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Introduction,, aims and outline of this thesis 



IOO CHAPTER I 

Introduction ,, aim s and outlin e o f thi s thesi s 

Genera ll  introductio n and historica l perspectiv e 

Pepticc ulcer disease, caused by an infection with Helicobacter pylori is one of the most common 

chronicc infectious diseases in the world.The prevalence of H. pylori ranges from approximately 

25%% in developed countries to more than 80% in the developing world.1- 2 These 

microorganismss can establish a long-term colonization of the gastric mucosa.3 

Spirall  organisms in the stomach were first described in dogs and, around the turn of the century, 

alsoo in humans, from post-mortem studies.45The possible involvement of these bacteria in peptic 

ulcerr disease was suggested but soon forgotten. Until H. pylori were cultured in 1982, physicians 

andd micorobiologists believed that the stomach was sterile, due to its acid environment. In 1979, 

Warrenn and Marshall observed curved bacteria in gastric biopsy specimens obtained via 

endoscopicc procedures from patients with upper gastrointestinal complaints.They also noted that 

thesee bacteria were present only in inflamed tissue and they were the first to culture this 

microorganism,, then termed Campylobacter pyloridis.6-8 Subsequently Koch's postulates were 

fulfille dd for Campylobacter pyloridis and gastritis. Marshall himself proved this by ingesting a 

culturee of the organism and showing it to be responsible for an acute dyspeptic illness associated 

withh histological gastritis.9 In 1989, Goodwin et al10 demonstrated that this bacterium did not 

belongg to the genus Campylobacter and renamed it Helicobacter pylori, because of its helical 

appearancee and its most common site of isolation, the pylorus of the stomach. 

Thee isolation of this bacterium opened a new era in the understanding of gastroduodenal 

pathology,, mainly of gastritis and peptic ulcer.The publication of the complete genome sequence 

off  H. pylori in 1997, only the seventh bacterium for which this was achieved and only 15 years 

afterr H. pylori was first discovered, demonstrates the intense interest in the role of this organism 

ass a human pathogen.11 This interest in H. pylori is also reflected in the more than 10,000 

referencess that can be found in the medical database Medline when keywords'Helicobacter pylori' 

or'Campylobacterr pyloridis' are entered. We now know that H. pylori is the main cause of peptic 

ulcerr disease and the discovery of this bacterium changed peptic ulcer disease from a chronic, 

relapsingg disease of unknown cause to a specific and curable disease. We now also know that H. 

pyloripylori plays a role in other diseases, e.g., in gastric mucosa-associated lymphoid tissue (MALT ) 

lymphomaa and in gastric cancer.12 '4 

Diagnosi ss  of infectio n 

Severall  invasive and non-invasive tests have been developed to diagnose H. pylori. Each test 

hass unique features that offer additional information over other tests, but all have their 

shortcomings.155 Therefore, for clinical trials a combination of tests is mandatory. 

Mostt tests show good sensitivity and specificity; however, this is dependent on local preference 

andd expertise. For example, pathologists vary in their ability, technique and experience in 
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detectingg the organism, which is an important determinant for local results.16 The success of 

culturingg H. pylori also varies significandy between laboratories, with the best results being derived 

fromfrom laboratories with a particular interest in culturing H. pylori. Similarly, the accuracy of rapid 

ureasee tests varies with several commercial as well as 'home-made'kits. Urea breath tests can also 

bee performed via different protocols, with different detection methods, and with different cut-

offf  values. Also, the conditions under which the tests are performed, e.g., the use of antisecretory 

drugs,, vary. Therefore, published results of diagnostic tests may not always reflect the sensitivity 

andd specificity of those tests in individual centers. Even in published trials, an exact description 

off  the performed diagnostic methods is not always stated, which may lead to otherwise 

unexplainablee differences in outcome. 

Histologicall  examination of gastric biopsy specimens can show H. pylori on the gastric mucosa, 

ass well as the degree of mucosal damage. After a meeting in Sydney, pathologists began to 

standardizee their histological description.17"19 The sensitivity and specificity is generally good; 

however,, interobserver variability exists among pathologists.̂ Accuracy is also linked to the 

qualityy of the material provided. H. pylori may be missed on histologic evaluation because of a 

patchyy distribution, the presence of intestinal metaplasia, and the recent use of antibiotics, 

bismuth,, or proton pump inhibitors.21"25 Special stains, including Genta, giemsa and Warthin-

Starry,, may be helpful in detecting H. pylori. Immunohistochemistry, using purified polyclonal 

H.H. pylori antiserum, has been advised because of its high specificity and low interobserver 

variability.20 0 

Culturee is 100% specific for an H. pylori infection; however, sensitivity varies widely among 

centers.26Culturingg H. pylori requires local expertise and strict transport conditions. Culturing 

alsoo provides information on antimicrobial susceptibility and allows for typing of strains via 

differentt methods. A disadvantage of culture is the delay in obtaining the results. Growth of H. 

pyloripylori occurs at best after 3 days, and susceptibility tests take another 3 days. If no growth occurs, 

thee plates must be kept for 12 days before recording a negative result.27 

Biopsy-basedd urease tests are simple, rapid, inexpensive, and quite specific. This test is based on 

H.H. pylori s usually potent urease.28 Urease hydrolyses urea to release ammonia and carbon dioxide. 

Thee free ammonia increases the pH in the medium, and the pH indicator changes color. Optimal 

resultss are obtained when the test result is measured at 24 hours. Sensitivity drops when early 

readingg is performed.29 Sensitivity was also reported lower in the post-treatment setting.30 

DNAA techniques, especially polymerase chain reaction (PCR), can also be used to detect H.pylori 

inn gastric biopsies. This is a quick technique that does not require strict transport conditions. 

P CRR techniques can also be used for molecular typing. 

Severall  commercially available tests, which detect IgG antibodies against H. pylori using an 

enzyme-linkedd immunosorbent assay (ELISA) technique, are available.The main difference among 

thesee kits is the antigen: some are semi-purified and others are a mixture of purified antigens 

fromm several strains. These tests evaluate the whole stomach, are easily tolerated, simple to use, 

andd provide quick results. An advantage of serology is that it is not influenced by the use of 

antimicrobialss or antisecretory drugs. Sensitivity and specificity of the different serological tests 



122 CHAPTER I 

varyy and should be locally validated. Serological tests reflect not only current but also previous 

exposuree to H. pylori: antibody titers fall after eradication therapy only after several months and 

thee rate of fall is variable. Nevertheless, monitoring of H. pylori eradication after antimicrobial 

treatmentt has been reported to produce reliable results when the test is performed no sooner 

thann 6 months after the end of treatment and is compared to the pre-treatment sample.3U2 Tests 

havee also been developed to detect IgG antibodies against H. pylori saliva and urine; however, 

thesee tests are still under research. 

Ureaa breath tests are also used to diagnose H. pylori infections. The principle of the urea breath 

testt is based on the identification of urease activity utilizing 13C- or 14C-labeled urea. The urea 

iss metabolized by urease, which is produced by H.pylori, yielding labeled C 0 2, which is absorbed 

acrosss the gastric mucosa and expired in the breath where it can be measured.Two carbon isotopes 

cann be used: 14C, which is radioactive and 13C, which is a non-radioactive isotope. Labeled carbon 

cann be measured using a mass spectrometer, infrared31, or laser spectrometer3435.The urea breath 

testss vary with respect to the detection method for the isotope, dose and formulation of the 

isotope,, use of test meals or liquids, use of baseline samples, timing of the sampling, method and 

volumee of breath collection, and cut-off value. Furthermore, breath testing during therapy with 

antisecretoryy drugs is less reliable. When a locally validated protocol is used, the 13/14C-urea 

breathh test is a reliable way to detect the presence or absence of an H. pylori infection in adults 

ass well as in children.VM 0 However, relatively few data are available regarding the value of breath 

testingg after antibiotic therapy. The advantage of breath testing is clearly its non-invasiveness, cost 

effectiveness,, and simplicity. Furthermore, the absence of a sampling error favors the use of breath 

tests. . 

Thee latest development in diagnostic tools to detect H. pylori is an antigen test for stools (Premier 

Platinumm HpSA, for which very promising results were reported.41-42 

Post-eradication Post-eradication 
Al ll  of the above mentioned tests can also be applied to test for cure after an antimicrobial 

regimenn has been given; however, the sensitivity and specificity of these tests may be lower than 

inn the pre-treatment setting.37 4V4A 

Afterr antimicrobial therapy, when the microorganism may be suppressed but not eradicated, 

diagnosticc tests are more likely to give false-negative results.The number of false-negative biopsy-

basedd tests may be reduced if multiple specimens are taken and more than one test is used. Biopsies 

shouldd be taken from both antrum and corpus of the stomach, since the organism may be patchily 

distributedd and exhibit a lower density after a failed eradication regimen. Also, proximal migration 

ofH.. pylori within the stomach after the use of proton pump inhibitors has been documented.24-
25477 However, especially after therapy, when a diagnosis has already been made, non-invasive tests 

aree preferred because of lower cost and greater convenience for the patients. 

Thee accuracy of a test is reflected in a combination of both sensitivity and specificity. In routine 

practice,, the clinician wishes to know that if a test result is positive or negative, it presents a true 

reflectionn of whether the patient has or does not have the disease. This information is best 
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conveyedd by the positive and negative predictive values (PPV and NPV). Unlike sensitivity and 

specificity,, PPV and NPV depend on the prevalence of the disease in the population tested. For 

example,, assuming the sensitivity and specificity of a given test is 95%, the NPV is 99.7% at a 

prevalencee of 5%, 95% at a prevalence of 50%, and only 50% when the prevalence is 95%. The 

performancee of the test, therefore, wil l depend on the pre-test likelihood that the infection is 

present.. After treatment, the clinician wants to know whether the treatment has been successful, 

thatt is, that a negative result is indeed a true reflection of H. pylori status. 

Whateverr test or tests are chosen for outcome assessment, it is important that they be done no 

earlierr than four weeks after the cessation of antibiotics or bismuth-containing compounds. 

Earlierr testing wil l lead to higher false-negative rates due to suppression of the organism. Although 

fourr weeks was initially determined to be the minimum interval before biopsy testing, the 

accuracyy of the tests may be improved by waiting longer. Proton pump inhibitors should also 

bee avoided before follow-up testing.48 

Microbiolog y y 

H.H. pylori is a spiral-shaped, slow-growing gram-negative micro-organism that proliferates at 

temperaturess between 30 and 39 degrees Celsius. H. pylori are 2.5 — 5.0 um long and 0.5-1.0 

umm wide, with four to six unipolar sheathed flagella essential to bacterial motility.49-52 For its 

growth,, it requires enriched media and a micoraerophilic 0 2 / C 0 2 / N2 (5:10:85%) 

environment.. Whole blood, heme, serum, charcoal, cornstarch, or egg yolk emulsions are usually 

addedd to the media as nutritional components for growth. H.pylori can be identified by a gram's 

stainn and by positive oxidase, catalase, and urease reactions.53 

Antimicrobia ll  resistanc e 

Thee goal of culturing H. pylori is to detect clinically relevant antimicrobial resistance. In other 

words,, via an in vitro assay, one hopes to predict the likelihood of successfully treating the infection 

withh a particular antimicrobial agent. Therefore, we use a clinical definition of antimicrobial 

resistance,, i.e., a strain is resistant when the likelihood of eradication by a given treatment is low. 

Too determine this, one needs to do clinical studies and compare the cure rates with the minimal 

inhibitoryy concentration (MIC) of the antibiotic in vitro. 

Theree are different methods of determining antimicrobial resistance. Most often used are the 

agarr dilution method, the epsilometer test (E-test), and the disc-diffusion method. The agar 

dilutionn method is time consuming but is a reliable technique that is usually carried out as a 

referencee method for evaluating the efficacy of other testing methods. However, this method is 

alsoo not standardized with regard to the appropriate medium (brucella agar, Columbia agar, 

Wilkin ss Chalgren agar, etc), supplementation (5 or 10% blood), size of the inoculum (104-108 

CFU/ml),, incubation atmosphere, and appropriate time to read the plates. The E-test is much 

lesss laborious and easier to perform than the agar dilution method and proves a reliable technique 
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too obtain MI C levels of antibiotics54-55; however, it has been stated that nitroimidazole resistance 

mayy be overestimated with the E-test.56 The disc-diffusion method is the easiest and cheapest 

wayy of testing susceptibility to antibiotics. It provides a zone of inhibition instead of a MI C level 

ass a measure of resistance. The disc-diffusion method in the case of H. pylori has not yet been 

sufficientlyy validated. The National Committee for Clinical Laboratory Standards in the United 

Statess is currendy standardizing the in vitro susceptibility tests. 

Antibioticc resistance in H. pylori infections is increasing worldwide. The highest levels for 

resistancee are found for metronidazole, followed by clarithromycin. Only a few reports on 

resistancee to fluoroquinolones, rifampicin, tetracycline, and amoxycillin have been published 

too date.57"61 

NitroimidazoleNitroimidazole resistance 

Thee prevalence of nitroimidazole resistance varies greatly and increases over time. In 

developingg countries, resistance rates have been reported as high as 80-90%. In most western 

countries,, resistance rates vary from 10-50%.62"64 

Thee steep increase in reported resistance rates is only partly explained by general use of 

nitroimidazolee and by the techniques of testing resistance. It is unclear what other factors may 

causee this fast rising prevalence of nitroimidazole resistance. 

Essentially,, two nitroimidazole compounds have been used to treat H. pylori: metronidazole and 

tinidazole.. There is cross-resistance between these two drugs. Nitroimidazoles are weak non-

ionizedd bases at neutral pH (in blood and tissue) that cross the gastric barrier and then become 

ionizedd due to the low pH in the stomach. This ionized nitroimidazole cannot diffuse back 

throughh the barrier and thus accumulates in the stomach.The nitro group of nitroimidazole must 

bee reduced in order to be active.The exact mechanism of how nitroimidazoles can kil l H. pylori 

iss not completely understood, but it seems that the reduced nitroimidazole intermediates and 

oxygenn radicals can cause DNA damage65^67 

Cederbrantt et al showed that in vitro metronidazole resistance could disappear when the strains 

weree incubated anaerobically for a few hours68. Smith and Edwards showed that the rate of H. 

pyloripylori killin g by metronidazole is dependent on the redox potential of the medium.65 Therefore, 

wee should test nitroimidazole resistance at the redox potential, which is present at the site of 

actionn of the drug, i.e., at the gastric mucosa level. However, the latter probably varies from one 

patientt to the other, and from one moment to another, and thus this is difficult to achieve in 

vitro.vitro. Therefore, the results of testing nitroimidazole resistance may not always be comparable, 

andd may not reflect true resistance in vivo. This may also explain the apparent instability of 

nitroimidazolee resistance.56 

Thee distribution of the MI C s of nitroimidazoles in H. pylori infection exhibits a continuous 

spectrum,, without a clear break-point.69This suggests that several pathways can be responsible for 

nitroimidazolee resistance.70 Mutational inactivation of the rdxA gene, which encodes an oxygen-

insensitivee NADPH nitroreductase, is one of the mechanisms that have recently been 

demonstratedd to play a role in the development of nitroimidazole resistance in H. pylori 7172 
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Theree are many conflicting reports with regard to the impact of nitroimidazole resistance on the 

efficacyy of anti-H. pylori regimens. Possible explanations for these conflicting data may be the 

methodd of testing antimicrobial resistance, the use of different MIC-cut off values to define resistant 

strains,, the use of different medications or different dosages, duration or combinations of 

medicationss that may overcome nitroimidazole resistance, and differences in patient populations. 

Onee should also consider whether or not heterogeneity in susceptibility to antimicrobials is taken 

intoo account. In the human stomach you may find different H,pylori strains, and some institutions 

testt multiple H. pylori strains while other centers only test one strain.73 There is no consensus as 

too which MI C cut-off level should be used to define nitroimidazole-resistant versus -susceptible 

strains.. Perhaps only strains with a high level of resistance may be of clinical concern.74 

Becausee these regimens are very effective, with 80-90% eradication rates, it is difficult to test the 

impactt of nitroimidazole resistance, especially when the prevalence of resistance is low. Despite 

alll  these problems in studying nitroimidazole resistance, most studies find a clear drop in efficacy 

off  dual therapies and of bismuth-based triple therapies in the case of nitroimidazole resistance.75-
76.. Most studies show a decrease in the efficacy of a combination therapy of a PPI, 

nitroimidazole,, and amoxicillin in the presence of nitroimidazole-resistant H. pylori strains.76The 

clinicall  relevance of nitroimidazole-resistance for H. pylori eradication rates in patients treated 

withh a PPI, nitroimidazole and clarithromycin is still controversial. To date, a few studies have 

foundd a significant drop in efficacy with this regimen,44,77"82 while several others were unable to 

detectt a difference in efficacy.83-90 

Inn quadruple therapy, given for one or two weeks, five studies to date have found a drop in efficacy 

inn case of nitroimidazole-resistant strains91-94; however, this was only significant in the largest 

publishedd series by Van der Hulst et al.95 Al l other studies, in which mostly only a few patients 

withh nitroimidazole-resistant strains were treated with quadruple therapy, have not found a drop 

inn efficacy in case of nitroimidazole-resistance. 96-106 

Dataa on the effect of nitroimidazole resistance in the case of therapy combining ranitidine bismuth 

citratee combined with clarithromycin and nitroimidazole are still scarce, with only one published 

patient-group107,, which yielded large, overlapping 95% confidence intervals. 

Manyy studies have been published without data on antimicrobial resistance, often showing high overall 

eradicationn rates. Since nitroimidazole-resistant strains still have a considerable chance of eradication, 

thee overall effectiveness of an eradication regimen is only jeopardized when the prevalence of 

resistancee is high. Besides, the effect of nitroimidazole resistance cannot be thought of as a 'yes' or 

'no'' phenomena and can at least be partly overcome.88-108!! seems logical that, when the MI C is higher, 

thee chance of eradication decreases, as was reported for PPI-triple therapy by Kist et al.44 

ClarithromycinClarithromycin  resistance 
Thee prevalence of clarithromycin resistance varies from country to country, and the highest 

reportedd prevalence comes from France, which is now around 10-15%.64In most countries, it 

iss still below 5%, but is expected to rise over the next years due to the increasingly widespread 
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usee of macrolides. In treating H. pylori infections, clarithromycin is the most commonly 

prescribedd macrolide because of its excellent in vitro activity and because it is less affected by 

aa decrease in pH. Resistance to macrolides appears to be a stable phenomenon with cross-

resistancee to other macrolides.109 A mutation of the 23 S rRNA gene, causing diminished 

bindingg of the antibiotic to the ribosome, seems the most significant mechanism of macrolide 

resistance.. There is a clear bimodal distribution between clarithromycin-susceptible and -

resistantt H. pylori strains. Therefore, the method of measuring clarithromycin resistance is not 

crucial.. Since the prevalence of clarithromycin resistance is low, only a few patients have been 

studied.. However, when the MI C data are correlated to the outcome of clinical trials using 

clarithromycin,, most studies have found decreased efficacy in the case of clarithromycin 

resistance.110-112 2 

SecondarySecondary  resistance 
Secondaryy or acquired resistance is defined as susceptible strains that become resistant after 

exposuree to an antibiotic. Whether this is truly an acquired resistance or merely a selection of 

strainss already present in the stomach is, at present, unknown. 

Previouss eradication failures increase the possibility of the development of secondary 

resistance.1133 Several agents have been reported to prevent development of secondary resistance. 

Forr example, co-administration of amoxycillin is suggested to result in a relatively low rate of 

'only'' 30% secondary clarithromycin resistance in PPI triple therapy.114 Also, bismuth is 

suggestedd to prevent the development of secondary resistance; however, the evidence for this 

claimm remains scarce115116 

Thee best way to prevent secondary resistance is to prescribe effective therapies, which has also 

beenn shown to be the most cost-effective approach. 

Heterogeneit yy  of H. pylori  and its relatio n to clinica l outcom e 

Withh molecular techniques, such as DNA fingerprinting and restriction fragment length 

polymorphism,, H. pylori appears to be highly diverse at a chromosomal and extra-chromosomal 

level,, to a degree that is seldom found in other bacteria.117121 This microorganism inhabits the 

humann stomach for many bacterial generations and evolves separately in each host such that it 

iss unusual to find two identical strains in different hosts.122 

Severall  H. pylori genes code for so-called virulence factors that have been associated with different 

clinicall  manifestations. For example, the cytotoxin-associated gene (CagA) expresses a high 

molecularr weight protein and is associated with more severe clinical outcome, like peptic ulcer 

diseasee and gastric carcinoma.12M26127 Similarly, Vac A type si strains have been related to ulcer 

disease,, whereas CagA-negative and VacA type s2 strains have been found to be related to 

functionall  dyspepsia.128129. 

Thee reason for these associations is not known, however evidence has emerged that suggests 

pathwayss by which these virulence factors might cause these diseases. For example persons who 
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carryy CagA-positive strains have, on average, a higher bacterial density and significantly higher 

acutee and chronic inflammation, compared to persons carrying CagA-negative H.pylori ,123i3°-
1311 CagA-positivity has also been related to higher production of cytokines and to higher 

proliferationn of gastric epithelial cells, which has been suggested to be a risk factor for the 

developmentt of gastric adenocarcinoma.132'133 

Severall  factors confuse this relation between virulence factors and disease. In the first place, host-

relatedd factors also exert an influence on clinical outcome (e.g. acid production, sex, age, blood 

group,, smoking134-136). Secondly, none of the currently identified H. pylori virulence factors show 

anyy disease specificity. Furthermore, there is a remarkable geographic variability in the 

prevalencee of certain strains or virulence factors137140, and associations between virulence factors 

andd specific diseases can be different in different geographical regions. For example, in Asian 

populationss most H. pylori-positive persons carry CagA-positive strains, and the association with 

clinicall  outcome is not readily apparent.138141 

Patientss are mostly infected with one predominant H. pylori strain, although more than one strain 

mayy co-exist in the human stomach at any time.142146 Harboring more than one H. pylori strain 

iss reported ranging from a rare occurrence142 to occurring in more than 75% of patients143. 

Itt has been reported that some patients can harbor up to 6 variant strains. 142The reported variation 

inn the rate of harboring multiple strains may be another example of regional differences in 

H.H. pylori infections. 

Ann interesting hypothesis is that different strains may react differently to antimicrobial therapy. 

Severall  authors have reported higher cure rates for the more virulent strains, all with relatively 

ineffectivee therapies. Van der Hulst et al reported a higher efficacy of dual therapy in patients 

infectedd with CagA+ strains, than in patients infected with CagA- H.pylori.147 Marais et al showed 

inn a multicenter study that H. pylori eradication rates were achieved in 87% of patients 54/62 infected 

withh CagA+ strains, when treated with one-week PPI-based triple therapy, compared to 69 % 

47/688 of those harboring CagA- strains. 148Van Doorn et al149 reported a trend to a higher cure rate 

forVacAA type si strains than theVacA type s2 strains with one-day quadruple therapy. Go et al150 

reportedd the same trend with partly dual-, partly triple-therapy.Van Doorn et al postulated that 

thesee strains are easier to eradicate since antibiotics achieve higher concentrations in inflamed 

tissue,, and bacteria in the growth phase are more readily killed. In contrast, Vac A type s2 strains 

aree more often found in functional dyspepsia, produce no toxin, induce less inflammation, grow 

slowly,, and are usually in a stationary phase and are therefore more difficult to eradicate in vivo.149 

Clinicall  outcome may, in general, be related to the host, to the strain(s) infecting the host, to 

environmentall  factors, or to a combination of these factors. Differences in strains undoubtedly 

havee an impact on clinical outcome. However, because of the considerable heterogeneity and 

geographicall  distribution of strains, the association of H. pylori with a disease, obtained from one 

geographicc region, should be confirmed in other regions before this association can be accepted 

ass potentially meaningful.151 Similarly, the results of possibly successful therapies should be 

confirmedd in different geographic areas.152 
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Treatmentt of H. pylori infection 

Att present, the only well established indication for treating H. pylori are peptic ulcer disease and 

low-gradee B-cell gastric lymphoma43153154 H. pylori eradication in functional dyspepsia is still 

controversial155-158;; however, the consensus meetings become increasingly liberal with respect to 

eradicatingg H. pylori in patients with functional dyspepsia in whom no other somatic causes of 

upperr abdominal discomfort can be found.43 

Mostt anti-H. pylori therapies consist of an acid inhibitor and/ bismuth or ranitidine bismuth 

citratee in combination with an antimicrobial. Effective antimicrobials are nitroimidazole, 

tetracycline,, clarithromycin, amoxycillin and azithromycin. 

Combinationss of these medications are necessary to eradicate H. pylori.Treatments which achieve 

ann eradication rate of greater than 80% on a intention-to-treat basis have been recommended 

byy most authorities43159"161 The currently advised regimens are PPI triple therapies, quadruple 

therapies,, and ranitidine bismuth citrate combination therapy. We still do not know the optimal 

treatmentt duration or dose for any of the currently advised regimens. In the United States, two-

weekk therapies are prescribed most often, while in Europe one-week therapies are more popular. 

Wee should realize that the eradication rates in general practice, are probably lower than the 

eradicationn rates obtained in clinical trials.162 

Monotherapy Monotherapy 

hass proven unsuccessful in treating H. pylori infections. 

DualDual therapy 

Duall  therapy, mainly administered as a proton pump inhibitor plus amoxycillin or 

clarithromycin,, has been used for several years, however eradication rates of such dual therapies 

fluctuatefluctuate around 50 to 60%. 75163164Therefore, these dual therapies are now considered obsolete. 

Duall  therapy of ranitidine bismuth citrate (pylorid®,), which combines the antimicrobial effect 

off  bismuth with the acid suppressive effect of ranitidine, given together with clarithromycin yields 

eradicationn rates of over 80%.75165 

TripleTriple therapy 

Triplee therapy refers to treatment with an antisecretory drug or a bismuth compound in 

combinationn with two antibiotics. Bismuth-based triple therapies (e.g. bismuth, amoxycillin plus 

nitroimidazolee or bismuth, tetracycline plus nitroimidazole) for one to two weeks are effective 

therapiess with eradication rates of over 80%.75163164 Drawbacks include the side effects and the 

clearr drop of efficacy to around 50% in the case of nitroimidazole resistance 

Protonn pump inhibitor-based triple therapies (e.g., proton pump inhibitor, amoxycillin plus 

nitroimidazolee or proton pump inhibitor, clarithromycin plus nitroimidazole) for one to two 

weekss have been shown to be very effective with consistently reported high eradication rates of 

80-95%.751631644 Because of the high efficacy of these regimens and the relatively low side effects, 
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protonn pump inhibitor-based triple therapies are the most frequently recommended treatments 

world-wide.43-153'159'160 0 

Triplee therapy with ranitidine bismuth citrate (usually ranitidine bismuth citrate, clarithromycin 

andd nitroimidazole) for one week has yielded eradication rates in excess of 90%.166167 

QuadrupleQuadruple  therapy 
Quadruplee therapy consists of a combination of an antisecretory drug, a bismuth compound 

andd two antimicrobials (most often a proton pump inhibitor, a bismuth compound, tetracyclin 

andd nitroimidazole). Quadruple regimens are the most effective therapies currendy available, with 

curee rates above 90%.75,163'164 Drawbacks of quadruple therapy are the complex regimen and a 

highh rate of side effects; however, the reported compliance appears to be mostly excellent.168169 

Treatmen tt  failur e 

Inn littl e over a decade, anti-Helicobacter pylori therapies have been developed which are now 

achievingg successful eradication in 85-90% of patients. Unfortunately, this therapeutic advance 

hass been rather empirical and lacking in scientific basis, so that when treatment fails, the 

underlyingg reasons remain unclear. Compliance and antimicrobial resistance are thought to be 

thee major determinants of treatment failure.78108-170"173 

Otherr factors that may play a role in treatment failure relate to drug delivery, in other words, to 

thee pharmacology of the gastric mucosa. Factors that may influence outcome of an 

antimicrobiall  regimen in this regard are: drug formulation (tablet, liquid, colloid, granule, etc); 

administrationn in relation to meals; frequency, dosage and duration of drug administration; type 

off  bismuth salt used (e.g., citrate, nitrate, salicylate); co-therapy to raise the pH; and 

administrationn of mucolytics. For example, the concentration of metronidazole is higher in acidic 

gastricc juice than in plasma. Metronidazole is also very stable in gastric juice (its half-life is greater 

thann 800 hours at a pH of 2174) and this, together with its rapid distribution across the gastric 

mucosa,, probably explains why it is so effective in the clinical setting, despite its relatively high 

inin vitro MI C for H.pylori.m Amoxycillin also appears to cross gastric mucosa by simple diffusion, 

butt does so very poorly176177, although it is fairly stable in gastric juice at low pH. Unlike 

metronidazole,, no 'trapping' occurs within gastric juice because amoxycillin is a weak acid. 

