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EPIDEMIOLOGY

The epidemiology of Helicobacter pylori infection shows a global decline in incidence. The 
infection rate is usually much lower in Western countries (Western Europe or North America), 
where it is admitted that most infected children belong to migrant families. However, in Ro-
mania, a retrospective study conducted by Lupu et al1, involving a cohort of 1,757 patients, 
demonstrates that the incidence of H. pylori infection remains high in children, with a prev-
alence of 30.8%. Furthermore, 75.3% of the infected children were from rural areas. Anoth-
er retrospective observational study conducted over an 11-year period (2009, 2014, 2019) in 
Portugal, which included 461 patients under 18 years old who underwent upper endoscopy, 
reveals an infection rate of 37.3%2. Additionally, a decreasing trend in infection rates was ob-
served over the years.

In South America, a cross-sectional study was made in the state of São Paulo, Brazil, in 
which 161 children aged 5-13 years old (mean age 7.8 years) attending a public school were 
assessed with a 13C urea breath test3. The overall prevalence of H. pylori infection was 20.5%-
18.7% among girls and 22.2% among boys.
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A study on 1,854 pupils across 24 Ho Chi Minh City districts was conducted in Vietnam. 
Infection was detected by a monoclonal stool antigen test4. Che et al5 showed a very high 
prevalence of 87.7% of H. pylori infection among these school-aged children. The infection 
rate increased with population or employee density across the city. A second study by the 
same group demonstrated that the infrequency of handwashing with soap after the toilet, not 
using toilet paper after toilet (washing with water instead), crowded living areas, larger fam-
ily size, and younger age independently contributed to an increased prevalence of H. pylori 
infection.

A cohort effect probably explains a slightly higher infection rate in the youngest children. 
Studies tend to agree that H. pylori infection more often affects older children. For example, the 
study made by Lupu et al1 showed that infected teenagers were older (14.1 years) compared 
to non-infected ones (12.8 years). Similarly, in Tyva Republic (a small mountainous area at the 
geographical center of Asia in southern Siberia with a high incidence of gastric cancer), Poliva-
nova et al6 showed in 270 Tuvan children that H. pylori prevalence increased with age, from 
44% among 7 to 10-year-olds to 64% among those aged 14 to 17 (OR = 3.0; 95% CI = 1.6-5.8). 
Tran et al7 also examined infection risk factors among 954 schoolchildren in Ethiopia using 
machine learning algorithms. Their study provides evidence that machine learning approaches 
are positioned to uncover H. pylori infection risk factors and predict H. pylori infection status. 
The machine-learning algorithms identified other important risk factors for H. pylori infection, 
such as electricity usage at home, toilet type, and waste disposal location. Using a 75% cutoff 
for robustness, machine learning identified five of the eight significant features found by tradi-
tional multivariate logistic regression. However, machine learning approaches identified more 
H. pylori risk factors when a lower robustness threshold was used than multivariate logistic 
regression.

Finally, in Morocco, a study involving 83 patients (38 males and 45 females) aged between 
2 and 15 years found that the infected group accounted for 31% of the participants8. In Iran, 
a cross-sectional study performed by Nasri et al9 showed that only 7.8% of the children who 
underwent endoscopy were infected by H. pylori, the infected ones being older.

CLINICAL MANIFESTATIONS

Digestive Manifestations

Clinical manifestations as recurrent abdominal pain (RAP) are not specific during H. pylori 
infection in children. However, children have chronic gastritis when infected; some will de-
velop ulcerations, metaplasia, precancerous lesions, or (very few) gastric cancers during 
childhood.

Yorulmaz et al10 remind us that nodular gastritis is characteristic of infection in children. 
They observed infection in 83.7% of 282 children with nodular gastritis. Virulence factors of the 
infecting strains play a role in the physiopathology of these lesions, and the cagA (not oipA) 
genotype has been associated with gastric ulcers in an Iranian series11. Regarding ulcer re-
currence, Li et al12 published a retrospective analysis of 536 children with ulcers who received 
an eradication therapy. Ulcer recurrence was observed in 25 (4.7%) within one year. Bleeding, 
number, and size of ulcers, dietary habits, compliance with medication, vomiting, IL-6, and 
TNF-α were independent risk factors for ulcer recurrence.

