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Chapter 1

Introduction and outline of the thesis.
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Helicobacter pylori.

Since the (re)discovery of Helicobacter pylori (H. pylori) by Warren and Marshall in

1983 (1) and the acceptance of its role in the pathogenesis of peptic ulcer disease

(PUD), there has been a fundamental change in the management of this condition.

Formerly, PUD was considered a chronic disorder of unknown etiology and most

patients either received maintenance acid suppressive treatment or underwent gastric

surgery. Nowadays, PUD is regarded as an infectious condition that can be cured with a

short course of antibiotics in combination with bismuth compounds or acid

suppressants.

H. pylori is a small (0.5-1.0 µm in width and 2.5 to 5.0 µm in length), spiral shaped,

highly motile, gram negative rod with 4-6 unipolar sheathed flagellae (2). The micro-

organism grows slowly in vitro and requires special media and a micro-aerophilic (5%

O2, 10% CO2, 85% N2) environment (3). The most striking biochemical characteristic is

the production of large quantities of urease. This enzyme digests urea to produce carbon

dioxide and ammonia. In the presence of water this leads to the formation of

ammoniumhydroxide (4). In this way H. pylori is able to neutralize the acid in its direct

environment.

The complete genome of H. pylori has been characterized recently (5). The genome is

circular and relatively small (1,6-1,73 Mb) with a G + C content of 39%. Sequence

analysis has shown that H. pylori has well developed systems for DNA restriction and

modification. Furthermore, H. pylori has a large variety of genes encoding for adhesins,

lipoproteins, and outer membrane proteins suggesting complex host-pathogen

interactions. The sequence analysis has shown only a limited metabolic repertoire and

biosynthetic capacity, consistent with its adaptation to a special ecological niche: the

human stomach (5,6). The H. pylori genome contains several genes suggested to be

related with bacterial virulence. The VacA gene encodes for a vacuolating cytotoxin and

the presence of this cytotoxin is related to more severe forms of gastritis and with PUD

(7). Furthermore, the H. pylori genome contains the cagA pathogenicity island that

encompasses several genes associated with more severe inflammation and with PUD

(8). Other virulence factors include the surface exposed lipopolysaccharide (LPS) and

the product of the IceA gene (5).

H. pylori is present in the stomachs of approximately half the worlds population. The

exact mode of transmission is still unknown but has been suggested to take place in

early childhood. After the micro-organism has been acquired, it colonizes the stomach
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and usually persists for decades. In the developing world the infection is extremely

common and in some areas virtually everyone is infected. In the developed world

acquisition of the infection in childhood has decreased dramatically and, therefore, the

prevalence is higher in the elderly than in the young (9).

H. pylori and disease.

Infection with H. pylori results in an acute pangastritis often associated with

achlorhydria. This gastritis may be symptomatic with nausea, vomiting and abdominal

pain (10,11). Although the infection can be cleared in some patients it mostly results in

an active, chronic, antrum predominant gastritis (12). This chronic gastritis is

asymptomatic in the majority of cases, but in about 10% it leads to PUD (13).

Furthermore, the infection may cause atrophy and intestinal metaplasia of the mucosa

leading to gastric adenocarcinoma in a minority (14). H. pylori infection has also been

related to rare disorders such as gastric MALT lymphoma and hypertrophic gastropathy

of Ménétrier (15,16). Finally, it has been suggested that H. pylori infection may be one

of the causes of functional dyspepsia, but this is still a much debated topic (17-20).

Recently it was suggested that H. pylori infection can also be beneficial as the micro-

organism may protect against gastroesophageal reflux disease (GERD) and its potential

sequelae: Barrett's esophagus and adenocarcinoma of the esophagus (21). Several

arguments support this hypothesis. First, several epidemiological studies show that the

decrease in the prevalence of H. pylori and PUD was accompanied by a simultaneous

increase in the prevalence of adenocarcinoma of the esophagus (9,22,23). Second, in

some studies the prevalence of H. pylori was lower in patients with GERD than in

controls (24,25). Finally, a study by Labenz et al. suggested an increase in GERD after

H. pylori eradication in patients with peptic ulcer disease (26).

The factors that determine the outcome of the chronic H. pylori infection are largely

unknown. Most likely, bacterial factors (such as the virulence factors discussed above),

host factors (for example bloodgroup and parietal cell mass), and environmental factors

(for example age of acquisition of the infection and smoking) closely interact and

determine the clinical outcome of the infection.

Diagnosis.

H. pylori infection can be diagnosed by several invasive and non-invasive tests (3,27). If

a gastroscopy is performed, biopsy-specimens can be taken to detect H. pylori by a
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rapid urease test, histological examination, polymerase chain reaction (PCR), or culture.

The rapid urease test is based on the buffering capacity of H. pylori related to the large

quantity of urease the microorganism produces. For this test the biopsy specimen is

placed directly in a solution of urea and a pH indicator. The test is quick and can be read

by the endoscopist shortly after the gastroscopy (28). H. pylori can also be detected by

histological examination of the biopsy specimen, but the main advantage of histology is

its ability to give information about the presence of gastritis, atrophy, and intestinal

metaplasia. For histology several different stains are available. The haematoxylin-eosin

stain and Giemsa stain are most commonly used. More specific stains include the

Warthin-Starry silver stain and immunostains, but these are more costly and laborious

(3). Culture of H. pylori requires specific growth conditions and results are only

available after several days. On the other hand, culture has the advantage that antibiotic

susceptibility can be determined (3).

