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Abstract Helicobacter pylori infection is acquired mainly
in childhood and remains an essential cause of peptic ulcer
disease and gastric cancer. This article provides commen-
tary on the last ESPGHAN/NASPGHAN guidelines and on
publications made after the consensus conference of 2015.
The majority of infected children are asymptomatic and
pediatric studies do not support a role for H. pylori in
functional disorders such as recurrent abdominal pain. The
role of H. pylori infection in failure to thrive, children’s
growth, type I diabetes mellitus (T1DM), and celiac dis-
ease remains controversial. The diagnosis of infection
should be based on upper-digestive endoscopy with biopsy-
based methods. Eradication control after treatment should
be based on validated non-invasive tests. Nodular gastritis
is the main endoscopic finding of childhood H. pylori
infection, but gastroduodenal erosions/ulcers are seen in
some children, especially after 10 years of age. When
indicated, eradication treatment should be given when good
compliance is expected and based on the antimicrobial
susceptibility profile.
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Key Points

The gastric microbiota has changed in recent
decades, and there is a parallel between economic
development and a lower prevalence of Helicobacter

pylori.

Some evidence links the decreasing prevalence of
this bacterium in childhood and the increasing
incidence of immunological disorders, although in
the long term, infection with H. pylori can provoke
ulcer disease and gastric cancer.

Indications for eradication of this infection in
childhood have been updated and adequate
management of symptomatic children requires an
upper gastrointestinal endoscopic exam with
mucosal biopsy samples for histology and culture or
PCR (polymerase chain reaction) as a minimum.

Eradication regimens must be tailored to
susceptibility testing, and it is mandatory to develop
these tests based on culture or PCR technique
worldwide.

1 Introduction

Helicobacter pylori, a spiral and microaerophilic bac-
terium, is one of the most prevalent human pathogens and
the major cause of chronic gastritis, peptic ulcer disease,
gastric adenocarcinoma, and mucosa-associated lymphoid
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tissue (MALT) lymphoma in children and in adults [1]. The
prevalence of H. pylori infection, generally acquired during
childhood and persisting throughout life if untreated, is
related mainly to socioeconomic status and living condi-
tions (crowded and poor hygiene). The persistence of
bacterium exposure leads to gastritis and other severe
complications. Virulence factors, host gastric mucosal
factors [2] and the patient’s environment are associated
with the clinical outcome of H. pylori infection. While
becoming rare in the more developed areas of the world,
preventive (vaccine) and therapeutic strategies are cur-
rently being developed, especially in Asia, to decrease the
incidence of H. pylori and of chronic gastritis in an attempt
to prevent further severe complications later in life.

A few months ago, the new version of the recommen-
dations for the management of H. pylori infections in
children in Europe and in North America was published
[3]. These guidelines are an update of the former version
[4], based on relevant scientific data published between
2009 and 2014. The impact of more recent publications on
the guidelines is discussed in this article, which covers the
changes in epidemiology, risk factors, relevant diagnostic
procedures, and clinical approach to patient management.

2 Epidemiology

A recent review with reports from 62 countries estimates
that more than half the world’s population is still infected
with H. pylori. This means that, based on regional preva-
lence estimates, there were approximately 4.4 billion
individuals with H. pylori infection worldwide in 2015 [5].
In children, a comprehensive review and meta-analysis of
original pediatric studies from 2011 to 2016 performed on
healthy children estimated an overall seroprevalence rate of
33% [95% confidence interval (CI) 27-38] [6]. Sero-
prevalence increased with age while both parameters
decreased with higher income. Model estimates of cross-
sectional direct detection studies in asymptomatic children
indicated a prevalence of 37% (95% CI 30-44). The model
estimate based on cross-sectional studies in symptomatic
children was only mildly higher when compared with
asymptomatic children, with an estimated prevalence of
39% (95% CI 35-43). In the same study, a review of
information available from seven cohort studies concluded
that infection rates in healthy children under 5 years of age
were still between 20 and 40% in high-income countries
and between 30 and 50% in upper-middle income coun-
tries, indicating that the country of birth plays a role in
infection prevalence. Higher rates of infection (> 40%), as
determined by cross-sectional studies, are predominantly
seen in low- or low-to-middle-income areas (or in countries
with severe income inequality) [6]. However, huge
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variations in prevalence can be observed between countries
with similar living conditions. This can be observed in
Europe, for example, where the prevalence of H. pylori
infection remains high in Spain and Portugal, although the
levels of sanitation and of economic development have
risen in recent decades and are comparable to other Euro-
pean countries where the prevalence of infection is sig-
nificantly lower. Similar variations from country to country
can also be seen in Asia, which cannot be fully explained
by only looking at the level of development [7].

The prevalence of H. pylori infection in both children
and adults is decreasing in developed countries. One study
from Iceland involved 205 children aged 7-17 years and
found only 3.4% of infection [8]. Furthermore, the preva-
lence was 2.6% among children when both parents were
born in a low prevalence country compared with 17%
among those with at least one parent born in a high
prevalence area (p = 0.026). This confirms results obtained
in Belgium some years ago [9]. In Poland, the prevalence
of H. pylori infection in 8661 symptomatic and untreated
children from 2000 to 2013 assessed by culture was 16.1%.
The highest prevalence of infection was found in the year
2000 (23.1%) and the lowest in 2010 (8.9%) [10]. How-
ever, in Latvia, no evidence of a fall in prevalence in
children was found during the last 10 years and the
prevalence determined by stool antigen test was 15.5%
[11].

