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SUMMARY

Post-infectious irritable bowel syndrome (PI-IBS) has been established as a sequel of infectious

intestinal disease (IID). The aim of this study was to estimate the burden of PI-IBS caused by the

pathogens Campylobacter, Salmonella and Shigella, and to compare this with other outcomes

associated with these pathogens. The attributable risk of PI-IBS due to bacterial pathogens was

calculated and linked to national data on gastroenteritis incidence and measures for severity and

duration of illness in order to estimate the burden of PI-IBS. One year post-infection, IBS

developed in 9% of patients with bacterial IID. The burden of PI-IBS adds over 2300 disability

adjusted life years to the total annual disease burden for the selected pathogens. PI-IBS is a

frequent sequel of IID, resulting in a considerable disease burden compared to other outcomes.

If this relationship is not considered, this will result in an underestimation of the disease burden

of IID.
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INTRODUCTION

Over the past decade, burden of disease estimates

have become of increasing significance in allocating

medical resources, in targeting interventions, and

for monitoring possible effect. These studies can use

monetary units to quantify the burden of disease,

so-called cost-of-illness studies, or can assess the

disease burden in a population by utilizing the dis-

ability adjusted life years (DALYs) metric [1].

The DALY integrates the effect of mortality as well

as disease and disability, which allows them to be con-

sidered at the same time. This simplifies comparisons

between distinct disease outcomes and subgroups of

a population. A prerequisite for these comparisons,

either in monetary units or in DALYs, is that the

burden of disease comprises a complete assessment

of the health effect due to a certain pathogen. This

means for infectious intestinal disease (IID) that,

apart from the direct consequence of gastroenteritis,

all sequelae should be considered. In previous studies
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on the burden of IID [2–4], we included outcomes,

such as Guillain–Barré syndrome, reactive arthritis,

inflammatory bowel disease and haemolytic uraemic

syndrome, leading to chronic renal failure to comp-

lement the burden of acute gastroenteritis.

Previous studies have shown that the prevalence of

irritable bowel syndrome (IBS) in Western popu-

lations is between 10% and 20% [5, 6]. There is

growing evidence of persisting gastrointestinal symp-

toms after bacterial IID, and these patients will, at

least partly, meet the diagnostic criteria for (post-

infectious) irritable bowel syndrome (PI-IBS) [7–11].

Although not life-threatening or severely debilitating,

IBS symptoms may have a severe effect on daily life,

affecting work, school and social life, and decreasing

health-related quality of life over long periods [12, 13].

These periods of decreased health-related quality of

life on the one hand and its high prevalence in society

on the other might add up to a substantial burden of

disease, which is currently not considered in estimates

of the burden of IID.

Nonetheless, when PI-IBS is considered in such

studies, the background IBS population prevalence

and the percentage attributable to IID should be in-

disputably clear. For this purpose, the attributable

risk (AR) has been established as the preferred

measure of association.

In the current study, we first aimed to assess the

AR of developing PI-IBS for bacterial pathogens.

Second, we estimated the disease burden in DALYs

of PI-IBS due to a particular group of pathogens, i.e.

(thermophilic) Campylobacter spp., Salmonella spp.,

and Shigella spp. in The Netherlands. These patho-

gens were chosen because they are the most frequent

causes of bacterial IID and have been demonstrated

to be responsible for the largest burden of IID [2].

Third, we compared this burden with other outcomes

associated with these pathogens.

METHODS

Literature review

We based our study on the recently published meta-

analysis by Thabane et al. [11]. From this paper we

selected four studies (Table 1) in which:

. IID patients were considered who had no previous

history of IBS or other bowel disorders.

. Appropriate control groups were included.

. A bacterial aetiology was confirmed by stool cul-

ture from at least a proportion of the patients with

IID.

In an additional search in the recent literature, we

identified one study [14] that met the same selection

criteria. This study presented follow-up data of a

previously reported cohort [15, 16], and we therefore

only used the most recent of these two studies in our

evaluation. If available, we used data after a follow-

up period of 1 year, or as close to this time point as

possible. Studies involving patients with traveller’s

diarrhoea were excluded because it has been suggested

that these are predominantly caused by enterotoxi-

genic E. coli, which has a milder course and a lower

risk of developing PI-IBS [17].

