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Woord vooraf

Op het moment dat de eerste volledige versie van dit werkje uit de printer rolt, besef ik

pas wat een werk er allemaal is verzet in 3 jaar tijd. Zoals vrijwel elk proefschrift, is ook

dit boekje niet alleen het werk geweest van degene wiens naam op de voorkant prijkt.

Het proefschrift dat nu voor u ligt, is tot stand gekomen dankzij de gezamenlijke

inspanning van verschillende personen. Ik kan dan ook niet anders dan enkele van hen

noemen.

In de eerste plaats moet ik Jaap Thijs en Ton van Zwet noemen. Nadat zij gezamenlijk

gepromoveerd waren op Helicobacter pylori bleven er nog zoveel gegevens en ideeën

liggen dat er nog iemand op zou kunnen promoveren. Dat is dan ook de basis geworden

voor dit proefschrift. Daarnaast hebben zij mij de ruimte gegeven om het probleem van

nitroimidazol resistentie te exploreren. Het gezamenlijk proberen te doorgronden van de

problemen die we in het laboratorium en de kliniek hebben ondervonden waren voor

mij een belevenis op zich. Het streven naar perfectie en heldere formuleringen maakte

elk artikel tot een zware bevalling, maar wel van stuk voor stuk prachtige kinderen. De

bijdrage van Jaap en Ton aan dit proefschrift is wat mij betreft dan ook niet correct

weergegeven aan het begin van dit proefschrift: zij waren eigenlijk mijn copromotoren.

Daarnaast moet ik Jan Kleibeuker, mijn promotor, noemen. Zijn bijdrage aan dit

proefschrift is veel belangrijker geweest dan de afstand Hoogeveen - Groningen doet

vermoeden. Zijn frisse kijk op ons gezwoeg hebben dit proefschrift aanzienlijk

verbeterd.

Verder wil ik de bijdrage van Hans Kusters vermelden. Zijn inzichten staan aan de basis

van verschillende hoofdstukken in dit proefschrift. Zijn enthousiasme maakte elk

bezoek aan de VU tot een feest. Hans heeft mij zelfs even doen twijfelen of ik mij toch

niet moest laten omscholen tot moleculair bioloog.

Albertine de Jong heeft vrijwel al het laboratoriumwerk voor haar rekening genomen.

Honderden kweekbodems zijn door haar handen gegaan voordat we begrepen wat we

aan het doen waren. Haar doorzettingsvermogen is verschillende malen tot op het

uiterste beproefd, en niet alleen omdat die 'beestjes' weer eens niet mee wilden werken.

Monique Gerrits wil ik bedanken voor het verrichten van o.a. de anaërobie proeven,

Wim Sluiter voor zijn statistische adviezen, Beng Oey voor zijn bereidheid honderden

PA biopten te (her)beoordelen, Mark Meddens voor de serologische bepalingen en Eltjo
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Glazenburg voor zijn hulp bij het geworstel met de pH meter. De verpleegkundigen van

de afdeling traumatologie wil ik bedanken voor hun hulp en 'scopieer- en

biopteerbereidheid', Marijke Keming voor het verrichten  van de voedingsanamneses,

Adriaan Kooy voor het aanleveren en scopiëren van vele patiënten en de medewerkers

van het bac-lab voor al hun hulp en heel veel meer.

Enkele honderden patiënten waren bereid mee te doen in de verschillende studies.

Zonder hun bijdrage was dit proefschrift niet tot stand gekomen. Met name de patiënten

die aan de reflux studie meededen, wil ik bedanken voor hun bereidheid allerlei

vervelende onderzoeken te ondergaan.

Glaxo-Wellcome bedank ik voor hun financiële ondersteuning.

De beoordelingscommissie wil ik bedanken voor de bereidheid dit proefschrift te

beoordelen.

Ik kan het niet laten om ook enkele andere mensen te noemen, die direct of indirect een

bijdrage hebben geleverd aan het slagen van mijn 'Hoogeveense periode'. De internisten

en de longarts wil ik bedanken voor hun bereidheid een 'onderzoeksassistent' te

tolereren in hun keuken. Het personeel van afdeling 5 Zuid wil ik bedanken voor hun

meer dan prettige samenwerking. Niek Arents en Michiel Wulffelé wil ik noemen, en

niet alleen omdat zij het mij mogelijk maakten af en toe eens flink te mopperen. Veel

beter geschikt daarvoor, en voor allerlei andere dingen, waren de secretaresses van de

internisten. Ik heb hen voor van alles en nog wat uitgemaakt, en ik moet zeggen dat

luchtte behoorlijk op. Bedankt!

Tot slot wil ik mijn ouders en Joke, Gea, Els, Tjerko en Petra noemen. Ik weet in ieder

geval zeker dat het zonder jullie 'support' niet was gelukt.
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Chapter 1

Introduction and outline of the thesis.
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Helicobacter pylori.

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

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

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

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

patients either received maintenance acid suppressive treatment or underwent gastric

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

short course of antibiotics in combination with bismuth compounds or acid

suppressants.

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

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

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

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

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

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

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

environment.

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

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

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

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

lipoproteins, and outer membrane proteins suggesting complex host-pathogen

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

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

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

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

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

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

encompasses several genes associated with more severe inflammation and with PUD

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

the product of the IceA gene (5).

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

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

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

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

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

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

H. pylori and disease.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

determine the clinical outcome of the infection.

Diagnosis.

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

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

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

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

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

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

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

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

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

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

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

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

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

susceptibility can be determined (3).

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

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

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

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

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

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

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

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

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

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

pretreatment situation showing good or acceptable accuracy for all of them

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

regimens (39).

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

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

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

therapy regimens the most frequently used antibiotics are macrolides, particularly

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

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

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

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

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

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

Follow-up after treatment.

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

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

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

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

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

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

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

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

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

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

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

after treatment.

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

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

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

Many authors consider nitroimidazole susceptibility testing in H. pylori problematic

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

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

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

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

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

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

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

the impact of nitroimidazole resistance on the efficacy of nitroimidazole containing

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

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

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

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

resistance to place these aforementioned studies in a broader perspective.

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

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

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

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

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

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

conclusions.
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Abstract.

Objective: To study the prevalence of primary metronidazole resistance of

Helicobacter pylori (H. pylori) in 1993 and 1996 in three Dutch hospitals and the 1994 /

1995 prevalence in one of these hospitals.

Methods: All cultures of antral biopsy specimens yielding H. pylori in the study period

were considered for evaluation. Strains from patients who previously received anti-H.

pylori treatment were excluded.  Metronidazole resistance was determined by disk

diffusion in 1993 and by E-test in 1994 - 1996.

Results: 1037 strains, all from different patients were included. Metronidazole

resistance increased from 18/245 (7%) in 1993 to 161/509 (32%) in 1996 (p < 0.0001).

This increase was observed both in males and in females. In one of the three hospitals

endoscopic diagnosis, age and ethnic background of the 1993 / 1996 patients were

known. Mean age of the patients was 55 ± 14 in 1993 and 54 ± 16 in 1996. In 1996

more non ulcer dyspeptics (NUD) (83% vs 38% in 1993) and non-Western European

patients (12% vs 3% in 1993) were evaluated. However, comparable increase in

metronidazole resistance was observed in NUD and peptic ulcer patients. Excluding the

non-Western European patients prevalence of metronidazole resistance still increased

from 5% in 1993 to 28% in 1996.

Conclusion: Primary metronidazole resistance is rapidly increasing in the Netherlands,

independently of gender, endoscopic diagnosis and ethnic background.
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Introduction.

Since the first description (1) of Helicobacter pylori (H. pylori) and the acceptance of

its role in the pathogenesis of peptic ulcer disease (PUD) (2), different regimens to

eradicate this microorganism have been used in clinical practice (3). Metronidazole is a

frequently used drug in these treatment regimens. Resistance to metronidazole has been

associated with treatment failure (4-6). Recently an increase of metronidazole resistance

has been reported from different parts of the world (7-12). This retrospective study

describes the prevalence of primary metronidazole resistance in 1993 and 1996 in three

regional hospitals in the northern part of the Netherlands and the 1994 / 1995 prevalence

in one of these hospitals.

Materials and methods.

All cultures of antral biopsy specimens yielding growth of H. pylori in the study period

were considered for evaluation. Possible previous anti-H. pylori treatment was the only

reason for exclusion. All H. pylori strains were isolated from different patients.

Endoscopes and biopsy equipment were thoroughly cleaned with a detergent and

disinfected with 2% glutaraldehyde in an automatic washing machine between all

endoscopic procedures. Biopsy specimens for culture were taken within 3 cm of the

pylorus. Culture was performed as described elsewhere (13). Susceptibility to

metronidazole was determined by disk diffusion in 1993 and the E-test in 1994 - 1996.

For these tests plates were inoculated with a suspension adjusted to a turbidity

approximating that of a McFarland no. 3 standard (14). For disk diffusion a 5 µg disk

(Mast Laboratories, Liverpool, UK) was used and read after at least 3 days of

incubation. Strains with an inhibition zone of 10 millimeter or more were regarded as

susceptible (15). The E-test (AB Biodisk, Solna, Sweden) (16) was performed according

to the instructions of the manufacturer and read after at least 3 days. The strains were

considered to be metronidazole resistant when the minimum inhibitory concentration

was above 8 µg per ml.

In one of these hospitals (hospital C) data were available on endoscopic diagnosis, age

and ethnic background of the patients from whom the strains were isolated in 1993 and

1996. Therefore, in this hospital it was possible to compare the prevalence of

metronidazole resistance of PUD patients with the prevalence in patients suffering from

non ulcer dyspepsia (NUD) and to look at resistance rates in patients of different ethnic

background. Statistical analysis was performed using Fisher's exact test on binomial
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data and Student's t-test on continuous data. Differences were considered significant

when  P < 0.05.

Results.

In the three hospitals 245 H. pylori strains isolated in 1993, and 509 strains isolated in

1996 were evaluated. In hospital C another 137 strains from 1994 and 146 strains from

1995 were studied. The strains were obtained from 89 females (36%) and 156 males

(64%) in 1993, 58 females (42%) and 79 males (58%) in 1994, 73 females (50%) and

73 males (50%) in 1995, and 234 females (46%) and 275 (54%) males in 1996. The

proportion of females in the population examined was higher in 1996 as compared to

1993 (p = 0.02). However, the prevalence of metronidazole resistance in males did not

differ from the prevalence in females. Both in males, females and the total group the

prevalence of metronidazole resistance increased significantly from 1993 to 1996 (table

1).

Table 1. Prevalence of metronidazole resistance of H. pylori from 1993 to 1996 in 3

different hospitals.

1993 1994 1995 1996

All strains. 18/245 (7%) 161/509 (32%) p < 0.0001

Hospital A. 5/75 (7%) 46/170 (27%) p < 0,0008

Hospital B. 7/82 (9%) 55/137 (40%) p < 0,0001

Hospital C. 6/88 (7%) 13/137 (9%) 21/146 (14%) 60/202 (30%) p < 0,0001

Males. 11/156 (7%) 4/79 (5%) 9/73 (12%) 83/275 (30%) p < 0,0001

Females. 7/89 (8%) 9/58 (16%) 12/73 (16%) 78/234 (33%) p < 0,0001

Data are given as number of metronidazole resistant H. pylori strains /  total number of

H. pylori strains (percentage of metronidazole resistant H. pylori strains). p values are

given as 1993 compared to 1996 (Fisher's exact test).
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In hospital C 83% and 38% of the strains were isolated from PUD patients in 1993 and

1996 respectively (table 2, p < 0.0001). However, there was no significant difference in

the prevalence of resistance between NUD patients or PUD patients in 1993 nor in

1996. In this hospital more strains from non-Western-European patients were included

in 1996 then in 1993 (p = 0.04) and the prevalence of metronidazole resistance was

higher in this group as compared to the total population. However, when this patient

group was excluded the observed increase could still be detected in the traditional local

population (p < 0.0001). The mean age of the patients from whom the H. pylori strains

were isolated in hospital C was the same in 1993 and 1996 (55 ± 14 (mean ± SD) and

54 ± 16 years, respectively.)

Table 2.

Distribution of metronidazole resistance of H. pylori in 1993 and 1996 in hospital C.

1993 1996

All strains 6/88 (7%) 60/202 (30%)

Non ulcer 1/15 (7%) 36/124 (29%)

Peptic ulcer 5/73 (7%) 23/76 (30%)

Gastric malignancy - 1/2 (50%)

Western-European 4/85 (5%) 50/178 (28%)

Eastern-European, African and Asian 2/3 (67%) 10/24 (42%)

Data are given as: number of metronidazole resistant  strains /  total number of H. pylori

strains (percentage of metronidazole resistant H. pylori strains).
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Discussion.

In agreement with the results of some investigators (7-12) but in contrast with those of

others (17,18), our study shows a rapidly increasing prevalence of metronidazole

resistance in H. pylori. The increase did occur in all three hospitals. It confirms our

previous experience of increasing resistance in this part of the Netherlands (19,20).

We explored the possibility that the observed rise in the rate of resistance was the result

of a change in the population examined. In fact, in 1996 more H. pylori strains were

isolated from NUD patients, reflecting the gradually changed habit of the endoscopists

to take routine biopsy samples for culture at each gastroscopy. Furthermore, in 1996

larger proportions of the examined populations were females and foreigners. However,

in contrast with the results of Ching et al. (21), we found that the prevalences of

metronidazole resistance in NUD patients and of  PUD patients were the same.

Furthermore, the prevalences of metronidazole resistance were comparable among

males and females in both 1993 and 1996. If non-Western-European patients were

excluded, the rapid increase was still observed. Several authors have suggested that the

prevalence of metronidazole resistance is higher in the young and middle aged

(17,18,22-24). In our study population however, mean age was the same in 1993 and

1996.

The fact that we used different techniques to measure metronidazole susceptibility is an

important issue (24). However, in a prospective study comparing the E-test and disk

diffusion in 124 different H. pylori strains we found concurrent results in all but six

cases (unpublished). These results, as well as other studies (25,26) show a very high

inter-test agreement between the two tests when using the above stated criteria for

metronidazole resistance.

We cannot exclude the possibility that other methodological factors are involved.

However, as during the study period procedures were standardized and the increase was

observed in three different hospitals with their own laboratory, we consider this

unlikely. Therefore, the observed rapid increase seems real and is relevant for clinical

practice (4-6).

What possible explanations for the apparent increase in metronidazole resistance can be

postulated? Several authors have suggested that the use of nitroimidazoles for other

reasons, for instance gastrointestinal parasitic (21-22,27) or gynaecological infections

(6,21,24,27), could be implicated. The latter would be an explanation for the higher

prevalence of metronidazole resistance in women that was observed in several studies
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(6,17,19,23). Our study, however, did not show a significant difference between males

and females, nor was the increase more apparent in women. Moreover, as is shown in

table 3 out of hospital prescription of metronidazole in the Netherlands only increased

slightly from 1989 up till 1995. Some authors have suggested that the treatment with

nitroimidazole containing regimens of H. pylori infection itself could be the cause

(23,27,28). However, we consider this unlikely. Firstly, we excluded all strains that

were isolated after known anti-H. pylori treatment. Admittedly, we cannot exclude

completely that some of the patients were previously treated by their general

practitioner, without our knowledge. We are, however, confident that this is a rare

occurrence as in our region most physicians prescribe their treatment based on

endoscopic findings and culture of the biopsy specimens and we excluded all patients

from whom H. pylori was isolated at a previous occasion. In our region breath testing is

not available for general practitioners and so far serology is used only rarely. Moreover,

nitroimidazole containing anti-H. pylori regimens are highly effective (3,29) and

metronidazole resistance could only be induced in the few H. pylori strains escaping

eradication. Epidemiological data make it unlikely that strains rendered resistant in that

way spread in the population (30,31). Therefore, although it is possible that general

practitioners have been treating H. pylori infections more frequently in recent years, it

seems unlikely that this could have caused the observed four times increase in

prevalence of resistance.

Table 3. The out of hospital use of metronidazole in the Netherlands in the years 1989

to 1995.

1989 1990 1991 1992 1993 1994 1995

use of metronidazole 10,5 11,2 11,7 12,4 12,6 12,8 13,3

Data are given as number of prescriptions / 1000 insured.

Data derived from the Health Insurance Council (Ziekenfondsraad), Drug Information

Project, Amstelveen, the Netherlands.
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The actual explanation for the rapid increase in metronidazole resistance in H. pylori

that we observed can therefore only be a matter of speculation. Apparently

metronidazole resistant H. pylori strains somehow have a survival advantage and the

increase in metronidazole resistance may be the result of some as yet unknown

environmental pressure.

In summary, our study suggests that the prevalence of metronidazole resistance in H.

pylori is rapidly increasing in the Netherlands. The explanation for this increase,

however, is still elusive and can only be speculated about.
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Abstract.

Susceptibility testing for metronidazole by E-test was compared to disk diffusion in 263

and to breakpoint agar dilution in 90 H. pylori isolates. In 5% and 6% of cases, results

were discrepant. In 52 clinical isolates an E-test was performed on 10 separate colonies.

Subpopulations of resistant and susceptible bacteria were found in 5 cases. In 3 isolates,

each colony was subcultured and tested up to ten times. All but one of 292 tests showed

the same result. We conclude that the E-test is reliable and that subpopulations are

responsible for discordant results.
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Introduction.

Nitroimidazoles are frequently used to treat Helicobacter pylori (H. pylori) infection

(1). The relevance of in vitro nitroimidazole resistance (NIR) of H. pylori for treatment

efficacy is still debated (2-6). Furthermore, data on the evolution of NIR prevalence are

conflicting (7-11). As nitroimidazole susceptibility testing is not standardized,

methodology may be, at least partly, responsible for these controversies (4). In addition,

susceptibility testing may also be influenced by the fact that patients can be infected

with both susceptible and resistant bacteria (12). In this study the relevance of this

phenomenon for the E-test results was evaluated.

Methods.

Antral biopsy specimens were rubbed on two selective agar plates, one with Belo-

horizonte medium (BHM-medium) and one with Campylobacter selective medium. The

plates were incubated at 36oC under micro-aerophilic conditions and were examined

after 2-3 days. Colonies were confirmed to be H. pylori by Gram staining and enzyme

activity. For susceptibility testing, Columbia agar plates, supplemented with 7%

horseblood but without antibiotics (H. pylori susceptibility testing medium, HPS-

medium) were inoculated with a suspension of multiple colonies. Metronidazole

susceptibility was tested by E-test, disk diffusion, and breakpoint agar dilution. The

plates were read after 2-3 days. For the E-test (AB-Biodisk, Solna, Sweden) strains were

considered resistant if the minimal inhibitory concentration (MIC) of metronidazole was

above 8 µg per ml. For disk diffusion a 5 µg metronidazole disk (Mast Laboratories,

Liverpool, UK) was used. Strains with an inhibition zone of less then 10 millimeter

were regarded as resistant (13). For breakpoint agar dilution two plates were used, one

HPS-medium supplemented with metronidazole (8 µg per ml) and one such plate

without antibiotics as a control. If H. pylori grew on both plates, the strain was

considered resistant.

In the first part of the study the E-test was compared with disk diffusion in 263

consecutive H. pylori isolates and with breakpoint agar dilution in another 90 isolates.

All isolates were obtained from different patients. In the second part 52 isolates, each

obtained from a single antral biopsy specimen from one of 52 patients, were

investigated. From each isolate 10-11 separate colonies were subcultured and an E-test

was performed on each subculture. Results were compared with the E-test results using
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multiple colonies. In three of these 52 isolates (two with MIC ≥256 µg per ml and one

with MIC 0.5 µg per ml by E-test on multiple colonies) the 10-11 colonies were also

subcultured on BHM-medium. Bacteria were harvested after 2-3 days and resuspended

on HPS-medium for the E-test and on BHM-medium for further subculture. After 2-3

days bacteria were again harvested from the BHM-medium and the same procedure was

repeated. In this way, 32 colonies were tested up to 10 times.

Results.

When the E-test results were compared to the disk diffusion and breakpoint agar

dilution results, discordance was found in 5% (95% CI: 3-9%) and 6% (95% CI: 2-12%)

of cases, respectively (E-test vs disk diffusion: 166 strains susceptible (S) by both tests,

83 strains resistant (R) by both tests, 8 strains R by E-test but S by disk diffusion, 6

strains S by E-test but R by disk diffusion; E-test vs breakpoint agar dilution: 60 strains

S by both tests, 25 strains R by both tests, 1 strain R by E-test but S by agar dilution, 4

strains S by E-test but R by agar dilution). In the discordant cases differences between

E-test and disk diffusion were mostly not around the cut-off, but bacteria were tested

completely resistant by one test and fully susceptible by the other test (table 1). When

10-11 different colonies of an isolate were studied, 34 biopsy specimens harbored only

susceptible bacteria and in 13 specimens only resistant bacteria were found. In all of

these cases the results were congruent with the outcome of routine susceptibility testing

using multiple colonies. In 5 biopsy specimens (10%; 95% CI:3-21%) both resistant and

susceptible bacteria were found. When multiple colonies were used, 3 of these 5 isolates

were tested resistant and the other two were tested susceptible (table 2). In our last

study, repeating the E-test up to 10 times on 32 single colonies obtained from three

isolates, variations in MIC were frequently seen. In one strain for example, MIC varied

between 0.032 and 2 µg per ml. However, only one strain initially designated as

resistant (MICs varying between 24 and ≥256 µg per ml) was reclassified as susceptible

(MIC of 8 µg per ml) (1/292 tests (0,34%, 95% CI: 0.01-1.84%).