Increasingg pH and reducing gastric juice volume, results in increased intra-gastric 

concentrationss of amoxycillin 176.This may pardy explain why acid- suppression is required for 

thiss antibiotic to be effective in vivo.175 

Clarithromycinn is concentrated in gastric juice by an active transport process. Clarithromycin is 

veryy unstable in gastric acid (with a half-life of less than 1 hour at pH 2)174178 and acid-suppression 

shouldd therefore always be used concurrendy. These overall findings with metronidazole, 

amoxycillinn and clarithromycin partly explain why antimicrobials that are highly effective against 

H.H. pylori in vitro, fail to be useful in the clinical setting. For example, H. pylori is extremely sensitive 
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too penicillin in vitro (with MICs < 0.003 mg/L),but even if combined with omeprazole, penicillin 

producess poor eradication rates in clinical trials. 

Antimicrobialss might work topically against H.pylori (i.e., as they pass through the gastric lumen 

enn route to the intestine) or systemically (i.e., being transferred into the gastric lumen from the 

systemicc circulation after intestinal absorption). In practice, both topical and systemic routes are 

probablyy important, the contribution of each route differing between drugs. 179Bismuth, for 

example,, is very poorly absorbed and so probably acts predominantly topically. In contrast, 

metronidazolee has almost 100% bioavailability with rapid distribution into gastric juice from the 

systemicc circulation. 

Topicall  delivery would seem ideal as there are only very occasional reports that H, pylori live 

anywheree other than on the luminal side of the gastric mucosa. However, uniform topical delivery 

throughoutt the stomach is very difficult to achieve, and the distribution of drugs varies widely 

withh different formulations and with timing of doses relative to meals. No formulation of drugs 

cann achieve significant concentrations in the fundus of the stomach long enough to effect 

bacteriall  killin g of H. pylori. H. pylori can therefore evade treatment in this area of the stomach 

(aa so-called'sanctuary site'1*11). 

Nott all H. pylori are the same and certain strains are associated with a higher degree of 

inflammation,, alteration of gastric blood flow, disruption of the mucus layer, and disruption of 

thee normal epithelial barrier.1811iQ Therefore, there is probably also a difference in drug delivery 

amongg patients infected with different strains. 

Successfull  treatment must overcome additional barriers such as the inoculum effect and the 

biofilmm effect. Attachment to a surface may be associated with an increase in the MI C of 

antibioticss (the biofilm phenomenon).This phenomenon has been shown with H. pylori in tissue 

culture1* 33 and is also likely to be present in vivo. H. pylori exhibits various adhaesins; therefore, 

successfull  prevention of adhesion is probably difficult, if not impossible. 

Thee inoculum effect describes a phenomenon in which an antibiotic loses its effectiveness when 

thee inoculum of bacteria is large. In the stomach, a tremendous number of bacteria is present 

(inn the range of 107 to 1011), which increases the likelihood that a few naturally resistant mutants 

aree always present.70 

Patientss who have failed an anti-H. pylori regimen constitute a different subgroup of patients 

thatt are more likely to fail on subsequent therapies.The explanation for this phenomenon may 

bee non-compliance, the emergence of resistant strains, and other factors that are not clearly 

elucidated.. Host factors as well as differences in strains may also attribute to therapy failure. 

Aim ss and outlin e o f thi s thesi s 

Thee studies in this thesis originated mainly from unsolved clinical questions. 

First,, in Chapter 1, an overview is given on the current knowledge of H. pylori, focussed on 

topicss related to the studies that were performed for this thesis. 
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Inn Chapter 2 the impact of metronidazole resistance on the efficacy of PPI triple therapy is 

studiedd via a large randomized trial of a metronidazole-containing and a non-metronidazole-

containingg PPI-based triple therapy. 

Currentt anti-H. pylori therapies have become so effective that very large patient numbers are 

requiredd to determine the impact of factors that may influence the eradication rates. Therefore, 

aa large systematic review, described in Chapter 3, was performed to analyze the impact of 

metronidazolee resistance on eradication rates with currently advised anti-H. pylori regimens. 

Becausee the results of possibly successful therapies should be confirmed in different geographic 

areas,, Chapter 4 describes a review of all published studies of H. pylori eradication therapies, 

performedd in The Netherlands. 

Chapterr 5 describes a large study in which H. pylori eradication rates were determined for 

patientss with peptic ulcer disease, versus patients with functional dyspepsia, treated with PPI-

triplee therapies.This study was designed to determine whether the clinical setting had any bearing 

onn the outcome of antimicrobial chemotherapy. 

Chapterr 6 describes a multicenter study in which the novel technology 13C-Laser Assisted Ratio 

Analyzerr (LARA™)breath test is evaluated as a means to monitor cure after eradication therapy 

hass been administered. 

Chapterr 7 describes a study in which patients who were H. pylori —positive after receiving a 

PPII  triple therapy were randomized to retreatment with another PPI-based triple therapy or 

quadruplee therapy. 

Finallyy this thesis is summarized in Chapter 8. 



222 CHAPTER I 

Reference s s 

1.. Pounder RE, Ng D.The prevalence of Helicobacter pylori infection in different countries. Alimen-
taryy Pharmacology & Therapeutics, Supplement 1995;9(2):33-39. 

2.. Parsonnet J. The incidence of Helicobacter pylori infection. Alimentary Pharmacology & Thera-
peutics,, Supplement 1995;9(2):45-51. 

3.. Blaser MJ. Ecology of Helicobacter pylori in the human stomach. J Clin Invest 1997; 100(4) :759-62. 
4.. Axon ATR, Quina M.Ten-year milestones. Curr Opin Gastroenterol 1994;10(Suppl l ) : l - 5 . 
5.. Pel PK. Ziekten van de maag. Amsterdam. De Erven F. Bohn. 1899. 
6.. Marshall BJ, Royce H, Annear Dl , et al. Original isolation of Campylobacter pyloridis from human 

gastricc mucosa. Microbios Lett 1984(25):83-88. 

7.. Warren JR, Marshall BJ. Unidentified curved bacilli on gastric epithelium in active chronic gastri-
tis.. Lancet 1983:1273-1275. 

8.. Marshall BJ, Warren JR. Unidentified curved bacilli in the stomach of patients with gastritits and 
pepticc ulceration. Lancet 1984;1:1311-1315. 

9.. Marshall BJ, Armstrong JA, McGechie DB, Glancy RJ. Attempts to fullfi l Koch's postulates for pylo-
ricc Campylobacter. Med J Aust 1985(142) :436-439. 

10.. Goodwin CS, Armstrong JA, ChilversT, et al. Transfer of Campylobacter pylori and Campylobac-
terr mustelae to Helicobacter gen. nov. as Helicobacter pylori comb. nov. and Helicobacter mustelae 
comb,, nov., respectively. International Journal of Systematic Bacteriology 1989;39(4):397-405. 

11.. Tomb JF, White O, Kerlavage AR, et al. The complete genome sequence of the gastric pathogen 
HelicobacterHelicobacter pylori [see comments]. Nature 1997;388(6642):539-47. 

12.. Wotherspoon AC, Doglioni C, DissTC, et al. Regression of primary low-grade-B-cell gastric lymp-
homaa of mucosa-associated lymphoid tissue type after eradication of Helicobacter pylori. Lancet 
1993;342(8871):575-577. . 

13.. Bayerdorffer E, Neubauer A, Rudolf B, et al. Regression of primary gastric lymphoma of mucosa-
associatedd lymphoid tissue type after cure of Helicobacter pylori infection. Lancet 
1995;345{8965):1591-1594. . 

14.. Parsonnet J, Friedman GD,Vandersteen DP, et al. Helicobacter pylori infection and the risk of gas-
tricc carcinoma [see comments]. New England Journal of Medicine 1991 ;325(16):1127-31. 

15.. Megraud F. Advantages and disadvantages of Helicobacter pylori diagnostic tests. ScandJ Gastroen-
teroll  1996;31(Suppl 215):57-62. 

16.. Christensen AH, GjorupT, HildenJ,et al. Observer homogeneity in the histologic diagnosis of Heli-
cobactercobacter pylori. Latent class analysis, kappa coefficient, and repeat frequency. Scandinavian Journal of 
Gastroenterologyy 1992;27(11):933-9. 

17.. Price AB.The Sydney System: histological division.J. of Gastroenterology & Hepatology 1991;6(3):209-22. 
18.. Price AB, Misiewicz JJ. Grading and classification of chronic gastritis: the response of the working 

partyy [letter; comment]. Gastroenterology 1992;103(3):1116-7. 

19.. Dixon MF, Genta RM.Yardley JH, Correa P. Classification and grading of gastritis. The updated 
Sydneyy System. International Workshop on the Histopathology of Gastritis, Houston 1994. Ame-
ricann Journal of Surgical Pathology 1996;20{10):1161-81. 

20.. Jonkers D, Stobberingh E, de Bruine A, Arends JW, Stockbrugger R. Evaluation of immunohisto-
chemistryy for the detection of Helicobacter pylori in gastric mucosal biopsies. J Infect 
1997;35(2):149-54. . 

21.. Hazel! SL, Hennessy WB, Borody TJ, et al. Campylobacter pyloridis gastritis II : Distribution of bac-
teriaa and associated inflammation in the gastroduodenal environment. American Journal of 
Gastroenterologyy 1987;82(4):297-30t. 



INTRODUCTION,, AIM S AND OUTLINE OF THIS THESIS *3 

22.. Morris A, Al i MR, Brown P, Lane M, Patton K. Campylobacter pylori infection in biopsy speci-
menss of gastric antrum: laboratory diagnosis and estimation of sampling error. Journal of Clinical 
Pathologyy 1989;42(7):727-32. 

23.. Karnes WE, Jr., SamlofFIM, Siurala M, et al. Positive serum antibody and negative tissue staining 
forr Helicobacter pylori in subjects with atrophic body gastritis [see comments]. Gastroenterology 
1991;101(l):167-74. . 

24.. Logan RP, Walker MM , Misiewicz JJ, Gummett PA, Karim QN, Baron JH. Changes in the intra-
gastricc distribution of Helicobacter pylori during treatment with omeprazole. Gut 1995;36(l):12-6. 

25.. Graham DY, Genta R, Evans DG, et al. Helicobacter pylori does not migrate from the antrum to the 
corpuss in response to omeprazole [see comments]. American Journal of Gastroenterology 
1996;91(10):2120-4. . 

26.. Cutler AF. Diagnostic tests for Helicobacter pylori infection. Gastroenterologist 1997;5(3):202-12. 
27.. Megraud F. How should Helicobacter pylori infection be diagnosed? Gastroenterology 1997; 113(6 

Suppl):S93-8. . 
28.. McNulty CA, Wise R. Rapid diagnosis of Campylobacter-associated gastritis [letter]. Lancet 

1985;; 1(8443): 1443-4. 
29.. Yousfi MM , El-Zimaity HM, Cole RA, Genta RM, Graham DY. Comparison of agar gel (CLO-

test)) or reagent strip (PyloriTek) rapid urease tests for detection of Helicobacter pylori infection. Am 
JJ Gastroenterol 1997;92(6):997-9. 

30.. Marshall BJ, Warren JR, Francis GJ, Langton SR, Goodwin CS, Blincow ED. Rapid urease test in 
thee management of Campylobacter pyloridis-associated gastritis. American Journal of Gastroente-
rologyy 1987;82(3):200-10. 

31.. Hirschl AM , Brandstatter G, Dragosics B, et al. Kinetics of specific IgG antibodies for monito-
ringg the effect of anti-Helicobacter pylori chemotherapy. Journal of Infectious Diseases 
1993;168(3):763-766. . 

32.. Kosunen TU, Seppala K, Sarna S, Sipponen P. Diagnostic value of decreasing IgG, IgA, and IgM 
antibodyy titres after eradication of Helicobacter pylori [see comments]. Lancet 
1992;339(8798):893-5. . 

33.. Koletzko S, Haisch M, Seeboth I, et al. Isotope-selective non-dispersive infrared spectrometry 
forr detection of Helicobacter pylori infection with 13C-urea breath test. Lancet 1995;345(8955):961-2. 

34.. Murnick DE, Peer BJ. Laser-based analysis of carbon isotope ratios. Science 1994;263(5149):945-7. 
35.. Cave DR,Van Zanten SV, Carter E, et al. A multicentre evaluation of the laser assisted ratio analy-

serr (LARA) : A novel device for measurement of (C02)-C-13 in the C-13-urea breath test for the 
detectionn of Helicobacter pylori infection. Alimentary Pharmacology & Therapeutics. 
1999;13(6):747-752. . 

36.. Graham DY, Klein PD, Evans DJ,Jr., et al. Campylobacter pylori detected noninvasively by the 13C-
ureaa breath test. Lancet 1987; 1(8543): 1174-7. 

37.. Shimoyama T, Fukuda Y, Fukuda S, Munakata A.Yoshida Y, Shimoyama T. Validity of various dia-
gnosticc tests to evaluate cure of Helicobacter pylori infection. Journal of Gastroenterology 
1996;31(2):t71-174. . 

38.. AzumaT, KatoT, Hirai M, Ito S, KohliY. Review: Diagnosis of Helicobacter pylori infection.Journ-
all  of Gastroenterology & Hepatology 1996;ll(7):662-669. 

39.. Eltumi M, Brueton MJ, Francis N. Diagnosis of Helicobacter pylori gastritis in children using the 
C-133 urea breath test. Journal of Clinical Gastroenterology 1999;28(3):238-240. 

40.. Delvin EE, Brazier JL, Deslandres C, Alvarez F, Russo P, Seidman E. Accuracy of the [C-13]-urea 
breathh test in diagnosing Helicobacter pylori gastritis in pediatric patients. Journal of Pediatric Gas-
troenterologyy & Nutrition 1999;28(l):59-62. 



M M CHAPTERR I 

41.. Chang MC,Wu MS, Wang HH,Wang HP, Lin JT. Helicobacter pylori stool antigen (HpSA) test - A 
simple,, accurate and non-invasive test for detection of Helicobacter pylori infection. Hepato-Gast-
roenterology.. 1999;46(25): 299-302. 

42.. Vaira D, Malfertheiner P, Megraud F, et al. Diagnosis of Helicobacter pylori infection with a new non-
invasivee antigen-based assay. Lancet. 1999;354(9172):30-33. 

43.. Anonymous. Current European concepts in the management of Helicobacter pylori infection. The 
Maastrichtt Consensus Report. European Helicobacter pylori Study Group. Gut 1997;41(1):8-13. 

44.. Kist M, Strobel S, Folsch U R, et al. Prospective assessment of the impact of primary antimicrobial 
resistancess on cure rates of Helicobacter pylori infections. Gut 1997;41{Suppl 1):A90. 

45.. Laine L, Suchower L, Johnson E, Ronca P, Neil G. Accuracy of CLOtest after Helicobacter pylori 
therapy.. Gastrointestinal Endoscopy 1998;47(3):250-253. 

46.. El-Zimaity HMT, Al-Assi MT, Genta RM, Graham DY. Confirmation of successful therapy ofHeli-
cobactercobacter pylori infection: Number and site of biopsies or a rapid urease test. American Journal of 
Gastroenterologyy 1962;90(11):1962-1964. 

47.. Vigneri S,Termini R, Scialabba A, Pisciotta G, Di Mario E Omeprazole therapy modifies the gas-
tricc localization of Helicobacter pylori [letter; comment]. American Journal of Gastroenterology 
19911 ;86(9): 1276. 

48.. Adamsson I, Nord CE, Sjostedt S,Wikstrom B, Seensalu R.The value of different detection methods 
off  Helicobacter pylori during treatment. Journal of Clinical Gastroenterology 1998;27(2):138-142. 

49.. Karttunen T, Niemela S. Campylobacter pylori and duodenogastric reflux in peptic ulcer disease 
andd gastritis [letter]. Lancet 1988; 1 (8577): 118. 

50.. Pead PJ. Electron microscopy of Campylobacter jejuni. Journal of Medical Microbiology 
1979;12(3):383-5. . 

51.. Jones DM, Curry A, Fox AJ. An ultrastructural study of the gastric campylobacter-like organism 
'Campylobacterr pyloridis'. Journal of General Microbiology 1985;131(Pt 9):2335-41. 

52.. Goodwin CS, McCulloch RK, Armstrong JA, Wee SH. Unusual cellular fatty acids and distinctive 
ultrastructuree in a new spiral bacterium (Campylobacter pyloridis) from the human gastric muco-
sa,, journal ofMedical Microbiology 1985;19(2):257-67. 

53.. Megraud F, Bonnet F, Gamier M, Lamouliatte H. Characterization of "Campylobacter pyloridis' by cul-
ture,, enzymatic profile, and protein content. Journal of Clinical Microbiology 1985;22(6):1007-10. 

54.. GlupczynskiY, Labbe M, Hansen W, Crokaert EYourassowsky E. Evaluation of the E test for quan-
titativee antimicrobial susceptibility testing of Helicobacter pylori. Journal of Clinical Microbiology 
1991;29(9):2072-5. . 

55.. Hirschl AM , Hirschl MM , Rotter ML . Comparison of three methods for the determination of the 
sensitivityy of Helicobacter pylori to metronidazole. Journal of Antimicrobial Chemotherapy 
1993;32(l):45-9. . 

56.. Megraud F. Epidemiology and Mechanism of Antibiotic Resistance in Helicobacter pylori. Gast-
roenterologyy 1998;115(5):1278-1282. 

57.. Midolo PD, Korman MG, Turnidge JD, Lambert JR. Helicobacter pylori resistance to tetracycline 
120].. Lancet 1996 ;347 (9009): 194-195. 

58.. Karim QN, Logan R P H. Emerging patterns of Helicobacter pylori antimicrobial resistance in Euro-
pe.. Gut 1996;39:A51. 

59.. Dore MP, Piana A, Carta M, et al. Amoxycillin resistance is one reason for failure of amoxycillin-
omeprazolee treatment of Helicobacter pylori infection. Alimentary Pharmacology & Therapeutics 
1998;12(7):635-639. . 

60.. van Zwet AA,Vandenbrouke-Grauls CM,Thijs JC, van der Wouden EJ, Gerrits MM , Kusters JG. Sta-
blee amoxicillin resistance in Helicobacter pylori [letter] [see comments]. Lancet 1998;352(9140):1595. 



INTRODUCTION,, AIM S AND OUTLINE OF THIS THESIS 25 

61.. Moore RA, Beckthold B,Wong S, Kureishi A, Bryan LE. Nucleotide sequence of the gyrA gene 
andd characterization of ciprofloxacin-resistant mutants of Helicobacter pylori. Antimicrobial Agents 
&&  Chemotherapy 1995;39(1):107-11. 

62.. Weissfeld A, Haber M, Rose P, Kids S, Siejman N. Geographical distribution in the United Sates of 
primaryy resistance to clarithromycin and metronidazole in patient infected with Helicobacter pylo-
ri.ri.  Gastroenterology 1997(112):A328. 

63.. Glupczynski Y, Langenberg W, Dankert A, et al. Results of a multicentre European survey in 1991 
off  metronidazole resistance in Helicobacter pylori. European Journal of Clinical Microbiology & 
Infectiouss Diseases 1992;11{9):777-781. 

64.. Broutet N, Guillon F, Sauty E, Lethuaire D, Megraud E Survey of the in vitro susceptibility of Heli-
cobactercobacter pylori to antibiotics in France. Gastroenterology 1998(114) :A81. 

65.. Smith MA , Edwards DI . Redox potential and oxygen concentration as factors in the susceptibility 
off  Helicobacter pylori to nitroheterocyclic drugs. Journal of Antimicrobial Chemotherapy 
1995;35(6):751-764. . 

66.. Kedderis GL, Argenbright LS, Miwa GT. Mechanism of reductive activation of a 5-nitroimidazole 
byy flavoproteins: model studies with dithionite. Archives of Biochemistry & Biophysics 
1988;262{l):40-8. . 

67.. Krieg NR, Hoffman PS. Microaerophily and oxygen toxicity. Annual Review of Microbiology 
1986;40:107-30. . 

68.. Cederbrant G, Kahlmeter G, Ljungh A. Proposed mechanism for metronidazole resistance in Heli-
cobactercobacter pylori [see comments]. Journal of Antimicrobial Chemotherapy 1992;29(2): 115-20. 

69.. Midolo PD, Turnidge J, Lambert JR, Bell JM. Validation of a modified Kirby-Bauer disk diffusion 
methodd for metronidazole susceptibility testing of Helicobacter pylori. Diagnostic Microbiology & 
Infectiouss Disease 1995;21(3):135-140. 

70.. Graham DY. Antibiotic Resistance in Helicobacter pylori - Implications For Therapy. Gastroentero-
logyy 1998;115(5):1272-1277. 

71.. Goodwin A, Kersulyte D, Sisson G.Veldhuyzen van Zanten SJO, Berg DE, Hoffman PS. Metron-
idazolee resistance in Helicobacter pylori is due to null mutations in a gene (rdxA) that encodes an 
oxygen-insensitivee NADPH nitroreductase. Molecular Microbiology 1998;28(2):383-393. 

72.. Jenks PJ, Ferrero RL, Labigne A. The role of the rdxA gene in the evolution of metronidazole resi-
stancee in Helicobacter pylori. Journal of Antimicrobial Chemotherapy. 1999;43(6):753-758. 

73.. Weel JF, van der Hulst RW, GerritsY,Tytgat GN, van der Ende A, Dankert J. Heterogeneity in suscep-
tibilit yy to metronidazole among Helicobacter pylori isolates from patients with gastritis or peptic 
ulcerr disease. Journal of Clinical Microbiology 1996;34(9):2158-62. 

74.. Megraud F. Resistance of Helicobacter pylori to antibiotics.Aliment PharmacolTher 1997;11 (Suppl 
l):43-53. . 

75.. Penston JG, McColl KE. Eradication of Helicobacter pylori: an objective assessment of current the-
rapies.. Br J Clin Pharmacol 1997;43(3):223-43. 

76.. Megraud F, Doermann HP. Clinical Relevance of Resistant Strains of Helicobacter pylori - a Review 
off  Current Data. Gut 1998;43(Suppl 1):S 61-S 65. 

77.. LindT, Megraud F, Bardhan KD, et al.The mach2 study: antimicrobial resistance in Helicobacter pylo-
riri  therapy - the impact of omeprazole. Gut 1997;41 (Suppl 1):A89. 

78.. Buckley MJ, Xia HX, Hyde DM, Keane CT, C A. OM. Metronidazole resistance reduces efficacy 
off  triple therapy and leads to secondary clarithromycin resistance. Digestive Diseases & Sciences 
1997;42(10):2111-5. . 

79.. Misiewicz JJ, Harris AW, Bardhan KD, et al. One week triple therapy for Helicobacter pylori: a mul-
ticentree comparative study. Lansoprazole Helicobacter Study Group. Gut 1997;41(6):735-9. 



Ï6 Ï6 CHAPTERR I 

80.. Xia HX, Buckley M, Hyde DK, Keane CT, O'Morain C. Effects of antibiotic-resistance on cla-
rithromycin-combinedd triple therapy for Helicobacter pylori. Gut 1995;37(Suppl 1):A55. 

81.. Georgopoulos S, Mentis A, Karatapanis S. Comparison of the efficacy of two, short-term, triple the-
rapiess based on clarithromycin, in the eradication of Helicobacter pylori(HP):a. ramdomized study. 
Gutt 1996;39(Suppl 2):A34. 

82.. Powell KU, Bell GD, Bowden AF, Trowel! JE, Jones PH. An effective one-week Helicobacter pylori eradi-
cationn therapy using omeprazole, clarithromycin and metronidazole. Br.J.Clin.Res. 1995;6:85-90:85-90. 

83.. Moayyedi P, Ragunathan PL, Mapstone N, Axon ATR,Tompkins DS. Relevance of antibiotic sen-
sitivitiess in predicting failure of omeprazole, clarithromycin, and tinidazole to eradicate Helicobacter 
pylori.pylori. Journal of Gastroenterology 1998;33 (2): 160-163. 

84.. Houben MHMG , Hensen EF, van 't Hof fBWM , et al. Randomized trial of omeprazole and cla-
rithromycinn combined with either metronidazole or amoxycillin in the treatment of Helicobacter 
pyloripylori (Hp) in metronidazole resistant or sensitive patients. Gastroenterology 1998;114(4):A153 
(G0628). . 

85.. Goh KL, Parasakthi N, Chuah SY, Cheah PL, LoYL , Chin SC. Comparison of two 1-week low-
dosee omeprazole triple therapies - Optimal treatment for Helicobacter pylori infection. Alimentary 
Pharmacologyy & Therapeutics 1997;11 (6): 1115-1118. 

86.. Lerang F, Mourn B, HaugJB, et al. Highly effective twice-daily triple therapies for Helicobacter pylo-
riri  infection and peptic ulcer disease: does in vitro metronidazole resistance have any clinical 
relevance?? American Journal of Gastroenterology 1997;92(2):248-253. 

87.. Schwartz H, Krause R, Siepman N, et al. Seven-day triple therapy with lansoprazole, clarithromy-
cin,, and metronidazole for the cure of Helicobacter pylori infection: a short report. Helicobacter 
1996;l(4):251-255. . 

88.. Miyaji H.AzumaT, Ito S, et al. Susceptibility of Helicobacter pylori isolates to metronidazole, cla-
rithromycinn and amoxycillin in vitro and in clinical treatment in Japan. Alimentary Pharmacology 
&Therapeuticss 1997;11(6):1131-1136. 

89.. Perng CL, Ki m JG, El-Zimaity HM, Osato MS, Graham DY. One-week triple therapy with lans-
oprazole,, clarithromycin, and metronidazole to cure Helicobacter pylori infection in peptic ulcer 
diseasee in Korea. Digestive Diseases & Sciences 1998;43(3):464-7. 

90.. Adamek RJ, Suerbaum S, Pfaffenbach B, Opferkuch W. Primary and acquired Helicobacter pylori 
resistancee to clarithromycin, metronidazole, and amoxicillin—influence on treatment outcome. 
Americann Journal of Gastroenterology 1998;93(3):386-9. 

91.. Graham DY, Hoffman J, Elzimaity HMT, Graham DP, Osato M.Twice a day quadruple therapy (bis-
muthh subsalicylate, tetracycline, metronidazole plus lansoprazole) for treatment of Helicobacter pylori 
infection.. Alimentary Pharmacology & Therapeutics 1997;ll(5):935-938. 

92.. De BoerWA,Van Etten R, Schneeberger PM. Four-day lansoprazole-quadruple therapy in the rou-
tinee treatment of Helicobacter pylori infection. Netherlands Journal of Medicine 1998;52(1):10-15. 

93.. De BoerWA, Driessen WMM,Tytgat GNJ. Only four days of quadruple therapy can effectively cure 
HelicobacterHelicobacter pylori infection. Alimentary Pharmacology & Therapeutics 1995 ;9 (6): 633-638. 

94.. Borody TJ. Possibilities for Helicobacter pylori suppression/eradication. European Journal of Gast-
roenterologyy & Hepatology 1992;4:S37-S40. 

95.. VanderhulstRWM,VanderendeA,HomanA,RoordaP,DankertJ,Tytgat GNJ. Influence ofMetron-
idazolee Resistance On Efficacy of Quadruple Therapy For Helicobacter pylori Eradication. Gut 
1998;42(2):166-169. . 

96.. Okada M, Nishimura H, Kawashima M, et al. A new quadruple therapy for Helicobacter pylori: inf-
luencee of resistant strains on treatment outcome. Alimentary Pharmacology & Therapeutics. 
1999;13(6):769-774. . 



INTRODUCTION,, AIM S AND OUTLINE OF THIS THESIS 17 

97.. BorodyTJ, Brandl S, Andrews P.Jankiewicz E, Ostapowicz N. H. pylori eradication failure (EF) -
furtherr treatment possibilities. Gastroenterology 1992;102:A43. 

