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‘People often confuse an explanation of causes with a justification or acceptance of results. However,
understanding ‘why?’ is a question separate from the explanation itself ’.
Guns, Germs and Steel, Jared Diamond, 1997
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General introduction

1 Introduction

General introduction
Introduction
Child Day Care Centres (DCCs) have been amongst us since 18401 and have become an increasingly
prominent feature of modern child rearing in the industrialized world, including the Netherlands.
Quintupled since 19892, half of the Dutch preschool population (350,000 children) currently
spends an average of 2.5 days in one of the 6,000 DCCs active in the Netherlands, ranking our
country second only to Denmark in the utilization of child day care services in Europe.3 Although
the number of DCC facilities in the Netherlands has stabilized over the last years, it is unlikely that
the Netherlands will stop relying on their services any time soon. The DCC is in fact an institution
here to stay, and its presence poses unique challenges regarding infectious disease control.
‘[…] Ever since our children started attending day care, my wife and I, as well as my children, have
been constantly ill. I developed polyposis nasi, my son multiple episodes of otitis, my daughter chronic
blefaritis and my wife required multiple antibiotic treatments for persisting nasopharyngitis. These
disease episodes have had a tremendous impact on our family. It cannot be normal to be sick so much,
can it […]?’
Email from a concerned parent, 2013
Actually, it can. In fact, the syndrome the
concerned parent describes has a name:
Daycaritis.4 Daycaritis refers to the phenomenon
that healthy infants and toddlers in DCCs are at
an increased risk for developing common and,
generally, mild childhood illnesses. Daycaritis
includes a broad spectrum of syndromes
affecting the respiratory and gastrointestinal
tract (‘colds’, bronchiolitis, otitis media,
conjunctivitis, pharyngitis, gastroenteritis,
etc.) as well as exanthematous syndromes
(dermatitis, pustulosis, etc.). Although DCCs
have been around for more than 170 years and the
intention has always been to support children’s
(healthy) growth and the society as a whole,

the epidemiology and control of daycaritis
have received relatively little attention by the
scientific community. As a result, the majority
of recommendations in current international
DCC-guidelines for infection control are
expert- rather than evidence-based.5, 6
The Netherlands would benefit from a scientific
assessment that aims at improving our
understanding of the epidemiology of daycaritis.
This thesis contributes to that assessment.
However, it is beyond the scope of this thesis to
study the epidemiology of all major childhood
diseases belonging to the daycaritis phenomena.
This thesis, therefore, focusses on one of its
11
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Chapter 1

major clinical manifestations: gastroenteritis,
as the microorganisms (or enteropathogens)
underlying gastroenteritis are transmitted
via the faecal-oral route. Strategies to prevent
faecal contamination of the DCC environment
may therefore, in principle, help to reduce the
gastroenteritis burden. For respiratory infections,
modifiable characteristics with intervention
potential are much more difficult to identify.7, 8
Similarly, although there are two major types
of formal out-of-home care facilities related to
the Netherlands - the DCC (size: 5 up to a few
hundred children) and the day care home9 (size:
1 to 6 children) -, this thesis focuses mainly on
the DCC. We will provide answers to two core
questions of DCC-related gastroenteritis: (1)
'what is the impact of gastroenteritis related to
child day care centers' and (2) which risk factors
are associated with gastroenteritis in child day
care centers?'
The large remainder of this introductory chapter
is dedicated to discussing the gastroenteritis
syndrome, the characteristics that predispose a
DCC towards transmission of enteropathogens
that cause gastroenteritis, and the potential and
feasibility of day care control strategies that
may reduce enteropathogen transmission. As
these aspects are considered, several questions
arise for which the Netherlands currently lacks
evidence-based answers. These questions are
operationalized in seven research questions
that this thesis will attempt to answer using a
variety of data sources.

Gastroenteritis and the day care
center environment
Gastroenteritis; increased risk in child
day care centers
In this thesis, we refer to gastroenteritis
as an inflammation of the gastrointestinal
tract. Gastroenteritis has infectious and
non-infectious causes. It is defined by
its clinical picture, which may include a
myriad of symptoms including vomiting,
diarrhoea, nausea, fever and abdominal pain.
Gastroenteritis causes mortality, accounting for
4% (or 2.2 million) of annual deaths worldwide.10
Most deaths occur in developing countries
among children under five years of age. In
developed countries such as the Netherlands,
child mortality rates are low, primarily due to
improved hygiene and sanitation standards,
improved nutritional status and timely
treatment when needed. In the Netherlands,
gastroenteritis episodes are mainly mild and
self-limiting, although episodes with a high
burden do occur.11 However, given the high
incidence of generally mild gastroenteritis
episodes, the overall morbidity remains
high.11-13 This holds especially true for children
attending DCCs that, in the Netherlands,
provide government-regulated, paid, noncustodial care for five and up to a few hundred
children aged 0-4 years. Several studies have
indicated that children attending DCCs are
at increased risk of developing gastroenteritis
compared to children cared for at home.14-16
The caring for and treatment of children with
gastroenteritis is likely to result in substantial

