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Helicobacter pylori infection is one of the most common
infections worldwide. It is associated with chronic gastritis,
duodenal ulcer disease, gastric ulcer, gastric adenocarcinoma
and primary gastric lymphoma [1,2]. HP infection is curable
with antimicrobial therapy. Unfortunately, resistance to
metronidazole and an increasing resistance rate to clarithromy-
cin have been reported and adversely impact treatment efficacy
[3,4]. Recently, HP resistance to amoxicillin and tetracycline
was also described [5,6]. However, there is no evidence-based
therapeutic choice since no large randomized trials have been
performed comparing the highly effective regimens. Currently,
optimal therapy consists of a one week combination of a proton
pump inhibitor or ranitidine bismuth citrate and two anti-
biotics: amoxicillin/clarithromycin or amoxicillin/metronidazole
(85±95% cure) [7,8]. The large MACH studies have confirmed
that the addition of a PPI to the two antibiotics has significantly
improved the cure rate of H. pylori infection and reduced the
impact of antimicrobial resistance [9,10]. To guide clinical
practice, however, the resistance rate should be determined in
each geographic area as well as among different ethnic groups.
Triple regimens with metronidazole have proven less effective
for infections with primary metronidazole-resistant strains
[9,10].

In the previous issue of IMAJ (March 2001, page 163),
Avidan and colleagues enhance our understanding of HP
eradication in patients who failed one week triple therapy. In
phase I of their study [11], the investigators compared two
treatment regimens: bismuth-subcitrate, amoxicillin and metro-
nidazole (BAM) with lansoprazole, clarithromycin and metro-
nidazole (LCM), each administered for 7 days. Although triple
therapy with bismuth salt and two antibiotics has been widely
used, it has been surpassed by triple therapy with PPI. PPIs are
directly inhibitory to H. pylori [12], act as potent urease

inhibitors [13], and are very effective at inhibiting acid secretion,
which permits better antimicrobial efficacy. It may not be
advisable, however, to use triple therapy with LCM as a first-
line treatment in an area with a high prevalence of metronida-
zole resistance [Y. Niv, Maastricht II Guidelines, personal
communication] such as Israel [14]. Although the combination
of clarithromycin and metronidazole is very effective, patients
who are not cured have at least single, and usually double,
resistance [15,16], and there is no logical treatment afterwards.
If a first-line clarithromycin-based regimen fails, a metronida-
zole-based regimen may be used as a second-line treatment, and
vice versa.

Avidan et al. [11] achieved a successful HP eradication rate,
namely 89% and 95% in patients treated with BAM and LCM,
respectively. The sample size was small and included 42 and 43
patients in each treatment arm. In phase II of the study, 10 were
failures of phase I, 8/42 and 2/43, respectively, and were
unsuccessfully treated with one week triple therapy. The results
of phase I clearly indicate that LCM is superior to BAM as a
first-line treatment. However, the authors do not stipulate
whether their patients had been treated previously or had other
variables associated with metronidazole resistance [17]. In phase
II of the study, the overall ineffectiveness of both metronida-
zole-based regimens is in concordance with the previously
reported in vitro sensitivity data showing a high frequency of a
resistance of HP to metronidazole [14]. Earlier studies of larger
series revealed a 21±33% rate of HP resistance to metronidazole
in patients prior to treatment, and a 47% rate in patients after
treatment failure [18,19]. The latter is much lower than the
100% (4/4 culturable biopsies) found by Avidan et al. None of
the drug regimens currently in use to treat HP eradicate the
infection in 100% of patients, not even quadruple therapy with
a PPI twice a day combined with a bismuth compound,
tetracycline and metronidazole [20,21].

HP is inherently resistant to only a few antimicrobial drugs
(i.e., vancomycin, nalidixic acid, trimethoprim and sulfona-
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mides), but becomes readily resistant to metronidazole, and to a
lesser extent, clarithromycin, if either agent is given alone
[22,23]. It rarely becomes resistant to luminally active agents
such as bismuth, tetracycline and amoxicillin. Luminal acidity
influences the effectiveness of some drugs against HP. Raising
the gastric pH level from 3.5 to 5.5 increases the in vitro
effectiveness of amoxicillin and clarithromycin more than
tenfold [24]. This may explain the effectiveness of regimens
that contain a PPI.

