gene and gastric cancer, and a 

weak, correlation was observed between the presence of the cagA gene and duodenal ulcer. For   the tnpA 

gene an association with GC was observed, but no significant association was observed for tnpB and 

gastroduodenal diseases. The exact biological role these genes play in virulence is currently still unclear. 

Recently, it was suggested that jhp0562 is responsible for encoding a glycosyltransferase involved in LPS 

biosynthesis. Thus it is tempting to speculate that the presence of the jhp0562gene affects the LPS 

composition and thereby the colonization properties of the bacterium. The H. pylori tnpA and tnpB genes 



encode a transpose that can induce deletions in the cag region. As this cag region encodes several 

virulence factors that are known to affect disease outcome, the disruption of this region is likely to affect 

the virulence of this gastric pathogen.  

 

As mentioned above in chapter 3 we have used previously published PCR assays to confirm that the 

presence of the dupA gene is higher in duodenal ulcers patients and lower in gastric cancer patients 

compared to gastritis only patients. An in silico analysis of all available dupA genes sequences from the 

public DNA databases revealed significant mismatches of various available dupA primers. In chapter 7, 

we designed new primers against more conserved dupA sequences and showed that our newly designed 

primer set (AF-dupA)  found more H. pylori isolates positive for the dupA gene than the old primers as 

designed by others (and used in chapter 3 by ourselves). While we did show that the dupA gene is more 

prevalent than was previously estimated based on the old PCR assays, we do not know if and how this 

would affect the associations with the various patient populations as we do not know the clinical 

symptoms for the patients that we isolated our strains from. Hence this is an aspect that definitely would 

warrant further testing.  

 

Resistance 

With H. pylori the increase in antibiotic resistance has become an alarming issue that seriously affects the 

efficacy of H. pylori treatment. While monitoring the H. pylori resistance does not deal with the 

consequences of this issue, it does aid the physicians in their rational choice of therapeutic formulations. 

In chapters 8 and 9 we showed that the prevalence of antibiotic resistance is increasing. Unfortunately, 

resistance against moxifloxacine is also already 4.6% in the tested strains. Frequently used antibiotics 

such as clarithromycin in respiratory diseases and also metronidazole for gastrointestinal parasites can be 

an explanation for having such high rate of resistance among the H. pylori strains. However, as we found 

in chapter 8, moxifloxacine can be an alternative in current therapeutic regimens. Additionally, the next 

intervention might be considering the use of non-invasive tests such as screening the H. pylori DNA 

isolated from feacal samples for the resistance of the infecting H. pylori strains.  
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