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Abstract

In this review we elaborate on two main questions concerning the management of Helicobacter
pylori infection in children. First, we focus on who should be treated. In the presence of
Helicobacter pylori (H. pylori)-associated peptic ulcer disease, eradication of the micro-
organism is recommended. When H. pylori infection is detected by biopsy-based methods in
the absence of peptic ulcer disease in a child with dyspeptic symptoms, treatment of H. pylori
infection may be considered. In infected children whose first degree relatives have gastric cancer,
treatment can be offered. A ‘test-and-treat’ strategy is not and has never been recommended in
children. The second issue to address is what the recommended treatments are. ESPGHAN/
NASPGHAN recommends that treatment tailored to susceptibility testing should be the first
choice in pediatric patients. The duration of therapy should be 10-14 days. Costs, compliance
and adverse effects should be taken into account. Checking the result of eradication with a
reliable non-invasive test such as the *C urea breath test, is recommended at least 4-8 weeks
following completion of therapy.
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Introduction

The purpose of this review is to summarize from a

evidence for most disease outcomes is lower, fewer randomized
placebo-controlled treatment trials are available for the
different outcomes and often with only small numbers of cases
included [2,3]. These and other differences explain why some

practical point of view the management of Helicobacter
pylori (H. pylori) infection in children according to the last
joint Recommendations of the European Society of Pediatric
Gastroenterology and Nutrition (ESPGHAN) and the North
American Society of Pediatric Gastroenterology and Nutrition
(NASPGHAN) [1], as well as to comment on the last published
papers in this field.

Recommendations for H. pylori treatment in children
are not comparable to those in adults, because the level of
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of the recommendations for adults [4,5] may not apply for
children.

Our topic will focus on two main questions in the
management of H. pylori infection in children: who and how
should be treated?

Who should be treated?

In the presence of H. pylori-associated peptic ulcer disease
(PUD), eradication of the micro-organism is recommended

In adults, several meta-analyses demonstrate that
eradication of H. pylori in patients with PUD significantly
reduces the relapse rate of ulcer disease and recurrent bleeding
ulcers [6,7]. In children, previous studies showed a high
relapse rate in patients with PUD if they were not treated for
their H. pylori infection [8] although only one randomized
controlled pediatric trial in H. pylori-infected children with
PUD (n=106) has been published. This trial compares the
eradication rate of H. pylori and the cure rate of PUD by
using three different treatment regimens, but does not report
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the recurrence of ulcer or bleeding ulcer in those who failed
bacterial eradication [9]. However it can be assumed that
H. pylori-related PUD recurrence would be prevented in
children by eradication of the infection [10,11].

When H. pylori infection is detected by biopsy-based
methods in the absence of PUD in children with dyspeptic
symptoms, H. pylori treatment may be considered

The finding of H. pylori-associated gastritis in the absence
of PUD during diagnostic endoscopy poses a dilemma for
the endoscopist. According to the literature review, there is
inadequate evidence supporting a causal relationship between
H. pylori gastritis and abdominal symptoms in the absence
of ulcer disease in children [12,13]. Therefore, eradication
of the organism in the absence of ulcers may not result in
improvement in symptoms. Also in adults, it is considered that
only one of 12 patients with non-ulcer dyspepsia will improve
by eradication of H. pylori. However, H. pylori is a risk factor
for the development of gastric malignancies. The carcinogenic
risk is modified by strain-specific bacterial factors, host
responses and/or specific host-microbe interactions [14].
Current evidence suggests that in high risk populations such
as the Chinese, the eradication of H. pylori may have the
potential to decrease the risk of gastric cancer in a subset of
individuals without precancerous lesions [15]. In adults with
non-ulcer dyspepsia eradication of H. pylori may reduce
the development of peptic ulcers [16]. A potential benefit
of chronic infection with certain H. pylori strains cannot
be excluded [17]. Therefore, the decision to treat H. pylori-
associated gastritis in the absence of duodenal or gastric ulcers
is subject to the judgment of the clinician and deliberations
with the patient and family taking into consideration the
potential risks and benefits of the treatment in the individual
patient.

