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Abstract. It has been suggested that Helicobacter
pylori colonization may protect against diarrhoea-
genic gastrointestinal infections. The aim of this
analysis was to investigate the association between
H. pylori infection and the frequency of diarrhoeal
episodes among adults. Helicobacter pylori infection
status was determined by '’C-urea breath test.
Overall, 784 adults (mean age: 48.7 + 17.7; range
18-85 years) who participated in two epidemiological
studies were included in the analysis. Overall H.
pylori prevalence was 25.5%. Episodes of diarrhoea
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Introduction

Helicobacter pylori has been identified as a causative
agent of gastroduodenal pathology such as gastritis,
peptic ulcer, and gastric adenocarcinoma [1, 2]. In-
fection with H. pylori causes a mucosal inflammation
and a vigorous immune response of the host, how-
ever, without resulting eradication. Recently, it has
been proposed that H. pylori benefits from the tissue
alteration caused by the immune response keeping a
balance between pro- and anti-inflammatory immune
responses [3].

In contrast to the well-known harmful effects of
H. pylori infection, potential beneficial effects of this
agent have only recently been addressed [4—6], and
the factors and mechanisms are yet speculative.
Nevertheless, one study reported that H. pylori in-
fected subjects had a significantly stronger specific
IgA-antibody response in the gastric antrum after
oral cholera vaccination compared with non-infected
subjects [3]. Furthermore, one recent study showed
that H. pylori is able to synthesize peptides with anti-
bacterial activity, against which H. pylori itself is re-
sistant [7]. These observations support the concept
that H. pylori developed mechanisms to persist within
its host over a lifelong period thereby preventing
other faster growing bacteria from colonizing the
gastric mucosa and other parts of the gastrointestinal
tract.

within prior 3 months were less often reported for H.
pylori infected subjects compared with H. pylori
negative subjects (40.2 vs. 51.6%, p = 0.016). Com-
pared to H. pylori negative subjects the odds ratio
(OR) for the occurrence of diarrhoea within the prior
3 months was 0.63 (95% CI: 0.45-0.87) for H. pylori
infected subjects. After adjustment for covariates the
OR was 0.67 (95% CI: 0.47-0.95). These results
support the hypothesis that colonization with H.
pylori may protect from gastrointestinal infections
that cause diarrhoea.

If this provocative hypothesis turns out to be true,
then H. pylori infected subjects should suffer from
less gastrointestinal infections and as a consequence
from less diarrhoeal diseases than subjects without
H. pylori infection. In fact, for the first time we could
recently show a clear inverse relationship between
gastric colonization of H. pylori and diarrhoeal ill-
nesses in children [8].

In the present study, we compared the occurrence
of self-reported diarrhoea episodes within prior
3 months in relation to H. pylori infection status in
asymptomatic adults.

Participants and methods
Study design and study population

We conducted two population-based studies in Ulm,
a city located in the South of Germany with about
120,000 inhabitants in the year 1996 to determine
prevalence of and risk factors for H. pylori infection
[9, 10].

The first study (study I) was a cross-sectional study
among the employees of a health insurance company
and their household members aged 5-69 years. The
employees were recruited at the office of the insurance
company during working hours (response rate
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76.5%). The household members had the opportunity
to participate at their home.

The second study (study II) was a cross-sectional
study among participants aged 50-85 years of a
general education programme at the University of
Ulm (response rate 69.0%). The current analysis in-
cludes participants aged 18-85 from the two studies.
To exclude the possibility of false negative H. pylori
test results, subjects under current antibiotic medi-
cation were excluded.

Both studies were approved by the Ethics board of
the University of Ulm and informed consent was
obtained from each participant.