The prevalence is also decreasing in some countries in
Asia and in the Middle East. Indeed, studies from Japan
have shown a considerable fall in H. pylori prevalence in
childhood. One study from a high gastric cancer incidence
area found only 85 of 1765 (4.8%) students aged
13—15 years to be infected [12] and, in another study, the
prevalence in school children aged 12-15 years was 3.1%
[13]. The same fall has been observed in Iran, where for-
mer reports of H. pylori infection indicated a global
prevalence of more than 85% and recent ones estimated an
overall prevalence of 54%, with a prevalence of 42% in
children [14]. Similar trends are seen in China where, in
Hangzhou, the infection rates in three age groups (3-6,
7-11, and 12-17 years) were 14.8, 20.2, and 25.8%,
respectively. The overall prevalence decreased from 21.6
to 17.2% between 2007 and 2014 [15]. In contrast, in
Vietnam, the seroprevalence in 1094 subjects from 278
households remained stable at 51.4% in adults and 41.4%
in children [16].

Conversely, the prevalence of H. pylori infection
remains high in newly arrived refugees attending the
migrant health service in South Australia, where 922 adults
and children were screened in a cross-sectional study using
a monoclonal stool antigen test. H. pylori infection was
detected in 198 of them (21.5%), almost 1.5 times that of
the Australian population’s estimate when both adults and
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children are included [17]. A systematic review involving
28 studies described the prevalence of H. pylori among
migrants. In all but two, the prevalence was similar to or
lower than in their country of origin but higher than in their
country of destination. Second and later generations of
migrants had a lower prevalence than the first generation
[18]. The prevalence of H. pylori, assessed by a H. pylori
stool antigen (HpSA) test, among 240 asymptomatic chil-
dren living in a rural setting in sub-Saharan Africa, was
14.2% [19]. The prevalence of H. pylori assessed by
polymerase chain reaction (PCR) on oral swabs in 162
asymptomatic Mexican children was 13% [20].

3 Pathogenesis

Virulence factors, gastric mucosal host factors, and
environmental factors are associated with the clinical
outcome of H. pylori infection. The main bacterial viru-
lence factors include adhesins [blood-group antigen-
binding adhesin (BabA), sialic acid-binding adhesin
(SabA)], vacuolating cytotoxin VacA, and the products of
the cag pathogenicity island (cagP AI). There are geo-
graphic differences between cagA, vacA status and H.
pylori-related diseases [21]. In Western countries, infec-
tion with a vacA sl strain is more common in patients
with peptic ulcer than in those with chronic gastritis
alone. However, in Asian countries, the association
between vacA diversity and clinical outcome is not well
established [22]. The integrity of the gastric mucosa is
mainly affected by the interaction of virulence products
(VacA and CagA) with the proteins of the intercellular
junctions, which alters the stability of the complex
E-cadherin/B-catenin with consequences of structure,
functional modification, and cellular transformation [23].

Few studies evaluating parameters of the immune
response in children (except for antibody determination)
have been performed, but recently a great interest in this
field has arisen. The persistence of H. pylori colonization is
critical for the development of complications and repre-
sents the strongest risk factor for gastric adenocarcinoma
and MALT lymphoma [24]. Consequently, the clinical
manifestations of H. pylori infection complications occur
predominantly in adults rather than in children. Gastric
inflammation in children colonized by H. pylori differs
from adults by a reduction in polymorphonuclear and
mononuclear cell infiltration, decreasing the incidence of
gastroduodenal ulceration in comparison with adults [25].

Understanding the immuno-biological basis for the
reduced inflammatory response in H. pylori-infected chil-
dren, particularly in comparison with that of infected
adults, is critical for identifying mechanisms by which the
host suppresses the neoplastic potential of H. pylori

infection in children [26]. Inflammation in children has
been shown to be less than that of adults, indicating a
downregulation in immune response to infection in chil-
dren [2]. Moreover, the sequence analysis revealed that the
bacteria isolated from infected children and adults might
have similar cagA and vacA gene profiles. The difference
in bacterial strains and common virulence factors were not
the cause of the lower level of inflammation in infected
children compared with adults [2, 26].

H. pylori infection in children is associated with a high
T:c, tesponse, as well as a low Tyl and 7,17 response
[26-28]. However, H. pylori-specific T;,17/T},1 detection in
chronically infected adults may reveal that the initial reg-
ulatory response is progressively lost [29]. Hence, Tjl,
T,17, and T, results may imply gastric mucosal response
to H. pylori [30].

Recently, a cross-sectional study performed on 126
children showed that the presence of the CT and CT + TT
genotypes of IL-6 190C/T, a G allele of IL-6 572G/C
polymorphism, the GA and AA genotypes of TNF-a 308 G/
A polymorphism, and the genotype II of ACE I/D poly-
morphism were associated with H. pylori infection, while
the CC genotype of IL-6 174G/C polymorphism was
scarcely encountered in children with H. pylori infection.
Therefore, those polymorphisms may contribute to the
pathogenesis of H. pylori gastritis [31]. In a study from
Brazil, DNA samples were obtained from 285 gastric
biopsies of pediatric patients. H. pylori was detected by
PCR, whereas PCR-RFLP (restriction fragment length
polymorphism) was used to characterize the -251 (T>A)
polymorphism of IL-8. The results showed that the 1L.8-251
A allele may be an important risk factor for the develop-
ment of gastric disease when associated with H. pylori
infection [32]. Another study from Poland, analyzing gas-
tric biopsies of 78 children to investigate the expression of
innate immunity components and cytokines in the gastric
mucosa, concluded that H. pylori infection was character-
ized by (a) T,l expression profile, (b) lack of mRNA
overexpression of natural immunity receptors, and
(c) strong anti-inflammatory activities in the gastric
mucosa, possibly resulting from increased activity of anti-
inflammatory M2 macrophages. This may explain the
mildly inflammatory gastric inflammation often observed
among H. pylori-infected children [33].

The role of gastric microbiota in H. pylori pathogenesis
has also been studied in a cohort study including 86 chil-
dren and adults with and without chronic H. pylori gastritis
performed in Santiago, Chile. Gastric microbiota was
analyzed by 16S rRNA bacterial gene sequencing. The
findings indicated that H. pylori infection in children, not
adults, is associated with changes in the commensal
microbiota and an increased gastric T,., response. The
gastric microbiota is an underappreciated potential factor
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that could be involved in promoting a more tolerant anti-
inflammatory gastric environment in early life, possibly
through the induction of T,., responses that down-regulate
gastric inflammation in H. pylori-infected children [34].

