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Abstract
Background—The prevalence of Helicobacter pylori in Western populations has steadily
decreased. This has been suggested as one of the factors involved in the recent increase of asthma
and allergy. Some studies have reported a negative association between H.pylori and asthma and
allergy, but data are inconsistent and there are a few studies in children.

Aim—We investigated whether the prevalence of H.pylori was associated with asthma symptoms,
allergic rhinitis, and atopic dermatitis in childhood.

Methods—We determined IgG anti-H.pylori and CagA antibodies in serum of Dutch children,
who took part in the PIAMA birth cohort study. Serum was collected from 545 children, aged 7–9
yrs (Dutch ethnicity 91.5%). Symptoms of asthma and atopy were assessed by yearly
questionnaires. Chi-square tests and logistic regression were used.

Results—We found 9% H.pylori and 0.9% CagA seropositivity. Twelve (5.9%) children with
reported wheezing ever were H.pylori positive, compared to 37 (10.9%) of the non-wheezers
(p=0.05). No significant differences in H.pylori prevalence were found between children with or
without allergic rhinitis (8.5% vs. 9.5%), atopic dermatitis (8.7% vs. 9.2%), and physician-
diagnosed asthma (7.1% vs. 9.4%). Multivariate analysis showed no significant associations
between H.pylori seropositivity and wheezing (OR 0.52; 95% CI 0.25–1.06), allergic rhinitis (OR
0.96; 95% CI 0.51–1.81), atopic dermatitis (OR 1.05; 95% CI 0.56–1.98) or physician-diagnosed
asthma (OR 0.87; 95% CI 0.37–2.08).

Conclusion—We found a borderline significantly lower H.pylori seropositivity in children with
wheezing compared to non-wheezers, but no association between H.pylori serum-antibody status
and allergic rhinitis, atopic dermatitis, or asthma.
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INTRODUCTION
Helicobacter pylori, a Gram-negative bacterium, colonizes the stomach of more than half of
the human population. Colonization invariably leads to chronic gastritis, which can give rise
to other conditions, in particular peptic ulceration and gastric adenocarcinoma 1. The
prevalence of H. pylori has decreased steadily in Western populations over the past decades
and has now reached low levels in children (<10% in children aged <10 years) 2–5. Possible
contributors to the disappearance of H. pylori are the widespread use of antibiotics,
improved hygiene and decreased family size 6.

While this has occurred, the prevalence of atopic disorders such as allergic rhinitis, asthma,
and atopic dermatitis has risen dramatically 7. Numerous environmental causes including air
pollution, exposure to tobacco smoke, exogenous infections, microbial substances in the
environment, ownership of furry pets, and obesity have been proposed to explain this
phenomenon 8–9.

In addition to these exogenous factors, a change in our indigenous microflora may have led
to the rise in atopic disorders. According to the “disappearing microbiota hypothesis”,
ecological changes affecting our ancient indigenous microbiota may have contributed to the
increased prevalence of asthma and allergy 10. Changes in the overall pattern of commensals
and pathogens in the gastrointestinal tract could be particularly relevant to this mechanism,
as the gut associated lymphoid tissue is critical for normal maturation of our immune
system, possibly preventing the later development of atopic conditions 11. In line with this
hypothesis, a negative association has been observed between H. pylori colonization, the
dominant member of the gastric microflora, and the occurrence of asthma or allergy 10, 12.
However, data are inconsistent and few studies have been performed in children so far 4, 13.

Therefore, the objective of the present study was to test whether the prevalence of H. pylori
is indeed inversely related to the prevalence of asthma symptoms, allergic rhinitis and atopic
dermatitis in a cohort of Dutch children.

METHODS
Study population

The study population consisted of a subsample of Dutch children who participated in the
Prevention and Incidence of Asthma and Mite Allergy (PIAMA) birth cohort study; details
of this study have been published 14. Expectant mothers were recruited from 52 prenatal
health care clinics. Children born between the summer of 1996 and the late fall of 1997 were
followed prospectively from birth until the age of 8 years.

The study protocol was approved by the Institutional Review Boards of the participating
institutions. The parents of all participants gave written informed consent.

