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Abstract In 1999, the costs of gastroenteritis in the Nether-
lands were estimated using data on hospitalizations from
national registries, together with data on etiology and self-
reported data on health care resource use in a community-
based study. Now, more information on hospitalizations is
available and these data were used to update the total costs
of gastroenteritis in the Netherlands. The costs of severe
gastroenteritis in the Netherlands were estimated in more
depth using a hospital-based study, with patient questionnaires
including a follow-up period of 6 months. The overall costs of
gastroenteritis were calculated taking direct medical costs,
direct non-medical costs, and indirect non-medical costs into
account. The costs for severe gastroenteritis in 2009 were
estimated at €2,203 per hospitalized child and €6,834 per
hospitalized adult. The overall costs of gastroenteritis in
2009 were estimated at €611–695 million, which is €133–
151 per gastroenteritis case or €37–42 per inhabitant. The total
health care costs for gastroenteritis were about 50% higher in
2009 compared to 1999, which is mostly due to the rise in
health care costs. The costs per gastroenteritis episode in
adults are higher compared to children, mainly due to differ-
ences in the reasons for hospitalization and course of disease,
and productivity losses.

Introduction

Infectious gastroenteritis causes a considerable burden of
morbidity and mortality worldwide. This burden is mainly
due to the large number of cases affected, as the course of
gastroenteritis in the majority of cases is mild and short-term,
at least in the western world. In developing countries, gastro-
enteritis is a major cause of death, especially in young children
[1]. The infectious causes of gastroenteritis include a wide
array of bacteria, viruses, and parasites, with different capaci-
ties of causing severe illness. Vaccines against infectious gas-
troenteritis are scares; however, two vaccines against rotavirus
are available (Rotarix™ and RotaTeq®) [2, 3]. The rotavirus
causes gastroenteritis especially in infants and young children
[4], but the virus can also cause disease in adults [5]. None of
the two vaccines are included in the Dutch national childhood
immunization program. One reason for not including it is that it
is not expected to be cost-effective [6, 7]. The economic
burden is one important input for the assessment of the cost-
effectiveness of possible intervention measures for infectious
gastroenteritis to support decision-making. In the Netherlands,
earlier estimates showed an incidence of gastroenteritis of 283
per 1,000 person-years, which amounts to approximately 4.5
million episodes per year [8]. Only about 5% of the cases
visited a general practitioner (GP) for their complaints [9].
Based on these data, the costs of all gastroenteritis were esti-
mated at €345 million in 1999 [10]. In general, these costs
were mainly driven by the hospitalized cases. Data on hospi-
talization for these cost estimates were taken from national
registries, with incomplete information on the causative agent,
and from a community-based study, in which hospitalizations
were rarely reported. Therefore, a hospital-based study
was conducted in the Netherlands to assess the incidence
and etiology of gastroenteritis requiring hospitalization:
the GEops study [11, 12]. In the GEops study, the
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incidence of severe gastroenteritis, which is defined as requir-
ing hospitalization, was estimated at 2.92 per 1,000 children
and 0.41–0.94 per 1,000 adults. Overall, 0.2–1.3% of the
children and 0.01–0.1% of the adults with gastroenteritis will
be hospitalized.

The aim of the present study is to present new estimations
of the costs for all gastroenteritis in the Netherlands, as well
as presenting the age group-dependent cost per case of
severe gastroenteritis.