4 Clinical Manifestations
4.1 Digestive Manifestations

Although less frequent in children than in adults, H. pylori-
associated gastro-duodenal ulcers are without doubt
responsible for abdominal pain and upper gastrointestinal
bleeding [2]. In adults, there is evidence from randomized
clinical trials and meta-analyses that a proportion of
infected patients with dyspepsia, in the absence of
esophagitis and of gastro-duodenal erosions/ulcers, are
improved after successful H. pylori eradication [35-37]. In
contrast, trials in children investigating the role of H. pylori
in dyspepsia are not conclusive because they are uncon-
trolled [38—45], of poor quality, or do not include sufficient
patients to draw conclusions [46]. No clinical manifesta-
tions, and especially not recurrent abdominal pain (RAP),
have been shown to be specific to H. pylori infection in
children. Data from adults can therefore not be extrapo-
lated to children. For that reason, testing only for H. pylori
in children with dyspepsia (Rome IV criteria [47]) is not
acceptable clinical management as stated in the recent
guidelines [3]. Other diagnoses have to be excluded and, if
an eradication treatment is proposed, the patients and the
parents must be informed that H. pylori gastritis is probably
not the cause of the symptoms [3, 48].

The more recent publications are also not in favor of an
implication of H. pylori gastritis in dyspepsia or other
abdominal complaints in children, in the absence of ulcer
disease. Among 1558 children aged 6-13 years in Iran, 145
children with RAP, according to the Apley and Naish cri-
teria, were compared with 145 age-matched healthy con-
trols recruited from the same area. There was no significant
difference between the RAP symptoms in H. pylori-posi-
tive children versus H. pylori-negative ones [49]. Similar
results were obtained in a prospective observational study
in Brazil. Among 240 Brazilian children with dyspepsia,
52% being infected by H. pylori, there was no significant
association between H. pylori infection and gastrointestinal
manifestations, either RAP or pain characteristics [50].

To evaluate a possible association between functional
abdominal pain disorders fulfilling Rome III criteria, con-
sidered as the patient group, and fecal calprotectin level in
age-/sex-matched healthy controls and H. pylori-infected
children, a total of 56 patients (27 with functional dys-
pepsia) and 56 controls were enrolled. H. pylori infection
was detected in 17 of 56 cases (30.4%) and 4 of 56 controls
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(7.1%, p = 0.003). The median fecal calprotectin level
was the same in control patients as in patients with gas-
tritis. The authors concluded that fecal calprotectin is not a
predictor of H. pylori gastritis [51].

Erosive esophagitis and gastro-duodenal ulcers/erosions
should be searched for in dyspeptic patients as these
diagnoses are not rare findings at endoscopy and are not
always related to H. pylori infection. Infection should be
treated in the case of ulcer disease to prevent recurrence of
lesions. Over a period of 7 years, 1026 children underwent
an upper-gastrointestinal endoscopy. Peptic ulcers and
erosions were found in 7.2% patients (ulcers in 5.1% and
erosions in 2.1%). H. pylori infection was found in 27
patients (45.8%) [52]. Erdemir et al. recently reported an
association between infection and gastrointestinal diseases
such as gastritis and peptic ulcers in H. pylori-infected
children in Turkey. Of these children, 14.9% were mal-
nourished. Bodyweight and height Z scores were signifi-
cantly lower in H. pylori-seropositive children. Serum
leptin, ghrelin, and IGF-1 levels were not associated with
H. pylori 1gG seropositivity [53]. However, in 178 Mexi-
can schoolchildren, H. pylori-infected children had lower
concentrations of leptin and obestatin than those without
infection, after adjustment by age, gender, and BMI. These
results suggest that H. pylori infection affects the levels of
hormones implicated in regulating appetite and energy
homeostasis [54]. These data must be confirmed by other
concordant studies before ascertaining an effect of H.
pylori infection in children on the hormones implicated in
regulating appetite and energy homeostasis.

4.2 Extra-Digestive Manifestations

Iron deficiency is a frequent health condition, particularly
in the youngest children, mainly due to the high require-
ments associated with rapid growth and low iron content of
dietary intake aggravated by a low bioavailability, partic-
ularly for non-heme iron in food [55, 56]. Four meta-
analyses have concluded that H. pylori infection is a cau-
sative factor in the development of iron deficiency anemia.
Several pathways have been implicated, including decrease
in absorption of dietary iron due to hypochlorhydria, gas-
trointestinal blood loss, and enhanced uptake and seques-
tration of iron by the bacteria [57]. Some intervention
studies have shown a beneficial effect of H. pylori eradi-
cation on iron deficiency anemia, but some methodological
flaws limit the value of these studies [58—62]. Impaired iron
absorption due to H. pylori infection certainly has more
clinical consequences in poor resource settings with poor
quality of food intake, and fewer effects in European or
North American settings. For the latter reason and the
lower prevalence of infection in developed countries,
testing for H. pylori infection as part of the initial
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investigation in children with iron deficiency anemia was
not recommended in the last ESPGHAN/NASPGHAN
consensus [3]. However, in regions with high prevalence of
H. pylori infection, that recommendation may not be
applicable. Following the consensus, infection should only
be searched for in refractory anemia, when other causes
have been ruled out. The term ‘refractory’ is, unfortunately,
not clearly defined. In our practice, the term is used in case
of failure of or recurrence after intravenous
supplementation.

Chronic immune thrombocytopenic purpura (cITP) is an
autoimmune disease characterized by autoantibody-medi-
ated platelet destruction lasting more than 6 months
[63, 64]. Some reports in children and in adults suggest that
when investigating causes of cITP, H. pylori infection
should be considered. Indeed, partial or even complete
remission of thrombocytopenia has been reported in some
patients after H. pylori eradication [65-69].