Discussion.

It has been generally recognized that, in comparison with susceptibility testing of H.

pylori for other antibiotics, testing nitroimidazole susceptibility is problematic (4,14-

17). In our study we also found disagreement between the tests in approximately 5% of
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Table 1. MICs and inhibition zones of the 14 strains with discordant results in the study

comparing E-test to disk diffusion.

 E-test Disk diffusion

MIC (ug/ml) inhibition zone (mm)

1 0,125 no zone

2 0,25  no zone

3 0,25 no zone

4 4 no zone

5 5 no zone

6 8 no zone

7 24 16

8 >32 12

9 >32 14

10 >32 16

11 >32 17

12 >32 22

13 >32 26

14 >32 26

cases. Although differences in methodology may cause variations in test results (4), we

think that this does not account for the discrepancies found in our study, namely that

isolates were classified as highly resistant by one test and fully susceptible by another

test. As the reproducibility of the E-test in the offspring of a single bacterium was

almost perfect, the most likely explanation for the discordant results is a coinfection

with both resistant and susceptible bacteria.

In our population such a coinfection could be demonstrated in approximately 10% of

the cases, when only one biopsy specimen was examined. This is not unexpected as it is

known from DNA fingerprinting that patients can be infected with two or more different

strains (18-20). Moreover, even within the same strain different susceptibility patterns

to metronidazole have been found (20,21). As a study in gnotobiotic piglets has shown a

microclonal mode of growth with limited migration of bacteria between different sites
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Table 2. Results of the E-test performed on 10-11 separate colonies as compared to the E-

test performed on multiple colonies in  the 5 biopsy specimens containing both resistant

and susceptible bacteria.

minimal inhibitory concentration (MIC) in µg per ml.

multiple

colonies

single colonies

1 2 3 4 5 6 7 8 9 10 11

1 2 ≥256 0,38 1 1 1 ≥256 1 0,75 0,75 1

2 ≥256 0,19 0,38 0,25 ≥256 0,38 0,5 0,75 --- ≥256 ---

3 ≥256 ≥256 0,19 ≥256 32 ≥256 ≥256 1,0 0,25 ≥256 32

4 8 192 8 ≥256 --- 128 1 0,5 1,5 1,5 16

5 ≥256 ≥256 0,75 1,5 48 ≥256 0,5 ≥256 ≥256 0,5 1,5 1,5

--- represents a missing test result due to strain death, very slow growth, or fungal

overgrowth.

of the stomach (22), it is likely that the more gastric biopsy specimens are examined, the

more different subpopulations will be encountered (20).

It is remarkable that coinfections with both resistant and suscepible bacteria have not

been described for other antibiotics (21). The special position of nitroimidazoles in this

respect may be explained by the genetic basis of NIR (15). NIR is related to null

mutations in the rdxA gene that encodes for a nitroreductase. This enzyme is not

essential for bacterial survival as no decrease in metabolic or growth capacity is

observed in the absence of functional enzyme (23). When a nitroimidazole containing

therapy fails to eradicate H. pylori, resistant mutants will become the major population

in the stomach. After the antibiotic pressure has been removed, the wild type may

reappear, but will have no significant survival advantage. This results in a stable

coinfection with both resistant and susceptible bacteria. In contrast, clarithromycin

resistance is associated with a point mutation in rRNA genes (24). Inefficient protein

synthesis, due to the mutation, is likely to diminish the chances of survival in the
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absence of clarithromycin. Therefore, if clarithromycin susceptible bacteria are present

they will eventually constitute the majority of the population.

In conclusion, our study shows that the E-test is reliable for nitroimidazole

susceptibility testing of H. pylori. A coinfection with both resistant and susceptible

bacteria, however, is common and may lead to discordant results between different

tests.
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Background & Aims: Previous observations showed that metronidazole resistant

strains become susceptible after anaerobic incubation in the presence of this drug. The

clinical significance of this reversibility in resistance is still unknown. The aim of this

study was to describe this phenomenon in more detail to gain more insight in the

mechanism of metronidazole resistance.

Methods: Nine metronidazole resistant clinical isolates and a reference strain were

incubated under anaerobic conditions with or without a metronidazole containing E-test

strip for 0, 0.25, 0.5, 1, 2, 4 and 8 hours. Plates were stored under micro-aerophilic

conditions and read after 3 days. The experiment was repeated in broth with or without

the protein synthesis inhibitor chloramphenicol.

Results: The minimal inhibitory concentrations of metronidazole decreased slowly

under anaerobic conditions. Anaerobic incubation without metronidazole did not

decrease the viability of the organism. Chloramphenicol did not affect this loss of

resistance.

Conclusions: In resistant isolates there was still reduction of metronidazole to active

components. The enzymes required for this reduction are already present under micro-

aerophilic conditions. This is in consistence with previous observations showing that

several nitroreductases are present in H. pylori but that resistance in the presence of

oxygen is related to absence of one of them: the oxygen-insensitive nitroreductase

(rdxA). The large variation in nitroimidazole susceptibility between different isolates

can be easily explained by variable activity of these enzymes between these isolates.

Furthermore, repetitive testing of one isolate may result in a lack of reproducibility due

to variability in expression of these enzymes. Finally, our data suggest that

metronidazole is still of therapeutic value in resistant strains.
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Introduction.

Metronidazole is one of the key drugs in treatment regimens for Helicobacter pylori (H.

pylori) infection (1). It has been shown that the prevalence of metronidazole resistance

is increasing in the Western world (2-7) . Although resistance of the microorganism to

this drug affects the efficacy of metronidazole containing regimens it does not make

them completely ineffective (8) . Therefore, insight in the mechanism of metronidazole

resistance is important as it may lead to new treatment regimens that are better able to

overcome this resistance.

Recently, the genetic background of metronidazole resistance has been elucidated. Null

mutations in a gene encoding for an oxygen-insensitive nicotinamide adenine

dinicleotide phosphate nitroreductase (rdxA) are associated with resistance (9). Whether

this mechanism accounts for resistance in all clinical isolates is still much debated (10-

13). Moreover, the discovery of the rdxA gene did not clarify previous observations that

metronidazole resistant strains turn into susceptible ones during anaerobic incubation in

the presence of metronidazole (14-15). To shed more light on this phenomenon, the

duration of incubation needed for this transformation was examined and it was studied

whether H. pylori required de novo protein synthesis for this phenomenon to occur.

Methods.

Strains and growth conditions. Nine different clinical isolates of H. pylori obtained

from nine different dyspeptic patients and the reference strain ATCC 43504 (16) were

used. All strains were metronidazole resistant (MIC > 8 µg/mL) as determined by E-

test. The strains were stored frozen at -80°C in brain heart infusion broth with 20%

glycerol until use. Bacteria were cultured on Columbia agar plates supplemented with

7% lysed, defibrinated horse blood with  or without 0.004% tetrazolium chloride and

0.0025% Dent supplement or in Brucella broth supplemented with 2% newborn calf

serum and 0.0025% Dent supplement. All cultures were incubated under micro-

aerophilic conditions (5% O2, 10% CO2 and 85% N2) and anaerobic conditions (10 %

H2, 5% CO2 and 85% N2) at 37°C.

The influence of different periods of anaerobic incubation in the presence of

metronidazole on metronidazole resistance. Columbia agar plates without supplements

were inoculated with a suspension of multiple H. pylori colonies using an inoculum
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approximating a McFarland 3-4. A metronidazole containing E-test strip (AB-Biodisk,

Solna, Sweden) was applied according to the instructions of the manufacturer.

Thereafter, the plates were incubated under anaerobic conditions for 0, 0.25, 0.5, 1, 2, 4,

8 hours, respectively. After each incubation period the strains were stored under micro-

aerophilic conditions and read after three days. To determine whether metronidazole

needs to be present during the anaerobic phase for this transformation, plates were also

incubated under anaerobic conditions for 480 minutes without application of the E-test

strip. Thereafter, the E-test strip was applied and the plates were stored under micro-

aerophilic conditions. Metronidazole susceptibility was read after three days. All

experiments were performed in triplicate.

The influence of chloramphenicol on metronidazole resistance during anaerobic

incubation.

It has been suggested that the induction of compensatory metabolic pathways are

needed for H. pylori to survive under anaerobic conditions. As it is unknown if the

killing of bacteria by metronidazole under anaerobic incubation requires these metabolic

pathways the novo protein synthesis was prevented through the addition of

chloramphenicol. Bacteria harvested from freshly grown, almost confluent Columbia

agar plates were inoculated in Brucella broth (one plate per 100 ml) and incubated

overnight with gentle agitation under micro-aerophilic conditions. At the onset of the

experiment, 0.1 % fumaric acid was added to the overnight culture to make strict

anaerobic conditions possible (13). Thereafter, the culture was split into 10 ml portions

that were incubated under micro-aerophilic or anaerobic conditions either with or

without 16 µg/mL metronidazole and with or without 10 µg/ml of the protein synthesis

inhibitor chloramphenicol for 0, 2, 4, 6 and 8 hours. Thereafter, 1ml of the broth was

taken and washed twicely with phosphate buffered saline to remove the antibiotics. In

order to determine the number of viable bacteria, 50µL of undiluted and 10-1, 10-2, 10-3,

and 10-4 dilutions in phosphate buffered saline was plated on Columbia agar plates, and

incubated under micro-aerophilic conditions. After four days colonies were counted and

data are expressed as colony forming units per mL (CFU/ml). All experiments were

performed in triplicate.
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Results.

Without anaerobic incubation the median MIC as determined by the E-test was 224

µg/ml (range 24 to >256 µg/ml). With increasing anaerobic incubation time the MIC

decreased slowly for all strains tested. After 2 hours all strains were still resistant. After

8 hours, however, all strains had become susceptible (Figure 1). A decrease in MIC was

never seen when the E-test strip was applied immediately after the anaerobic phase

(data not shown). From this we concluded that there is slow killing of the resistant

bacteriae by metronidazole during the anaerobic phase of the experiment.

For all strains tested in broth both metronidazole and anaerobic incubation were needed

for killing. Neither metronidazole alone nor anaerobic incubation alone resulted in a

decrease in CFU/ml. Moreover, the addition of chloramphenicol could not prevent the

loss of resistance during anaerobic incubation in the presence metronidazole. A

representative example of the results in one isolate is shown in Figure 2. All the other

isolates reproducibly gave similar results. Therefore, the addition of chloramphenicol

did not prevent the decrease in MIC, suggesting that for killing of the bacteria induction

of new metabolic pathways is not required.

Figure 1. The influence of anaerobic incubation in the presence of metronidazole on the

susceptibility to metronidazole in 10 resistant strains.
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Figure 2. The influence of chloramphenicol (chlor) on metronidazole (met)

susceptibility under micro-aerophilic (micro) and anaerobic conditions in one of the 10

metronidazole reistant strains.

Discussion.

Strains of H. pylori grow best under micro-aerophilic conditions (17). Therefore,

susceptibility testing for antibiotics in H. pylori is usually performed under such

conditions. Under anaerobic conditions, however, H. pylori strains remain viable,
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that needs to be activated by a redox-reaction, in which metronidazole is the electron
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the rdxA gene and that this strain had no mutations in other genes previously associated

with the metabolism of nitroimidazoles (16). Although we did not establish the exact

mechanism of resistance in the clinical isolates, the results of our experiments were

similar to that of the reference strain with a known defective rdxA gene. This suggests a

similar mechanism of resistance.

It has been shown previously that resistant strains become susceptible to metronidazole

during anaerobic incubation (13-15). Our study confirms these observations and

indicate that this transformation is a slow process and that susceptibility to

metronidazole is induced during the anaerobic phase. It has previously been suggested

that the loss of resistance is due to the induction of compensatory metabolic pathways

required for the survival of  H. pylori under anaerobic conditions (20,21). The results of

our study using chloramphenicol as a protein synthesis inhibitor, however, indicate that

compensatory metabolic pathways are not involved as the inhibition of  de novo protein

synthesis did not prevent the loss of susceptibility. Therefore, our data suggest that

during anaerobic incubation of metronidazole resistant H. pylori strains, metronidazole

is slowly reduced by preexisting mechanisms.

This is in concurrence with metronidazole uptake studies showing that under anaerobic

conditions there is a slow uptake of metronidazole in resistant strains that is absent

under micro-aerophilic conditions (21,22). As it is known that metronidazole diffuses

passively into the bacterium (19), uptake of metronidazole is only possible if a diffusion

gradient persists because of the metabolism of metronidazole to active metabolites.

These observations shed more light on the mechanism of  metronidazole resistance. In

metronidazole susceptible strains the reduction of metronidazole by the rdxA encoded

nitroreductase leads to a nitrosoderivate by direct transfer of two electrons (MET + 2e-

→ MET2-). This highly toxic nitrosoderivate causes DNA damage and subsequent

killing of the bacterium (Figure 3) (9,19). These toxic nitrosoderivates cannot be re-

oxidized by molecular oxygen due to the chemical nature of the two-electron transfer

step catalyzed by this enzyme, and the nitroreductase is, therefore, called 'oxygen-

insensitive' (19). In contrast to the situation in susceptible strains, a functional 'oxygen-

insensitive’ nitroreductase is not available in metronidazole resistant strains. In H.

pylori, however, several other nitroreductases are present (23,25-27). These

nitroreductases can reduce metronidazole, all be it to a free radical anion by a one-

electron transfer step (MET + e- → MET-) (23). This toxic free radical anion can, in

contrast to the nitrosoderivate that is produced by the rdxA encoded nitroreductase, be
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Figure 3.  Suggested metabolism of metronidazole in susceptible strains. MET

represents metronidazole, R represents the electron donor, and e reprents an electron.

Figure 4. Suggested metabolism of metronidazole in resistant strains under micro-

aerophilic conditions.  MET represents metronidazole, R represents the electron donor,

e reprents an electron, and SOD represents super oxide dismutase.
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Figure 5. Suggested metabolism of metronidazole in resistant strains under anaerobic

conditions.  MET represents metronidazole, R represents the electron donor, and e

reprents an electron.

re-oxidized by molecular oxygen to the original compound, a process called 'futile

cycling' (MET- + O2 → MET + O-
2) (13,19). These other nitroreductases are, therefore,
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2), produced in this process, can
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of metronidazole (24,29,30), probably with the aim to reduce the production of free
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functional rdxA encoded nitroreductase as long as molecular oxygen is present15. In the
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absence of molecular oxygen, however, 'futile cycling' is not possible. The free radical

anion can then exert its toxic effects or can be further reduced (Figure 5) (19,28). This

results in loss of metronidazole resistance under anaerobic conditions.

Our observations have important clinical implications. It has been shown that there is a

wide variation in MIC for metronidazole both among strains and among resistant strains

(31). It was, therefore, suggested that resistance could not be the result of mutations in

only one gene, but that mutations in several genes had to be involved (11). In contrast,

our data suggest that susceptibility to metronidazole might very well be dependent on

the presence of one enzyme only, the rdxA encoded nitroreductase and that the large

variation in MIC's can be explained by 'background' variation in the activity of other

nitroreductases.  This could also explain the lack in reproducibility in MIC when one

isolate is repeatedly tested of metronidazole susceptibility, although a strain remains

either susceptible or resistant (32). Our present observations suggesting that several

other nitroreductases are slowly reducing metronidazole and that the activity of these

nitroreductases are regulated by environmental factors may explain these variations in

MIC. These variations are, therefore, real variations in nitroreductase activity and not

merely methodological artifacts as suggested previously (33).

Our study shows that reduction of metronidazole to active components is still possible

in resistant strains suggesting that the addition of metronidazole to a regimen may,

therefore, increase the efficacy of this regimen in resistant strains. Administration of

metronidazole may, therefore, have therapeutic value even in patients infected with a

resistant strain. The clinical significance of these observations is probably

underestimated and clinical trials are warranted. If this observation proves to be of

clinical relevance it may become of great importance as multiple resistant H. pylori

strains are an emerging problem.

In summary, our data are in concurrence with previous observations showing that

resistance is related to mutations in the rdxA gene, encoding for an oxygen-insensitive

nitroreductase. In the absence of a functional rdxA gene, however, there is still a slow

reduction of metronidazole. These mechanisms become operative in the absence of

oxygen when re-oxidation of the metronidazole metabolites becomes impossible. This

slow reduction of metronidazole may be responsible for the large 'background' variation

in MIC that is observed between and within clinical isolates of H. pylori and may

explain why administration of metronidazole may still have therapeutic value in patients

infected with a resistant strain.
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Abstract.

Objective: To study the influence of nitroimidazole resistance (NIR) on the efficacy of

treatment for H. pylori infections by meta-analysis of the world literature.

Methods: A Medline search, a hand search of all major gastroenterological journals of

1993-1997, and abstracts of  gastroenterological and H. pylori meetings of 1993-1997

was performed. All treatment studies using a nitroimidazole, providing data about the

used medication, dose frequency, total daily dose, duration of treatment, and eradication

results in relation to NIR were included. Eradication had to be assessed by two biopsy

based tests or a urea breath test ≥4 weeks after treatment. Individual studies were pooled

into groups according to the used medication and the duration of the treatment. The

pooled estimate of the odds ratio (OR) of NIR for treatment failure and its 95%

confidence interval (95%CI) was calculated for each group using the logit method. To

detect any possible bias, funnel plots (plots of effect estimates against sample size) were

constructed.

Results: 91 treatment arms including a total of 4823 patients were evaluated. The

pooled OR's of NIR for treatment failure (95% CI) of protonpump inhibitor, bismuth,

and quadruple regimens were 5,2 (3,8-7,1), 5,9 (4,1-8,3), and, 7,0 (3,1-16,0),

respectively. Eradication rates were 90% in susceptible strains but below 75% in

resistant strains. In susceptible strains neither treatment duration nor the choice of the

second antibiotic influenced efficacy. In resistant strains tetracycline was more effective

than amoxicillin (bismuth regimens) and the longer the duration of regimens the more

effective they were (bismuth-amoxicillin regimens). Only quadruple regimens given for

1-week or more were effective in resistant strains.

Conclusions: NIR decreases treatment efficacy. Treatment duration and the choice of

other drugs influence the impact of NIR on efficacy. If NIR is present a nitroimidazole-

containing regimen should be avoided or a quadruple regimen should be given for more

than 1-week.
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Introduction.

Nitroimidazoles such as metronidazole and tinidazole are frequently used in treatment

regimens for Helicobacter pylori (H. pylori) infection (1). Nitroimidazole resistance

(NIR) of H. pylori, however, is very common in developing countries (2-6) and is

increasingly encountered in the Western world (7-11). To what extent in vitro NIR

influences the efficacy of treatment regimens containing one of these drugs is still

debated. Some authors have suggested that in vitro NIR is but a laboratory phenomenon

with limited or no influence on the efficacy of eradication therapy (12-15). Most

investigators, however, consider the in vitro susceptibility of the infecting H. pylori

strain to nitroimidazoles as one of the major factors influencing the efficacy of regimens

containing one of these drugs (3,16-20). The impact of NIR on treatment efficacy may

be dependent on several aspects of the treatment regimen, such as duration, the nature of

the concurrently prescribed other antibiotic (usually amoxicillin, clarithromycin or

tetracycline), and the other component of the regimen (either a bismuth compound or a

protonpump inhibitor (PPI)). In order to clarify the significance of in vitro NIR for the

outcome of the currently used treatment regimens, the world literature on this issue was

evaluated by meta-analysis.

Methods.

A Medline search was performed for all clinical trials and reviews on the treatment of

H. pylori infection. Furthermore, all abstracts submitted to the Digestive Disease Week,

United European Gastroenterology Week, meetings of the British Society of

Gastroenterology, and major H. pylori meetings of 1993-1997 were reviewed. Finally, a

hand search of all the 1993-1997 issues of the main gastroenterological journals was

performed and the references of all articles found were reviewed.

Only studies using a nitroimidazole containing treatment regimen and providing

adequate data about the used medication, dose frequency, total daily dose, duration of

treatment, and eradication results in relation to nitroimidazole susceptibility were

included. Eradication had to be assessed by adequate means (either two or more biopsy-

based tests or a 13C or 14C-urea breath test) at least four weeks after the end of treatment.

Care was taken to avoid the inclusion of covert duplicate data.

As only the effect of in vitro NIR on treatment efficacy was studied, the data of the per

protocol analysis (PP) were used. Individual studies were pooled into groups according

to the medication used and in subgroups according to the duration of the treatment. Any
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possible differences between the various bismuth compounds (bismuth subnitrate

(BSN), colloidal bismuth subcitrate (CBS), and bismuth subsalicylate (BSS)), between

the various PPI's (lansoprazole, omeprazole, and pantoprazole), and between the

different nitroimidazoles (metronidazole, tinidazole, and ornidazole) were ignored.

Furthermore, to avoid too small groups, differences in total daily dose and dosing

frequency were not taken into account.

The pooled estimate of the odds ratio (OR) of NIR for treatment failure (95%

confidence interval) was calculated for each group using the logit method (21,22). By

this method each individual study is weighed according to its inverted variance.

Thereby it is ensured that larger studies with comparable numbers of patients infected

with susceptible and resistant strains have more impact on the pooled OR than smaller

studies with a disproportionate ratio of patients infected with susceptible and resistant

strains.

To detect any possible bias, funnel plots (plots of effect estimates against sample size)

as described by Egger et al. were constructed (23). This method is based on the

mathematical fact that precision in estimating the OR will increase as sample size

increases. In our study the inverted variance was used instead of the actual sample size.

