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Abstract

Aim: To date, cross-sectional and case—control studies suggest an inverse
association between Helicobacter pylori infection and atopic diseases, whereas the
immunologic basis has not been studied yet. In this study we investigated T
helper (Th) cell function in H. pylori-infected children and compared cytokine
responses in atopic and non-atopic groups.

Methods: The study groups was recruited from a cohort of 327 healthy children
evaluated and followed-up for 6 years to assess the natural history of H. pylori
infection. Seventy-four of 136 healthy children who underwent "*C urea breath
test were eligible and accepted to participate. All participants were evaluated by
a questionnaire, and skin-prick testing. According to the results, children were
divided into four groups with respect to the presence or absence of H. pylori and
atopy. Peripheral blood mononuclear cells isolated from 34 of 74 children were
cultured with H. pylori, Der p 1, and phytohemagglutinin (PHA). Interferon-
gamma (IFN-y), interleukin (IL)-4 and IL-10, transforming growth factor-beta
(TGF-P) levels were measured in supernatants.

Results: The frequency of atopy was lower in H. pylori-infected group (31.9%
vs. 48.1, p =.22), while atopic symptoms were similar between infected and
non-infected children. While PHA and H. pylori induced IFN-y levels were
significantly higher in H. pylori-infected children, concomitant presence of both
atopy and H. pylori decreased the level of PHA and H. pylori induced IFN-y
production. PHA and Der p I-induced IL-4 levels were higher in atopic children,
and IL-4 production was suppressed when they were concomitantly infected
with H. pylori. The production of TGF-f was found to be suppressed in atopic
children irrespective of the presence of H. pylori infection.

Conclusion: The results of the current study demonstrated a counteractive Th1
and Th2 cytokine interaction between H. pylori infection and atopy. However,
this counteractive immunologic balance did not protect against atopy.

Helicobacter pylori, which is the most common chronic
infectious agent worldwide, causes chronic gastritis and
peptic ulcer disease not only in adults but also in children,
and is mainly acquired during childhood [1]. The
relationship between atopy and H. pylori infection has
been questioned over the past decade since it has been
argued that allergic diseases are related to the genetic
susceptibility of the individuals and some environmental
factors such as bacterial infections [2—4]. In some studies,
it was postulated that allergic diseases were less
common among H. pylori-infected individuals, whereas
other proposed a greater susceptibility to atopy in
H. pylori-infected population [5,6]. Most of these studies
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are population-based cross sectional or epidemiologic
studies. On the other hand, the immunologic relationship
between atopy and H. pylori has not been investigated yet.

Epidemiologic data provide strong evidence of a steady
increase in incidence of allergic diseases over the last
decades [3,7]. Concomitantly, there has been a decrease
in incidence of many infectious diseases because of
antibiotics, vaccination, improved hygiene, and better
socioeconomic conditions [3]. While the development of
allergic diseases depend on cytokines produced by Th2
cells, interferon-gamma (IFN-y) and interleukin (IL)-2
mainly involved in mediation of infections [4]. Th2
cytokines such as IL-4 and IL-5 down-regulate Thl
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immune response, while Th1 cytokines such as IFN-y and
IL-2 reciprocally inhibit Th2 immune response [8,9].
Theoretically, it can be postulated that a dominance of
Th1 response may be protective against the development
of allergic diseases [10,11]. There are also regulatory T cells
(Treg) whose mechanism of action is still ill defined and
thought to down-regulate both Thl- and Th2-mediated
immune responses through inhibitory cytokines such as
transforming growth factor-beta (TGF-B) and IL-10 [12].
Studies done in animal models suggested that infectious
agents may stimulate the release of cytokines produced by
Treg cells which can inhibit both Th1 and Th2 responses [4].

The aim of this study is to investigate the relationship
between atopy/atopic diseases and infection with H. pylori
in healthy school children who were prospectively
followed-up for 6 years. Furthermore the immunologic
interaction between atopy and H. pylori infection was
evaluated by measuring the cytokines produced by Th1, Th2
and Treg cells in response to antigenic stimulation in cell
cultures, obtained from H. pylori-infected atopic children.