A ‘test-and-treat’ strategy is not recommended in children

The primary goal of testing is to diagnose the cause of
clinical symptoms. Since it has been clearly demonstrated that
H. pylori infection is not associated with specific symptoms
and can even be asymptomatic, the “test-and-treat” strategy
(the detection of the presence of H. pylori infection by a non-
invasive test followed by treatment in the case of a positive test)
cannot provide this information in children. Because of the
lack of biopsies the treatment would then be based on standard
treatments only but not tailored according to antibiograms
which allows testing of the susceptibility or resistance of the
strains. For these reasons the use of non-invasive diagnostic
tests should be restricted to epidemiological studies and also to
check the result of the treatment but avoided as a pre-treatment
diagnostic method relating non-typical symptoms to H. pylori
infection. The subordination of the treatment to biopsies
through the rather invasive endoscopy technique may reduce
unnecessary treatments that can result in the development of
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resistant strains in other microorganisms involved in other
diseases, such as pulmonary and urinary.

In contrast to current guidelines for adults [4,5], the “test-
and-treat” practice should not be supported in children and
treatment should be granted only when H. pylori infection
has been documented by histology, and, whenever possible,
H. pylori strain antibiogram in order to optimize the
treatment.

In children who are infected with H. pylori and whose first-
degree relatives have gastric cancer, treatment may be
offered

It has been shown in animal models and by several
epidemiological and interventional studies that there is a
strong causal relationship between H. pylori infection and
the risk of gastric malignancies, including cancer and gastric
marginal zone B cell lymphoma of mucosa-associated
lymphoid tissue (MALT) type [4,5]. Both of these cancer types
are extremely rare during the first two decades of life. H. pylori-
associated gastric cancer has not been reported in children,
whereas few cases of MALT-lymphomas in H. pylori-infected
pediatric patients have been described [18,19]. The World
Health Organization declared H. pylori a class I carcinogen.
Several meta-analyses showed that the risk for gastric cancer
is increased by a factor of 2-3 in H. pylori-infected individuals.
However, the risk of gastric cancer depends not only on the
infection itself, but also on bacterial virulence factors [20],
and other factors such as the genetic background of the host
and environmental influences including diet [21]. H. pylori
eradication of may have the potential to decrease the risk
of gastric cancer [15,22]. Individuals with a positive family
history for gastric cancer are considered a high-risk group. The
risk may be particularly high in H. pylori-infected children in
whom the father or the mother is affected by gastric cancer, due
to genetic and environmental factors linked with the affected
parent, but may also have the same bacterial strain with the
same pathogenic properties [23,24]. Thus, the risk of gastric
cancer may be much higher for those children with such
histories than what has been estimated from epidemiological
studies that lack information on relevant factors.

Within the panel, there was strong agreement that testing
for H. pylori infection should be considered in children with
gastric cancer first-degree relatives. There was also agreement
that if H. pylori infection is confirmed in these children both
with a reliable non-invasive test or with biopsy-based methods,
treatment should be offered and the therapy success should be
evaluated to ensure successful eradication.

Surveillance of antibiotic resistance rates of H. pylori
strains in children and adolescents is recommended in the
different countries and geographic areas

Several European studies have documented high resistance
rates to clarithromycin and metronidazole in pediatric and

Annals of Gastroenterology 28



12 N. Kalach et al

adult populations [10,25-27]. Increasing rates of primary
clarithromycin resistance have been reported from several
countries [28,29], resistance decreasing only in Belgium [30].
Antibiotic resistance is an important factor of treatment
success [25,31]. Indeed, eradication rates in children treated
with standard therapy are also decreasing over time, in
part related to increased antibiotic resistance. Currently,
H. pylori antibiotic susceptibility data are not available in
most geographic regions. Therefore, it is recommended that
continuous surveillance of resistance rates be undertaken
in order to effectively guide initial empiric therapy with the
aim of improving treatment outcomes. This is however not
enough since there can be important differences of resistance
rates within the same region, Brussels being one good
example [30,32].