Spasmolytic peptide-expressing metaplasia (SPEM) has been found to be an alternative 
precursor to gastric cancer13. Its frequency and other histological findings have been assessed 
in a Taiwanese series14. Atrophic gastritis was found in 30.4% of 92 children, intestinal meta-
plasia in 4.3%, and SPEM in 8.7%. Li et al15 reported that intestinal metaplasia increased with 
age in pediatrics. Similarly, Yu et al16 reviewed the histopathological changes in 854 infected 
children from the central China region. Mucosal precancerous lesions were found in 4.3% of 
them (atrophic gastritis in 17/854, intestinal metaplasia in 11/854, dysplasia in 9/854). Such 
histological changes at an early age are particularly alarming.

Additionally, the Cerner Health Facts Database was searched by Attard et al17 for gastric 
cancer at a pediatric age between 2010-17. In the US, solid gastric tumors’ prevalence was 
1/33000 at a mean age of 11.8 years. Cardia localization of stomach cancer is the most com-
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mon in children and may relate to an association with obesity and esophageal reflux. A family 
history of colon polyps, intestinal and breast malignancy, and a history of H. pylori gastritis was 
found to be more prevalent in children with stomach cancer.

Extra-Digestive Manifestations

The association between H. pylori and some extra-intestinal diseases has been underlined, 
but causality is difficult to prove. In Northeast Romania, a retrospective cohort of 1,757 chil-
dren undergoing endoscopy identified 130 children presenting headaches; 41.5% had H. pylori 
infection, and the association between headache and H. pylori infection was found statistically 
significant18. From the same cohort, liver cytolysis was found in 112 children; 17.9% of them 
presented an H. pylori infection. The difference was also statistically significant19. The authors 
point out the need to analyze possible confounders and possible effects of H. pylori eradica-
tion. In a cross-sectional study from Israel, including 43 children with chronic otitis media with 
effusion and acute otitis media, middle ear fluid was analyzed by culture and PCR and found 
no H. pylori infection20. All samples from 43 children were negative for H. pylori. Regarding the 
effect of H. pylori infection on micromineral and trace element status, a meta-analysis of six 
cross-sectional studies demonstrated a lack of evidence for serum, zinc, copper, and calcium 
but no data available for magnesium, phosphorus, and iodine status21.

H. pylori prevalence in Western countries has been declining simultaneously with increases 
in childhood asthma and allergic diseases. The question of an inverse association between H. 
pylori infection and asthma was addressed in a cross-sectional study in Chongqing, China22. 
Two thousand two hundred forty-one healthy children underwent a 13C-urea breath test during 
medical checkups. The rates of asthma diagnosis in H. pylori-negative and -positive children 
were 7.23% and 3.77%, respectively (odds ratio = 1.99; 95% confidence interval: 1.01-3.97; p 
< .05).

In a cohort study including asymptomatic children with congenital hypothyroidism on levothy-
roxine replacement, the mean T3 serum level (3.59 ± 0.84) (but no TSH or T4) was significantly 
lower (p = 0.001) in H. pylori-infected children than in those without infection (3.95 ± 0.89)23. 
Infection may lead to impairment in the thyroid hormonal balance but not in the hypothalam-
ic-pituitary-thyroid axis function. H. pylori and impaired growth in children is an association 
studied over the years with controversial conclusions. In a publication from Poland, children 
with idiopathic short stature were divided into two groups according to H. pylori status. Fasting 
ghrelin, leptin, and IGF-1 concentrations and GH levels in two stimulation tests were assessed. 
According to this study, short children infected by H. pylori seem to have lower ghrelin and IGF-
1 concentrations than children without infection; this may be the reason for a worse growth rate 
in this subgroup24.