98.. De Boer W, Driessen W, Jansz A,Tytgat G. Effect of acid suppression on efficacy of treatment for 
HelicobacterHelicobacter pylori infection. Lancet 1995;345(8953):817-820+806-807. 

99.. De Boer WA,Van Etten RJX, Schade RWB, Ouwehand ME, Schneeberger PM.Tytgat GNJ. 4-Day 
lansoprazolee quadruple therapy: A highly effective cure for Helicobacter pylori infection. American 
Journall  of Gastroenterology 1996;91(9):1778-1782. 

100.. De Boer WA, Driessen WMM,Jansz AR,Tytgat GNJ. Quadruple therapy compared with dual the-
rapyy for eradication of Helicobacter pylori in ulcer patients: Results of a randomized prospective 
single-centree study. European Journal of Gastroenterology & Hepatology 1995;7(12):1189-1194. 

101.. Houben MHMG , Schraffordt Koops HS,Rauws EAJ,et al. Efficacy of PPI-triple therapy in H.pylo-
rii  (Hp) positive patients with ulcer disease versus patients with non-ulcer dyspepsia. Gut 
1998;43(suppll  2):A85. 

102.. Borody TJ, Andrews P, Fracchia G, Brand! S, Shortis NP, Bae H. Omeprazole enhances efficacy of 
triplee therapy in eradicating Helicobacter pylori. Gut 1995;37(4):477-481. 

103.. De Boer SY, SiemTH. Four-day quadruple therapy as a routine treatment for Helicobacter pylori 
infection.. Alimentary Pharmacology & Therapeutics 1997;11(6): 1119-1121. 

104.. de Boer WA, van Etten RJ, Lai JY, Schneeberger PM, van de Wouw BA, Driessen WM . Effective-
nesss of quadruple therapy using lansoprazole, instead of omeprazole, in curing Helicobacter pylori 
infection.. Helicobacter 1996; 1(3): 145-50. 

105.. Chan FKL.Yung MY, Ling TKW, Leung WK, Chung SCS, Sung JY. What is the true impact of 
metronidazolee resistance on the efficacy of bismuth-based triple therapy? Gut 1998;43(Suppl 
2):A84. . 

106.. De Koster M, De Reuck M, Jonas C, et al. French triple works fine in Brussels. Gastroenterology 
1997;; 112(4) :A99. 

107.. Van der Wouden EJ,Thijs JC, Kooy A, Kleibeuker JH. Metronidazole resistance does not influence 
thee efficacy of triple therapy with ranitidine bismuth citrate (RBC), clarithromycin (CLA) and 
metronidazolee (MET) for H. pylori (Hp) infection. Abstract Springmeeting Netherlands Society of 
Gastroententerologyy 1998. 

108.. Megraud F. Antibiotic resistance in Helicobacter pylori infection. British Medical Bulletin 
1998;54(1):207-216. . 

109.. Hulten K, Gibreel A, Skold O, Engstrand L. Macrolide resistance in Helicobacter pylori: mechanism 
andd stability in strains from clarithromycin-treated patients. Antimicrob Agents Chemother 
1997;41(ll):2550-3. . 

110.. Cayla R, Zerbib F,Talbi P, Mqgraud F, Lamouliatte H. Pre and post-treatment clarithromycin resi-
stancee ofHelicobacter pylori strains.A key factor of treatment failure. Gut 1995;37(Suppl 2):2:A152 
(Abstractt 130. 

111.. Burette A, GlupczynskiY, Deprez C, Ramdani B. Omeprazole + amoxicillin + clarithromycin the-
rapyy for Helicobacter pylori infection. Gastroenterology 1995;108(Suppl):A64. 

112.. Wurzer H, Rodrigo L, Stamler D, et al. Short-course therapy with amoxycillin-clarithromycin tri -
plee therapy for 10 days (ACT-10) eradicates Helicobacter pylori and heals duodenal ulcer. ACT-10 
Studyy Group.Aliment PharmacolTher 1997;ll(5):943-52. 

113.. Megraud F, Lehn N, LindT, al e. Helicobacter pylori resistance to antimicrobial agents and its influ-
encee on clinical outcome. Gastroenterology 1997;112:A216. 

114.. Laine L, Suchower L, Frantz J, Connors A, Neil G. Low rate of emergence of clarithromycin-resi-
stantt Helicobacter pylori with amoxycillin co-therapy. Alimentary Pharmacology & Therapeutics 
1998;12(9):887-892. . 



2 88 CHAPTER I 

115.. Williamson R. Does bismuth prevent antimicrobial resistance in H. pylori? In: Helicobacter pylori: 
Basicc Mechanisms to clinical cure. edTytgat and Hunt. 1998:p 44. 

116.. McLaren A, Donnelly C, McDowell S, Williamson R.The role of ranitidine bismuth citrate in sig-
nificantlyy reducing the emergence of Helicobacter pylori strains resistant to antibiotics. Helicobacter 
1997;2(l):21-6. . 

117.. Van der Ende A, Rauws EAJ, Feller M, Mulder CJJ,Tytgat GNJ, Dankert J. Heterogeneous Helico-
bacterbacter pylori isolates from members of a family with a history of peptic ulcer disease. 
Gastroenterologyy 1996; 111 (3):638-647. 

118.. Marshall DG, Coleman DC, Sullivan DJ, Xia H, CA OM, Smyth CJ. Genomic DNA fingerprin-
tingg of clinical isolates of Helicobacter pylori using short oligonucleotide probes containing 
repetitivee sequences. Journal of Applied Bacteriology 1996;81(5):509-517. 

119.. Go MF, KapurV, Graham DY, Musser JM. Population genetic analysis of Helicobacter pylori by mul-
tilocuss enzyme electrophoresis: Extensive allelic diversity and recombinational population 
structure.. Journal of Bacteriology 1996; 178(13) :3934-3938. 

120.. Akopyanz N, Bukanov NO, Westblom TU, Kresovich S, Berg DE. DNA diversity among clinical 
isolatess of Helicobacter pylori detected by PCR-based RAPD fingerprinting. Nucleic Acids 
Researchh 1992; 20 (19): 5137-5142. 

121.. Go MF, Cissell L, Graham DY, Kim JG, Gutierrez O. H, pylori show remarkable genetic heteroge-
neityy both chromosomally and extra-chromosomally. Gastroenterology 1998;114(4(2)):A134. 

122.. Axon ATR. Are all helicobacters equal? Mechanisms of gastroduodenal pathology and their clini-
call  implications. Gut. 1999;45(Suppl 1):I1-I4. 

123.. CrabtreeJE, Taylor JD,WyattJI, et al. Mucosal IgA recognition of Helicobacter pylori 120 kDa pro-
tein,, peptic ulceration, and gastric pathology. Lancet 1991;338(8763):332-5. 

124.. Rudi J, Kolb C, Maiwald M, et al. Serum antibodies against Helicobacter pylori proteins VacA and CagA 
aree associated with increased risk for gastric adenocarcinoma. Dig Dis Sci 1997;42(8):1652-9. 

125.. Parsonnet J, Friedman GD, Orentreich N.Vogelman H. Risk for gastric cancer in people with CagA 
positivee or CagA negative Helicobacter pylori infection [see comments]. Gut 1997;40(3):297-301. 

126.. Kuipers EJ, Perez-Perez GI, Meuwissen SGM, Blaser MJ. Helicobacter pylori and atrophic gastritis: 
Importancee of the CagA status. Journal of the National Cancer Institute 1995;87(23):1777-1780. 

127.. Blaser MJ, CrabtreeJE. CagA and the outcome of Helicobacter pylori infection [editorial; comment]. 
Americann Journal of Clinical Pathology 1996;106(5):565-7. 

128.. Rudi J, Rudy A, Maiwald M, Kuck D, Sieg A, Stremmel W. Direct determination of Helicobacter 
pyloriVacApyloriVacA genotypes and CagA gene in gastric biopsies and relationship to gastrointestinal disea-
ses.. American Journal of Gastroenterology. 1999;94(6):1525-1531. 

129.. Van der Ende A, Pan Z-J,Van der Hulst RWM, et al. Lack of association between VacA subtypes and 
diseasee in Helicobacter pylori-infected patients from The Netherlands. Gastroenterology 
1998;; 114(4(2)) :A319. 

130.. Atherton JC,Tham KT, Peek RM, Jr., Cover TL, Blaser MJ. Density of Helicobacter pylori infec-
tionn in vivo as assessed by quantitative culture and histology. Journal of Infectious Diseases 
1996;174(3):552-6. . 

131.. Peek RMJr ., Mille r GG,Tham KT, et al. Heightened inflammatory response and cytokine expres-
sionn in vivo to CagA+ Helicobacter pylori strains [see comments]. Laboratory Investigation 
1995;73(6):760-70. . 

132.. Crowe SE, Alvarez L, Dytoc M, et al. Expression of interleukin 8 and CD54 by human gastric epit-
heliumm after Helicobacter pylori infection in vitro. Gastroenterology 1995;108(l):65-74. 

133.. Peek RM,Jr., Moss SF,Tham KT, et al. Helicobacter pylori CagA+ strains and dissociation of gastric 
epitheliall  cell proliferation from apoptosis [see comments].J Nad Cancer Inst 1997;89(12):863-8. 



INTRODUCTION,, AIM S AND OUTLINE OF THIS THESIS * 9 

134.. Lee A, Dixon MF, Danon SJ, et al. Local acid production and Helicobacter pylori: a unifying hypo-
thesiss of gastroduodenal disease. European Journal of Gastroenterology & Hepatology 
1995;7(5):461-5. . 

135.. Friedman GD, Siegelaub AB, Seltzer CC. Cigarettes, alcohol, coffee and peptic ulcer. New England 
Journall  of Medicine 1974;290(9):469-73. 

136.. Clark CA, Edwards JW, Haddock DRW. Blood groups and secretor characters in duodenal ulcer. 
Britishh Medical Journal 1956;2:725-31. 

137.. Go MF, Cissell L, Kim JG, Guttierrez O. H. pyloriVacA mosaicism: homogeneity in the signal region 
butt heterogeneity in the mid-gene region correlates with geographic site. Gastroenterology 
1998;114(4(2)):A134. . 

138.. Pan ZJ, Berg DE, van der Hulst RW, et al. Prevalence of vacuolating cytotoxin production and dis-
tributionn of distinct VacA alleles in Helicobacter pylori from China. Journal of Infectious Diseases 
1998;178(l):220-6. . 

139.. Van Doorn LJ, Figueiredo C, Megraud F, et al. Geographic distribution ofVacA allelic types of Heli-
cobactercobacter pylori. Gastroenterology 1999;116(4):823-30. 

140.. Perez-Perez GI, Bhat N, Gaensbauer J, et al. Country-specific constancy by age in CagA+ propor-
tionn of Helicobacter pylori infections. Int J Cancer 1997;72(3):453-6. 

141.. Maeda S, Kanai F, Ogura K, et al. High seropositivity of anti-CagA antibody in Helicobacter pylo-
ri-infectedri-infected patients irrelevant to peptic ulcers and normal mucosa in Japan. Dig Dis Sci 
1997;42(9):1841-7. . 

142.. Enroth H, Nyren O, Engstrand L. One stomach—one strain: does Helicobacter pylori strain varia-
tionn influence disease outcome? Digestive Diseases & Sciences 1999;44(1): 102-7. 

143.. Jorgensen M, Daskalopoulos G,WarburtonV, Mitchell HM, Hazell SL. Multiple strain colonization 
andd metronidazole resistance in Helicobacter pylori-infected patients: Identification from sequential 
andd multiple biopsy specimens. Journal of Infectious Diseases 1996; 174(3) :631-635. 

144.. Hirschl AM , Richter M, Makristathis A, et al. Single and multiple strain colonization in patients 
withh Helicobacter pylori-associated gastritis: detection by macrorestriction DNA analysis. Journal of 
Infectiouss Diseases 1994; 170(2):473-5. 

145.. Taylor NS, Fox JG,Akopyants NS, et al. Long-term colonization with single and multiple strains of Heli-
cobactercobacter pylori assessed by DNA fingerprinting. Journal of Clinical Microbiology 1995;33(4):918-23. 

146.. Figura N,Vindigni C, Covacci A, et al. CagA positive and negative Helicobacter pylori strains arc 
simultaneouslyy present in the stomach of most patients with non-ulcer dyspepsia: Relevance to his-
tologicall  damage. Gut 1998;42(6):772-778. 

147.. van der Hulst RW, van der Ende A, Dekker FW, et al. Effect of Helicobacter pylori eradication on 
gastritiss in relation to CagA: a prospective 1-year follow-up study. Gastroenterology 
1997;113(l):25-30. . 

148.. Marais A, Monteiro L, Lamouliatte H. Cag negative status of Helicobacter pylori is a risk factor for 
failuree of PPI-based triple therapies in non-ulcer dyspepsia. Gastroenterology 1998;114:A214. 

149.. van Doorn LJ, Quint W, Schneeberger P,Tytgat GM, de BoerWA.The only good Helicobacter pylo-
riri  is a dead Helicobacter pylori [letter; comment]. Lancet 1997;350(9070):71-2. 

150.. Go MF, Kelly L, Li L, Frantz J, Neil G, Laine L. CagA andVacA Gen polymorphisms in H. pylori (Hp) 
fromfrom U.S. Duodenal Ulcer (DU) Patients and Association with eradication. Gastroenterology 1999. 

151.. Graham DY. Complete Genomic Sequence of Helicobacter pylori - Implications For the Clinician. 
Currentt Opinion in Gastroenterology 1998;14<Suppl 1):S 7-S 8. 

152.. Malaty H, El-Zimaity HMT, Genta RM, Cole RA, Graham DY. High-dose proton pump inhibi-
torr plus amoxycillin for the treatment or retreatment of Helicobacter pylori infection. Alimentary 
Pharmacologyy & Therapeutics 1996;10(6):1001-1004. 



3<DD CHAPTER I 

153.. Anonymous. NI H Consensus Conference. Helicobacter pylori in peptic ulcer disease. N I H Con-
sensuss Development Panel on Helicobacter pylori in Peptic Ulcer Disease [see comments]. Jama 
1994;272(l):65-9. . 

154.. Walsh JH, Peterson WL.The treatment of Helicobacter pylori infection in the management of pep-
ticc ulcer disease. New England Journal of Medicine 1995;333(15):984-991. 

155.. Blum AL,Talley NJ, C OM, et al. Lack of effect of treating Helicobacter pylori infection in patients 
withh nonulcer dyspepsia. New England Journal of Medicine. 1998;339(26): 1875-1881. 

156.. McColl K, Murray L, El-Omar E, et al. Symptomatic benefit from eradicating Helicobacter pylori 
infectionn in patients with nonulcer dyspepsia. New England Journal of Medicine. 
1998;339(26):: 1869-1874. 

157.. Friedman LS. Helicobacter pylori and nonulcer dyspepsia. New England Journal of Medicine. 
1998;339(26):: 1928-1930. 

158.. Fisher RS, Parkman HP. Management of nonulcer dyspepsia [Review]. New England Journal of 
Medicine.. 1998;339(19):1376-1381. 

159.. Fennerty MB. What are the treatment goals for Helicobacter pylori infection? Gastroenterology 
1997;113(6Suppl):S120-5. . 

160.. Lam SJ,Talley NJ. Report of the 1997 Asia Pacific Consensus Conference On the Management of 
HelicobacterHelicobacter pylori Infection. Journal of Gastroenterology & Hepatology 1998;13(1):1-12. 

161.. Hunt R.Thomson ABR, Bienenstock J, et al. Canadian Helicobacter pylori Consensus Conferen-
ce,, Ottawa, Ont., April 4-6 1997. Canadian Journal of Gastroenterology 1998;12(1):31-41. 

162.. Lee JM, Breslin NP, Hyde DK, Buckley MJ, CA OM. Treatment options for Helicobacter pylori 
infectionn when proton pump inhibitor-based triple therapy fails in clinical practice. Alimentary 
Pharmacologyy & Therapeutics. 1999;13(4):489-496. 

163.. Unge P. What other regimens are under investigation to treat Helicobacter pylori infection? Gast-
roenterologyy 1997;113(6 Suppl):S131-48. 

164.. Van der Hulst RWM, Keller JJ, Rauws EAJ,Tytgat GNJ. Treatment of Helicobacter pylori infection: 
AA review of the world literature. Helicobacter. 1996;l:6-19{Review)). 

165.. Peterson WL, Ciociola AA, Sykes DL, McSorley DJ, Webb DD. Ranitidine bismuth citrate plus cla-
rithromycinn is effective for healing duodenal ulcers, eradicating H. pylori and reducing ulcer 
recurrence.. RBC H. pylori Study Group [see comments]. Alimentary Pharmacology & Therapeu-
ticss 1996;10(3):251-261. 

166.. Laine L, Estrada R.Trujillo M, Emami S. Randomized comparison of ranitidine bismuth citrate-
basedd triple therapies for Helicobacter pylori. Am J Gastroenterol 1997;92(12):2213-5. 

167.. van der Wouden EJ,Thijs JC, van Zwet AA, Kooy A, Kleibeuker JH. One-week triple therapy with 
ranitidinee bismuth citrate, clarithromycin and metronidazole versus two-week dual therapy with 
ranitidinee bismuth citrate and clarithromycin for Helicobacter pylori infection: A randomized, cli-
nicall  trial. American Journal of Gastroenterology. 1998;93(8): 1228-1231. 

168.. Chiba N, Hunt R H. Bismuth, metronidazole and tetracycline(BMT)+-acid suppression in H.pylo-
rii  eradications meta-analysis. Gut 1996;39(Suppl 2):A36-7 (Abstract 4A:27). 

169.. de Boer WA,Tytgat GN.The best therapy for Helicobacter pylori infection: should efficacy or side-
effectt profile determine our choice? Scandinavian Journal of Gastroenterology 1995;30(5):401-7. 

170.. Deltenre M, Ntounda R, Jonas C, De Koster E. Eradication of Helicobacter pylori: why does it fail? 
Italiann Journal of Gastroenterology & Hepatology 1998;30(Suppl 3):S326-8. 

171.. Graham DY, Lew GM, Malaty HM, et al. Factors influencing the eradication of Helicobacter pylo-
riri  with triple therapy. Gastroenterology 1992;!02(2):493-6. 

172.. Cutler AF, Schubert TT. Patient factors affecting Helicobacter pylori eradication with triple therapy. 
Americann Journal of Gastroenterology 1993;88(4):505-509. 



INTRODUCTION,, AIM S AND OUTLINE OF THIS THESIS 31 

173.. Pipkin GA,Williamson R,WoodJR. Review article: One-week clarithromycin triple therapy regi-
menss for eradication of Helicobacter pylori. Alimentary Pharmacology & Therapeutics 
1998;12(9):823-837. . 

174.. Erah PO, Goddard AF, Barrett DA, Shaw PN, Spiller RC.The stability of amoxycillin, clarithromy-
cinn and metronidazole in gastric juice: relevance to the treatment of Helicobacter pylori infection. 
JAnrimicrobb Chemother 1997;39{1):5-12. 

175.. Goddard AF. Getting to the route of Helicobacter pylori treatment. Journal of Antimicrobial Che-
motherapyy 1998;42(l):l-3. 

176.. Goddard AFJessa MJ, Barrett DA, et al. Effect of omeprazole on the distribution of metronidazo-
le,, amoxicillin, and clarithromycin in human gastric juice. Gastroenterology 1996;111(2):358-367. 

177.. Goddard AF, Spiller RC. In vitro assessment of gastric mucosal transfer of anti-Helicobacter thera-
peuticc agents. Antimicrob Agents Chemother 1997;41(6):1246-9. 

178.. Goddard AF. Factors influencing antibiotic transfer across the gastric mucosa [Review]. Alimenta-
ryy Pharmacology & Therapeutics. 1998;12(12):1175-1184. 

179.. Lambert JR. Pharmacology of the gastric mucosa: a rational approach to Helicobacter polythera-
pyy [editorial; comment]. Gastroenterology 1996;ll l(2}:521-3. 

180.. Atherton JC, Cockayne A, Balsitis M, Kirk GE, Hawkey CJ, Spiller R C. Detection of the intragas-
tricc sites at which Helicobacter pylori evades treatment with amoxycillin and cimetidine. Gut 
1995;36(5):670-674. . 

181.. Goggin P, NorthfieldT Mucosal defence. In: Northfield TC. Mendall M, Goggin PM eds Helico-
bacterbacter pylori Infection. 1993:62-74. 

182.. Chen XG, Correa P, Offerhaus J, et al. Ultrastructure of the gastric mucosa harboring Campylo-
bacter-likee organisms. American Journal of Clinical Pathology 1986;86(5):575-82. 

183.. Megraud F,Trimoulet p, Lamouliatte H, Boyanova L. Bactericidal effect of amoxicillin on Helico-
bacterbacter pylori in an in vitro model using epithelial cells. Antimicrobial Agents & Chemotherapy 
1991;35(5):869-72. . 



3ZZ CHAPTER I 



CHAPjptt 2 
Randomizedd trial of ojjplprazole 

andd clarithromycin combined with eijilter 

metronidazolee or amoxycillin in patients with 

metronidazole-resistantt or -susceptible 

HelicobacterHelicobacter pylori-strains. 



344 CHAPTER 2 

Randomize dd tria l of omeprazol e and clarithromyci n 
combine dd wit h eithe r metronidazol e or amoxycilli n 
inn patient s wit h metronidazole-resistan t or -susceptibl e 
HelicobacterHelicobacter  py/or/-s t rains . 

M.H.M.G.. HOUBEN*, E.F. HENSEN*, E.A.J. RAUWS*, R.W.M. VAN DER HULST*, B.W.M.. VAN 'T HOFF*, 

A.. VAN DER ENDE*, F.J.W. TEN KATE* , G.N.J. TYTGAT* 

Departmentss of Gastroenterology*, Clinical Microbiology*  and Pathology*, Academic Medical 

Center,, Meibergdreef 9,1105 AZ Amsterdam, The Netherlands 

AlimentAliment Pharmacol Titer 1999; 13: 883-889 

I
"" Summary 

Background:: the impact of metronidazole resistance on the efficacy of proton pump inhibitor 

basedd triple therapies remains unclear. We studied whether metronidazole resistance affects 

 H. pylori eradication rates in patients treated for one week with either omeprazole 20 mg bid, 

II  metronidazole 400 mg bid and clarithromycin 250 mg bid (OMC) or omeprazole 20 mg bid, 

II  amoxycillin 1000 mg bid and clarithromycin 500 mg bid (OAC). 

11 Methods: A randomized, single blind, single center study with parallel groups was 

ÏÏ  conducted. H. pylori positive patients were enrolled in a metronidazole-resistant (MR; MI C 

|| > 8 jag/ml) or a metronidazole-susceptible group (MS; MI C < 4 u.g/ml), as determined by 

11 E-test. Within the strata patients were randomized to either OAC or OMC. 

11 Results: 122 patients were included.The per-protocol cure rate for OAC is 52/57 (91%) (MS 

II  23/26 (89%); M R 29/31 (94%)) and for OMC 46/55 (84%) (MS 19/22 (86%); M R 27/33 

|| (82%)). 

II  Conclusions: One week OAC and OMC are effective therapies. In patients with 

|| metronidazole susceptible H.pylori -strains OAC and O MC were equally effective, while this 

II  could not be shown for the metronidazole-resistant stratum. Using the O MC regimen, neither 

11 equality, nor significant differences in treatment outcome could be shown between patients 
Ê Ê 

11 with metronidazole-resistant or -susceptible H. py/on'-strains. 

Introductio n n 

Severall  therapeutic regimens have been reported to be successful in eradicating H.pylori.* Many 

off  these therapies contain a 5-nitro-imidazole, metronidazole or tinidazole, that have their optimal 

activityy in anaerobic environment.2 The traditional bismuth containing triple therapy 

(consistingg of bismuth, metronidazole and amoxycillin or tetracycline) provides reliable efficacy. 

Drawbackss are the frequent occurrences of side effects, the number of tablets that have to be 
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takenn and the substantial fall in eradication rates in case of metronidazole resistance.3-4 Data suggest 

thatt quadruple therapy (traditional triple therapy combined with a proton pump inhibitor) may 

overcomee metronidazole resistance.5 

Recently,, H. pylori eradication rates of more than 95% were achieved using one week treatment 

regimenss consisting of omeprazole 20 mg b.i.d., amoxicillin 1 g b.i.d. and clarithromycin 500 mg 

b.i.d.. (OAC) or omeprazole 20 mg b.i.d., metronidazole 400 mg b.i.d. and clarithromycin 250 

mgg b.i.d. (OMC), however no data were given on the effect of primary metronidazole resistance.6 

Inn this study we determined the impact of metronidazole resistance on the outcome of the OAC 

andd O MC regimens and the induction of secondary metronidazole and/or clarithromycin 

resistancee in case of therapy failure. 

Patient ss and Method s 

Patientss between 18 and 75 years of age referred for upper gastrointestinal endoscopy due to 

dyspepticc complaints and culture positive H. pylori infection were eligible for the study. Exclusion 

criteriaa were: a complicated ulcer, use of a proton pump inhibitor, use of compounds containing 

bismuthh or any antibiotics within 30 days prior to pre-entry endoscopy, allergy to the study 

medication,, reflux esophagitis requiring the use of a proton pump inhibitor, expected non-

compliance,, pregnancy or breastfeeding, and patients with severe concurrent disease. No patients 

withh previous gastric surgery were included in this trial. 

Thee study was performed as an investigator-blind, randomized single-center study with parallel 

patientt groups. The local Ethics Committee approved the study protocol. Written informed 

consentt was obtained from all patients. 

Treatmen t t 

Tenn to fourteen days after the initial endoscopy, when the H. pylori resistance pattern was 

known,, patients were stratified into a metronidazole-resistant or a metronidazole-

susceptiblee group and subsequently per group randomized to receive either: omeprazole 20 

mgg b.i.d., amoxycillin 1 g b.i.d. and clarithromycin 500 mg b.i.d. (OAC) for 1 week or 

omeprazolee 20 mg b.i.d., metronidazole 400 mg b.i.d. and clarithromycin 250 mg b.i.d. 

(OMC)) for 1 week. The patients received a pre-packaged box with the study medication, 

identicall  in appearance for the two different treatment courses. While receiving the study 

medication,, patients were not allowed to take any other ulcer-healing drugs. Immediately 

afterr completing the study medication, the medication boxes were returned to the clinic, a 

pil ll  count was carried out, and the patients were evaluated for compliance and side effects. 

Noo proton pump inhibitors, antibiotics or bismuth-compounds were allowed during follow-

up.. Several patients were allowed to use antacids or H2-receptor antagonists during the 

study-period,, as this does not interfere with the detection of H. pylori on follow-up 

endoscopy. . 
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Assessmen tt  of H. pylori  statu s and susceptibilit y testin g 

Upperr endoscopy was performed at baseline and four to six weeks after completion of the 

treatmentt course. At each endoscopy 6 biopsies were taken: 2 for histology and 1 for culture from 

bothh antrum and corpus. Cure of H.py/on'-infection was defined as absence of H. pylori in culture 

andd histology in all biopsies. We chose to use two different biopsy-based tests to prove H. pylori 

eradication,, rather than the urea-breath test, because the urea breath test is only a single method 

that,, certainly at the time when the protocol was written, was not yet sufficiently established. 

Anotherr disadvantage of breath testing is that secondary antimicrobial resistance can not be 

determined. . 

Microbiologica ll  analysi s 

Att each endoscopy, one antrum and one corpus biopsy were taken for culture. The biopsy 

specimenss were inoculated on fresh Columbia agar plates containing 7% horse blood and cultured 

inn microaerophilic conditions at 37 °C. After 3 days the grown H. pylori were collected using a 

cottonn swab and suspended in 2 ml of DMEM cell culture medium. From this suspension 100 

ml,, containing 10M08 cfu/ml, was flooded on Colombia agar plates containing 7% horse blood. 

Al ll  plates were incubated at 37 °C under microaerophilic conditions for 3 and 5 days. The H. 

pyloripylori strains were tested for metronidazole and clarithromycin susceptibility using the E-test (AB 

Biodisk,, Sweden). The minimal inhibitory concentration (MIC) was defined as the 

concentrationn on the E-test strip closest to the point of intersection with growth on the plate. 