The role of H. pylori infection on failure to thrive (FTT)
or on children’s growth remains controversial. The existing
evidence is based on observational studies (n = 48) and
suggests that H. pylori infection may adversely influence
children’s growth. Scarce evidence exists on the effect of
H. pylori eradication on children’s skeletal growth and
weight gain, but there is an indication that H. pylori
eradication may benefit nutritional status [70]. The possible
effects of H. pylori infection on growth were examined and
the results support that H. pylori infection is inversely
associated with childhood growth trajectory [71]. However,
this study was carried out in Ethiopian children and the
results cannot be generalized to children in developed
countries, such as Europe and North America. Further
prospective multicenter studies remain required.

In endemic areas such as China, H. pylori infection rates
seemed extraordinarily more frequent in children with
Henoch-Schonlein purpura (HSP), particularly those with
abdominal manifestations. However, the causality between
H. pylori infection and HSP was not confirmed, and the
pathogenic mechanism is still unclear [72]. Chronic H.
pylori infection has been involved in obstructive sleep
apnea syndrome (OSAS), responsible for sleep-disordered
breathing (SDB) in children [73]. The association between
H. pylori infection and type I diabetes mellitus (TIDM) in
children is controversial. In a case—control study, the H.
pylori status was assessed in 80 diabetic children versus 80
non-diabetic children. H. pylori infection was significantly
higher in diabetic versus non-diabetic patients, p = 0.030.
The authors concluded that T1DM children are more at risk
of acquiring an H. pylori infection [74]. In contrast, in
another prospective case—control study, there was no sig-
nificant difference of H. pylori infection rate between
diabetic patients and controls [75].

4.3 Atopic Manifestations

Experimental studies in mice suggest that an infection early
in life results in a stimulation of regulatory T cells and
protection against immunological hypersensitivity diseases
such as asthma [76]. Some epidemiological evidence has
been reported recently. Indeed, H. pylori prevalence in
Western countries has been declining simultaneously with
increases in childhood asthma and allergic diseases. In the
Netherlands, 3797 subjects were enrolled in a multi-ethnic
population-based cohort. The H. pylori infection rate was
8.7, and 29.2% of them were CagA-positive. A child’s
colonization with a CagA-negative H. pylori strain was
associated with an increased risk of asthma prevalence, but
this was significantly higher in European versus non-
European children. Furthermore, only H. pylori-positive
children with an H. pylori-negative mother had an
increased risk of asthma, accounting for 3.4% of the
asthma risk [77]. The levels of sIgG and sIgG4 to foods
were found to be highly variable in a study by Czaja-Bulsa
et al. [78], who suggest that one responsible factor could be
the presence of an inflammatory gastrointestinal disease.
They found in a cohort of 200 children that serum con-
centrations of wheat and rice IgG and IgG4 were signifi-
cantly elevated in children with celiac disease, H. pylori,
and wheat allergy compared with healthy control children.

The prevalence of H. pylori in children with confirmed
celiac disease (CD) was compared with non-CD children
referred for endoscopy. H. pylori infection was present in
11.4% of CD versus 50% of non-CD children, p < 0.001.
This result raises the question whether development of H.
pylori infection confers protection against CD [79]. How-
ever, this result needs confirmation before suggesting that
celiac disease is really less likely to be found in patients
with H. pylori infection.

5 Diagnosis

Infection with H. pylori can be diagnosed by either inva-
sive tests performed on biopsy samples obtained during an
upper gastrointestinal endoscopy (culture, histology, rapid
urease test, and PCR) or by non-invasive tests (13C—urea
breath test and stool antigen test). However, the goal of
clinical investigation is to detect the cause of the child’s
symptoms. Since current evidence indicates that H. pylori
infection is not associated with symptoms in the absence of
peptic ulcer disease, performing a non-invasive test to
detect infection and treat if the test is positive is not war-
ranted. Therefore, this ‘test and treat’ strategy based on
non-invasive methods of diagnosis for H. pylori infection
in children is not and has never been recommended.
Children with symptoms suggestive of pathological
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conditions of the upper digestive tract, such as dyspepsia,
should be evaluated by upper-gastrointestinal endoscopy
[48]. The diagnosis of H. pylori infection should be based
on either (a) positive culture or (b) histopathology (H.
pylori-positive gastritis) plus at least one other positive
biopsy-based test (rapid urease test or PCR) [3]. Yang [80]
recently updated the differences between children and
adults in the diagnosis of H. pylori infection. The author
confirmed that nodular gastritis is a common endoscopic
finding of childhood H. pylori infection (44—67% in chil-
dren vs 0.19-13% in adults). The main histopathologic
findings are that acute active inflammation (infiltration of
neutrophils) is less prominent in children compared with
adults, while chronic inflammation (infiltration of lym-
phocytes and plasma cells) is more prominent in children
than adults. Lash and Genta [81] carried out a very large
study on gastric biopsy stained with histochemical stains
only compared with those stained with labeled anti-H.
pylori antibodies. They reported a dramatic improvement
in detection of H. pylori infection using upfront immune-
histochemical staining.

Evaluation of the outcome of an eradication treatment
should be based on validated non-invasive tests, (i.e., B
UBT and monoclonal stool antigen test) performed at least
2 and 4 weeks after proton pump inhibitor (PPI) therapy
and antibiotic therapy completion (to avoid false-negative
results). These tests can also be used for epidemiological
studies. Children younger than 6 years have a higher rate of
false-positive urea breath tests [82]. The reported perfor-
mance of the urea breath test for detection of H. pylori
infection in a recent study, in comparison with biopsy-
based histologic examination in 60 children, is low with a
sensitivity of 76.2% and a specificity of 69.2% in this age
group [83]. Many pitfalls were underlined to explain these
poor results. Patient compliance, consumption of PPIs and/
or antibiotics or host-organism interaction varying among
ethnic backgrounds can affect the urease activity, as pre-
viously reported in Turkish and German children. There-
fore, stool antigen tests using an ELISA technique with a
monoclonal antibody are regarded as more convenient in
young children than the urea breath test [83]. Furthermore,
in another study that used a real-time PCR, it was shown
that stool ELISA is a reliable method in characterizing H.
pylori dynamics in apparently healthy children. Persistent
infection was only detected in 2.7% of 36 children [84].