The relationship between anemia and H. pylori infection in children is again in the spotlight 
with four studies and a review25. Lupu et al26 describe a significant association between H. py-
lori infection, iron deficiency, and iron deficiency anemia. However, a publication from Beijing, 
China, studied a population of 902 children, from which 21.5% were H. pylori-infected, and 
multiple confounders were studied. Logistic regression showed that H. pylori infection was not 
a combined risk factor for iron deficiency. Older age, higher educational background of the 
mother, living in the city, and higher family income were the combined protective factors to 
prevent the occurrence of iron deficiency in children27. Kato et al28 published a case series of 7 
children with recurrent or refractory iron deficiency anemia who received successful H. pylori 
eradication therapy. Compared with the baseline [values of hemoglobin (p < 0.001), serum 
iron (p < 0.005), and ferritin (p < 0.001)] significantly increased, on average, 2-3 months after 
eradication therapy. Finally, in a study from Israel, 60 H. pylori-infected children presenting iron 
deficiency (with and without anemia) received H. pylori eradication treatment29. Iron was nor-
malized in 60% of patients with iron deficiency without iron supplementation. There were sig-
nificant improvements in hemoglobin and ferritin concentrations following H. pylori eradication. 
Older age may predict this outcome. Another study performed in Egypt demonstrated that the 
hemoglobin level, serum ferritin, and zinc significantly increased after eradication30. Therefore, 
screening for H. pylori might be considered in the workup of refractory iron deficiency anemia 
or iron deficiency.
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Diagnosis

Methods for diagnosis do not differ from those recommended for adults. However, serology 
has been shown previously to be less sensitive in children. Interestingly, a Korean study at-
tempted to identify effective antigen-containing epitopes of high diagnostic value in H. pylori 
FlaA31. Full-sized FlaA was divided into several fragments and cloned, and its antigenicity was 
investigated using Western blotting. The FlaA fragment of 1345-1395 bp had strong immuno-
genicity. ELISA was performed with serum samples from children by using the 1345-1395 bp 
recombinant antigen fragment. IgG reactivity showed 90.0% sensitivity and 90.5% specificity, 
and IgM reactivity showed 100% sensitivity and specificity. The authors conclude that the FlaA 
1345-1395 bp epitope could be used as a diagnostic marker for H. pylori infection.

The urease test is a simple, bedside, and cheap technique that is still indicated in limited 
resource settings but is no longer used in many reference centers. A Moroccan study involving 
83 patients showed that its sensitivity was 88.5%, with a negative predictive value of 94%, a 
specificity of 84.2%, and a positive predictive value of 72%8. Similar results, having been pub-
lished previously, demonstrated that a rapid urease test cannot be used alone and that another 
positive test is needed to confirm infection.

The usefulness of molecular methods for H. pylori detection in pediatrics is progressively 
recognized. Since the COVID-19 pandemic, most labs can perform PCR tests that provide 
susceptibility testing for macrolides and quinolones. In Poland, Bogiel et al32 compared the 
results of the PCR test with the histopathological investigations. Among the biopsy samples 
collected, 44 (42.3%) were positive in PCR, while 43 (41.3%) and 39 (37.5%) presented histo-
logically confirmed signs of inflammation and H. pylori colonization, respectively. Moreover, the 
mean grades of the parameters of the histopathological examination were higher in the group 
of PCR-positive samples. 

Interestingly, Gareayaghi et al33 have been able to detect clarithromycin resistance muta-
tions via RT-PCR using fecal DNA samples. The stool antigen test was positive in 101 chil-
dren. The A2142G mutation was identified in 6.9%, and the A2143G mutation in 10.9%. If this 
technique is reproducible and concordant with results obtained from gastric samples, it will be 
useful for epidemiological studies. Rafeey et al34 concluded that fecal calprotectin has a poor 
diagnostic ability for H. pylori infection.

Resistance to Antibiotics

Resistance rates tend to increase year by year in children, mainly with the acquisition of resis-
tant strains or poor compliance with the treatment. Therefore, it is recommended to tailor the 
eradication regimen to a susceptibility test performed before the first treatment is prescribed. 
It is also recommended to monitor the resistance rates of H. pylori to drugs used in treatments 
and to keep adequate antibiotic stewardship in each country. 

