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The impact of atopic disease on the risk of post-infectious fatigue
and irritable bowel syndrome 3 years after Giardia infection. A historic
cohort study
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Abstract

Objective. To investigate whether atopic disease influences the prevalence of irritable bowel syndrome (IBS) and chronic
fatigue (CF) after giardiasis. Methods. A questionnaire was sent to all confirmed cases of giardiasis after a Norwegian
outbreak, with response rate of 65.3% (817/1252). Controls were randomly selected matched on age and sex, with response
rate of 31.4% (1128/3598). Associations were evaluated by use of logistic regression analyses. Results. In the Giardia exposed
group, 47.8% of those with asthma had IBS compared with 45.3% in those without asthma (p = 0.662). For controls,
corresponding percentages were 23.9% and 12.2% (p < 0.001). Among those with asthma, the adjusted relative risk (RR) for
IBS was 2.03 (95% confidence interval (CI): 1.45, 2.62) for the exposed group compared with controls. In those without
asthma, the corresponding RR was 3.80 (95% CI: 3.30, 4.32). In the exposed group, 51.5% of those with asthma had CF
compared with 44.9% in those without asthma (p = 0.218). For controls, corresponding percentages were 19.3% and 10.7%
(p =0.004). Among those with asthma, the adjusted RR for CF was 2.73 (95% CI: 1.98, 3.45) for the exposed compared with
controls. In those without asthma, the corresponding RR for CF was 4.25 (95% CI: 3.66, 4.85). Conclusion. For the exposed,
having asthma or allergy did not increase the outcome of IBS or CF. For the control group, having an atopic disease made a
substantial risk difference, with significantly more IBS and CF.
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Introduction

An epidemic of giardiasis occurred in Bergen, Norway
in 2004, caused by contamination of the city center’s
main water reservoir. Approximately 48,000 persons
were exposed to the contaminated water and an esti-
mated 2500 people received metronidazol [1]. An
outbreak of this size is rare in Europe, and presumably,
most of the affected individuals had not been previ-
ously exposed to the parasite as the prevalence of
Giardia lamblia is low in the Nordic countries [2].

The main symptoms of acute giardiasis are diar-
rhea, nausea, abdominal pain, malabsorption and
weight loss. It is usually not presented as a severe
condition, and first-line treatment against Giardia is
easily available.

The research group has previously demonstrated a
strong association between giardiasis and both
chronic fatigue (CF) and irritable bowel syndrome
(IBS) 3 years after the infection [3]. Previous studies
have demonstrated an association between asthma
and allergy with IBS or chronic fatigue syndrome
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(CFS) [4,5], and after the outbreak in Bergen in
2004 there were reports from clinicians that asthma
and allergy seemed to be linked to persisting abdo-
minal symptoms.

The aim of this study was to investigate if asthma or
allergy affected the association between giardiasis and
the outcomes of IBS and CF.

Methods

Study design and participants

This was a historic cohort study 3 years after the
outbreak of giardiasis in 2004. Questionnaires were
sent by mail to all 1252 patients who had a positive
fecal test for Giardia during the outbreak, and a
control group of 3598 individuals matched by age
and sex. The control group was randomly selected
among inhabitants in Bergen, and they were included
unless they had had giardiasis during the outbreak.
The details on establishing the study groups have been
published previously [3].

Variables

The exposure in this study is the detection of Giardia
in stool samples during the autumn of 2004.

The main outcome variables are IBS and CF 3 years
after the Grardia infection. For the IBS variable, the
authors used the ROME III diagnostic criteria [6],
recording abdominal pain or discomfort of certain
regularity linked to alterations in bowel movements.
The questions needed to diagnose IBS were translated
into Norwegian by the research group [3]. To measure
fatigue, the authors employed the fatigue questionnaire
developed by Chalder et al. [3,7]. The authors had
previously published results with regards to the primary
outcomes of IBS and CF, showing that the prevalence
of IBS was significantly higher in Giardia exposed
individuals (46.1%) than in controls (14.0%)
(»<0.001). The prevalence of CF was also significantly
higher among the Giardia exposed (46.1%) than in
controls (12.0%) (p < 0.001).