Results of studies with a small variance will form the top of the funnel. Results of

studies including only a small number of patients, with a disproportionate fraction of

subjects infected with either susceptible and resistant strains will scatter at the bottom of

the graph. In the absence of bias the plot will be a symmetrical inverted funnel. In the

presence of bias the funnel will be skewed. Funnel plot asymmetry was analyzed by a

linear regression approach, so that deviation of the intercept from zero represents bias

(23). Evidence for funnel plot asymmetry was based on P < 0,1 and intercepts are

presented with 90% confidence intervals (24,25).

Pooled PP eradication results were estimated in a similar way as described for the OR

and are presented as percentage (95% confidence interval) (26). Differences in

eradication rates were tested at a level of significance of p = 0,05.

Results.

Bismuth-based triple therapy.

Twenty studies using a classical bismuth based regimen and fulfilling the inclusion

criteria were identified (27-46). These studies comprised 27 separate treatment arms,

including a total number of 1691 patients. Treatment regimens consisted of a bismuth



61

Figure 1. Pooled eradication rates and 95% CI in relation to nitroimidazole

susceptibility in patients treated with classical bismuth-based therapy. AMO =

amoxicillin; TET = tetracycin; 7 and 14 = treatment duration of 7 and 14 days or more,

respectively. Susceptible vs. resistant: AMO7: p = 0,001, AMO14: p = 0,32; TET7: p =

0,08, TET 14: p = 0,16.

compound (CBS in 22 treatment arms and BSN in 5 treatment arms), a nitroimidazole

(metronidazole in all but three treatment arms, ornidazole in one, and tinidazole in two),

and either tetracycline (18 treatment arms) or amoxicillin (9 treatment arms). Treatment

duration ranged from 4 to 28 days; in 8 treatment arms the regimen was given for 7 days

and in 14 it was given for 14 days or more.

Nitroimidazole susceptibility was mostly tested with a disk diffusion method; a few

studies used the E-test or agar dilution.

NIR was significantly associated with treatment failure (OR: 5,9; 4,1-8,3), with an

eradication rate of 89% (80-97%) in case of susceptible strains vs. 64% (52-77%) in

case of resistant strains (p < 0,01). The funnel plot, however, was significantly skewed

(intercept: -35 (-62 to -7,5)). This suggests a bias, by which the smaller studies are

overestimating the effect of NIR as compared to the larger studies.

When the treatment arms were pooled into four subgroups (one subgroup using

amoxicillin and with a treatment duration of 7 days (AMO7, n=5), one group using
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tetracycline and with a treatment duration of 7 days (TET7, n=3), one group using

amoxicillin and with a treatment duration of 14 days or more (AMO14, n=2), and one

group using tetracycline and with a treatment duration of 14 days or more (TET14,

n=12)), NIR was significantly associated with treatment failure in all subgroups (OR:

15,8 (6,9-36,2), 13,4 (5,1-35,6), 5,3 (2,3-14,8), and 3,2 (2,0-5,3) respectively). In only

two subgroups (AMO7 and TET14) numbers were sufficient for the construction of

funnel plots. In AMO7 the funnelplot did not suggest any bias (intercept -21 (-115 to

75)), but in TET14 the funnelplot was skewed (intercept -36 (-62 to -7,5)). Pooled

eradication rates and 95% confidence intervals are summarized in figure 1. Amoxicillin

and tetracycline containing regimens were equally effective in susceptible strains

(eradication rate 85% (70-100%) and 90% (80-100%), p = 0,60). In resistant strains,

however, tetracycline containing regimens were more effective than amoxicillin

containing regimens (eradication rates 75% (60-90%) and 40% (17-63%), respectively,

p < 0,01). In the same way, treatment duration had no influence on treatment efficacy in

susceptible strains (AMO7: 81% vs. AMO14: 92% (p = 0,56) and TET7: 94% vs.

TET14: 92% (p = 0,90), figure 1). In resistant strains, however, one-week treatment

with amoxicillin was less effective than treatment given for two weeks or more (AMO7:

21% vs. AMO14: 66%, p = 0,04). Such an effect was not significant for tetracycline

(TET7: 50% vs. TET14 79%, p = 0,21, figure 1).

Protonpump inhibitor-based triple therapy.

Thirty-eight studies using a PPI-based triple therapy regimen and fulfilling the inclusion

criteria were found (27,47-80). In these studies 48 different treatment arms were

investigated including a total of 2454 patients. The regimens consisted of a PPI, a

nitroimidazole (metronidazole in 39 treatment arms, and tinidazole in 9), and either

amoxicillin (28 treatment arms) or clarithromycin (20 treatment arms). In most studies

the E-test was used for susceptibility testing. A minority of the studies used disk

diffusion or agar dilution.

When all PPI based regimens were considered together, NIR was significantly

associated with treatment failure (OR: 5,2; 3,8-7,1). Overall efficacy dropped from 93%

(86-99%) in nitroimidazole susceptible strains to 69% (60%-79%) in resistant strains (p

< 0,00001). The funnel plot was symmetrical (intercept -2 (-15 to 12)) suggesting no

significant bias in the studies.
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Figure 2. Pooled eradication rates and 95% CI in relation to nitroimidazole

susceptibility in patients treated with PPI-triple therapy. AMO = amoxicillin; CLA =

clarithromycin; 7, 10, and 14 = treatment duration of 7, 10, and, 14 days, respectively.

Susceptible vs. resistant: AMO7: p= 0,01, AMO10: p = 0,18, AMO14: p = 0,01, CLA7:

p = 0,06, CLA10: p = 0,93, CLA14: p = 0,57.

The treatment arms could be divided into six different subgroups: either amoxicillin or

clarithromycin containing regimens given for 7, 10, or 14 days (AMO7, AMO10,

AMO14, CLA7, CLA10, and CLA14). These subgroups contained 10, 5, 13, 16, 2, and

2 treatment arms, respectively. In all but the last two subgroups nitroimidazole

resistance was significantly associated with treatment failure: OR's were 9,6 (5,2-17,8),

4,2 (2,1-8,3), 8,7 (4,0-18,8), 3,5 (1,9-6,3), 1,7 (0,5-16,6) and 2,8 (0,5-16,6),

respectively. Funnel plots in the 4 larger subgroups were symmetrical  (intercept -33

(-88 to 22), -1 (-3 to 0,1), 10,2 (-27 to 48), and -6 (-29 to 17,8)).

Pooled eradication rates in the 6 subgroups are summarized in figure 2. In

nitroimidazole susceptible strains neither treatment duration (AMO7 vs. AMO10: p =

0,64, AMO7 vs. AMO14: p = 0,85, AMO10 vs. AMO 14: p = 0,52, CLA7 vs CLA10: p

= 0,90, CLA7 vs. CLA14: 0,81, CLA10 vs. CLA 14: p = 0,91, figure 2) nor the choice
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of the second antibiotic (93% (84-100%) for all amoxicillin containing regimens vs.

92% (82-100%) for all clarithromycin containing regimens, p = 0,89) influenced

efficacy. Also, in resistant strains, treatment duration had no significant influence on

efficacy  (AMO7 vs. AMO10: p = 0,81, AMO7 vs. AMO14: p = 0,34, AMO10 vs.

AMO 14: p =0,61, CLA7 vs CLA10: p = 0,48, CLA7 vs. CLA14: 0,73, CLA10 vs. CLA

14: 0,43). The data suggest that amoxicillin is less effective than clarithromycin in

resistant strains (pooled eradication rate of all amoxicillin containing regimens was 64%

(50-77%) and for clarithromycin containing regimens 76% (62-90%)), but the

difference failed to reach statistical significance (p = 0,18).

Only a few studies used an H2-receptor antagonist instead of a PPI and these were not

included in this analysis (81-84). A reduction in efficacy in resistant strains, however,

was also suggested in these studies.

Quadruple therapy.

Eight of the 15 studies using quadruple therapy and fulfilling the inclusion criteria were

performed by de Boer et al (28,85-98). Sixteen different treatment arms were evaluated

including a total of 678 patients.

All but 3 regimens consisted of a PPI, CBS, tetracycline, and metronidazole. One

regimen used BSS instead of CBS (88), one used amoxicillin instead of tetracycline

(91), and one used amoxicillin instead of tetracycline and tinidazole instead of

metronidazole (97). Treatment duration varied from one to twelve days. In all but one

study tetracycline and CBS were given at least four times daily. In one study,

medication was given bid and this was less effective (88). This study is considered

separately.

NIR was significantly associated with treatment failure (OR 7,0 (3,1-16,0)), and the

funnel plot was symmetrical, be it with a large confidence interval (intercept -36 (-91 to

19)). Overall eradication rates were 91% (80-100%) in susceptible and 77% (53-100%)

in resistant strains (p = 0,19). Treatment arms were pooled into two different subgroups

according to treatment duration. (≤4-days (quad 4; n=8) and ≥7-days (quad 7; n=7)).

OR's were 6,4 (1,9-22,1), 4,2 (0,9-21), respectively. Funnel plots could not be

constructed in the two subgroups due to the small number of studies and the small

number of patients with resistant strains in some of these studies.

Efficacy increased with treatment duration in both susceptible and resistant strains, but

the difference failed to reach statistical significance (quadr 7 vs. quadr 4 in susceptible
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Figure 3. Pooled eradication rates and 95% CI in relation to nitroimidazole

susceptiblity in patients treated with quadruple therapy. Susceptible vs. resistant: 1-4

days: p = 0,23, 7-12 days: p = 0,81.

strains: p = 0,22, and in resistant strains: p = 0,17) When quadruple regimens are given

for seven days or more NIR had no significant influence on efficacy (eradication rate of

92% (63-100%), figure 3). Although the bid regimen was given for ten days,

metronidazole resistance decreased its efficacy from 90 to 41% (P = 0,02, Fisher's exact

test) (88).

Ranitidine bismuth citrate based triple therapy.

At the time of completion of this meta-analysis there were hardly any data on the

efficacy of ranitidine bismuth citrate (RBC)-based nitroimidazole-containing regimes in

relation to nitroimidazole susceptibility (99). Any meta-analysis is, therefore, futile. The

one available study evaluated a 1-week regimen consisting of RBC, tetracycline, and

metronidazole. Efficacy was 100% in susceptible strains (31 patients successfully

treated) and 57% in resistant strains (4 of 7 patients successfully treated) (p = 0,0005;

Fisher's exact test).
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Discussion.

Meta-analyses of clinical trials have become popular in clinical medicine (100). These

meta-analyses, however, are hazardous and in recent years some of them have been

contradicted by large randomized studies performed after they were published (101-

103). In general, the access of data, publication bias (studies which show effect are

more likely to be published than those showing no effect), multiple publication bias,

poor methodological design of clinical studies, inadequate analysis of the data of these

studies by the investigators, and even fraud may bias the results of a meta-analysis

(23,103).

The construction of a funnel plot, as described by Egger et al. (23) is a crude method to

detect any kind of such bias. In our study, significant bias could not be demonstrated, as

nearly all plots were symmetrical. Therefore, although there were major variations

between the individual studies, our estimation of the effect of NIR on the efficacy of the

different regimens, as represented by the OR, seems reasonable. Only in the classical

bismuth group the funnelplot suggested some form of bias.

Although we performed an extensive search of the literature, were watchful about

possible multiple publication, weighed every study carefully, and checked them for

methodological weaknesses as far as possible, some bias cannot be completely

excluded. Several studies were published as abstracts only and the methodology could

not be checked extensively. Furthermore, as subgroups would get too small otherwise,

differences in dose and dosing frequency had to be ignored. This could have influenced

our results as recent data suggest that higher doses of a nitroimidazole can, at least

partly, overcome resistance (104). Also, dosing frequency could be of influence as

suggested by the one study investigating a bid quadruple regimen (88). Furthermore,

different methods of susceptibility testing were used and this may have influenced our

results. Although agar dilution is accepted as the gold standard only 5 studies used this

method for susceptibility testing. In most studies of 'classical' bismuth based triple

therapy disk diffusion was used, while in the more recent studies of PPI-based triple

therapy and quadruple therapy, susceptibility testing was mainly done with the E-test. In

our and other laboratories these tests yield comparable results (105-107), but this has

not been confirmed by other investigators (108,109). If either one of these tests

systematically under – or overestimates the prevalence of NIR, this may cause

significant bias when different regimens are compared (109). Finally, one could imagine

that in studies showing no effect of NIR, susceptibility data were omitted from
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publication. Such publication bias could be the explanation for the skewed funnel plot in

the bismuth based triple treatment group.

Notwithstanding these possible drawbacks, our meta-analysis shows that NIR is

associated with treatment failure. Pooled OR's of PPI, bismuth, and quadruple regimens

were 5,2, 5,9, and, 7,0, respectively. In almost all subgroups including more than four

treatment arms NIR significantly influenced efficacy.

Our findings are relevant for clinical practice. All currently used regimens have

acceptable eradication rates of around 90% in susceptible strains (110,111). Eradication

rates of nearly all nitroimidazole-containing regimens, however, are far below 75% in

resistant strains, an exception being quadruple regimens for one week or more. Data on

RBC triple therapy are still limited, but preliminary results, not included in this meta-

analysis, suggest that a 1-week regimen combining RBC with clarithromycin and a

nitroimidazole is also effective in resistant strains (112-114). Further evaluation of this

regimen, however, is needed.

Confirming the data of other investigators (115,116), our meta-analysis shows that in

classical bismuth-based triple therapy tetracycline is more effective than amoxicillin.

This is, however, only apparent in nitroimidazole resistant strains.

As far as duration of the different treatment regimens is concerned, our study shows that

prolongation of amoxicillin and bismuth containing treatment regimens increases the

eradication rate in resistant strains. In concurrence with the data of de Boer et al. such

an effect is also suggested in the quadruple regimens (16).

As the influence of NIR on the efficacy of treatment regimens is dependent on such

different factors, like the nature of the other antibiotic and the duration of treatment, it is

likely, that some common mechanism is involved. Probably, both factors influence the

intrinsic efficacy of the regimen and it is likely that this is critical in determining

whether or not NIR diminishes its efficacy. In patients with susceptible strains the

influence of these factors on efficacy can not be shown due to the very high eradication

rates achieved by these regimens. In nitroimidazole resistant strains, however, where

one component of the regimen is less effective, these other factors are much more

important in determining its efficacy. This results in lower eradication rates, when a less

effective combination is used. This is consistent with the observations that also the

dosage of the nitroimidazole (104), as well as the nature of the anti-ulcer drug (28)

influences the effect of NIR.
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In summary, this meta-analysis shows that NIR has a statistically significant and

clinically relevant influence on treatment efficacy (110,117). The impact of

nitroimidazole resistance seems to be dependent on the intrinsic efficacy of the regimen.

In our opinion, nitroimidazole susceptibility data in the population or in the individual

patient are essential to determine the appropriate treatment regimen for clinical practice.

If NIR is present, as frequently occurs after treatment failure, a nitroimidazole-

containing regimen should be avoided. If this is not feasible, a regimen with high

intrinsic activity, like quadruple therapy given for one week or more, should be chosen.

Furthermore, studies investigating the efficacy of nitroimidazole containing regimens

for H. pylori should provide data on nitroimidazole susceptibility.
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Abstract.

Objective: To compare the efficacy and side effects of one-week triple therapy with

ranitidine bismuth citrate (RBC) 400mg bid, clarithromycin 500mg bid and

metronidazole 500mg bid, to two-week dual therapy with RBC 400mg bid and

clarithromycin 500mg bid for H. pylori infection in a randomized, clinical trial.

Methods: Patients (18-80 years) with a culture proven H. pylori infection were

randomized to one of these regimens. Side effects were scored on a semi-quantitative

scale. Endoscopy was performed at least four weeks after treatment. Antral biopsy

samples were taken for haematoxylin-eosine stain (HE), rapid urease test and culture

and corpus samples for culture and HE. Two weeks after the endoscopy a 13C-urea

breath test was performed. Eradication failure was defined as detection of H. pylori by

culture or by at least two other tests.

Results: 104 patients, 54 males, age 54±14, (36 duodenal ulcer, 16 gastric ulcer and 52

functional dyspepsia) were included. Gender, age, and diagnosis were comparable in

both groups. 14 of 52 patients in both triple and dual therapy, respectively, had

significant side effects, but all patients completed the course. Eradication results were

49/52 (94%, 95%CI: 84%-99%) and 50/52 (96%, 95%CI: 87%-100%) on intention to

treat analysis and 44/46 (96%, 95%CI: 85%-99%) and 48/49 (98%, 95%CI: 89%-100%)

on per protocol analysis for triple and dual therapy respectively.

Conclusions: Both regimens are very effective and well tolerated in the treatment of H.

pylori infection. The triple regimen has the advantage of being shorter.



79

Introduction.

Ranitidine bismuth citrate (RBC) is a recently developed drug with acid suppressing,

mucosal protective, and anti-Helicobacter pylori (H. pylori) properties (1). Given twice

daily in combination with clarithromycin 500 mg during fourteen days, it effectively

eradicates H. pylori in infected patients (2-9). It has been suggested that this two-week

regimen can be shortened to one week, while maintaining or even improving its efficacy

by adding a second antibiotic, like metronidazole (9-11). So far, however, data on the

efficacy of a one-week RBC-based triple therapy regimen are limited.

In this study the efficacy and side effects of a two-week dual therapy regimen with RBC

400 mg bid and clarithromycin 500 mg bid, was compared with a one-week triple

therapy regimen of RBC 400 mg bid, clarithromycin 500 mg bid and metronidazole 500

mg bid in a two-center, randomized, open, clinical trial.

Patients and methods.

All patients aged between 18 and 80 years with a culture proven H. pylori infection

were eligible for the study if anti-H. pylori treatment was considered appropriate for

clinical reasons (12). Patients were excluded in case of erosive reflux esophagitis, or

complicated peptic ulcer disease, if they had undergone resective gastric surgery, if a

gastric ulcer proved to be malignant, or in the presence of other major disease. Other

reasons for exclusion were pregnancy or lactation, known allergy to one of the trial

medications, the use of interacting medication like gold, or the need for bismuth

containing medication, protonpump inhibitors, or antibiotics between endoscopy and the

start of trial medication.

All patients were examined with standard  Olympus endoscopes. Endoscopes and

biopsy equipment were disinfected with 2% glutaraldehyde between all endoscopic

procedures. At each endoscopy two antral biopsy specimens were taken for histologic

examination and one sample each for rapid urease testing and H. pylori culture.

Furthermore, two corpus biopsy samples were taken for histologic examination. After

treatment one corpus biopsy sample was taken for culture as well. The histological

slides were examined using the haematoxylin-eosine stain on paraffin embedded slides.

For rapid urease testing a home made unbuffered test was used (13), which was

considered positive if the color changed within one hour. H. pylori culture was

performed as described previously (14). Susceptibility for clarithromycin and

metronidazole was determined using the E-test (AB Biodisk, Solna, Sweden) (15) and
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read after at least 3 days of incubation. A strain was considered metronidazole resistant

when the minimal inhibitory concentration (MIC) was above 8 µg per ml and

clarithromycin resistant when the MIC was above 2 µg per ml (16).

Patients were assigned at random to one of the two treatment regimens. One-week triple

therapy consisted of RBC (PyloridTM, Glaxo Wellcome B.V., Zeist, the Netherlands)

400 mg bid, clarithromycin (KlacidTM, Abbot B.V., Amstelveen, the Netherlands) 500

mg bid, and metronidazole 500 mg bid. Two-week dual therapy consisted of RBC 400

mg bid and clarithromycin 500 mg bid.

One to seven days after the end of treatment compliance to the prescribed treatment was

checked and the number of remaining pills counted. The patients completed a form on

which the side effects they experienced were scored. Their general tolerance to the

treatment was assessed using a semi-quantitative scale as described previously (17). The

patients assigning themselves to groups A or B were considered to have tolerated the

treatment well, while assignment to group C-E designated poor tolerance.

At least four weeks after the end of treatment a second endoscopy was performed and

biopsy samples were taken as described above. Two weeks later a 13C-urea breath test

was performed after an overnight fast, using 100 mg 13C-urea and 200 ml orange juice

as a test meal. The test was considered to be positive if the excess Delta 13CO2/
12CO2

after 20 or 30 minutes was above 5 parts per million.

Eradication failure was defined as the detection of H. pylori by culture or at least two

other tests. Eradication results were calculated on both per protocol (PP) and intention

to treat (ITT) analysis. PP analysis only considered the patients who took more than

90% of the trial medication, in whom all test results were available, and who did not

receive any other antibiotic treatment between the end of treatment and the 13C-urea

breath test. In ITT analysis all patients randomized for the study were included. If the

endpoints were not available the patient was considered a treatment failure (18).

Statistical analysis was performed using Fisher's exact test or Student's t-test when

appropriate. It was calculated that 50 patients were needed in each group to detect a

difference between percentages of 99% and 80% with a power of 80% and a

significance level of 5%. The study was approved by the Ethics Committees of both

hospitals and all patients gave written informed consent.
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Table 1. Characteristics of the patients treated with two ranitidine bismuth citrate based

regimens.

Triple Dual

Number of patients 52 52

Sexe ( males : females) 24 : 28 30 : 22

Age (mean ± standard dev.) 55 ± 14 53 ± 13

Gastric Ulcer 7 9

Duodenal Ulcer 20 16

Functional Dyspepsia 25 27

Results.

One-hundred and four patients were included. Fifty-two patients were treated with triple

therapy and 52 with dual therapy, respectively. There were no significant differences in

gender, age and endoscopic diagnosis between the two groups (table 1).

Six patients treated with triple therapy used antibiotics for other indications during the

follow up period. One of them refused the second endoscopy. In the other five patients

H. pylori was eradicated. One patient treated with dual therapy used extra antibiotics

and H. pylori was eradicated. In another patient treated with dual therapy a lung

carcinoma was diagnosed during follow up and a second endoscopy was not performed.