AR

The AR was calculated as the additional incidence

rate (IR) of exposed (IID) cases compared to un-

exposed (non-diseased) controls :

AR=IRexposedxIRunexposed:

The uncertainty in the AR was modelled by employ-

ing a Bayesian approach [18]. Both IRexposed and

IRunexposed cases were considered as binomial frac-

tions in which the uncertainty was modelled as a

Beta(s, f) distribution, in which s is the number of

Table 1. Population attributable risk of developing IBS following gastroenteritis, per study

Study Aetiology
Follow-up
(months)

Incidence of IBS

AR (%)Cases (%) Controls (%)

Rodriguez & Ruigomez [26] Bacterial 12 14/318 (4.4) 2027/584308 (0.3) 4.1
Parry et al. [27] Campylobacter,

Salmonella
6 18/108 (16.7) 4/206 (1.9) 14.8

Wang et al. [37] Shigella 10 24/235 (10.2) 2/243 (0.8) 9.4
Mearin et al. [34] Salmonella 12 31/266 (13.2) 5/333 (1.5) 11.7
Jung et al. [14] Shigella 12 12/87 (13.8) 1/88 (1.1) 12.7

IBS, Irritable bowel syndrome; AR, attributable risk.
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persons in the exposed or unexposed group who de-

veloped IBS and f is the number of persons who did

not develop IBS. With this approach, the 95% con-

fidence interval (CI) is similar to that estimated by

frequentist statistics, with the advantage that now a

full uncertainty distribution can be simulated.

DALYs

The incidence of gastrointestinal infectious disease

due to Campylobacter, Salmonella and Shigella was

derived from national incidence data on foodborne

disease, based on a method reported by Havelaar

et al. [19]. The estimates were updated to the year

2006 (for details, see [2]). These incidence data relate

to all cases in the population and are based on data

from Sensor, a Dutch community-based cohort study

[20]. By combining the incidence of gastrointestinal

infectious disease associated with the selected patho-

gens and a weighted mean AR, the incidence of PI-

IBS was calculated. The estimated incidence of PI-IBS

was then used to calculate the burden of PI-IBS in

DALYs. Uncertainty in incidence and DALY esti-

mates was quantified by Monte Carlo simulation.

The DALY aggregates mortality, expressed in

years of life lost (YLL) and morbidity, expressed

in years lived with disability (YLD), according to the

following calculation:

DALY=YLL+YLD,

where YLL represents the time lost due to premature

mortality. For PI-IBS the mortality component of

the DALY is not taken into account as IBS is not

associated with increased mortality. YLD represents

the time in good health lost while living with a disease

or disability and is calculated with the following

formula:

YLD=Snl* tl*dwl,

where nl is the number of cases with health outcome l,

tl the duration of the health outcome and dwl the

disability weight assigned to health outcome. The

disability weight is a value ranging from 0 to 1 that is

assigned to living with a medical condition. This value

reflects the effect of a specific health condition on

health-related quality of life and is commonly based

on the preferences of an expert or lay panel. We

adopted the IBS disability weight from the Mild Dis-

eases and Ailments Study, a Dutch study that gener-

ated disability weights for 52 health conditions from

panels of medical experts and laymen recruited from

the general population. In this study a renewed

methodology was applied that focused especially on

obtaining and improving disability weights for func-

tional losses of a temporary and complex nature [21].

This can also be applied to IBS symptoms, because

they tend to subside and exacerbate with periods of

partial remission. To align with the societal point of

view of the DALY, we used the IBS disability weight

derived from the population panel (n=105) which

had a value of 0.042. For the duration of PI-IBS,

several long-term follow-up studies were assessed

[15, 16, 22–25]. Based on these studies, we assumed

for PI-IBS provoked by bacteria an average duration

of 5 years [14].

RESULTS

Table 1 presents an overview of the results of the

five case-control studies that analysed the incidence

of PI-IBS following IID. In these studies, the index

group was a cohort of gastroenteritis patients with

confirmed bacterial aetiology. Controls in these

studies were either volunteers, patients from the same

general practice or siblings or spouses of the patient.

The PI-IBS incidence rate in these five studies ranged

from 4% [26] up to 17% [27]. The calculated AR is

also shown in Table 1. These data do not suggest that

PI-IBS is different for various bacterial pathogens

(x2 test for homogeneity, P=0.95 [28]). We therefore

pooled the studies considering patients with bacterial

aetiology, weighted by the number of cases that ex-

perienced an episode of IID. This resulted in a mean

weighted AR for bacterial infections (10–12 months

post-IID) of 8.8% (90% CI 7.2–10.4; Fig. 1).