How should the children be treated?

o First-line eradication regimens are: triple therapy with a
proton-pump inhibitor (PPI) + amoxicillin + clarithromyin
or an imidazole; sequential therapy (ST), or bismuth salts +
amoxicillin + an imidazole.

o Antibiotic susceptibility testing for clarithromycin is
recommended prior to initial clarithromycin-based triple
therapy especially in areas/populations with a known high
resistance rate (>20%) of H. pylori strains in children.
The same applies for metronidazole although this is more
controversial and will become also essential for quinolones.

o It is recommended that the duration of triple therapy be
10-14 days. Costs, compliance and adverse effects should
be taken into account. Fig. 1 summarizes the proposed
algorithm of how to treat H. pylori in pediatric patients.
Table 1 summarizes the different treatment schemes of
H. pylori infection in children.

The goal of treatment is to achieve at least a 90%
eradication rate on a per protocol (PP) basis at the first

attempt [5]. A high initial eradication rate will prevent
the development of antibiotic resistance and spreading of
resistant H. pylori strains in the population. For individual
patients, a high initial success rate will reduce the need
for further treatments and invasive procedures, including
endoscopies.

Triple therapy: PPI + 2 antibiotics

The combination of two antibiotics and a PPI has been
the recommended first-line therapy since the first published
pediatric guidelines. [1,33,34]. In 2000, Oderda et al [35]
performed a systematic review of the published eradication
treatment studies in children. Due to the marked heterogeneity
and the limited number of well-designed studies it was
difficult to make definitive recommendations. In 2001, the
first randomized double blind trial comparing dual therapy of
amoxicillin and clarithromycin with triple therapy including
omeprazole in children confirmed that, in intention-to-treat
(ITT) analysis, triple therapy was far superior to dual therapy
with eradication rates of 74.2% versus 9.4% [36]. A meta-
analysis of eradication treatment efficacy in children concluded
that, in general, the methodological quality of the studies was
poor and that additional well-designed randomized trials are
needed [3].

The European pediatric treatment registry (PERTH)
reported results in 518 children with H. pylori using 27
different regimens [37]. The results, with an overall eradication
rate of 65.6%, show a lower eradication rate of H. pylori than
previously reported, although the eradication rate of 79.7%
was higher in children with peptic ulcers. One potential reason
for this decline of the eradication rates is the high level of
antibiotic resistance of H. pylori strains negatively influencing
the treatment outcomes [10,25,38].

Clarithromycin resistance adversely affects eradication
rates in children [39-41]. Studies in children addressing
the role of susceptibility testing to target initial therapy are
limited [39,40]. However, many studies in children suggest

Table 1 Manual of treatment for Helicobacter pylori (H. pylori) eradication in children, according to the latest recommendations of our H. pylori

ESPGHAN working group (unpublished data yet)

Body weight (kg) (Es) Omeprazole (mg) Amoxicillin (mg)

Clarithromycin (mg) Metronidazole (mg) Bismuth salts (mg)

>15-25 20-0-10 750-0-750
>25-35 20-0-20 1000-0-1000
>35 40-0-20 1500-0-1500
>45

Duration: 10 days

250-0-250 250-0-250 120-0-60
500-0-250 500-0-250 120-0-120
500-0-500 500-0-500 180-0-180

240-0-240

Cases: (1) CLA & MET S or (2) MET R or (3) unknown susceptibility and MET used before: PPI+ AMO+CLA
Cases: (1) CLA S & MET S or (2) CLA R or (3) unknown susceptibility and CLA used before: PPI+AMO+MET
Cases: (1) unknown susceptibility and (2) treatment naive: Quadruple (ST) PPI+AMO+CLA+MET

Cases: (1) Children>14 year-old and (2) CLA R & MET R: PPI+AMO+DOXY 100mg BID or LEVO 500mg BID+BIS

Duration: 14 days

Cases: (1) CLA R & MET R or (2) unknown susceptibility: PPI+AMO+MET

Cases: (1) CLA R & MET R : PPI+AMO+MET+BIS

CLA, clarithromycin; AMO, amoxicillin; MET, metronidazole; PPI, proton pump inhibitor (Es) Omeprazole; BIS, bismuth salts; DOXY, doxycycline; LEVO,

levofloxacine

Annals of Gastroenterology 28



H. pylori infection treatment in children 13

2nd Line TTT

Symptoms CLA resistance or prior CLA therapy?

