
RESEARCH ARTICLE

Incidence and economic burden of

community-acquired gastroenteritis in the

Netherlands: Does having children in the

household make a difference?

Roan PijnackerID
1*, Marie-Josée J. Mangen1, Gerrita van den Bunt1,2, Eelco Franz1,

Wilfrid van Pelt1, Lapo Mughini-Gras1,3

1 Center for Infectious Disease Control, National Institute for Public Health and the Environment (RIVM),

Bilthoven, the Netherlands, 2 Julius Center for Health Sciences and Primary Care, University Medical Center

Utrecht (UMCU), Utrecht, the Netherlands, 3 Institute for Risk Assessment Sciences, Utrecht University,

Utrecht, the Netherlands

* roan.pijnacker@rivm.nl

Abstract

This study aimed at estimating gastroenteritis (GE) incidence in all age groups of the Neth-

erlands’ general population, with special emphasis on the role of children in GE burden, and

the associated costs. Monthly from November 2014 to November 2016, a random sample of

2000 residents in the Netherlands was invited to complete a questionnaire on household

characteristics and health complaints. We calculated GE incidence rates standardized to

the Dutch population and used multivariable logistic regression models to identify potential

risk factors. We calculated the costs related to resources used within the healthcare sector,

the resources used by patients and their families, and productivity losses (paid worktime)

due to GE. The overall standardized incidence rate was 0.81 GE episodes/person-year,

with the highest rate in children�4 years (1.96 episodes/person-year). GE was observed

more often in households with children (�17 years), especially if children attended out-of-

home childcare services, and among individuals with non-native Dutch ethnic background.

Less GE was observed among employed persons aged 25–64 years, compared with those

unemployed, but the opposite was observed in persons�65 years. The average costs per

GE episode was €191, resulting in €945 million annual total costs for GE in the Netherlands

(€55 per inhabitant). The majority of costs (55%) were attributable to productivity losses of

the ill or their caregivers. In conclusion, GE still poses a significant burden, particularly in

preschool children and adults living in households with children. Similar to other industrial-

ized countries, the major factor driving the costs due to GE was the loss of productivity. This

study also provides up-to-date baseline GE incidence rates and associated societal costs to

better contextualize the burden of the disease in support of policy making.
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Introduction

Gastroenteritis (GE) ranks first in deaths caused by communicable diseases globally, although

the numbers have reduced over the past decades [1]. In industrialized countries, however, the

course of the disease is often mild and short-term [1–3]. Despite being rarely fatal, the morbid-

ity and economic costs of GE are substantial due to its high incidence even in an industrialized

country like the Netherlands [3–5]. Cost-of-illness (COI) studies are instrumental in public

health policy and serve as important input for economic evaluations of possible intervention

measures to support decision-making. They namely measure the costs related to resources

used within the healthcare sector, the resources used by patients and their families, and pro-

ductivity losses and other non-healthcare related resources used that are indirectly related to

illness [6]. They highlight the magnitude of the impact of an illness on the society and allow

for comparison of the relative burden of different (infectious) diseases.

In the Netherlands (~17 million population), the average costs of each GE episode was esti-

mated at €77 in 2003, with total national costs of €345 million [4]. In 2009, the average costs

per GE episode had increased to €133–€151, corresponding to national costs of €611–695

million [3]. This increase was mainly attributable to a rise in healthcare costs over the years.

These two studies were based on GE incidence estimates from a prospective population-based

cohort study conducted in 1999, reporting 283 GE episodes per 1,000 person-years [7]. The

incidence was estimated to be more than 3 times higher in a retrospective population-based

cohort study in 2009, with 964 GE episodes per 1,000 person-years [2]. This large difference

was thought to be mainly due to the retrospective nature of the latter study, which was more

sensitive to ‘telescoping’ bias, i.e. remembering a GE episode to be more recent than it actually

was, and sample selection bias of those who recently experienced GE. It is likely that the aver-

age costs per GE episode are currently higher than was found in 2009 because healthcare costs

have further increased [3, 6]. Since 2009, studies have focused on GE in young children and/or

their parents in the Netherlands, and none estimated the GE incidence in all age groups [8, 9].

Moreover, previously published COI studies on GE in the Netherlands did not differentiate

between households with and without children, whilst the incidence of GE is known to be

highest in households with young children [9, 10], with parents and siblings of GE-affected

children having an up to 4- and 8-fold increased risk for secondary GE, respectively [9, 11].

The overall aim of this study was to update and characterize estimates for community-

acquired GE in all age groups of the general population in the Netherlands, with special

emphasis on the role of children in GE burden in the household, including associated costs.

This was achieved by (i) estimating GE incidences, (ii) identifying risk factors for GE, (iii)

identifying differences in GE burden between households with and without children, and (iv)

estimating the average economic costs of GE episodes.

Materials and methods

Study design

We used questionnaire data that was collected during a monthly-repeated cross-sectional sur-

vey on antimicrobial resistance that was performed among the general population in the Neth-

erlands from November 2014 to November 2016 [12]. A random sample of 2000 Dutch

residents, including all age groups, was drawn monthly from municipal population registries

covering the whole national population with a maximum of one person per household. They

were invited by regular mail to complete a web-based questionnaire. Invitees could fill in the

questionnaire with the help of someone else, such as a family member or a healthcare worker.

For children aged 0–12 years, a parent or caregiver was asked to fill out the questionnaire.
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Children aged 13–17 years could fill in the questionnaire themselves, but help from a parent

was recommended.

Questionnaire

The web-based questionnaire included questions about general demographics (e.g. age, gen-

der, country of birth), education, employment, household characteristics (e.g. number of chil-

dren, age of children in the household, presence of pet), out-of-home care of children (i.e. day-

care attendance, kindergarten, guest parent), outdoor activities, health symptoms in the past

four weeks (e.g. diarrhea, vomiting), chronic conditions (e.g. enteropathies, food allergy,

immune disorder) the use of medication (e.g. antibiotics, antacid drugs, paracetamol), medical

care (e.g. contact with the general practitioner (GP), hospitalization) and laboratory testing (S1

and S2 Questionnaires).

Gastroenteritis case definition

A GE case was defined as a person with�3 diarrheal discharges or�1 episode of vomiting in

24 hours during the four weeks prior to completing the questionnaire, according to a com-

monly used GE case definition [13]. We excluded cases of probable non-infectious origin, i.e.

those with underlying enteropathies. The same case definition was also used in previous stud-

ies estimating the incidence of GE in the general population in 2009 in the Netherlands, with

the exception that we were not able to exclude cases with vomiting due to regurgitation,

motion sickness/vertigo, nauseous event, traumatic event, or drug/alcohol abuse, as this infor-

mation was not collected [2, 12].

Statistical analysis

The representativeness of the sample of study participants was assessed in relation to the

demographics of the Dutch general population, including age (five-year age groups; 0–4, 5–9,

10–14 years etc.), gender, and location of residence (urban:�2500 households/km2, interme-

diate: 500–2500 households/km2, rural: <500 households/km2). The cut-offs for location of

residence were those adopted by the Dutch Central Bureau for Statistics (CBS) [14]. All data

analyses were weighted to adjust for differences in the distributions by age, gender and loca-

tion of residence between our study population and the general population the sample was

drawn from.