The questions about asthma have been used in
previous epidemiological studies, but were somewhat
modified for this study [8]. Asthma was defined as
confirmatory answer to the question: “Have you or
have you had asthma?” Follow-up questions were: “If
yes, has this been confirmed by a medical doctor?”
and “Have you used any asthma medication in the
last month (sprays, inhalations of different kinds or
tablets)?”. The asthma group in the material was
defined by including everyone answering “yes” to
the entry question (z = 219). Those who, despite
answering “no” to this question, had answered that

asthma had been diagnosed by a medical doctor
were also included (z = 1). Those who answered
“uncertain” to the entry question were included if
the diagnosis had been confirmed by a medical doctor
or they had used asthma medication in the last month
(n=14). In total, 234 were defined as having asthma.
Allergy was defined by affirmative answer to one
question: “Have you or have you had hay fever or
nasal allergy?”, with answering options, “yes”,
“uncertain” and “no”.

Statistical analyses

The y° test was applied to test differences between
proportions. Confounders evaluated were age, sex,
work, income and level of education. Confounding
and interactions were evaluated by logistic regression
modeling [9]. Odds ratios (OR) were the original
outcome measure given in the analyses. These were
transformed into relative risks (RR) by use of
the formula developed by Zhang and Yu [10]. As
matching can sometimes harm efficiency in non-
experimental cohort studies although it introduces
no bias, all analyses were done adjusted for the
matching. As the 1:2 matching did not work out
perfectly, this was carried out with crude conditioning
on gender and age rather than on the specific matched
patient—control sets to utilize all responders. More-
over, work, income and education were also adjusted
for. In line with the primary aims of this report,
modifying effects of asthma and allergy on the asso-
ciation between giardiasis and the presence of IBS or
CF were examined by including and testing corre-
sponding interaction terms in the logistic regression
models. Strength and significance of associations are
given by the RR and its 95% confidence interval (CI).
The likelihood ratio test for interaction is significant if
the RRs (i.e. ORs) between the outcomes and Giardia
infection differ between the atopy groups.

Ethical approval

This study has been approved by the Regional Com-
mittee for Medical and Health Research Ethics (project
150.07), and by the Ombudsman for Privacy in
Research, Norwegian Social Science Data Services
(project 17014).

Results

The overall response rate was 40.1% (1945/4850),
with a 65.3% (817/1252) response rate among
exposed and 31.4% (1128/3598) among controls as
presented previously [3]. The mean age in the study
population was 36.2 years with 65.7% being females.
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In those receiving the questionnaire among the
exposed, the mean age was 34.7 and 61.1% were
females. In controls receiving the questionnaire,
the mean age was 34.0 and 59.4% were females.
The patient and control groups were similar in age
and sex distribution, as expected from the design of
the study (Table I). The proportion of individuals not
married or with higher education was significantly
higher among exposed than controls [3].

The overall prevalence in the study population was
12.0% for asthma, 26.5% for allergy and 6.1% for
combined asthma and allergy. Table I shows that the
prevalence of allergy was significantly higher in the
exposed group than in the control group. The prev-
alence of asthma was similar in the two groups.

Table II shows the prevalence of IBS among
exposed and controls depending on atopic status.
The prevalence of IBS was similar among the Giardia
exposed with asthma (47.8%) and without asthma
(45.3%) (p = 0.662). The prevalence of IBS was
significantly higher among controls with asthma
(23.9%) as compared with controls without asthma
(12.2%) (p < 0.001). In adjusted analyses for parti-
cipants with asthma, the RR for IBS was 2.03 (95%
CI: 1.45, 2.62) for those who had been exposed to
Giardia as compared with the control group. In those
without asthma, the RR for IBS was 3.80 (95% CI:
3.30, 4.32) for those who had been exposed to Giardia
as compared with the control group. For the outcome
of IBS, the likelihood ratio test for interaction was not
statistically significant (p = 0.075).