Low bacterial density can be a cause of false-negative
results in up to half of scoped children. Indeed, a gastric
biopsy-based quantitative PCR (qPCR) for the detection of
H. pylori infection and the identification of clarithromycin-
resistant strains in children was evaluated in 62 children
with infection and 341 children without infection. A
composite ‘reference method’ was used: a child was con-
sidered infected by H. pylori when culture was positive or,
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in case of negative culture, when both histology and a rapid
urease test were positive. The qPCR showed a bacterial
load > 10 copies per milliliter when culture, histology, and
rapid urease test were all positive (29/31 children) ver-
sus < 10 copies per milliliter when culture, histology, and
rapid urease test were all negative (25/31 children). Grades
2 and 3 histological gastritis were associated with a bac-
terial load > 10 copies per milliliter for 28/35 children
versus 27/27 with grade 0-1 < 10 copies per milliliter. H.
pylori qPCR positivity was shown to be a more sensitive
test than the routine culture, histology, or rapid urease test
alone, allowing detection of low bacterial loads [85].
Antibody-based tests (IgG, IgA) for H. pylori in serum,
whole blood, urine, or saliva in the clinical setting are not
recommended for clinical decisions and not encouraged for
epidemiological purposes [3]. Some recent publications
suggest, however, that recent serological tests are more
reliable in children. A French study assessed a quick, non-
invasive, one-step immuno-chromatographic H. pylori
stool antigen test in 158 children. This test showed 91.3%
sensitivity, 97% specificity, 30.84 positive likelihood ratio
and 0.09 negative likelihood ratio. The test accuracy was
96.2%. Therefore, this test can be considered as consistent,
reliable, quick, and specific for detecting H. pylori in
children [86]. One hundred Egyptian children with a mean
age of 7.2 years referred for upper gastrointestinal endo-
scopy had biopsies and serum samples collected to detect
IgG against H. pylori by ELISA in order to evaluate the
accuracy of this test. The sensitivity, specificity, positive
likelihood ratio, and negative likelihood ratio for the IgG
antibody were 96.5, 93%, 13.83, and 0.038, respectively
[87]. Recently, an antibody test for detection of H. pylori-
specific IgG by ELISA in urine was developed and tested
in 806 junior and senior students in Japan. The results
obtained showed 97.6% sensitivity, 96.5% specificity,
61.2% positive predictive value (PPV), and 99.9% negative
predictive value (NPV) [88]. In another study, the same
authors using H. pylori-specific IgG by ELISA in urine
compared with serum H. pylori IgG-ELISA as the gold
standard, reported sensitivity, specificity, PPV, and NPV
for the rapid urine antibody test to be 85.7, 100, 100, and
99.4%, respectively [34]. Seo et al. [89] looked for corre-
lations between anti-H. pylori IgG and IgA levels and the
urease test, anti-CagA protein antibody, degree of gastritis,
and age in 509 children stratified by age. They demon-
strated that the anti-H. pylori IgG and IgA antibody titers
were higher in the CagA-positive sera of children regard-
less of age, while IgG and IgA titers increased with chronic
gastritis degree, active gastritis, H. pylori infiltration,
urease test grade, and older age. In another retrospective
study of 395 children referred for upper gastrointestinal
endoscopy to evaluate epigastric pain, heartburn, and
nausea or vomiting, the histology was positive for H. pylori
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infection in 13% and epigastric pain was documented in
87% of these patients. Compared with histology, the
serology had a sensitivity of 88.4% and a specificity of
93.4%, while the rapid urease test and the stool antigen test
had sensitivities of 89.3 and 55.6% and specificities of 89.9
and 98.9%, respectively [90].

The feasibility of using breath ammonia analysis based
on off-axis cavity-enhanced absorption spectroscopy (OA-
CEAS) with an external-cavity diode laser (ECL) was
assessed for non-invasive diagnosis of H. pylori infection.
Analyses were performed on 15 healthy volunteers as well
as on 8 children and 19 adults with H. pylori infection. The
ammonia concentrations for patients with H. pylori infec-
tion were significantly higher than those for healthy vol-
unteers. The authors suggest that the breath ammonia
measurement system has the potential for future use in
easy, non-invasive diagnosis of H. pylori infection [91].
Other studies are needed, of course, to draw firm
conclusions.

6 Treatment

Treatments targeting H. pylori infection consist of combi-
nations of a PPI and several antimicrobial agents. It has
been shown that treatment success must be over 90% in
per-protocol analysis [92, 93] to prevent induction of sec-
ondary antimicrobial resistance, and reduce expensive and
risky procedures required by rescue treatments. This goal
is, however, rarely observed in pediatric trials and, in a
recent meta-analysis, both a sequential regimen for 10 days
and a triple regimen for 14 days, recommended in the last
consensus guidelines, were successful in only 73.6 (435/
591) and 71.7% (104/145), respectively [94], in the
absence of antimicrobial susceptibility testing and com-
pliance monitoring.

The reference treatment since the end of the 1990s has
been the combination of two antibiotics (amoxicillin
50 mg/kg/day—maximum 2 g combined with either clar-
ithromycin 15 mg/kg/day—maximum 1 g or metronida-
zole 20 mg/kg/day—maximum 1 g) and a PPI (1 mg/
kg/day—maximum 40 mg) for 7 days in Europe and for
14 days in North America [95]. This triple therapy was
given in two daily doses. The efficacy of this treatment has
decreased over time due mainly to antimicrobial resistance
and poor treatment compliance, but also to a shorter
duration in Europe. The EHMSG consensus guidelines for
the management of H. pylori infection in adults since 2012
[96] and in children since 2017 [3] now recommend a
14-day duration that increases the success rate by roughly
5% [97, 98].