The incidence of GE was expressed as the number of episodes per person-year (365/28 x

4-weekly GE incidence proportion), because the recall period was 28 days. GE incidence was

reported by age groups (0–4, 5–17, 18–29, 30–44, 45–65, and 65+ years of age), gender, loca-

tion of residence, and level of education. Age groups cut-offs were chosen according to previ-

ous cost-of-illness studies on GE in the Netherlands to ensure comparability [2, 3]. Age groups

18–29 (‘young adults’), 30–44 (‘adults’) and 45–65 (‘middle-aged’) years were stratified by the

presence of children (defined as those aged 0–17 years) in the household to study differences

between households with and without children. For all adult groups (defined as those aged

�18 years) living in a household with children, no data was available on whether they were the

parents of those children, or for example an older sibling or another relative. The level of edu-

cation was categorized as low (primary, lower vocational or lower secondary education), inter-

mediate (intermediate vocational, intermediate secondary or higher secondary education),

and high (higher vocational and university education). For those younger than 18 years who

did not fill in the questionnaire themselves, the education level of the person filling it in was

used.
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An overall multivariable weighted logistic regression model was built to assess the effect of

age (0–4, 5–17, 18–29, 30–44, 45–65, and 65+ years of age), gender, location of residence

(rural, intermediate and urban), and educational level (low, intermediate, high) on GE. In

addition, a multivariable weighted logistic regression model was built for each age group to

assess the effect of the number of children in the household (one, two, or�three children,

with ‘no children’ as reference group), the age of children in the household (0, 1–2, 3–12, and

13–17 years) and their attendance of out-of-home care (i.e. day-care, kindergarten, guest par-

ent, with “no out-of-home-care” as reference group) on GE. Location of residence, educational

level, employment, gender, country of birth (born in- or outside the Netherlands), and comor-

bidities (food allergy, immune disorder, asthma, and cancer) were considered as potential con-

founders. They were kept in the model when a change of more than 10% in the coefficients of

the other covariates was observed when removed from the model, regardless of significance.

We also tested variables for biologically plausible interactions as reported previously [9]. Selec-

tion between collinear variables was based on improved model fit using the Akaike informa-

tion criteria (AIC). A backward stepwise variable procedure was applied, where variables with

a p-value <0.05 were kept in the model. Associations were expressed as odds ratios (OR) with

corresponding 95% confidence intervals (CI). Analyses were performed using STATA version

15.1 (College Station, TX, USA).

Cost of illness

Costs of GE were divided into direct healthcare costs, patient and/or family costs and produc-

tivity losses, as described below. The average costs per GE episode, the average costs per Dutch

inhabitant (total costs of GE/17.2 million inhabitants), as well as the total costs of GE, were cal-

culated for age groups 0–4, 5–17, 18–29, 30–44, 45–65, and 65+ years of age. For age groups

18–29, 30–44 and 45–65 years, costs were further stratified by households with and without

children. Unit costs were expressed in 2017 Euros (€) (S1 Table). Because retrospective sur-

veys on disease burden are prone to overestimation of the incidence, we adjusted our GE esti-

mates when calculating costs, based on findings from a community study on GE in the United

Kingdom.[2, 15–20]. They found a GE estimate of 55/100 person-years in a retrospective sur-

vey, while it was 19.4/100 person-years (2.8 times lower) in a prospective study in the same

study population [21]. Hence, to remain conservative, we divided all our GE estimates by a fac-

tor of 2.8 when calculating the average costs per inhabitant (regardless of GE) and the total

costs. However, we also calculated the upper boundary of costs without applying the correction

factor. The rationale is that over-selection of persons with GE might be less pronounced in our

study than the retrospective study in the United Kingdom, because participants in our study

were invited to participate in a study on antibiotic resistance and not on GE. Hence, persons

with GE might have been equally motivated to participate in our study compared with persons

without GE. Moreover, prospective studies are also subject to biases, including selection bias,

which can potentially lead to under- or overestimation of the incidence, which affects the cor-

rection factor as well [22]. We report GE estimates without correction in order to ensure com-

parability with previous studies on GE community incidence, which were mainly retrospective

in nature [2, 15–20].

Direct healthcare costs. Direct healthcare costs included costs for GP consultation, hospi-

talization, ambulance transport to the hospital, medicines prescribed by a doctor, and labora-

tory testing. Because we had data on whether respondents contacted the GP, but not whether

they actually visited the GP, we used data on overall all-cause GE consultation rates in GPs in

2016 to scale the GP consultation rate in our study. These data were collected by routine elec-

tronic health record extractions from Dutch GPs participating in the Nivel Primary Care

Incidence and economic burden of community-acquired gastroenteritis in the Netherlands
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Database (~7% national coverage) [23]. Since the questionnaire collected no data on ambu-

lance utilization and length of hospitalization, we used data from a previous study in patients

hospitalized for GE in the Netherlands [3, 24]. They reported that 1% of hospitalized children

younger than 18 years of age and 50% of hospitalized adults were transported to hospital by

ambulance. The mean length of hospitalization was 2.9 days in children, 9.9 days in adults 18–

64 years, and 12.3 days in persons 65+ years. For the first GP visit, we used a weighted cost

consisting of a standard consultation (i.e. 90% of patients visiting the GP and in 10% of the

cases a house visit was required), and an additional telephone consultation (97% of all GP vis-

its) based on previous research [25]. For subsequent visits, we assumed only the costs for the

standard consultation. Medicine costs were derived from retail prices and prescription drug

dispensing fees in the official price list published by Care Institute Netherlands (in Dutch:

‘Zorginstituut Nederland’) [26]. The duration of medicine use was based on the recommenda-

tions in the package leaflet.

Patient and/or family costs. Patient and/or family costs were costs paid by the patients

themselves and/or his family, and included travel costs to the GP or hospital, as well as over-

the-counter (OTC) medicines. Based on previous research, we assumed that 77% of persons

younger than 15 years and 97% of those older than 15 years used a car or public transport (50/

50) to go to the GP [3]. We used the Dutch average distance of 1.1 kilometers to the GP and

7.0 kilometers to the hospital, as well as a parking fee when traveling by car [6]. Similar to med-

icines prescribed by a doctor, we derived the costs of OTC medicines from the official retail

price list of Care Institute Netherlands, but without pharmacist dispensing fees [26].

Productivity losses. Productivity losses were costs of time spent away from paid employ-

ment by the patients themselves and/or their caregivers as a result of a GE episode. Because

our study collected no data on absenteeism from work, we based the number of paid work

hours missed per GE episode on previous Dutch studies [3, 24]. In children younger than 5

years, two hours of paid work were missed per GE episode for caregiving by their parents or a

relative [3]. In the age group 18–64 years, 4.5 work hours were missed for each GE episode by

themselves or a caregiver [3]. In persons 65 years and older, 0.4 hours of paid work were

missed by a caregiver [24]. For children aged 5–17 years, in absence of available literature, we

assumed that the amount of paid employment missed was 50% of that missed in children

younger than 5 years, i.e. 1 hour per GE episode, in line with assumptions from previous

research [24]. The hourly wage of paid employment was obtained per five-year age group (i.e.

15–19 years, 20–24 years etc.) [6, 27, 28].

Costs were expressed in 2017 euros, and where necessary, updated to 2017 using Dutch

consumer Price index as reported by the Dutch Central Bureau for Statistics [29].

Ethics statement

This study received ethics approval from the Medical Research Ethics Committee of Utrecht

University (WAG/om/14/012490). Written informed consent was obtained from all partici-

pants. All participants gave consent and in the case of children, parents gave consent.

Results

In total, 9,512 of the 48,024 invited individuals (response: 19.8%) filled in the questionnaire.

Questionnaires of 256 participants were discarded because they were incompletely filled in

regarding the variables used here, leaving 9,256 participants. Compared to the general popula-

tion, our sample overrepresented females (our study population: 52.6% vs. general population:

50.2%) and individuals from rural areas (31.7% vs. 16.3%), and underrepresented individuals

from urban areas (6.2% vs. 22.7%) (S2 Table). Moreover, the mean age in our study population
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was higher than in the general population (42.7 years vs. 41.5 years). These differences were

adjusted for by performing weighted analyses.

Gastroenteritis incidence

A total of 544/9,256 persons (5.9%, standardized rate: 6.2%, 95%CI 5.6–6.9) experienced GE in

the four weeks before completing the questionnaires. We excluded 97 persons (15.1%) with

GE because they suffered from underlying enteropathies. Of the 544 persons with GE, 69

(12.7%) had diarrhea and vomiting, 257 (47.2%) had diarrhea without vomiting, and 218

(40.1%) had vomiting without diarrhea. The most frequently reported additional symptoms

were abdominal cramps (43.6%), nausea (39.7%), fever (18.9%), mucus in stool (4.8%), and

blood in stool (2.4%).