Materials and Methods

Study Design and Population

Three hundred and twenty-seven healthy school children
of whom H. pylori infection status were detected by "*C-
urea breath test in 1999 were prospectively followed-up
for H. pylori status for 6 years, and the data published
elsewhere [13,14]. Follow-up information was available
for 136 of 327 children. Among those 136 children, 74 cases
(mean age: 178 + 25 months) whose parents gave a written
consent were enrolled into the current study. The study
was approved by the ethical board of the Marmara
University School of Medicine. Only the ones who had
either persistent positive or negative >C-UBT for H. pylori
were included into the study. The children with converted
or reverted *C-UBT were not included into the study
(Fig. 1). The International Study of Asthma and Allergies
in Childhood (ISAAC) questionnaire was applied to the
parents of participants through face-to-face interview
[15]. All children also underwent skin-prick testing [16].

According to the results of the tests applied to the study
group, children were divided into four groups as H. pylori
(+) atopy (=), H.pylori (=) atopy (+), both positive, and
both negative (Fig. 1).

In order to study T helper (Th) cell function and
cytokine response in H. pylori-infected cases and to com-
pare the cytokine responses in atopic and non-atopic
groups, children who have a positive skin reaction to the
commonest antigen, which was house dust mite antigen
(Dermatophagoides pteronyssinus and Dermatophagoides
farinae) (64 participants) in this study, were asked to give
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a peripheral blood sample for isolation of peripheral blood
mononuclear cells (PBMCs). Children with positive skin-
prick result for allergens other than Derp 1 (10 cases) were
excluded from the immunologic studies in order to get a
homogenous group for the analysis of cytokine levels in
specific and nonspecific antigen-stimulated tissue cultures.
Thirty-four of 64 parents provided consent for their
children to give blood samples, and isolated PBMCs were
cultured and stimulated by specific antigens for cytokine
analysis (Fig. 1).

1BC-urea breath test

Infection status was determined by C-UBT (INFAI,
Institut for Biomedizinische, Bochum, Germany), which
shows active infection with H. pylori [17]. Fasting children
were asked to drink 100 to 200 mL of orange juice
(pH 2.3-2.5) to avoid premature gastric emptying. Two
baseline breath samples were collected directly into 10-mL
vacutainer tubes via a straw. The tubes were recapped
immediately after the breath collection. Then 75 mg
nonradioctive *C-labeled urea was dissolved in 15 mL
orange juice, and the children were asked to drink it. Two
additional breath samples were collected 30 minutes later.
All collected breath samples were stored at ambient
temperature until all samples were analyzed at once. *C
abundance was determined by the isotope ratio mass
spectrometry (AP 2003 Analytical Precision, Manchester,
UK) on breath samples. Isotope enrichment was expressed
as corrected delta per mil (8%o) relative to the pee Dee
belemnite limestone international standard. A change
in the C value over baseline of more than 5% was
considered positive.

ISAAC questionnaire

The International Study of Asthma and Allergies in
Childhood (ISAAC) questionnaire was used to obtain data
on ever and current wheezing, allergic rhinitis, doctor-
diagnosed asthma, and atopic dermatitis from parents,
usually the mother. Data on family history of atopy were
also obtained from ISAAC questionnaire [15].

Skin-prick test

Skin-prick tests were performed with 20 common
aeroallergens belonging to five groups — mites (Dermat-
ophagoides farinae, Dermatophagoides pteronyssinus),
molds (Alternaria, Aspergillus mix, Penicillium mix, Candida
albicans), pollens (Betulaceae, Aesculus hippo, Olea europea,
Plantago, Artemisia, Parietaria, Secale cereale, Triticum vulgaris,
Zea mays, mixture of five grasses), animal dander (feather
mixture, cat hair, dog hair), insects (cockroach), and latex
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Figure 1 The organization of the study group.