Data collection

In both studies, current H. pylori infection status was
determined by '*C-urea breath test ('*C-UBT). An
initial breath sample and, after administration of
75 mg non-radioactive labelled '*C-urea (Mass
Trace, Woburn, MA, USA) in 200 ml of apple juice
(pH 2.2-2.4), a 30 min breath sample was collected.
Breath samples were analysed with an isotope selec-
tive non-dispersive infrared spectrometer (NDIRS;
Wagner Analytical Systems, Bremen, Germany). A
change of the '*CO,/'>CO, ratio over baseline of
more than 5%, was considered positive [11].
Information about family demographics, socio-
economic status, housing and living conditions and
medical history including abdominal symptoms were
obtained by a standardized questionnaire in both
studies. Frequency of diarrhoea within the prior
3 months was ascertained on a four level ordinal scale
(never, rarely, sometimes, often). To evaluate the
potential for reporting bias, we also assessed reported
history of flatulence, an abdominal symptom not
believed to be related to H. pylori status, according to
H. pylori infection. Frequency of flatulence within
prior 3 months was ascertained in the same way as
frequency of diarrhoea. Questionnaire data were
checked for completeness and plausibility during the
examination by trained research assistants.

Statistical analysis

We first described the study population of the pooled
sample according to sociodemographic characteris-
tics and then calculated a Mantel-Haenszel y> sta-
tistic for the association of the infection status with
the frequency of diarrhoea after adjustment for age.
Then, multiple logistic regression was used to esti-
mate crude and adjusted odds ratios (OR) with 95%
confidence intervals (95% CI) for reported frequency
of diarrhoea within the prior 3 months (rarely,
sometimes or often vs. never) according to H. pylori
infection status defined by '*C-UBT (yes/no). The
following covariates were adjusted for: age, sex, edu-
cation (<9, >9 years) and history of antibiotic
treatment within past 3 months (yes/no).

Results
Characteristics of the study population

In total, 784 adults (mean age: 48.7 £ 17.7; range
18-85 years) were included in this analysis (449 par-
ticipants of study I; 335 participants of study II).

Table 1 shows basic characteristics of the study
population. 59.4% of participants were females, and
65.8% were married. Overall, 25.5% of study par-
ticipants were infected with H. pylori.

History of diarrhoea

Information on diarrhoea was missing in 11 subjects.
Therefore, 773 subjects were included in the present
analysis. Overall, 47.5% of the subjects reported
diarrhoea at some point within the prior 3 months. In
most of these subjects (29.9%) occurrence of diar-
rhoea was reported to be rare, whereas only 15.4 and
2.2% of subjects reported that they had suffered from
diarrhoea sometimes or often, respectively.

Helicobacter pylori infection and history of diarrhoea

The association of H. pylori infection with the fre-
quency of diarrhoea is shown in Table 2. Helico-
bacter pylori-positive subjects reported occurrence of
diarrhoea less often than H. pylori-negative subjects
(p < 0.016, after adjustment for age). This pattern

Table 1. Sociodemographic characteristics of study popu-
lation

N (%)
Study I 449 55.2
Study 11 335 448
Total 784 100
Sex
Male 318 40.6
Female 466 59.4
Age (years)
18-39 271 34.6
40-59 243 31
>60 270 34.4
School education
<9 years/in training 221 28.2
10-11 years 325 41.5
>12 years 237 30.3
Unknown 1
Family situation
Single 174 22.2
Married 516 65.8
Divorced/widowed 93 11.9
Unknown 1
H. pylori infection
Yes 200 25.5
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Table 2. Frequency of diarrhoea according to H. pylori infection

Age (years)  H. pylori infection N Diarrhoea p-Value
Frequency during the last 3 months (%)
Never Rarely Sometimes Often
18-39 Negative 244 459 349 16.4 2.9
Positive 24 50 29.2 20.8 0
40-59 Negative 157 47.1 35 15.3 2.6
Positive 80 60 30 8.8 1.3
>60 Negative 175 53.1 26.3 17.7 2.9
Positive 93 62.4 22.6 14 1.1
All Negative 576 48.4 32.3 16.5 2.8
Positive 197 59.8 26.4 12.7 1 0.016°
Overall 773% 52.5 29.9 154 2.3

# Information on diarrhoea was missing in 11 subjects.

®p-Value (Mantel-Haenszel %2 test) for association of infection status with diarrhoea after adjustment for age.

was seen in all age groups, but the association of
H. pylori infection with diarrhoea was most promi-
nent in the age category 40-59 years.