Two meta-analyses have been published during the last year. Borka-Balas et al35 focused 
on the differences between continents and countries of the same continent. In Asia, the great-
est antimicrobial resistance was found to metronidazole (>50%), probably due to its wide use 
for parasitic infections. Aside from the increased resistance to metronidazole, the reports from 
different Asian countries also indicated high resistance rates to clarithromycin. The scarce evi-
dence for America revealed that H. pylori strains display increased resistance to clarithromycin 
(up to 79.6%), but not all studies agreed. In Africa, the resistance rate to metronidazole was 
high (up to 91%). Results in terms of amoxicillin resistance remain contradictory and not fully 
convincing. Among European children, the most frequent antimicrobial resistance was also 
noticed for metronidazole and clarithromycin (up to 59% and 45%) but with a predominance for 
clarithromycin compared to other continents. The authors concluded by emphasizing the differ-
ences in antibiotic use among continents and countries are responsible for the discrepancies 
in antimicrobial resistance.

The second meta-analysis focused on the rate of multidrug resistance from 19 studies pub-
lished between 2011 and 202236. The overall primary multidrug resistance during this period was 
6%, but the rates were higher in the Asian population compared to Western countries. Multidrug 
resistance is even higher in the most recent data published, as shown later in this chapter.
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Resistance rates are particularly alarming in Vietnam, but confirmation of the data is need-
ed, especially for amoxicillin, as mentioned above37. Between 2019 and 2022, samples from 
237 children showed resistance rates of 80.6% to clarithromycin, 71.7% to amoxicillin, 49.4% to 
metronidazole, 45.1% to levofloxacin, and 11.4% to tetracycline while resistance to more than 
one antibiotic was identified in 90% of the isolates. According to data obtained from 112 chil-
dren in the Chongqing region (Southern China)38, a neighboring country of Vietnam, the resis-
tance rates are lower. The resistance rates to clarithromycin, metronidazole, and levofloxacin 
were 47.3%, 88.4%, and 18.8%, respectively. No resistance to amoxicillin, tetracycline, and 
furazolidone was observed. Dual and triple resistance percentages were 37.5% (42/112) and 
10.7% (12/112), respectively. In another study performed in Southern China, resistance rates to 
clarithromycin, metronidazole, and levofloxacin were 32.8%, 81.7%, and 22.8%, respectively. 
Double resistance was found in 28.7%, and triple in 9.0%39.

In Jordania, Burayzat et al40 found clarithromycin resistance in 25.9%, metronidazole resis-
tance in 50%, and resistance to levofloxacin in 6.9% by E-test among 116 isolates. These results 
are concordant with antimicrobial testing made by PCR, since mutations concerning clarithro-
mycin resistance were documented in 26.1% of samples, while mutations in gyrA gen-related 
to levofloxacin resistance were reported in 5.3% of samples. Whereas in Bulgaria41, resistance 
rates were 7.5% for amoxicillin, 25.5% for metronidazole, 34.0% for clarithromycin, and 14.1% 
for ciprofloxacin (106 children).

Helicobacter pylori and Gastric Microbiota

H. pylori infection is an identified risk factor for pediatric chronic gastritis, but its impact on 
gastric microbiota remains to be further elucidated. Chen et al42 recruited 20 infected children 
and 25 negative controls. Gastric juice was collected from them and subsequently analyzed 
for 16S genes. They found that infected children exhibited altered beta diversity, taxonomic 
structure, and function, with reduced microbial network connectivity, which could be involved in 
the disease etiology. Zheng et al43 also demonstrated an influence of the presence of H. pylori 
on the gastric microbiota that results in a lower abundance of multiple taxonomic levels in 23 
children with duodenal ulcers.

Treatment

The triple therapy combining a proton pump inhibitor (PPI) with amoxicillin, and metronidazole 
or clarithromycin remains the most frequently used eradication scheme in children. According 
to the last ESPGHAN/NASPGHAN consensus published in 2017, 14 days is recommended, and 
this treatment must be tailored to antimicrobial susceptibility44. A registry was created to assess 
eradication rates within European centers, and its data were published in 202245. Children were 
treated following the published recommendations, and the success rate was 90% (452/503) of 
naïve children but only 59% (41/69) after previous eradication failure. When the treatments are 
not tailored to susceptibility testing, such as in the study made by Rosu et al46 in Romania, the 
eradication rates are much lower. Indeed, among the 149 children that were treated with empir-
ical triple therapy or a sequential quadruple regimen, eradication was obtained in 23% with the 
triple therapy containing metronidazole, 38% with the sequential regimen, and 40% with the triple 
therapy containing clarithromycin. Besides antimicrobial resistance, compliance is also a major 
factor associated with treatment success, as shown before47.