(Stallergenes, Antony, France). Histamine and saline were
used as positive and negative controls, respectively. A drop
of each allergen extract was placed on the volar surface of
the left forearm and was penetrated with a separate lancet
(Mizollen, H. Herenz GmbH, Hamburg, Germany). After
15 minutes, the wheal reaction was measured as the mean
of the longest diameter and the diameter perpendicular to
it. A wheal diameter of at least 3 mm greater than those of
the negative controls was considered as positive. Subjects
who had at least one or more positive reaction to any of
the tested antigens were considered atopic.

Cell culture and cytokine analysis

Ten milliliters of blood was drawn from patients in EDTA
containing blood containers. Peripheral blood mononuclear
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cells were isolated by Ficoll-Hypaque density gradient
centrifugation and then suspended in RPMI 1640 (Sigma
Chem Co., St Louis, MO, USA) with 2 mmol/L r-glutamine
(Sigma Chem Co.), and 100 U/mL penicillin/streptomycin
(Sigma Chem Co.) supplemented with 10% FCS (S-00016,
JRH Biosciences, Lenexa, KS, USA). Lymphocytes (2 x 10°
cells) were incubated with 5 pg/mL Dermatophagoides
pteronyssinus allergen 1 (Der p I, Indoor Biotechnologies,
Wiltshire, UK), 20 pg/mL H. pylori antigen, 5 upg/mL
phytohemagglutinin (PHA) (Sigma Chem Co.) and
without adding any antigen in 200 UL each in quadruplets
in 96-well plates (Costar Corp., Cambridge, MA, USA) at
37°C with 5% CO, for 5days. Supernatants were
collected and stored at =20 °C until tested.

H. pylori antigen and recombinant Dermatophagoides
pteronyssinus antigen (Der p 1) (Indoor Biotechnologies)



Interaction between H. pylori and Atopy

were used to stimulate cell cultures as specific stimulants.
Phytohemagglutinin (Sigma Chem Co.) was used as
nonspecific stimulant for cell cultures.

H. pylori antigen was prepared from pure cultures of
H. pylori (National Culture Type Collection 11,637).
Bacteria were cultured under microaerobic conditions
on chocolate agar plates and harvested after 48 hours of
incubation at 37 °C into a phosphate-buffered saline (PBS)
pH 7.4 at 0.5 g/mL (approximately 10° bacteria/mL) and
disintegrated by sonication three times for 45 seconds at
20,000 Hz, on ice, using a Rapids 350, 19 mm probe with
a 9.5-mm tip, and centrifuged at 14,000 g for 30 minutes
at 4 °C. The supernatant protein concentration was
measured by refractometry using PBS as a standard. The
sonicate was stored in small aliquots at —20 °C [18].

Detection of Cytokines

IFN-y, IL-4, IL-10, and TGF-B production in culture
supernatants of PBMCs was detected by means of ELISA.
The amounts of released cytokines were detected by
specific solid phase sandwich ELISA (Biosource International
Inc., Camarillo, CA, USA) as according to the manufacturer’s
instructions.

Statistical Analysis

Data were expressed as mean plus or minus the standard
error of the mean. The Mann-Whitney U-test, Student’s
t-test, and Kruskal-Wallis test were used to evaluate
quantitative values, while chi-square and Fisher exact
chi-square tests were used to evaluate qualitative data.
Differences of p < .05 were considered significant. Statistical
analysis was performed by spss for Windows 10.0.

Results

Patients

Seventy-four school children whose parents gave consent
for the study were recruited. Forty-seven (63.5%) of those
children were H. pylori infected, while 27 (36.4%) of them
were not infected depending on the results of '*C-UBT (Fig. 1).