H.H. pylori was considered to be susceptible to metronidazole if the bacteria had a MI C < 4 u,g/ml.7 

H.H. pylori strains were regarded to be resistant to metronidazole if the bacteria had a MI C > 8 

jag/ml.. Patients with a MI C for metronidazole between 4 and 8 ug/ml were not included in 

thiss study. The H. pylori strains were considered to be resistant to clarithromycin if the bacteria 

hadd a MI C > 1 u.g/ml. 

Histopatholog y y 

Biopsies,, taken for histopathological assessment, were placed in separate tubes containing 10% 

bufferedd formalin. Specimens were processed using the paraffin embedding technique, sectioned at 

fourfour jam perpendicular to mucosal surface and stained with the Giemsa method. Complementary 

staining,, e.g. immunohistochemical staining or in situ hybridization, was performed if necessary.The 

biopsiess were histologically graded according to the updated Sydney system.8 

Statistica ll  analysi s 

Ann equivalence study was designed to test the hypothesis that OAC and O MC are equally 

effectivee in patients harboring metronidazole-resistant and -susceptible H. pylori strains. Based 
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onn the results of the MACH I study6 the eradication rate was estimated to be 95% for both OAC 

andd OMC. A difference of 20% in cure rate between the two treatments was defined as clinically 

relevant.. Based on a two-sided test with a power of 80% and an alpha error of 5%, twenty fully 

evaluablee patients had to be included per treatment group to show equivalence of the treatments. 

Too reach this number it was anticipated that 25 patients per treatment arm were needed to be 

includedd into the study (a total of 100 patients). Because the inclusion of patients with a 

metronidazole-resistantt H. £>y/on'-strain was faster than the inclusion of patients harboring a 

metronidazole-susceptiblee H. py/on'-strain, 20 patients harboring a metronidazole-resistant strain 

weree added to the metronidazole-resistant stratum. The difference in eradication rate between 

patientss receiving OAC or O MC was analyzed for both the metronidazole-resistant and the 

metronidazole-susceptiblee stratum. Also, the difference in eradication rate between patients with 

metronidazole-resistantt or metronidazole-susceptible strains was analyzed, for both OAC and 

OMC. . 

Too study equivalence between these groups, a 90% confidence interval of the difference in 

eradicationn rate was calculated, together with a p-value that indicates treatment equivalence. A 

differencee of 20% in eradication rates (= d) was considered to be clinically relevant. Equivalence 

cann be stated when the difference between two percentages is on the average less than d, where 

dd is based on clinical relevance. In other words, if the 90% confidence interval exceeded the upper 

limi tt or the lower limi t of the equivalence condition (9 or -d), equivalence could not be claimed. 

Thiss means that if the 90% confidence interval of the difference in eradication rates exceeds -

20%% or +20%, the corresponding p-value is per definition > 0.05. In case this 90% confidence 

intervall  shows values between -20% and +20%, the corresponding p-value is < 0.05.9 

Inn the per-protocol analysis all randomized patients were included who completed the study, 

tookk at least 75% of the medication and had a second endoscopy at least 28 days after the last 

dosee of study medication with adequate biopsies for culture and pathology. Since this is an 

equivalencee study, the main analysis is the per-protocol analysis.10The intention-to-treat analysis 

includedd all randomized patients. Patients who had no follow-up were considered not 

eradicatedd ('worst-case' scenario). 

Results s 

PatientPatient population 

Fromm May 1996 until June 1997 one hundred twenty-two patients were included in the study. 

Thee demographic characteristics of the patients are shown in TABLE i.The treatment groups were 

similarr for all variables except gender: there were more females than males with metronidazole-

resistantt H. pylori strains. 

Tenn patients were excluded from the per-protocol-analysis (see TABLE z).Two subjects were 

incorrectlyy randomized: one patient had an H. pylori-strain with an intermediate metronidazole 

susceptibilityy (MI C = 6 ng/ml) and should have been excluded, but was erroneously included 
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Tablee 1 Demographic and clinical characteristics of the study patients 

N u m b e rr o f pat ients 

Sex x 

men n 

w o m e n n 

Age e 

meann (years) 

range e 

Meann weight (kg) 

Meann height (cm) 

Diagnos is s 

ulcerr disease 

(pastt or present) 

func t iona ll dyspepsia 

Race: : 

Caucasian n 

Black k 

Asian n 

Metronidazol e e 

Susceptibl e e 

OA C C 

26 6 

16 6 

l O O 

50 0 

233 -79 

751 1 
170 0 

7 7 

19 9 

18 8 

8 8 

0 0 

O M C C 

26 6 

16 6 

1 0 0 

44 4 

18-75 5 

70.8 8 

170 0 

9 9 

17 7 

17 7 

9 9 
0 0 

Resistan t t 

OAC C 

35 5 

16 6 

19 9 

4 6 6 

21-75 5 

70.1 1 

168 8 

11 1 

24 4 

2 0 0 

14 4 
1 1 

O M C C 

35 5 

11 1 

24 4 

47 7 

24-73 3 
70.6 6 

167 7 

13 3 
2 2 2 

21 1 

14 4 
0 0 

oac:oac: 1-week treatment with omeprazole 20 mg bid, amoxycillin 1000 mg bid and clarithromycin 500 mg bid. 

omc:omc: i-week treatment with omeprazole 20 mg bid, metronidazole 400 mg bid and clarithromycin 250 mg bid 

Tablee 2 Patients excluded from the PP-analysis 

Randomized d 

Inc ludedd in ITT-analysis 

Reasonn for exc lus ion f r o m PP-analysis: 

incorrectt r andomiza t i on 

p roh ib i tedd concom i tan t 

med ica t ion n 

surpasss t ime -w indows 

non-comp l iance e 

lostt t o fo l low-up 

Inc ludedd in PP-analysis 

Metronidazol e e 

Susceptibl e e 

OAC C 

26 6 

26 6 

26 6 

O M C C 

26 6 

26 6 

i i 

l l 

2 2 

2 2 2 

Resistan t t 

OAC C 

35 5 

35 5 

1 1 

1 1 

1 1 

1 1 

31 1 

O M C C 

35 5 

35 5 

1 1 

1 1 

33 3 

inn the metronidazole-resistant group; another patient harbored a metronidazole-resistant strain 

withh an MI C of 16 ug/ml, but was erroneously randomized in the metronidazole-susceptible 

group.. One subject used non-allowed medication (bismuth compound) during the study. Another 

patientt stopped therapy because of nausea and changed the antibiotic course by taking 

amoxycillinn dispensed by the general practitioner (H.pylori was not eradicated). For three patients 

moree than 50 days elapsed between the first endoscopy and start of therapy which also resulted 
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Tablee 3 PP and ITT efficacy  analysis 

Eradicatio nn  % 
OAC C 

PPP analysis Metronidazole susceptibility 
Resistantt 29/31 (94%) 
Susceptiblee 23/26 {88%) 
Deltaa cure rate (resistant-susceptible) 6 (-7.6-17.7) 
P-value** 0.025 

ITTT analysis Metronidazole susceptibility 
Resistantt 30/35 (86%) 
Susceptiblee 23/26 (88%) 
Deltaa cure rate (resistant-susceptible) -2 {-17.0-11.5) 2 (-14,4-18.6) 
P-value** 0.024 0.037 

DeltaDelta cure rate = difference in eradication rate plus 90% confidence interval. 
PP < 0.05 indicates treatment equivalence. 

OMC C 

27/333 (82%) 

19/222 (86%) 

-44 (-20.9-11.8) 

0 .06 6 

29/355 (83%) 
21/266 { 8 i % ) 

Deltaa cure rate 

(OAC-OMC) ) 

122 (-1.5-25-0) 

22 (-13.8-18.0) 

33 (-n-5-17-2) 

77 (-8.7-241) 

P-value* * 

0.15 5 

0.03 3 

0 .024 4 

o . n n 

inn exclusion from the PP-analysis. One patient was excluded from the PP analysis because he 

stoppedd therapy after one day because it did not immediately relieve his symptoms (this patient 

waswas also lost to follow up). One patient stopped therapy and subsequently refused the second 

endoscopyy due to headache during the therapy.This patient had a metronidazole-resistant strain, 

wass treated with OAC and was regarded a therapy failure in the PP analysis due to the fact that 

thee termination reason was an adverse event. 

H.H. pylori  eradication  and antimicrobial  susceptibility 
Eradicationn rates are listed in TABLE 3.A total of 19 failures occurred according to the intention-

to-treatt analysis ('worst-case' scenario). In all patients, histopathology and culture showed 

concordantt results at follow-up endoscopy. 

Al ll  four patients with a primary clarithromycin-resistant strain were also resistant for 

metronidazolee and were all treatment failures (two received OMC; two OAC). Al l failures with 

aa metronidazole-resistant strain had a MI C of more than 32 u.g/ml. Secondary metronidazole 

resistancee developed in 2/5 (40%) patients. Secondary clarithromycin-resistance developed in 

4/111 (36%) subjects. 

AdverseAdverse  events 
Sidee effects were generally minor (TABLE 4, next page). Diarrhea and taste disturbances were the 

mostt commonly reported adverse events. Two patients (both on OAC) stopped therapy due to 

adversee events (nausea and headache). Diarrhea was more common in the regimen that included 

amoxycillinn (p—0.01). No severe side effects occurred. 
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Tablee 4 Adverse events 

Advers ee event 

Diarrhea a 

Tastee disturbances 
Headache e 
Nausea a 
Epigastricc pain 

Metronidazol e e 
Susceptibl e e 
OAC C 
n=26 6 

122 (46%) 

44 05%) 
44 05%) 
22 (8%) 
22 (8%) 

OMC C 
n=26 6 

66 (23%) 

44 (15%) 
22 (8%) 

33 (12%) 
22 (8%) 

Resistan t t 
OAC C 
n=35 5 

177 (49%) 
111 (31%) 

33 (9%) 
33 (9%) 
4(11%) ) 

OMC C 
n=35 5 

99 (26%) 
44 (11%) 

22 (6%) 

44 0 i% ) 
33 (9%) 

Discussio n n 

Thiss study, designed to show equivalence in treatment outcome, indicates that the non-

metronidazolee containing OAC regimen has equal eradication efficacy in patients with 

metronidazole-resistantt or -susceptible H. py/ori-strains (p=0.025).This study also shows that in 

patientss with metronidazole-susceptible H. pylori strains, OAC and O MC are equally effective 

(p=0.03).. However when OAC and OMC are compared in patients with metronidazole-resistant 

H.H. pylori strains, equivalence cannot be stated (p=0.15). O MC showed slightly higher 

eradicationn rates in patients with metronidazole-susceptible strains (86%) as compared to patients 

withh metronidazole-resistant H. pylori (82%), and equivalence could not be stated (p=0.06). It is 

importantt to realize that the failure to detect equivalence does not imply a significant difference 

inn efficacy. In analyzing our data, we could not detect any significant differences in efficacy 

betweenn the groups. 

Thiss study confirms that a one-week combination of omeprazole with clarithromycin and 

amoxycillinn or metronidazole eradicates H. pylori effectively and safely in patients with peptic 

ulcerr disease or functional dyspepsia.The patient compliance was high for both therapies. 

Thee eradication rates achieved in this study are somewhat lower than the rates achieved in the 

MACH- 11 study.6 In that study, the influence of antibiotic resistance of H. pylori on eradication 

ratess was not studied thus leaving the possibility that most of the patients treated were 

metronidazole-susceptible.. Furthermore, the MACH 1 study only included duodenal ulcer 

diseasee patients while we included mostly patients with functional dyspepsia whose H.pylori is 

moree difficult to eradicate.1114 In addition, in the MACH-1 study eradication was assessed using 

ureaa breath test. In contrast, in our study eradication was evaluated using histological and 

microbiologicall  examination of endoscopically obtained biopsies, which might explain the 

observedd differences. 

Att this point in time, the clinical relevance of measuring metronidazole resistance in vitro is still 

unclear.. In dual therapy and bismuth-based triple therapy it has become accepted that in vitro 

measurementt of metronidazole resistance does indeed predict a drop in eradication rate.13,16 

Evidencee accumulates in the literature that eradication rates with a proton pump inhibitor, 

metronidazole/tinidazolee and amoxycillin regimen decrease in the presence of metronidazole-
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resistantt H. pylori strains.16 However, the clinical relevance of metronidazole resistance on H. pylori 

eradicationn rates in patients treated with a proton pump inhibitor, metronidazole and 

clarithromycin,, is still controversial. A few studies to date have found a significant drop in efficacy 

inn these regimens1723; on the other hand, our study and several others were unable to detect a 

differencee in efBcacy.24-31 The reasons for these discrepancies are unclear, but may be explained 

byy the variability in susceptibility testing, variability in defining the MI C cut-off value, differences 

inn dosage or duration of therapy, or differences in patient populations. Many studies have been 

conductedd without pre-treatment antimicrobial susceptibility testing. Several studies have 

reportedd only a few patients with metronidazole resistant strains, in which case no conclusions 

onn the impact of metronidazole resistance on the eradication rates can be drawn. Moayyedi et 

all  recently published a study of 141 patients, treated with one week omeprazole, clarithromycin 

andd tinidazole. Using the disc diffusion technique, no difference in efficacy could be shown 

betweenn patients with metronidazole-resistant and -susceptible strains; however, when the E-

testt was used with an MI C cut-off value of 32 jj.g/ml, a difference in efficacy could be shown, 

althoughh this did not reach statistical significance(p=0.08).The authors concluded that testing 

5-nitroimidazolee resistance with the disc-diffusion technique is not helpful in predicting therapy-

failure,, but the E-test may be of value.24 

Wee performed a large, well designed and well conducted, randomized, single blind study to study 

thee impact of metronidazole resistance on H. pylori eradication rates in PPI triple therapy. We 

usedd E-test that proved an accurate technique to assess an MI C level of all kinds of antibiotics, 

includingg metronidazole in H. pylori infections32,33; however, some suggest that the E-test may 

overestimatee metronidazole resistance in H. pylori infections.34,35 In our study all metronidazole 

susceptiblee had a low MI C under 4 |j.g/ml, and the metronidazole resistant population had by 

definitionn an MI C above 8 ug/ml, but all except one appeared to have an MI C above 32 u,g/ml. 

Thereforee the method of susceptibility testing and the MI C cut-off value can, in our opinion, 

nott have flawed the results of this study. 

Wee conclude, based on our data and that of others, that the effect of metronidazole resistance 

inn O MC therapy is unlikely to be large, and can at least be partly overcome.28,36 Our data show 

thatt in patients with metronidazole-resistant strains, O MC is still an effective therapy with 

eradicationn rates above 80%. However, our findings suggest that in a region with high 

metronidazolee resistance, OAC would be the preferred therapy for H. pylori eradication. 
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Summar y y 

Background:: We systematically reviewed all available data in the literature to determine the 

overalll  eradication rates of currently advised Helicobacter pylori eradication regimens and to resolve 

conflictingg evidence on the impact of antimicrobial resistance on the eradication rates. 

Methods:: A comprehensive search of all published trials on H. pylori eradication therapy was 

donee via electronic database search, hand-searching and checking reference lists of 

pharmaceuticall  companies and other reviews. Full papers and abstracts in the English language 

thatt study currendy advised eradication regimes were included. 

Results:: 770 study-arms were analysed. Mean eradication rates for bismuth based triple, PPI 

triple,, quadruple and ranitidine bismuth citrate combination therapies vary from 65-92%. In 

casee of nitroimidazole resistance, a drop in efficacy of up to 50% was found for bismuth-based 

triplee and PPI-based triple therapies. For quadruple therapy, a significant difference in emcacy 

wass found in the equal-effects analysis, however this could not be confirmed in the random-

effectss analysis. In case of clarithromycin resistance, a mean drop in emcacy of 56% was found 

forr one- and two-week clarithromycin containing PPI-triple therapies and of 58% for two-week 

ranitidinee bismuth citrate combined with clarithromycin. For ranitidine bismuth citrate 

combinedd with clarithromycin and nitroimidazole, no difference in efficacy was found in case 

off  nitroimidazole or clarithromycin resistance, but data are still scarce. 

Conclusions:: The cure rate with most regimens dropped significantly, in case of 

nitroimidazole-resistantt strains, compared to nitroimidazole-susceptible strains. In case of 

clarithromycinn resistance, the emcacy of most regimens is also decreased, however data are still 

scarce.. These data should allow physicians to better choose an appropriate therapy for their 

patients. . 

Introductio n n 

HelicobacterHelicobacter pylori were first isolated in 1983 by Warren and Marshal.1 Since then, an enormous 

amountt of studies has been performed regarding this bacterium. We now know it is the main 

causee of peptic ulcer disease and also plays a role in gastric lymphoma and gastric carcinoma.M 
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Overr time, different combinations of bismuth, acid inhibitors and antimicrobial agents have 

becomee increasingly effective in eradicating the H. pylori; however, in 10 - 30% of cases, currently 

advisedd therapies still fail to eradicate H. pylori.5 Despite the abundance of data on treatment of 

H.H. pylori infection, there is still controversy regarding the eradication regimen of choice, and 

confusionn persists regarding which factors may lead to therapy failure. In infectious diseases, 

antimicrobiall  resistance is, in general, an important factor that leads to therapy failure. In H. pylori 

thiss is not always evident and Megraud already stated that 'there is no situation where the clinical 

relevancee of antimicrobial resistance detected in-vitro is more controversial than H. pylori 

resistancee to nitroimidazole compounds'.6 

Theree are several problems regarding in vitro assessment of antimicrobial resistance, especially 

inn the case of nitroimidazole resistance. Nitroimidazole resistance does not show a bimodal 

distributionn but rather shows a continuous spectrum of minimal inhibitory concentrations 

(MICs).. This pattern suggests that there may be many different pathways responsible for this 

resistance.77 Considerable care is required for routine isolation to be successful, as well as the need 

forr rapid transport and use of appropriate transport media before culture.8 There is currently 

noo standardised method available for testing susceptibility of H. pylori and there is also a relative 

lackk of reproducibility for a given method.9 Besides, nitroimidazole resistance appears to be 

unstablee and dependent on the redox potential.1011 The redox potential level at which the test 

shouldd be carried out has not been determined and at the level of the gastric mucosa probably 

variess from one patient to another and from one moment to another.9 Heterogeneity of H, 

pyloripylori is also a factor that must be considered. In the human stomach one may find different H. 

pyloripylori strains, and some institutions test multiple H. pylori strains, while other centres test only 

onee strain. It is obvious that when testing multiple strains the chance of finding a resistant strain 

iss higher.12 

Thee goal of culturing H. pylori is to detect clinically relevant antimicrobial resistance. That 

meanss that, via an in vitro assay, one hopes to predict the likelihood of successfully treating the 

infectionn with a particular antimicrobial regimen. Therefore we use a clinical definition of 

antimicrobiall  resistance; i.e. a strain is resistant if the likelihood of eradication by a given 

treatmentt is low. 

Neitherr in vitro data, nor animal studies can predict the clinical efficacy of anti-H. pylori 

regimenss in man.Therefore, clinical studies are essential to compare the eradication rates with 

thee MI C of the antibiotic. Because current eradication regimes have become very effective 

withh eradication rates in excess of 90%, it becomes very difficult , if not impossible, to conduct 

trialss that are large enough to identify factors that influence the cure rates. 

Wee systematically reviewed all published data to determine the effectiveness of currently advised 

eradicationn regimens in patients harbouring resistant or susceptible H. pylori strains.We focused 

onn nitroimidazole and clarithromycin, since these antibiotics are widely used to eradicate H. pylori 

andd resistance is common and rapidly increasing.9 Resistance of H. pylori to penicillin, tetracycline 

andd fluoroquinolones is seldom described. 
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Methods s 

LocationLocation and selection of studies 

Wee aimed to locate studies in which H. /jy/on'-eradication was reported, published as abstract or 

fulll  paper. These studies were included in this review when the treatment consisted of triple or 

quadruplee eradication therapies, combining at least three of the following: proton pump 

inhibitors,, H2-receptor antagonists, bismuth or antibiotics. Mono- and dual-therapy trials were 

nott included, except for dual therapy trials with ranitidine bismuth citrate. Studies were excluded 

whenn the different medications given to eradicate H. pylori were not clearly stated or when the 

durationn of therapy was not known. Studies were also excluded when the number of treated 

andd cured patients could not be extracted. 

AA comprehensive search of the literature was conducted, starting in 1984 and ending in October 

1998,, after including the abstracts presented at the European Helicobacter pylori Study Group 

meetingg and the World Congress of Gastroenterology. An electronic database search was 

performedd with a broad search strategy in medline, embase and the 'Cochrane Controlled Trials 

Register'.. The search was limited to publications in the English language. Studies were also 

identifiedd through hand-searching the annual meetings of the Digestive Disease Week, 

Europeann Helicobacter pylori Study Group meetings, United European Gastroenterology Week and 

thee World Congress of Gastroenterology of 1994-1998. Finally, reference lists of published reviews 

onn H, pylori eradication therapy and reference lists from the pharmaceutical companies ASTRA 

andd GLAXO Wellcome were checked to identify studies for possible inclusion in this review. 

Publicationss identified as duplicates were excluded. In case of suspected duplicate patient material, 

thee authors were contacted. 

Onee investigator did the assessment of each article for inclusion in this review. 

DataData collection and definitions 

Differentt eradication regimens were pooled into 1- and 2-week regimens. One-week therapy is 

definedd the regimen as a whole being given from 4 to 9 days. Two-week therapy was defined the 

regimenn being given for more than 9 days. Intention-to-treat(ITT) analysis includes all patients that 

weree randomised or started with therapy. All patients who had no follow up are considered not 

eradicatedd ('worst-case' scenario). Per-protocol(PP) analysis is defined as all treated patients who 

compliedd with the study protocol, had complete follow up and took at least 70% of the prescribed 

medication.. Wherever possible, eradication rates were recalculated to this definition. Where no 

intention-to-treatt nor per-protocol analysis could be given, a so-called 'all-patients-treated' 

eradicationn rate was calculated, that is in general somewhere in between the intention-to-treat 

analysiss and per-protocol analysis. In retrospective studies only the all-patients-treated analysis was 

given.Thee total number and the eradicated number of patients harbouring nitroimidazole-resistant 

andd -susceptible strains were collected. In this subgroup the intention-to-treat analysis was used 

whereverr possible. A selection of currendy used eradication regimens was made (TABLE I) . For this 

review,, all proton pump inhibitors (e.g. omeprazole, lansoprazole, pantoprazole) were pooled 
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Tablee 1 Treatment  groups 

Codee Medicatio n 
BAMii Bismuth / amoxycillin / nitroimidazole i week 
BAM22 Bismuth / amoxycillin / nitroimidazole 2 weeks 
BTMii Bismuth / tetracyclin / nitroimidazole 1 week 
BTM22 Bismuth / tetracyclin / nitroimidazole 2 weeks 
PPI-ACii Proton pump inhibitor / amoxycillin / clarithromycin 1 week 
PPI-AC22 Proton pump inhibitor / amoxycillin / clarithromycin 2 weeks 
PPI-AMii Proton pump inhibitor / amoxycillin / nitroimidazole i week 
PPI-AM22 Proton pump inhibitor / amoxycillin / nitroimidazole 2 weeks 
PPI-CMii Proton pump inhibitor / clarithromycin / nitroimidazole 1 week 
PPI-CM22 Proton pump inhibitor / clarithromycin / nitroimidazole 2 weeks 
PPI-BTMii Proton pump inhibitor / bismuth / tetracyclin / nitroimidazole 1 week 
PPI-BTM22 Proton pump inhibitor / bismuth / tetracyclin / nitroimidazole 2 weeks 
RBC-Cii Ranitidine bismuth citrate / clarithromycin l week 
RBC-C22 Ranitidine bismuth citrate / clarithromycin 2 weeks 
RBC-CMii Ranitidine bismuth citrate / clarithromycin / nitroimidazole i week 
RBC-CM22 Ranitidine bismuth citrate / clarithromycin / nitroimidazole 2 weeks 

B=bismuthB=bismuth subcitrate and bismuth subsalicylate. PP\= ail proton pump inhibitors 
M=Nitroimidazole-metronidazoleM=Nitroimidazole-metronidazole or tinidazole 
i-weeki-week therapy is defined as the regimen as a whole being given from 4 to 9 days. 
2-week2-week therapy is defined as the regimen being given for more than 9 days. 

together,, as well as bismuth preparations (bismuth subcitrate, bismuth subnitrate and bismuth 

subsalicilate)) and nitroimidazoles (metronidazole and tinidazole). 

Eachh study was assigned a unique study number. Two different reviewers independently analysed 

eachh study-arm and recorded the data on a form. Both forms were compared and one form was 

usedd to correct errors and disagreements.The final version was entered in an ACCESS database.This 

databasee has multiple automated error-control functions and was also checked by hand for errors. 

DataData analysis and statistical methods 
Statisticall  computer programs SPSS and SAS were used to analyse and summarise the data. The 

dataa were analysed by two different methods. First, we analysed the data with the equal effects 

analysis.. The mean eradication rate in this model is weighted by the number of patients ('N-

weighted').Thiss equal effects model assumes that every study population has the same outcome, 

inn this case the mean eradication rate, for a given therapy. In reality, however, there is a considerable 

heterogeneityy among all studies, caused by differences in population and protocol. Therefore, we 

alsoo performed a random-effects analysis where a different weighting factor is used, consisting 

off  the inverse of the sum of the within-study variance and the between-study variance.9 

Results s 

AA total of 1091 study-arms from 718 studies were analysed. For this review we selected only 

currentlyy advised eradication regimens that were reported in 770 study-arms from 561 studies, 
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Tablee 2 Overall  efficacy  analysis  of  all  studies 

Intentio nn to trea t Per protoco l 

Therapy-code e 

B A M i i 

BAM2 2 

B T M l l 

BTM2 2 

PPI -AO O 

PPI-AC2 2 

PPI -AMi i 

PPI-AM2 2 

PPI-CMi i 

PPI-CM2 2 

PPI-BTMi i 

PPI-BTM2 2 

RBC-Ci i 

RBC-C2 2 

RBC-CMi i 

RBC-CM2 2 

N o .. a rms 

4 0 0 

89 9 

32 2 

94 4 
113 3 

59 9 

42 2 

7 i i 
119 9 

23 3 
29 9 

13 3 

3 3 
28 8 

12 2 

3 3 

n n 

978 8 

3322 2 

i57 i i 

5358 8 

6839 9 

2823 3 

2446 6 

2986 6 

6 9 9 0 0 

872 2 

1458 8 

534 4 

171 1 
2249 9 

839 9 

178 8 

Cure-ratee (%) 

66 6 

74 4 

79 9 
80 0 

8 i i 

85 5 

74 4 
80 0 

86 6 

83 3 

87 7 

72 2 

77 7 

76 6 

87 7 

75 5 

9 5 %% CI 

63-69 9 

73-76 6 

77-8i i 

78-81 1 

81-82 2 

84-86 6 

73-76 6 

79-81 1 

85-87 7 

81-86 6 

86-89 9 

68-75 5 

70-83 3 

75-78 8 

84-89 9 

69-82 2 

n n 

295 5 

nn 20 

815 5 

2843 3 

2735 5 

897 7 

1113 3 

839 9 
3215 5 

484 4 
896 6 

288 8 

5i i 
1021 1 

293 3 

42 2 

Cure-ratee (%) 

64 4 

79 9 
80 0 

85 5 

84 4 

91 1 

84 4 

83 3 

9 0 0 

9 0 0 

92 2 

9 0 0 

80 0 

87 7 
92 2 

86 6 

9 5 %% CI 

59-70 0 

76-81 1 

78-83 3 

84-87 7 

82-85 5 

89-93 3 

82-86 6 

80-85 5 

88-91 1 

87-93 3 
91-94 4 

86-93 3 

69-92 2 

85-89 9 

89-95 5 

75-97 7 

No.No. arms = number of study-arms  n=total number of treated patients  gs%CI= 95% confidence interval 

involvingg 39,614 patients according to the ITT analysis and 16,947 patients according to the 

PPP analysis. A total of 3,848 patients were classified as iall-patients-treatedi and were not included 

inn this review. 

Off  the 770 study-arms, 348 were published as full papers and 422 as abstracts only. A total of 

3699 randomised study-arms were analysed and 71 were double blind, 39 single blind and 660 

weree open-labelled studies. Six studies were performed in Africa, 32 in Australia, 108 in Asia, 

5511 in Europe, 50 in North America, and 8 in South America. Fifteen studies were coded as 

beingg performed on more than one continent. 