The crude OR for the occurrence of diarrhoea
within the prior 3 months (rarely, sometimes or often
vs. never) was 0.63 (95% CI: 0.45-0.87) for H. pylori-
positive subjects compared to H. pylori-negative
subjects (Table 3). The OR for diarrhoea changed to
0.69 (95% CI: 0.49-0.97) after adjustment for age.
After further adjustment for other covariates (sex,
education, history of antibiotic treatment within past
3 months), the OR was 0.67 (95% CI: 0.47-0.95).

In study II, participants were also asked for history
of severe diarrhoea in their childhood. We observed
the same pattern (severe diarrhoea in H. pylori in-
fected subjects reported less often than in uninfected
subjects), although this association was not statisti-
cally significant given the limited power to address
this question in this subsample (data not shown).

The analysis of the data concerning flatulence
shows that the crude OR was 1.06 (95% CI: 0.75-
1.49) for H. pylori-positive subjects (Table 4). The
OR for flatulence remained essentially unchanged
after adjustment for age and the other covariates
(1.08, 95% CI: 0.75-1.55).

Table 3. Crude and adjusted OR with 95% CI for reported
occurrence of diarrhoea within past 3 months (rarely,
sometimes or often vs. never) according to H. pylori
infection

H. pylori Crude OR
infection (95% CI)

Partly
adjusted OR
(95% CI)*

Fully
adjusted OR
(95% CI)°

No 1 reference 1 reference 1 reference
Yes 0.63 0.69 0.67
(0.45-0.87) (0.49-0.97) (0.47-0.95)

# Adjusted for age.
® Adjusted for age, sex, education, history of antibiotic
medication within prior 3 months.

Table 4. Crude and adjusted OR with 95% CI for reported
occurrence of flatulence within past 3 months (rarely,
sometimes or often vs. never) according to H. pylori
infection

H. pylori Crude OR  Partly Fully
infection (95% CI) adjusted OR  adjusted OR
(95% CI)* (95% CI)°
No 1 reference 1 reference 1 reference
Yes 1.06 1.00 1.08
(0.75-1.49)  (0.70-1.43) (0.75-1.55)

* Adjusted for age.
® Adjusted for age, sex, education, history of antibiotic
medication within prior 3 months.

Discussion

The analysis of this population-based study showed
an inverse association between H. pylori infection and
reported occurrence of diarrhoea within prior
3 months in adults. These data support suggestions
that attribute some beneficial effects to the host of
colonization with H. pylori [4-6] and confirms data of
a large population-based study performed in children
[8, 12].

In general, diarrhoea in adults represents a non-
specific response of the intestine to a number of dif-
ferent kinds of insults, including infections, adverse
drug and dietary reactions, malabsorption, inflam-
matory bowel disease, and ischemia [13, 14]. How-
ever, the main reason for acute diarrhoea in adults is
infections, primarily caused by viruses but also by
bacteria and parasitic agents [15, 16]. Although clin-
ical relevance of episodes of diarrhoea reported in
this study among healthy adults in Germany may be
limited, infections of the gastrointestinal tract repre-
sent an important cause of morbidity and mortality
among both children and adults worldwide.

At first glance, it is not evident how gastric colo-
nization with H. pylori should influence the infection
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of the lower intestinal tract, as acute infectious diar-
rhoea is acquired predominantly through oral inges-
tion of pathogenic microorganisms like viruses,
Vibrio cholerae, Campylobacter jejuni, toxigenic Esc-
herichia coli, Salmonella, Yersinia, and Shigella. The
observation that H. pylori is able to influence the
immunologic responsiveness to transient intestinal
pathogens by increasing specific mucosal IgA-anti-
body secretion may be one explanation [3]. A further
mechanism is suggested by a recent study demon-
strating that H. pylori possesses anti-bacterial activity
to which it is itself resistant [7]. This study could show
that H. pylori synthesizes a cecropin-like peptide ex-
erting anti-bacterial activity against Gram-negative
and Gram-positive bacteria. Although the precise
role of these peptides remain to be defined they rep-
resent a particularly efficient mode of control over
faster growing microorganisms which may compete
for colonization with H. pylori [17, 18]. Furthermore,
these small peptides can diffuse and may be liberated
during passage of H. pylori organisms from the
stomach to the colon [19, 20]. Thus, long distance
effects of H. pylori infection even in the lower part of
the gastrointestinal tract mediated by anti-bacterial
peptides appear biologically plausible.