ki
EGD with biopsies (& culture *) unknown

H. pylori with PUD
and/or gastritis

1stLine TTT

FISH for CLA on EGD with
Treat without CLA: PPI
AMO MET 2 wks or

bismuth-based therapy

paraffin slides Culture and

of first biopsies CLAtesting

CLA resistance?*

Unknown

Treat according to result of CLA testing
1) PPI-AMO-CLA or MET- or

2) Sequential therapy or

FHIAASIES 3) Bismuth-AMO-MET

PPI AMO-CLA

Noninvasive test for
eradication

3rd Line TTT

Noninvasive, test for eradication

H. pylori
eradicated?
Assess +

Encourage,
adherence

H. pylori eradicated?

Consider:
Observe

1) Other antibiotic

2) Bismuth- AMO-MET

CLA resistance or
prior CLA therapy?

3) Quadruple therapy

4) Higher dosage/duration

Figure 1 Proposed algorithm of how to treat Helicobacter pylori (H. pylori) infection in pediatric patients

AMO, amoxicillin; CLA, clarithromycin; MET, metronidazole; EGD, esophagogastroduodenoscopy; FISH, fluorescence in situ hybridization; PPI,
proton pump inhibitor; PUD, peptic ulcer disease

*In areas or populations with a primary clarithromycin-resistance rate of >20% or unknown background antibiotic resistance rates, culture and
susceptibility testing should be performed and the treatment should be chosen accordingly aIf susceptibility testing has not been performed or has

failed, antibiotics should be chosen according to the background of the child [1]

that tailoring therapy based on antibiotic susceptibility
testing can enhance eradication rates [40,42-44]. In a study
of 58 German children, clarithromycin and metronidazole
susceptibility testing was used to guide standard triple
therapy and resulted in a high eradication rate of 93% [42].
An earlier study of two consecutive groups of 76 H. pylori-
infected children treated with either triple therapy including
amoxicillin and clarithromycin (group 1), or antibiotic therapy
guided by susceptibility testing (group 2), demonstrated a
higher eradication in the group with susceptibility-guided
therapy (93% versus 81%) [43]. In an open multicenter
trial, 62 children (<18 years, body weight >15 kg) infected
with an H. pylori strain resistant to metronidazole and
clarithromycin were treated, according to body weight, with
amoxicillin (75 mg/kg/day), metronidazole (25 mg/kg/day)
and esomeprazole (1.5 mg/kg/day) for 2 weeks, eradication
rates were on ITT 66% (41/62) [95% CI 54-78] and PP 73%
(33/45) [95% CI 60-86]. They concluded that high-dose
amoxicillin, metronidazole, and esomeprazole for 2 weeks is
a good treatment option in children infected with a double
resistant H. pylori strain [45].

Therefore, nowadays, with the high level of H. pylori-
resistant strains and the lower eradication rate obtained
by this first-line treatment, clarithromycin-based triple
therapy can only be recommended as a first line therapy
if susceptibility testing in the individual patient revealed a

clarithromycin susceptible strain or if the clarithromycin
resistance rate in the area is known to be low (i.e. <20%)
[5,30,40]. In the absence of these conditions clarithromycin-
based triple therapy cannot be recommended as first-line
therapy.

ST

Declining eradication rates with these standard triple
regimens have led to the development of alternate treatment
options [5,38]. ST involves dual therapy with a PPI and
amoxicillin for 5 days followed by 5 days of triple therapy
(a PPI with clarithromycin and metronidazole/tinidazole)
[40,41,46-54]. In fact, this regimen can be considered as a
quadruple therapy given in sequential manner instead of
combined in order to decrease the side effects and consequently
improves the compliance. It is speculated that the initial use of
amoxicillin reduces the bacterial load and provides protection
against clarithromycin resistance.