Atopy was detected in 28 (39.2%) children according to
results of the skin-prick test. In 18 (64.2%) of the atopic
children, skin-prick test was only reactive to Dermatopha-
goides pteronyssinus (house dust mite —- HDM). Five (17.9%)
children had positive results for multiple allergens (HDM
and Olea europea, cat hair, latex, mixture of grasses, Secale
cereale) and another five (17.9%) children were detected
to have skin-prick test positivity to allergens other than
HDM (mixture of grasses, Secale cereale, Aesculus hippo, Zea
mays, cockroach, Aspergillus mix, Alternaria, Penicillum mix).
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Those children who were sensitized to HDM (Dermat-
ophagoides pteronyssinus) only were chosen for further
immunologic evaluation in order to exclude differences in
cytokine responses to different antigenic stimuli during
PBMC culture procedures. Therefore, Der p I was chosen
as the antigen for cultures in addition to H. pylori and PHA.
Non-atopic patients were randomly chosen for cytokine
analysis. Finally, 34 children were available for PBMC
study (Fig. 1). Patients were then divided into four groups
as: (1) H. pyloriinfected and sensitized to HDM, n = 10; (2)
H. pylori infected and non-atopic, n =9; (3) H. pylori
non-infected and sensitized to HDM, n =7; and (4) H.
pylori non-infected and non-atopic, n = 8.

Although the prevalence of atopy was slightly higher in
H. pylori-negative cases (48.1% vs. 31.9%), the difference
was not statistically significant (p = .22).

Frequency and severity of allergic manifestations
detected with ISAAC questionnaire and family history of
allergy were not found significantly different among
those who were infected or non-infected with H. pylori
(p>.05) (Table 1).

Cytokine Analysis in Cell Cultures

IFN-y secretion by peripheral blood mononuclear cells in
response to PHA, H.pylori and Der p 1 antigens were
significantly higher in H. pylori infected cases compared to
H. pylori non-infected controls (p = .004, p = .000, p = .025,
respectively). When four groups were analyzed together,
IFN-y secretion was highest in H. pylori infected non-atopic
cases (p = .001). The levels of IFN-y were similar between
H. pylori infected atopic children compared to H. pylori
non-infected, non-atopic children (p > .05) (Fig. 2).

IL-4 levels in cultures stimulated by Der p I and PHA
were higher in atopic children than non-atopic ones
(p =.004, p = .009, respectively). The level of IL-4 response
to Der p 1 and PHA stimulants was highest in H. pylori

Table 1 The distribution of data about allergic manifestations and skin-
prick test results among children infected and non-infected with H. pylori

H. pylori(+)  H. pylori (<)
n=47 n=27 o
Ever and current wheezing 14 7 793
Ever and current 12 4 .383
rhinitis-conjunctivitis
Ever and current eczema 8 3 .735
Doctor-diagnosed asthma 4 1 .646
Doctor-diagnosed allergic rhinitis 3 1 1.000
Doctor-diagnosed atopic eczema 3 1 1.000
Atopy history in the family 21 10 473
Skin-prick test positivity 15 13 215
© 2009 The Authors
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Figure 2 Interferon-gamma (IFN-y) responses in cultured supernatants of
peripheral blood mononuclear cells (PBMCs). In H. pylori-positive atopic
subjects, IFN-y secretion induced by phytohemagglutinin and H. pylori
antigens was significantly lower compared to H. pylori-positive non-atopic
children.
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Figure 3 Interleukin (IL)-4 responses in cultured supernatants of
peripheral blood mononuclear cells. Phytohemagglutinin- and Der p
1-induced IL-4 levels in atopic subjects were significantly lower in
H. pylori-positive ones compared to H. pylori-negative subjects.

non-infected atopic cases compared to the other groups
(p< .05, p<.05 and p <.001). Moreover, H. pylori-infected
cases demonstrated a lower IL-4 response to PHA and
H. pylori antigens when compared with cases not infected
with H. pylori (p = .035, p = .053) (Fig. 3).

There was no significant difference in IL-10 secretion
detected in culture supernatants stimulated by PHA,
H. pylori, and Der p 1 (p > .05) (Fig. 4).