Due to decreased efficacy [99], especially if the sus-
ceptibility of strains to antibiotics is not known, other

schemes have been proposed such as sequential treatment
consisting of two successive 5-day treatment periods:
amoxicillin (50 mg/kg/day—maximum 2 g) and PPI
(1 mg/kg/day—maximum 40 mg) twice daily, then
metronidazole combination (20 mg/kg/day—maximum
1 g) and clarithromycin (15 mg/kg/day—maximum 1 g)
with a PPI [100, 101]. The rationale for using this
sequential treatment is that amoxicillin would reduce the
bacterial burden and destroy the bacterial cell wall during
the first 5 days. Subsequently, intracellular spread of clar-
ithromycin could be increased and be more effective with
fewer side effects than with a standard triple therapy [102].
However, this treatment is only truly efficient if compli-
ance is optimal and if the strain is susceptible to both
metronidazole and clarithromycin [103, 104]. Schwarzer
et al. [103] evaluated the efficacy of a sequential treatment
for 10 days and showed that the eradication rate was only
satisfactory in case of strains susceptible to both clar-
ithromycin and metronidazole (115/134, 86%) in Europe.
In case of resistance to clarithromycin or to metronidazole,
the eradication rate was lower (45/62, 73%), and even
lower in case of double resistance (2/7, 29%). Besides
antimicrobial resistance, intake of < 90% of prescribed
drugs was a significant independent factor affecting erad-
ication rate. This was confirmed by Kotilea et al. [104].
The sequential treatment has been abandoned in adults as it
has been shown to be less efficient than a concomitant
quadruple therapy and a triple therapy tailored to antimi-
crobial susceptibility [105]. Data on concomitant quadruple
therapy in children are lacking and this treatment can
therefore not be recommended for children currently.

Bismuth-based quadruple treatment in adults has also
shown superior efficacy to conventional triple therapy
[106]. The dosage of bismuth salt used in an adult
quadruple scheme is higher than the one accepted in chil-
dren [107, 108] and the use of tetracyclines is contra-
indicated in children.

The therapeutic options that can currently be recom-
mended in children, as well as their advantages and dis-
advantages, are shown in Table 1 and the indication for
treatment is summarized in Table 2. The dosage of each
drug we use in routine practice is given in Table 3. There
are some differences with those published in the ESP-
GHAN/NASPGHAN guidelines because we want to avoid
under-dosage in some weight ranges. We have, however,
no data showing that these dosages will give higher erad-
ication rates compared with the previously published ones
[3].

Antimicrobial susceptibility testing should be performed
before prescribing an eradication treatment and this is now
a formal recommendation of the ESPGHAN and NASP-
GHAN consensus guidelines [3]. Increasing antimicrobial
resistance rates against clarithromycin emerged around
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Table 1 Currently recommended eradication regimens for Helicobacter pylori-infected children

Treatment option Duration Comments
PPI-AMO-CLA 14 days Only if strain proved to be susceptible to CLA and AMO
Currently published data indicate that the target of 90% cannot be achieved
No risk of induction of MET resistance
PPI-AMO-MET 14 days Eradication rate probably lower than with CLA-containing triple therapy
Impact of MET resistance on success rate maybe limited
Can be proposed in case of double resistance (to CLA and to MET)
PPI-CLA-MET 14 days In case of allergy to AMO
Only if strain proved to be susceptible to CLA
Sequential quadruple 10 days Only if strain proved to be susceptible to CLA, MET, and AMO
Risk of induction of double resistance (to CLA and to MET)
Bismuth-based triple or 10-14 days Difference between triple and quadruple is adjunction of PPI

quadruple therapy

Different bismuth salts can be proposed depending on local availability (subcitrate in Europe,

subsalicylate in the US)
Data for triple needs to be updated

Few data available for quadruple

Based on the last ESPGHAN/NASPGHAN consensus guidelines (Jones et al. 2017 [3])
AMO amoxicillin, CLA clarithromycin, MET metronidazole, PPI proton pump inhibitor

Table 2 Indication of
eradication treatment for

Clinical situations

Recommendation for treatment

Helicobacter pylori-infected
children

Incidental finding at endoscopy
Ulcer (erosions) disease
Abdominal pain

Test and treat

Short stature

Iron deficiency anemia

Refractory iron deficiency anemia

Chronic immune thrombocytopenic purpura

May be considered after discussion with patient/parents
Yes

No

No

No

No

May be considered

May be considered

Based on the last ESPGHAN/NASPGHAN consensus guidelines (Jones et al. 2017 [3])

1995 within Europe and was described initially in Brussels
[109, 110] and in most countries since then. Political
interventions to decrease the over-use of antibiotics resul-
ted in a less frequent prescription of macrolides between
2000 and 2010 in Belgium and a concomitant decrease in
resistance of H. pylori clinical isolates [111], but more
recent data show a new increase in resistance in the Belgian
population [112]. The resistance rate against metronidazole
remains high but is usually stable, the resistance against
quinolones is rapidly increasing and a lower susceptibility
against amoxicillin (increased minimal inhibitory concen-
tration) is observed in some places. Mixed infections may
explain the failure of clarithromycin-containing regimens,
although the phenotype, at culture, indicates that the strain
is susceptible. The first description of mixed infection came
from a microbiology laboratory in Brussels [110] and these
data have been confirmed by others since then. The last
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publication on the subject, by Gosciniak et al. [113],
reported a very high rate of heteroresistance (47%, 7/15) in
children in Wroclaw, Poland.