A pooled-data analysis of all ST studies was performed [47].
The eradication rate was calculated taking into account
several factors such as the presence of PUD, the PPI used,
the antibiotic susceptibility and the patient’s age including
children. Overall, more than 1,800 patients were treated
with the ST which was found superior to 7- or 10-day triple

Annals of Gastroenterology 28



14 N. Kalach et al

therapies in adults but also in children and elderly patients
with eradication rates constantly higher than 90% in ITT.
Similar results were reported by Jafri et al [51] after analyzing
data reported on 4,110 adults where 1,363 were treated by
ST. They reported an eradication rate of 93.4%, significantly
superior to the 76.9% eradication rate of triple therapy
performed in 2,747 patients.

The meta-analysis of Gatta et al [52] evaluated the efficacy
of ST in adults and children compared to triple therapy. In 13
randomized controlled trials (RCTs) enrolling 3,006 adults, the
odds ratio (OR) for eradication of H. pylori with ST compared
to standard triple therapy was 2.99 (95% CI 2.47-3.62) in favor
of the sequential treatment. In patients with clarithromycin
resistance, the OR for eradication with ST compared with
clarithromycin containing triple therapy was 10.21 (95%
CI: 3.01-34.58). No difference was found between regimens
including tinidazole or metronidazole in the ST arm. They also
analyzed 3 RCTs enrolling 260 children and adolescents where
the OR for eradication was (1.98-95% CI: 0.96-4.07) in favor of
the ST but the difference failed to reach statistical significance.
No difference in the frequency of side effects was found. In
a subsequent study evaluating probiotic supplementation,
eradication of 82.5% was obtained from a group of 40 children
receiving ST [46].

In a pediatric study, 74 children were randomized to
receive either ST (omeprazole plus amoxicillin for 5 days,
followed by omeprazole plus clarithromycin plus tinidazole
for another 5 days or triple therapy (OAM) for 1 week [49].
Successful eradication was achieved in 97.3% of children
receiving ST compared with 75.7% on standard triple
therapy. They showed that only the A2143G mutation,
involved in the resistance of H. pylori to clarirhromycin
(CLA), is associated with a higher risk of treatment
failure. They concluded that the ST is more effective
than the classical therapy in case of CLA resistance but
again their triple therapy was not tailored to antibiotic
susceptibility [49].

However it is important to note that the data in children
are mostly limited to Italian studies and therefore additional
studies in other parts of the world, namely North America but
also in different European countries are needed to confirm
that the findings apply to other locations. For those reasons, we
conducted a pediatric prospective, open-label, multi-center
(Belgium, France and Italy) randomized study comparing a
sequential regimen to a triple therapy tailored to the anti-
microbial susceptibility. The eradication of H. pylori was
higher with the ST in ITT and PP results vs. the triple tailored
therapy (81.9 and 88.3% vs. 71.9% and 81.8%). However, the
difference was not significant except for ITT in susceptible
strains for both clarithromycin and metronidazole (87.8%
vs 68.5%). In the group of children treated with the ST, the
ITT and the PP eradication rates were significantly inferior in
case of clarithromycin resistant compared to clarithromycin
susceptible strains, ITT 56.2% vs. 72.7%, PP 64.3% vs. 80%
[40]. Thus, clarithromycin resistance has a negative impact on
eradication even with this regimen although less so compared
with the standard triple therapy [40,42, 50].
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A recent pediatric meta-analysis study [54], aimed at
assessing the ST compared with triple therapy on H. pylori
eradication rates. Ten RCTs involving a total of 857 children
aged 3-18 years met the inclusion criteria. Of the 409 patients
in the ST group, 318 (78%, 95% CI 73-82) were eradicated
compared to 314 of the 444 patients (71%, 95% CI 66-75)
in the standard triple therapy group (RR 1.14, 95% CI 1.06-
1.23). ST was superior to 7-day standard triple therapy, but
was not significantly better than 10-day or 14-day triple
therapy. There were no significant differences between groups
in the risk of adverse effects. They conclude that, the pooled
evidence suggests that 10-day ST compared with standard
triple therapy may be considered an option for improving
eradication rates in children; although it remains at a lower
level than desired [54].