When HP infection is diagnosed by endoscopy, clinicians
usually rely on histology or rapid urease testing rather than on
cultures, which are less sensitive and require experienced
laboratory personnel. Moreover, even when the first treatment
attempt fails, a second-line regimen is used before the results of
the gastric biopsy culture are available. Clinicians can calculate
the need for biopsy according to the known triple-therapy and
quadruple-therapy success rate in their region. After adminis-
tration of a second-line therapy, based on culture findings,
failure is expected in one out of 100 patients.

In the current climate of expanding indications for
treatment, combined with the increased cost-consciousness in
healthcare, evidence has already been amassed in favor of
empirical therapy based on the results of non-invasive tests
[25]. This strategy dictates the performance of even fewer HP
cultures, which are reserved only for resistant HP strains after
two to three eradication trials. However, if ongoing studies
confirm the high treatment failure rate in cases of infection
with clarithromycin-resistant HP or even amoxicillin-resistant
strains, then culture and susceptibility testing may become
more important.

Regardless of the clinical value of susceptibility testing of
HP, further research into the mechanisms and prevalence of
antibiotic resistance will likely lead the way toward the
development of new antimicrobial agents as well as new
modalities of treatment, such as therapeutic vaccination.

It is difficult to recommend a specific antibiotic combination
in an area where metronidazole or clarithromycin resistance is
unknown. Clinical trials are needed, as with a new penicillin for
Streptococcus pneumoniae in a population with variable
percentages of penicillin-resistant organisms. We need to know
the effectiveness of different combinations for sensitive and
resistant organisms separately as well as the association between
the in vitro sensitivity and the in vivo effect. This information
should be required of all treatment trials.

The rise in antibiotic resistance emphasizes the need for
community surveillance of HP sensitivity as in other important
infectious diseases. These data will allow physicians to choose
the therapy appropriate for their patients.
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Discontinuing HIV treatment

In many patients with human immunodeficiency virus (HIV)
infection, therapy with potent antiretroviral drugs does not
result in complete suppression of HIV replication. The effect
of cessation of therapy in these patients is unknown. Deeks et
al. tried to explore this problem. They randomly assigned 16
patients who had a plasma HIV RNA level of more than
2,500 copies/ml during combination antiretroviral drug
therapy, in a 2:1 ratio, to discontinue or continue therapy.
Plasma HIV RNA levels, CD4 cell counts, and drug
susceptibility were measured weekly. Viral replicative capa-
city was measured at baseline and at week 12.

They found that discontinuation of therapy for 12 weeks
was associated with a median decrease of 128 cells/ml3 in the
CD4 cell count and an increase of 0.84 log copies/ml in the
plasma HIV RNA level. Virus from all patients with
detectable resistance at entry became susceptible to HIV-

protease inhibitors within 16 weeks after the discontinuation
of therapy. Drug susceptibility began to increase at a median
of 6 weeks after the discontinuation of therapy and was
temporally associated with increases in plasma HIV RNA
levels and decreases in CD4 cell counts. Viral replicative
capacity, measured by means of a recombinant virus assay,
was low at entry into the study and increased after therapy
was discontinued. Despite the loss of detectable resistance in
plasma, resistant virus was cultured from peripheral blood
mononuclear cells in five of nine patients who could be
evaluated. Plasma HIV RNA levels, CD4 cell counts, and
drug susceptibility remained stable in the patients who
continued therapy.

N Engl J Med 2001;344:472

Capsule

Potato-based vaccine for hepatitis B

Researchers have taken another step towards an oral vaccine
for hepatitis. Mason and his colleagues have been working
towards an edible plant vaccine for hepatitis B for nearly a
decade. In their current paper, they describe how mice fed
three weekly doses of 5 g of raw potato containing 5.5 mg of
antigen and l0 mg of cholera toxin as an adjuvant developed a
primary serum antibody response (Nat Biotech 2000;18:1167).
They explain how they have now increased the antigen yield
of their potatoes tenfold, an advance that should lead to an
increased immune response in future studies. Nevertheless,

potatoes are not an ideal source for an oral vaccine: raw
potato is not very palatable, and if boiled, most of the
immunogenicity is lost.

William Langridge predicts that the hepatitis B vaccine
may be one of the first edible plant vaccines to reach the
marketplace, probably in 2 or 3 years. The clinical trials
needed to achieve this will be expensive, he warns, "but it is
important that we pursue this second green revolution to help
prevent infectious diseases, particularly in developing coun-
tries."
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