PooledPooled eradication rates 

Pooledd N-weighted ITT and PP eradication-rates are listed in TABLE 2. 

Thee results from the equal- and random- effects analysis of eradication rates in patients 

harbouringg nitroimidazole or clarithromycin-resistant or -susceptible H. pylori strains are listed 

inn TABLES 3 and 4, respectively. 

Discussion n 

Thiss study is the largest database of pooled results of H. pylori eradication trials published to date 

andd the first meta analysis on the effect of antimicrobial resistance in H. pylori eradication therapy. 

Itt presents the mean N-weighted ITT and PP eradication rates of currentlyy used regimens with 

theirr 95% confidence intervals (TABLE 2). We also present the eradication rates for patients 
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Tablee 3 Efficacy  analysis  of  patients  with  nitroimidazole-resistant  or  -susceptible  strains 

Therapy --

cod e e 

BAM i i 

BAM 2 2 

BTM i i 

BTM 2 2 

PPI-AM i i 

PPI-AM2 2 

PPI-CMi i 

PPI-CM2 2 

PPI-BTM l l 

PPI-BTM 2 2 

RBC-CM i i 

No . . 

arm s s 

4 4 
5 5 
6 6 

19 9 

7 7 
12 2 

15 5 

4 4 
12 2 

4 4 
1 1 

NN itro i m idazole-re s istan t 

n n 

70 0 

96 6 

218 8 

570 0 

123 3 

169 9 

358 8 

52 2 
161 1 

6 0 0 

22 2 

cur e e 

rat e e 

(%) ) 
16 6 

63 3 

69 9 

78 8 

54 4 

72 2 

73 3 
83 3 
83 3 
77 7 

95 5 

95%% CI 

0-24 4 

53-72 2 

63-75 5 
75-81 1 

46-63 3 
65-79 9 
69-78 8 

72-93 3 
77-89 9 
66-88 8 

86-100 0 

Nitroimidazole-susceptibl e e 

nn cur e 95% CI 

111 1 

213 3 

357 7 
762 2 

317 7 
252 2 

433 3 
175 5 

287 7 

137 7 
62 2 

rat e e 

(%) ) 
64 4 

90 0 

9 0 0 

91 1 

92 2 

88 8 

94 4 
9 0 0 

94 4 
95 5 
97 7 

55-73 3 
86-94 4 

86-93 3 
89-93 3 
89-95 5 
84-92 2 

91-96 6 

85-94 4 

92-97 7 

91-99 9 

92-100 0 

Analysi s s 

Equal l 

Delt a a 

cur e e 

rat e e 

48 8 

27 7 
21 1 

13 3 

38 8 
16 6 

21 1 

7 7 
11 1 

18 8 

2 2 

95%% CI 

36-61 1 

17-38 8 

14-28 8 

9-17 7 
29-48 8 

8-24 4 

16-26 6 

-4-19 9 

4-17 7 

7-30 0 

-8-11 1 

p-valu e e 

<o .oooo i i 

<o .oooo i i 

<o .oooo i i 

<o .oooo i i 

<o .0000 1 1 

<o.OOOOl l 

<o.OOOOl l 

0.13 3 

0 . 0 0 0 2 2 

0 . 0 0 0 2 2 

0.77 7 

Random m 

Delt a a 

cur e e 

rat e e 

55 5 
32 2 

42 2 

33 3 
39 9 
34 4 
22 2 

3 3 
6 6 

25 5 
2 2 

95% % 

30-83 3 

20 .44 4 

21-64 4 

18-48 8 

19-60 0 

18-50 0 

11-32 2 

-8-14 4 

-3-15 5 
-5-54 4 
-6-10 0 

CII p-vaiu e 

<o.OOOOl l 

<o.OOOOl l 

<o.OOOOl l 

<o.OOOOl l 

<o.OOOOl l 

<o.OOOOl l 

<o.OOOOl l 

0.57 7 

0.19 9 

O.IO O 

0.62 2 

No.No. arms = number of study-arms  n = total number of treated patients  95% CI = 95% confidence interval. 
DeltaDelta cure rate - difference in eradication rate (this is not necessarily the same in the random-effects analysis as in equal-
effectseffects analysis due to the different weighing factors of the two statistical methods). 

Table e 

Therapy --

cod e e 

PPI-AC i i 

PPI-AC2 2 

PPI-CMi i 

PPI-CM2 2 

RBC-C2 2 

RBC-CM i i 

44 Efficacy  analysis  of  patten 

No . . 

arm s s 

6 6 

10 0 

10 0 

2 2 

5 5 
l l 

Clarithromycin-resistan t t 

nn cur e 95% CI 

rat e e 

{%) ) 

211 48 

66 0 

211 24 

33 33 
511 29 

44 100 

24-71 1 
0-46 6 

0-44 4 

0-100 0 

16-42 2 

40-100 0 

tsts  with  clarithromycin-resistant  or  susceptible  strains 

Clarit h h 

n n 

146 6 

275 5 

447 7 
98 8 

387 7 
80 0 

romyci n n 

cur e e 

rat e e 

{%} } 

81 1 

95 5 
84 4 

94 4 
87 7 
96 6 

e e 

95%% CI 

74-87 7 
92-97 7 

81-88 8 

89-99 9 
84-90 0 

92-100 0 

Analysi s s 

Equal l 

Delt a a 

cur e e 

rat e e 

33 3 

95 5 
60 0 

61 1 

58 8 

-4 4 

9 5 %% CI 

n-5 6 6 

77-100 0 

42-79 9 

7-100 0 

45-71 1 
-22-15 5 

p-valu e e 

0 .0007 7 

<o.ooo i i 

<o.oooi i 
=0 .0001 1 

<o.oooi i 
0.69 9 

Rando m m 

Delt a a 

cur e e 

rat e e 

2 2 

95 5 
61 1 

* * 
43 3 

* * 

95%% CI 

-6,7-71 1 

70-100 0 

38-54 4 

3-82 2 

p-valu e e 

0.96 6 

<o .oooo i i 

<o .. OOOOl 

0.035 5 

No.No. arms = number of study-arms  n = total number of treated patients  95% CI = 95% confidence interval
DeltaDelta cure rate = difference in eradication rate (this is not necessarily the same in the random-effects analysis as in equal-effects 
analysisanalysis due to the different weighing factors of the two statistical methods). 

** Random-effects analysis cannot be applied due to low number of study-arms. 
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harbouringg nitroimidazole- or clarithromycin-resistant or -susceptible strains. These data 

indicatee that detecting metronidazole or clarithromycin resistance in vitro does indeed predict a 

dropp in eradication rate with most regimens in H. pylori infections (TABLE 3 and 4). 

Thiss review has been designed and conducted with the utmost attention to exclude all possible 

bias.. The search through the literature has been extensive. Data were extracted independently 

byy two different reviewers and discussed in case of differences. Duplicate studies were excluded 

andd the computer input was checked extensively. Because different studies have used different 

definitionss for the ITT and PP eradication rate, we recalculated eradication rates to the definition 

ass stated under Methods. 

Sincee different studies have been performed in different regions of the world, with different 

populationss and using different protocols, an equal effects analysis might not be appropriate to 

summarizee the data. Therefore, we also used a random-effects model to account for possible 

differencess between trials.9 In case substantial heterogeneity exists between trials, a random effect 

analysiss wil l give more conservative estimates compared with an equal effects analyses. This 

phenomenonn can be observed in TABLE 3, where the equal effects analyses of the PPI-BTM1 

andd PPI-BTM2 was highly significant, but the random effects analysis not. In such cases the 

estimatee from the random effects model would be preferred because it reflects the uncertainty 

aboutt the true difference in eradication rate. 

Treatmentt allocation among the different regimens was not randomised. Therefore, unequal 

distributionn of prognostic factors may have led to incomparable populations at baseline. It is likely 

thatt this phenomenon caused the discrepancy in efficacy between the one-week PPI-BTM and 

thee two-week PPI-BTM. For example, it is possible that the two-week quadruple therapies were 

givenn to patients who were more likely to be non-compliant or former treatment failures. Since 

thesee factors are often not reported in trials, we cannot establish the exact reason for the 

discrepancyy in efficacy. 

ImpactImpact of nitroimidazole resistance 

Thee reported prevalence of nitroimidazole resistance is highly variable and increased over time. 

Inn developing countries resistance rates are reported to be 80-90%, while in most western 

countriess resistance rates vary from 10-56%.13^15 

Theree are essentially two nitroimidazole compounds used to treat H. pylori: metronidazole and 

tinidazole;; these were pooled together in this review.There is cross-resistance between these two drugs. 

Theree are many conflicting results among studies regarding the clinical relevance of 

nitroimidazolee resistance. The reasons for these discrepancies are unclear, but may be explained 

byy the variability in susceptibility testing, variability in defining the MI C cut-off value, differences 

inn dosage or duration of therapy, or differences in patient populations. Detailed information 

regardingg the method of nitroimidazole resistance testing was given in only 100 study-arms: agar 

dilutionn was used in seven study-arms, E-test in 60 study-arms and disc diffusion in 33 study-

arms.. Al l of these methods showed the same trend to a lower efficacy with most pooled regimens 

inn case of nitroimidazole resistance. The MI C cut-off value varied between 4 and 32 between 
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thee different studies. In this study data were pooled, irrespective of the MI C cut-off value and 

thee method of susceptibility testing. 

Att this point in time, the clinical relevance of measuring nitroimidazole resistance in vitro is still 

unclear.. In dual- therapy and bismuth based triple therapy it has become accepted that in vitro 

measurementt of nitroimidazole resistance does indeed predict a drop in eradication rate.1617 We 

didd not study dual therapies, but for bismuth-based triple therapies we confirm a highly significant 

dropp in efficacy in case of nitroimidazole resistance (p<0.0001; TABLE 3). 

Evidencee accumulates that eradication rates with a PPI, nitroimidazole and amoxicillin decrease 

inn the presence of metronidazole-resistant H. pylori strains,17 as was confirmed in this review 

(p<0.0001;Tablee 3).The clinical relevance of metronidazole resistance for H. pylori eradication 

ratess in patients treated with a PPI, nitroimidazole and clarithromycin is still controversial. A few 

studiess to date have found a significant drop in efficacy with this regimen,18-24 while several others 

weree unable to detect a difference in efficacy.25-32We found a significant drop in eradication rates 

forr nitroimidazole-resistant as compared to -susceptible strains for one-week PPI-CM therapy 

(p<0.0001;; TABLE 3).The mean ITT eradication rate with the two-week PPI-CM therapy was 

lowerr in patients harbouring nitroimidazole-resistant strains, however this was not significant. 

Inn one- and two-week quadruple therapy the equal-effects analysis yields a significant 

differencee in efficacy between nitroimidazole-susceptible and firesistant organisms. However, 

whenn the random-effects analysis was applied, this could not be confirmed (TABLE 3), probably 

causedd by the several small studies that carry a relatively large weight in the random-effects 

analysis.. Five studies to date have found a drop in efficacy in nitroimidazole-resistant strains with 

thesee regimens33-37; however, this was only significant in the largest published series by Van der 

Hulstt et al.33 All other studies, in which mostly only a few patients with nitroimidazole-resistant 

strainss were treated with quadruple therapy, have not found a drop in efficacy in case of 

nitroimidazole-resistance.3^477 The reason for these discrepant results is not clear. More data are 

neededd to definitely establish the clinical relevance of detecting nitroimidazole resistance in vitro 

i nn quadruple therapy. 

Dataa on the effect of nitroimidazole resistance with ranitidine bismuth citrate combined with 

clarithromycinn and nitroimidazole are still scarce, with only one published patient-group48, 

yieldingg large, overlapping 95% confidence intervals. Therefore we need more data to 

determinee if there is a clinical relevance in measuring nitroimidazole resistance in ranitidine 

bismuthh citrate-based therapies. 

Sincee studies from different regions of the world sometimes report different eradication rates, 

andd different mechanisms of antimicrobial resistance may occur in different parts of the world,7 

wee also studied the data per continent. It appeared that all pooled regimens yielded a lower 

eradicationn rate in patients with nitroimidazole-resistant strains, compared to patients with 

nitroimidazole-susceptiblee strains, however this was not always significant, probably due to the 

smallerr patient numbers. Most data came from Europe, where all pooled regimens reported in 

thiss review showed a significantly lower eradication rate in patients with nitroimidazole-resistant 

strains,, according to the equal effect analysis. 
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Manyy studies have been published without data on antimicrobial resistance, which showed high 

overalll  eradication rates. Since nitroimidazole-resistant strains still have a considerable chance of 

eradication,, the overall effectiveness of an eradication regimen is only jeopardised when the 

prevalencee of resistance is high. Besides, the effect of nitroimidazole resistance is not absolute 

andd can at least be partly overcome.30'49!! seems logical that, when the MI C is higher, the chance 

off  eradication decreases, as was reported for PPI-triple therapy by Kist et al.21 

ImpactImpact of clarithromycin resistance 

Thee prevalence of clarithromycin resistance varies from country to country; the highest reported 

prevalencee comes from the south of Europe and is now almost 15%.15 In most countries it is still 

beloww 5%, but wil l rise over the next years due to the increasing use of macrolides. A mutation 

onn the 23 S rRNA gene, causing diminished binding of the antibiotic to the ribosome, seems 

thee most significant mechanism of macrolide-resistance. This appears to be a stable 

phenomenonn with cross-resistance to other macrolides. There is a clear bimodal distribution 

betweenn clarithromycin-susceptible and resistant H. pylori strains; therefore the method of 

measuringg clarithromycin resistance is not crucial. Since the prevalence of clarithromycin 

resistancee is low, only a small number of patients have been studied. A significant drop in efficacy 

inn case of clarithromycin resistance was found in the equal-effects analysis with one- and two-

weekk PPI-AC and PPI-CM regimens and with two-week RBC-C.This could be confirmed 

inn the random-effects analysis for PPI-AC2, PPI-CM1 and RBC-C2, but not for PPI-AC1, 

probablyy due to the fact that only three studies reported patients with nitroimidazole-resistant 

strains.. For RBC-CM1 no drop in efficacy was found in case of clarithromycin-resistant strains, 

butt data are too scarce to draw conclusions. For PPI-CM2 and RBC-CM1 the random-effects 

analysiss could not be applied due to low number of study-arms 

Recommendations s 

Thesee data show that the cure rate with most regimens in patients with nitroimidazole-resistant 

strainss is decreased up to almost 50%, compared to patients harbouring metronidazole-susceptible 

strains.. In case of clarithromycin resistance, the efficacy of most regimens is also lowered, however 

dataa are still scarce. Routine pre-treatment testing seems currently not necessary; however, the 

risee in antibiotic resistance emphasises the need for surveillance of H. pylori sensitivity at a national 

orr rather regional level. In case of therapy failure, we recommend culturing H. pylori with 

resistancee testing on an individual basis. It is important that resistance-testing methods are 

standardisedd and validated to allow comparisons to be made between different studies and to 

monitorr the clinical impact of antimicrobial resistance.Also for future therapies we need to know 

thee effectiveness of different regimens separately for susceptible and resistant H. pylori, and this 

informationn should be required of all treatment trials. 

Clinicianss should choose first-choice treatment regimens primarily based on effectiveness, since 

efficacyy has been shown to be the single most important determinant of cost-effectiveness.50 
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Besides,, the most effective regimen wil l also minimise development of secondary resistance that 

mayy occur for nitroimidazole and clarithromycin in over 50% of cases.1821 Together with knowledge 

off  local epidemiology and trends of drug resistance in H. pylori, these data should help the clinician 

too define rational treatment strategies.The exact search-strategy list is available upon request. 
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Summar y y 

;';; Background: Helicobacter pylori (Hp)-cure rates vary in different geographical regions 

?;; because of differences in hosts as well as in H. pylori strains. 

;; Objective: To systematically review all available data in the literature to determine Hp-

eradicationn rates in The Netherlands. 

Methods:: A search of all published trials on Hp eradication therapy, performed in The 

:: Netherlands was performed via electronic database search, handsearching of abstracts from 

scientificc meetings and checking reference lists of pharmaceutical companies. Full papers and 

abstractss were included. Data on anti-Hp therapies were pooled based on duration and 

combinationn of drugs. Only triple- and quadruple eradication regimens were studied. Dual 

therapiess were excluded except for ranitidine bismuth citrate based dual therapies. 

Results:: We analyzed 38 study arms, involving 2197 patients.Twenty different pooled regimens 

weree studied with a mean ITT eradication rate of 83% (range 35-96%). 

Theree were no significant differences in the percentage of patients that stopped treatment due 

too adverse events between the groups. In these pooled regimens only bismuth combined with 

tetracyclinee and metronidazole for 1 or 2 weeks showed a significantly lower efficacy in 

metronidazolee resistant strains compared to metronidazole sensitive strains.The prevalence of 

metronidazolee resistant strains in The Netherlands showed large regional differences (7-50%). 

Conclusions:: A therapy should be tested in a defined population before becoming standard 

reference.. Several eradication regimens studied in The Netherlands yield acceptable cure rates 

off  80% or more on an intention to treat basis. We advise to take the local prevalence of 

metronidazolee resistance into account when choosing a first choice eradication regimen. 

Introductio n n 

Indicationss for the eradication of Helicobacter pylori (Hp) have broadened over the last years. The 

Maastrichtt consensus advises eradication therapy in all H. pylori positive patients with peptic ulcer 

disease,, in patients with low grade gastric mucosa associated lymphoid tissue (MALT) 

lymphoma,, in patients with gastritis with severe macro- or microscopic abnormalities, and in 
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HelicobacterHelicobacter pylori positive patients with functional dyspepsia in whom no other causes of 

symptomss can be identified. ' 

Becausee H. pylori cure rates can vary in different geographical regions, several authors suggest 

thatt the results of possibly successful eradication regimens should be confirmed in a certain 

geographicall  area before their use can be promoted in that area.2-3 

Too help the clinician in choosing an optimal therapy to cure H. pylori infection, we 

systematicallyy reviewed all published anti-H. pylori therapy trials performed in The Netherlands. 

Methods s 

LocatingLocating and selecting studies. 
AA search of all published trials on H. pylori eradication therapy, performed in The Netherlands 

waswas performed via a MEDLINE and EMBASE electronic database search from 1983 to may 1998 

andd via handsearching of abstracts from scientific meetings plus checking reference lists of 

pharmaceuticall  companies. 

Thee inclusion criteria of trials for this review were: 

11 Published H. pylori eradication therapy trials, prospective and/or retrospective, published as 

abstractt or full paper. 

22 Eradication therapy consisting of triple- or quadruple therapies. Mono- and dual therapy trials 

weree not included, except for dual therapy trials with ranitidine bismuth citrate. 

33 An intention-to-treat (ITT) and/or per-protocol (PP) eradication percentage was required or 

figuress should be given so that ITT and/or PP eradication percentage could be calculated per 

treatmentt arm. 

Publicationss identified as duplicates were excluded. 

CollectingCollecting data 
Eachh study arm was assigned a unique study number. Two different reviewers independently 

analyzedd each study arm and data were recorded on a form. Both forms were compared and 

errorss and disagreements were discussed and corrected.The final data were entered in an ACCESS 

database.Thiss database has multiple automatic error control functions and was manually checked 

forr errors by another investigator. 

Differentt eradication regimens were pooled into 0,1 and 2 week regimens, based on the duration 

andd combination of the drugs, regardless of dosage and dosing intervals (TABLE I, next page). One-

weekk therapy is defined as the regimen as a whole was given between 4 to 9 days. Two-week 

therapyy was defined as the regimen was given for more than 9 days. When a therapy was given 

forr less than 4 days it was defined as a 0-week therapy. 

Intentionn to treat analysis (ITT) includes all H. pylori positive patients that were randomized or 

startedd with therapy. All patients who had no follow up are considered not eradicated ('worst-

case'' scenario). We defined the per protocol (PP) analysis as all treated patients who complied 
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Tablee l Treatmen t group s 

Therapy-cod ee Medicatio n 
BAMii Bismuth/amoxycillin/metronidazole 1 week 
BAM22 Bismuth/amoxycillin/metronidazole 2 weeks 
BCT22 Bismuth/clarithromycin/tetracyclin 2 weeks 
BTMii Bismuth/tetracycline/metronidazole 1 week 
BTM22 Bismuth/tetracycline/metronidazole 2 weeks 
OACii Omeprazole/amoxycillin/clarithromycin 1 week 

OAMii Omeprazole/amoxycillin/metronidazole 1 week 
OAMM Omeprazole/amoxycillin/metronidazole 2 weeks 
OBA22 Omeprazole/bismuth/amoxycillin 2 weeks 
OCMii Omeprazole/clarithromycin/metronidazole 1 week 
OCM22 Omeprazole/clarithromycin/metronidazole 2 weeks 
PACii Pantoprazole/amoxycillin/clarithromycin 1 week 
PAMii Pantoprazole/amoxycillin/metronidazole 1 week 
LBTMoo Lansoprazole/bismuth/tetracycline/metronidazole o week 
LBTMii Lansoprazole/bismuth/tetracycline/metronidazole 1 week 
OBTMii Omeprazole/bismuth/tetracycline/metronidazole 1 week 
RACii Ranitidine bismuth citrate/amoxycillin/clarithromycin 1 week 
RC22 Ranitidine bismuth citrate/clarithromycin 2 weeks 

RCMii Ranitidine bismuth citrate/clarithromycin/metronidazole 1 week 
RTM22 Ranitidine bismuth citrate/tetracyclin/metronidazole 2 weeks 

MedicationMedication codes: O=0meprazole L=Lansoprazole P—Pantoprazo\e B=Bismuth subcitrate (CBS/Denol) 
A=AmoxicillinA=Amoxicillin T=Tetracyclin C=Clarithromycin M=Metronidazo!e R=Ranitidine Bismuth Citrate. 

0== 'o-week therapy' i.e. therapy duration of less than 4 days. 
1=1= '1-week therapy' i.e. therapy duration between 4 to 9 days. 
2=2= '2-week therapy' i.e. therapy duration of more than 9 days. 

too the study protocol, had complete follow up and took at least 70% of the prescribed medication. 

Iff  possible, eradication percentages were recounted to this definition. 

Inn subgroups the intention to treat analysis was used. 

AnalysisAnalysis  of  the data 

Thee statistical computer program SPSS was used to analyze and summarize the data. Per pooled 

therapyy group a weighed eradication rate was calculated according to intention to treat analysis 

andd per protocol analysis. An equal effect model was used to calculate these eradication rates with 

theirr 95% confidence intervals. The difference in eradication rates was considered statistically 

significantt if the 95% confidencee interval of this difference did not embrace the value zero. 

Result s s 

AA total of 30 papers, involving 38 study arms and 2197 patients fulfilled the inclusion and 

exclusionn criteria and were analyzed.Twelve first authors published all studies, and three different 

groupss in the Netherlands published over 80% of all studied patients. 
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Tablee z Pooled eradication regimens from studies performed in The Netherlands 

Therapy y 
code e 

B A M i i 

BAM2 2 

BCT2 2 

B T M i i 

BTM2 2 

O A C i i 

O A M i i 

O A M 2 2 

OBA2 2 

O C M i i 

O C M 2 2 

PACi i 

P A M i i 

L B T M o o 

L B T M i i 

O B T M i i 

R A O O 

RC2 2 

RCMi i 

R T M i i 

N u m b e rr o f 
s tudyy arms 

l l 

3 3 
1 1 

3 3 
5 5 
l l 

i i 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

3 3 
4 4 
4 4 
1 1 

3 3 
1 1 

1 1 

N/n n 

22 /62 2 

79/101 1 

26 /36 6 

152/194 4 

291/311 1 

52/61 1 

8 9 / 1 0 0 0 

15/20 0 

68/85 5 
50/61 1 

24/25 5 

64/78 8 

58/71 1 

85/150 0 

198/222 2 

213/230 0 

43/47 7 
154/169 9 

107/111 1 

54/63 3 

ITT T 

Eradicat ionn % 

35 5 
78 8 
72 2 

78 8 

94 4 
85 5 
89 9 
75 5 
80 0 

82 2 

96 6 
82 2 

82 2 

57 7 
89 9 

93 3 
9 i i 

9 i i 
96 6 
86 6 

95%% CI 

23-48 8 
70-86 6 

57-88 8 

73-84 4 
91-96 6 

76-94 4 
83-95 5 
54-96 6 
71-89 9 
72-92 2 

88-100 0 

73-91 1 

72-91 1 

49-65 5 
85-93 3 

89-96 6 
83-100 0 

87-95 5 
93-100 0 

77-95 5 

N / n n 

22/57 7 

50/59 9 
26/36 6 

157/190 0 

195/204 4 

49/55 5 

15/20 0 

46/55 5 
2 4 / 24 4 

56/94 4 
198/213 3 

212/226 6 

42 /45 5 

144/152 2 

100/102 2 

50/56 6 

PP P 

Eradicat ionn % 

39 9 
85 5 
72 2 

83 3 
96 6 
89 9 

75 5 

84 4 
100 0 

6 0 0 

93 3 
94 4 
93 3 
95 5 
98 8 

89 9 

95%% CI 

26-52 2 

75-94 4 
57-88 8 
77-88 8 
93-98 8 
81-98 8 

54-96 6 

74-94 4 

49-70 0 

89-96 6 
91-97 7 

86-100 0 

91-98 8 

95-100 0 

81-98 8 

NN = number of eradicated patients  n = total number of patients  95% CI = Q$%> confidence interval 

Twenty-sixx study arms were published as full papers and 12 as abstracts only.Twenty study arms 

weree part of a randomized trial. Two study arms were from double-blind studies, 2 from single 

blindd studies; the rest were open label studies. 

BismuthBismuth based triple therapy. 

Thee bismuth based triple therapies have been studied in 13 study arms, involving over 704 

patientss in the Netherlands.4"13 The ITT eradication rate in this group was below 80%, except 

forr bismuth-tetracycline-metronidazole for 2 weeks (BTM2) which shows exceptionally good 

IT TT and PP eradication rates of 94 and 96% respectively, with narrow 95% confidence intervals 

(TABLEE 2). Bismuth combined with amoxycillin and metronidazole for 1 week (BAMI ) was given 

inn one study published in 19944, with an ITT eradication rate of only 35%. Since 73% of these 

patientss harbored a metronidazole resistant strain, this must have been a selective patient group. 

Probablyy most patients in this group were former treatment failures to bismuth-metronidazole 

duall  therapy. 

Bismuthh and metronidazole combined with tetracycline (BTM) yield superior cure rates 

comparedd to the combination with amoxycillin (BAM). Patients with metronidazole resistant 
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Tablee 3 Pooled eradication regimens from patients with metronidazole sensitive or resistant 
H.. pylori strains. 

Therap y y 
code e 

BAMi i 
BAM2 2 
BCT2 2 
BTMi i 
BTM 2 2 

OACi i 
OAMi i 
OAM2 2 
OCMi i 
LBTMo o 
LBTMi i 
OBTMi i 

RACi i 
RC2 2 
RCMi i 
RTMl l 

Numbe rr  of 
stud y y 
arms s 

1 1 

1 1 

1 1 

2 2 

3 3 
1 1 

1 1 

1 1 

1 1 

3 3 
4 4 
4 4 
1 1 

2 2 

1 1 

1 1 

Metronidazole-sensitiv e e 

N/n n 

8/12 2 

37/40 0 
26/36 6 
76/81 1 

69/172 2 

23/26 6 

80/86 6 
15/20 0 

21/26 6 

70/112 2 

85/92 2 
133/139 9 

33/35 5 
66/69 9 
6 0 / 6 2 2 

32/33 3 

Eradicatio nn  (%) 

67 7 

93 3 
7 2 2 

94 4 
98 8 
88 8 

93 3 
75 5 
81 1 

63 3 
9 2 2 

96 6 

94 4 
96 6 

97 7 
97 7 

95%% CI 

35-98 8 
84-100 0 

57-88 8 
88-99 9 

96-100 0 

75-100 0 

88-99 9 
54-96 6 
65-97 7 

53-72 2 
87-98 8 
92-99 9 

86-ii 00 
91-100 0 

92-100 0 

91-100 0 

Metronidazole-resistan t t 

N/n n 

8/33 3 
"13/19 9 

0 / 0 0 

n/31 1 
10/17 7 

29/35 5 
9/ i4 4 
0 / 0 0 

29/35 5 
4/12 2 

12/15 5 

41/50 0 

3/4 4 
19 /20 0 

21/22 2 

4/7 7 

Eradicatio n n 

2 4 4 

68 8 

35 5 
59 9 
83 3 
64 4 

83 3 
33 3 

8 0 0 

8 2 2 

75 5 
95 5 
95 5 
57 7 

Backgroun d d 
metronidazol e e 

(%)) 95% CI resistanc e 

0-40 0 

45-91 1 

18-53 3 

33-85 5 
70-96 6 

36-93 3 

70-96 6 
0-65 5 

57-100 0 

71-93 3 
0-100 0 

85-100 0 

86-100 0 

0-100 0 

73 3 
37 7 
0 0 

2 0 0 

7 7 
57 7 
1 4 4 

57 7 
l O O 

TO O 

19 9 

8 8 
2 0 0 

2 6 6 

1 0 0 

NN = number of eradicated patients  n = total number of patients  95% CI = 95% confidence interval 

strains,, treated with bismuth-tetracycline-metronidazole for 1 or 2 weeks, show significantly 

lowerr cure rates than patients with metronidazole sensitive strains, with a mean drop in efficacy 

off  97 to 44% (TABLE 3). 