In The Netherlands, about 124 000 cases of IID

due to the three pathogens were considered in 2006
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Fig. 1. Uncertainty distribution of the attributable risk of
post-infectious irritable bowel syndrome in infectious in-
testinal disease patients with bacterial aetiology.
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(Table 2). Most of these IID cases were caused by

Campylobacter (78 000), and Salmonella (43 000).

About 27 000 GP visits were registered due to these

three pathogens.

The three pathogens were estimated to be associ-

ated with about 11 000 new cases of PI-IBS per year

(Table 3), in this way contributing 55 000 cases to the

overall prevalence of IBS in The Netherlands; which

is estimated to be 330 000 formally diagnosed patients

[5].

The disease burden of PI-IBS is shown in Table 4.

In 2006, an estimated 2302 DALYs were lost due to

PI-IBS following IID induced by the three selected

pathogens, with 63% of DALYs due to Campylo-

bacter, 34% to Salmonella and 3% to Shigella.

Including PI-IBS in this calculation increased the

burden of disease (Fig. 2) for Salmonella by 86%

(from 905 to 1686 DALYs), for Campylobacter by

92% (from 1564 to 3008 DALYs) and for Shigella by

151% (from 51 to 128 DALYs).

DISCUSSION

Based on recent findings in the literature, we esti-

mated that about 9% of patients with bacterial IID

will develop PI-IBS 1 year after infection [11]. We also

estimated that about 55 000 prevalent cases of PI-IBS

in the Dutch population will actually result from an

infection with Salmonella, Campylobacter or Shigella.

This is about 17% of the total prevalence of formally

diagnosed PI-IBS. Others [29] have estimated a simi-

lar range of 6–17%.

Our study used data from case-control studies to

assess the incidence and disease burden of PI-IBS.

Over the past few years, the evidence that an episode

of IID is a risk factor for developing IBS has

increasingly been recognized, reinforced by a grow-

ing understanding of the pathophysiology of IBS

[30–32]. In brief, mucosal injury and inflammation

are assumed to increase the number of enterochroma-

ffin cells, thus increasing the release of serotonin

(5-hydroxytryptamine, 5-HT). 5-HT affects gastro-

intestinal motility, enterocyte secretion and visceral

sensation. Increased levels of pro-inflammatory cyto-

kines and lymphocyte counts in intestinal epithelium

and lamina propria have indeed been documented

in PI-IBS patients [7].

In a recent follow-up study, 3 years after a case-

control study on laboratory-confirmed cases of

Campylobacter and Salmonella, an increased risk of

IBS could not be confirmed [33]. In contrast, the

results of this study suggested that patients with IBS

or with another chronic intestinal condition were

more susceptible to IID. The studies identified in

our literature review excluded cases with pre-existing

symptoms; hence, we only included cases in which the

IID episode triggered a new case of IBS. Patients with

already existing IBS or another intestinal illness were

not included in our study.

In the current study, only limited information was

available on some other factors involved in PI-IBS,

and this may have affected our results in the follow-

ing way. First, the data used to estimate the inci-

dence of PI-IBS were retrieved from the existing

literature. Several case-control studies were used and

the time interval chosen for follow-up of exposed

Table 3. Incidence and prevalence of post-infectious

irritable bowel syndrome due to three pathogens in

The Netherlands, 2006

Pathogen Incidence Prevalence*

Salmonella 3700 (750–9300)# 19 000 (3800–46 000)

Campylobacter 6900 (2400–15 000) 34 000 (12 000–74 000)
Shigella 370 (50–960) 1800 (260–4800)

* Incidencer5 years.
# Mean (5th–95th percentile).

Table 2. Incidence of infectious intestinal disease due to three pathogens

in The Netherlands (population 16.3 million), 2006

Pathogen Total cases GP visits

Reported

cases

Salmonella 42 000 (8800–110 000)* 7300 (4300–11 000) 1700
Campylobacter 78 000 (28 000–170 000) 19 000 (10 000–3000) 3400
Shigella 4400 (600–11 000) 700 (100–1800) 240

GP, General Practitioner.