Infective organisms have to overcome gastric pas-
sage, which is lethal to many organisms because of
the hostile gastric pH [21]. However, an impaired
host with hypochlorhydria, for example children with
recent H. pylori infection or older subjects with
chronic atrophic gastritis, may be more susceptible to
certain microorganisms that may cause acute infec-
tious diarrhoea [22, 23]. On the other hand, H. pylori
is able to increase gastric acid secretion in subjects
with chronic H. pylori infection, resulting in im-
proved barrier function to ingested pathogens [24].
However, this could depend on the type of H. pylori
colonizing the stomach. The differentiation of the
infecting strains was unfortunately not possible in the
present study.

It could be shown in a recent cross-sectional study
of the 1991 Peruvian cholera epidemic, that serologic
evidence of Vibrio cholerae 01 infection was associated
with H. pyloriinfection, particularly in young children
[25]. These data seem to contradict our results at
first view. However, despite an increased seropre-
valence of cholera, infection with H. pylori was asso-
ciated with reduced frequency of diarrhoea (adjusted
OR 0.6 [95% CI: 0.4-1.1]). This pattern would be
consistent with the observation, that H. pylori infec-
tion may stimulate the local mucosal immune system
[3] and furthermore, that H. pylori organisms may in-
terfere with Vibrio cholerae organisms with a conse-
quent reduction in reported diarrhoeal symptoms [25].
Clemens et al. reported an overall risk of cholera to
be not significantly increased among H. pylori infected
subjects, however, the risk of cholera of life-threat-
ening severity was significantly elevated [26]. This as-
sociation was only seen among persons lacking

natural vibriocidal immunity and may therefore not
be related with an increased risk of Vibrio cholerae
01 diarrhoea due to H. pylori infection.

Furthermore, there are some smaller studies con-
ducted in developing countries in children suffering
from malnutrition and severe gastrointestinal infec-
tions to assess the role of H. pylori infection in weak-
ening the gastric acid barrier against infectious
organisms [27-31]. However, most of these studies
[28-31], with the exception of the study by Sullivan
et al. [27], showed that H. pylori infection is not as-
sociated with an increased risk of diarrhoeal disease.
We suppose that, in these studies, effects of malnu-
trition and transient hypochlorhydria following acute
H. pylori infection and the anti-diarrhoeal effect of
H. pylorias seen in our studies may have cancelled out.

In this study, we have to consider several limita-
tions. First, we have to rely on the reporting of
symptoms by the participants of the study. However,
diarrhoea and flatulence should be reliably remem-
bered within the short 3-month time frame. Differ-
ential reporting is likewise unlikely, given that
subjects were unaware of their H. pylori status at the
time they filled out the questionnaire. The absence of
an association of H. pylori infection with flatulence, a
symptom thought to be unrelated to H. pylori infec-
tion, also suggests a reporting bias to be unlikely.
Second, using a cross-sectional design in this study, it
is difficult to relate the time of acquisition of H. pylori
to the manifestation of diarrhoea. However, most
H. pylori infections are acquired in early childhood,
probably by the age of 2-3 years [32, 33]. Therefore it
seems likely that most subjects of this population
sample had been long colonized at the time of our
study. Furthermore, using the '*C-UBT to determine
H. pylori infection status, we had the possibility to
detect current H. pylori infection in our study.

In conclusion, our data support the hypothesis
that infection with H. pylori may have a protective
effect against infectious diarrhoea in adults. Although
we have found similar associations in adults and
in children, this hypothesis needs further confirma-
tion, both in experimental studies and in clinical
settings.
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