PPIPPI triple therapy 

PPII  triple therapies have been investigated in the Netherlands in 8 study arms, involving 501 

patients14-19.. The reported eradication rates in Dutch studies seem to be somewhat lower than 

reportedd elsewhere with a mean ITT cure rate of 84% for the one-week PPI triple therapies. 

Al ll  one-week PPI triple therapies were given for 7 days, all two-week therapies for 14 days. 

Omeprazolee combined with clarithromycin and metronidazole for two weeks (OCM2) had the 

highestt cure rate of 96%. 

Thee low cure rates for omeprazole combined with amoxycillin and metronidazole for 2 weeks 

(OAM2)) may be caused by the fact that these patients were former treatment failures to 

omeprazole-amoxycillinn dual therapy 16(TABLE 2). 

Theree is a trend that metronidazole resistant strains show lower mean eradication rates, however 

thee 95% confidence intervals overlap in all PPI-triple therapy groups. 



HELICOBACTERR PYLORI ERADICATION THERAPY IN THE NETHERLANDS 65 

Figur ee l Reported  prevalence  of  metronidazole  resistant  strains  in  The Netherlands  {%) 

QuadrupleQuadruple therapy 
Quadruplee therapy has been investigated frequently in the Netherlands, mostly by De Boer 

inn the south of the Netherlands. A total of 11 studyarm involving 602 Dutch patients were 

publishedd using quadruple therapy (TABLE 2). In three study arms quadruple therapy was given 

forr one or two days only (LBTM0)2(K22, all with eradication rates below 60%. In four studies 

(33 LBTM13-23-24 and 1 OBTM18) quadruple therapy was given for 4 days with a mean ITT 

andd PP eradication rate of 89 and 91% respectively. All other quadruple therapies were given 

forr 7 days, with ITT and PP eradicationrates of 93 and 95%.K-25-27. No Dutch published studies 

withh two-week quadruple studies were found. Omeprazole-bismufh-tetracycline-

metronidazolee for one week (OBTM1) showed the highest mean ITT eradication rate in this 

groupp of 93%. 

Inn patients with metronidazole resistant strains the mean efficacy of quadruple therapy is less than 

inn patients with metronidazole sensitive strains, however since the 95% confidence intervals still 

overlap,, this difference is not significant (TABLE 3). 

RanitidineRanitidine bismuth citrate combination therapy 
Ranitidinee bismuth citrate combinations have been investigated in the Netherlands in 6 different 

studyy arms involving 390 patients28-31 with a mean ITT and PP eradication rate of 92% and 

95%% respectively (TABLE 2). Ranitidine bismuth citrate in combination with clarithromycin and 

metronidazolee for 1 week (RCM1) showed the highest cure rate of 96%) on an intention to 

treatt basis. 

Noo differences in efficacy were found between patients with metronidazole resistant or sensitive 

strains. . 
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Thee prevalence of metronidazole resistant strains within the studypopulation or within that 

specificc region as reported in the studies was also collected and is called the 'background 

metronidazolee resistance' (TABLE 3). 

Ass shown in figure 1, the reported prevalence of metronidazole resistant strains shows large 

regionall  differences with almost 50% in the Amsterdam region and about 10% in other parts of 

thee Netherlands. 

Sidee effects were generally minor and the reported number of patients who stopped therapy 

becausee of side effects was below 1% in all pooled therapy groups. Patients with former failure 

off  eradication treatment were studied in one trial, where 20 patients were treated with 

omeprazole-amoxycillin-metronidazolee for 2 weeks (OAM2) after failure of omeprazole-

amoxycillinn dual therapy.16 Detailed information on prior therapy failure was not mentioned in 

otherr studies. 

Inn the studies performed in the Netherlands mostly both ulcer and functional dyspepsia patients 

weree enrolled. The two pantoprazole based triple therapies included only functional dyspepsia 

patients.. In four other studies only ulcer patients were enrolled (1 BAM25,1 BTM19,1 OBTM1 ^ 

and lPC22 9) . . 

Discussio n n 

Thee different H. pylori eradication therapies have become increasingly effective in eradicating 

thee Helicobacter pylori, however in 10-30% of cases currently advised therapies still fail to eradicate 

thee Helicobacter pylori. Factors that may cause eradication failure are for example the choice of 

thee eradication regimen, non-compliance, antibiotic resistance, former therapy failure and the 

indicationn for eradication therapy, i.e. H. pylori eradication rates are higher in ulcer patients than 

inn patients with functional dyspepsia.32-33 Probably also other underlying conditions can lead to 

eradicationn failure. 

H.H. pylori appears to be a highly heterogeneous microorganism and data suggest that a specific 

genotypee may exist within a particular geographic area or within a particular ethnic group.34 

Differencess among bacterial strains may induce divergent clinical or pathological effects, and strain 

differencess may also alter the efficacy of eradication regimens.35'3637,38 Also differences within 

thee host can cause eradication failure.32 Therefore, several authors state that the results of possibly 

successfull  eradication regimens should be confirmed in a certain geographical area before their 

usee can be promoted in that area. 2-3 

Inn the Netherlands bismuth based triple therapies, PPI-triple therapies, quadruple therapies as 

welll  as ranitidine bismuth citrate based therapies have been investigated (TABLE 2). We have not 

lookedd at dual therapy, except for ranitidine bismuth citrate based dual therapies since we feel 

thesee therapies yield unacceptable low eradication rates. 

Whenn looking at the differences in eradication rates between patients with metronidazole 

sensitivee and resistant strains, there is a trend that metronidazole resistant strains show lower mean 

eradicationn rates, however this is only significant for bismuth-tetracycline-metronidazole 
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combinationn therapy for 1 or 2 weeks. In all the other therapy groups the 95% CI of the cure 

ratess overlap between patients harboring metronidazole resistant or sensitive strains (TABLE 3). 

Clarithromycinn resistance is generally regarded as a factor leading to eradication failure with 

clarithromycinn containing regimens. Clarithromycin resistance of H. pylori is very rare in the 

Netherlands:: only 7 patients have been described in trial settings. Two patients were treated 

withh pantoprazole-amoxycillin-clarithromycin for 1 week (PAC1) and one with ranitidine 

bismuthh citrate-clarithromycin for 2 weeks (RC2), these were all failures of therapy. Van der 

Woudenn et al described four patients with a clarithromycin resistant strain that were treated 

withh ranitidine bismuth citrate-clarithromycin-metronidazole for 1 week (RCM1) who were 

alll  eradicated.31 

Thee data presented are a non-randomized comparison. Patient-characteristics, drug 

compliance,, the prevalence of antimicrobial resistance and other prognostic factor may differ 

betweenn the populations. Several of the studies have only been published as abstract and not (yet) 

ass full paper in a peer reviewed journal.The different studies have different design and study mixed 

patientt material. Since the total number of patients in all groups remains relatively low, the 95% 

confidencee intervals of the eradication rates often overlap. Therefore we cannot advise a single 

regimenn based on the data presented here. 

Thee aims of therapy should be to prescribe a simple, well tolerated regimen, which is easy to 

complyy with, is cost effective and achieves an eradication rate of over 80% on an intention to 

treatt basis. Several regimens included in this review comply with those requirements. Between 

thee effective regimens, patient acceptance and the local prevalence of antimicrobial resistance 

shouldd guide the clinician in selecting a therapeutic regimen. 
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Summar y y 

Aim:: To determine the efficacy of proton pump inhibitor (PPI)-based triple therapy in H. 

/jy/on'-positivee patients with peptic ulcer disease (PUD) versus functional dyspepsia (FD). 
Methods:: Consecutive dyspeptic H. pylori-positive patients with PUD or FD were included. 

Patientss were treated with a one-week combination of a PPI and two antimicrobials 

(clarithromycin,, amoxycillin or metronidazole). Repeat endoscopy with six biopsies was 

performedd at least 28 days after the last dose of the eradication regimen. H. pylori was 

consideredd eradicated when culture and histology were negative in all biopsies. 

Results:: A total of 317 H. pylori-positive patients with PUD (n=106) or FD (n=211) were 

included.. There were more females in the FD group; otherwise, both groups were 

comparablee for age, metronidazole and clarithromycin resistance, type of PPI-triple therapy 

andd compliance. Pre-treatment metronidazole resistance was found in 48% of the patients, 

clarithromycinn resistance in 4%. 

Thee intention-to-treat eradication rate in PUD was 89.6% and in FD, 81.5%.The difference 

betweenn PUD and FD was 8.1% (p=0.042). Stratification for gender, compliance, 

eradicationn regimen or antimicrobial resistance did not change the observed difference in 

eradicationn rate between patients with PUD or FD. 

Conclusion:Thee efficacy of PPI-triple therapy was significantly better in patients with PUD, 

comparedd to those with FD. 

Introductio n n 

Patientss with peptic ulcer disease (PUD) show higher eradication rates than patients with 

functionall  dyspepsia (FD) with omeprazole and amoxycillin dual-therapy.1^*  Whether this 

differencee can also be found for proton pump inhibitor (PPI)-based triple therapies is still 

unresolvedd and conflicting data can be found in the literature. 
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Thee aim of this study was to investigate whether the efficacy of PPI-triple therapy is different 

inn patients with PUD compared to patients with FD. 

Patient ss and method s 

Consecutivee patients referred for upper gastrointestinal endoscopy because of dyspeptic 

complaintss were eligible for the study.These patients also participated in other H. pylori treatment 

studies,, most of which with random allocation of treatment. All patients were H. pylori positive, 

provenn by culture and/or histology of gastric biopsies. No patients with complicated ulcer disease 

weree included.Various PPI-triple therapies were sequentially applied. A second endoscopy was 

carriedd out at least 28 days after the last dose of eradication therapy. At each endoscopy at least 

sixx biopsies were taken: two for histology and one for culture, from both antrum and corpus. 

Thee H. pylori strains were tested for metronidazole and clarithromycin susceptibility using the 

E-testt (AB Biodisk, Sweden). H. pylori strains were regarded to be resistant to metronidazole if 

thee bacteria had a MI C > 8 u.g/ml. The H. pylori strains were considered to be resistant to 

clarithromycinn if the bacteria had a MI C > 1 u.g/ml. Eradication of H. pylori was defined as the 

absencee of H. pylori in all biopsies. Use of a proton pump inhibitor, bismuth compounds or any 

antibioticc was not allowed within 28 days prior to the second endoscopy. 

PUDD was defined as a proven gastric and or duodenal ulcer, occurring currently or in the past. 

Ann ulcer is considered proven when seen on endoscopy or X-ray, including scarring as a sign of 

previouss ulcer disease. Functional dyspepsia was defined as dyspeptic complaints without evidence 

off  past or present ulcer disease or other organic cause of dyspeptic symptoms. 

Compliancee was checked by questioning the patients. In 219 patients a pill count was also done. 

Statistica ll  analysi s 

Thee intention-to treat analysis was defined as all H. />y/or/-positive patients who received PPI-

triplee therapy. Patients who were lost to follow-up were considered not eradicated (worst-case 

scenario).. The 'All-patients-treated' analysis included all patients from the intention-to-treat 

cohortt on whom a follow-up endoscopy was performed.The per-protocol analysis included the 

patientss who took at least 70% of the prescribed PPI-triple eradication regimen and who had 

aa second endoscopy at least 28 days after the last dose of the eradication regimen, with adequate 

biopsiess for culture and histology. 

Differencess in eradication rates between the PUD and FD group were analyzed by gender, 

antimicrobiall  resistance, type of regimen and compliance. 

Confidencee intervals for the differences in eradication rates (PUD versus FD) were calculated 

accordingg to the standard Chi-square method. P-values were calculated with the Chi-square test 

orr with Fisher's exact probability test where appropriate. 

Wee used standard logistic regression analysis to identify independent predictors of treatment 

failure. . 
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Tablee 1. Patient  characteristics 

Totall Patients 

Lostt to fo l l ow-up 

Gender r 

Male e 

A g e e 

Meann (years) 

range e 

Met ron idazo le e 

Suscept ib le e 

Resistant t 

Unknown n 

C la r i th romyc in n 

Suscept ib le e 

Resistant t 

Unknown n 

Eradicat ionn therapy 

O A O O 

O A M i i 

O A M 2 2 

O C M i i 

LAM2 2 

LCM2 2 

Compl iance e 

Comp l ian t t 

Non -comp l i an t t 

Unknown n 

PUD D 

n n 

1 0 6 6 

4 4 

63 3 

52 2 

2 3 - 8 4 4 

5 4 4 

4 9 9 

3 3 

TOO O 

3 3 

3 3 

31 1 

ï ï 

1 1 

6 7 7 

--
6 6 

9 4 4 

1 1 

11 1 

% % 

1 0 0 % % 

3.8% % 

59.4% % 

50 .9% % 

4 6 . 2 % % 

2 .8% % 

94-3% % 
2 .8% % 

2 .8% % 

2 9 . 2 % % 

0 . 9 % % 

0 . 9 % % 

63.2% % 

5 7 % % 

88.7% % 

0 . 9 % % 

10 .4% % 

FD D 

n n 

211 1 

7 7 

9 0 0 

4 9 9 

2 2 - 9 3 3 

1 0 4 4 

1 0 2 2 

5 5 

1 9 7 7 

9 9 

5 5 

8 i i 

l l 

1 1 

118 8 

l l 

9 9 

193 3 

6 6 

12 2 

% % 

100% % 

3.3% % 

42 .7% % 

4 9 . 3 % % 

48 .3% % 

2 . 4 % % 

93 .4% % 

4-3% % 
2 . 4 % % 

38 .4% % 

0 .5% % 

0 .5% % 

55.9% % 

0 .5% % 

4 . 3 % % 

91.5% % 

2 .8% % 

5-7% % 

Differenc e e 

% % 

0.5% % 

16.8% % 

3 3 

1.7% % 

- 2 . 1 % % 

0 .5% % 

1 % % 

-1 .4% % 

0 .5% % 

- 9 . 1 % % 

0 .5% % 

0 .5% % 

7-3% % 

1.4% % 

-2 .8% % 

-1 .9% % 

4 -7% % 

9 5 %% CI 

- 3 . 9 - 4 . 8 8 

5.33 - 28.3 

-100 - 13.3 

- 1 3 . 8 - 9 . 5 5 

- 3 . 3 - 4 . 2 2 

- 4 . 6 - 6 . 5 5 

- 5 . 6 - 2 . 7 7 

-3.33 - 4.2 

-20 .00 - 17.2 

-1.66 - 2.5 

-1.66 - 2.5 

-4.11 - 18.7 

-3.88 - 6.6 

-9-99 - 4-3 
-4.88 - 1.0 

- 1 . 9 - 1 1 . 3 3 

p-valu e e 

0.83 3 

0 . 0 0 4 4 

0 .07 7 

0.78 8 

0.72 2 

0.81 1 

0.73 3 

0 5 5 

0.81 1 

O.10 0 

0 .66 6 

0 . 6 6 6 

0.21 1 

0 . 6 0 0 

0 . 4 4 4 

0 . 2 0 0 

0.16 6 

*Numbers*Numbers are too small to calculate relevant 95% Ct and p-value. 
PUDPUD = peptic ulcer disease  FD afunctional dyspepsia  95% CI = 95% confidence interval  n = total number of 
patients patients 
00 = omeprazole 20 mg bid  L - lansoprazole 30 mg bid  A = amoxycillin 1000 mg bid 
CC = clarithromycin 250 or 500 mg bid  M = metronidazole 400 or 500 mg bid 

11 = one-week therapy, i.e. given for 7 days  2 = two-week therapy, i.e. given for 14 days 

Result s s 

Threee hundred seventeen patients were included: 106 patients with PUD and 211 with FD. Patient 

characteristicss are shown in TABLE I. Both groups were comparable for age, metronidazole and 

clarithromycinn resistance, type of PPI-triple therapy and compliance. There was a significant 

differencee in gender: there were more females with FD, and more males with PUD. 

Thee eradication rates are shown in TABLE 2. These crude eradication rates show a significantly 

higherr efficacy of PPI-triple therapy in patients with PUD, compared to patients with FD. 

Eradicationn rates by gender, antimicrobial resistance, regimen given, and compliance are listed 

inn TABLE 3-Women showed higher cure rates than men, mainly in the PUD group.The Intention-
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Tablee 2 Overall eradication rates 

Intention-to-treat t 
All-patients-treated d 
Per-protocol l 

PUD D 
N/n n 

95/106 6 
95/102 2 
85/91 1 

% % 
89.6% % 

93.1% % 

93-4% % 

FD D 
N/n n 
172/211 1 

172/204 4 
162/187 7 

% % 
81.5% % 
84.3% % 
86.6% % 

Differenc e e 
% % 

8.1% % 
8.8% % 
6.8% % 

inn cur e rate 
95%CI I 

0.3-15.9 9 
1.8-15.8 8 

0.28-13.8 8 

p-valu e e 
0.042 2 
0.014 4 
0.06 6 

PUDPUD = peptic ulcer disease  FD = functional dyspepsia  95% CI = <JS% confidence  N^number of eradica-
tedted patients  n = total number of patients 
Intention-to-treatIntention-to-treat analysis = all H. pylori-posr't/Ve patients who received PPI-triple therapy. (Patients who were lost to 
follow-upfollow-up were considered not eradicated (worst-case-scenario)). 
All-patients-treatedAll-patients-treated analysis = all  patients from the intention-to-treat cohort in whom a follow-up endoscopy was per-
formed, formed, 
Per-protocolPer-protocol analysis = all patients form the intention-to-treat cohort who took at least jo% of the prescribed PPI-tri-
pleple eradication regimen and who had a second endoscopy at least 28 days after the last dose of the eradication 
regimen,regimen, with adequate biopsies for culture and histology. 

Tablee 3 Eradication  rates  (intention-to-treat)  by  patient 

Gender r 
Male e 
Female e 

Metronidazole e 
Susceptible e 
Resistant t 
Unknown n 

Clarithromycin n 
Susceptible e 
Resistant t 
Unknown n 

PUDD (n= 
N/n n 

53/63 3 
42/43 3 

50/54 4 
42/49 9 

3/3 3 

90/100 0 

2/3 3 

3/3 3 
Eradicationn therapy 

OACi i 
OCMi i 
Otherr therap 

Compliance e 
Compliant t 
Others s 

25/31 1 
62/67 7 

ess 8/8 

85/94 4 
10/12 2 

=106) ) 

(%) ) 

84.1% % 

97-7% % 

92.6% % 

85.7% % 
1 0 0 % % 

90.0% % 

66.7% % 
1 0 0 % % 

80.7% % 
92.5% % 
1 0 0 % % 

90.4% % 

83-3% % 

FDD (n=2ii ) 
N/n n 

71/90 0 
101/121 1 

87/104 4 
80/102 2 

5/5 5 

165/197 7 
2/9 9 

5/5 5 

66/81 1 
98/118 8 

8/12 2 

162/193 3 
10/18 8 

(%) ) 

78.9% % 
83.5% % 

83.7% % 
78.4% % 
1 0 0 % % 

83.8% % 
22.2% % 

1 0 0 % % 

81.5% % 
83.1% % 

66.7% % 

83.9% % 

55.6% % 

andand  therapy characteristics. characteristics. 

Differenc ee in cur e rate 

% % 

5.2% % 
14.2% % 

8.9% % 

7.3% % 

6.2% % 
44.4% % 

-0.8% % 

9-5% % 
33-3% % 

6.5% % 
27.8% % 

95%% CI 

-7.11 -17.6 
6.22 - 22.2 

-i.oo - 18.9 
-5.4-19.9 9 

-1.66 - 14.1 

-27.33 - 988 

-17.11 -15-4 
0.022 - 18.7 

-14.00 - 74.7 

-1.4-14.4 4 
-10.55 - 64.8 

p-valu e e 

0.41 1 
0.0005 5 

0.08 8 
0.26 6 

0.12 2 

0.26 6 

0.92 2 
0.04 4 

0.17 7 

0.11 1 

o.ii 6 

PUDPUD = peptic ulcer disease  FD = functional dyspepsia 
tedted patients  n = total number of patients 

95%% CI = 9$% confidence interval  N = number of eradica-

tete = omeprazole 20 mg bid  L = lansoprazole 30 mg bid  A = amoxycillin 1000 mg bid 
CC = clarithromycin 250 or 500 mg bid  M = metronidazole 400 or 500 mg bid 
ll  = one-week therapy, i.e. given for 7 days  2 = two-week therapy, i.e. given for 14 days 

to-treatt eradication rates in women with PUD were significantly higher, compared to women 

withh FD. In men the same trend was seen, but significance could not be reached.The same holds 

truee for the all-patients-treated and per-protocol analyses (data not shown). 
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Higherr efficacy in patients with PUD, compared to patients with FD was also seen in patients with 

metronidazole-- or clarithromycin-resistant or -susceptible strains, but significance was not reached. 

Whenn the difference in efficacy in patients who received omeprazole, amoxycillin and 

clarithromycinn for one week was studied, we found no difference in efficacy between the PUD 

andd the FD group. For omeprazole, clarithromycin and metronidazole combination therapy for 

onee week, patients with PUD showed significantly higher cure rates than patients with FD. Data 

forr the other regimens were pooled because of the low patient numbers for statistical analysis. 

Alsoo in this pooled group a higher efficacy in patients with PUD was seen. 

Bothh the compliant patients and those who were not known to be compliant showed a similar 

trendd of a higher eradication rate in patients with PUD; however, significance could not be 

reachedd in these subgroups. Patients who were not known to be compliant showed lower 

eradicationn rates compared to the compliant patients, especially in the FD group. Of the six 

knownn non-compliant patients with FD, only one patient was eradicated. 

Inn multivariate logistic regression analysis PUD (versus FD) and noncompliance (versus 

compliance)) were independent predictors of treatment failure with odds ratios of 0.40 and 0.27 

respectively. . 

Discussio n n 

Thiss study shows that PPI-triple therapy is more effective in patients with past or present ulcer 

disease,, compared to patients with FD. Stratification for gender, antimicrobial resistance, type of 

eradicationn regimen, and compliance did not change the observed difference in eradication rates 

betweenn patients with PUD and FD. 

Severall  studies have already shown that patients with PUD show higher eradication rates than 

patientss with FD when dual H. pylori eradication regimens are applied1-1. Zullo et al showed in 

aa retrospective series of 230 patients, treated with dual or triple therapies, that patients with PUD 

hadd a higher eradication rate than patients with FD5. Pieramico et al found higher eradication 

ratess in PUD, compared to FD, when patients were treated with dual therapy; however, when 

treatedd with PPI-triple therapy patients with FD showed higher cure ratesl 

Wee identified a total of 17 study arms where a head-to-head comparison was made between 

patientss with PUD and FD, treated with PPI-triple therapy, and where the number of treated 

andd eradicated patients was reported or could be calculated (TABLE 4). One of these studies showed 

noo difference in cure rate between patients with PUD and FD, while three other studies showed 

aa benefit in the FD group. All other studies showed higher cure rates in the PUD group. When 

thee data from all these study-arms are pooled, a 7.9% higher efficacy was found for patients with 

PUDD compared to FD (p< 0.0001). 

Inn a systematic overview by Schmid et al it was shown that dual and triple therapies worked 

betterr in patients with ulcers than in those without6. 

Huangg et al performed a meta-analysis on the difference in efficacy of one-week PPI-triple 

therapyy in patients with PUD versus those with functional dyspepsia and they concluded that 
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Tablee 4 Head to  head comparisons  of  PPI-triple  therapy  in  patients  with  PUD versus  patients  with  FD 

Autho r r 

Catalano17 7 

Sato ' 8 8 

Sato ' 8 8 

Ch ing ' 9 9 

Ch ing ' 9 9 

Reilly20 0 

Thi js 2 ' ' 

Avenel l i2 2 2 

Konturek2 3 3 

Pri f t i2* * 

Jaup2* * 

Doh i l 2 6 6 

Luna27 7 

Glasbrenner2 8 8 

Glasbrenner2 8 8 

Hermida 2» » 

He rm ida 2 9 9 

Total l 

Standardizedd ra tes* 

Therap y y 

O A C i i 

O A C i i 

O A C i i 

O A C i i 

OAC2 2 

O A M i i 

O A M i i 

O A M 2 2 

O A M 2 2 

O A M 2 2 

O C M i i 

O C M 2 2 

PACi i 

PCM1 1 

PCMi i 

OACi i 

OAC2 2 

PUD D 

N / n n 

60 /65 5 

51/51 1 

87 /98 8 

79 /84 4 
11/11 1 

365/429 9 

52/58 8 

16/17 7 

19/22 2 

4 8 / 6 0 0 

82 /88 8 

n / n n 

27/29 9 

19 /20 0 

19 /20 0 

79 /96 6 

63/75 5 

1088/1234 4 

89 .7% % 

n= io6 ) ) 

% % 
9 2 % % 

1 0 0 % % 

8 9 % % 

9 4 % % 
1 0 0 % % 

85% % 

9 0 % % 

9 4 % % 

8 6 % % 

8 0 % % 

93% % 
1 0 0 % % 

93% % 

95% % 

95% % 
8 2 % % 

8 4 % % 

FDD (n=2 i i ) 

N /n n 

30 /50 0 

4 9 / 5 0 0 

6 / 6 6 

62/65 5 

24 /26 6 

2 0 / 2 4 4 

37/42 2 

17/23 3 

22 /24 4 

18/24 4 

26 /28 8 

3/4 4 
13/19 9 

43 /49 9 

4 4 / 50 0 

5 9 / 90 0 

83/103 3 

556/677 7 

81 .1% % 

% % 
6 0 % % 

9 8 % % 

i o o % % 

95% % 

9 2 % % 

83% % 

8 8 % % 

7 4 % % 
9 2 % % 

75% % 

93% % 

75% % 
6 8 % % 

8 8 % % 

8 8 % % 

6 6 % % 

8 1 % % 

Differenc ee in 

cur ee rat e 

32% % 

2 % % 

-12% % 

- 1 % % 

8 % % 

2 % % 

2 % % 

2 0 % % 

- 6 % % 

5% % 
0 % % 

25% % 

25% % 

7% % 

7% % 
16% % 

3% % 

7-9% % 
(95%CI:: 4 . 3 - n - 5) 

pp < 0.0001 

PUDPUD = peptic ulcer disease  FD = functional dyspepsia  95% CI = 95% confidence interval  N=number of eradicated 
patientspatients  n = total number of patients 
OO = omeprazole 20 mg bid  L = lansoprazole 30 mg bid  P = pantoprazole  A = amoxycillin 1000 mg bid  C = cla-
rithromycinrithromycin 250 or 500 mg bid  M = metronidazole 400 or 500 mg bid 
77 = i-week therapy, defined as the regimen was given for 4 to 9 days  2 = 2-week therapy, defined as the regimen was 
givengiven for more than 10 days 

** According to Mantel-Haenszel's method 

treatmentt with a proton pump inhibitor plus clarithromycin and amoxycillin or metronidazole 

iss significantly more effective in eradicating H. pylori infection in patients with PUD than in those 

withh functional dyspepsia7. 