12
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societal costs. These costs arise from health
care visits, medication usage and productivity
losses due to parents’ absence from work to
care for their ill child.17, 18 Because children in
out-of-home group settings experience more
infections compared with children cared for
only at home, they also receive more antibiotics
to treat illness, including gastroenteritis.19-21 The
higher antimicrobial consumption of children
in day care raises concern for the potential
societal role DCCs may play in the selection
and transmission of microorganisms that
are resistant for important antimicrobials, in
particular Extended Spectrum beta-Lactamaseproducing (ESBL) organisms.22-24

The DCC environment;
epidemiological
setting
pathogen transmission

a unique
facilitating

A DCC has unique epidemiological
characteristics that provide a setting conducive
to the increased transmission of enteropathogens
that, upon infection, may cause gastrointestinal
illness.4, 15, 25 These characteristics relate to the
child, and to the DCC’s physical characteristics
and disease control strategies (figure 1).26
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Figure 1: Characteristics of the DCC facility and its attending child-population that hypothetically facilitate the direct and
indirect transmission of enteropathogens (arrows) from the index child to other children, staff and fomites.
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Characteristics of the child
A child’s age may contribute to increased
transmission to enteropathogens because of
age-specific personal hygiene and age-specific
immunological factors.27 Children attending
day care lack faecal continence at diaper age,
explore their environment with mouth and
hands and appreciate interpersonal contact
with other children and staff.28 Furthermore,
young children that start attending day care are
often more immunologically naïve, and require
frequent and substantial ‘immunity boosts’
before they produce adequate immunity.29
Until that time, children are more prone to
gastrointestinal infections. In addition, the
cumulative time spent in day care, as well as
the age at first enrolment might influence a
child’s exposure to gastrointestinal pathogens
circulating in day care.
Characteristics of the DCC (physical
characteristics and disease control strategies)
The microbial causes of gastroenteritis include
a wide range of bacteria, viruses and parasites,
and many of them circulate in DCCs. These
include viruses such as rotavirus30, norovirus5,
astrovirus31, adenovirus32 and sapovirus33;
bacteria such as Salmonella34, Campylobacter35,
Clostridium36, Yersinia37, Shigella38 and
Escherichia coli39; and parasites including
Dientamoeba40, Giardia41 and Cryptosporidium.42
These enteropathogens transmit faecal-orally
via food, water and animals; either directly
via hand-mediated, person-to-person contact
among children/staff members,43 or indirectly
via hand-to-mouth contact with environmental

contamination of inanimate objects (fomites)
such as changing tables, toilet seats, doorknobs,
toys and other classroom objects.44-46 Indirect
transmission is facilitated as many of these
enteropathogens can remain viable on surfaces
for hours (rotavirus) or even days (Giardia
cysts), contrary to enteropathogens such as
Campylobacter that are more likely to transmit
directly since they require specific environmental
circumstances to survive.
In addition to fomites, other characteristics of
the DCC might be associated with increased
transmission to enteropathogens, such as the
size of the facility. The probability that a child
becomes infected with an enteropathogen
seems directly related to the probability that
such an enteropathogen is introduced in the
child’s environment.47 Large DCCs therefore
potentially provide more opportunities for
enteropathogen introduction and exposure
than small facilities. In addition, size and
age-composition of child-groups appear to
determine the likelihood of exposure: some
studies observe that small, same-aged groups
not mixed with other-age groups ensure lower
rates of exposure, even in larger centers.48
Finally, disease control strategies are part of a
DCC’s characteristics. A DCC has three main
strategies to reduce the gastrointestinal disease
burden: vaccination, cohorting/exclusion and
hygiene.28, 49 These strategies together define
the disease control program of the facility.28
Although the first two strategies are important
in reducing the spread of enteropathogens,