Finally, one patient treated with dual therapy took clarithromycin 250 mg bid instead of

500 mg bid but H. pylori was eradicated nevertheless. Eradication results are shown in

table 2.

 Table 2. Eradication results of two ranitidine bismuth citrate based regimens for H.

pylori infection.

triple therapy dual therapy

PP 44/46 (96%, 85-99%) 48/49 (98%, 89-100%)

ITT 49/52 (94%, 84-99%) 50/52 (96%, 87-100%)

Data are presented as number of patients eradicated / total number of patients

(percentage eradicated, 95% confidence interval).
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Table 3. Severity of Side effects of the one-week triple regimen compared to the two-

week dual regimen according to the judgement of the patient (16).

Triple Dual

A No side effects 11 (21%)  4 (8%)

B Slight discomfort, not interfering with daily

 activities

27 (52%) 34 (65%)

C Moderate side effects, sometimes interfering with

daily activities

10 (19%)  5 (10%)

D Severe side effects, working not possible  4 (8%)  9 (17%)

E Side effects severe enough to discontinue treatment  0 (0%)  0 (0%)

Good tolerance (groups A-B) 38 (73%) 38 (73%)

Poor tolerance (groups C-E)    14 (27%) 14 (27%)

The tolerance of the patients to both regimens is summarized in table 3. Fourteen

patients (27%) in each treatment group, experienced significant side effects (C-E), but

all completed the course. Side effects were alike in both groups and taste disturbance,

nausea and diarrhea were the most common ones.

Data on drug susceptibility of the H. pylori strains are shown in table 4. In nineteen

patients susceptibility testing was not possible due to fungal overgrowth or premature

strain death. One of the two patients in whom triple therapy failed was infected with a

metronidazole resistant and clarithromycin susceptible strain. In the other patient

susceptibility of the strain to both drugs was not known. The patient in whom dual
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Table 4. Data on susceptibility to clarithromycin and metronidazole.

Triple Dual

Sensitive to both drugs 22/22 32/33

Resistant to clarithromycin 2/2 0

Resistant to metronidazole 8/9 11/11

Resistant to both drugs 1/1 0

Susceptibility not known 11/12 5/5

Data are presented as number of patients eradicated / total number of patients (PP).

therapy failed was infected with a strain susceptible to both drugs. The patient infected

with a strain resistant to both drugs was successfully eradicated.

Discussion.

Nowadays, highly effective treatment regimens for the eradication of H. pylori are

available. Regimens with a successrate of less then 90% are, therefore, not acceptable

anymore (19,20). As in daily practice patients who refuse follow up tests are often

considered successfully treated, the Maastricht consensus conference concluded that in

clinical trials a regimen should have an eradication rate of more then 80% on ITT

analysis (12). Confirming previous studies, our study shows that the combination of

RBC and clarithromycin in a two-week regimen fulfils this requirement (2-9).

Moreover, it shows that a triple regimen with RBC, clarithromycin and metronidazole

for only one-week is as effective as this two week regimen. This is in accordance with

other recent studies (9-11).

As compliance of the patient to the prescribed regimen is one of the main factors

determining success (21), the ideal regimen lacks significant side effects and is short
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and simple. Both regimens are simple (all medication is taken bid) and our study shows

that they are well tolerated. None of the patients stopped the course due to side effects.

The second important factor determining treatment success is the susceptibility of the

strains to the used antibiotics (22).

While clarithromycin resistance is rare in the Netherlands (23), metronidazole resistance

is an increasing problem in our region (24). Our study, however, suggests that metro-

nidazole resistance has at the most only a minor effect on the efficacy of this RBC-

based triple regimen, but more data are needed.

In summary, this study shows that both two-week dual therapy with RBC 400 mg bid

and clarithromycin 500 mg bid and one-week triple therapy with RBC 400 mg bid,

clarithromycin 500 mg bid and metronidazole 500 mg bid are very effective in

eradicating H. pylori, and are well tolerated. In our study metronidazole resistance had

no effect on the efficacy of the treatment, both regimens are simple and are therefore

suitable as first line treatment.
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Abstract.

Background: Data on the influence of metronidazole resistance on the efficacy of

ranitidine bismuth citrate (RBC) based triple therapy regimens are scarce. Therefore,

two consecutive studies were performed.

Methods: In the first study, patients with a culture proven Helicobacter pylori infection

were treated with RBC 400 mg, metronidazole 500 mg, and clarithromycin 500 mg, all

bid for one week (RMC). In the second study amoxicillin 1000 mg was substituted for

clarithromycin (RMA). Susceptibility testing for metronidazole was performed with the

E-test. Follow-up endoscopy was performed after ≥4 weeks. Antral biopsy samples

were taken for histology, urease test, and culture and corpus samples for histology and

culture.

Results: 112 patients, 53 males, age 55±14, (39 duodenal ulcer, 7 gastric ulcer and 66

gastritis) were treated with RMC and 89 patients, 52 males, age 58±15, (23 duodenal ul-

cer, 7 gastric ulcer and 59 gastritis) were treated with RMA. For RMC ITT eradication

results were 98% (59/60, 95%CI: 91-100%) and 95% (20/21, 95%CI: 76-100%) for

metronidazole susceptible and resistant strains, respectively (p=0,45). For RMA these

figures were 87% (53/61, 95%CI: 76-94%) for metronidazole susceptible strains and

22% (2/9, 95%CI: 3-60%) for resistant strains (p=0,0001).

Conclusion: Both regimens are effective in metronidazole susceptible strains. But in

contrast to the amoxicillin containing regimen, the one containing clarithromycin is also

effective in resistant strains.
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Introduction.

Metronidazole is frequently used in eradication regimens for Helicobacter pylori (H.

pylori) infections (1). Susceptibility of H. pylori to metronidazole is one of the main

factors determining the efficacy of these metronidazole containing treatment regimens

(2-4). As metronidazole resistance seems to be increasing in different parts of the world,

highly effective regimens for metronidazole resistant H. pylori strains are urgently

needed (5-11).

In a recent randomised study, we have shown that a one-week regimen with ranitidine

bismuth citrate (RBC), clarithromycin, and metronidazole is highly effective in

eradicating H. pylori. Only a small number of patients in this study were infected with a

metronidazole resistant strain, but the regimen seemed to be equally effective in these

patients (12). In view of this experience, it was decided to enlarge the number of

patients in order to determine the influence of metronidazole resistance on the efficacy

of this regimen.

As it is unknown if the combination of RBC and clarithromycin is essential for this

effect we substituted amoxicillin for clarithromycin in another open study.

Methods.

Patients aged 18 and above with a culture proven H. pylori infection were eligible.

Reasons for exclusion were resective gastric surgery, gastric cancer, other major

diseases, pregnancy or lactation, known allergy to one of the study medications, and the

need for bismuth, protonpump inhibitors (PPI), or antibiotics between endoscopy and

the start of trial medication. All patients gave informed consent.

At each endoscopy four antral biopsy specimens were taken: one for culture, one for

rapid urease testing, and two for histological examination. Moreover, two corpus biopsy

specimens were taken prior to treatment (both for histology) and three at follow-up (one

for culture and two for histology). A home made urease test was used as described

previously (13). Histological examination was performed according to the Sydney

classification using the haematoxylin-eosin stain (14). Culture was performed as

described previously (15). Susceptibility to clarithromycin and metronidazole was

determined using the E-test (AB Biodisk, Solna, Sweden). A strain was considered

metronidazole resistant when the minimal inhibitory concentration (MIC) was >8 µg/ml

and clarithromycin resistant when the MIC was >2 µg/ml (16). Susceptibility for
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amoxicillin was tested with a disk diffusion method, using a 2 µg disk (Becton

Dickinson, Cockeysville, MD, USA). Strains with an inhibition zone of <10 mm were

regarded resistant.

In the first study patients were treated with RBC (PyloridTM, GlaxoWellcome BV, Zeist,

the Netherlands) 400 mg, metronidazole 500 mg, and clarithromycin (KlacidTM, Abbot

B.V., Amstelveen, the Netherlands) 500 mg, all bid for one week (RMC). In the second

study the same one-week regimen was used except that amoxicillin (Flemoxin

solutabTM, Yamanouchi Pharma B.V., Leiderdorp, the Netherlands) 1000 mg, bid was

substituted for clarithromycin (RMA).

One to seven days after the end of treatment compliance to the prescribed treatment was

checked and general tolerance to the treatment was assessed as described previously

(17).

Follow-up endoscopy was performed at least 4 weeks after the end of treatment. A

patient was considered successfully treated if all biopsy-based tests were negative and a

treatment failure if culture or at least two other tests were positive. If only one of these

other tests suggested the presence of H. pylori, a 13C-urea breath test was performed as

described previously (13), and considered conclusive. Per protocol (PP) and intention to

treat (ITT) analysis was performed as recommended by the European Helicobacter

pylori Study Group (18). Eradication rates were compared using the Fisher's exact test

and a p < 0.05 was considered significant.

Results.

One hundred and twelve patients were treated with RMC; 52 of them took part in a

randomised controlled study published elsewhere (12). Subsequently, 89 patients were

treated with RMA. Gender, age, and endoscopic diagnosis of these patients are

summarised in table 1.

In 46 patients susceptibility testing of the infecting H. pylori strain failed because of

fungal overgrowth or death of the strain. Metronidazole resistance was observed in 31

strains and clarithromycin resistance in 4 strains (all 4 treated with RMC). Combined

resistance was observed in one of these strains. All strains tested were susceptible to

amoxicillin (figures 1 and 2).

Compliance to the medication was good as all patients took >90% of the study

medication. Both treatment regimens were well tolerated (table 2). Thirty-four patients

(31%, 95% CI: 23-40%) treated with RMC and 18 patients (20%, 95% CI: 12-30%)
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Table 1. Characteristics of the patients treated with two ranitidine bismuth citrate based

triple therapy regimens.

RBC CLA MET RBC AMO MET

Number of patients 112 89

Sex (men : women) 53 : 59 52 : 37

Age (mean ± standard dev.) 55 ± 14 58 ± 15

Gastric Ulcer 7 7

Duodenal Ulcer 39 23

Gastritis 66 59

RBC, CLA, MET, and AMO represent ranitidine bismuth citrate, clarithromycin,

metronidazole, and amoxicillin, respectively.

treated with RMA experienced significant side effects, but all  patients completed the

course.

A total of 16 patients were excluded from the PP analysis (9 treated with RMC and 7

treated with RMA). Seven patients refused follow up endoscopy (three of them were

willing to undergo a 13C-urea breath test). In one patient a lungcarcinoma was diagnosed

and endoscopy was considered inappropriate. Nine patients used extra antibiotics

between the start of treatment and the follow up endoscopy (one of them was also

among those refusing the second endoscopy and undergoing a breath test instead).

In the ITT analysis patients without an objective endpoint (endoscopy or 13C-urea breath

test) were considered treatment failures (figures 1 and 2).

In 8 patients (6 treated with RMC) histologic examination after treatment still suggested

the presence of H. pylori in low density (grade 1) in either the antrum or corpus

specimen, while all the other biopsy based tests were negative. In another patient treated

with RMA, only the urease test suggested treatment failure. In all these patients,

however, the 13C-urea breath test was negative. Therefore, these patients were

considered successfully treated.
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Figure 1. Flow chart presenting the results of triple therapy with ranitidine bismuth

citrate, clarithromycin and metronidazole. Met and Cla represent metronidazole and

clarithromycin, respectively. S and R represent susceptible and resistant, respectively.

Susc. unknown represents susceptibility unknown.

Treatment results are summarised in figures 1 and 2. In the patients treated with RMC

there was no significant difference in eradication rate between metronidazole

susceptible and resistant H. pylori strains (susceptible vs resistant: 98% vs 95%, ITT, p

= 0,45). Furthermore, all 4 clarithromycin resistant strains were successfully eradicated.

In the patients treated with RMA, however, efficacy dropped significantly when patients

infected with a metronidazole resistant strain were compared to those infected with a

metronidazole susceptible strain (resistant vs susceptible: 22% vs 87%, ITT, p =

0,0001).

ELIGIBLE PATIENTS.
n = 112

INTENTION TO TREAT EFFICACY.

Met S Cla S 59/60 (98%, 91-100%)
Met R Cla S 20/21 (95%, 76-100%)
Met S Cla R 3/3
Met R Cla R 1/1
Susc. Unknown 26/27 (96%, 81-100%)

UNEVALUABLE.
Refused the second endoscopy (n=1)

PROTOCOL VIOLATION.
Use of extra antibiotics (n=7)

Breath test instead of endoscopy and use of extra antibiotics (n=1)

PER PROTOCOL EFFICACY.

Met S Cla S 53/53 (100%, 93-100%)
Met R Cla S 19/20 (95%, 75-100%)
Met S Cla R 3/3
Met R Cla R 1/1
Susc. Unknown 25/26 (96%, 80-100%)



93

Figure 2. Flow chart presenting the results of triple therapy with ranitidine bismuth

citrate, amoxicillin and metronidazole. Met and Cla represent metronidazole and

clarithromycin, respectively. S and R represent susceptible and resistant, respectively.

Susc. unknown represents susceptibility unknown.

Data about secondary resistance in the 15 strains escaping eradication are shown in

table 3. Neither resistance to clarithromycin nor resistance to metronidazole was

induced in the 2 strains escaping RMC. In all of the 4 metronidazole susceptible strains

in which the RMA regimen failed, however, metronidazole resistance was observed

after treatment. No secondary resistance to amoxicillin was observed.

ELIGIBLE PATIENTS.
n = 89

INTENTION TO TREAT EFFICACY.

Met S 53/61 (87%, 76-94%)
Met R 2/9 (22%, 3-60%)
Susc. Unknown 16/19 (84%, 60-97%)

UNEVALUABLE.
Refused second endoscopy (n=3)

Carcinoma at follow up, no endoscopy (n=1)

PROTOCOL VIOLATION.
Use of extra antibiotics (n=1)

Breath test instead of endoscopy (n =2)

PER PROTOCOL EFFICACY.

Met S 52/56 (93%, 82-98%)
Met R 2/9 (22%, 3-60%)
Susc. Unknown 15/17 (88%, 62-98%)
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Table 2. Severity of side effects of two ranitidine bismuth citrate based triple regimens

according to the judgement of the patient (17).

RBC CLA MET RBC AMO MET

A No side effects 11 (10%) 19 (21%)

B Slight discomfort, not interfering with daily

activities

66 (59%) 52 (58%)

C Moderate side effects, sometimes interfering

with daily activities

21 (19%) 14 (16%)

D Severe side effects, working not possible 13 (12%)  4 (4%)

E Side effects severe enough to discontinue

treatment

 0 (0%)  0 (0%)

Good tolerance (groups A-B) 77 (69%) 71 (80%)

Poor tolerance (groups C-E)    34 (31%) 18 (20%)

RBC, CLA, MET, and AMO represent ranitidine bismuth citrate, clarithromycin,

metronidazole, and amoxicillin, respectively.

Discussion.

Confirming the results of other investigators, the first part of our study shows that triple

therapy with RBC, clarithromycin, and metronidazole effectively eradicates H. pylori

(19-28). Furthermore, the study shows that metronidazole resistance does not influence

the efficacy of RMC to a significant degree. In that aspect our data confirm the

preliminary results of Bardhan et al. who found an PP eradication rate of 100% (n = 33)

in patients infected with a metronidazole susceptible strain and of 90% (n = 10) in

patients infected with a resistant strain, (p = 0,25, Fisher's exact test) (20). It is

remarkable that in our study all 4 clarithromycin resistant strains were successfully

eradicated.

In contrast, the second part of our study shows that metronidazole resistance

significantly diminishes the efficacy of RMA. This regimen is effective in patients
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Table 3. The pre- and posttreatment susceptibility to antibiotics of the strains persisting

after treatment two ranitidine bismuth citrate based triple regimens.

n Pretreatment Treatment Posttreatment

CLA MET CLA MET

1 S R RBC CLA MET S R

1 ? ? RBC CLA MET S S

4 S S RBC AMO MET S R

6 S R RBC AMO MET S R

1 S R RBC AMO MET ? ?

1 ? ? RBC AMO MET S S

1 ? ? RBC AMO MET R S

n represents the number of cases, RBC, CLA, MET, and AMO represent ranitidine

bismuth citrate, clarithromycin, metronidazole, and amoxicillin, respectively. S and R

represent susceptible and resistant, respectively. Resistance to amoxicillin was not

observed.

infected with a metronidazole susceptible strain, but efficacy is low in those infected

with a resistant strain. The only available study using a similar one-week regimen (RBC

400 mg, amoxicillin 1000 mg, and tinidazole 500 mg, all bid) reported an eradication

rate of 61%, but susceptibility testing was not performed (28).

It is noteworthy that metronidazole resistance does not influence the efficacy of the first

regimen but strongly diminishes the efficacy of the second regimen, where amoxicillin

was substituted for clarithromycin.

It is acknowledged that there are scientific limitations in comparing the results from two

consecutive studies. However, our studies had a similar design, were performed in the

same rural area, and gender, age, and endoscopic diagnoses of the patients were

comparable. Therefore, another explanation is suggested.

If the various anti-H. pylori regimens using one of these drugs are considered,

clarithromycin seems to be more effective than amoxicillin (1). Furthermore, several in-
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vitro studies have shown synergy between RBC and clarithromycin (29-31) while the

in-vitro interaction of RBC and amoxicillin is additive only (35). Therefore, it is to be

expected that the combination of RBC with clarithromycin will be the more effective

one in-vivo as well. Several studies using one-week dual therapy with RBC and

clarithromycin have shown ITT eradication rates of 75-87% (20,32-34). Recently, it was

shown that this combination is as effective as RMC (20).

Consequently, it is possible that metronidazole can be omitted. On the other hand, when

amoxicillin is used instead of clarithromycin, the regimen loses efficacy and

metronidazole becomes an essential component of the regimen. In that case

metronidazole resistance becomes far more significant. Based on these considerations it

is suggested that the significance of metronidazole resistance is dependent on the overall

efficacy of the treatment regimen. The experience with quadruple therapy supports this

hypothesis. The efficacy of this regimen increases with prolongation of treatment

duration and the longer the duration the less the significance of metronidazole resistance

(3). If a quadruple regimen is given for one-week, metronidazole resistance still

decreases efficacy somewhat (37), but this influence is absent when it is given for 12

days (38). The one-week regimen with RMC is, in this regard, comparable to prolonged

quadruple therapy. Our regimen, however, is less complex, as all medication is given

bid.

It could be objected that the combination of metronidazole and clarithromycin in RMC

is disadvantageous, as secondary resistance to both clarithromycin and metronidazole

could be induced (36). Our study, however, shows that RMC is highly effective, even in

the presence of metronidazole resistance. Moreover, although our data are limited, in

the few cases escaping treatment no secondary resistance was observed. In the less

effective RMA regimen, however, secondary resistance to metronidazole was observed

in all of the four previously metronidazole susceptible strains.

In summary, this study shows that RBC and metronidazole, in combination with either

amoxicillin or clarithromycin is effective in metronidazole susceptible strains. In

contrast to the amoxicillin containing regimen, the one containing clarithromycin is also

effective in metronidazole resistant strains.
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Abstract.

The efficacy of a nitroimidazole containing regimen for the treatment of Helicobacter

pylori infection is decreased by nitroimidazole resistance. Nitroimidazoles are

metabolized by Helicobacter pylori by several nitroreductases of which an oxygen-

insensitive NADPH nitroreductase encoded by the rdxA gene is the most important one.

Null mutations in this gene are associated with resistance.

Susceptibility testing to nitroimidazoles may give variable results. This is not only

related to the slow growth under specific conditions, but also related to variability in the

activity of the other nitroreductases and the ability to deactivate toxic metabolites of a

nitroimidazole and to repair DNA damage. Moreover, co-infections with resistant and

susceptible bacteria are frequently found. The presence of nitroimidazole resistance is

related to the previous use of this drug. The prevalence of resistance is rising and

nowadays 10-50% of the isolates are resistant. Resistance reduces the efficacy of a

treatment regimen to a variable degree. This is related to efficacy of the other

components of the regimen and the treatment duration. Whether a nitroimidazole is still

effective in resistant strains remains unresolved. When nitroimidazole resistance is

present a nitroimidazole containing regimen should be avoided or a regimen with other

highly effective components should be used.
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Introduction.

Helicobacter pylori (H. pylori) is a curved, micro-aerophilic, Gram negative rod that

colonizes the stomachs of approximately half the world's population (1,2). In all

subjects infected with this micro-organism it results in an active, chronic, antrum-

predominant gastritis. Although this gastritis is asymptomatic in the majority of the

infected subjects, in the Western world approximately 10% develop a duodenal or

gastric ulcer (3). Furthermore, it has been suggested that in a subgroup of H. pylori

infected patients with functional dyspepsia the infection causes the symptoms (4-6).

This, however, is still a much debated topic (5,7,8). Finally, in a minority of H. pylori

infected subjects the chronic gastritis leads to gastric cancer (9).

There is international consensus that in patients with proven peptic ulcer disease

treatment of the H. pylori infection is warranted as it cures the disease (5,10). As

endoscopy is gradually replaced by non invasive H. pylori testing as the primary

diagnostic tool in dyspeptic patients, peptic ulcer disease is often not diagnosed with

certainty anymore and H. pylori may be eradicated in all infected dyspeptic patients

(5,11). This would result in a substantial increase in the number of patients subjected to

H. pylori eradication. Furthermore, it has even been suggested that screening and

subsequent treatment of the whole population is cost-effective as it may prevent gastric

cancer (12) and may lead to a reduction of dyspeptic symptoms in the population (13).