Inn theory, differences in efficacy of an eradication regimen can be explained by differences of 

thee host, of the environment and/or of H. pylori strains. Previously, it was suggested that 

compliancee was better in case of ulcer disease because of more severe complaints. We cannot 

confirmm this. In our data, compliance was even slightly higher in the FD group. Moreover, when 

wee restricted our analysis to compliant patients, the difference in eradication rate between PUD 

andd FD remained. Also other groups could not find a difference in compliance between patients 

withh peptic ulcer disease compared to patients with functional dyspepsia1. In addition, in our 

dataa differences in antimicrobial resistance, gender and type of eradication therapy did not alter 

thee results.Therefore, also these factors do not explain the higher efficacy in peptic ulcer patients. 
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HelicobacterHelicobacter pylori microorganisms manifest a striking heterogeneity, seldom found in other 

bacteria,, using sophisticated molecular technology. Data suggest that strains from patients with 

ulcerss differ from those with FD8 9. Perhaps different strains also react differently to antimicrobial 

therapy.. A few authors have studied eradication of H. pylori exhibiting different genotypes. Van 

derr Hulst et al showed that the presence of CagA+-H. pylori strains was significantly related to 

thee presence of PUD, and eradication rates were higher in patients infected with CagA+ strains 

thann in patients infected with CagA- H. pylori.' ] Marais et al showed in a multicenter study that 

H.H. pylori eradication rates were achieved in 87% of patients W62 infected with CagA+ strains, 

whenn treated with 7-day PPI-based triple therapy, compared to 69 % 47/A8 of those harboring 

CagA-- strains. (10 Van Doorn et al11 as well as Go et al12 found a higher cure rate forVacA type 

sii  strains than theVacA type s2 strains. These differences in reaction to antimicrobial therapy 

mayy be caused by a direct or indirect susceptibility of the strain to antimicrobials. Vac A-positive 

strains,, in particular Vac A type si strains, are more commonly associated with ulcer disease.Van 

Doornn et al postulated that these strains produce more toxin, induce more inflammation and grow 

moree rapidly, and are thus easier to eradicate, since antibiotics achieve higher concentrations in 

inflamedd tissue and bacteria in the growth phase are more readily killed. In contrast, Vac A type 

s22 strains are more often found in functional dyspepsia, produce no toxin, induce less 

inflammation,, grow slowly, and are usually in a stationary phase, and are therefore more difficult 

too eradicate in vivo11. Other factors that have been reported to influence eradication rates are 

differencess in bacterial density, differences in growth- or colonization-pattern of H. pylori, 

differencess in location further or closer to the epithelial surface, and the presence of atrophy13"16. 

Wee conclude that PPI-triple therapy is more effective in patients with PUD, compared to those 

withh FD. Differences in compliance, type of PPI-triple therapy, gender or antimicrobial resistance 

doo not explain this difference in cure rate. 

Thee exact mechanism remains unclear; however more virulent strains appear to be more 

susceptiblee to antimicrobial therapy. Most data on H. pylori eradication therapy are obtained in 

ulcerr disease, and may not apply to functional dyspepsia. Physicians who want to treat individuals 

withh FD should expect lower cure rates than those reported in the published research. Perhaps 

patientss with FD need more aggressive or longer treatment, whereas patients with PUD could 

bee treated effectively with one-week therapies. 
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Summar y y 

 Background: urea breath testing has been shown to be a reliable non-invasive test for 

diagnosingg H. pylori infection.. Drawbacks of the urea breath tests have been the requirement 

off  expensive and complex instrumentation. A novel, accurate and economical LARA™ system, 

basedd on laser optogalvanic spectroscopy, was developed to measure 13C/ 12C ratios in breath. 

Relativelyy few data are available on the reliability of breath testing in the post-eradication 

setting. . 

Aim:: To establish the sensitivity and specificity of the t3C LARA™ urea breath test in the 

evaluationn of H. pylori eradication. 

Methods:: H. pylori positive dyspeptic patients received various eradication regimens. Five to 

sevenn weeks after cessation of eradication therapy a second endoscopy with 8 biopsies from 

antrumm and corpus for histology, culture and rapid urease test was performed, as well as the 

LARA™LARA™  breath test. Breath samples were taken at 20,30,40 and 60 minutes after urea ingestion. 

Thee cut off value was set at 6.1 6 delta units. In the reference test, H. pylori was considered 

eradicatedd when culture, histology and CLO were all negative in all biopsies. 

Results:: 181 patients were included. Sensitivity and specificity of the LARA™ urea breath test 

weree 91 and 96%, respectively at 5-10 weeks after eradication therapy, and 100 and 98% at 

3-66 months after eradication therapy 

Conclusion:Thee 13C LARA™ urea breath test is reliable for post-therapy evaluation of H. pylori 

status.Thiss non-invasive method may well become the test of choice for H. pylori post-therapy 

monitoringg because of its simplicity, non-invasiveness and reduced cost. 

Introductio n n 

Thee gold standard to detect the presence or absence of H. pylori is made by endoscopy and 

multiplee gastric biopsies for histological examination, culture and rapid urease tests; this however 

carriess the disadvantage of being expensive, invasive and time consuming. Detection ofH. pylori 

byy ELISA serology reflects not only current but also previous exposure to H. pylori. In addition 
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becausee antibody titers can take up to six months to fall after successful treatment, ELISA tests 

cannott be used to assess the efficacy of treatment regimens, when used early after therapy. The 

13/14-Carbonn (C) urea breath test is a non invasive test that has been reported to provide high 

sensitivityy and specificity to detect the presence or absence of an H. pylori infection in adults as 

welll  as in children.15 However, only a few data are available regarding the value of breath testing 

afterr antibiotic therapy. 

Thee principle of the urea breath test is based on the identification of urease activity utilizing 
13C-- or 14C-labeled urea.The urea is metabolized by urease, produced by H. pylori, yielding labeled 

C 0 2,, which is absorbed across the gastric mucosa and expired in the breath where it can be 

measured.. The advantage of breath testing is clearly non-invasiveness, cost effectiveness and 

simplicity.. Furthermore the absence of a sampling error favors the use of breath tests. 

Initiall yy the 14C-labeled urea breath tests was validated and appeared both sensitive and specific 

inn detecting H. pylori infection in humans.6-7 The drawbacks of  14C-labeled urea breath tests are 

problemss with radioactive material and the inherent precautions that have to be taken. Later a 
13C-ureaa breath test method became available that did not have these drawbacks. 13C is a stable, 

non-radioactive,, naturally occurring isotope of carbon that presents no risks to human subjects. 

Speciall  purpose mass spectrometers, called isotope ratio mass spectrometers (IRMS) are now used 

too obtain sufficient precision and accuracy to measure stable isotopes. Mass spectrometry is not 

regularlyy used in the clinic because of the high cost of such devices and the need for trained 

operators.. For this reason the NIH consensus conference of 1994 concluded that there was a 

significantt need for an easy to use, reliable and low cost 13C-urea breath test for clinical use.8 

Infraredd detection methods have also been developed to measure stable isotopes; however these 

methodss may be less accurate as mass spectroscopy.910 

Thee Laser Assisted Ratio Analyzer (LARA™) System consists of a stable isotope analyzer, which 

measuress the ratio of 13-carbon to 12-carbon via a novel technology, based on the use of laser 

optogalvanicc effect spectroscopy. With this technique 13C/12C-isotope ratio's can be determined 

withh a very high precision.11'13 The LARA™ system is a fully automated device that contains 2 

carbonn dioxide lasers. It is relatively cheap, safe, easy to handle and can be used in any hospital 

withoutt the need for a specialized technician. 

Pre-eradication,, the LARA™ urea breath test yielded a sensitivity and specificity of over 95% in 

bothh a European and a North American multicenter trial.1415 

Thee aim of this study was to establish the sensitivity and specificity of the LARA™ urea breath 

testt when used to monitor the efficacy of H. pylori eradication therapy. 

Patient ss and method s 

PatientPatient  selection 
Dyspepticc patients who were referred for upper gastro-intestinal endoscopy were considered for 

thee study. H. pylori positive patients could be included when treatment of the H. pylori infection 

wass thought to be indicated by the attending physician; when patients were over 18 years of age 
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andd able to understand and comply with the protocol. Al l patients signed a written informed 

consent.. Females with childbearing potential needed to have a negative pregnancy test and had 

too use a reliable birth control method. Exclusion criteria were: the use of bismuth compounds, 

antibioticss or proton pump inhibitors during four weeks prior to the start of the study; gastric 

surgeryy resulting in the removal of the antrum; active bleeding ulcers; medical necessity for 

chronicc treatment with a proton pump inhibitor; pregnant or lactating women, women of child-

bearingg potential not using a reliable birth control method; serious medical illness precluding 

enrollmentt in the study; alcohol or drug abuse and treatment with any investigational drug other 

thann trial for H. pylori within the last four weeks. 

Methods Methods 
AA first LARA™ breath test was performed at study entry, before eradication therapy was given. 

Thereafterr patients received various triple eradication regimens. All patients underwent a second 

endoscopyy followed by a second LARA™ breath test, 5 to 10 weeks after the end of the eradication 

regimen.. A third LARA™ breath test was performed after 3 to 6 months after eradication therapy. 

Att each endoscopy eight biopsies were obtained, two for histology, one for culture and one for 

CLOO test from both antrum and corpus. Pre-eradication, patients were considered to have an 

H.H. pylori infection when culture was positive or when at least histology and CLO-test were 

positive.. Post-eradication H pylori was considered absent only when all three biopsy-based tests 

(culturee and histology and CLO-test) were negative in both antrum and corpus biopsies 

(=referencee test).16 

Protonn pump inhibitors, antibiotics and bismuth-preparations were not allowed during at least 28 days 

beforee the endoscopy and breath tests were performed. H2-blockers were allowed during the study. 

Thee CLO-test as placed in an incubator at 37 °C and read after 24 hours. The four biopsies 

obtainedd for histopathological assessment of H. pylori were placed in two separate vials containing 

buffered,, neutral 3.7% formaldehyde solution (10% formalin). Specimens were processed using 

thee paraffin embedding technique, and stained with the modified Giemsa method. 

Complementaryy staining, e.g. immunohistochemical staining and in situ hybridization was 

performedd when considered necessary. 

Thee LARA™ 13C-urea breath test was performed a minimum of one-hour following 

endoscopy,, using the protocol developed by the manufacturer. After baseline breath samples 

weree taken, patients consumed a nutrient dense meal (Ensure,), to delay gastric emptying. 

Thenn the patient ingested 100 mg of  13C-labeled urea, dissolved in 50 ml of sterile purified 

water.. Breath samples were taken at 20, 30, 40 and 60 minutes after urea-ingestion. The 
13C/12C-ratioo (measured in 'delta units') in the exhaled breath was measured by the LARA™ 

system. . 

Wee used a cut off value for the l3C/12C-ratio of 6.1 with a grey zone of  0,6, as was derived 

fromm Receiver Operator Characteristics analysis (ROC) to give optimal results. Patients with 

deltaa values above 6.7 were regarded as having a positive LARA™ test, indicating an H. pylori 

infection.. Patients with delta values below 5.5 were regarded as having a negative breath test, 
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Tablee 1 Number of analyzable patients. 

Totall inclusion 
Nott analyzable because of: 

wronglyy included 
receivedd no eradication therapy 
prohibitedd concomitant medication 
lostt to follow-up 
Nonn analyzable breath test 

Greyy zone value 
Totall analyzable patients 

2ndd LARA™ 
181 1 

i i 

2 2 

1 1 

13 3 

2 2 

3 3 
159 9 

breat hh test 3rd d LARA™™ breat h test 
181 1 

1 1 

2 2 

5 5 
35 5 
n n 
0 0 

127 7 

indicatingg absence of H. pylori. Results between 5.5 and 6.7 delta units were considered 

indeterminatee or 'grey-zone'-values and were not further analyzed. 

StatisticalStatistical analysis 

Thee sensitivity, specificity, positive predictive value and the negative predictive value were calculated 

forr the second and third LARA™ breath test as compared to the gold standard reference test. 

Results s 

Patients Patients 
AA total of 181 patients with peptic ulcer disease or functional dyspepsia were included in the 

study;; 127 in the Academic Medical Center in Amsterdam,The Netherlands and 54 in the San 

Orsolaa Hospital in Bologna, Italy. Ninety-four men and 87 women were included, with a mean 

agee of 47 years (range 18-85).The second LARA™ breath test, performed 5 to 10 weeks after the 

eradicationn therapy, was compared to the reference test in 159 patients (TABLE I ) . One patient 

wass wrongly included because he/she had a positive CLO test at baseline, but pathology and 

culturee later appeared negative; two patients refused the eradication regimen; one patient used 

aa proton pump inhibitor during the study period; two patients moved abroad; eleven patients 

refusedd a second endoscopy and/or breath test; one patient abusively had only baseline breath 

sampless taken, another patient had a not valid breath test result due to instrument protocol 

deviations;; breath test results of one other patient were unable to be processed because of 

inadequatee baseline samples and in 3 patients a second LARA™ breath test result was in the 'grey 

zone'. . 

AA total of 3 indeterminate results were noted for the second breath test; no values in the grey 

zonee area were found for the third breath test. 

Thee third LARA™ breath test at 3 to 6 months after eradication therapy could be compared to 

thee reference test in 127 patients. 

Noo adverse events have occurred after any of the LARA™ breath tests. 
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Tablee 2 AH patients with any discrepant result between reference test, the second and/or third LARA' 
breathbreath test 

Patien t t 

1 1 

2 2 

3 3 

4 4 

5 5 

6 6 

7 7 

8 8 

9 9 

10 0 

n n 

12 2 

Referenc ee test * 

Overal l l 
resul t t 

+ + 

+ + 

+ + 

CLOO Histo - Cultur e 
patholog y y 

A CC A C A C 

++ + + + + + 

++ - + + 

++ + + + - -

Secondd LARA ™ 

Overal l l 
resul t t 

+ + 
+ + 

+ + 
+ + 
+ + 

Greyy zone 

+ + 
Greyy zone 

Greyy zone 

Deltaa values ? 

20''  30 ' 4 0 ' 6 0 ' 

 -3.6 -1.8 -2.3 

?? -5.8 >-o.7 
?? 0 > 6.8 

19.44 ? 19.5 ? 

0.55 0.9 0.5 -0.1 

22.66 19.2 21.6 ? 

??  13.5 6.2 13.3 

155 9.5 12.7 8.7 

6.66 4.2 5 1.3 

122 7 7.7 6.2 

-0.66 6 3.4 3.6 

2.11 1.4 6.2 6.1 

Thir dd LARA ™ 

Overal l l 
resul t t 

+ + 

+ + 

+ + 

Delt aa values y 

20''  30 ' 4 0 ' 6 0 ' 

7.99 8.1 8.3 6.9 

-0.22 -0.3 0 - 0 . 6 

1.66 5.9 1.8 6.8 

0.66 -1.3 -0.1 -1.2 

-2.66 -5 -5.1 -6.6 

?? 13 ? 14.1 

-0.33 - l . i 0 - 0 . 2 

AA = Antrum B =Corpus ?=no result available. 
** The reference test post eradication is defined positive when at least one of all biopsies is positive. The refe-
rencee test is negative when all 6 biopsies are negative for H. pylori infection. 
tt Breath test values are listed as delta values (i.e.^C/^C-ratio) at 20', 30', 40' and 60' after urea ingestion. 
Thee cut off value is 6.1  0,6 delta units. Patients with a delta value above 6.7 were regarded as having a positi-
vee LARA™ test, indicating an H. pylori infection. Patients with delta values below 5.5 were regarded being 
successfullyy cured of the infection. Results between 5.5 and 6.7 delta units were considered an indeterminate or 
'grey-zone'-value. . 

SensitivitySensitivity  and specificity  of  the LARA™  urea breath  test 
Inn 12 patients a discrepancy was seen between the reference test and the second and/or third 

LARA™™ breath test (TABLE 2). In all other analyzable patients the breath tests yielded the same result 

ass the reference test. 

Pre-eradicationn the sensitivity of the first LARA™ breath test was 95% (data not shown). The 

specificityy of the first LARA™ breath test could not be determined because we only included 

patientss with an H. pylori infection. 

Thee second LARA™ breath test, performed 5 to 10 weeks after eradication therapy, compared to 

thee gold standard showed a sensitivity of 91 % and a specificity of 96% (TABLE 3). 

Thee third LARA™ breath test, performed 3 to 6 months after eradication therapy, compared to 

thee reference test showed a sensitivity 100% of and a specificity of 98% (TABLE 4). 

Whenn using only the 30 and 60 minute LARA™ delta values, similar results were obtained, as can 

bee seen from the raw data in Table 2. 

Comparingg the second to the third LARA™ breath test in all patients showed 4 disconcordant 

resultss (see TABLE 2). In one patient the third LARA™ was regarded false positive, because the post 

eradicationn reference test as well as the second LARA™ breath test were all negative. Three patients 

weree regarded to have a false positive second breath test, with negative reference test and negative 

thirdd LARA™ breath test. 
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Tablee 3. Second  LARA™  breath  test,  5-10 weeks 
afterafter  eradication  therapy,  compared  to 
goldgold  standard. 

Referenc ee test * 
(Histolog yy + culture * CLO) 

positiv ee Negativ e 
LARA™™ positive 21 
LARA™™ negative 2 
Totall 23 

6 6 
130 0 

136 6 

Total l 

27 7 
132 2 

159 9 

** Post-eradication H. pylori was considered absent only 
whenwhen all culture and histology and CLO-test were negati-
veve in both antrum and corpus biopsies. 

Sensitivity:Sensitivity: 91% (95% Cl: 72-99) 
Specificity:Specificity: 96% (95% CI: 91-98) 

PositivePositive predictive value: 78% 
NegativeNegative predictive value: 98% 

Tablee 4. Third  LARA™  breath  test,  3-6 months 
afterafter  eradication  therapy,  compared  to 
goldgold  standard. 

Referenc ee test * 
(Histolog yy + culture * CLO) 

positiv ee Negativ e 

Total l 

2 2 

108 8 
110 0 

19 9 
108 8 

127 7 

Thirdd LARA™ positive 17 
Thirdd LARA™ negative o 
Totall 17 

** Post-eradication H. pylori was considered absent only 
whenwhen all culture and histology and CLO-test were negati-
veve in both antrum and corpus biopsies. 

Sensitivity:Sensitivity: 100% (95% Cl: S1-100J 
Specificity:Specificity: 98% (95% CI: 94-100) 

PositivePositive predictive value: 89% 
NegativeNegative predictive value: 100% 

Discussio n n 

Thiss study shows a high sensitivity and specificity of the LARA™ 13C-urea breath test to test for 

thee success of eradication therapy. Five to ten weeks after eradication therapy the sensitivity and 

specificityy of the LARA™ system were 91 and 96%, respectively. When the reference test was 

comparedd to the third LARA™ breath test, performed 3-6 months after eradication therapy, the 

resultss were even better with a sensitivity and specificity of 100% and 98%, respectively. 

Althoughh breath testing has shown high sensitivity and specificity in untreated patients17-22, only 

aa few groups have studied the usefulness of breath testing after anti-Helicobacter therapy. 

Publishedd data on the reliability of  13C- and 14C-urea breath tests, performed post-eradication 

therapyy are listed in Table 5.These data show a mean sensitivity and specificity of die breath testing 

afterr eradication therapy of 94 and 89%, respectively. 

Inn our data, two patients in whom eradication failed had a false-negative breath test 5-10 weeks 

afterr eradication therapy. Perhaps the growth and/or the urease activity of the H. pylori may not 

yett be at full strength after 5-10 weeks after eradication therapy and H. pylori colonization can 

bee missed, causing a false negative breath test. In general, false negative breath tests may also occur 

afterr recent use of antibiotics, bismuth salts or proton pump inhibitors and after gastric surgery, 

neitherr of which was the case in our patients. If and to what extent H2-receptor antagonists 

contributee to slow down re-growth of H. pylori is unclear at the present time. 

Sixx patients in whom eradication therapy was successful had a false-positive breath test 5-10 weeks 

afterr eradication therapy. Three of these six patients tested negative on the third breath test at 3-

66 months. One of these six patients, who became symptom free after the eradication regimen 

withoutt further medication, also yielded a positive third breath test. Maybe these false positive 

resultss occurred because other urease-producing bacteria are present in the stomach, such as may 
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Graham26 6 

Logan27 7 

Slomianski25 5 

Bazzoli28 8 

Slepman29 9 

Soule^0 0 

Lahaie3' ' 
Menegatti3 3 

Menegatti32 2 

Vann de Wouw33 

Ahuja34 4 

Hirotoo Miwa24 

H C C 

!3C C 
!3C C 
!3C C 
!3C C 
'3C C 
Me e 
He e 
!3C C 
'4C C 
i 4 c c 

!3C C 

i6 6 
106 6 

118 8 

58 8 
625 5 

1 0 4 4 

36 6 

83 3 
83 3 
57 7 
6 0 0 

199 9 

86 6 
TOO O 

97 7 
TOO O 

89 9 

97 7 
TOO O 

80 0 

I O O O 

92 2 

91 1 

95 5 

50 0 

1 0 0 0 

71 1 

1 0 0 0 

97 7 
? ? 

92 2 

TOO O 

TOO O 

78 8 

93 3 
? ? 

Tablee 5 Published data on the usefulness oftyand i^Z-urea breath tests in confirming eradication of 
H.. pylori infections 

Autho rr  Breat h test Referenc e test No. of Sensitivit y Specificit y 
studie dd patient s 

Culture e 

Culturee histology 
Rapidd urease test and culture 
Rapidd urease test, culture and Histopathology 
Histopathology y 
Rapidd urease test 
Culturee and/or Histopathology 
Rapidd urease test, culture and Histopathology 
Rapidd urease test, culture and Histopathology 
Rapidd urease test, culture and Histopathology 
Rapidd urease test 
Rapidd urease test, culture and Histopathology 

occurr in patients with achlorhydria or gastric atrophy, or in the presence of oral- or small bowel-

urease-containingg bacteria and from colonization with other Helicobacter such as H. felis.23 

Anotherr factor that has been suggested to be responsible for false positive results after 

eradicationn therapy is the so-called'delayed clearance'of H. pylori. Delayed clearance of H. pylori 

indicatess a decrease of delta values at 3 and 6 months to that of 1-2 months after eradication 

therapy.. This decline in delta values after eradication therapy was found by Miw a and 

Slomianski.24'255 The mechanism of this delayed response is not clear, but was suggested to be 

causedd by the presence of achlorhydria from gastric atrophy or acid suppressive medication.23-25 

Inn our data we did not find a significant decrease in delta values from the second to the third 

LARA™™ breath test. 

Thee assessment of cure after eradication therapy is often made at one month after eradication 

therapy.. Once the breath test at 1 month shows a negative result, its reliability is very high. 

However,, the breath test at 1-2 months after eradication therapy yields a relatively high false 

positivee rate, as can be seen from the data from Miwa24 and Slomianski.25, as well as in our data. 

Whenn a breath test is positive, especially rather soon after eradication therapy, suggesting a 

persistingg H. pylori infection, other tests to confirm this persisting infection should be 

considered.. Optimal results are obtained when the breath test is performed 3 to 6 months after 

eradicationn therapy. 

Inn conclusion we found that the LARA™ 13C-urea breath test is both sensitive and specific to test 

forr cure of an H. pylori infection. The 13C-urea breath tests may well become the test of choice, 

especiallyy in confirming cure of an H. pylori infection, because it is convenient for the patient, 

highlyy accurate, easy to use, noninvasive and relatively cheap. 

ThisThis study was supported by Alimenterics Inc. Morris Plains, NJ, USA. 
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Summar y y 

Background.. Proton pump inhibitor(PPI)-based triple therapies have consistently achieved 

eradicationn rates above 80% and are widely employed as first-line treatments for Helicobacter 

pyloripylori infections. Second-line therapy in patients who failed a first-line PPI-triple therapy is 

problematic.. The aim of this study was to compare the efficacy of a second-line PPI-triple 

versuss quadruple therapy, in patients with primary PPI-triple therapy failure. 

Materialss and methods. Patients who failed a PPI-triple therapy were randomly allocated 

too second-line therapy with PPI-triple therapy consisting of omeprazole 20 mg bid, 

clarithromycinn 500 mg bid and metronidazole 500 mg bid(OCM), or quadruple therapy 

consistingg of omeprazole 20mg bid, bismuth subcitrate 120 mg qid, tetracycline 500mg qid 

andd metronidazole 500mg tid (OBTM), both for 7 days. All failures of the second-line O CM 

treatmentt were offered a third-line OBTM regimen. Cure of H. py/ori-infection was defined 

ass absence of H. pylori in culture and histology in all biopsies, at least four weeks after 

completionn of therapy. Antibiotic resistance was determined by E-test. 

Results.. Twenty-three patients were included. One patient, randomized to OBTM was lost 

too follow-up. Compliance was excellent. Eradication rates were 22% 2/9 for O CM and 85% 
,1/13forr OBTM.The difference in cure rate between O CM and OBTM was 62% (95% CI: 

29-96),, p=0.0003). Resistance to clarithromycin was seen in 30% of the patients before the 

first-linee therapy, in 48% before the second-line therapy and in 67% before the third-line 

therapy.. Resistance to metronidazole was seen in 50% of the patients before the first-line 

therapy,, in 55% before the second-line therapy, and in 89% before the third-line therapy. 

Failuress of both second-line regimens were seen primarily in patients harboring resistant 

strains. . 

Discussion.. In failures of PPI-triple therapy, second-line treatment with one week OBTM 

iss superior to one week OCM, especially in metronidazole resistant patients. We recommend 

quadruplee therapy in the case of PPI-triple therapy failure. 
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Introductio n n 

Thee efficacy of proton pump inhibitor (PPI)-based triple therapy in eradicating Helicobacter pylori 

hass been well documented. When efficacy, compliance, safety, cost-effectiveness, and simplicity 

off  a regimen are taken into account, PPI-triple therapies are the most frequently recommended 

treatmentss world-wide.M However, in 10-20% of cases, these PPI-triple therapies fail to eradicate 

H.pylori.TheH.pylori.The reasons for failure of PPI-triple therapies are often not known. Patient compliance 

andd antimicrobial resistance are thought to be the major determinants of treatment failure.5-10 

Itt is unclear what the optimal therapy is to eradicate H. pylori after PPI-triple therapy has failed. 

Thee Maastricht Consensus2 advised quadruple therapy in the case of PPI-triple therapy failure; 

however,, few data exist on the efficacy of a quadruple therapy as a second-line regimen. 

Thee majority of data on the efficacy of currently used eradication regimens is based on patient 

populationss presenting for an initial eradication attempt. Extrapolation of these findings to 

patientss who have already experienced a failed eradication therapy is likely to be misleading.11 

Wee prospectively compared the efficacy of a second-line PPI-triple versus quadruple therapy, in 

relationn to metronidazole and clarithromycin resistance, in patients with primary PPI-triple 

therapyy failure. 

Method s s 

Patientss between 18 and 80 years of age, who were referred to our endoscopy unit for diagnostic 

upperr gastrointestinal endoscopy because of dyspeptic complaints, were eligible for the study. 

Patientss had to be H. pylori -positive, as proven by positive Histopathology and/or culture of 

gastricc biopsies, and patients had to have failed a prior PPI-triple therapy. Exclusion criteria were: 

previouss gastric surgery, complicated ulcer, allergy to the study medication, reflux esophagitis 

requiringg ongoing use of a proton pump inhibitor, expected non-compliance, pregnancy or 

breastfeeding,, and severe concurrent disease. 

Afterr proven failure of a prior PPI-triple therapy, patients were invited to participate in this study. 

Al ll  patients gave informed consent. 

Thee patients were randomly allocated to one of the following second-line regimens for 7 days 

each:: PPI-triple therapy, consisting of omeprazole 20 mg bid, clarithromycin 500 mg bid and 

metronidazolee 500 mg bid(OCM), or quadruple therapy, consisting of omeprazole 20mg bid, 

bismuthh subcitrate 120 mg qid, tetracycline 500mg qid, metronidazole 500mg tid (OBTM). 

Al ll  failures of the second-line O CM treatment were offered a third-line OBTM regimen. 