The overall standardized incidence was 0.81 GE episodes per person-year (95%CI: 0.72–

0.90) (Table 1). The incidence was highest in children�4 years (1.96 episodes/person-year,

95%CI: 1.51–2.42), and lowest incidence in persons aged 45–65 years (0.60 episodes/person-

year, 95%CI: 0.48–0.71) and�65 years (0.46 episodes/person-year, 95%CI: 0.32–0.60).

Table 1. Incidence of gastroenteritis per person-year by sociodemographic variables in the general population in the Netherlands, November 2014 to November

2016.

N GE Crude % St.a % 95%CI GE/yr 95% CI aORb 95% CI

Age in years

0–4 522 86 16.5 15.1 11.9–19.0 1.96 1.51–2.42 2.6 1.8–3.8

5–17 1,439 98 6.8 6.3 4.9–7.7 0.82 0.64–1.00 0.9 0.6–1.3

18–24 555 56 10.1 11.3 7.5–15.2 1.47 0.98–1.98 1.8 1.1–3.0

With childrenc 143 14 9.8 13.2 4.7–21.7 1.72 0.61–2.83 n.i

Without childrenc 411 42 10.2 10.8 6.5–15.1 1.41 0.85–1.97 n.i

25–44 1,784 109 6.1 6.5 4.9–8.1 0.85 0.64–1.06 Ref

With childrenc 1,018 65 6.4 7.0 4.7–9.2 0.91 0.61–1.20 n.i

Without childrenc 758 44 5.8 6.0 3.6–8.5 0.78 0.47–1.11 n.i

45–64 2,915 132 4.5 4.6 3.7–5.5 0.60 0.48–0.71 0.7 0.5–0.9

With childrenc 799 28 3.5 3.6 2.2–5.0 0.46 0.28–0.65 n.i -

Without childrenc 2,097 103 4.9 5.0 3.9–6.1 0.65 0.50–0.80 n.i -

65+ 1,874 61 3.3 3.5 2.6–4.8 0.46 0.32–0.60 0.5 0.3–0.7

Gender

Male 4,389 241 5.5 5.9 5.0–7.0 0.77 0.64–0.90 Ref -

Female 4,867 303 6.2 6.5 5.7–7.5 0.85 0.73–0.96 1.1 0.9–1.4

Location of residence

Rural 2,937 169 5.8 5.4 4.7–6.3 0.71 0.60–0.81 Ref -

Intermediate 5,747 336 5.9 6.1 5.5–6.8 0.79 0.71–0.88 1.1 0.9–1.4

Urban 572 39 6.8 7.1 5.2–9.8 0.93 0.63–1.23 1.2 0.8–1.8

Education level

Low 2,933 164 5.6 5.9 4.9–7.1 0.77 0.63–0.91 Ref -

Intermediate 2,929 179 6.1 6.4 5.3–7.7 0.84 0.68–0.99 0.8 0.6–1.1

High 3,160 183 5.8 6.0 5.0–7.2 0.78 0.64–0.94 0.8 0.6–1.1

Overall 9,256 544 5.9 6.2 5.6–6.9 0.81 0.72–0.90 - -

aStandardized by gender, age (five-year age groups) and location of residence (urban, intermediate, rural)
bAdjusted for age, gender, location of residence, and educational level
cChildren aged 0–17 years living in the same household

GE: gastroenteritis, 95%CI: 95% confidence intervals, aOR: adjusted odds ratio, n.i.: not included in the multivariable model

https://doi.org/10.1371/journal.pone.0217347.t001
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Risk factors for gastroenteritis

In children�4 years of age, living in a household with other children of<1 year was a risk fac-

tor for GE (OR 3.2, 95%CI: 1.2–8.7) compared with having no other children in the household,

whereas living in an urban area was associated with a lower risk (OR 0.2, 95%CI 0.1–0.9)

(Table 2). In children aged 0–17 years, having an immune disorder or asthma were risk factors

for GE (OR 8.4, 95%CI: 1.5–47 and OR 8.1, 95%CI 2.3–29, respectively).

In (young) adults in the age group 18–24 years, risk factors were living in a household with

children aged 3–12 years (OR 25.6, 95%CI: 3.9–168), compared with living in a household

without children (Table 3). In the age group 25–44 years, those living in a household with a

child aged 3–12 years and at least one child attending out-of-home care, had more GE than

those living in a household without children (OR 2.8, 95%CI 1.1–7.3). Non-native Dutch

males also had more GE compared to native Dutch males (OR 4.0, 95%CI: 1.1–15). In the age

groups 25–44 years and 45–64 years, employed persons with a high educational level had

fewer episodes of GE compared with those unemployed (OR 0.4, 95%CI: 0.1–0.9 and OR 0.4,

95%CI: 0.2–0.9, respectively). In the age group 45–64 years, the same was observed for

employed persons with an intermediate educational level compared with unemployed persons

(OR 0.5, 95%CI: 0.3–1.0).

In persons 65 years or older, females with and without native Dutch ethnic background had

more GE compared with native Dutch males (OR 6.4, 95%CI: 2.5–17 and OR 2.1, 95%CI: 1.1–

4.2). Those with a food allergy (OR 3.1, 95%CI: 1.2–8.4) or cancer (OR 3.1, 95%CI: 1.5–6.4)

also had more GE. Employed persons with a low educational level had more GE compared

with unemployed or retired persons (OR 4.6, 95%CI: 1.1.-20).

Table 2. Multivariable weighted logistic regression models of factors associated with gastroenteritis in children, stratified by age groups.

0–4 years

(n = 493)

5–17 years

(n = 1,296)

N (%GE)a ORa 95%CI N (%GE) ORa 95% CI

Other children in household

None 146 (10) Ref 171 (6) Ref

0y 63 (23) 3.2 1.2–8.7 25 (9) 0.8 0.2–3.4

1-2y 71 (16) 2.0 0.8–4.7 37 (13) 1.0 0.3–3.5

3-12y 214 (14) 1.3 0.7–2.4 655 (7) 0.8 0.4–1.6

13-18y 7 (4) 0.8 0.1–7.3 408 (4) 0.6 0.2–1.6

Out-of-house careb - 1.7 0.8–3.7

Location of residence

Rural 177 (18) Ref 490 (7) Ref

Intermediate 303 (17) 1.0 0.6–1.6 882 (7) 0.9 0.6–1.5

Urban 42 (10) 0.2 0.1–0.9 67 (3) 0.4 0.1–1.9

Comorbidities

Cancer 1 (0) 3 (0)

Food allergy 14 (2) 35 (7)

Immune disorderc 1 (0) 6 (33) 8.4 1.5–47

Asthma 2 (100) n.c. 12 (27) 8.1 2.3–29

aStandardized by gender, age (five-year age groups) and location of residence (urban, intermediate, rural).
bDay-care, kindergarten or guest parent attendance of other children in the household
cE.g. Guillain Barre Syndrome, Grave’s disease, Addison’s disease, sarcoidosis

GE: gastroenteritis, OR: odds ratio, 95% CI: 95% confidence interval, n.c.: non calculable

https://doi.org/10.1371/journal.pone.0217347.t002
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Costs per gastroenteritis episode

An estimated 123/544 GE cases (6.3%, standardized: 6.4%) visited the GP at least once, with an

average of 0.13 visits per GE episode (standardized: 0.12 visits), and 9/544 cases required hos-

pitalization (1.7%, standardized: 1.6%). Seven cases (1.7%, standardized: 1.3%) reported that

stool sample tests were performed (Table 4). Medicines were prescribed by a doctor in 43 cases

(8.7%, standardized: 7.8%) and bought OTC by 193 cases (35.8%, standardized: 35.3%).