However, in Vietnam, Le et al48 showed that the efficacy of a tailored triple therapy did not per-
form as well as in the European registry. Indeed, among the 237 children included that received a 
tailored triple therapy or a bismuth quadruple scheme in cases infected with H. pylori strains were 
only susceptible to tetracycline or amoxicillin, eradication rates were 52% (12/23 – triple therapy 
containing clarithromycin), and 78% (25/32 – triple therapy containing metronidazole). Bismuth 
quadruple regimen performed better (88%-38/43) and other triple therapies (90% – 95/106 – no 
details regarding combination or dosage provided). Since the resistance rate was very high (72% 
for clarithromycin, for example), one may be willing to investigate the role of mixed infection or 
heteroresistance in this population and compliance to explain such a low efficiency.
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Hung et al49 also advocate for tailored treatment by emphasizing the cost/efficiency ratio. 
They retrospectively enrolled Taiwanese children diagnosed with H. pylori infection from 1998 
to 2018. Patients with positive cultures and minimum inhibitory concentration test results were 
allocated to a culture-based strategy and those with negative cultures or without culture to 
an empiric therapy strategy. Ninety-six patients were enrolled, of whom 55 received a cul-
ture-based strategy, and 41 received an empiric therapy strategy. The eradication rate with the 
culture-based strategy was 89.1% and 75.6% with the empiric therapy strategy. They calculat-
ed that for every 10% increase in those receiving a culture-based strategy, the total cost would 
have been reduced by US $466 in a hypothetical cohort of 1,000 patients.

Antimicrobial susceptibility testing is commonly carried out using culture-based methods, 
but molecular-based techniques also allow testing for macrolides and quinolones. While cul-
ture sensitivity remains low in some centers, PCR has become widely available since the 
COVID-19 pandemic, and results are obtained more quickly. Feng et al50 performed a study 
comparing the efficacy of treatment tailored to phenotypic testing (culture-based) or genotypic 
testing (molecular-based). Between September 2017 and October 2020, 226 eligible patients 
were enrolled. There were 71 with clarithromycin-susceptible strains in the phenotype-guided 
therapy group and 87 without 23S rRNA point mutations (A2142G, A2142C, and A2143G) in the 
genotype-guided therapy group. Eradication rates were 70.4% (50/71) for phenotype-guided 
therapy and 92.0% (80/87) for genotype-guided therapy (p < 0.01). This can be due to mixed 
infections, probably more frequent in regions with higher resistance rates. More studies are, 
however, needed before concluding on the superiority of the molecular-based techniques to 
tailor the treatment.

Finally, a meta-analysis was published by a Chinese group that included 163 randomized 
clinical trials involving 336 arms and 18,257 children51. They concluded that the eradication 
rates of sequential therapies with probiotics, quadruple concomitant, and triple therapies com-
bining proton pump inhibitors with clindamycin and nitroimidazoles were at least 90%. The 
eradication rates of sequential, triple therapies with probiotics and triple therapies containing 
amoxicillin and furanes were above 80%. Empirical triple therapies with clarithromycin or nitro-
imidazoles were 74,2% and 76,2% respectively.

Alternatives to Classical Antimicrobials and Proton Pump Inhibitor Combination

Nitazoxanide was used in one randomized trial performed by an Egyptian group52. They en-
rolled 100 children randomly assigned to a nitazoxanide-based triple therapy (nitazoxanide, 
proton pump inhibitor, and clarithromycin) for 14 days or a standard triple therapy (metronida-
zole, omeprazole, and clarithromycin) for 14 days. This treatment seems promising since 92% 
of the children in the nitazoxanide group and 84% in the metronidazole group recovered from 
infection.
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