The prevalence of IBS was similar among Grardia
exposed individuals with allergy (45.9%) and without
allergy (43.7%) (p = 0.595). The prevalence of IBS
was 17.3% in controls with allergy and 12.1% in
controls without allergy (p = 0.031). In the adjusted
analyses for subjects with allergy, the RR for IBS was
2.68 (95% CI: 2.10, 3.27) for those exposed to
Giardia as compared with the control group. For
those without allergy the RR for IBS was 3.73
(95% CI: 3.13, 4.34) for those exposed to Grardia
as compared with the control group. For the outcome
of IBS, the likelihood ratio test for interaction was not
statistically significant (p = 0.330).

Table III shows the prevalence of CF among patients
and controls depending on atopic status. The preva-
lence of CF among Giardia exposed was 51.5% for
those with asthma and 44.9% for those without asthma
(p = 0.218). The prevalence of CF in controls was
significantly different with almost the double preva-
lence in those with asthma (19.3%) compared with
those without asthma (10.7%) (p = 0.004). In adjusted
analyses for participants with asthma, the RR for CF
was 2.73 (95% CI: 1.98, 3.45) for those who had been
exposed to Giardia as compared with the control

group. In those without asthma, the RR for CF was
4.25 (95% CI: 3.66, 4.85) for those who had been
exposed to Giardia compared with the control group.
For the outcome of CF, the likelihood ratio test for
interaction was not statistically significant (p = 0.462).

The prevalence of CF among Giardia exposed
individuals with allergy was 49.8% as compared
with 42.9% in those without allergy (p = 0.089).
The prevalence of CF was 13.7% in controls with
allergy and 11.0% in the controls without allergy
(p = 0.232). In the adjusted analyses for subjects
with allergy, the RR for CF was 3.64 (95% CI:
2.87, 4.42) for those exposed to Giardia as compared
with the control group, and the corresponding RR was
4.00 (95% CI: 3.33, 4.68) for those without allergy.
For the outcome of CF, the likelihood ratio test for
interaction was not statistically significant (p = 0.993).

Discussion

The authors have previously shown a strong associ-
ation between acute giardiasis and IBS or CF 3 years
later [3]. In the current study, the authors found that
in the exposed group who had had giardiasis and with
high prevalence of IBS, having asthma or allergy did
not affect the prevalence of IBS significantly. In the
control group, there was a statistically significant

Table I. Characteristics and demographics for 817 Giardia exposed
and 1128 controls in Bergen, Norway 2004.

Giardia
exposed Controls p-Value®

n (%) n (%)

Age groups n.s.
0-19 39 (4.8) 36 (3.2)
20-39 526 (64.4) 736 (65.2)
40-59 187 (22.9) 276 (24.5)
60-79 56 (6.9) 76 (6.7)
80-99 9 (1.1 4 (0.4)
Females 540 (66.1) 738 (65.4) n.s.
IBS 355 (46.1) 155 (14.0) < 0.001
CF 366 (46.1) 134  (12.0) < 0.001
Asthma 99 (12.2) 135 (12.1) n.s.
Allergy 231 (28.8) 285 (26.1) < 0.001
Asthma and allergy 52 (6.4) 66 (5.9) n.s.
Marital status 0.004
Single 271  (33.5) 293 (26.1)
Married 497 (61.4) 778  (69.3)
Divorced/separated 33 (4.1) 41 (3.7
Widow/widower 9 (1.1) 11 (1.0)
Education 0.004
Primary school 37 (4.7 59 (5.3)
Secondary school 169 (21.3) 308 (27.7)
University 587 (74.0) 746  (67.0)

Abbreviations: CF = chronic fatigue; IBS = irritable bowel syndrome;
n.s. = not significant, p > 0.05.
p-Value from the % test.
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Table II. Logistic regression analyses of IBS among an exposed group 3 years after giardiasis and a control group. Results are given stratified

for asthma and allergy status (yes, no, uncertain).