This strategy would lead to an enormous increase in the use of anti- H. pylori therapy.

An effective widespread use of anti-H. pylori regimens, however, is only possible if

these treatment regimens are safe, simple, and highly effective.

For the treatment of H. pylori infection a combination of several drugs, including

antibiotics, acid-suppressants, and/or bismuth compounds, is needed (14). A

nitroimidazole, such as metronidazole and tinidazole, is often included in these drug

combinations (14). Resistance of H. pylori to nitroimidazoles, however, is frequently

encountered and is, therefore, an important threat to the efficacy of these regimens (15).

Recently, new information on the mechanism of resistance has become available. In this

review these data are discussed together with the techniques to determine nitroimidazole

resistance in H. pylori and its epidemiology and clinical significance.

Mechanism of nitroimidazole resistance.

Nitroimidazoles are prodrugs and need to be activated intracellularly to become

effective. After entering the cell by passive diffusion (16,17), the nitroimidazole is
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metabolized by a reduction step in which the drug is the electron acceptor (18,19). For

this reduction step several nitroreductases are present in H. pylori (20-23), but recently

it has been suggested that an oxygen-insensitive NADPH nitroreductase encoded by the

rdxA gene is the most important one (24). Oxygen-insensitive denotes in this case that

the reduction of the nitroimidazole results in a nitrosoderivate by the simultaneous

transfer of two electrons. This nitrosoderivate can not be re-oxidized by molecular

oxygen and the nitroreductase facilitating the two-electron transfer step is, therefore,

called oxygen-insensitive. The nitrosoderivate leads to DNA damage and subsequent

cell death (figure 1). The other nitroreductases present in H. pylori reduce a

nitroimidazole by a one-electron transfer step to a toxic free radical anion that can be

metabolized in two ways (figure 2). First, the free-radical anion can be re-oxidized to

the original compound by molecular oxygen with the production of superoxide.

Thereby, molecular oxygen reverts the reduction step and these nitroreductases are,

therefore, called oxygen-sensitive. Theoretically, this process of reduction and re-

oxidation is repeated endlessly and is called 'futile cycling' (25). The superoxide

produced during this 'futile cycling' is also toxic but can be eliminated by superoxide

dismutase and catalase. The second way to metabolize the toxic free radical anion is an

other one-electron transfer step to the more toxic nitrosoderivate that leads to DNA

damage (26).

Figure 1.  Metabolism of a nitroimidazole (NI) by an oxygen-insensitive

nitroreductase.R represents the electron donor, e represents an electron.
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Figure 2. Metabolism of a nitroimidazole (NI) by an oxygen-sensitive nitroreductase.

R represents the electron donor, e represents an electron. SOD represents superoxide

dismutase.

The genetic background of nitroimidazole resistance in H. pylori has recently been

eludicated by Goodwin et al (24). They showed that null-mutations in the rdxA gene

result in the resistant phenotype and that strains with a defect rdxA gene had no survival

disadvantage as compared to isogenic susceptible strains (24). Such null-mutations were

present in all of the few clinical isolates tested sofar (24,27). It was, however, suggested

that more clinical isolates should be studied before mutations in this gene can be

accepted as the most important mechanism of nitroimidazole resistance (28). One study

using a mouse model confirmed the clinical data and showed that after the induction of

nitroimidazole resistance by exposure to metronidazole the majority of resistant isolates

showed null-mutations in the rdxA gene while none of the susceptible isolates did (29).

Interestingly, however, two phenotypically resistant strains still had the 'wild-type' rdxA

gene. In these strains mutations in genes regulating the expression of the rdxA gene

could be involved, as well as other mechanisms of resistance. Several of such

mechanisms of resistance have been hypothesized: increased DNA-repair (30), down
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regulation of the activity of nitroreductases (19,23,31), increased catalase and

superoxide dismutase activity (25), and nitroimidazole efflux mechanisms (29). So far,

however, none of these mechanisms has been substantiated.

The way a nitroimidazole is metabolized in H. pylori has important implications.

Although the knock-out of the most important enzyme (encoded by rdxA) results in

resistance, the activity of the other enzymes, as well as the ability of the strain to

neutralize the toxic metabolites and to repair DNA damage may result in 'background'

variation in susceptibility. It is, therefore, not unexpected that large variations in the

minimal inhibitory concentration (MIC) are seen both among susceptible and resistant

isolates (32,33,34). Furthermore, considerable variations in MIC can be observed when

one isolate is tested several times (34,35). This is, apparently, the result of variations in

expression of the different nitroreductases caused by differences in environmental

conditions or by the bacterial growth phase and viability. Besides, this 'background'

nitroreductase activity explains that the addition of a nitroimidazole to a treatment

regimen may theoretically increase the efficacy of the regimen in resistant strains (36).

As metabolites of nitroimidazoles are mutagenic (17,18,24) the use of a nitroimidazole

results in an increased mutation frequency in all genes, including the rdxA gene (29).

This causes an rapid induction of nitroimidazole resistant mutants. Moreover, in the

presence of a nitroimidazole the resistant mutants have a survival advantage over the

susceptible strains. A nitroimidazole, therefore, both induces the mutation leading to

nitroimidazole resistance and selects these mutants. It is, therefore, not unexpected that

nitroimidazole resistance in H. pylori is so rapidly observed after the use of a

nitroimidazole containing treatment.

Finally, it was shown that the absence of functional rdxA encoded nitroreductase causes

no survival disadvantage of the micro-organism in the absence of this antibiotic (24).

Resistant mutants may, therefore, persist for decades, often in co-existence with

susceptible organisms (37).

Determination of nitroimidazole resistance.

Susceptibility testing to a nitroimidazole is considered difficult by many investigators

(36-40). In daily practice several tests are used (agar dilution, disk diffusion, and E-test)

and these tests are poorly standardized (28). Agar dilution is accepted as the gold

standard for susceptibility testing and several studies reported that it was highly

reproducible (41-43). It is, however, laborious and time consuming. Today, the E-test is
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used most frequently as a substitute (44) as it is easier to perform and has a good

reproducibility (34,35,43). Finally, disk diffusion is a cheap and easy way to perform a

susceptibility test, but no MIC value is produced. Although disk diffusion was used

most frequently in the past it has been substituted by the E-test by most investigators

now (44). Several studies comparing the different techniques have been published, but

results are conflicting (34,39-41,43,45-53). This could be expected, as H. pylori is a

very slowly growing microorganism that needs specific growth conditions and thus

methodological problems are easily encountered. For example, the choice of the

medium (54-56), the age of the colonies (57), the incubation period (53,58), and the

inoculum size (57) all may influence the outcome of the susceptibility test. Moreover, as

mentioned above, the metabolism of a nitroimidazole in H. pylori by several

nitroreductases may result in large variation in MIC when isolates are tested several

times, although strains usually remain classified as either resistant or susceptible (34).

Finally, subpopulations of both resistant and susceptible bacteria are frequently found in

one patient. Examining only one biopsy specimen may lead to sampling error and this

may limit the utility of susceptibility testing (59). We performed a study in a cohort of

259 patients. In each patient biopsy specimens were taken for H. pylori culture and

subsequent susceptibility testing from both the antrum and corpus of the stomach. When

only antral biopsy specimens were taken into account the prevalence of nitroimidazole

resistance was 17%. When both antral and corpus biopsies were considered the

prevalence increased to 24% (unpublished observations).

In our laboratory, without any special facilities, culture is performed with high accuracy

both in the pre and post treatment situation (60,61). Susceptibility testing to

nitroimidazoles is performed with the E-test on a medium containing Columbia agar (40

g/l) and sheepblood (5%), and no antibiotics. Plates are incubated at 36oC under micro-

aerophilic conditions (5% oxygen, 85% nitrogen and 10% carbon dioxide) using a

system of automatic jar evacuation and are examined after two and three days. Using

this technique, E-test results are reproducible, comparable to agar dilution and disk-

diffusion (34), and most important, significantly related to treatment efficacy (62-64).

Epidemiology of nitroimidazole resistance.

The presence of nitroimidazole resistance in H. pylori is usually associated with

previous use of nitroimidazoles. In developing countries the prevalence of resistance is

high, probably as a consequence of the frequent use of metronidazole for infections with
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protozoa (28,38,65). Subjects originating from these countries are, therefore, commonly

infected with resistant strains (66). Data from the western world suggest that the

prevalence of resistance is higher in southern Europe and the USA as compared to that

in the northern parts of Europe and the UK (28). This is in concurrence with resistance

rates in other micro-organisms and the general use of antibiotics in these countries

(28,67). Furthermore, the prevalence of resistance is higher in females then in males,

probably due to the use of these drugs for gynecological infections (65,68,69).

Several studies from the Western world showed that during the last years the prevalence

of nitroimidazole resistance has been rising and that nowadays 10-50% of the strains are

resistant to these drugs (70-76). Whether this increase represents a true increase is still

uncertain as most studies suffer from methodological problems. Most of these studies

were performed retrospectively and selection bias is, therefore, easily introduced. For

example, the number of endoscopies has increased and indications for H. pylori testing

have changed. This has led to an increased number of patients with functional dyspepsia

tested. It has been suggested that the prevalence of nitroimidazole resistance is higher in

these patients than in peptic ulcer patients (77). Thus this change in the population

tested may have caused the increase in nitroimidazole resistance prevalence and it does

not necessarily reflect an increase in the population. On the other hand, our own study

was corrected for this possible bias but nevertheless showed a significant increase in

nitroimidazole resistance in our region of the Netherlands. In our opinion, previous

exposure to nitroimidazoles must have been the most important factor determining the

observed increase, although this could not be substantiated (76).

Whatever the cause, nitroimidazole resistance is more frequently encountered in clinical

practice then it was only a decade ago. This high prevalence of resistance urges an

adjustment in empiric therapy meaning that either the use of a nitroimidazole is avoided

or is compensated for by the other drugs of the combination therapy.

With the increased use of antibiotics, combined resistance of H. pylori to macrolides

and nitroimidazoles and probably also to amoxicilline (78) and tetracycline (79), will

become a major challenge for clinicians. Routine culture and subsequent susceptibility

testing will then become warranted (28).

Clinical significance of nitroimidazole resistance.

Numerous studies have shown that nitroimidazole resistance reduces the efficacy of a

nitroimidazole-containing treatment regimen, and these studies have been recently
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summarized in a meta-analysis (80). It was shown that the extent to which

nitroimidazole resistance reduces the efficacy of these regimens depends on the other

components of the regimen and the duration of the treatment. The impact of

nitroimidazole resistance on clarithromycin containing regimens is less then on

amoxicillin containing regimens. The same is true for tetracycline as compared to

amoxicillin. The efficacy of quadruple therapy (protonpump inhibitor and a bismuth

compound) is less influenced by nitroimidazole resistance then the efficacy of standard

bismuth based triple therapy. In the same way the addition of a protonpump inhibitor

increased the efficacy of the combination of clarithromycin and metronidazole,

especially in resistant strains (81).  Possibly, but data are limited, the efficacy of a

regimen containing ranitidine bismuth citrate, clarithromycin and metronidazole is also

largely independent of nitroimidazole susceptibility (64,80). With respect to duration,

the longer the treatment regimen the less the influence of  nitroimidazole resistance.

Whether or not a nitroimidazole still has an effect on nitroimidazole resistant strains in a

nitroimidazole-containing regimen is unsettled. As stated above, in vitro data show that

a nitroimidazole is still reduced to active compounds in resistant strains and this may be

of clinical significance (36). Studies comparing the efficacy of a nitroimidazole-

containing regimen to that of the same regimen without the nitroimidazole in resistant

strains, however, are sparse. One study using ranitidine bismuth citrate and

clarithromycin suggested no additional effect of the nitroimidazole in resistant strains

but the dual therapy was already effective on its own (82). When data from different

clinical trials are compared a higher efficacy of bismuth based triple therapy as

compared to the same therapy but without the nitroimidazole in nitroimidazole resistant

strains is suggested (83). One study suggested that increasing the dose of a

nitroimidazole in resistant strains increases efficacy (84). Controlled trials, however, are

needed to resolve this issue.

As nitroimidazole resistance decreases efficacy, a nitroimidazole should be avoided if

resistance is (likely to be) present. When this is not possible the regimen should include

highly effective other components, and probably the combination of both an acid

suppressant and a bismuth compound (quadruple therapy or ranitidine bismuth citrate).

Tetracycline and clarithromycin are preferable to amoxicillin as the second antibiotic. It

is suggested that clarithromycin should also be avoided, as resistance to this drug is

easily introduced after treatment failure, resulting in a combined resistance (85).
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The rapid emergence of resistance after treatment failure, possibly related to the

mutagenic properties of nitroimidazoles, has been confirmed by several clinical studies

(62,64,68,83,85-88). Although it has been suggested that certain compounds, for

example bismuth compounds (89,90), may prevent the development of resistance, it is

more likely that this is not related to specific properties of these compounds but related

to the overall ability of the regimen to kill resistant mutants (80,91). Highly effective

regimens are, therefore, the most important factor to prevent the emergence of

resistance. This is in concurrence with observations on drug therapy in other infectious

diseases (92,93).

Finally, Several authors have pointed out that other heterocyclic drugs, such as

furazolidone and nitazoxanide, could be used as substitutes for nitroimidazoles (94-98).

These drugs have a similar mechanism of action as nitroimidazoles. Their affinity for

electrons, however, is so high that they are always reduced to active metabolites in H.

pylori and resistance to these drugs has not been detected sofar. Although some small

clinical trials with these drugs show that they are effective (94-98) side effects are

frequently encountered (98). The use of these drugs in clinical practice should,

therefore, probably be reserved for multiple resistant strains in which other therapies

have failed.

Summary and general recommendations.

Although a nitroimidazole is a very effective drug for the treatment of H. pylori

infection, its usefulness is hampered by the rapid induction of resistance that is mostly

related to null mutations in the rdxA gene encoding for an oxygen-insensitive NADPH

nitroreductase. In these resistant strains nitroimidazoles are insufficiently activated to

toxic metabolites that cause DNA damage. These resistant mutants may persist for

decades.

Nitroimidazoles are being frequently used, not only for H. pylori eradication but also for

protozoic and anaerobic infections. Nitroimidazole resistance is, therefore, frequently

encountered and the prevalence is rising. Susceptibility testing to these drugs is not

difficult, but may sometimes give inconsistent results. This is related to the metabolism

of a nitroimidazole in H. pylori by several enzymes and the slow growth of the micro-

organism under specific growth conditions. Furthermore, co-infections with resistant

and susceptible bacteria are frequently encountered and may result in sampling error.
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Nitroimidazole resistance of H. pylori is associated with treatment failure although

eradication of a resistant strain is still possible using a nitroimidazole containing

regimen. The other components of the regimen are then the most important factors

determining the efficacy of the regimen. Whether the addition of a nitroimidazole to a

treatment regimen for the eradication of a resistant strain is still effective remains

unresolved. If possible, a nitroimidazole containing regimen should be avoided when

resistance is present. If this is not possible a regimen with highly effective other

components should be used. Furazolidone and nitazoxanide are drugs with a similar

mode of action as nitroimidazoles but resistance of H. pylori to these drugs has not been

observed. They are, therefore, interesting substitutes for nitroimidazoles.
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Abstract.

Objective: Recurrence of H. pylori after apparently successful treatment mostly

represents resurgence of the infection, rather then a new one. Therefore, the reliability

of biopsy-based tests after treatment was investigated.

Methods: ≥4 weeks after treatment, antral biopsy samples were taken for culture,

histology, urease test and PCR and a corpus specimen for culture. Treatment failure was

defined as ≥2 tests positive. If one test was positive a 13C-urea breath test was

performed and considered conclusive.

Results: 197 patients were evaluated. Endoscopy was performed 53 (27-92) days after

treatment. 22 patients with missing test results and 19 patients on acid-suppressive

drugs were excluded. In 140 of 156 patients (89,7%) H. pylori was eradicated.

Sensitivity and specificity of culture of antrum was respectively: 100% and 100%,

culture of corpus: 100% and 100%, rapid urease test: 87% and 99%, haematoxylin/eosin

stain: 94% and 95%, Giemsa stain: 81 and 99%, and PCR: were 88% and 100%.

Conclusion: Although all biopsy-based tests are reliable after treatment, culture is the

biopsy-based test of first choice as it is the most accurate and gives additional

information on antibiotic resistance.
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Introduction.

Eradication of Helicobacter pylori (H. pylori) is the treatment of choice in all infected

patients with duodenal or gastric ulcer disease as it prevents ulcer recurrence and cures

the patient (1,2). The currently accepted definition of successful treatment is failure to

detect the micro-organism by any method at least four weeks after the end of anti-H.

pylori therapy, as it is assumed that recrudescence of the infection will occur within four

weeks after completion of treatment if the micro-organism is not completely eradicated

(3).

Diagnosis of H. pylori infection can be based on detection of the micro-organism in

gastric biopsy samples by culture, histology, polymerase chain reaction (PCR), or rapid

urease test. Non-invasive tests include serology, urea breath tests using either 13C or 14C,

and tests for H. pylori antigens in stool specimens. Several studies have examined the

accuracy of these tests in the untreated patient (4-6). Data on the reliability of these tests

in the assessment of eradication, however, are sparse. In this study, performed in

conjunction with two different treatment trials (7,8), we evaluated six different biopsy

based tests (culture, PCR, haematoxylin/eosin stain (HE), Giemsa stain, and a rapid

urease test of the antrum and culture of the corpus) in the assessment of eradication at

least four weeks after the completion of treatment.

Methods

All patients participating in the study were treated for a  culture proven H. pylori

infection with one of three different treatment regimens. Regimen A consisted of

colloidal bismuth subcitrate 120 mg (DenolR, Yamanouchi Pharma B.V., Leiderdorp,

The Netherlands), metronidazole 250 mg, and tetracycline 250 mg all four times daily

for two weeks. Regimen B consisted of omeprazole 40 mg (LosecR, Astra

Pharmaceutica B.V., Rijswijk, the Netherlands) and amoxicillin 1000 mg (Flemoxin

solutabR, Yamanouchi Pharma B.V., Leiderdorp, the Netherlands) both twice daily for

two weeks. Regimen C consisted of a one-week course of omeprazole 40 mg,

amoxicillin 1000 mg, and tinidazole 500 mg (FasigynR, Pfizer B.V., Rotterdam, the

Netherlands), all twice daily.

To assess the treatment result, the patients were endoscoped at least four weeks after the

completion of treatment. Endoscopes and biopsy equipment were thoroughly cleaned

with a detergent and disinfected with 2% glutaraldehyde in an automatic washing

machine between all procedures. Biopsy specimens were taken within three cm of the
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pylorus, one for culture, one for PCR, one for a rapid urease test, and two for histologic

examination. One more was taken from the gastric body for culture.

Culture was performed as described previously (9). In short, biopsy specimens were

placed in 1 ml of thioglycolate broth and transported to the laboratory immediately after

endoscopy. They were rubbed on two selective agar plates, one plate with Belo-

horizonte medium, containing brain heart infusion agar (35 g/ml), sheep blood (10%),

vancomycin (6 mg/l), nalidixic acid (20 mg/l), amphotericin B (2 mg/l), and 2,3,5-

triphenyltetrazolium chloride (40 mg/l) and one plate with Campylobacter selective

medium containing Columbia agar (40 g/l), sheepblood (5%), vancomycin (10 mg/l),

trimethoprim (5 mg/l) and polymyxine B (2500 U/l) (CSM-medium). The plates were

incubated at 36oC under micro-aerophilic conditions (5% oxygen, 85% nitrogen and

10% carbon dioxide) using a system of automatic jar evacuation-replacement

(AnoxomatR, Mart BV Microbiology Automation, Lichtenvoorde, the Netherlands) and

were examined after two and three days. Colonies were confirmed to be H. pylori by

Gram staining, catalase, oxidase, and urease activity.

PCR, using primers as described by Clayton et al. (10) was performed as previously

described [11]. A home made test containing one ml of a 10% urea solution and phenol

red as a pH indicator was used as rapid urease test (5,12). It was considered positive if it

turned red within one hour (5). Histological examinations using the haematoxylin/eosin

(HE) and the Giemsa stain on paraffin embedded slides were performed by one patholo-

gist (HBO). The two stains were examined independently at different occasions and the

pathologist was blinded to the results of his previous examination using the other stain.

The patient was regarded to be still H. pylori-infected if at least two tests were positive.

If only one of the tests was positive, while all other tests were negative, a 13C-urea

breath test was performed as described previously (13) and considered conclusive. In

determining this "gold standard" the two histological stains were regarded as one test

and the test was considered positive if either stain showed H. pylori. In the assessment

of the individual test performance, however, both stains were evaluated separately.

Apart from the endoscopist who read the rapid urease test, all investigators were blinded

to the other test results and the endoscopic diagnosis. Sensitivity, specificity, positive

and negative predictive values, and accuracy were calculated in the usual way.
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Results

One hundred ninety-seven patients (115 males, 58%) with a mean age of 54 years

(range 21-90) participated in the treatment trials (7,8). One hundred twenty-two patients

had peptic ulcer disease (84 duodenal ulcer and 38 gastric ulcer), 62 patients had

functional dyspepsia, 12 patients were treated because of the need for chronic acid

suppression with proton pump inhibitors (PPI) (14) and one because of a strong family

history of gastric carcinoma.