Thee patients were questioned about compliance and side effects. Patients who were judged to 

bee in need of further treatment after the antimicrobial therapy were prescribed antacids or H2-

receptorr antagonists. No proton pump inhibitors, antibiotics or bismuth-compounds were 

allowedd during follow-up. 
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AssessmentAssessment of H. pylori status and susceptibility testing 

Upperr endoscopy was performed at baseline and four to six weeks after completion of the 

treatmentt courses. At each endoscopy at least six biopsies were taken: two for histology and one 

forr culture, from both antrum and corpus. Cure of H. py/on'-infection was defined as absence of 

H.H. pylori in culture and histology in all biopsies. 

MicrobiologicalMicrobiological analysis 

Att each endoscopy, one antrum and one corpus biopsy were taken for culture. The biopsy 

specimenss were inoculated on fresh Columbia agar plates containing 7% horse blood and cultured 

inn microaerophilic conditions at 37 oC. After 3 days the grown H. pylori were collected using a 

cottonn swab and suspended in 2 ml of DMEM cell culture medium. From this suspension 100 

ml,, containing 107-108 cfu/ml, was flooded on Colombia agar plates containing 7% horse blood. 

Al ll  plates were incubated at 37 °C under microaerophilic conditions for 3 and 5 days. The H. 

pyloripylori strains were tested for metronidazole and clarithromycin susceptibility using the E-test (AB 

Biodisk,, Sweden). The minimal inhibitory concentration (MIC) was defined as the 

concentrationn on the E-test strip closest to the point of intersection with growth on the plate. 

H.H. pylori was considered to be susceptible to metronidazole if the bacteria had a MI C < 4 ug/ml.12 

H.H. pylori strains were regarded to be resistant to metronidazole if the bacteria had a MI C > 8 

ug/ml.. Patients with a MI C for metronidazole between 4 and 8 ug/ml were not included in 

thiss study. The H, pylori strains were considered to be resistant to clarithromycin if the bacteria 

hadd a MI C > 1 ug/ml. 

Histopathology Histopathology 

Biopsiess taken for histopathological assessment were placed in separate tubes containing 10% 

bufferedd formalin. Specimens were processed using the paraffin embedding technique, 

sectionedd at four mm perpendicular to mucosal surface and stained with the Giemsa method. 

Complementaryy staining, e.g. immunohistochemical staining or in situ hybridization, was 

performedd if necessary. The biopsies were histologically graded according to the updated Sydney 

system.B B 

Results s 

Fromm April 1996 to January 1999, a total of twenty-three patients were recruited into the study. 

Onee patient with functional dyspepsia, who was randomized to second-line OBTM therapy, 

wass symptom free after second-line quadruple therapy and refused follow-up endoscopy. Al l other 

patientss completed the protocol. Demographic and clinical characteristics of the patients who 

completedd the protocol are listed in TABLE I.There were no significant differences between the 

twoo patient-groups regarding sex, age, underlying disease, type of first-line eradication regimen, 

orr antimicrobial resistance.The patients tolerated the medication well. Five out of 13 patients in 

thee OBTM group and four of the nine patients from the O CM group reported no side effects. 
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Tablee i Patient  characteristics 

Second-lin ee therap y p-valu e 

Numberr of patients 
Sexx Male/Female 
Age e 

Mean n 
Range e 

Diagnosis s 
duodenall ulcer 

gastricc ulcer 
nonn ulcer dyspepsia 

Failedd first-line eradication regimen 
PPI-amoxycillin-metronidazole e 
PPI-amoxycillin-clarithromcyicin n 
PPI-metronidazole-clarithromycin n 

Metronidazole e 

resistant t 
sensitive e 
unknown n 

Clarithromycin n 

resistant t 
sensitive e 
unknown n 

OCM M 

9 9 
4/5 5 

45 5 
24-70 0 

i i 

1 1 

7 7 

0 0 

4 4 
5 5 

5 5 
4 4 
0 0 

3 3 
6 6 
0 0 

OBTM M 

13 3 
7/6 6 

49 9 
32-68 8 

2 2 

0 0 

11 1 

l l 

4 4 
8 8 

7 7 
6 6 
0 0 

7 7 
6 6 
0 0 

NS S 

NS S 

NS S 
NS S 
NS S 

NS S 
NS S 
NS S 

NS S 
NS S 
NS S 

NS S 
NS S 
NS S 

OCMOCM = omeprazole 20 mg bid, clarithromycin 500 mg bid and metronidazole 500 mg bid for 7 days. 
OBTMOBTM = omeprazole 2omg bid, bismuth subcitrate 120 mg qid, tetracycline $oomg aid and metronidazole $oomg tidfor 7 days. 

NS=notNS=not significant PPI=proton pump inhibitor 

Tablee 2 Eradication  rates 

Total l MS-CS S MR-CS S MS-CR R MR-CR R 

OCM M 
OBTM M 

N/n n 

2/9 9 
n/13 3 

% % 
2 2 2 

85 5 

95%% CI 
2.8-60 0 

55-98 8 

N/n n 

2/4 4 
3/3 3 

% % 
50 0 

1 0 0 0 

N/n n 
o/ i i 

2/3 3 

% % 
0 0 

67 7 

N/n n 
0 / 0 0 

3/3 3 

% % 
0 0 

TOO O 

N/n n 

0/4 4 

3/4 4 

% % 
0 0 

75 5 

N=numberN=number of eradicated patients  n=number of treated patients  %=eradication rate  9$¥o 0=95 percent 

confidenceconfidence interval. 
OCMOCM = omeprazole 20 mg bid, clarithromycin 500 mg bid and metronidazole 500 mg bid for 7 days. 
OBTMOBTM = omeprazole 2omg bid, bismuth subcitrate 120 mg qid, tetracycline soomg qid and metronidazole ^oomg tid 

forfor 7 days. 
MSMS = metronidazole susceptible strains. MR = metronidazole resistant strains. 
CSCS = clarithromycin susceptible strains. CR = clarithromycin resistant strains. 
TheThe difference in the overall eradication rate between OCM and OBTM is 62%. (95% confidence interval: 29 -96%; 

p=p= 0.0003 (exact p value)). 
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Figur ee 1 Flow  chart  of  all  treated  patients 

222 dyseptic patients who failed PPI triple therapy 

I I 

OBTM M 
n=i3 3 

OBTM M 
n=9 9 

JZ JZ 

nn (85%) eradicated 22 (15%) not eradicated 22 (22%) not eradicated 77 (78%) not eradicated 

ll RBC-TMI 11 refused further treatment 

11 not eradicated 

OBTMOBTM = omeprazole 2omg bid, bismuth subcitrate 120 mg 
aid,aid, tetracycline $oomg qid, metronidazole joomg tidfor 7 
days. days. 
OCMOCM = omeprazole 20 mg bid, clarithromycin 500 mg bid 
andand metronidazole 500 mg bid for 7 days. 
RBC-TMiRBC-TMi = ranitidine bismuth citrate 400 mg bid, tetracy-
clinecline $00 mg qid, metronidazole 500 mg bid for 7 days 
RBOCM2RBOCM2 = ranitidine bismuth citrate 400 mg bid, clarith-
romycinromycin 500 mg bid, metronidazole 500 mg bid for 14 days. 

77 OBTM retreatment 

55 (71%) eradicated 22 (29%) not eradicated 

ii OBTM retreatment ii RBC-CM2 retreatment 

ii not eradicated 11 not eradicated 

11 RBC-CM2 retreatment 

ll not eradicated 

Onlyy one patient in the OBTM group had severe side effects and was unable to continue normal 

dailyy activities. All patients reported to have taken all tablets for the second-line regimen, except 

forr one patient in the O CM group, for whom compliance is unknown. 

Eradicationn rates are listed in TABLE 2.The cure rate for second-line treatment with O CM was 

22%% (95% CI: 2.8-60%) and for second-line OBTM treatment, the cure rate was 85% (95% CI: 

55-98%)) The difference in overall eradication rate between the second-line O CM and O B TM 

therapiess is 62% (95% confidence interval: 29 -96%; with a p-value according to the Fisher's 

exactt test of 0.0003). 

Al ll  patients who failed the second-line regimen were offered further treatment as is depicted in 

FIGUREE 1. Five out of the seven patients (71%) who failed the second-line O CM were eradicated 

afterr a third-line OBTM regimen. 

Antimicrobiall  susceptibility was assessed for all patients in all instances, except for two patients 

wheree no biopsies for culture were obtained before the first PPI-triple therapy. Resistance to 
clarithromycinn was seen in six out of 20 patients (30%) before the first-line therapy, in 11 out 

off  23 patients (48%) before the second-line therapy and in six out of nine patients (67%) before 
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thee third-line therapy. Resistance to metronidazole was seen in 10 of 20 patients (50%) before 

thee first-line therapy, in 12 of 22 patients (55%) before the second-line therapy and in eight of 

ninee patients (89%) before the third-line therapy. 

Discussio n n 

Thiss randomized study shows that after failure of a PPI-triple regimen, patients still have a good 

chancee of eradication with quadruple therapy. Even when the one patient who was lost to follow-

upp is included and considered a treatment failure, there is still a clearly significant difference in 

efficacyy in favor of second-line quadruple therapy, with a p-value of 0.001. Second-line O CM 

iss significantly less effective. Third-line quadruple therapy for one week, after failure of two 

sequentiall  PPI-triple therapies, still yielded a 71% eradication rate. This study also shows that 

antimicrobiall  resistance for metronidazole and clarithromycin clearly increases after failure of a 

PPI-triplee therapy. 

Ourr data confirm the findings of Moshkowitz et al who found that the number of previous 

treatmentss significantly decreases the efficacy of retreatment.11 

Compliancee is often reported to be a major determinant in therapy failure.We questioned all our 

patientss about compliance and side effects. Compliance was reported to be excellent in both 

groups,, although we cannot rule out the possibility that compliance was overestimated. Side effects 

weree more frequent in the OBTM group; however, they did not lead to discontinuation of therapy. 

Antimicrobiall  resistance is also considered a major factor in treatment failure. Recent reviews 

havee established a negative effect of metronidazole and clarithromycin resistance on all types of 

PPI-triplee therapy.1415 For quadruple data are still relatively scarce and pooled analysis could not 

establishh without doubt a significant drop in efficacy in the case of antimicrobial resistance with 

thesee therapies. 

Primaryy antimicrobial resistance was high in our population: 30% for clarithromycin and 50% 

forr metronidazole. Development of secondary resistance, after the first-line PPI-triple therapy, 

forr clarithromycin was 29%; and for metronidazole, 40%. There was no selection of treatment 

onn the basis of the antibiogram in our population. Failures of both the second-line regimens 

weree seen mostly in patients harboring resistant strains. Therefore, the high rate of antimicrobial 

resistancee contributes to the observed treatment failures. 

Otherr factors that may have lead to treatment failure remain unclear. However, treatment factors 

(e.g.. pretreatment with a PPI, dosage, dosing-interval, duration, formulation, or combination of 

drugs)) and factors related to the host (smoking, alcohol intake, age, sex) or to differences in H. 

pyloripylori strains can all influence eradication rates.8-lfr_2°. These 'other' factors that are currently not 

welll  understood can explain why some H. pylori seem 'ineradicable' or why certain patients, who 

appearr compliant and show no antimicrobial resistance to any of the antibiotics used, still fail 

sequentiall  anti-H. pylori therapies. 

Dataa in the literature on the efficacy of treatment strategies when PPI-triple therapy fails are 

scarce.. We were able to identify four full papers and nine abstracts in which patients with PPI-
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triplee therapy failure were retreated with a second-line PPI-triple therapy.U21"32A total of 333 

patientss were studied in these papers, with a mean of 20 (range 7-74) patients per study arm. 

Thee mean cure rate of second-line PPI therapy in these studies was 60%, ranging from 14-100%, 

withh a standard deviation of 24%. Lee et al showed a 33% cure rate with a repeat one-week PPI-

triplee therapy.31 However, an eradication rate of 80% on a per-protocol basis was seen when this 

PPI-triplee therapy was prolonged to two weeks.31 

Dataa on the efficacy of second-line quadruple therapy after PPI-triple therapy failure are also 

conflicting,, with, to our knowledge, 16 published abstracts only and one full paper.2831-1323'26'44A 

totall  of 460 patients were studied in these papers, with a mean of 22 (range 3-69) patients per 

studyy arm.The mean cure rate of second-line quadruple therapy in these studies was 65%, ranging 

fromfrom 5 to 100%, with a standard deviation of 24%. 

Itt is not clear why the data in the literature are so conflicting. Perhaps these conflicts can be 

explainedd by differences among the regimens and by the fact that in some studies different 

antibioticss were chosen for the second-line therapy, or the second-line therapy was selected on 

thee basis of the antibiogram while in other studies it was not. 

Recentlyy Rinaldi et al reported second-line treatment with ranitidine bismuth citrate-

tetracyclin-tinidazolee combination therapy for two weeks after failure of a 

PPI-amoxycillin-clarithromycinn therapy of seven days. In that study, cure rates for the second-

linee therapy were reported of 82% (31 out of 38 patients) on an intention-to-treat basis and 86% 

(3loutt of 36 patients) on a per-protocol basis.45 

Inn conclusion, the data on treatment failure of H. pylori are scarce. Choosing the best available 

first-linee treatment wil l prevent the development of secondary resistance, wil l lead to the lowest 

numberr of treatment failures, and is the most cost-effective approach. Obviously, antimicrobial 

resistancee is important in therapy failure; however, this is not always available. When choosing 

quadruplee therapy, the impact of antimicrobial resistance is limited. Otherwise, it seems logical 

too use full doses and to choose different treatment regimens to avoid the antibiotics that were 

previouslyy used. 

Iff  initial eradication therapy fails and there is a clear indication to treat the H. pylori-infection 

anotherr attempt should follow and, if necessary, a third and fourth until the infection is cured. 

Inn patients who fail a first-line PPI-triple therapy, retreatment with another one-week PPI-triple 

therapyy cannot be recommended. Whether prolonging the duration of second-line PPI-triple 

therapyy or switching to ranitidine bismuth citrate-based triple therapy wil l increase the cure rates 

awaitss further trials. For the time being, we recommend quadruple therapy in case of PPI-triple 

therapyy failure. 
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Summar y y 

Sincee the recognition of Helicobacter pylori in 1983, there has been a revolution in the 

understandingg and clinical management of peptic ulcer disease. Peptic ulcer disease was previously 

consideredd a chronic, relapsing condition of unknown cause in which psychological stress and 

abnormalitiess in gastric acid secretion were thought to play a fundamental role. Diets, antacids 

andd bed rest or surgery were the treatments of choice for peptic ulcer disease until the 1970s, 

whenn more effective medical therapies became available. Now, peptic ulcer disease has been 

shownn to be a chronic, specific and curable infectious disease. 

Thee discovery of the association of H. pylori with peptic ulcer disease led to the development 

off  effective therapies that eradicate the bacterium and cure the disease. Most anti-H. pylori 

therapiess consist of an acid inhibitor (most often, a proton pump inhibitor) and/or bismuth or 

ranitidinee bismuth citrate in combination with one or two antimicrobials (e.g. metronidazole, 

tetracycline,, clarithromycin and amoxycillin). Combinations of these medications are necessary 

too eradicate H. pylori. Current therapies are now achieving successful eradication in over 80% of 

patients.. Unfortunately, this therapeutic advance has been rather empirical and lacking in scientific 

basis,, so that when treatment fails, the underlying reasons remain unclear. Therefore the final 

arbitratorr on the efficacy of certain regimens or the effect of specific factors on eradication rates 

mustt come from clinical trials. Several factors that (may) play a role in the efficacy of eradication 

therapyy have been the subject of this thesis. 

Inn Chapter 1 an overview is given of the current knowledge on H. pylori, related to the subjects 

thatt were studied in this thesis. 

Inn Chapter 2 we studied whether metronidazole resistance affects the H. pylori eradication rates 

inn 122 patients treated with proton pump inhibitor (PPI)-based triple therapies. PPI-triple 

therapiess are extremely effective in eradicating H. pylori, with cure rates of more than 95%, 

reportedd in the MACH1 study. Therefore, the hypothesis was made that the proton pump 

inhibitorr omeprazole could overcome metronidazole resistance, and a PPI triple therapy 

containingg metronidazole (OCM: omeprazole-clarithromycin-metronidazole) was equally 

effectivee as a non-metronidazole-containing PPI triple regimen (OAC: omeprazole-

amoxycillin-clarithromycin).. We found that one-week OAC and O MC treatments were equally 

effectivee therapies in patients with metronidazole-susceptible H. pylori strains. However, using 

thee O MC regimen, neither equality nor significant differences could be shown between patients 

withh metronidazole-resistant or —susceptible H. pylori strains. 

Inn infectious diseases antimicrobial resistance is, in general, an important factor that leads to 

therapyy failure. With H. pylori this is not always evident, and Mégraud stated in 1997 that'there 

iss no situation where the clinical relevance of antimicrobial resistance detected in-vitro is more 

controversiall  than H. pylori resistance to nitroimidazole compounds'. 
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Inn trying to resolve the conflicting data in the literature on the impact of antimicrobial resistance 

onn H. pylori eradication rates, we systematically reviewed all H. pylori eradication trials, published 

inn full paper or abstract. (Chapter 3). This review, designed and conducted with the utmost 

attentionn to exclude all possible bias, involved almost 40,000 treated patients out of 1,091 study 

armss and comprises the largest database on H. pylori eradication trials published to date. With 

thiss review we could demonstrate a highly significant drop in efficacy of bismuth- and PPI-based 

triplee therapies in the case of nitroimidazole resistance. For quadruple therapy and ranitidine 

bismuth-basedd therapies more data are needed to definitely establish the clinical relevance of 

detectingg nitroimidazole resistance in vitro. In the case of clarithromycin resistance, the efficacy 

off  most clarithromycin-containing regimens is substantially decreased, however data are still 

scarce. . 

Severall  factors contribute to the many conflicting results found in the literature regarding the 

impactt of antimicrobial resistance. For example, standardization of testing of antimicrobial 

resistancee is needed to improve comparison among trials. Despite the drawbacks, finding resistant 

strainss in vitro has shown to reflect a real phenomenon in vivo, and can predict a drop in efficacy 

off  most anti-H. pylori regimens. 

H.H. pylori-cure rates may vary in different geographical regions.This may be caused by differences 

inn the hosts or, considering the enormous heterogeneity of H. pylori and its geographical 

differencess in strains, also by differences in H. pylori strains. Because of these regional differences 

inn cure rates, several authors have stated that the efficacy of anti-H. pylori regimens should be 

confirmedd in a given geographical area before their use can be promoted in that area.Therefore, 

inn Chapter 4, we reviewed all published anti-H. pylori therapy trials performed in The 

Netherlands.. Bismuth-based triple therapies have been scarcely studied in The Netherlands and 

showw inadequate eradication rates of below 80% on an intention-to-treat basis. An exception is 

bismuth-tetracyclin-metronidazolee triple therapy given for two weeks that was studied in five 

studyy arms, involving over 300 patients, and that appeared highly efficacious. Both quadruple 

therapyy and ranitidine bismuth citrate-based therapies have been studied on a relatively large scale 

inn The Netherlands and both appear to be very effective. PPI-triple therapies, although the most 

studiedd anti-H. pylori therapy world-wide, have been studied in relatively few patients in The 

Netherlands,, yet indicate adequate cure rates of over 80% on an intention-to-treat basis. 

Al ll  regimens, except omeprazole-clarithromycin-metronidazole given for one week, showed a 

trendd to a lower efficacy in the case of metronidazole resistance; this was, however, only significant 

forr bismuth-tetracyclin-metronidazole combination therapy for one or two weeks. Data on 

clarithromycinn resistance in The Netherlands are too limited to draw final conclusions. 

Anotherr factor that may play a role in the effectiveness of eradication therapy is the clinical 

expressionn of the infection. In Chapter 5, a large clinical trial involving 317 patients is described, 

showingg a significantly higher efficacy of PPI triple therapy in patients with past or present peptic 
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ulcerr disease, compared to those with functional dyspepsia. We also showed that this difference 

inn efficacy cannot be explained by differences in compliance, antimicrobial resistance, gender, 

orr type of PPI triple therapy. It has been shown that differences in H. pylori strains can lead to 

differentt clinical outcomes. Our study suggests that more virulent strains, present in patients with 

ulcerr diathesis, are more susceptible to antimicrobial therapy. 

H.H. pylori infection is usually diagnosed via endoscopically-obtained biopsies. A non-invasive test 

iss preferred over a biopsy-based test to check for cure of the infection. Urea breath tests have 

beenn found reliable to test for the presence of H. pylori infection before therapy; however, relatively 

feww data exist on the accuracy of breath testing to test for cure of an H. pylori infection. A 

drawbackk of urea breath tests has been the requirement of expensive and complex 

instrumentation.. In Chapter 6 we studied the sensitivity and specificity of the Laser Assisted 

Ratioo Analyzer (LARA™) 13C-urea breath test to test for cure of an H. pylori infection.The LARA™ 

systemm is a fully automated device which contains two carbon dioxide lasers that measure the 

ratioo of 13-carbon to 12-carbon with an extremely high precision, based on a novel technology 

calledd laser optogalvanic effect spectroscopy.This study was performed in collaboration with Dr. 

D.Vairaa from Bologna, Italy, and involved a total of 181 patients.The urea breath test was shown 

too be reliable in monitoring cure of an H. pylori infection and the LARA™ breath test proved to 

bee easy to handle without the need for a trained technician. The I3C-urea breath tests may well 

becomee the test of choice in confirming cure of an H. pylori infection, because it is safe and 

convenientt for the patient, highly accurate, easy to use, and relatively cheap. 

PPII  triple therapies are the most frequently recommended eradication regimens world-wide with 

aa well-documented efficacy. However, when an initial PPI triple regimen fails, littl e is known 

onn the efficacy of second-line eradication regimens. In Chapter 7 a trial is described where 

patientss who failed a PPI triple therapy were randomly allocated to a second line omeprazole-

metronidazole-clarithromycinn therapy or a quadruple therapy, both given for one week. This 

studyy showed a significantly higher efficacy of 85% for the second-line quadruple treatment, 

comparedd to 22% for the PPI triple therapy. Seven patients failed the second-line PPI triple 

therapyy and were retreated with a third-line quadruple therapy, showing an eradication rate of 

71%.. Failure of these regimens led to the development of secondary resistance to clarithromycin 

inn 33% and, for metronidazole, in 45% of the patients. 

Antimicrobiall  resistance can partly explain the treatment failures in our study. However, other 

factorss that may be related to the host, to the pharmacology and pharmacodynamics of the 

therapy,, to characteristics of the gastric mucosa or to differences in H. pylori strains may also play 

aa role. These 'other' factors, currently not well understood, can explain why some H. pylori seem 

'ineradicable",, or why certain patients, who appear motivated and compliant and show no 

antimicrobiall  resistance to any of the antibiotics used, still fail sequential anti-H. pylori therapies. 

Finallyy this thesis is summarized in Chapter 8. 
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Inn conclusion, in this thesis several primarily clinically-based questions, related to the 

antimicrobiall  therapy in Helicobacter pylori infections, have been studied. These studies can help 

clinicianss in treating patients with H. pylori infections to choose better therapies to eradicate H. 

pyloripylori and decide what to do in case of therapy failure. 

Despitee the enormous amount of effort and the number of studies that have been done in the 

fieldd of H. pylori, there is still a long way to go. We are just at the beginning of understanding 

thee microbiology of H. pylori with its tremendous strain-to-strain variability.We still do not know 

howw H. pylori are transmitted. What are the host factors that place an individual at risk for H. 

pylori—pylori—associatedassociated disease? The role of H. pylori in functional dyspepsia is still controversial. We do 

nott know the role of H. pylori in NSAID-related ulcer disease.There is discussion regarding the 

rolee of H. pylori in gastric cancer and whether eradication of this bacterium wil l reduce the risk 

off  developing gastric adenocarcinoma. We still do not have the magic bullet that kill s all H. pylori. 

Thee increase of resistance rates against common anti-H. pylori drugs emphasizes the need for 

novell  drugs. Also, the role of H. pylori infection in several extra-intestinal diseases is an ongoing 

discussionn in the literature.Vaccines wil l probably be developed, but how and when and where 

theyy should be used remains unsettled. Indeed, we do not know 'if the only good Helicobacter 

iss a dead Helicobacter"; in other words, we do not know if there are patients who benefit from 

ann H. pylori infection. Recently, possible protective effects of H. pylori for refluxoesphagitis and 

forr the development of adenocarcinomas in the gastric cardia were suggested.There may be other, 

ass of yet unidentified, beneficial effects of H. pyIon'infections. 

Furthermore,, considering that H, pylori has survived for so many millennia in the human stomach, 

andd considering the enormous amount of bacteria that exist (in the range of 107 to 1011 in the 

stomachh of one human being), this bacterium is likely to be a survivor. We have already seen 

thatt H. pylori have several means of self-protection (e.g., the emergence of secondary resistance) 

andd has been shown to be difficult to eradicate. We may well become increasingly impressed by 

thee 'tricks' H. pylori have to escape eradication or, in other words, to survive. 

Too answer these and many other remaining questions we need rigorously designed studies with 

largee numbers of patients, with uniform therapies and methods of testing H. pylori , and with 

dataa on the effectiveness of different therapies separately for sensitive and resistant organisms. 

Onlyy then can different studies be compared and evaluated. 

Ass in other important infectious diseases, community surveillance of antimicrobial resistance 

againstt H. pylori infections should be performed. If antibiotic resistance increases further, pre-

therapyy antibiotic sensitivity testing on an individual basis may become necessary. 
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ikk voor het geduld bij het steeds weer extra tijd vragen voor het nemen van biopten, het praten 

mett patiënten, de vele extra telefoontjes en 'klusjes tussendoor', maar vooral voor de prettige 

sfeerr waarin dit alles gebeurde. 
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111 Zowel over- als onderbehandeling van Helicobacter pylori infecties zijn een actueel probleem. 

122 In de Nederlandse populatie is bismuth, in combinatie met tetracycline en metronidazole 

gedurendee 2 weken een uiterst effectieve en goedkope Helicobacter pylori eradicatie therapie. 

133 Het betere is de vijand van het goede. 

ProfProf dr C.H. Edelman 

144 Naarmate je meer weet, weetje beter datje niets weet. 
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155 When you torture your data long enough, nature will confess. 

166 Er is geen causaal verband aangetoond tussen het einde van de Cold War en het begin van 

Globall  Warming. 

177 Toiletblokken gaan in het algemeen langer mee in dames- dan in heren wc's bij gelijk 

gebruik. . 

188 Het is onmogelijk dat een geur duizend keer sterker is dan een andere. 

199 Het is onduidelijk waarom kamikaze piloten helmen droegen. 

200 Zoet water is niet zoet. 

211 Tegenwoordig kost een liter euro iets meer dan een euro. 

Martinn Houben, januari 2000 
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11 De methoden om antimicrobiële resistentie te bepalen dienen gestandardiseerd te worden, 

zodatt klinische trials beter kunnen worden vergeleken. 

22 Er is geen situatie waar de klinische relevantie van in vitro gedetecteerde antimicrobiële 

resistentiee zó controversieel is als Helicobacter pylori resistentie voor nitroimidazole 

preparaten. . 

Prof.Prof. dr F. Mégraud 

33 Patiënten met Helicobacter py/ori-stammen die resistent zijn voor metronidazole en/of 

clarithromycine,, hebben een verhoogde kans op het falen van een respectievelijk 

metronidazolee en/of clarithromycine bevattende Helicobacter pylori eradicatie therapie. 

44 Een anti-Helicobacter pylori therapie dient getest te worden in een bepaalde populatie, alvorens 

dezee als standaard eradicatie therapie geadviseerd kan worden. 

Prof.Prof. dr D. Y. Graham 

55 De effectiviteit van een Helicobacter pylori eradicatie therapie met een proton pomp remmer 

inn combinatie met twee antibiotica is hoger bij patiënten met ulcusziekte, dan bij patiënten 

zonderr ulcusziekte. 

66 Op DNA niveau is er een enorme heterogeniteit tussen Helicobacter pylori stammen, zoals 

diee zelden wordt gevonden voor andere micro-organismen. 

Prof.Prof. dr MJ. Blaser. 

77 Bij Helicobacter pylori infecties is de effectiviteit van een eradicatie therapie, omgekeerd 

evenredigg met de virulentie van het micro-organisme. 

88 De 13C-ureum ademtest is een betrouwbare methode om genezing van een Helicobacter pylori 

infectiee te determineren. 

99 Na falen van een PPI triple eradicatie-therapie, verdient quadruple therapie de voorkeur. 
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