Methods

Cost per case of severe gastroenteritis

The data needed for the estimation of costs of severe gas-
troenteritis were collected as an integral part of the Dutch
study of gastroenteritis requiring hospitalization (GEops
study). The design and methods have been described in
detail by Friesema et al. [11], and the results on incidence
and etiology have been published elsewhere, separately for
children [11] and adults [12]. In short, five general hospitals
and one academic hospital enrolled patients to the study
over a period of approximately one year between May
2008 and November 2009. Patients admitted to the hospital
with symptoms of gastroenteritis were eligible for inclusion.
Gastroenteritis was defined as: diarrhea (three or more epi-
sodes in 24 h), or vomiting (three or more episodes in 24 h),
or diarrhea or vomiting together with two or more other
symptoms (vomiting/diarrhea, stomach ache, abdominal
cramps, nausea, fever, blood in stool, mucus in stool). This
case definition was also used in the previous community-
and GP-based studies [8, 13]. Inclusion consisted of obtaining
written (parental) consent to provide epidemiological and
clinical information, and collecting a fecal sample. Cases, or
their parents, were asked to complete one questionnaire short-
ly after discharge from the hospital and another questionnaire
at three months’ follow-up. For participants with possible
complications at the three months’ follow-up, a second
follow-up questionnaire was sent six months after the hospi-
talization. All three questionnaires contained items about the
use of health care services, methods of transportation to the
health care services, and absence from work by the participant
or care-givers, to cover the whole episode of gastroenteritis.

Economic burden of gastroenteritis in the Netherlands

The costs of severe gastroenteritis were used to update the
total economic burden of gastroenteritis in the Netherlands.
Besides the data from the GEops study, the data used in the
1999 estimates were extracted from the publication of van
den Brandhof et al. [10]. In 1999, hospital admissions were
estimated by two different methods: using data from a

community-based prospective cohort study [8] and extracting
data from the National Medical Registry (NMR). The NMR is
based upon diagnoses using ICD-9 codes. Gastroenteritis was
defined as ICD-codes 001–009 and 558 [10]. We compared
the hospitalization data from the NMR to the estimates from
the GEops study, partly to be able to compare with the earlier
cost estimates from 1999. The same cost items as in 1999were
included in order to allow comparison between the earlier and
the current estimates. However, there are some exceptions: we
did not include the costs of medication nor treatment by
alternative health care providers (such as homeopaths) in the
GEops study, as these were very rarely reported in the cohort
study. In the cohort study, only three hospitalizations were
reported. For the estimation of the total costs of gastroenteritis
in the Netherlands, the incidence rates from the community-
based prospective cohort study of 1999 were used [8] and
applied to the structure of the population in 2009.

Unit costs

Costs were divided into direct medical costs (use of health
care services), direct non-medical costs (transport costs), and
indirect non-medical costs (costs of absence from work, pro-
ductivity losses). Unit costs were gathered from Hakkart-van
Roijen et al. [14] and expressed in 2009 prices (Table 1). Some
assumptions about transportation costs had to be made: in the
evenings and weekends, GPs can only be visited in specific
GP centers which are mostly located next to the hospital: for
these GP visits, the average distance to a hospital is used. The
transport costs entails going by car (including parking fee) or
taxi or coming with an ambulance. Productivity losses were
estimated as absence from work for both participants as care-
givers, using the friction cost method. Costs were calculated in
hours absent from both paid and unpaid work due to care-
giving, sick leave, or death. Productivity losses due to death
were determined as an absence for 23 weeks [14], in accor-
dance with the friction cost method.

Results

Cost per case of severe gastroenteritis

The number of GP visits, with a mean of two visits, preceding
or following the hospitalization was similar for children and
adults (Table 2). On average, the patients had visited their GP
0.9 times before they were admitted to a hospital. The visits in
the evenings or weekends were mostly before admission. The
outpatient clinic was mostly visited after discharge from the
hospital. The length of the initial stay in the hospital was, on
average, 2.6 days for children, and 6% of the children were
rehospitalized with a subsequent stay of 3.7 days, which leads
to an overall mean of 2.9 days of hospitalization. For adults,
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the initial length of hospitalization was 8.7 days, and 15%was
readmitted for an average stay of 14.5 days, leading to an
overall mean stay of 10.8 days. One adult was referred to a
nursing home for 60 days after discharge from the hospital. A
considerable number of adults (39%) were transported to the
hospital by ambulance, whereas this was rare in children (1%).
Parents were, on average, more than three days absent from
work to having to take care of their sick child. In adult
patients, the absence from work was for 80% the patient
themselves, but only a quarter of the adult cases worked.
Finally, one adult with Clostridium difficile died due to the
complications of the gastroenteritis. The total costs were three
times higher in the adults compared to the children; for the
direct medical costs, this was actually four times higher. In
adults, the highest costs were direct health care costs (81%),
followed by indirect costs (15%). In children, the difference
between these two cost components was smaller, with values
of 62% and 37%, respectively.