Questionnaires
Questionnaires for parental completion were sent at the third trimester of pregnancy, at 3
months after birth, at the age of one year and yearly thereafter, up to the age of 8 years 15. In
these questionnaires, information on wheezing symptoms, allergic rhinitis, atopic dermatitis,
physician-diagnosed asthma, and asthma medication use was collected, using questions
based on the International Study of Asthma and Allergies in Childhood (ISAAC) core
questionnaires. Furthermore, data on socio-economic status, demographics, and a wide
range of possible risk factors for asthma and allergies were collected.
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Definitions
Wheezing was assessed with the question: “Has your child had wheezing or whistling in the
chest in the last 12 months?”. Allergic rhinitis was assessed with the question: “Has your
child had runny nose or sneezing without having a cold in the last 12 months?”. Atopic
dermatitis was defined as positive if parents reported the presence of an itchy rash which
was intermittent in the prior 12 months on typical eczema sites (the folds of the elbows or
behind the knees, around ears or eyes or in front of the ankles). ’Current physician-
diagnosed asthma’ was defined as a positive response to both the questions: “Did a
physician ever diagnose asthma in your child?” and “Has your child had asthma in the last
12 months?”. Data on prescription of inhalation corticosteroids was collected from
pharmacies for children above the age of 2 years.

Unless stated otherwise, all outcome measures refer to the composed outcome ‘ever’,
defined as the presence at any point in the first 8 years of life, e.g. wheezing ever was
defined as the presence of wheeze at any point in the first 8 years of life. For wheezing, we
also examined the effect at each year of age separately (allowing ascertainment of time-
trends).

Laboratory tests
Blood samples were collected at a physical examination at the age of 7–9 years. Serum anti-
H. pylori IgG antibody levels were determined by enzyme-linked immunosorbent assay
(ELISA), using whole cell antigens 16. CagA status was determined by a separate ELISA,
based on the presence of serum IgG antibodies against a specific recombinant truncated
CagA protein, as described 16–17. Both ELISAs have been validated in adults and
children 18, including Dutch adults but not Dutch children. They have been used in previous
studies in Dutch children 5. All samples were at least tested in duplicate. The optical density
(OD) was determined spectrometrically at 405 nm for each specimen. For each sample, the
optical density ratio (ODR) was calculated by dividing the OD of the sample by the mean
OD of the positive controls. Specimens were considered positive for H. pylori if the ODR
was ≥1.0. The cut-off for CagA positivity was a value of ODR >0.35 based on previous
validation.

Statistical analysis
Chi-square tests (for categorical variables) and t-tests (for continuous variables) were used
to compare the distribution of socio-economic, demographic, and lifestyle variables in
relation to H. pylori status. Univariate and multiple logistic regression was performed to
assess a relationship between H. pylori positivity and atopic symptoms. We performed an
incomplete case analysis to minimize the risk of selection bias and compared the results with
a complete case analysis. Results of both analyses did not differ, so we opted to use the
incomplete case analysis to gain statistical power. In the multivariate analysis, odds ratios
(ORs) were adjusted for potential confounders, including gender, ethnicity, exposure to
indoor smoking, breastfeeding and educational attainment of parents. Children with missing
data on any of these covariates were excluded from the multivariate analysis.

A two-sided p-value of <0.05 was considered statistically significant. All analyses were
performed using PASW Statistics 17.0 for Windows (SPSS, IBM, New York, United
States).
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RESULTS
In total, 545 children were studied. Their general characteristics are shown in Table 1. The
population consisted of more boys than girls (M/F: 300/245) and children were
predominantly of Dutch ethnicity (91.5%).

Children included in the final analyses were less likely to have an atopic mother than
children in the original PIAMA population (7% vs. 31%), but they were comparable with
respect to ethnicity, percentage having been breastfed, parental socio-economic status, and
exposure to indoor smoking with children in the original PIAMA population.

The overall prevalence of H. pylori seropositivity was 9% (95% CI 6.6–11.4%) (n=49) and
the prevalence of anti-CagA antibodies was 0.9% (n=5), of which 4 were also H. pylori
positive. H. pylori-positive children were significantly more often exposed to indoor
smoking (> 1 cigarette/week) (27% vs. 12%, P=0.006), less often received breastfeeding
(73% vs. 86%, p=0.03), and their parents had a lower educational attainment (43% vs. 29%,
p=0.04) compared to children with negative H. pylori serology.