The average costs per GE episode was €126 in children 0–4 years, €61 in the age group

5–17 years, €82 in the age group 18–24 years, €182 in the age group 25–44 years, €261 in the

Table 3. Multivariable weighted logistic regression models of factors associated with gastroenteritis in adults, stratified by age groups.

18–24 years

(n = 555)

25–44 years

(n = 1,784)

45–64 years

(n = 2,892)

65+ years

(n = 1,874)

N (%GE) ORa 95%CI N (%GE) ORa 95%CI N (%GE) ORa 95%CI N (%GE) ORa 95%CI

Children in household

No children 411 (11) Ref 758 (6) 2,262 (5) Ref 1,863 (3) -

0y 1 (0) n.c. 61 (13) 5 (0) n.c. 0

1-2y 2 (0) n.c. 86 (7) 5 (0) n.c. 0

3-12y 7 (68) 25.6 3.9–168 470 (6) 123 (6) 1.2 0.5–2.8 1 (0)

13-17y 109 (12) 1.4 0.5–3.9 80 (2) 507 (3) 0.6 0.3–1.2 4 (0)

Children x daycareb

No children 411 (11) - 758 (6) Ref 2,262 (5) - 1,863 (3) -

No daycare, 0y 0 28 (14) 3.7 0.4–32 4 (0) 0

Daycare, 0y 1 (0) 33 (11) 3.0 0.5–19 1 (0) 0

No daycare, 1-2y 1 (0) 22 (4) 0.9 0.1–6.3 3 (0) 0

Daycare, 1-2y 1 (0) 64 (8) 1.8 0.6–5.3 2 (0) 0

No daycare, 3-12y 6 (78) 310 (4) 0.7 0.2–2.1 100 (6) 1 (0)

Daycare, 3-12y 1 (0) 160 (10) 2.8 1.1–7.3 23 (7) 0

13-17y 109 (12) 80 (2) 0.2 0.0–1.3 507 (3) 4 (0)

Gender x migrationd

Dutch male 214 (11) - 700 (5) Ref 1,308 (4) - 977 (2) Ref

Non-Dutch male 9 (11) 50 (16) 4.0 1.1–15 70 (1) 70 (1) 0.4 0.1–3.5

Dutch female 324 (12) 981 (7) 1.1 0.6–2.3 1,587 (5) 768 (4) 2.1 1.1–4.2

Non-Dutch female 8 (16) 53 (3) 0.3 0.0–2.2 117 (11) 59 (13) 6.4 2.5–17

Employment x education

No employment 225 (6) Ref 229 (8) Ref 803 (6) Ref 1,580 (3) Ref

Yes, low 44 (5) 0.5 0.1–2.8 194 (6) 0.8 0.2–2.5 615 (5) 0.9 0.5–1.7 24 (13) 4.6 1.1–20

Yes, intermediate 198 (15) 1.7 0.6–4.8 536 (6) 0.5 0.2–1.2 755 (3) 0.5 0.3–1.0 14 (0) n.c.

Yes, high 73 (12) 3.1 0.9–10 784 (6) 0.4 0.1–0.9 795 (3) 0.4 0.2–0.9 22 (0) 0.9 0.1–6.8

Comorbidities

Cancer 0 - 18 (10) - 114 (1) - 137 (9) 3.0 1.4–6.5

Food allergy 28 (24) - 68 (5) - 64 (5) - 29 (14) 3.5 1.3–9.3

Immune disorderc 10 (11) - 26 (9) - 42 (5) - 22 (0) -

Asthma 5 (26) - 12 (0) - 18 (9) - 0 -

aStandardized by gender, age (five-year age groups) and location of residence (urban, intermediate, rural).
bDay-care, kindergarten or guest parent attendance of at least one child in the household
cE.g. Guillain Barre Syndrome, Grave’s disease, Addison’s disease, sarcoidosis
dBorn in- or outside the Netherlands

GE: gastroenteritis, OR: odds ratio, 95% CI: 95% confidence interval, n.c.: non calculable

https://doi.org/10.1371/journal.pone.0217347.t003
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age group 45–64 years, and €475 in persons�65 years (Table 5). The majority of overall costs

were due to absence from paid work (55%) and hospitalization (36%). Productivity losses (i.e.

the costs due to absence from paid work) were highest in the age group 40–65 years and

Table 4. Average use of resources per gastroenteritis case, by age group.

Average use per GE case 0–4

(n = 522)

5–17

(n = 1,439)

18–24

(n = 555)

25–44

(n = 1,784)

45–64

(n = 3,082)

65+

(n = 1,874)

All ages

(n = 9,256)

Direct healthcare costs

GP visit 0.13 0.06 0.07 0.12 0.11 0.26 0.12

Hospitalization days 0.07 0.03 0.00 0.05 0.12 0.83 0.14

Medicine prescription 0.17 0.02 0.08 0.09 0.09 0.15 0.09

Stool sample laboratory test 0.03 0.01 0.01 0.00 0.03 0.00 0.01

Patient costs

Car//bus transport 0.10 0.06 0.07 0.12 0.11 0.26 0.12

Ambulance transport <0.01 <0.01 0.00 <0.01 <0.01 0.05 0.01

Medicine OTC 0.29 0.40 0.44 0.44 0.49 0.36 0.42

Productivity losses

Hours absence paid worka 2 1 4.5 4.5 4.5 0.2 3.0

aOf themselves or a caregiver

GE: gastroenteritis, GP: general practitioner, OTC: over-the-counter

https://doi.org/10.1371/journal.pone.0217347.t004

Table 5. Average costs of gastroenteritis by resource unit and age group, and estimated total costs for the Netherlands.

Average costs per GE case (€) 0–4 5–17 18–24 25–44 45–64 65+ All ages

Direct healthcare costs

GP visit 6.22 2.68 3.28 5.19 4.79 10.85 5.18

Hospitalization 46.21 21.33 0.00 24.72 60.81 403.52 68.45

Medicine prescription 1.31 0.14 0.35 0.64 0.75 1.21 0.69

Stool sample laboratory test 1.94 0.89 0.41 0.00 2.56 14.55 0.98

Total 55.68 25.04 4.04 30.55 68.91 430.14 80.80

Patient costs

Car/bus transport 0.30 0.14 0.13 0.24 0.25 0.58 0.24

Ambulance transport 0.16 0.07 0.00 0.61 1.50 30.00 3.59

Medicine OTC 0.40 0.56 0.60 0.60 0.68 0.49 0.58

Total 0.86 0.77 0.73 1.46 2.43 31.07 4.40

Productivity losses

Absence paid worka 69.50 34.75 77.33 149.83 189.97 13.90 105.10

Average costs per GE episode 126.04 60.56 82.10 181.83 261.31 475.11 190.70

Total costs Dutch population

Population size 872,500 2,532,390 1,479,740 4,215,470 4,824,970 3,278,160 17,203,230

Total annual costs (millions) 77.28 44.63 64.18 231.88 270.06 256.52 944.56

Average annual costs per person 88.57 17.62 43.37 55.01 55.97 78.25 54.91

With children in the household 88.57 17.62 49.55 59.51 42.80 n/a 53.38b

Without children in the household n/a n/a 41.09 50.88 61.09 78.25 54.85b

aOf themselves or a caregiver
bOnly persons 18–64 years living with and without children in the household

GE: gastroenteritis, GP: general practitioner, OTC: over-the-counter

https://doi.org/10.1371/journal.pone.0217347.t005
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hospitalization costs were highest in those�65 years. Patient costs accounted for only 2% of

the overall costs.