Finally, a prospective European multicenter study of the
H. pylori-ESPGHAN working group, reported the results of a
cohort of naive children treated by a 10 days ST regimen [53].
The overall eradication rate was 82% and did not fulfill the
requirements of a successful treatment regimen, which is
defined as 90% or higher [5,38]. This overall success rate is
lower than the 94% reported under the same conditions in
adults [55,56]. The eradication rate was significantly lower
when the strains were resistant to clarithromycin or to
metronidazole (70% and 67% respectively). However, when
the strains were susceptible to all antimicrobial agents, the
success rate was 91% [53]. These results support ESPGHAN/
NASPGHAN recommendations that treatment tailored to
susceptibility testing is the first choice in pediatric patients.
Further studies are needed to investigate whether with
higher doses, different application times such as PPIs given
three times per day or addition of probiotics the primary
eradication rate can be improved in children.

The last hypothesis needs validation in an international
study considering also the impact of populations migrating
from counties where CLA-resistant rate is high (such as
Southern Europe, e.g. Italy) or from countries with poorly
determined CLA-resistance rates (such as Africa, Middle-East)
to countries with a low CLA-resistance rate (such as Northern
Europe, e g. Belgium).

Bismuth salts based therapy

Bismuth salts have been used for the eradication of
H. pylori for more than 20 years. However they were
progressively less used and replaced by other schemes based
on PPI triple therapies. Recent data show that combinations
using Bismuth salts must be considered. Bismuth based
triple therapy is also recommended as an alternate first line
therapy. Although there are no well designed randomized
studies directly comparing this regimen with the alternate
recommended first line therapies, in a study reported by the
European Pediatric Treatment Registry, bismuth-containing
triple therapies were more efficacious than PPI-containing
ones (77% versus 64%) when used as first-line treatment [37].
Although bismuth salts have proven to be safe, inexpensive



and seem to be effective, their use is hindered by the fact that
bismuth salts are either banned in some countries or no longer
easily available elsewhere. In adults, the efficacy and safety of
10 days of quadruple therapy with omeprazole plus a single
three-in-one capsule containing bismuth subcitrate potassium,
metronidazole, and tetracycline was recently compared
to 7 days standard therapy of omeprazole, amoxicillin,
and clarithromycin. The bismuth containing therapy was
clearly the most efficient (ITT eradication rates respectively
80% - 174/218 versus 55% - 123/222, P<0.0001) [57].
Unfortunately this treatment cannot be used in children
because tetracycline is not recommended and the three-in-
one big capsule is difficult to swallow. However, according
to the last evidence-based guidelines from ESPGHAN and
NASPGHAN for H. pylori infection in children, the use
of a bismuth salts based triple therapy in association with
amoxicillin and metronidazole was accepted and authorized
as a first line eradication regimen.

In addition, bismuth based triple therapy may be less costly
than the other options. However, concerns regarding the
palatability of bismuth potentially affecting adherence should
also be considered.

Several members of different countries expressed an interest
for re-using Bismuth salts. In order to evaluate whether the use
of Colloidal Bismuth Sub-citrate (CBS) can be an appropriate
solution to circumvent the difficulty of H. pylori resistant
strains and to lower the cost of eradication treatments, RCTs
are needed. Indeed RCTs with bismuth-based treatments
compared to classical schemes and enrolment of large numbers
of patients in many centers are necessary in order to properly
address this question.

Duration of treatment

Conflicting data exists regarding the benefit of longer
duration of therapy for first-line regimens in adults [52,58].
A systematic review of therapy in children found no benefit
from longer duration of therapy [35]. In contrast a meta-
analysis of studies in children suggested that a longer duration
of therapy was associated with improved eradication rates [3].
Similarly, a meta-analysis comparing ST with standard triple
therapy showed higher eradication rates with a longer duration
of triple therapy up to 14 days [52]. Therefore based on this
data the recommended duration of therapy is 10 to 14 days
taking into consideration cost, compliance and side effects.
Suggested doses according to antimicrobial susceptibly testing
are given in Table 1.

Probiotics treatment

The recent meta-analysis by Pacifico et al [59], states that
there has been no convincing evidence on the beneficial
effect of supplementation of probiotics to triple therapy for
eradicating H. pylori infection in children. Probiotics are
a promising additional treatment and should be carefully
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considered particularly in the case of eradication failure. The
very few trials performed in children on the effect of probiotics
alone suggest just a temporary inhibition of H. pylori that
disappears with the interruption of the administration of the
inhibiting factors.