TGF-B level in response to PHA, H. pylori, and Der p 1
were not different in H. pylori-infected and non-infected
groups. On the other hand, TGF-f secretion in response to
PHA was significantly lower in atopic children compared
to non-atopic ones (p = .000, p = .002 respectively) (Fig. 5).
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Figure 4 Interleukin-10 responses in cultured supernatants of peripheral
blood mononuclear cells. There was no significant difference between the
groups.
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Figure 5 Transforming growth factor-beta (TGF-B) responses in cultured
supernatants of peripheral blood mononuclear cells. Phytohemagglutinin-
and Der p 1-induced TGF-B levels of H. pylori-infected subjects were significantly
lower in atopic subjects compared to non-atopic ones.

Discussion

Interactions between allergic diseases and infections
were largely investigated in the last decade since it was
documented in epidemiologic studies that the prevalence
of allergic diseases has been increasing significantly while
exposure to infections in childhood is decreasing [2-4].
The mechanism proposed for this effect is that such
infections may shift the balance of immune responses
towards the Thl, thereby reducing the expression of Th2
cytokines, principally associated with allergy [4].

Today, the potential interaction between atopic diseases
and H. pylori which is a very common infectious pathogen
and mostly acquired during childhood has been interrogated
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[2,5,6]. Conflicting reports have been presented on this
issue. Some studies demonstrated that the prevalence of
atopic diseases such as asthma and eczema were lower in
H. pylori-infected subjects compared to non-infected ones,
while others proposed a positive correlation between
atopy and H. pylori infection [5,19-21]. Inconsistency of
the results might be related to the fact that definition of
atopy usually relies on subjective parameters like parents’
declaration of disease and the use of serologic tests that are
not very sensitive for the detection of current H. pylori
infection in most of the studies.

A positive serologic test for H. pylori may be secondary to
current or past infection, and the cut-off values for a pos-
itive result varies according to the manufacturer producing
the test and the population investigated. On the other
hand, *C UBT is the most sensitive non-invasive test to
detect current H. pylori infection in children and adoles-
cents [17]. In the current study, children whose H. pylori
status had been identified by »C-UBT previously were
retested and only the ones who were persistently infected
or non-infected with H. pylori were included.

Moreover, skin-prick test was used as an objective
parameter to detect atopic status. It was beyond the aim of
this study but, the frequency of skin-prick test positivity,
although statistically not significant, was found higher in
children who were not infected with H. pylori (48.1% vs.
31.9%). Meanwhile, the frequency of allergic manifesta-
tions and skin-prick test positivity were not different
among H. pylori infected and non-infected children. This
finding is not in accordance with the previous data regard-
ing H. pylori and atopy association.

Published studies to date investigating the relationship
between atopy and H. pylori are mostly population-based
epidemiologic studies or cross-sectional surveys examin-
ing the populations for the presence of atopy and H. pylori
infection by serology [19-21]. The interaction between
H. pylori infection and atopy has not been studied regard-
ing the immunologic origin of these two counteractive
conditions which may elucidate the immunologic basis
and the proposed inverse relationship between infections
and atopic diseases [22].