14
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perhaps the most promising strategy a facility
has to prevent gastroenteritis burden is by
implementing an effective hygiene code.50
There are several potential components to such
a code, and it helps to analyse these components
in terms of transmission routes.51 Hygienic
components that could prove to be valuable in
reducing the impact of gastroenteritis include:
good hand hygiene by staff and children,
optimal staff-child ratios, limited staff mixing
between child-groups, appropriate cleaning
and disinfecting of contaminated surfaces
and separation of food preparation and diaper
changing activities.49, 52-54

The
limited
evidence-base
of
gastroenteritis control strategies in child
day care centers
Efforts to reduce the gastroenteritis impact
related to day care should focus on identifying
the facility characteristics and disease control
practices that confer the highest risk of illness.
The potential impact of the ease with which
enteropathogens circulate in DCCs, both for the
child attending care as well as for society, raises
the question whether the DCC control strategies
mentioned above are currently optimal in
reducing the spread of enteropathogens in
the DCC environment. A deliberation on this
subject requires answers to several questions
on the impact of DCC-related gastroenteritis
on the attending child and society, as well as on
the DCC risk factors involved.

Impact-related questions
-

What is the incidence of gastroenteritis
related to children attending a DCC in the
Netherlands and how does this incidence
compare to other common childhood
illnesses of respiratory and exanthematous
nature among children attending day care,
or to children solely cared for at home?

-

Are the gastroenteritis episodes mild, shortterm and limited to the early years of the
child’s life or does attending a DCC also
have severe and long-term effects that are
present regardless of the age of the attending
child?

-

Is there a developmental stage in a child’s
preschool years during which these effects
are more prominent? Does the cumulated
time spent in day care, or the type of child
day care facility modify these effects?

-

Finally, what are the societal costs associated
with gastroenteritis among children in
the Netherlands and do these costs differ
between children that do and do not attend
day care?

1 Introduction

General introduction
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Risk factor-related questions
-

What is the prevalence of enteropathogens
of bacterial, viral or parasitic origin in the
intestinal flora of children attending day
care and how does the prevalence relate to
the child’s age and gastroenteritis status, as
well as the season and the year?

-

Which enteropathogens contribute most to
gastroenteritis in day care?

-

Which characteristics of the Dutch DCC
environment are associated with an
increased/decreased gastroenteritis risk?

Unfortunately, the evidence-base to address
these questions is currently rather restricted,
for two reasons. Firstly, the epidemiology of
gastroenteritis in DCCs in the Netherlands
has received limited scientific consideration
since 1974, when the term ‘child day care’ was
introduced in the Index Medicus; especially
when comparing the Netherlands to countries
such as the USA, Scandinavia and the UK.
Less than 1% of the roughly 500 studies so far
published internationally on major childhood
diseases in child day care originate from the
Netherlands (figure 2); none of these studies
focused on gastroenteritis. We could try to
extrapolate insights from the other 99% of
international studies, but this warrants caution
if studies do not originate from countries that
have comparable socio-economic conditions,
surveillance schemes, gastroenteritis aetiology,
vaccination schemes, antibiotic regimes and
facility licensing regulations/practices as

the Netherlands. We could also try to use
data emanating from surveillance initiatives
currently active in the Netherlands. However,
these initiatives give limited consideration to
the infectious disease dynamics of a DCC as
these initiatives do not discriminate between
children that do and do not attend day care in
a standardized way. A second reason why the
evidence-base to answer the questions raised
above is restricted is because most studies
conducted are primarily interested in factors
related to the (households of) children attending
DCCs, rather than factors related to the DCC
setting itself, making it difficult to determine
which DCC strategies are associated with a
gastroenteritis disease and which are not.55

Research rationale and research
questions
The Netherlands could benefit from a scientific
assessment that aims at improving our
understanding of the epidemiology of daycaritis
by answering the questions posed in the previous
subchapter. This assessment could assist public
health and day care professionals to determine
the desirability and feasibility of intensified
avocation of disease control measures in DCCs,
and if desirable, to prioritize public health
spending constrained by limited resources.
Additionally, such improved knowledge may
help to reassure ourselves as society that our
DCCs have a strong program for gastroenteritis
disease prevention and control.

16
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As aforementioned, this thesis focuses on
providing answers to two core questions:
I

What is the impact of gastroenteritis related
to child day care centers?