Recent publications further support the high rate of
antimicrobial resistance of clinical isolates. Some of these
studies address the situation in Europe. Montes et al. [114]
performed a longitudinal study of H. pylori-infected chil-
dren referred for upper gastrointestinal endoscopy in Spain.
Resistance to clarithromycin was 35, and 17% to metron-
idazole. Eradication was lower using a triple therapy when
the strains were resistant to one antimicrobial agent (3/8,
38%) than when treatment was tailored to the susceptibility
test (48/61, 79%), although even in the later scenario the
90% goal was not reached. Manfredi et al. [115] reported
the evolution of antimicrobial resistance between the
1998-1999 and the 2011-2012 periods in Northern Italy.
They observed an increase in resistance to clarithromycin
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Table 3 Fixed-dose drugs, according to the bodyweight of the child, to be used for eradication regimens for Helicobacter pylori infection in

children

Drug Weight groups (kg) Morning dose (mg) Evening dose (mg) Corresponding dose range (mg/kg)

Esomeprazole 20-24 20 10 1.2-1.5
25-34 20 20 1.2-1.6
3549 40 20 1.2-1.7
> 50 40 40 <1.6

Amoxicillin 20-24 750 750 60-75
25-34 1000 1000 60-80
35-49 1500 1500 60-85
> 50 1500 1500 <60

Clarithromycin 20-24 250 250 20-25
25-34 500 250 22-30
3549 500 500 20-28
> 50 500 500 <20

Metronidazole 20-24 250 250 20-25
25-34 500 250 22-30
35-49 500 500 20-28
> 50 750 750 <30

(from 16 to 26%) and a decrease of resistance to metron-
idazole (from 56 to 33%). Resistance to amoxicillin
remained low (2/141). Maleknejad et al. [116] estimated
the resistance rate of H. pylori strains in Iran. Metronida-
zole resistance was 57%, furazolidone 38%, tetracycline
24%, and clarithromycin 16%. However, the sensitivity of
the culture was low and these data need confirmation.
Regnath et al. [117] reported the antimicrobial resistance
rate in Southwest Germany during the period from 2002 to
2015. Overall resistance to metronidazole, clarithromycin,
and rifampicin was 28.7, 23.2, and 13.3%, respectively,
while resistance to amoxicillin was rare (0.8%). Simulta-
neous resistance to metronidazole and clarithromycin was
observed for 7.7% of the isolates, and 2.3% were resistant
to metronidazole, clarithromycin, and rifampicin. Aguilera-
Correa et al. [118] analyzed the resistance rate against
clarithromycin and the genotype associated with the
resistance: A2142G or A2143G, the latter being the more
frequent (87.5%). Strains resistant to clarithromycin were
found in 64/111 (57.7%), but in 11 of the 64 a mixed
infection was found with both susceptible and resistant
strains to clarithromycin.

Some recent data on antimicrobial resistance are also
available for Asia and the Middle East. The prevalence of
resistance to antimicrobials in a large series of 1746 clin-
ical isolates from the Southeast regions of China was
reported by Li et al. The resistance rate was 16.4% to
clarithromycin, 75.2% to metronidazole, 6.7% to levo-
floxacin, 0.06% to amoxicillin, and 0.06% to furazolidone.

Dual resistance to both clarithromycin and metronidazole
was observed in 10.7% of children. Mahmoudi et al. [119]
reported the resistance rate to antimicrobials in Teheran,
Iran. Resistance was 22% to clarithromycin and 62.5% to
metronidazole. Khoury et al. [120] reported the prevalence
of secondary antimicrobial resistance in Haifa, Israel. In
children, resistance was 42.5% to clarithromycin, 46.7% to
metronidazole, and 5.1% to amoxicillin. No levofloxacin
resistance was found. Ogata et al. [121] compared results
of antimicrobial susceptibility tests performed by agar
dilution (reference method), by E test, and by disk diffu-
sion. A good correlation was found between these tech-
niques for metronidazole, clarithromycin, furazolidone,
and tetracycline, but not for amoxicillin. They conclude
that E tests should be preferred instead of disk diffusion in
daily routine. This is of major importance since an effort
should be made to render susceptibility tests available
everywhere.

Studies comparing the different therapeutic options in
the pediatric population remain limited. However, a recent
meta-analysis including 10 randomized studies showed that
in 318 of 409 (78%) children who received a sequential
treatment, the infection was eradicated compared with 314
of 444 (70.7%) in the triple therapy arm (RR 1.14, 95% CI
1.06-1.23) [101]. Weiner and Shaoul [122] evaluated the
efficacy of a triple therapy containing clarithromycin for
14 days as first-line treatment and containing metronida-
zole as rescue treatment. Antimicrobial susceptibility was
not tested, and a comparison was made between those
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receiving the triple therapy alone and those receiving a
probiotic. The eradication rate after first-line treatment was
only 222/327 (67.9%) and 42/66 (63.6%) after second-line
treatment. No significant difference was noted between the
probiotic and the control group. Huang and Zhan [94]
performed a meta-analysis of the randomized clinical trials
comparing a sequential treatment for 10 days with triple
therapies for 7-14 days. They concluded that the eradica-
tion obtained with a sequential treatment for 10 days is
comparable to the one obtained with a triple therapy for
14 days but superior to a triple therapy for 10 or 7 days.
However, the rate of eradication was lower than the
expected goal and factors associated with treatment failure,
antimicrobial susceptibility, and compliance were insuffi-
ciently investigated.