If a gastroscopy is to be avoided several non-invasive tests including serology, urea-

breath tests using either 13C or 14C labeled urea, and stool antigen tests are available.

Serology is cheap, easily performed and, therefore, most frequently used (27). As

antibody titers decrease very slowly after therapy, however, this test is not very suitable

after treatment (29-31). Urea breath tests are simple and easy to perform. For the  14C-

urea breath test, however, a radioactive substance is used and 13C-urea breath tests need

expensive equipment to analyze the breath samples (mass-spectrometer or laser assisted

ratio analyzer (LARA)) (31). Finally, the HpSA test is a new, simple, and promising test

that detects H. pylori antigens in stool specimens (32).

The accuracy of these invasive and non-invasive tests have been studied in the

pretreatment situation showing good or acceptable accuracy for all of them

(27,31,33,34). The accuracy of them to assess the result of anti-H. pylori  treatment,

however, has been the subject of only a few studies. It has become clear that recurrence

of H. pylori infection after assumed successful treatment occurs mostly in the first year

after treatment, and only rarely afterwards. Moreover, it has been shown that the use of

a highly effective eradication regimen results in a lower recurrence rate then the use of a

less effective regimen (35). This suggests that these recurrences are in fact missed

treatment failures and that the accuracy of the different diagnostic tests to assess

treatment success should be questioned.
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Treatment of H. pylori infection.

For the treatment of an H. pylori infection several drug combinations are available (36).

The combination of colloidal bismuth subcitrate with two antibiotics (classic triple

therapy) was the first therapeutic regimen that came into use (37). Nowadays, this

regimen is largely replaced by the better tolerated and less complicated combination of

a protonpump inhibitor (PPI) and two antibiotics (36). Some advocate quadruple

therapy (the combination of a PPI and classic triple therapy) as it is highly effective

(38). It has, however, the disadvantage of being a very complicated regimen. Recently,

ranitidine bismuth citrate has been introduced: a salt of the H2receptor antagonist

ranitidine and a bismuth compound. This drug is also effective in H. pylori eradication

regimens (39).

In these drug combinations several antibiotics are used (36). Classic triple therapy

usually includes the combination of a nitroimidazole and tetracycline. The replacement

of tetracycline by amoxicillin resulted in a loss of efficacy (37). In the PPI based triple

therapy regimens the most frequently used antibiotics are macrolides, particularly

clarithromycin, amoxicilline, and nitroimidazoles (36). Apart from patient compliance,

resistance to these antibiotics is the most important factor determining the efficacy of

these regimens (40). In this regard resistance to nitroimidazoles is of special interest

because it is so common. Resistance to these drugs is rare in other micro-organisms, but

it is rapidly introduced in H. pylori both in vitro and in vivo (41,42). The mechanism of

resistance and the impact of resistance on efficacy are gradually elucidated.

Follow-up after treatment.

The long term effects of H. pylori eradication in patients with peptic ulcer disease on the

recurrence of a peptic ulcer has been extensively studied. If eradication was successful

the long term recurrence rate of infection with the micro-organism and of ulcers is very

low (43-51). In contrast, only few studies have focussed on the effects of eradication on

upper abdominal symptoms and use of acid suppressive drugs. Recent data suggested a

high incidence of GERD in these patients (26). Therefore, curing the infection and the

ulcers does not necessarily lead to a decrease in upper abdominal discomfort and need

for acid suppressants (52).
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Outline of the thesis.

This thesis focuses in two parts on the treatment of H. pylori infection. In the first part

(chapter 2-8) studies investigating several aspects of nitroimidazole resistance are

described. The second one (chapter 9-11) focuses on the short and long-term follow-up

after treatment.

The clinical significance of nitroimidazole resistance is determined by its prevalence in

the population needing H. pylori eradication. Chapter 2 describes the evolution of the

prevalence of primary resistance from 1993-1996 in a rural part of the Netherlands.

Many authors consider nitroimidazole susceptibility testing in H. pylori problematic

(53-55). The slow growth of the microorganism, the specific growth conditions, and the

use of different tests (E-test, disk diffusion, agar dilution) that are often  not validated, is

suggested to be responsible for these difficulties (53). Another pitfall in the

determination of nitroimidazole susceptibility is evaluated in chapter 3: whether isolates

may contain both susceptible and resistant bacteria. Chapter 4 investigates the influence

of anaerobic incubation on nitroimidazole resistance in strains as this may give more

insight into the mechanism of resistance. Chapter 5 summarizes the world literature on

the impact of nitroimidazole resistance on the efficacy of nitroimidazole containing

regimens by meta-analysis. This resulted in the conclusion that the impact of resistance

is dependent on other aspects of the regimen such as duration of the treatment and the

choice of the other antibiotics. This was further tested in the clinical trials described in

chapter 6 and 7. Chapter 8 gives an overview of the world literature on nitroimidazole

resistance to place these aforementioned studies in a broader perspective.

As stated above the reliability of the usual diagnostic tests after treatment is uncertain.

The accuracy of four biopsy-based tests was, therefore, studied in chapter 9. In chapter

10 a study is described that investigates the development of GERD after successful

eradication of the infection. Chapter 11 focuses on the long-term recurrence rate of H.

pylori and the long-term influence of eradication on upper abdominal symptoms and the

use of anti-dyspeptic drugs. Finally, chapter 12 gives a general summary and

conclusions.
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