II Which risk factors are associated with
gastroenteritis in child day care centers?
The focus on gastroenteritis impact is
important. Ultimately, our effectiveness as
society in controlling gastroenteritis depends
on our recognition of its impact on the health of
children and the society as a whole. To determine
the impact of gastroenteritis means comparing
the impact among children attending day care
relative to those not attending day care. The
focus on risk factors is also essential. Many
enteropathogens underlying gastroenteritis are
transmitted via the faecal-oral route. Direct
(person-to-person) and indirect transmission
(via contaminated surfaces) plays an important
role in their spread; strategies preventing
contamination of the DCC environment may
therefore reduce the gastroenteritis burden. To
determine the risks of gastroenteritis requires
us to consider the DCC as a complex setting in
which the interplay of many factors influences
the occurrence of gastroenteritis, rather than as
one homogeneous risk factor for gastrointestinal
infections.56-58
The questions posed in the subchapter
on the limited evidence-base underlying
gastroenteritis control strategies in DCCs have
been operationalized into research questions.

These research questions, along with the
data sources developed/used to answer these
questions, are presented in table 1.

1 Introduction

General introduction

Thesis outline
This thesis aims at improving our knowledge on
the epidemiology of gastroenteritis in DCCs.
It provides a quantitative assessment on the
impact of gastroenteritis in day care, both in
the short- and long-run, in clinical and financial
terms (section I, chapter 3-5) as well as on the
associated enteropathogens and DCC risk
factors (section II, chapter 6-8). As such, it aims
to contribute to the evidence-base underlying
prevention and control of gastroenteritis in
child day care.
In order to address our aim, several registry- and
novel web-based surveillance systems targeting
the general population, the DCC and household
were realized (table 1). However, the foundation
of most of the research in this thesis is provided
by our nationwide, three-year prospective DCC
cohort study on the clinical and microbiological
aspects of gastroenteritis (acronym: KIzSS). Its
aim, design and potentialities are presented in
chapter 2.

Section I: impact
The first section of this thesis focuses on
the impact of gastroenteritis related to child
day care. We start in chapter 3, where we
use data generated by the DCC network
to estimate the incidence of gastroenteritis
17
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What are the transient and sustained effects of day care Danish Childcare
attendance on hospitalization of a child with gastroenteritis, database
and are these effects modified by the cumulated amount of time
spent in day care, the age at which a child starts attending day
care and the type of facility the child attends? (chapter 4)

What are the societal costs for care and treatment of a child with Family and Health
gastroenteritis, and do these costs differ between children that (G&G; Gezin en
do and do not attend a DCC? (chapter 5)
Gezondheid)

Impact

Impact

* A more detailed description of each data source is given in the chapter indicated.
** There is no internationally accepted case definition for gastroenteritis. Comparison between countries is difficult and is possible only if case definitions are similar.

Description: National Dutch cross-sectional survey conducted
among households with children aged 0-48 months on the
occurrence of gastroenteritis episodes and their costs
Data period: 2012–2013
Gastroenteritis definition: an acute onset of ≥3 episodes of watery
stools per day and/or an acute onset of ≥3 emetic (vomiting)
episodes per day

Description: National Danish registry-based database of 1.2
million children aged 0-12 years supplemented with child and
family characteristics, day care characteristics and arrangements,
elementary school arrangements and hospitalizations due to
gastroenteritis
Data period: 1994-2011
Gastroenteritis definition: Defined according to the International
Classification of Diseases, 10th revision (ICD-10). Includes ICDcodes 000–009, 014, 054.01, 054.08

Description: National Dutch network of 45 general medical
practitioners that provides weekly consultation data on
gastroenteritis and influenza-like illness (ILI) among their cared
population
Data period: 2010-2012
Gastroenteritis definition: same as KIzSS

The Netherlands
Institute of Primary
Health Care
(NIVEL)

What are the DCC incidence rates for mild episodes of
gastroenteritis requiring a visit to a general practitioner and how
do these rates compare to children in the general population?
(chapter 3)

Impact

Risk

Risk

Risk

Description: National Dutch network of 100 DCCs that
prospectively monitors syndromic and microbiological aspects
of major childhood illnesses among its child-population
Data period: 2010-2012 (chapter 3), 2010-2013 (chapter 6,7,8)
Gastroenteritis definition: An acute onset of ≥3 episodes
of watery stools per day and/or an acute onset of ≥3 emetic
(vomiting) episodes per day that result in absence of the child
for one or more days during which the child was scheduled to
attend day care

Dutch DCC sentinel
surveillance network
(KIzSS;
Kinderdagverblijven
Infectieziekten
Surveillance
Systeem)

What are the incidence rates for episodes of gastroenteritis
among DCC-children? (chapter 3)
What are the prevalence rates of a range of enteropathogens
among children in DCCs and how do these rates relate to age,
clinical symptoms and season? (chapter 6)
What are the relative contributions of these enteropathogens to
the gastroenteritis incidence in DCCs? (chapter 7)
Which DCC characteristics and practices are associated with a
high/low gastroenteritis incidence in DCCs?
(chapter 8)

Impact

Source description

Data source

Core question Research question

Table 1: Research questions, data sources* and gastroenteritis definitions** used to study the impact and risk factors related to gastroenteritis in Dutch day care.