With overall average costs per GE episode of €191 and an adjusted incidence of 0.29 epi-

sodes/person-year, the estimated costs of GE for the Netherlands in 2017 amounted to

€945 million. Without correction for potential overestimation of our incidence, the upper

boundary of the costs would be €2.6 billion. When averaging the total costs over the total

number of inhabitants, the costs were €55 per inhabitant per year (€945 million/17.2 mil-

lion inhabitants), and €154 as upper boundary (€2.6 billion/17.2 million inhabitants). The

average costs per inhabitant aged 18–64 years were similar for those living with and without

children in the household, namely €53 and €55, respectively. However, differences were

observed when further stratifying by age. In the age groups 18–24 years and 25–44 years,

costs were higher in those living with children in the household than those living without

children in the household (18–24 years: €50 and €41, respectively; 25–44 years: €60 and

€51, respectively). However, in the age group 45–64 years, costs were lower in those living

with children in the household than those living without children in the household (€43

and €61, respectively).

Discussion

This study provides updated estimates of the incidence of GE in different strata of the Dutch

community and the first estimates of such incidence in households with and without children.

The overall incidence was estimated at 0.81 GE episodes per person-year, with the highest inci-

dence in children aged 0–4 years and the lowest one in those aged�65 years. The average

costs per GE episode were estimated at €191, corresponding to a total economic burden of

€945 million in 2017. Without correction for potential overestimation of the GE incidence,

the costs would be €2.6 billion.

The observed GE incidence was slightly lower than the previous estimate of 0.96 GE epi-

sodes per person-year in the Netherlands in 2009 [2]. In general, retrospective studies in other

European countries have found higher GE incidence rates, namely 0.9 GE episodes/person-

year in Poland, 1.1 GE episodes/person-year in Italy, and 1.4 GE episodes/person-year in Den-

mark [15, 16, 18]. The incidence was, however, substantially higher than estimates from

France, with 0.3 GE episodes/person-year during 2009–2010 [20]. In the latter study authors

attributed the low estimate to a higher exclusion rate of GE episodes likely due to non-infec-

tious causes. Indeed, they excluded 46% of GE episodes, compared with 15% in our study. Of

note, data collection in these studies were performed through telephone interviews, while we

performed a web-based survey. The major advantage of a web-based survey is that it is less

time-consuming, but a compromise is the response rate, which was 20% in our survey com-

pared to 26–81% in the telephone surveys, which might affect the representativeness of our

sample [15, 16, 18, 20]. Moreover, while our design required participants to have a computer

with internet access, and a basic level of computer skills, telephone surveys require persons to

have a landline and/or a registered mobile phone number in national phonebooks (unless they

can be obtained from mobile network providers). Hence, both study designs might reach dif-

ferent populations. Although comparison of incidence estimates of community-acquired GE

by other countries is hampered by the fact that they used different case definitions, estimates

varied between 0.4 and 1.4 episodes/person-year: 0.4 episodes/person-year in Malta in 2004–

2005, 0.6 episodes/person-year in Ireland in 2000–2001, 0.9 episodes/person-year in Australia

in 2001–2002 1.2 episodes/person-year in Norway in 1999–2000, 1.2 episodes/person-year in

Canada in 2005–2006, and 1.4 episodes/person-year in the United States of America in 1996–

1997 [17, 19, 30–34].
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The observed incidence of 0.81 episodes/person-year is likely an overestimation of the true

incidence due to the retrospective nature of the study, which is prone to respondents attribut-

ing GE episodes that occurred earlier to the survey period (i.e. ‘telescoping’), as well as selec-

tion bias of persons who recently experienced GE. Indeed, prospective studies tend to produce

lower GE estimates, as was observed in a prospective population-based cohort studies from the

Netherlands in 1999 and the United Kingdom in 2009, with 0.28 episodes/person-year and

0.27 episodes/person-year, respectively [7, 21]. In the latter study, they found a three-fold

higher GE estimate in a retrospective study that was conducted in parallel to the prospective

study in the same study population [21]. When applying the same correction factor to our GE

incidence estimate, we would obtain an incidence of 0.29 episodes/person-year. This would

suggest that the incidence of GE had remained at the same level as 20 years ago. Importantly,

also prospective studies are subject to biases, including selection bias [22]. Hence, although the

corrected incidence may provide an approximation of the true incidence, it should be inter-

preted with caution.

In children aged 0–4 years, living in a household with other children of less than 1 year of

age was a risk factor for GE. This is most likely due to increased transmission between siblings

[9, 10]. Interestingly, asthmatic children in this age group also had more GE, which is in line

with findings from the previous study on GE in the Dutch community [2]. The hypothesis of

asthmatic individuals being generally frailer and thereby also more sensitive to GE has been

proposed before, but the mechanism remains largely unclear [35, 36]. In children aged 5–17

years, those with an immune disorder were more likely to have GE. Indeed, immune-related

diseases are associated with altered regulatory mechanisms between active immunity and tol-

erance in the gut, rendering these children more vulnerable to gastrointestinal infections [37].

In persons aged 18–24 and 25–44 years, having children aged 3–12 years in the household

was also a risk factor for GE, especially if these children attended out-of-home care, likely

reflecting transmission from young children to their parents [9, 10]. Interestingly, having chil-

dren in the household was not a risk factor in persons aged 45–64 years. Indeed, these children

were generally older and required less hands-on care, thereby likely reducing opportunities for

transmission. A previous Dutch study among families with preschool children also found that

GE risk of parents decreased with parents’ age [9]. In the age group 25–44 years, non-native

Dutch males more often had GE. Although we do not have a clear explanation, a community-

based study in Italy found a similar higher GE incidence among non-Italian citizens [16].

Intermediate and highly educated persons in the age groups of 25–44 years and 45–64 years

who were employed had GE less often than unemployed persons in the same age group. We

hypothesize two possible reasons. First, the unemployed may reflect a population that is more

vulnerable to infection, as health complaints might be the reason for unemployment, and sec-

ond, they might be unemployed to take care of their children, which in itself could be a risk

factor for GE. In contrast, being employed was a risk factor for GE in the age group of�65

years, which we believe reflects the ‘younger elders’ that are somewhat more socially active

among the elderly. Indeed, three out of four cases with GE cases in this age group were 65–69

years. In the age group of�65 years, females more often had GE compared with native Dutch

males. Although gender differences have been reported by other countries as well, albeit not

always significant, they generally observed younger adult females to be at increased risk for

GE, but not females aged�65 years [15, 17, 18]. Our finding is in agreement with a survey

from the Netherlands, however, reporting that 26% of woman help caring for their grandchil-

dren compared with 20% in males [38]. Furthermore, food allergy was a risk factor for GE in

those 65+ years, for which the explanation could be bi-directional. While gastrointestinal

infections have been identified as risk factor for food allergy, food allergy can reversely be the

cause of diarrhea [39]. Moreover, specific changes to the immune system in some immune
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deficiency diseases may increase the risk of the developing food allergies, acting as a risk factor

for GE [39].

We estimated the average costs of a GE episode in the Netherlands to be €191, which gives

a total of €945 million costs for GE in the whole country in 2017 (= €55 per inhabitant). This

is higher than previous estimates of €133–151 per GE episode (€150–170 after correcting for

inflation) amounting to €611–695 million (€687–782 after correction) of total costs (€37–42

per inhabitant; €42–47 after correction) in 2009 [3]. This increase is partially attributable to

increased healthcare costs. For example, costs for GP practice visits and hospitalization have

increased by 18% and 7%, respectively, between 2009 and 2017. However, increased costs are

mainly due to a higher hospitalization rate of GE cases in our study: 1.9% vs. 0.3% reported

previously [3, 4],. It might be that our hospitalization rate is an overestimation due to selection

bias of those who were recently hospitalized. The previous estimate was based on data from a

prospective study on GE, which is less prone to this type of bias. Comparing our results with

COI studies on GE from other countries is difficult due to differences in healthcare systems

[17, 32, 40, 41]. However, in line with our findings, most studies report the major factor deter-

mining the magnitude of estimated economic costs to be productivity losses by the sick and/or

their caregivers.