Economic burden of gastroenteritis in the Netherlands

The hospitalization rate of gastroenteritis in the NMR registry
in 1999 was estimated at 1.2%, 0.1%, and 0.5% for the age
groups 0–4 years, 5–17 years, and 18 years and older, respec-
tively [10]. The hospitalization rates of gastroenteritis for these
age groups in the GEops study in 2008/2009 were estimated at
1.3%, 0.2%, and 0.01–0.1%, respectively [11, 12]. As the
incidence of severe gastroenteritis in adults was difficult to

Table 1 Unit costs in Euros, 2009

Unit cost (€)

Direct medical costs

General practitioner visit 28.00

Outpatient clinic visit (general hospital) 64.00

Outpatient clinic visit (academic hospital) 129.00

Outpatient clinic visit (weighted mean) 72.00

Emergency department visit 151.00

Hospital admission (general hospital, per day) 435.00

Hospital admission (academic hospital, per day) 575.00

Hospital admission (weighted mean, per day) 457.00

Admission to nursing home (per day) 238.00

Laboratory diagnostic test request 2.15

Direct non-medical costs

Transport by car/taxi or public
transport to GP (2* 1.1 km)

0.44

Transport by car/taxi to
hospitala (2* 7 km+parking fee)

5.80

Transport by public transport to hospital (2* 7 km) 2.80

Transport by ambulance to hospital 504.00

Indirect costs

Average costs of absence from paid work (per hour) 30.02

Average costs of absence from unpaid work (per hour) 12.50

Productivity loss of deaths in working age (per death) 20,449.62

a Includes visit to the general practitioner in the evenings and weekends

Table 2 Average use of resour-
ces per case during an episode of
severe gastroenteritis in the
Netherlands and the
corresponding costs per resource
in 2009; results from the GEops
study

aIncludes visits to the general
practitioner in the evenings and
weekends
bAbsence from work of the case
and/or a care-giver/parent

Child (<18 years old; n0143) Adult (>18 years old; n044)

Average use
of resource

Costs (€) Average use
of resource

Costs (€)

General practitioner (GP) visit 1.3 visits 36.24 1.7 visits 46.34

GP visit weekend/evening 0.7 visits 18.78 0.3 visits 8.71

Outpatient clinic visit 0.4 visits 23.82 1.4 visits 131.77

Emergency department visit 0.1 visits 21.93 0.3 visits 37.87

Hospital (re)admissions 2.9 days 1,253.64 10.8 days 4,976.20

Nursing home after discharge 0 1.5 days 348.29

Laboratory diagnostics 0.5 tests 1.04 1.7 tests 3.66

Direct medical costs 1,355.45 5,552.85

Transport by

Car or public transport to GP 1.0 trips 0.44 1.6 trips 0.72

Car or public transport to hospitala 3.2 trips 18.27 2.6 trips 14.88

Ambulance to hospital 0.01 trips 7.10 0.5 trips 250.73

Direct non-medical costs 25.80 266.33

Absence from paid workb 26.4 h 791.68 17.9 h 536.60

Absence from unpaid workb 2.4 h 29.86 1.1 h 13.89

Productivity loss due to death 0 Case fatality 2.3% 464.76

Indirect costs 821.54 1,015.25

Total medical costs 2,202.79 6,112.23
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estimate and very likely underestimated [12], the highest esti-
mate of 0.1% was used for the cost calculations. In 2009, an
estimated 4.6 million episodes of gastroenteritis occurred; 18%
of these episodes were in children younger than 5 years of age,
19% in the older children, and 64% in adults. The average
costs per case in 2009 are presented in Table 3. Costs for
hospital admissions were comparable within the age group
5–17 years, but were lower for both the other age groups when
using the GEops study results compared to the NMR registry
data. Overall, gastroenteritis in adults showed the highest
financial burden, with €148–174 per case, followed by €126
per case for the age group 5–17 years and €83–95 per case for
children aged 0–4 years. Absence from paid employment was
the main cost component for all three age groups. The overall
costs of gastroenteritis in the Netherlands in 2009 were esti-
mated at €610.7–694.8 million, which is, on average, €133–
151 per community case or €37–42 per inhabitant.