Forty-seven patients were treated with regimen A, 50 with regimen B and 100 with

regimen C. The second endoscopy was performed 53 days (range 27-92) after the end of

treatment. One patient underwent endoscopy one day too early. As it was assumed,

however, that one day would not have a significant impact on the test results, this

patient was not excluded. Twenty-two patients had to be excluded because one or more

test data were missing. At the time of the second endoscopy 6 patients used H2-receptor

antagonists (H2RA) and 13 used PPI. As both H2RA (15) and PPI (16-19) may influence

the accuracy of the test results these 19 patients were also excluded from the final

analysis.

Figure 1. Number of positive tests for H.pylori (culture, PCR, rapid 
urease test and histology (HE or giemsa stain) of the antrum en culture of 
the corpus) in 156 patients after treatment.  

131

9 0 0 4 12

0

50

100

150

0 1 2 3 4 5

number of positive tests

nu
m

be
r o

f p
at

ie
nt

s



122

T
able 1. R

eliability of biopsy based tests for H
. pylori after treatm

ent.

culture antrum
culture corpus

urease test
H

E
G

iem
sa

PC
R

num
ber of cases

156
156

156
156

156
156

true negative
140

140
139

133
138

140

false positive
0

0
1

7
2

0

false negative
0

0
2

1
3

2

true positive
16

16
14

15
13

14

sensitivity
100 (79-100)

100 (79-100)
87 (62-98)

94 (70-100)
81 (54-96)

88 (65-99)

specificity
100 (97-100)

100 (97-100)
99 (96-100)

95 (90-98)
99 (95-100)

100 (97-100)

pos.pred.value.
100 (79-100)

100 (79-100)
93 (66-100)

68 (45-86)
87 (60-98)

100 (77-100)

neg.pred.value.
100 (97-100)

100 (97-100)
99 (96-100)

99 (96-100)
98 (94-100)

99 (96-100)

accuracy
100 (98-100)

100 (98-100)
98 (94-99)

95 (90-98)
97 (93-99)

99 (96-100)

R
eliability of 6 biopsy-based tests in 156 patients after treatm

ent for H
. pylori. H

E
 represents the heam

atoxylin/eosin stain. N
egative, false

 positive, false negative and positive are given as num
ber of cases. Specificity, positive and negative predictive values and accuracy are presented

 as percentage (95%
 confidence interval).



123

 By our criteria, H. pylori was eradicated in 140 of the remaining 156 patients (89,7%).

The number of positive tests in each patient and their distribution are presented in figure

1. At odds with all other tests, the urease test was positive in one case, the HE stain in 6

cases, the Giemsa stain in one case, and both the HE and the Giemsa stain in another

case. In all these patients 13C-urea breath tests were negative.

The HE stain and the Giemsa stain were difficult to interpret in 16 and 5 cases,

respectively. In these cases the test was finally considered negative, but the pathologist

was unable to exclude a few remaining rods with certainty. In most of these slides there

was still some inflammation present, accompanied by amorph material on the mucosal

surface. According to our gold standard, all of these patients were classified as H. pylori

negative.

Sensitivity, specificity, positive and negative predictive values, and accuracy of all tests

are shown in table 1.

Discussion

Several studies have reported high recurrence rates of H. pylori infection after

apparently successful eradication (20). In most of these studies, however, recurrence

occurred in the first year after the completion of treatment, suggesting that these

recurrences in fact represented resurgence of a suppressed infection rather than a new

one (21-24). Therefore, the reliability of the tests used to establish eradication of the

infection in these studies is to be questioned. Several studies examined the reliability of

a negative test after treatment, but only four of them were published as full paper (25-

39). In most studies one single test was selected as the gold standard, resulting in an a

priori accuracy of that test of 100%. This makes interpretation of these studies difficult.

A few studies tried to avoid that bias and classified the H. pylori status of each patient

on an individual basis (27,29,38). Comparable to three other studies (32,34,39), we

avoided to select a single test as the gold standard, by stipulating that a positive test

should be confirmed by another positive test.

A possible drawback of this study is that true eradication of the infection in patients

classified as 'H. pylori negative' was not confirmed by long term follow-up. In a similar

treatment study performed in our hospital, however, the same endoscopic follow-up

protocol was used and all but one of one of ninety successfully treated patients were still

H. pylori negative after a median follow-up of 6 years (chapter 11). This suggests that
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also in the present study the micro-organism was indeed successfully eradicated in

patients classified as 'H. pylori negative'.

In our study all biopsy based tests proved to be accurate in the assessment of

eradication, but, in comparison with the other tests histology seemed to have a

somewhat lower accuracy. We acknowledge that this is likely to be observer dependent,

but as histological examination by the same pathologist was highly accurate (sensitivity

96%, specificity 99%)  before treatment (5), it is probably also related to the

posttreatment situation. Apparently, as was also demonstrated by the cases in which the

test was finally considered negative, although the pathologist was not completely

certain, it is sometimes difficult to differentiate between amorph material and a few

remaining bacteria, especially if some inflammation is still present. It is conceivable that

the performance of histology can be improved by using special stains (like the Warthin-

Starry silver stain or an immunostain) as is suggested by the results of other

investigators (25,37), but these stains are more costly and technically more demanding.

Moreover, in one study the accuracy of the Warthin-Starry silver stain after treatment

was even lower than that of the rapid urease test (32).

In this posttreatment situation with probably low bacterial density and hence low urease

activity the cheap rapid urease test had an unexpected high sensitivity. If the patient

leaves the endoscopy ward with a negative test there is a 99% chance of true

eradication.

In our study both culture of antral and corpus specimens were 100% accurate. This

shows that culture enables reliable H. pylori detection even after treatment when

bacterial load is probably low. In contrast with the results of Lamouliatte et al.(28) but

confirming our previous experience (11) PCR did not detect any more treatment failures

than culture. Our data confirm the results of others (40,41) and show that the biopsy site

(antrum or corpus) is less important than an adequate culture technique.

In summary, we have shown that nearly all biopsy based tests are reliable in the

assessment of eradication. Histology, however, especially when using the HE stain, may

induce diagnostic uncertainty and a positive test should be confirmed by at least one

other positive test. In our view, culture is the biopsy-based test of first choice. It has

intrinsically 100% specificity and when performed properly is highly sensitive.

Moreover, it gives additional information on antibiotic resistance, a frequently occurring

problem after treatment failure (42,43).
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Chapter 10

Gastroesophageal reflux after successful eradication of  Helicobacter pylori in

patients with peptic ulcer disease and functional dyspepsia.

E.J. van der Wouden1, J.C. Thijs1, J.H. Kleibeuker2.

1Department of Internal Medicine, Bethesda Hospital, Hoogeveen, and 2Department of

Gastroenterology, University Hospital Groningen; the Netherlands.

Preliminary results of an ungoing study
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Introduction.

Eradication of Helicobacter pylori (H. pylori) is mandatory in patients with peptic ulcer

disease as it prevents ulcer recurrence and cures the disease (1,2). Anti-H. pylori

treatment may also be beneficial in a subset of patients with functional dyspepsia (2-4),

although this is still much debated (5-7). As H. pylori gastritis increases the risk of

developing gastric cancer (8), it has even been suggested to screen the population and

eradicate the infection as a preventive measure (9). Therefore, anti-H. pylori therapy is

frequently prescribed and the question is appropriate whether eradication of H. pylori

has any harmful long-term effects, as in the long run benefits must outweigh potential

risks (10).

In this respect, studies suggesting that eradication of H. pylori may lead to an increased

incidence of gastroesophageal reflux disease (GERD) are of special interest (11-20). In

support of these observations, a few studies have shown a lower prevalence of H. pylori

gastritis in GERD patients then in controls suggesting the possibility that H. pylori

gastritis somehow protects against GERD (21,22). Furthermore, epidemiological studies

have shown an increasing incidence in GERD and Barrett carcinoma in areas where

peptic ulcer disease and H. pylori infection are decreasing (23). On the other hand, the

contention that H. pylori gastritis protects against GERD seems to be contradicted by

the observation that a substantial number of patients with peptic ulcer disease have

concurrent GERD (24). To clarify the issue, gastroesophageal reflux before and after

successful eradication of H. pylori was studied in patients with duodenal ulcer disease

or functional dyspepsia using 24-hour esophageal pH measurement.

Patients and methods.

Patients with duodenal ulcer disease (DU) or functional dyspepsia (FD) were eligible

for the study, if they had culture proven H. pylori infection and no endoscopic signs of

GERD. Patients with hiatal hernia or symptoms of heartburn but without endoscopically

visible GERD were not excluded. Exclusion criteria were coexisting gastric ulcer or

potential malignancy, stenosing duodenal ulcer, and the use of medication with potential

influence on lower esophageal sphincter function. Patients with DU included patients

with active ulcer or severe duodenitis (erosions with a whitish exudate) at the index

endoscopy and patients with a history of endoscopically or radiologically proven

duodenal ulcer disease. Patients using NSAID’s apart from acetylsalicylic acid (100

mg/day or less), were excluded. FD was diagnosed if in a patient with dyspeptic



132

complaints endoscopy was normal apart from a hiatal hernia, if the patient had not used

any anti-ulcer medication in the previous fortnight, and if peptic ulcer disease was not

diagnosed at any previous occasion. If symptoms suggested gallstones as a possible

cause, these were excluded by ultrasound.

The patients were endoscoped after an overnight fast. Endoscopes and biopsy

equipment were disinfected between all procedures. At endoscopy two antral and two

corpus biopsy samples were taken for histological assessment according to the Sydney

classification (25). For histological examination the haematoxylin-eosin stain was used

on paraffin embedded slides. Furthermore, one antral biopsy specimen was taken for

culture and one more for a rapid urease test. Culture was performed as previously

described (26). A home made test containing 1 ml of a 10% urea solution and phenol

red as a pH indicator was used as direct urease test (27). At endoscopy the lower

esophageal sphincter was identified (the upper border of the stomach folds in the

collapsed esophagus) and the distance from the teeth was recorded. All patients with

duodenal ulcer disease were given ranitidine 300 mg at evening meal awaiting the

culture results. Patients without endoscopic abnormalities did not receive any treatment

until the culture results were known.

If culture of the antral biopsy specimen showed growth of H. pylori and if the patient

gave written informed consent a structured dietary interview was taken by a dietitian,

using both a dietary history and a cross check method (28). Furthermore, record was

made of alcohol intake and smoking habits, and the weight was measured. Finally, the

patients completed a symptom score (gastrointestinal symptom rating scale) and a

quality of life questionnaire (RAND-36 questionnaire) (29-31). If ranitidine had  been

prescribed previously this medication was stopped for at least 30 hours before a 24-hour

esophageal pH monitoring was performed. Pathological gastroesophageal reflux was

considered present if the esophageal pH was less then 4 during 5% of the time or more

(32,33).

Subsequently, anti-H. pylori treatment was prescribed (ranitidine bismuth citrate 400

mg, clarithromycin 500 mg, and metronidazole 500 mg, all bid for one week).

The patients were re-endoscoped three months after the end of treatment. At this

endoscopy biopsy samples were taken as described above. One extra corpus sample was

taken for culture. Patients were considered H. pylori-negative if all biopsy-based tests

were negative. The patients in whom anti-H. pylori treatment failed were omitted from

the study. After endoscopy a second 24-hour esophageal pH measurement was
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performed. The patients visited the outpatients department three months later and again

one year after the end of treatment. At each occasion the weight was measured, record

was made of alcohol consumption, current smoking habits, and current medication and

the patients completed the symptom score. Furthermore, at the one-year follow up visit

the 24-hour pH measurement, the structured dietary interview, and the quality of life

questionnaire were repeated. Finally a 13C-urea breath test was done to ascertain that the

patient was still H. pylori-negative. The 13C-urea breath test was performed using 100

mg 13C-urea and orange juice as a test meal. The test was considered positive if the

excess Delta 13CO2/12CO2 was above 5 per million at 20 or 30 minutes (34).

Results.

So far 17 patients, 13 with DU and 4 with FD, were included in the study. The mean age

of the patients was 52 years (range: 30-70 years), 10 of them were males, 11 patients

were smokers, and 11 patients were regularly using alcoholic beverages. In two patients

with DU the pretreatment esophageal pH measurement failed because of technical

reasons. In five of the other fifteen patients (one with FD)  pH monitoring showed

pathological reflux before treatment.

All 17 patients were H. pylori negative by rapid urease test, histological examination,

and culture three months after treatment. Two patients (both with DU) had developed

endoscopic signs of GERD at the three months endoscopy. At one year, one patient had

a recurrent H. pylori infection by 13C-urea breath test and subsequent endoscopy (rapid

urease test, histological examination, and culture were all positive for H. pylori). DNA

fingerprinting of the pretreatment strain and the new isolate suggested a genuine

reinfection (data not shown). This patient was excluded from further analysis.

In four patients no 24-hour pH data were obtained during follow-up: three patients

refused to undergo the second and third 24-hour pH esophageal measurement and in one

patient the second 24-hour pH measurement failed because of technical reasons and this

patient refused the third one. These patients were also excluded. Therefore, in a total of

10 patients all data were available (7 patients with DU and 3 patients with FD).
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Figure 1.  24-hour esophageal pH measurement in 7 patients with duodenal ulcer

disease before and three months and one-year after H. pylori eradication.

The 24-hour esophageal pH data of the 7 patients with DU are summarized in figure 1.

In these patients median reflux time was 4.47% (range: 3.00-8.33%) before treatment

and 4.76% (range: 0.27-8.60%) at 3 months and 6.55% (range: 1.47-37.70%) at 1 year.

The number of patients with pathological reflux were 2 before treatment, 3 at three

months and 4 at one year. One of the two patients with DU in whom before treatment

24-hour pH monitoring failed had a pathological esophageal 24-hour pH profile at 3

months and in both it was pathological at one year.

For the 3 patients with FD the reflux times are summarized in figure 2. One patient had

pathological reflux pretreatment, another patient had pathological reflux at 3 months,

and these two patients both had pathological reflux at one year.

Before treatment heartburn was present in seven of the thirteen patients with DU and in

two of the 4 patients with FD. In all patients a decrease in upper abdominal symptoms,

including heartburn, occurred after treatment (data not shown). The presence or absence

of GERD in the ten patients with complete follow-up as detected by symptoms of
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Figure 2. 24-hour esophageal pH measurement in 3 patients with functional dyspepsia

before and three months and one-year after H. pylori eradication.

heartburn, endoscopy, or pH monitoring before and after treatment is summarized in

table 1.

The answers on the quality of life questionnaire in the 7 patients with DU are

summarized in table 2, and suggest an increase in quality of life as measured by the

RAND score. In the 3 patients with FD no increase in quality of life could be observed

(data not shown).

The mean weight before and one year after H. pylori eradication in the 10 patients was

73 kilogram (range: 60-85) and 74 kilogram (range: 65-88), respectively. Furthermore,

there was no change in daily energy intake (before and at one year: mean 9723

kilojoules (range: 6245-13905 kilojoules) and 9766 kilojoules (range: 6329-12625

kilojoules), respectively), daily fat intake (before and at one year: mean 95,9 gram

(range: 47,4-140,1 gram) and 95,1 gram (range: 43,9-140,1 gram), respectively),

smoking habit, or alcohol consumption.
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Table 1.  GERD as measured by symptoms of heartburn, endoscopic esophagitis and

esophageal reflux time before and after anti-H. pylori therapy.

before treatment 3 months 6

months

1 year

diagnosis

heartburn endoscopy pH monitoring heartburn endoscopy pH monitoring heartburn heartburn pH monitoring

1

2

3

4

5

6

7

8

9

10

FD

FD

FD

DU

DU

DU

DU

DU

DU

DU

0

+

+

0

+

0

0

0

0

+

0

0

0

0

0

0

0

0

0

0

+

0

0

+

0

0

0

0

+

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

+

0

0

+

+

0

+

0

0

+

0

0

0

+

0

0

0

0

0

0

+

0

+

0

0

0

0

0

0

0

0

+

0

+

0

0

0

+

+

+

+

+ denotes present, 0 denotes not present.

Discussion.

Since the publication of the study of Labenz et al. (20) several studies have investigated

the incidence of GERD after H. pylori eradication. According to some investigators the

prevalence of endoscopic esophagitis increased after H. pylori eradication for duodenal

ulcer disease (11-17,19) but it remained stable or even decreased according to others

(35-37). The same holds true for after anti-H. pylori treatment for FD. In one study an

increase in esophagitis was suggested (14) but this could not be confirmed by two other

studies (36,38). In the same way, studies investigating the development of heartburn

after H. pylori eradication gave conflicting results both in patients with DU and in

patients with FD (13,14,18,35,38-42). Just a few studies have used 24-hour esophageal

pH monitoring to determine the presence of GERD after treatment of the infection and

again results are inconsistent (43,44). In one study sixteen patients with FD were
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Table 2. Quality of life according to the RAND questionnaire before and 1 year after H.

pylori eradication in 10 patients with DU. Data are expressed as median (range). A

higher score suggests a better quality of life.

Before 1-year

Physical functioning 95% (70-100%) 100% (85-100%)

Social functioning 63% (38-100%) 100% (75-100%)

Role physical 50% (0-100%) 100% (50-100%)

Role mental 100% (0-100%) 100% (67-100%)

mental health 68% (40-88%) 80% (68-100%)

Energy 60% (25-80%) 80% (65-100%)

Pain 57% (35-100%) 90% (78-100%)

General health perception 80% (30-100%) 75% (40-95%)

Changes in health status 50% (25-75%) 100% (25-100%)

investigated before and three months after successful anti-H. pylori therapy and no

increase in reflux was observed (43). In contrast, in another study examining nineteen

patients with DU an increase in GERD was observed both endoscopically and using 24-

hour pH monitoring one month after successful triple therapy (44).

In our ongoing study only a limited number of patients could be included so far.

Nevertheless, this study gave some interesting results. As only patients showing no

endoscopic signs of  esophagitis were included, it is remarkable that heartburn and a

pathological 24-hour esophageal pH profile were observed so frequently in patients with

DU prior to H. pylori eradication. Seven of the thirteen patients with DU experienced

heartburn at entry and one of them had a pathologic 24-hour pH profile before H. pylori

eradication. Such a profile was also present in 3 of the patients without heartburn. One

of the four patients with FD had a pathological 24-hour esophageal pH measurement at

entry and should, probably, have been classified as patients with GERD and not as

suffering from FD.

The limited number of patients included so far prohibits definite conclusions about the

incidence of GERD after anti-H. pylori treatment. The decrease in the prevalence of

heartburn suggests a decrease in GERD. In contrast, the pH measurements and
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endoscopic findings suggest an increase in the prevalence of GERD. It is remarkable

that at one year three patients had much esophageal reflux (esophageal pH was less then

4 during 18%, 31% and 38% of the time, respectively) that was not present before

treatment and at three months. These patients did not suffer from heartburn, suggesting

the possibility of a wrong position of the pH probe. This, however, could be

substantiated when the 24-hour esophageal pH monitoring graphs were analyzed in

more detail. The clinical significance of these observations remains, therefore,

unresolved.

The cause of the development of GERD after H. pylori eradication, if at all the case, is

still unknown. Subgroup analysis of those that did develop GERD as compared to those

that did not, is not possible in this small study. It has been suggested that a change in

lifestyle (higher energy and/or fat intake and weight gain) is related to the development

of GERD (18). In our patients, however, energy, fat, and alcohol intake, as well as

smoking habit and weight did not change after H. pylori eradication. It was also

suggested that in patients the presence of corpus gastritis before eradication of the

micro-organism is related to the development of GERD after anti-H. pylori treatment

(18,20). In our study the presence of corpus gastritis did not predict the development of

GERD, but data are limited (data not shown). Finally, several studies suggest that the

presence of GERD after H. pylori eradication is simply an unmasking of previous

subclinical disease (40,45,46). This is an attractive postulation as in our study the

prevalence of heartburn and a pathological pH measurement was frequently found prior

to H. pylori eradication. Moreover, this is in concurrence with another study that

describes a high prevalence of esophagitis in patients with duodenal ulcer disease (24).

Studies investigating the prevalence of GERD after H. pylori eradication should,

therefore, provide data on the prevalence of GERD before the anti-H. pylori therapy.

In summary, preliminary results of this ongoing study show that heartburn and

pathological 24-hour esophageal reflux occur frequently in untreated peptic ulcer

disease patients. Upper abdominal symptoms, including heartburn, decrease in these

patients after H. pylori eradication and an improvement of their quality of life is

suggested. Whether H. pylori eradication affects the prevalence or severity of GERD

remains to be established.
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Abstract.

Objective: Whether H. pylori eradication in peptic ulcer disease (PUD) patients leads to

a decrease in symptoms and use of anti-dyspeptic drugs is questioned. Therefore, the

recurrence rate of  H. pylori, upper abdominal symptoms, and the use of acid-

suppressive drugs were determined 6 years after successful triple therapy.

Methods: PUD patients successfully treated in 1990-1993 with  'classic' triple therapy

were eligible. Patients were asked about symptoms and invited for a 13C-urea breath test

or endoscopy in 1997-1998. Data on the use of anti-dyspeptic drugs were obtained from

the pharmacy or general practitioner.

Results: 90 of the 113 eligible patients could be included. The mean follow-up time

was 6.0 years (range 4.6-7.6 years). In one patient H. pylori recurred (recurrence rate:

0.19% per patient-year, 95% confidence interval: 0.01-1.1%). Moderate or severe

symptoms were experienced before and after therapy by 79% and 18% of the patients,

respectively (p < 10-7). Before triple therapy 98% used H2-receptor antagonists and 54%

was on maintenance treatment. After treatment 30% used anti-dyspeptic medication,

only 13% was on maintenance treatment (p < 10-7).