Some new eradication regimens have been tested
recently. Ramos-Soriano and Black [123] described the
efficacy of a novel regimen containing three antimicro-
bials: nitazoxanide, azithromycin, and cefixime for
7-10 days. They reported a success rate of 99/111 (89.2%).
These data have to be confirmed by other trials and in
different settings. Esmaeili et al. [124] compared clar-
ithromycin- and azithromycin-containing triple therapy for
10 days (azithromycin for 6 days) in Iran. They found no
significant advantage of using azithromycin instead of
clarithromycin and the eradication rate was only 38/60
(63.3%). Farahmand et al. [125] compared the efficacy of
two triple therapies in Iran: one containing omeprazole,
amoxicillin, and ciprofloxacin, and the second containing
omeprazole, amoxicillin, and furazolidone. The eradication
rate was high with the ciprofloxacin-containing regimen
(29/33, 87.9%) and significantly lower with the furazoli-
done-containing one (20/33, 60.6%). Due to the low
number of patients and the absence of antimicrobial sus-
ceptibility testing, these data need confirmation. Iwanczak
et al. [126] compared the efficacy of a sequential regimen
for 10 days with a clarithromycin-containing triple therapy
and a metronidazole-containing therapy for 7 days. Eradi-
cation was observed in 18/23 (78.2%) children with the
clarithromycin-containing triple regimen, 18/23 (78.2%)
with the metronidazole-containing triple regimen, and
21/23 (91.3%) with the sequential regimen. Failure of
treatment was mainly associated with antimicrobial resis-
tance: five in the clarithromycin-containing triple regimen,
one in the metronidazole-containing triple regimen, and
one in the sequential regimen. Kasiri et al. conducted a trial
comparing two triple therapies for 14 days in Iran. Chil-
dren were treated either with omeprazole, amoxicillin, and
clarithromycin, or omeprazole, clarithromycin, and
metronidazole. Eradication rates obtained with both treat-
ments were close to 90% with no significant difference
between them. These very good results contrast, however,
with those obtained in most studies using the same

A\ Adis

treatment regimen. Butenko et al. [127] reported the
eradication rates obtained in Slovenia with a tailored triple
therapy for 7-14 days as well as antimicrobial suscepti-
bility results. Results of eradication were obtained in 71 of
the 107 children included and 61/71 (85.9%) were suc-
cessful. Resistance to clarithromycin was reported in
23.4%, to metronidazole in 20.2%, to levofloxacin in 2.8%,
and to amoxicillin in 1.0%. Dual resistance to clar-
ithromycin and metronidazole was found in 11.5%.

7 Probiotics

The most commonly reported adverse events due to erad-
ication therapies are diarrhea, nausea, and vomiting.
Adverse events have significant physical and/or social
impacts, and it has been shown that side effects were sig-
nificantly associated with decreased compliance and
treatment failure [104]. Therefore, there is the need for
development of alternative treatment options for the H.
pylori infection in pediatric patients.

The results of some pediatric studies suggest that stan-
dard eradication therapy supplemented with sufficient
amounts of certain probiotic strains diminish the frequency
of gastrointestinal adverse events. Saccharomyces bou-
lardii was used as an adjuvant therapy to standard treat-
ment eradication protocol in a prospective open study that
included 90 infected children. The intervention group also
treated with S. boulardii (250 mg twice daily for 4 weeks)
showed significant impact on the incidence of side effects
[128]. The positive role of S. boulardii in reducing adverse
effects was confirmed in a meta-analysis published by
Szajewska et al. [129] although most of the studies were
performed on adult populations. Five randomized con-
trolled trials of good methodological quality involving
1307 patients were identified. Among them, 90 children
were included. The daily dose of S. boulardii ranged from
500 mg to 1000 mg and the duration of the therapy was
2-4 weeks. Adverse effects were reported in 24.3% of
patients in the control group treated with triple therapy
compared with 12.9% of patients in the probiotic group.
The risk of therapy-related diarrhea was statistically sig-
nificantly lower in the probiotic group compared with the
control group treated only with antibiotics and a PPI (5.6 vs
12.2%, RR 0.47, 95% CI 0.32-0.69). The conclusions of
the meta-analysis were that the concomitant use of S.
boulardii with triple therapy moderately increases H. pylori
eradication rates and decreases antibiotic-related adverse
effects, especially diarrhea. In addition, Zhang et al.
included 194 infected children in a recent probiotic study
[130]. S. boulardii significantly decreased the incidence of
diarrhea associated with standard H. pylori eradication
therapy. Even if diarrhea developed, it was less severe and
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of shorter duration, and it was speculated that the conse-
quence was a 10% higher eradication rate in the probiotic
group. However, the main limitation of the study was that
the majority of children were diagnosed with a less reliable
serology test. The Gastrointestinal Symptom Rating Score
was also lower in the group of children treated with Lac-
tobacillus reuteri in addition to triple therapy in compar-
ison with the placebo group treated only with eradication
therapy (3.2 vs 5.8, p < 0.009) [131]. The role of probiotic
strains in increasing eradication rates is more doubtful.
Lactobacillus casei [132] or Lactobacillus acidophilus and
Bifidobacterium bifidum [133] added to triple therapy
showed some beneficial effects in improving eradication
rates.

Few meta-analyses attempting to draw conclusions
regarding the role of probiotics in H. pylori treatment in
children have been published [134—136]. Some of these
studies suggest that probiotics added to H. pylori eradica-
tion treatment may reduce adverse effects and conse-
quently improve efficacy. Unfortunately, the studies
included in these meta-analyses use different probiotic
strains in various concentrations, making it difficult to draw
meaningful conclusions. To have more reliable conclusions
regarding the positive effects of probiotics in H. pylori
eradication regimens, additional pediatric studies with
specific probiotic strains in sufficient amounts must be
performed.

8 Conclusions

The prevalence of H. pylori infection, which persists over a
lifetime if untreated and may lead to severe complications
such as ulcer disease and gastric cancer, is declining in
developed and in some emerging countries, especially in
children. However, infection rates remain high in some
regions and depend, in more developed ones, on the
migration status of the family and on economic factors that
should also be taken into account when defining national
preventive strategies. New insights have been discovered
concerning the lower mucosal immune response and the
possible role of H. pylori in preventing immune disorders
such as allergy. Indications for treatment of this infection
and optimal regimens have been proposed by a recent
consensus guideline as well as optimal diagnostic tests.
However, the latest clinical series published have shown
that the target of 90% eradication with first-line treatment
may not be reached by these regimens and especially not if
treatment is not tailored to antimicrobial susceptibility tests
and if compliance is not optimal (> 90%). Improvement
strategies, using the Deming circle, are still needed in
regional centers to reach this goal. Eradication failure at
first line results in a decreased chance of success with

rescue therapy, induces secondary resistance to antimi-
crobials, causes expensive additional health expenditures,
and exposes children to risks associated with additional
procedures.
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