In contrast to the previous study estimating the GE incidence in the Dutch community in

2009, we could not exclude cases with vomiting due to regurgitation, motion sickness/vertigo,

nauseous event, traumatic event, pregnancy, or alcohol/drug abuse, because these data were

not available. Of the GE cases in our study, 13% had diarrhea and vomiting, 47% had diarrhea

without vomiting, and 40% had vomiting without diarrhea. This differs from the 2009 study in

the Netherlands, where 19% had both, 55% only diarrhea, and 26% only vomiting. The propor-

tion of excluded GE episodes due to likely non-infectious causes in our study (15%) was simi-

lar to the one of the 2009 study (18%) [2]. Although some misclassification is likely to have

occurred, this cannot fully explain the difference. A large proportion (43%) of GE cases report-

ing vomiting only, were children younger than 15 years, which is unlikely to be the result of

alcohol abuse or pregnancy. Moreover, we have no indication for misclassification of vomiting

due to regurgitation. In the age group 0–4 years, where regurgitation is most likely to occur,

the incidence was even lower in our study than the previous one, i.e., 1.96 episodes/person-

years compared with 2.89 episodes/person-year, respectively. This could be due to the excep-

tionally low rotavirus activity observed during 2014–2016 in the Netherlands, in the absence of

rotavirus vaccination as part of the national immunization programme, which is the most

important cause of GE in children in this age group [42]. The annual number of laboratory

confirmed rotavirus detections in the Netherlands ranged from 607 to 1323 during 2014–

2016, compared with1936 rotavirus detections in 2009. Of note, rotavirus vaccination is sched-

uled to be implemented as part of the immunization programme in the Netherlands in 2019,

but only for children with medical risk conditions predisposing to severe or complicated rota-

virus GE, including prematurity, low birth weight, and severe congenital pathology [43, 44].

Several additional limitations should be recognised. The survey did not collect data on all

parameters that were needed to calculate costs. Hence, we relied on existing data from the

available literature to base our assumptions on. For example, we based the average duration of

hospitalization on a study from 2009, while the current duration is likely to be shorter due to

ongoing changes in Dutch hospital policy. Also, in order to ensure comparability with the pre-

vious study on GE costs in the Netherlands, we did not stratify productivity losses by mild,

moderate (GP visits) and severe (hospitalized) cases. This could have led to an underestima-

tion of the costs, since the hospitalization rate in our study was higher, which is associated

with higher productivity losses. Moreover, it is crucial to consider the characteristics of respon-

dents vs. those that did not participate. We adjusted (statistical weighting) for deviations of the
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sample from the underlying population it was drawn from, including an adjustment of the

number of GP visits in our survey based on independently recorded GP surveillance data. Yet,

our estimates represent the lower boundary of the true value of costs due to GE. First, we had

no information (and could not therefore include data) on premature mortality and chronic

sequelae due to GE, while previous research has shown that these generally dominate the esti-

mates of costs associated with GE morbidity [24]. Second, we had no information on costs

associated with productivity losses due to non-paid employment work (e.g. child care, volun-

tary work). And third, we considered only the direct effect of GE, and ignored potential

sequelae triggered by GE infections [24, 28].

In conclusion, GE still poses a significant burden in the community, particularly in children

of 0–4 years of age and in adults of�44 years of age living in households with children, and

especially if children attend out-of-home childcare services. Similar to other industrialized

countries, the major factor driving the costs due to GE was the loss of productivity (paid work-

time) for the ill or the caregiver(s) of the ill. This study also provides new baseline GE inci-

dence rates and characterizes the population at greatest risk. Moreover, the estimated annuals

costs of GE can be used by public health policy makers to contextualize the economic burden

of the disease in support of decision making.
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We thank Mariëtte Hooiveld for providing data on GP consultation rates for GE from Dutch

GPs participating in the Nivel Primary Care Database, and R.A. Coutinho (Julius Center, Uni-

versity Medical Center Utrecht) and J.A. Wagenaar (Faculty of Veterinary Medicine, Utrecht

University) for critically reviewing the manuscript. The authors are grateful to all participants

for completion of the questionnaires.

Author Contributions

Conceptualization: Wilfrid van Pelt, Lapo Mughini-Gras.

Data curation: Gerrita van den Bunt.

Formal analysis: Roan Pijnacker, Marie-Josée J. Mangen.

Methodology: Roan Pijnacker, Marie-Josée J. Mangen, Lapo Mughini-Gras.

Project administration: Gerrita van den Bunt.

Writing – original draft: Roan Pijnacker.

Incidence and economic burden of community-acquired gastroenteritis in the Netherlands

PLOS ONE | https://doi.org/10.1371/journal.pone.0217347 May 23, 2019 13 / 16

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0217347.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0217347.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0217347.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0217347.s004
https://doi.org/10.1371/journal.pone.0217347


Writing – review & editing: Roan Pijnacker, Marie-Josée J. Mangen, Gerrita van den Bunt,

Eelco Franz, Wilfrid van Pelt, Lapo Mughini-Gras.

References
1. Global, regional, and national life expectancy, all-cause mortality, and cause-specific mortality for 249

causes of death, 1980–2015: a systematic analysis for the Global Burden of Disease Study 2015. Lan-

cet (London, England). 2016; 388(10053):1459–544. Epub 2016/10/14. https://doi.org/10.1016/s0140-

6736(16)31012-1 PMID: 27733281; PubMed Central PMCID: PMC5388903.

2. Doorduyn Y, Van Pelt W, Havelaar AH. The burden of infectious intestinal disease (IID) in the commu-

nity: a survey of self-reported IID in The Netherlands. Epidemiology and infection. 2012; 140(7):1185–

92. Epub 2011/09/29. https://doi.org/10.1017/S0950268811001099 PMID: 21943704.

3. Friesema IH, Lugner AK, van Duynhoven YT. Costs of gastroenteritis in the Netherlands, with special

attention for severe cases. European journal of clinical microbiology & infectious diseases: official publi-

cation of the European Society of Clinical Microbiology. 2012; 31(8):1895–900. Epub 2012/01/10.

https://doi.org/10.1007/s10096-011-1518-1 PMID: 22228374.

4. van den Brandhof WE, De Wit GA, de Wit MA, van Duynhoven YT. Costs of gastroenteritis in The Neth-

erlands. Epidemiology and infection. 2004; 132(2):211–21. Epub 2004/04/06 PMID: 15061495;

PubMed Central PMCID: PMC2870096.

5. Tam CC, Rodrigues LC, Viviani L, Dodds JP, Evans MR, Hunter PR, et al. Longitudinal study of infec-

tious intestinal disease in the UK (IID2 study): incidence in the community and presenting to general

practice. Gut. 2012; 61(1):69–77. Epub 2011/06/29. https://doi.org/10.1136/gut.2011.238386 PMID:

21708822; PubMed Central PMCID: PMC3230829.

6. Hakkaart-van Roijen L, Van der Linden N, Bouwmans C, Kanters T, Swan Tan S. Manual for economic

evaluations in health care [in Dutch]. Zorginstituut Nederland, 2016.

7. de Wit MA, Koopmans MP, Kortbeek LM, Wannet WJ, Vinje J, van Leusden F, et al. Sensor, a popula-

tion-based cohort study on gastroenteritis in the Netherlands: incidence and etiology. American journal

of epidemiology. 2001; 154(7):666–74. Epub 2001/10/03 https://doi.org/10.1093/aje/154.7.666 PMID:

11581101.

8. Enserink R, Scholts R, Bruijning-Verhagen P, Duizer E, Vennema H, de Boer R, et al. High detection

rates of enteropathogens in asymptomatic children attending day care. PloS one. 2014; 9(2):e89496.

https://doi.org/10.1371/journal.pone.0089496 PMID: 24586825; PubMed Central PMCID:

PMC3933542.

9. Mughini-Gras L, Pijnacker R, Heusinkveld M, Enserink R, Zuidema R, Duizer E, et al. Societal Burden

and Correlates of Acute Gastroenteritis in Families with Preschool Children. Scientific reports. 2016;

6:22144. Epub 2016/02/27. https://doi.org/10.1038/srep22144 PMID: 26917406; PubMed Central

PMCID: PMC4768267.

