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Summary and general conclusions.



156

lege pagina



157

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.