In the univariate analysis, the prevalence of H. pylori in children with ‘wheezing ever’ was
5.9% (n=12) while the H. pylori prevalence in those without wheezing ever was 10.9%
(n=37). This difference was borderline significant (p=0.05). When including the one CagA
positive H.pylori negative child, the p-value became 0.08. Analysis of the association
between H. pylori prevalence and wheezing at separate ages showed a consistent inverse
trend from age 1 to 8 years, but this trend did not reach statistical significance (Figure 1). No
significant differences in H. pylori seropositivity were found between children with or
without allergic rhinitis (8.5% vs. 9.5%), atopic dermatitis (8.7% vs. 9.2%), physician-
diagnosed asthma (7.1% vs. 9.4%), and use of inhaled corticosteroids (8.4% vs. 9.1%).

In the multivariate analyses the inverse association between H. pylori prevalence and
wheezing ever remained borderline significant (OR 0.52; 95% CI 0.25–1.06; p=0.07). No
significant associations were found with allergic rhinitis (OR 0.96; 95% CI 0.51–1.81),
atopic dermatitis (OR 1.05; 0.56–1.98), physician-diagnosed asthma (OR 0.87; 95% CI
0.37–2.08), or inhaled corticosteroid use (OR 1.00; 95% CI 0.42–2.40) (Table 2). The
seropositivity rate for CagA was too low for statistical analysis.

DISCUSSION
This study shows an inverse trend in children between colonization with H. pylori and
wheezing

The present observations to some extent support the “disappearing microbiota
hypothesis” 10. According to this hypothesis, the disappearance of our ancestral indigenous
microbiota is proposed to contribute to the rise in prevalence of asthma and other atopic
conditions. H. pylori, the ancient dominant member of the gastric niche, is one of these
disappearing microorganisms in the Western world. Although probably not exclusively
responsible, H. pylori can be considered as a model to study this hypothesis. One reason is
that colonization with H. pylori is mostly persistent and stable over time. H. pylori status can
easily and reliably be assessed with non-invasive methods, such as serology and stool
antigen detection.

One of the suggested underlying molecular mechanisms of this possible preventive effect of
H. pylori is that the neutrophil-activating protein of H. pylori (HP-NAP) not only plays a
key role in driving T-helper type 1 (Th1) inflammation, but is also able to inhibit T-helper
type 2 (Th2)-mediated bronchial inflammation of allergic bronchial asthma 19. More details
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come from a recent mouse model study, in which models of allergic airway disease were
experimentally infected with H. pylori. Mice infected neonatally were found to exhibit
significantly less tissue inflammation and goblet cell metaplasia than uninfected controls.
Their bronchoalveolar inflammation, eosinophilia, and IL-5 and IL-13 secretion were clearly
reduced and the pulmonary infiltration of Th2 and Th17 cells were diminished in infected
animals. Asthma protection was further associated with impaired maturation of lung-
infiltrating dendritic cells and the induction of regulatory T cells 20.

Several large cross-sectional and case-control studies demonstrate an inverse relationship
between asthma and H.pylori especially for CagA+ strains and early onset asthma and
allergic rhinitis 4, 12–13, 21–22. Others have reported no associations 23–25 or, in line with our
findings, weak inverse associations 22.

To our knowledge, this is the first study with longitudinal data on asthma and atopy in
relation to H. pylori status. There was no risk of recall bias, since parents were not aware of
H. pylori status of their child at the time of completion of the questionnaires. Furthermore,
we achieved a very high participation grade on repeated questionnaires. Only 1.5% to 6.2%
of the yearly questionnaires were (partly) missing.

In an observational study, it is not possible to firmly demonstrate causality, as correlations
may be explained by other mechanisms 8. A crucial requirement for causality is that the H.
pylori infection precedes the start of symptoms. Since there are reliable data that H. pylori is
acquired almost exclusively in childhood, and usually persists for life if not eliminated by
antibiotics, it might be speculated that H. pylori precedes the diagnosis of asthma 26–27.
However, asthma commonly has its onset early in life as well. In the present study,
questionnaires were collected from very young age, however H. pylori was only tested at 8
years old. Therefore, temporality of wheezing symptoms and H. pylori infection could not
be examined in this study.