10. Sacri AS, De Serres G, Quach C, Boulianne N, Valiquette L, Skowronski DM. Transmission of acute

gastroenteritis and respiratory illness from children to parents. The Pediatric infectious disease journal.

2014; 33(6):583–8. Epub 2014/01/31. https://doi.org/10.1097/INF.0000000000000220 PMID:

24476955.

11. Perry S, de la Luz Sanchez M, Hurst PK, Parsonnet J. Household transmission of gastroenteritis.

Emerging infectious diseases. 2005; 11(7):1093–6. Epub 2005/07/19. https://doi.org/10.3201/eid1107.

040889 PMID: 16022787; PubMed Central PMCID: PMC3371819.

12. van den Bunt G, Top J, Hordijk J, de Greeff SC, Mughini-Gras L, Corander J, et al. Intestinal carriage of

ampicillin- and vancomycin-resistant Enterococcus faecium in humans, dogs and cats in the Nether-

lands. The Journal of antimicrobial chemotherapy. 2017. Epub 2018/01/03. https://doi.org/10.1093/jac/

dkx455 PMID: 29294027.

13. Majowicz SE, Hall G, Scallan E, Adak GK, Gauci C, Jones TF, et al. A common, symptom-based case

definition for gastroenteritis. Epidemiology and infection. 2008; 136(7):886–94. Epub 2007/08/10.

https://doi.org/10.1017/S0950268807009375 PMID: 17686196; PubMed Central PMCID:

PMC2870876.

14. Den Dulk CJ, Van De Stadt H, Vliegen JM. [A new measure for degree of urbanization: the address den-

sity of the surrounding area]. Maandstatistiek van de bevolking (Hague, Netherlands: 1982). 1992; 40

(7):14–27. Epub 1992/07/01 PMID: 12285285.

15. Baumann-Popczyk A, Sadkowska-Todys M, Rogalska J, Stefanoff P. Incidence of self-reported acute

gastrointestinal infections in the community in Poland: a population-based study. Epidemiology and

infection. 2012; 140(7):1173–84. Epub 2011/09/20. https://doi.org/10.1017/S0950268811001853

PMID: 21923971.

Incidence and economic burden of community-acquired gastroenteritis in the Netherlands

PLOS ONE | https://doi.org/10.1371/journal.pone.0217347 May 23, 2019 14 / 16

https://doi.org/10.1016/s0140-6736(16)31012-1
https://doi.org/10.1016/s0140-6736(16)31012-1
http://www.ncbi.nlm.nih.gov/pubmed/27733281
https://doi.org/10.1017/S0950268811001099
http://www.ncbi.nlm.nih.gov/pubmed/21943704
https://doi.org/10.1007/s10096-011-1518-1
http://www.ncbi.nlm.nih.gov/pubmed/22228374
http://www.ncbi.nlm.nih.gov/pubmed/15061495
https://doi.org/10.1136/gut.2011.238386
http://www.ncbi.nlm.nih.gov/pubmed/21708822
https://doi.org/10.1093/aje/154.7.666
http://www.ncbi.nlm.nih.gov/pubmed/11581101
https://doi.org/10.1371/journal.pone.0089496
http://www.ncbi.nlm.nih.gov/pubmed/24586825
https://doi.org/10.1038/srep22144
http://www.ncbi.nlm.nih.gov/pubmed/26917406
https://doi.org/10.1097/INF.0000000000000220
http://www.ncbi.nlm.nih.gov/pubmed/24476955
https://doi.org/10.3201/eid1107.040889
https://doi.org/10.3201/eid1107.040889
http://www.ncbi.nlm.nih.gov/pubmed/16022787
https://doi.org/10.1093/jac/dkx455
https://doi.org/10.1093/jac/dkx455
http://www.ncbi.nlm.nih.gov/pubmed/29294027
https://doi.org/10.1017/S0950268807009375
http://www.ncbi.nlm.nih.gov/pubmed/17686196
http://www.ncbi.nlm.nih.gov/pubmed/12285285
https://doi.org/10.1017/S0950268811001853
http://www.ncbi.nlm.nih.gov/pubmed/21923971
https://doi.org/10.1371/journal.pone.0217347


16. Scavia G, Baldinelli F, Busani L, Caprioli A. The burden of self-reported acute gastrointestinal illness in

Italy: a retrospective survey, 2008–2009. Epidemiology and infection. 2012; 140(7):1193–206. Epub

2011/10/22. https://doi.org/10.1017/S0950268811002020 PMID: 22014077; PubMed Central PMCID:

PMC3365479.

17. Gauci C, Gilles H, O’Brien S, Mamo J, Stabile I, Ruggeri FM, et al. The magnitude and distribution of

infectious intestinal disease in Malta: a population-based study. Epidemiology and infection. 2007; 135

(8):1282–9. Epub 2007/01/17. https://doi.org/10.1017/S0950268806007795 PMID: 17224088; PubMed

Central PMCID: PMC2870692.

18. Muller L, Korsgaard H, Ethelberg S. Burden of acute gastrointestinal illness in Denmark 2009: a popula-

tion-based telephone survey. Epidemiology and infection. 2012; 140(2):290–8. Epub 2011/04/08.

https://doi.org/10.1017/S0950268811000471 PMID: 21470439.

19. Scallan E, Fitzgerald M, Collins C, Crowley D, Daly L, Devine M, et al. Acute gastroenteritis in northern

Ireland and the Republic of Ireland: a telephone survey. Communicable disease and public health.

2004; 7(1):61–7. Epub 2004/05/13 PMID: 15137284.

20. Van Cauteren D, De Valk H, Vaux S, Le Strat Y, Vaillant V. Burden of acute gastroenteritis and health-

care-seeking behaviour in France: a population-based study. Epidemiology and infection. 2012; 140

(4):697–705. Epub 2011/06/17. https://doi.org/10.1017/S0950268811000999 PMID: 21676346.

21. Wheeler JG, Sethi D, Cowden JM, Wall PG, Rodrigues LC, Tompkins DS, et al. Study of infectious

intestinal disease in England: rates in the community, presenting to general practice, and reported to

national surveillance. The Infectious Intestinal Disease Study Executive. BMJ (Clinical research ed).

1999; 318(7190):1046–50. Epub 1999/04/16 https://doi.org/10.1136/bmj.318.7190.1046 PMID:

10205103; PubMed Central PMCID: PMC27838.

22. Euser AM, Zoccali C, Jager KJ, Dekker FW. Cohort studies: prospective versus retrospective. Nephron

Clinical practice. 2009; 113(3):c214–7. Epub 2009/08/20. https://doi.org/10.1159/000235241 PMID:

19690438.

23. Hooiveld M, Weesie Y, Korevaar JC. Wekelijkse surveillance cijfers [Weekly surveillance] Utrecht,

Nivel: Nivel Primary Care Database; 2018 [22 October 2018]. Available from: www.nivel.nl/surveillance

24. Mangen MJ, Bouwknegt M, Friesema IH, Haagsma JA, Kortbeek LM, Tariq L, et al. Cost-of-illness and

disease burden of food-related pathogens in the Netherlands, 2011. International journal of food micro-

biology. 2015; 196:84–93. Epub 2014/12/22. https://doi.org/10.1016/j.ijfoodmicro.2014.11.022 PMID:

25528537.

25. Kemmeren JM, Mangen MJJ, Van Duynhoven YTHP, Havelaar AH. Priority setting of foodborne patho-

gens. Bilthoven: 2006.

26. Care Institute Netherlands. Medine costs: price information: Zorginstituut Nederland; 2017. Available

from: https://www.medicijnkosten.nl/servicepagina/engelse-informatie/objectives

27. Central Bureau for Statistics. Hourly wages of employees by profession, 2016 [in Dutch] 2016. Available

from: https://www.cbs.nl/nl-nl/maatwerk/2017/48/uurlonen-van-werknemers-naar-beroepsgroep-2016

28. Mangen MJ. Disease burden of food-related pathogens in the Netherlands, 2016. Bilthoven, Nether-

lands: RIVM, 2017.