Conclusions: 6 years after successful triple therapy the recurrence rate is low and

symptoms and the use of anti-dyspeptic drugs decrease significantly.
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Introduction.

All patients with Helicobacter pylori (H. pylori) related peptic ulcer disease (PUD)

should be treated for the infection as this approach cures the ulcer and prevents ulcer

relapse (1,2). As shown by several long-term follow-up studies, recurrence of H. pylori

after successful treatment is very rare in the Western world (3-12). It mostly happens

after the use of a treatment regimen with low efficacy and in the first year after

treatment, suggesting that in most cases recurrence represents a missed treatment failure

rather than a true reinfection (13). This notion is supported by studies using DNA

fingerprinting of the H. pylori strains isolated before and after treatment (14-16).

Although recurrence of the infection is exceptionally rare, it is still debated whether or

not eradication of H. pylori in PUD patients leads to a persistent reduction in upper

abdominal symptoms and a diminished need for acid suppressing medication. In two

studies the majority of PUD patients who were cured from the infection still had upper

abdominal symptoms (17,18). Furthermore, in the study of Labenz et al. 26% of

duodenal ulcer patients developed reflux esophagitis within three years after successful

H. pylori eradication (19).

The purpose of this long-term follow-up study was to determine the recurrence rate of

H. pylori in a cohort of Dutch PUD patients. The second aim of the study was to

evaluate the long-term effects of anti-H. pylori treatment on upper abdominal

symptoms, quality of life, and need for acid suppressive agents. Finally, as it is

unknown to what extent anti-H. pylori antibodies remain detectable more than 5 years

after treatment, IgA and IgG antibody values were determined in all patients.

Patients and methods.

One hundred and thirteen PUD patients (80 with duodenal ulcer, 29 with gastric ulcer,

and 4 with both gastric and duodenal ulcer) were eligible for the study. All patients were

treated for their H. pylori infection between May 1990 and October 1993 with a fifteen-

day course of colloidal bismuth subcitrate 120mg, tetracycline 250mg, and

metronidazole 250mg (all four times daily) and were H. pylori negative by histology,

urease test, and culture of antral biopsy specimens at follow-up endoscopy three months

after treatment (20). All patients were contacted between April 1997 and November

1998. If the patients were willing to participate, they were asked to complete a

previously validated quality of life questionnaire (RAND-36) (21,22) and to fill out a

form evaluating any present and past upper abdominal complaints and their overall
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assessment of the anti-H. pylori treatment using a four point semi-quantitative scale.

The results of the quality of life questionnaire were compared with a historical control

group consisting of a random sample of 1063 subjects from a town located in the same

region of the Netherlands (21,22).

Further, the patient records of their general practitioner and pharmacy were examined

for the number of prescriptions issued for upper abdominal complaints during the

previous years. The hospital records were examined to determine whether the patients

had used acid suppressive drugs before the anti- H. pylori treatment. A blood sample

was drawn for serology. Samples were centrifuged and serum was stored at -70oC until

analysis. Patients with persisting upper abdominal symptoms were invited to undergo

upper endoscopy. In all other patients and in those refusing endoscopy a 13C-urea breath

test was performed. Patients with a positive 13C-urea breath test also underwent

endoscopy.

Serological examination was performed using a commercial anti-H. pylori IgG and IgA

assay (Meddens Biotech, Vorden, The Netherlands), previously validated in the same

region (23). The test was performed according to the instructions of the manufacturer.

Samples with an IgG or IgA value of less then 15 arbitrary units per milliliter (AU/ml)

were regarded as negative; those with a value of more then 20 AU/ml were considered

positive. Values between 15-20 AU/ml were considered indeterminate ('gray zone').

For the 13C-urea breath test any acid suppressive drugs, bismuth-containing drugs or

antibiotics were discontinued for at least two weeks. After an overnight fast, patients

were given 100mg 13C-urea and 200ml orange juice as a test meal. Breath samples were

collected before and 20 and 30 minutes after ingestion of the 13C-urea. The test was

considered to be positive if the excess Delta 13CO2/12CO2 after 20 or 30 minutes was

above 5 parts per million (24).

At endoscopy antral and corpus biopsy samples were taken for H. pylori culture, urease

testing, and histology as described previously (23).

All patients gave written informed consent and the local ethics committee approved the

study.

Results.

Ten of the 113 eligible patients had died of unrelated diseases during the follow-up

period, four were unable to visit the clinic because of unrelated illnesses, four could not

be traced, and five refused to participate in the study. Therefore, 90 patients (80%; 47
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males; mean age ± standard deviation: 58 ± 12 years) were included. The mean follow-

up time was 6.0 years (range 4.6-7.6) including a total of 540.3 patient-years. 18 of the

90 patients underwent endoscopy for clinical reasons during the follow-up period, in

none of these patients H. pylori had recurred and no duodenal or gastric ulcer was

found.

In 84 patients a 13C-urea breath test was performed and the other six underwent

endoscopy as the primary investigation. 13C-urea breath tests were negative in all but

two patients. One of them was treated with immunosuppressive drugs after a renal

transplant. This patient had only minor upper abdominal symptoms (classified as "B" in

table 1) when using a proton pump inhibitor (PPI). Endoscopy was normal and all

biopsy-based tests were H. pylori-negative. Therefore the 13C-urea breath test was

considered falsely positive. In the other patient dyspepsia had recurred a few months

before. At endoscopy erosive duodenitis was found and H. pylori was observed in all

biopsy specimens. In the six patients undergoing primary endoscopy no H. pylori

recurrence was observed. The recurrence rate of H. pylori was, therefore, one in 540.3

patient-years (0.19% per patient-year, 95% confidence interval: 0.01-1.11%).

Table 1. Retrospective evaluation of upper abdominal symptoms before and median six

years after treatment in 90 peptic ulcer disease patients treated with triple therapy.

 Before  After

A. No: No complaints  5 (6%)  48 (53%)

B. Minor: Only rarely complaints  9 (10%)  26 (29%)

C. Moderate : Regularly complaints, but not

interfering with daily activities

 26 (29%)  11 (12%)

D. Severe : Severe complaints, interfering with daily

activities

 45 (50%)  5 (6%)

E. I don't remember  5 (6%)

Data are presented as number of patients (percentage).
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Table 2. Retrospective evaluation of triple therapy median six years after treatment in

90 peptic ulcer disease patients.

A. Treatment was successful, I have no complaints anymore.  52 (58%)

B. Treatment was successful, but sometimes I still have some

complaints.

 29 (32%)

C. Treatment helped only a little, I still have frequent upper abdominal

symptoms.

 4 (4%)

D. Treatment did not help at all.  1 (1%)

E. I don't remember  4 (4%)

Data are presented as number of patients (percentage).

At follow up, 48 patients (53%) had no upper abdominal symptoms and 26 (29%) had

such symptoms only rarely (table 1). Anti-H. pylori treatment caused a significant

reduction in symptoms. The odds ratio for significant upper abdominal symptoms (C-

D/A-B in table 1) after H. pylori eradication compared to before eradication was 0.04

(95% confidence interval: 0.02-0.1, p < 0.000001). Moreover, all but 9 patients (90%)

retrospectively judged the eradication therapy to have been successful (table 2). Of the

16 patients still having symptoms one had a recurrent infection, four had

gastroesophageal reflux disease (GERD), three had a normal endoscopy, and eight

patients refused endoscopy. Two of these patients were regularly using non-steroidal

anti-inflammatory drugs (one with a normal endoscopy, one refusing endoscopy).

Before triple therapy all but two patients (98%) used H2-receptor antagonists (H2RA)

and 49 of them (54%) were on maintenance treatment. In all patients but one, data on

the use of medication during the years (median 2.8 years, range 1.0-5.9 years) before the

follow-up visit were available. Twenty-seven patients (30%) had been prescribed some

medication for upper abdominal symptoms during that period but only 12 of them

(13%) were on some form of maintenance treatment (H2RA in 7 and PPI in 5). The odds

ratio for maintenance therapy in patients after successful eradication compared to before
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Table 3. Present upper abdominal symptoms in relation to anti-dyspeptic therapy and

diagnosis in the 12 patients on maintenance therapy.

diagnosis symptoms

without

medication

drug symptoms with

medication

a GERD severe H2RA no

b GERD severe PPI no

c GERD severe PPI no

d GERD severe PPI no

e GERD severe H2RA no

f GERD severe H2RA severe

g normal endoscopy severe PPI minor

h normal endoscopy moderate H2RA no

i normal endoscopy severe H2RA minor

j no diagnosis severe H2RA moderate

k no diagnosis no H2RA no

l band ligation varices no PPI no

eradication was 0.12 (95% confidence interval: 0.05-0.26, p < 0.000001). The patients

on maintenance therapy were contacted again and asked about the reason for the

maintenance therapy and the relation between upper abdominal symptoms and their

anti-dyspeptic therapy. These data are summarized in table 3.

Six of the 90 patients had erosive esophagitis at the pre-treatment endoscopy. At follow-

up endoscopy three months after treatment, esophagitis had healed in one of them, but
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in the five others erosive esophagitis was still present. Four other patients had developed

erosive esophagitis at three months. Of the 18 patients that later underwent an

endoscopy for clinical reasons three patients had developed erosive esophagitis. As

stated above six patients underwent endoscopy as part of the study and in four of them

erosive esophagitis was found, two of whom were already known to have esophagitis.

Thus, at least 9 of the 90 patients (10%, 95% confidence interval: 5-18%) developed

reflux esophagitis after H. pylori eradication and at least 14 patients (16%, 95%

confidence interval: 9-25%) were likely to have GERD at follow-up. As shown in table

3, six of the patients on maintenance treatment had GERD. Five were those that had

developed GERD after the triple therapy, the other patient was known with GERD

before the start of the triple therapy.

When the quality of life of our patients was compared with that of the control group no

relevant differences were found in any of the items (physical functioning, social

functioning, role physical, role mental, mental health, energy, pain, general health

perception, and changes in health status). Our patient group, however, was not

Figure 1. IgG and IgA values in the 89 H. pylori negative patients median 6 years after

triple therapy. Samples with an IgG or IgA value of less then 15 arbitrary units per

milliliter (AU/ml) were regarded negative, those with a value of 15-20 AU/ml were

regarded intermediate ('gray zone'), and those with a value of more then 20 AU/ml were

regarded positive.
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completely comparable with this control group as it contained fewer females (48% vs.

65%) and was older (mean age: 58 years vs. 44 years).

The median IgG antibody value in the H. pylori negative patients after a mean 6.0 years

after treatment was 11.8 AU/ml with a range of 0.3-155.5 AU/ml. In 21 patients (24%,

95% confidence interval: 15-34%) levels were still above the cut-off. The median IgA

value was 20.7 AU/ml (range: 3.8-300 AU/mL) and 45 patients (51%, 95% confidence

interval: 40-62%) had levels above the cut-off (figure 1). The patient with a recurrent

infection had an IgG and IgA value of 261.8 and 63.8 AU/ml, respectively.

Discussion.

Our six-year follow-up study confirms several earlier observations that recurrence of H.

pylori after successful treatment is very rare in the western world (3-12). A recurrence

rate of 0.19% per patient-year is in line with these earlier studies that found figures

ranging from 0% to 11%. The study also showed that in patients with PUD upper

abdominal symptoms are persistently reduced after successful anti-H. pylori treatment.

Six years after such treatment 53% of the patients did not have upper abdominal

symptoms anymore. Another 29% had only minor symptoms and 90% of the patient

group was satisfied with the treatment in the long run. Moreover, there was no relevant

difference in their quality of life as compared with a random sample of the general

population. These data, therefore, suggest that the large majority of these PUD patients

were indeed cured from their formerly chronic disease by treatment of the H. pylori

infection. This is in concurrence with many studies showing that H. pylori eradication

prevents ulcer relapse (1,2,25).

The reduction in symptoms also caused a reduction in use of anti-dyspeptic medication.

Although 30% of the patients used some kind of drugs for dyspepsia during the years

preceding follow-up, only a minority (13%) was on maintenance treatment with acid

suppressive drugs. H2RA have only become available over-the-counter in 1997 in the

Netherlands and are still quite expensive. Therefore, the use of over-the-counter acid

suppressive drugs is probably of no influence on our results. Approximately half of the

patients on maintenance therapy with acid suppressive drugs had documented GERD, in

most of the other subjects the reason for maintenance therapy was less clear, although

these drugs were of benefit according to the majority of patients.

A minority of our patients still had significant upper abdominal symptoms. In one of

them H. pylori had recurred and in four GERD was diagnosed at a previous occasion or
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at follow-up. In the remaining 11 patients the cause of the persistent complaints was

unknown, although  two of them were frequently using non-steroidal anti-inflammatory

drugs. These findings should be viewed in the light of the prevalence of dyspepsia in the

H. pylori-negative part of the general population. A study in apparently healthy

volunteers with a mean age of 42 years showed that up to 35% of the H. pylori

negatives had dyspeptic symptoms (27). Furthermore, the use of acid suppressing

medication after H. pylori eradication in our patient group should be compared with its

use in the general Dutch population. The combined consumption of PPIs and H2RAs in

the age groups of 20-39 year, 40-64 year and >65 years were 4, 15 and 38 defined daily

doses per person per year, respectively (Source: Stichting Farmaceutische Kengetallen,

April 1999). In our study population these figures were slightly higher: 2, 25, and 60

defined daily doses per person per year, respectively. Finally, acid suppressive drugs are

often prescribed without a documented diagnosis in the Netherlands (26). It remains,

therefore, an unresolved issue whether our patients have more dyspepsia and use more

acid suppressing medication than apparently healthy subjects without a history of

successfully treated PUD.

A few years ago European and American consensus conferences concluded that H.

pylori eradication is warranted in all patients with peptic ulcer disease (1,2). Our study

supports these conclusions and shows that also in the long run the majority of patients

remain H. pylori negative, are satisfied with the treatment, have less upper abdominal

symptoms and use less drugs for these symptoms.

The third part of our study shows that 6 years after successful treatment an important

proportion of patients remains seropositive. To our knowledge, only one other study

describes long-term serological follow-up. Our data are in concurrence with this study

that showed that 4 years after successful therapy a large proportion of the patients

remains seropositive (28). Although in our study the IgG assay performs somewhat

better then the IgA assay, both tests are unreliable in diagnosing a recurrent H. pylori

infection, even as long as six years after treatment.

In summary, our study shows that the recurrence rate of H. pylori after triple therapy in

PUD patients is very low. Furthermore, H. pylori eradication for PUD leads to an

important reduction in upper abdominal symptoms and reduction in prescriptions for

these symptoms. Nevertheless, 10% of the patients are still on maintenance therapy with

acid suppressive drugs. Finally, our study shows that IgG and IgA antibody values

remain elevated in a large proportion of patients.
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Summary and general conclusions.
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Summary.

In this thesis two different aspects of the treatment of Helicobacter pylori (H. pylori)

infection are described. The first part (chapters 2-8) explores the epidemiology,

mechanism, and clinical significance of nitroimidazole resistance as well as the

problems encountered in susceptibility testing for nitroimidazoles. In the second part

(chapters 9-11) three studies concerning the short and long term sequelae of the

treatment of this infection are described. One study examined the reliability of the

different biopsy based tests to assess treatment success or failure. Two other studies

investigated the long term effects of successful treatment of the infection on symptoms,

use of medication, quality of life, and the incidence of gastroesophageal reflux disease.

In the retrospective study described in chapter 2 the prevalence of nitroimidazole

resistance was studied in a rural area in the northern part of the Netherlands. A total of

1037 isolates were tested and it was shown that the prevalence of resistance increased

from 7% in 1993 to 32% in 1996 (p < 0.0001). This increase could not be related to

changes in the patient population that was investigated as the increase was irrespective

of age, sex, ethnic origin, and endoscopic diagnosis. Furthermore, during that period

there was only a slight increase in the use of nitroimidazoles in the Netherlands. It,

therefore, remained obscure what caused this rise of nitroimidazole resistance. A

methodological weakness of this study was the fact that different techniques were used

to determine nitroimidazole susceptibility: disk diffusion was used in 1993 while the E-

test was used in later years.

The relevance of this methodological weakness was investigated in the first study

described in chapter 3. The E-test was compared to breakpoint agar dilution in 90

isolates and to disk diffusion in 263 isolates. It was shown that the E-test results

concurred with the two other tests in the majority of cases. In approximately 5% of

cases, however, results between the E-test and the two other tests were discordant. In

these cases isolates were fully susceptible by one test and completely resistant by the

other test. The most likely cause of the discordance was revealed in the second study

described in this chapter. This study showed that a coinfection with resistant and

susceptible bacteria was present in 5 of 52 clinical isolates tested. On the other hand,

when the E-test was repeated up to ten times on 32 single colonies obtained from three

of these isolates the result remained either resistant or susceptible, although large

variations in MIC were frequently seen.
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To gain more insight in the mechanism of resistance, the study described in chapter 4

investigated the influence of anaerobic incubation on nitroimidazole susceptibility in 9

nitroimidazole resistant clinical isolates and a reference strain. It was demonstrated that

in these nitroimidazole resistant strains (the median MIC was 224 µg/ml, range 24 to

>256 µg/ml) nitroimidazoles are still slowly reduced to active metabolites during

anaerobic incubation. All strains regained susceptibility to nitroimidazoles after 8 hours

of anaerobic incubation (median MIC: 0.75 µg/ml, range: 0.38 to 4 µg/ml). It has

previously been suggested that this loss of resistance is due to the induction of

compensatory metabolic pathways required for the survival of  H. pylori under

anaerobic conditions. To study this suggestion, the experiment was repeated in broth

with the protein synthesis inhibitor chloramphenicol to prevent the induction of these

pathways. It was shown that chloramphenicol could not prevent this loss of resistance,

indicating that compensatory metabolic pathways are not involved. Therefore, our data

suggested that under anaerobic conditions nitroimidazoles is slowly reduced by

preexisting mechanisms. These observations shed more light on the mechanism of

nitroimidazole resistance. In nitroimidazole susceptible strains the reduction of a

nitroimidazole by an oxygen-insensitive nitroreductase  (rdxA) leads to a nitrosoderivate

by direct transfer of two electrons. This highly toxic nitrosoderivate causes DNA

damage and subsequent killing of the bacterium. These toxic nitrosoderivates cannot be

re-oxidized by molecular oxygen due to the chemical nature of the two-electron transfer

step catalyzed by this enzyme, and the nitroreductase is, therefore, called 'oxygen-

insensitive'. It has been shown that a functional 'oxygen-insensitive’ nitroreductase is not

available in nitroimidazole resistant strains. In H. pylori, however, several other

nitroreductases are present. These nitroreductases can also reduce a nitroimidazole, all

be it by a one-electron transfer step to a free radical anion. This toxic free radical anion

can, in contrast to the nitrosoderivate that is produced by the rdxA encoded

nitroreductase, be neutralized by molecular oxygen. These other nitroreductases are,

therefore, called ‘oxygen-sensitive’. Under anaerobic conditions, however, molecular

oxygen is not available and nitroimidazole resistance is lost. This slow activation of

nitroimidazoles by several enzymes is of clinical importance as it may be responsible

for the large variation in MIC described in chapter 3 when a single colony was tested

several times. Moreover, as activation of nitroimidazoles to toxic metabolites is still

possible in resistant strains it may also explain why the addition of a nitroimidazole to a
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treatment regimen still increases the efficacy of this regimen in infections with resistant

strains.

A meta-analysis of the therapeutic studies evaluating the clinical significance of

nitroimidazole resistance is described in chapter 5. A literature search was performed

for clinical studies published from 1993-1997. A total of 91 treatment arms including

4823 patients were evaluated. It was shown that resistance significantly reduces the

efficacy of both bismuth and protonpump inhibitor based triple therapy and quadruple

therapy. Eradication rates in patients infected with a susceptible strain were 90% or

more, but less then 75% in those infected with a resistant strain. Furthermore, the

impact of resistance was dependent on the other antibiotics used. In case of a bismuth

based triple therapy, the impact was smaller if tetracycline was included then if

amoxicillin was used. The same effect was suggested when in protonpump inhibitor

based triple therapy clarithromycin was used instead of amoxicillin. Finally, the longer

the treatment duration the less the impact of nitroimidazole resistance. This suggests

that the efficacy of a nitroimidazole containing regimen in resistant strains is mainly

related to the efficacy of the other aspects of the regimen. It was recommended that

nitroimidazoles should be avoided if resistance is (likely to be) present. If this is not

possible a regimen with highly effective other components and of sufficient length

should be used.

In chapter 6 a randomized study is described including 104 patients to compare the

efficacy of two ranitidine bismuth citrate (RBC) based regimens for the treatment of a

H. pylori infection. A new one-week triple therapy with RBC, clarithromycin, and

metronidazole was as effective as a two-week dual therapy with RBC and

clarithromycin. Intention to treat eradication rates were 96% (95% confidence interval

(CI): 87-100%) and 94% (95% CI: 84-99%) for the triple and the dual therapy,

respectively. The results suggested that nitroimidazole resistance had no influence on

the efficacy of the triple therapy regimen, although the number of patients infected with

a resistant strain was small. This matter was further explored in chapter 7 which

describes two prospective open studies. In the first one patients were treated with the

same triple therapy regimen as used in chapter 6. It was shown that nitroimidazole

resistance had indeed no clinically significant influence on the efficacy of this regimen.