Unadjusted Adjusted®

Baseline characteristics n (%) RR 95% CI RR 95% CI
Giardia vs. asthma interaction®
Asthma

Control 32 (23.9) 1 1

Giardia exposed 43 (47.8) 2.00 (1.42, 2.59) 2.03 (1.45, 2.62)
No asthma

Control 114 (12.2) 1 1

Giardia exposed 291 (45.3) 3.72 (3.22, 4.22) 3.80 (3.30, 4.32)
Uncertain asthma

Control 8 (25.8) 1 1

Giardia exposed 19 (59.4) 2.30 (1.29, 3.14) 2.37 (1.35, 3.19)
Giardia vs. allergy interaction®
Allergy

Control 49 (17.3) 1 1

Giardia exposed 100 (45.9) 2.65 (2.08, 3.24) 2.68 (2.10, 3.27)
No allergy

Control 86 (12.1) 1 1

Giardia exposed 190 (43.7) 3.61 (3.02, 4.21) 3.73 (3.13, 4.34)
Uncertain allergy

Control 18 (21.7) 1 1

Giardia exposed 57 (54.8) 2.53 (1.79, 3.22) 2.56 (1.82, 3.26)

Abbreviations: CI = confidence interval; OR = Odds ratio; RR = relative risk; IBS = Irritable bowel syndrome.
Likelihood ratio test is based on a test of OR. ORs have been transformed into RRs.

*Likelihood ratio test for interaction, p-Value: 0.075.
®Likelihood ratio test for interaction, p-Value: 0.330.

°Adjusted for sex, age, asthma or allergy, and interactions between exposure status and asthma or allergy.

increase in prevalence of IBS for those with asthma or
allergy. No large difference was seen according to
asthma or allergy status among those with CF in the
exposed group. In the control group, a relatively high
difference in CF prevalence was found between those
with asthma or allergy compared with those without
asthma or allergy.

The relationship between giardiasis and long-term
complications has been documented from this out-
break [3]. It is now known that there is an association
between atopic disease and IBS or CF in the control
group that is not present in the exposed group.

This study is based on a large outbreak, which gives
more statistical power to comparisons than most
previous studies on waterborne gastrointestinal infec-
tions. The exposed group included those giving a
positive fecal test for Giardia during the outbreak of
2004. The risk of misclassification for individuals
in this group is minimal. The control group was
originally composed of two controls per exposed
individual, matched for age and sex. This group
was later extended because of low response. This
resulted in a large control group (1128 individuals).
The rarity of giardiasis in Norway makes it unlikely
that controls had been exposed to giardiasis to such
an extent that it would make an impact on the material
in this study.

There are some limitations due to low response
rates, especially in the control group, and some
selection bias cannot be ruled out. In the exposed
group, the response rate (65.3%) is high compared
with other studies using mailed questionnaires [11].
There might still be selection bias as some of the
exposed individuals may not feel the questions con-
cerned them if they did not experience IBS or CF,
while others might not answer the questionnaire due
to bad health. Hence, bias may go both ways for the
prevalence measure. In the control group, the
response rate was 31.4% which is quite low and
awareness of selection bias is necessary, especially
for prevalence estimates. However, risk estimates for
the impact of atopic disease are more robust to such
bias. Another limitation is that it is not known when
the participants got their atopic disease, before or
after the Giardia infection, IBS or CF. Accordingly,
inferences about causality cannot be made. This
being an epidemiological study, the mechanisms
behind the findings are not investigated.

In the general population in Norway, a study on
fatigue showed a prevalence of 11-14% [12]. The
present study showed a prevalence of 12% in
the control group, indicating that the low response
rate may not necessarily have created a problem of
selection bias.
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Table III. Logistic regression analyses of CF among an exposed group 3 years after giardiasis and a control group. Results are given stratified

for asthma and allergy status (yes, no, uncertain).