Rotavirus was, for 60% of the hospitalizations, the most
important pathogen in children hospitalized with gastroenteri-
tis [11]. Based upon the Sensor and the GEops studies, we
assumed that 60% of the hospital admission costs and 17% of
the other costs in the age group 0–4 years is caused by
rotavirus, and 22% and 3% of the costs, respectively, in the

adults [8, 11, 12]. In the age group 5–17 years, the impact of
the costs for rotavirus was negligible. This resulted in costs due
to a rotavirus infection of €16.9 million, of which €7.6 million
were hospital costs, for the age group 0–4 years, and €16.6
million, of which €4.2 million were hospital costs, in adults
(persons older than 17 years of age).

Discussion

Costs for severe gastroenteritis in 2009 were estimated at
€2,203 per hospitalized child and €6,834 per hospitalized
adult. The higher cost for adults are explained by the longer
stay in the hospital and more frequent visits to the outpatient
clinic because of common underlying diseases and more com-
mon presentation with serious symptoms and complications
[12]. Children were mostly hospitalized because of dehydra-
tion [11]. Furthermore, children often recovered quicker than
adults. In children with gastroenteritis requiring hospitaliza-
tion, a relatively large part (37%) of the costs was due to
absence from work by their parents. The costs due to absence
from work was lower in adults with gastroenteritis requiring
hospitalization, because only 25% of these cases worked. In
the total costs of all gastroenteritis, absence from work was the
largest component, especially in adults. This is in line with
other studies: the largest part of the costs is attributable to
productivity losses, both for cases and for care-givers [15, 16].

The total cost of gastroenteritis in the Netherlands in
2009 was estimated at €611–695 million. In 1999, these
costs were estimated at €345 million, which would corre-
spond with €426 million when corrected for inflation over
these 10 years. This means that the costs in this 10-year
period have increased by at least 43%, mainly due to the rise
in health care costs. For example, the costs of a GP visit and
one day of hospitalization increased by 69% and 94%,
respectively, between 1999 [10] and 2009 [14]. The total
health care expenses in the Netherlands increased between
1999 and 2008 by 84%, of which 40% and 44% were
caused by an increase in the use of health care facilities
and a rise in prices, respectively [17, 18].

Interestingly, the number of hospital days for children
younger than 5 years in 1999 (NMR data) was estimated at
5 days, whereas the GEops study in 2009 estimated a mean
admission period of 2.9 days. In adults, the length of hos-
pitalization was 14 days in 1999 and 10.9 days in 2009. This
reflects the general trend of limiting the duration of hospital
stay for patients [19]. Furthermore, the NMR data gave a
hospitalization rate of 0.5% for adults compared to 0.13%
based upon the GEops study. The differences between the
GEops and NMR data will, at least partly, be caused by
different definitions of gastroenteritis. The ICD codes for
gastroenteritis used in the NMR are rather non-specific, and,
thus, will include non-infectious gastroenteritis. The GEops

Table 3 Average costs of gastroenteritis per case per age group and
estimated total costs for the Netherlands, 2009

Age group (years)

<5 5–17 18+

Average costs per case (€)

Medication prescription charges 1.97 1.30 2.97

General practitioner visit 3.47 1.71 1.09

Alternative treatment 0.12 0.00 3.36

Outpatient department visit 0.50 0.00 0.00

Stool tests 0.02 0.01 0.02

Hospital admission NMRa 27.42 1.83 31.99

Hospital admission GEops 15.67 2.13 6.47

Direct medical costs NMRa 33.51 4.84 39.42

Direct medical costs GEops 21.76 5.15 13.90

Transport 0.12 0.00 0.07

Absence from paid work 61.48 121.04 134.13

Other costs, total 61.60 121.04 134.20

Total costs NMRa 95.11 125.88 173.62

Total costs GEops 83.36 126.19 148.10

Estimated total costs (million €)