In the absence of specific data on antibiotic use, one can speculate that the use of antibiotics
is a potential confounder, since children with asthma may receive antibiotic treatment for
respiratory infection. However elimination of H. pylori by antimicrobial monotherapy is
infrequent, which likely limited the effect of this potential confounder 28. Furthermore,
successful removal of H. pylori cannot be detected for many months after eradication as IgG
titres fall with about 50% per 6–12 months 29. Arguments against a substantial confounding
effect of antibiotics come from studies in which a specific inverse association was found
between H. pylori and early onset asthma, but not late onset asthma 12. If antibiotic therapy
would act as a notable confounder, the effect would be expected to increase with age similar
to the increased cumulative exposure to antibiotics.

Asthma is difficult to diagnose in infants and young children for whom testing of reversible
airway obstruction is technically difficult. Therefore, wheezing is often used as a proxy for
asthma in children in epidemiologic studies. Especially in the first years of life this could
lead to considerable misclassification, due to the high prevalence of transient wheezing
symptoms during common respiratory infections 30. The specificity of wheezing as a proxy
for asthma increases with age. We found an inverse trend between wheezing and H. pylori,
which was consistent over age. In fact, the association at the age of 4–6 years was somewhat
stronger than at 1–3 years. The inverse association between H. pylori and asthma (OR 0.87)
was not significant, possibly due to the low numbers of children with a physician-diagnosis
of asthma.

The current study has some potential limitations. First, we largely relied on selfreported data
on asthmatic symptoms and atopic conditions. This may have led to some (non-differential)
misclassification and thereby to bias toward the null. This would indicate that the true
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association may be larger than observed. Second, our data do not allow conclusions on the
exact age of H. pylori acquisition, because children were tested only once at the age of 8
years. Third, it is possible that the observed inverse association between wheezing and H.
pylori arose by chance, as multiple associations were examined. This is less likely,
considering that we found a very consistent trend over time and over the different
parameters defining atopy. A plausible explanation is that our study was not adequately
powered to detect a moderate inverse association. Finally, although both ELISAs have been
validated in adults and children, including Dutch adults, and have been used in previous
studies in Dutch children 5, they have not been separately validated in Dutch children
specifically.

Identification of similar prevalences in larger groups will allow more solid conclusions to be
drawn. If we gain better understandings of not only the relations between H. pylori and
atopy, but also the mechanisms underlying the possibly protective effects of H. pylori for
atopic disorders, we could investigate whether there are disease contexts in which gastric
carriage of H. pylori in early life could yield benefits 31.
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Figure 1.
Odds ratios (ORs) and confidence intervals for the inverse association between Helicobacter
pylori and wheezing. ORs given for the overall effect and for each year of age, separately.
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Table 1

Baseline characteristics of study population, according to Helicobacter pylori status

H. pylori − (n=496) H. pylori + (n=49) p-value

Male gender, n(%) 274 (55) 26 (53) 0.442

Age, mean (SD), y* 7.9 (0.6) 7.9 (0.6) 0.683

Race/ethnicity, n(%) 0.456

 Dutch 459 (93) 45 (92)

 Non-Dutch Caucasian 13 (3) 1 (2)

 Non-Caucasian 14 (3) 3 (6)

Low education of parents, n (%)¥ 144 (29%) 21 (43%) 0.039

Atopy in mother, n (%) 36 (7) 1 (2) 0.166

Atopy in father, n (%) 156 (31) 15 (31) 0.904

Number of older siblings, mean (SD) 0.86 (1.1) 0.96 (1.0) 0.563

Mother smoking during pregnancy, n (%) 54 (11) 7 (14) 0.472

Breastfeeding, n (%) 428 (86) 36 (73) 0.032

Daycare attendance before age 5, n (%)† 392 (80) 35 (71) 0.207

Exposure to indoor smoke, n (%)‡ 61 (12) 13 (27) 0.006

*
Age at time of blood sample collection

¥
Defined as at least one parent with low educational attainment

†
Defined as at least 4 hours per week in a day-care centre with other children (under 12 year of age) present

‡
Defined as >1 cigarette/week
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