29. Central Bureau for Statistics. Consumer Price Index Den Haag/Heerlen: CBS; 2018.

30. Herikstad H, Yang S, Van Gilder TJ, Vugia D, Hadler J, Blake P, et al. A population-based estimate of

the burden of diarrhoeal illness in the United States: FoodNet, 1996–7. Epidemiology and infection.

2002; 129(1):9–17. Epub 2002/09/05 PMID: 12211601; PubMed Central PMCID: PMC2869879.

31. Sargeant JM, Majowicz SE, Snelgrove J. The burden of acute gastrointestinal illness in Ontario, Can-

ada, 2005–2006. Epidemiology and infection. 2008; 136(4):451–60. Epub 2007/06/15. https://doi.org/

10.1017/S0950268807008837 PMID: 17565767; PubMed Central PMCID: PMC2870834.

32. Hellard ME, Sinclair MI, Harris AH, Kirk M, Fairley CK. Cost of community gastroenteritis. Journal of

gastroenterology and hepatology. 2003; 18(3):322–8. Epub 2003/02/27 PMID: 12603534.

33. Kuusi M, Aavitsland P, Gondrosen B, Kapperud G. Incidence of gastroenteritis in Norway—a popula-

tion-based survey. Epidemiology and infection. 2003; 131(1):591–7 PMC2869997. PMID: 12948356

34. Hall GV, Kirk MD, Ashbolt R, Stafford R, Lalor K. Frequency of infectious gastrointestinal illness in Aus-

tralia, 2002: regional, seasonal and demographic variation. Epidemiology and infection. 2006; 134

(1):111–8. Epub 2005/07/22. https://doi.org/10.1017/S0950268805004656 PMID: 16409657.

35. Caffarelli C, Deriu FM, Terzi V, Perrone F, De Angelis G, Atherton DJ. Gastrointestinal symptoms in

patients with asthma. Archives of disease in childhood. 2000; 82(2):131–5. Epub 2000/01/29 https://doi.

org/10.1136/adc.82.2.131 PMID: 10648366; PubMed Central PMCID: PMC1718218.

36. Vieira WA, Pretorius E. The impact of asthma on the gastrointestinal tract (GIT). Journal of asthma and

allergy. 2010; 3:123–30. https://doi.org/10.2147/JAA.S10592 PubMed PMID: PMC3047918. PMID:

21437046

Incidence and economic burden of community-acquired gastroenteritis in the Netherlands

PLOS ONE | https://doi.org/10.1371/journal.pone.0217347 May 23, 2019 15 / 16

https://doi.org/10.1017/S0950268811002020
http://www.ncbi.nlm.nih.gov/pubmed/22014077
https://doi.org/10.1017/S0950268806007795
http://www.ncbi.nlm.nih.gov/pubmed/17224088
https://doi.org/10.1017/S0950268811000471
http://www.ncbi.nlm.nih.gov/pubmed/21470439
http://www.ncbi.nlm.nih.gov/pubmed/15137284
https://doi.org/10.1017/S0950268811000999
http://www.ncbi.nlm.nih.gov/pubmed/21676346
https://doi.org/10.1136/bmj.318.7190.1046
http://www.ncbi.nlm.nih.gov/pubmed/10205103
https://doi.org/10.1159/000235241
http://www.ncbi.nlm.nih.gov/pubmed/19690438
http://www.nivel.nl/surveillance
https://doi.org/10.1016/j.ijfoodmicro.2014.11.022
http://www.ncbi.nlm.nih.gov/pubmed/25528537
https://www.medicijnkosten.nl/servicepagina/engelse-informatie/objectives
https://www.cbs.nl/nl-nl/maatwerk/2017/48/uurlonen-van-werknemers-naar-beroepsgroep-2016
http://www.ncbi.nlm.nih.gov/pubmed/12211601
https://doi.org/10.1017/S0950268807008837
https://doi.org/10.1017/S0950268807008837
http://www.ncbi.nlm.nih.gov/pubmed/17565767
http://www.ncbi.nlm.nih.gov/pubmed/12603534
http://www.ncbi.nlm.nih.gov/pubmed/12948356
https://doi.org/10.1017/S0950268805004656
http://www.ncbi.nlm.nih.gov/pubmed/16409657
https://doi.org/10.1136/adc.82.2.131
https://doi.org/10.1136/adc.82.2.131
http://www.ncbi.nlm.nih.gov/pubmed/10648366
https://doi.org/10.2147/JAA.S10592
http://www.ncbi.nlm.nih.gov/pubmed/21437046
https://doi.org/10.1371/journal.pone.0217347


37. Agarwal S, Mayer L. Diagnosis and Treatment of Gastrointestinal Disorders in Patients With Primary

Immunodeficiency. Clinical gastroenterology and hepatology: the official clinical practice journal of the

American Gastroenterological Association. 2013; 11(9):1050–63. https://doi.org/10.1016/j.cgh.2013.

02.024 PubMed PMID: PMC3800204. PMID: 23501398

38. te Riele S, Kloosterman R. Family solidarity: help to parents and children [in Dutch]. Den Haag: Central

Bureau for Statistics, 2015.

39. Bischoff S, Crowe SE. Gastrointestinal food allergy: new insights into pathophysiology and clinical per-

spectives. Gastroenterology. 2005; 128(4):1089–113. Epub 2005/04/13 PMID: 15825090.

40. Henson SJ, Majowicz SE, Masakure O, Sockett PN, MacDougall L, Edge VL, et al. Estimation of the

costs of acute gastrointestinal illness in British Columbia, Canada. International journal of food microbi-

ology. 2008; 127(1–2):43–52. Epub 2008/07/25. https://doi.org/10.1016/j.ijfoodmicro.2008.06.007

PMID: 18649966.

41. Roberts JA, Cumberland P, Sockett PN, Wheeler J, Rodrigues LC, Sethi D, et al. The study of infectious

intestinal disease in England: socio-economic impact. Epidemiology and infection. 2003; 130(1):1–11.

Epub 2003/03/05 PMID: 12613740; PubMed Central PMCID: PMC2869933.

42. Verberk JDM, Bruijning-Verhagen P, Melker HE. Rotavirus in the Netherlands: Background information

for the Health Council. RIVM, 2017.

43. Bruijning-Verhagen P, van Dongen JAP, Verberk JDM, Pijnacker R, van Gaalen RD, Klinkenberg D,

et al. Updated cost-effectiveness and risk-benefit analysis of two infant rotavirus vaccination strategies

in a high-income, low-endemic setting. BMC medicine. 2018; 16(1):168. Epub 2018/09/11. https://doi.

org/10.1186/s12916-018-1134-3 PMID: 30196794; PubMed Central PMCID: PMC6130096.

44. Ministry of Health WaS. Kamerbrief over aanbieden rotavirusvaccinatie aan risicogroepen. Den Haag,

Netherlands: 2018.

Incidence and economic burden of community-acquired gastroenteritis in the Netherlands

PLOS ONE | https://doi.org/10.1371/journal.pone.0217347 May 23, 2019 16 / 16

https://doi.org/10.1016/j.cgh.2013.02.024
https://doi.org/10.1016/j.cgh.2013.02.024
http://www.ncbi.nlm.nih.gov/pubmed/23501398
http://www.ncbi.nlm.nih.gov/pubmed/15825090
https://doi.org/10.1016/j.ijfoodmicro.2008.06.007
http://www.ncbi.nlm.nih.gov/pubmed/18649966
http://www.ncbi.nlm.nih.gov/pubmed/12613740
https://doi.org/10.1186/s12916-018-1134-3
https://doi.org/10.1186/s12916-018-1134-3
http://www.ncbi.nlm.nih.gov/pubmed/30196794
https://doi.org/10.1371/journal.pone.0217347