Direct medical costs NMRa 27.1 4.2 115.6

Direct medical costs GEops 17.6 4.4 40.8

Other costs, total 49.8 104.5 393.6

Total costs NMRa 76.9 108.6 509.3

Total costs GEops 67.4 108.9 434.4

a This estimate uses the hospital admission data of the National Medical
Registry (NMR) (other costs are used consistently in both estimates)

1898 Eur J Clin Microbiol Infect Dis (2012) 31:1895–1900



study was specifically aimed at infectious gastroenteritis,
but was based upon the enrolment of cases in six hospitals,
which, in theory, is prone to selection bias and incomplete
recruitment. When assuming that the incidence for adults as
estimated in the GEops study was an underestimation and
the incidence based upon the NMR data was an overestima-
tion, the real costs of gastroenteritis in adults would have
been between €434 million and €509 million in 2009. Fur-
thermore, it should be noticed that, for the calculation of the
total number of community cases in 2009, the gastroenteritis
incidence rates from the community study of 1999 were used
and applied to the 2009 population. Because of trends in
underlying pathogens (for instance, the increase of laboratory-
based surveillance for norovirus), the overall estimates might
not perfectly reflect the true current situation. However, as no
updated overall estimates of gastroenteritis at the community
level were available, the previous ones were used as the best
proxy.

The vaccination of infants against rotavirus is not part of
the National Immunization Programme in the Netherlands. A
cost-effectiveness analysis of such a vaccination was con-
ducted over the years 1996–2007 and concluded that imple-
menting the vaccination would not be cost-effective [6]. The
estimated costs for rotavirus were, in an unvaccinated Dutch
population, estimated to be €25 million per year, of which
€7.5 million were hospital-related. In the present study, the
corresponding costs were €33.6 million and €11.8 million,
respectively. Although these are higher than the figures
reported in the cost-effectiveness study, they are within the
reported 95% percentile (€12–39 million [6]). According to
the sensitivity analysis presented in the cost-effectiveness
study, the vaccination strategy could be cost-effective if there
would be a substantial herd immunity effect. A herd immunity
effect entails that there is less transmission of the virus due to
the vaccination in young children, which, in turn, also protects
non-vaccinated (older) individuals. The costs for rotavirus are
equally as large as those for small children in the present
calculations, mainly due to longer hospitalization in adults.
A reduced transmission of the virus could possibly lower the
burden of disease and the costs in the older age groups.

In the GEops study, medication use was included in the
questionnaire, but was hardly reported. Even in the hospital,
the use of antibiotics or similar treatment was limited, and
medication costs are included in the cost for one treatment
day in the hospital. Alternative treatment was not inquired,
as it was hardly reported in the previous community-based
study. In both the present study as in the study of 1999, non-
specified over-the-counter medication and direct out-of-
pocket expenses were disregarded.

Estimations of the costs of gastroenteritis are scarcely
found in the literature. Furthermore, comparison of the costs
of gastroenteritis between countries is often difficult, as
costs for health care facilities differ widely, various costs

are included, and different methods are used. In Canada, the
costs were estimated to be between €186–208 per inhabitant
[15, 16], which is higher than the estimate of €37–42 per
inhabitant in the Netherlands. The main difference was the
estimated number of episodes of gastroenteritis per person-
year, namely, 1.3 episodes in Canada (based on retrospec-
tive surveys) versus 0.3 episodes in the Netherlands.

In conclusion, gastroenteritis is associated with a consider-
able burden of disease in the Netherlands and considerable
costs. The total health care costs for gastroenteritis requiring
hospitalization are three times higher per adult case compared
to a child, mainly due to differences in the clinical presentation
at hospitalization and the course of disease. Overall, the eco-
nomic burden of gastroenteritis in the Netherlands has in-
creased by about 50% in a 10-year period up to over €600
million annually, mostly due to the increasing costs of health
care.
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