Unadjusted Adjusted®

Baseline characteristics n (%) RR 95% CI RR 95% CI
Giardia vs. asthma interaction®
Asthma

Control 26 (19.3) 1 1

Giardia exposed 51 (51.5) 2.67 (1.93, 3.40) 2.73 (1.98, 3.45)
No asthma

Control 102 (10.7) 1 1

Giardia exposed 295 (44.9) 4.19 (3.61, 4.78) 4.25 (3.66, 4.85)
Uncertain asthma

Control 5 (16.7) 1 1

Giardia exposed 20 (58.8) 3.53 (1.83, 4.93) 3.58 (1.87, 4.97)
Giardia vs. allergy interaction®
Allergy

Control 39 (13.7) 1 1

Giardia exposed 113 (49.8) 3.64 (2.87, 4.40) 3.64 (2.87, 4.42)
No allergy

Control 79 (11.0) 1 1

Giardia exposed 193 (42.9) 3.90 (3.25, 4.58) 4.00 (3.33, 4.68)
Uncertain allergy

Control 14 (16.1) 1 1

Giardia exposed 59 (55.7) 3.46 (2.40, 4.44) 3.47 (2.40, 4.45)

Abbreviations: CF = chronic fatigue; CI = confidence interval; RR = relative risk; OR = Odds ratio.
Likelihood ratio test is based on a test of OR. ORs have been transformed into RRs.

“Likelihood ratio test p-Value: 0.462.
®Likelihood ratio test p-Value: 0.993.

“Adjusted for sex, age, asthma or allergy, and interactions between exposure status and asthma or allergy.

The authors used the Rome III diagnostic criteria
to detect IBS. This is developed to investigate IBS and
has been used previously for research purposes, but
has not yet been formally validated [6]. To measure
fatigue, the authors used a validated questionnaire,
developed by Chalder et al. [7,13]. The study inves-
tigates CF, not CFS, which is a clinical diagnosis.
Some of the patients with CF in this study most
probably also have CFS, however, it is not known
how many. The questions to investigate asthma or
allergy have not been validated, but the questions for
asthma have been used in previous studies [8]. In
detection of asthma, three questions were asked. For
allergy only one question was asked, and the uncer-
tainty for this diagnosis is higher. The group that
answered “uncertain” showed a pattern of results
that was difficult to interpret.

A possible relationship between atopic disorders
and IBS has been investigated previously. An
increased prevalence of IBS among asthma patients
as compared with controls has been shown [5,14]. In
these studies, asthma patients and healthy controls
were asked about IBS symptoms through question-
naires. The first study found an IBS prevalence of
41.3% in asthma patients (z = 150) compared with
20.8% in healthy controls (z = 120). Tobin et al.

presented the expression “atopic IBS” [15]. They
used the Rome II criteria for detection of IBS in
patients from three different clinics (gastroenterology
clinic, allergy/immunology clinic and general medi-
cine clinic). In the study, they showed that there was a
higher prevalence of different atopic disorders among
individuals with IBS than those without IBS. These
studies conclude that there is an association between
atopy and IBS. This is in line with the findings in
the control group in the present study. None of the
previous studies investigated the possible influence of
an infectious disease. In the authors’ exposed group,
however, atopy did not seem to play a role. A possible
interpretation is that the Giardia infection has such a
large effect on the outcomes that the additional effect
of atopy on IBS may become obliterated.

Associations between infections and IBS [11,16],
and between infections and CFS [4,17] have previ-
ously been shown.

The relationship between atopic disorders and CF
has been little investigated, except for a small uncon-
trolled study [4]. The present study has a large control
group, and the results in this group may serve as a
study of the relationship in a normal population. This
part of the study suggests that there is a clear asso-
ciation between atopic disease and CF. However,
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conclusions should be made with some caution due to
the low response rate in the control group.

In this study, the authors have investigated post-
infectious IBS and CF, and the association with asthma
and allergy. The conclusion is that the prevalence of
IBS and CF after giardiasis is not significantly influ-
enced by the presence of atopic disease. One explana-
tion might be that acute infections, like giardiasis, have
the ability to trigger these complications in a high
proportion of susceptible individuals, reaching a ceiling
where no further effect of other co-factors such as
atopy can be seen. The authors found striking associa-
tions on the other hand between atopy and IBS and
CF in the control group. Such an association has been
suggested previously, but should be more thoroughly
investigated in the future.
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