Probiotic treatments seem able to reduce H. pylori therapy
associated side effects and indirectly may help improvement
of the eradication rate although the beneficial effects seem
to be strain specific. Standardized multicenter, placebo-
controlled studies in larger series of children are needed to
demonstrate any benefit of probiotics in the management
of H. pylori infection in children, including its effect on the
severity of H. pylori gastritis. Additional work is necessary
to determine the strain, dose and administration to be used.
Long-term studies are also needed in children to prove
whether the persistent suppressive effect of probiotics on
H. pylori and its associated gastritis could prevent diseases
such as gastric cancer or peptic ulcer.

A reliable non-invasive test for eradication is
recommended at least 4 to 8 weeks following
completion of therapy

Even when children become asymptomatic after treatment,
it is recommended to evaluate the success of treatment
regardless of the initial endoscopic findings. Particularly in
children who had PUD, persistence of infection would warrant
additional treatment. Reliable tests to monitor successful
eradication include the *C urea breath test and a monoclonal
ELISA for detection of H. pylori antigen in stool, at least
2 weeks after stopping the PPI and at least 4 weeks after the
completion of the antibiotic treatment. A follow-up endoscopy
is not routinely indicated unless other causes of ulceration
(such as eosinophilic gastroenteropathy, Crohn’s disease) are
suspected, or if biopsies are needed for culture and antibiotic
susceptibility testing [1].

If treatment has failed 3 options can be recommended:

1) Check for compliance to treatment and understanding of
the eradication scheme;

2) Esophagogastroduodenoscopy ~ with  culture  and
susceptibility testing including alternative antibiotics to
guide therapy, if not performed before;

3) Fluorescence in situ hybridization (FISH) on previous
paraffin embedded biopsies to guide therapy, if
clarithromycin susceptibility testing has not been performed
before;

4) Modification of therapy by adding an antibiotic, using
different antibiotics, adding bismuth and/or increasing the
dose and/or duration of therapy.

Primary antibiotic resistance adversely affects treatment
outcomes [38-44] as well as treatment compliance. In Belgium,
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a 12-year observational study, carried out in children who had
failed initial therapy, showed secondary resistance following
treatment in 39 of 87 strains [26]. This study suggests that
secondary antibiotic resistance development in children is
common. Thus, in an H. pylori-infected child who has failed
initial therapy, if possible, primary culture with antimicrobial
susceptibility testing should be performed to guide second-line
therapy.

If primary culture and antimicrobial susceptibility
testing is not available, the choice of second-line therapy
must take into account the initial therapy administered and
avoid re-administering of a previous given antibiotic [60].
Another option available in some centers is FISH to detect
primary clarithromycin resistance on previously obtained
biopsies [61]. Clarithromycin should only be used as part
of second-line therapy if the strain is found to be sensitive.
If it is not possible to perform a culture, then the following
therapeutic regimens are suggested as second-line or
salvage therapy:

o Quadruple therapy: PPI + metronidazole + amoxicillin +
bismuth. Quadruple therapy is the recommended second-
line therapy in most guidelines [5]. However, this regimen
is complicated to administer. Furthermore, bismuth salts
are not universally available.

o  Triple therapy: PPI + levofloxacin (moxifloxacin)
+ amoxicillin.  Evaluation of regimens using
fluoroquinolones, including levofloxacin, as second-
line therapy in children is limited due to its side effects
in children aged less than 14 years. In adult studies this
regimen appears to be effective. In a recent meta-analysis
of studies in adults [61], triple therapy with levofloxacin
appeared to be as efficacious as quadruple therapy for
second-line treatment. However, there are concerns
regarding increasing rates of resistance to quinolones
[30,32,60,62,63] and as a consequence, this regimen
should not be used if the child has previously received
fluoroquinolones.

Although the studies on the ideal duration of therapy for
second-line treatment are not conclusive, a longer duration of
therapy of up to 14 days is recommended [1].
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