* Mean (5th–95th percentile).
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and non-exposed participants varied from 3 months

[15] to 5 years [14]. Overall, we found that the inci-

dence of PI-IBS in exposed participants was higher

with a shorter follow-up period [22, 23, 34]. In order

to present a pooled estimate we chose a follow-up

period of 10–12 months. Using shorter follow-up

periods would have resulted in an increased AR, and,

subsequently, a higher estimated incidence of PI-IBS.

As these additional cases had a disease duration of

<1 year, they would have added little value to the

total burden of PI-IBS.

Second, in this study we did not consider patient

characteristics (such as gender, smoking or psycho-

social comorbidity) as risk factors for developing

PI-IBS. Similarly, we did not take into account the

details of the gastroenteritis episode, such as duration

or aetiology of the infection [10, 22, 27, 35, 36]. With

regard to duration of gastroenteritis, previous studies

revealed that the longer period patients have symp-

toms due to gastroenteritis or the larger effect these

symptoms have, the higher the risk of having PI-IBS

[36, 37]. We were not able to adjust for IID duration

or severity, due to a lack of comparison.

Third, the disability weight is based on the pref-

erences of a population panel, which is in line with

the societal perspective of the DALY metric. Never-

theless, the IBS disability weight is not able to capture

the heterogeneous group of clinical symptoms that are

experienced by patients. Several studies have shown

that there is a wide variation in symptoms between

patients [38]. As a result, actual health states of

patients with (PI-)IBS may differ considerably from

the health state descriptions valued by the population

panel. Moreover, the value of the disability weight

seems to be rather low. Health-related quality-of-life

studies performed in patients with IBS have shown

that the loss of health-related quality of life was in-

deed considerable [13, 39]. This is not reflected by

the value of the disability weights as applied in this

study.

A case-control study by Marshall et al. has

suggested that PI-IBS may also result from pre-

sumed viral IID [23]. As many as 20% (95% CI

11–29) of PI-IBS cases developed in IID patients,

although this risk was only statistically significant

after 3 months. This shorter duration of PI-IBS due

to viral IID is in line with the observations of Spiller

& Garsed [29], who noted that recent studies have

demonstrated that there is very little mucosal de-

struction in viral IID and, therefore, that the mucosal

structure is likely to rapidly return to normal. When

the shorter duration is taken into account, PI-IBS due

to norovirus would still accumulate to a prevalence

estimate of 32 000 cases in the population and a dis-

ease burden of 1300 YLD, which is comparable to the

disease burden of PI-IBS due to Campylobacter

infection. This implies that including PI-IBS in dis-

ease burden estimates of the selected bacterial patho-

gens might still underestimate the burden of disease

of foodborne disease. Further follow-up studies are

needed that provide more information on the risk of

IBS after viral IID.

Table 4. Disease burden of post-infectious irritable bowel syndrome due

to three pathogens in The Netherlands, 2006

Pathogen Incidence

Duration

(years)

Disability

weight

Disease burden

(YLD)

Salmonella 3700 (750–9300)* 5 0.042 780 (160–2000)*
Campylobacter 6900 (2400–15 000) 5 0.042 1400 (510–3100)
Shigella 370 (50–960) 5 0.042 80 (10–200)

YLD, Years lived with disability.

* Mean (5th–95th percentile).
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Fig. 2. Disease burden in disability adjusted life years
(DALYs) per year due to three pathogens in The

Netherlands, 2006, including (%) and excluding ( ) post-
infectious irritable bowel syndrome. Error bars express the
5th and 95th percentiles resulting from Monte Carlo simu-
lation.
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The results from the current study show that

PI-IBS is a frequent sequel of IID and that the disease

burden of PI-IBS is considerable compared to other

outcomes of IID. The resulting annual non-fatal

burden of disease of PI-IBS is over 2300 YLD, almost

doubling the total non-fatal burden of disease for

the selected pathogens. Ignoring PI-IBS in burden-

of-disease studies results in an underestimation of the

size of the burden of these types of gastrointestinal

diseases. In order to satisfy the aspirations of burden-

of-disease studies, i.e. identifying priorities in medical

resource allocation, targeting of interventions and

monitoring possible effect, all sequelae of IID should

be included, given that the evidence on the association

is sufficiently conclusive. There is definitely more re-

search required on the duration of PI-IBS and related

fluctuations in health-related quality of life, as well as

on the association of viral gastroenteritis and PI-IBS.
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