It is obvious that immune response to H. pylori infection
involves Th1l pathway since this is a bacterial inflamma-
tory process. Initial studies on this issue showed that
lymphocytes isolated from both peripheral blood and
gastrointestinal tract in adults with H. pylori infection
had increased IFN-y secretion representing Thl subset
dominance [23-26]. In children who were infected with
H. pylori, an elevated level of IFN-y was detected in gastric
mucosa samples while no difference was observed in IL-4
levels, indicating a Th1l predominant cytokine profile in
children as well [24]. However, even these data do not
imply that H. pylori infection per se is the origin of the
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elevated Th1 cytokines in the gastric tissue. Moreover, direct
measurement of cytokine levels by immune-histo-
chemistry or ELISA does not designate a specific pathogen,
namely H.pylori inducing the production of IFN-y.
Therefore, it is more convenient to investigate cytokine
responses of the lymphocytes (isolated from peripheral
blood or gastric mucosa) to specific antigenic stimulants.
This issue has been studied in adults, and has been
demonstrated that IFN-ysecretion increased in lymphocyte
cultures obtained from blood of H. pylori-infected patients
when stimulated by H. pylori antigen [23,27]. The current
study for the first time evaluated the production of IFN-y
in H. pylori-stimulated PBMCs culture supernatants in
H. pylori-infected and non-infected children. H. pylori-
induced IFN-y production was found to be significantly
higher in those infected with H. pylori. Interestingly, when
atopy was simultaneously present in H. pylori-infected
cases; H. pylori-induced IFN-y production was blunted.
The main immunologic pathway concerning atopic dis-
eases involves Th2 immune response, and IL-4 was meas-
ured representing the involvement of Th2 pathway in this
study [28]. Published studies showed either no difference
or a slight decrease in IL-4 level in gastric mucosa of adults
infected with H. pylori [25,26,29,30]. It was also demon-
strated that IL-4 production was not changed when the
cell culture, obtained from H. pylori-infected adults, was
stimulated by specific antigen [23]. Furthermore, the
same investigators confirmed their findings by showing
an increase in IL-4 level after the eradication of H. pylori
infection. In the current study, it was demonstrated that
IL-4 production was at the highest level in stimulated
cell cultures isolated from non-infected atopic children.
However, the production was significantly suppressed
when H. pylori infection was concurrently present in the
atopic children. Therefore, our findings indicated that
an increased IFN-y production was associated with a
suppressed production of IL-4 in atopic children infected
with H. pylori. This is the first study demonstrating the
counteractive effect of Thl and Th2 cytokines in the
simultaneous presence of H. pylori infection and atopy.
Regulatory T-cell functions were also studied in this
study by measuring TGF-3 and IL-10 levels in stimulated
cell cultures. Up-to-date, inconsistent data have been
reported regarding the role of IL-10 in H. pylori infection.
Some suggested no difference in IL-10 levels in H. pylori-
infected gastric mucosa, while some others revealed an
increased production [30-32]. Recently, an experiment
carried out in IL-10-knockout mice demonstrated that
endogenous IL-10 down-regulates H. pylori-induced gas-
tric inflammatory response which may promote more
effective bacterial colonization of the gastric mucosa [33].
In the current study, IL-10 production was not modified
either by H. pylori infection or by the presence of atopy.

© 2009 The Authors
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Regarding H. pylori infection and one of the other regu-
latory cytokine, namely TGF-B, the presence of H. pylori
infection per se did not affect the production of this
cytokine in stimulated cell cultures. Taken together, the
results of our study could not demonstrate involvement of
this regulatory cytokine in inflammatory reactions induced
by H. pylori. On the other hand, it was found that TGF-
production in response to all antigenic stimulants was
significantly decreased in lymphocyte cultures isolated
from atopic children irrespective of their H. pylori status.
Inhibitory cytokines secreted from regulatory T cells were
proposed to have regulatory or suppressive properties that
inhibit the effects of pathogenic autoreactive T cells but the
mechanism that provides protection against the develop-
ment of allergic diseases is not fully understood. Current
knowledge about regulatory T-cell functions in atopy is
limited to some experimental studies, indicating the
presence of a defect in regulatory T-cell functions in atopic
cases [34]. Our data strongly support this hypothesis
and give important clues about inefficient production of
regulatory T-cell cytokines in atopic children.

Although a significant difference was not detected in
prevalence of atopy and allergic manifestations among
H. pylori-infected and non-infected children, the results of
the current study demonstrated the interaction between
H. pylori infection and atopy on the basis of cytokine responses.
An increased Th1 cytokine response was found in children
infected with H. pylori, whereas Th2 immune response pre-
dominated in atopic cases. A significant decrease in the level
of Th1 cytokines in the concomitant presence of H. pylori
and atopy suggests a counteractive interaction between
Th1l- and Th2-dependent immunity. It can be postulated
that H. pyloriinfection that primarily involves Th1 immune
response may suppress Th2 pathway which is mainly
associated with atopy. Therefore, long-term follow-up
of the children with H. pylori infection may reveal a clinical
relationship between these two common disorders. The
current study may also represent an initial step for the
development of new follow-up and treatment modalities
targeting the particular cytokine responses in the manage-
ment of not only atopic diseases but also H. pyloriinfection.
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this study.
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