Intention to treat eradication rates were 98% (95% CI: 91-100%) and 95% (95% CI: 76-

100%) for patients infected with a susceptible and resistant strain, respectively (p =

0.45). The second one, including 89 patients, showed that nitroimidazole resistance
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significantly reduced the efficacy of a regimen containing RBC, amoxicilllin, and

metronidazole. Intention to treat eradication rates were 87% (95% CI: 76-94%) and

22% (95% C: 3-60%) for patients infected with a susceptible and resistant strain,

respectively (p=0.0001). The observation that the efficacy of the clarithromycin-

containing regimen was influenced to a lesser extent by nitroimidazole resistance then

the amoxycillin-containing regimen confirmed the conclusion of our meta-analysis that

the efficacy in resistant strains is mainly related to the other components of the regimen.

In order to place the previous chapters in a broader perspective chapter 8 gave an

overview of the world literature on nitroimidazole resistance in H. pylori.

Recurrence of H. pylori after treatment usually represents a missed treatment failure and

not a genuine reinfection. Therefore, the reliability of biopsy-based tests to assess the

treatment result was examined in the study described in chapter 9. The presence of H.

pylori was determined in 197 patients at least four weeks after anti-H. pylori therapy by

four different biopsy based tests. Histology (using either the haematoxylin/eosin or

Giemsa stain), rapid urease test, polymerase chain reaction, and culture were all shown

to be reliable at four or more weeks after treatment. If an endoscopy is performed after

treatment, culture is the recommended test as it is most accurate and gives additional

information on antibiotic susceptibility in cases of treatment failure.

Chapter 10 describes a study that investigated the occurrence of gastroesophageal reflux

disease (GERD) both before and 3 and 12 months after the eradication of H. pylori

using 24-hour esophageal pH measurement, a symptom questionnaire, and endoscopy in

15 patients with duodenal ulcer disease and 4 patients with functional dyspepsia. Before

the triple therapy heartburn was present in 10 patients and a pathologic 24-hour pH

measurement was present in 6 patients. At one year follow-up upper abdominal

symptoms, including heartburn, had decreased but two patients had developed

endoscopic esophagitis and their was a slight increase in gastroesophageal reflux as

measured by 24-hour esophageal pH measurement. There were no changes in food, fat,

and alcohol intake nor in weight and smoking habit. This study showed that GERD is

often already present prior to H. pylori eradication; whether GERD frequently develops

after H. pylori eradication remains unresolved.

Finally, chapter 11 describes the long-term sequelae of H. pylori eradication in a cohort

of peptic ulcer disease patients treated with a classic bismuth-based triple therapy

regimen 4.6 to 7.6 years before. Only one of the 91 patients had a recurrent infection

(recurrence rate 0.19% per patient-year). Upper abdominal symptoms and the use of
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acid suppressive drugs decreased significantly after treatment. Only 13% were still on

maintenance acid suppressive therapy at follow-up, approximately half of them for

documented GERD.

General conclusions.

Several drug combinations are available for the treatment of H. pylori eradication. The

usability of these regimens, however, is hampered by the increasing prevalence of

antibiotic resistance. This thesis shows that nitroimidazole resistance is an increasing

clinical problem: the prevalence of resistance is rising and resistance significantly

reduces the efficacy of almost all nitroimidazole containing regimens. If nitroimidazole

resistance is (likely to be) present the best strategy is, therefore, to avoid the use of these

drugs. Today this is possible in the majority of cases, as the prevalence of resistance to

macrolides is still low in the Netherlands. It can be expected, however, that with the

increased use of these drugs the prevalence of macrolide resistance will rise as well.

Furthermore, resistance of H. pylori to amoxicillin and tetracycline has been reported.

Eradication of strains resistant to multiple antibiotics may, therefore, become a major

challenge. On the other hand, this thesis shows that a nitroimidazole containing

treatment regimen can still be effective in nitroimidazole resistant strains especially if

other highly effective drugs are used at the same time and the regimen is given for a

prolonged time. Probably, this is also related to the fact that conversion of

nitroimidazoles to active metabolites is still possible by other pathways then the one

facilitated by the oxygen insensitive nitroreductase encoded by the rdxA gene.

Culture of H. pylori and subsequent susceptibility testing to nitroimidazoles is easy and

can be performed accurately in hospitals with just basic facilities. Culture accurately

detects H. pylori, not only in the pretreatment situation, but also after treatment has

failed. When susceptibility testing is performed it should be taken into account,

however, that examining only one biopsy specimen may result in sampling error as

patients are frequently infected with both nitroimidazole susceptible and resistant

bacteria.

Cure of the H. pylori infection is mandatory in patients with peptic ulcer disease. This

thesis confirms that the long term recurrence rate of H. pylori is very low if eradication

is confirmed by adequate methods. Moreover, the majority of patients are relieved from

upper abdominal symptoms and do not need acid-suppressive therapy anymore.

Although this holds true for the majority of the patients, a minority of the patients still
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needs acid-suppressive drugs. In this regard, the development of GERD after H. pylori

eradication in a subset of patients needs further attention. It remains unclear if and to

what extent eradication of H. pylori facilitates the development of GERD and its

complications: Barrett esophagus and adenocaricoma of the esophagus. This is one of

the main clinical issues to be resolved in the future.
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Samenvatting en conclusies.
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Samenvatting.

In dit proefschrift komen twee verschillende aspecten van de behandeling van infecties

met Helicobacter pylori (H. pylori) aan de orde. Het eerste gedeelte (hoofdstuk 2-8)

behandelt de epidemiologie, het mechanisme en het klinisch belang van nitroimidazol

resistentie en de problemen die werden ondervonden bij het testen van de gevoeligheid

voor nitroimidazolen. In het tweede gedeelte (hoofdstuk 9-11) worden drie studies

beschreven die de gevolgen van de behandeling van deze infectie op de korte en lange

termijn betreffen. In de eerste studie werd de betrouwbaarheid onderzocht van de

verschillende op maagbiopten gebaseerde testen in het vaststellen van therapiesucces of

therapiefalen. De twee andere studies betreffen de langetermijngevolgen van H. pylori

eradicatie op bovenbuiksklachten, medicijngebruik, kwaliteit van leven, en de incidentie

van gastro-oesofageale-refluxziekte.

In de retrospectieve studie beschreven in hoofdstuk 2 werd de prevalentie van

nitroimidazol resistentie onderzocht in Zuidwest Drenthe. Totaal werden 1037 isolaten

getest en het bleek dat de prevalentie van resistentie toenam van 7% in 1993 tot 32% in

1996 (p<0.0001). Deze toename kon niet worden verklaard door veranderingen in de

onderzochte patiëntenpopulatie omdat de toename niet gerelateerd was aan leeftijd,

geslacht, etniciteit of endoscopische diagnose. Ook was er gedurende de

onderzoeksperiode slechts een geringe toename in het gebruik van nitroimidazolen in

Nederland. De oorzaak van de toename in resistentie bleef dus vooralsnog onduidelijk.

Een methodologische zwakte van deze studie was het feit dat verschillende technieken

werden gebuikt om de gevoeligheid voor nitroimidazolen te bepalen: disk diffusie werd

gebruikt in 1993 terwijl de E-test werd gebruikt in de latere jaren.

De relevantie van deze methodologische zwakte werd onderzocht in de eerste studie

beschreven in hoofdstuk 3. Hierin werd de E-test vergeleken met breekpunt agar dilutie

in 90 isolaten en met disk diffusie in 263 isolaten. Het bleek dat in de meeste gevallen

de resultaten van de E-test goed overeenkwamen met die van de twee andere testen.

Echter, in ongeveer 5% van de gevallen kwamen de resultaten van de E-test niet

overeen met die van de andere twee. In die gevallen was het isolaat volledig gevoelig

met de ene test maar compleet resistent met de andere test. De meest waarschijnlijke

verklaring hiervoor is beschreven in de tweede studie in dit hoofdstuk. Die studie liet

zien dat een dubbelinfectie met zowel gevoelige als resistente bacteriën aanwezig was in

5 van 52 onderzochte isolaten. Toen echter de E-test tot maximaal 10 keer werd

herhaald bij 32 aparte kolonies die verkregen waren uit 3 van deze isolaten bleef het
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resultaat steeds hetzelfde, dus gevoelig of resistent, hoewel grote variaties in MIC

regelmatig voorkwamen.

Om meer inzicht te verkrijgen in het resistentie mechanisme werd in de studie

beschreven in hoofdstuk 4 de invloed van anaërobe incubatie op de gevoeligheid voor

nitroimidazolen onderzocht in 9 klinische isolaten en een referentie stam. Het bleek dat

in deze resistente stammen (de mediane MIC was 224 µg/ml, spreiding 24 tot >256

µg/ml) onder anaërobe condities nitroimidazolen toch nog langzaam werden omgezet

tot actieve metabolieten. Na 8 uur anaëroob incuberen bleken de stammen weer geheel

gevoelig te zijn geworden (mediane MIC 0.75 µg/ml, spreiding: 0.38 tot 4 µg/ml). Het

is gesuggereerd dat dit verlies van resistentie het gevolg is van de inductie van

compensatoire metabole routes die H. pylori nodig heeft om te overleven onder

anaërobe condities. Om de juistheid hiervan te onderzoeken werd hetzelfde experiment

herhaald in bouillon met daaraan toegevoegd de eiwitsynthese remmer

chloramphenicol, zodat de eventuele inductie van nieuwe metabole routes werd

voorkomen. Het bleek dat chloramphenicol het verlies van resistentie niet kon

voorkomen, een aanwijzing voor de afwezigheid van de noodzaak tot inductie van

nieuwe metabole routes. Onze gegevens lijken eerder te wijzen op een langzame

activatie van nitroimidazolen door preëxistente mechanismen. Deze observaties geven

meer inzicht in het mechanisme van nitroimidazol resistentie. In nitroimidazol

gevoelige stammen leidt de reductie van een nitroimidazol door een zuurstof-ongevoelig

nitroreductase (gecodeerd door het rdxA gen) tot een nitrosoderivaat door de directe

overdracht van twee elektronen. Dit zeer toxische nitrosoderivaat veroorzaakt DNA

schade en vervolgens de dood van de bacterie. Deze toxische nitrosoderivaten kunnen

niet worden gereoxideerd door moleculair zuurstof, dit door de chemische aard van de

twee-elektron overdracht zoals die gekatalyseerd wordt door dit enzym; het

nitroreductase heet daarom ‘zuurstof-ongevoelig’. Het is aangetoond dat een

functionerend ‘zuurstof-ongevoelig’ nitroreductase niet beschikbaar is in nitroimidazol

resistente stammen. H. pylori beschikt echter over verschillende andere nitroreductases.

Ook deze nitroreductases kunnen een nitroimidazol reduceren, maar in dit geval door de

overdracht van slechts één elektron tot een vrije radicaal anion. Dit toxische vrije

radicaal anion kan, in tegenstelling tot het nitrosoderivaat dat geproduceerd wordt door

het rdxA gecodeerde nitroreductase, wel worden geneutraliseerd door moleculair

zuurstof. Deze andere nitroreductases worden daarom ‘zuurstof-gevoelig’ genoemd.
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Onder anaërobe condities is er echter geen zuurstof en nitroimidazol resistentie

verdwijnt dan ook. Deze langzame activatie van nitroimidazolen door verschillende

enzymen is van klinisch belang, want het is waarschijnlijk verantwoordelijk voor de

grote variatie in MIC zoals beschreven in hoofdstuk 3 waar één kolonie verschillende

malen werd getest. Daarenboven, als activatie van nitroimidazolen tot toxische

metabolieten toch mogelijk is in resistente stammen, verklaart dit mogelijk waarom het

toevoegen van een nitroimidazol aan een therapieschema leidt tot een toename van de

effectiviteit van dit regime in resistente stammen.

Een meta-analyse van de therapeutische studies die het klinisch belang van

nitroimidazol resistentie evalueren is beschreven in hoofdstuk 5. Alle klinische studies

gepubliceerd van 1993-1997 werden in de literatuur opgezocht. Totaal werden 91

therapiearmen geëvalueerd met daarin 4823 patiënten. Het bleek dat resistentie tot een

significante reductie in effectiviteit leidde van zowel op bismut als op

protonpompremmer gebaseerde tripel therapieschema’s als van quadrupel

therapieschema’s. Eradicatiepercentages in patiënten geïnfecteerd met een gevoelige

stam waren 90% of hoger, maar in patiënten geïnfecteerd met een resistente stam waren

ze minder dan 75%. Daarnaast bleek dat de invloed van resistentie afhankelijk was van

de andere antibiotica die werden gebruikt. In het geval van op bismut gebaseerde tripel

therapie bleek de invloed van resistentie kleiner in geval tetracycline onderdeel van het

schema was dan bij gebruik van amoxicilline. Hetzelfde werd gesuggereerd indien in op

protonpomp remmer gebaseerde tripel therapie clarithromycine werd gebruikt in plaats

van amoxicilline. Tenslotte bleek dat hoe langer de therapieduur hoe minder het belang

van nitroimidazol resistentie. De resultaten suggereerden dat de effectiviteit van een

nitroimidazol bevattend therapieschema in resistente stammen vooral gerelateerd is aan

de effectiviteit van de andere aspecten van het schema. Geadviseerd werd

nitroimidazolen te vermijden als resistentie (waarschijnlijk) aanwezig is. Indien dit niet

mogelijk is, moet een regime met erg effectieve andere antibiotica en van voldoende

tijdsduur worden gebruikt.

In hoofdstuk 6 is een gerandomiseerde studie beschreven, waarin 104  patiënten werden

ingesloten, om de effectiviteit te vergelijken van twee op ranitidine bismutcitraat (RBC)

gebaseerde therapieschema's voor de behandeling van een H. pylori infectie. Een

nieuwe één weekse tripel therapie met RBC, clarithromycine en metronidazol bleek net

zo effectief als een twee weekse duo therapie met RBC en clarithromycine. ‘Intention to

treat’ eradicatiepercentages waren 96% (95% betrouwbaarheidsinterval (CI): 87-100%)



167

en 94% (95% CI: 84-99%) voor respectievelijk de tripel en de duo therapie. Hoewel het

aantal patiënten dat geïnfecteerd bleek met een resistente stam klein was suggereerden

de resultaten dat nitroimidazol resistentie niet van invloed was op de effectiviteit van de

tripel therapie. Dit werd verder onderzocht in hoofdstuk 7 waarin twee open studies zijn

beschreven. In de eerste studie werden patiënten behandeld met hetzelfde tripel

therapieschema als werd gebruikt in hoofdstuk 6. Het bleek dat nitroimidazol resistentie

inderdaad geen klinisch significante invloed had op de effectiviteit van het schema.

‘Intention to treat’ eradicatiepercentages waren respectievelijk 98% (95% CI: 91-100%)

en 95% (95% CI: 76-100%) voor patiënten geïnfecteerd met een gevoelige dan wel een

resistente stam (p = 0,45).  De tweede studie, waarin 89 patiënten werden geincludeerd,

liet zien dat nitroimidazol resistentie de effectiviteit van een regime met RBC,

amoxicilline en metronidazol significant verminderde. ‘Intention to treat’ eradicatie

percentages waren respectievelijk 87% (95% CI: 76-94%) en 22% (95% CI: 3-60%)

voor patiënten geïnfecteerd met een gevoelige en een resistente stam (p = 0,0001). De

bevinding dat de effectiviteit van het clarithromycine bevattende schema veel minder

werd beïnvloed door nitroimidazol resistentie dan dat met amoxicilline bevestigt de

conclusie van de meta-analyse dat de effectiviteit in resistente stammen vooral

gerelateerd is aan de andere componenten van het therapieschema.

Om de voorafgaande hoofdstukken in een breder perspectief te plaatsen geeft hoofdstuk

8 een overzicht van de wereldliteratuur over nitroimidazol resistentie van H. pylori.

Terugkeer van H. pylori na therapie betekent meestal een niet gedetecteerd therapiefalen

en niet een echte reïnfectie. De betrouwbaarheid van de op maagbiopten gebaseerde

testen om het therapieresultaat vast te stellen werd daarom onderzocht in hoofdstuk 9.

De aanwezigheid van H. pylori werd bepaald in 197 patiënten meer dan vier weken na

anti-H. pylori therapie met vier verschillende op maagbiopten gebaseerde testen. De

histologie (met zowel de haematoxyline/eosine als de Giemsa kleuring), de snelle urease

test, de polymerase kettingreactie en de kweek bleken alle betrouwbaar indien vier of

meer weken na de therapie toegepast. In geval endoscopie wordt verricht na therapie

wordt kweken aanbevolen daar deze test het meest accuraat was en het daarnaast

aanvullende informatie geeft over gevoeligheid voor antibiotica in het geval van een

niet geslaagde therapie.

Hoofdstuk 10 beschrijft een studie waarin met behulp van 24-uurs oesofageale pH-

metingen, een vragenlijst en endoscopie de aanwezigheid van gastro-oesofageale

refluxziekte (GORZ) werd onderzocht vóór en 3 en 12 maanden na H. pylori eradicatie,
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bij 15 patiënten met duodenum ulcera en bij 4 patiënten met functionele dyspepsie.

Voor de tripel therapie hadden reeds 10 patiënten last van zuurbranden en 6 patiënten

hadden een pathologische 24-uurs oesofageale pH-meting. Na 1 jaar follow-up waren

bovenbuiksklachten, inclusief zuurbranden, sterk verbeterd, maar twee patiënten hadden

endoscopisch oesofagitis gekregen en er was een geringe toename in gastro-oesofageale

reflux getuige de 24-uurs oesophageale pH-metingen. Er was geen verschil in inname

van voedsel, vet of alkohol, noch in rookgewoontes of gewicht. Deze studie laat zien dat

GORZ al vaak aanwezig is voor H. pylori eradicatie, of het ook frequent onstaat na H.

pylori eradicatie; blijft vooralsnog onopgehelderd.

Tot slot beschrijft hoofdstuk 11 de lange-termijngevolgen van H. pylori eradicatie in

een cohort patiënten met peptische ulcera die gemiddeld 6 jaar tevoren behandeld

werden met een klassiek op bismut gebaseerd therapieschema. Bij slechts één van de 91

patiënten was de infectie teruggekeerd (terugkeerpercentage: 0.19% per patiënt-jaar).

Bovenbuiksklachten en het gebruik van maagzuurproductie remmende medicijnen was

significant afgenomen. Slechts 13% gebruikte nog steeds een onderhoudsbehandeling

met deze medicijnen, de helft van hen voor bewezen GORZ.

Conclusies.

Voor de behandeling van H. pylori infecties zijn verschillende combinaties van

medicijnen beschikbaar. De bruikbaarheid van deze medicijnen wordt echter beperkt

door de toenemende prevalentie van antibiotische resistentie. Dit proefschrift laat zien

dat nitroimidazol resistentie een toenemend klinisch probleem vormt: de prevalentie van

resistentie stijgt en de effectiviteit van vrijwel elk nitroimidazol bevattend

therapieschema wordt er door verminderd. Als nitroimidazol resistentie (waarschijnlijk)

aanwezig is, is de beste strategie dan ook het gebruik van deze medicijnen te vermijden.

Tegenwoordig is dat in de meeste gevallen nog wel mogelijk, want de prevalentie van

resistentie voor macroliden is laag in Nederland. Echter, met het toenemend gebruik van

macroliden, kan verwacht worden dat de prevalentie van macrolide resistentie ook zal

gaan stijgen. Daarnaast is resistentie van H. pylori voor tetracycline en amoxicilline

inmiddels ook beschreven. Eradicatie van multipel resistente stammen kan daarom in de

toekomst een probleem gaan vormen. Aan de andere kant laat dit proefschrift zien dat

een nitroimidazol bevattend therapieschema nog steeds effectief kan zijn in

nitroimidazol resistente stammen, in het bijzonder indien andere effectieve medicijnen

worden gebruikt en de therapie lang genoeg wordt gegeven. Dit is misschien gerelateerd
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aan het feit dat nitroimidazolen ook kunnen worden omgezet op andere manieren dan

die welke gefaciliteerd worden door het zuurstof-ongevoelige nitroreductase (rdxA).

Het kweken van H. pylori en het daarna bepalen van de gevoeligheid voor

nitroimidazolen is gemakkelijk en kan betrouwbaar worden verricht in ziekenhuizen

met alleen basisfaciliteiten. Kweek is een gevoelige manier om H. pylori aan te tonen,

niet alleen voorafgaand aan de therapie maar ook indien therapie niet is geslaagd.

Wanneer een gevoeligheidsbepaling wordt verricht moet men echter rekening houden

met het feit dat indien slechts een maagbiopt wordt onderzocht er een kans bestaat op

‘sampling error’, want patiënten zijn regelmatig geïnfecteerd met zowel resistente als

gevoelige bacteriën.

Behandeling van een H. pylori infectie is regel in patiënten met peptische ulcera. Dit

proefschrift bevestigt dat de kans dat H. pylori terugkeert erg klein is indien het succes

van de therapie met betrouwbare tests is vastgesteld. Daarnaast laat dit proefschrift zien

dat de meerderheid van de patiënten verlost is van bovenbuiksklachten en geen

maagzuurproductie remmende medicijnen meer nodig heeft. Hoewel dit opgaat voor de

meerderheid van de patiënten, gebruikt een minderheid nog steeds deze zuurremmers.

In dit verband verdient de mogelijke ontwikkeling van GORZ na H. pylori eradicatie in

een gedeelte van de patiënten verdere aandacht. Tot nu toe is het onduidelijk of en zo ja

in welke mate H. pylori eradicatie het ontstaan bevordert van GORZ en zijn

complicaties: Barrett esophagus en het adenocarcinoom van de slokdarm. Dit is één van

de klinische problemen die nog moeten worden opgelost.