Chapter 1

18

20-10-14 20:52

among
Dutch
day
care
attendees
that
result
in
a
child’s
absence
from day care or in a visit to the general
practitioner. The DCC practitioner estimates
were compared to national GP estimates
(acronym: NIVEL) for children eligible for day
care to crudely estimate the excess incidence of
gastroenteritis attributable to Dutch day care
attendance. In chapter 4, we shift our focus
from episodes with a mild impact to episodes
with a severe impact by examining whether
children attending day care experience a higher
short- and long-term risk of hospitalization for
gastroenteritis compared to children that do
not attend day care. We also assess whether
the cumulated day care-time, type of day-care
facility attended and the age at first enrolment
modify these risks. As the follow-up time
and sample size required for this study has
no equivalent in the Netherlands, this study
is conducted using Danish registry data
(acronym: Childcare database). The impact of
gastroenteritis, whether short- or long-term, is
obviously not restricted to the clinical domain.
Estimates on, and differences between, the
societal costs for gastroenteritis episodes among
children that do and do not attend day care
would provide valuable additional information
on the financial impact of day care related
gastroenteritis and was the aim of chapter 5.
As the DCC network did not allow for such a
comparison, we developed and implemented a
separate web-based survey among households
with children aged 0-48 months (acronym:
G&G).

Section II: risk factors
The second section of this thesis (chapter
6-8) is dedicated to unravelling the risk
factors of gastroenteritis, both in terms of the
enteropathogens involved in the gastroenteritis
syndrome as well as characteristics of the DCC
that facilitate their transmission. In chapter 6, we
estimate the prevalence of a range of circulating
enteropathogens in asymptomatic children and
relate the prevalence to demographic, seasonal
and clinical characteristics of the children
themselves. In chapter 7, we estimate the
proportion of gastroenteritis incidence in day
care that can be attributed to the circulating
enteropathogens. In an attempt to gain further
knowledge towards reducing the burden
of DCC-related gastroenteritis, chapter 8
identifies DCC risk factors for the circulation of
these enteropathogens and for the occurrence
of the gastroenteritis at the DCC level.
The insights provided by chapter 3-8 allow us to
propose a number of feasible action points that
might assist in increased control of gastroenteritis
in the day care setting (chapter 9).

1 Introduction

General introduction
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Figure 2: Number of international publications on major childhood diseases in child day care (source: PubMed, since 1950).
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The KIzSS network, a sentinel surveillance system for infectious diseases in day care centers

BMC Infectious Diseases 2012; 12:259

R. Enserinka,c, H. Noela,c, I.H.M. Friesemaa, C.M. de Jagera, A.M.D. Kooistra-Smidd, L.M. Kortbeekb,
E. Duizerb, M.A.B. van der Sandea,c, H.A.Smitc, W. van Pelta , on behalf of the Sentinel Surveillance
Network of Infectious diseases in Child Day Care Centers (the KIzSS network)*
Center for Infectious Disease Control (Epidemiology and Surveillance Unit), National Institute for Public Health and the
Environment (RIVM), Bilthoven, The Netherlands;
b
Center for Infectious Disease Control (Laboratory for Infectious Diseases and Perinatal Screening), National Institute for
Public Health and the Environment (RIVM), Bilthoven, The Netherlands;
c
Julius Center, University Medical Center Utrecht, Utrecht, The Netherlands;
d
Laboratory for Infectious Diseases, Department of Research and Development, Groningen, The Netherlands
a

2 Study protocol

The KizSS network, a sentinel surveillance system for infectious
diseases in day care centers: study protocol

Abstract
Introduction: Day care-associated infectious diseases are widely recognized as a public health
problem but rarely studied. Insights into the disease burden and related disease syndromes and
microbiological background, as well as their association with the day care setting, are important
for effective decision making in management of infectious disease control. This paper describes
the purpose, design and potential of our national multi-center, day care center-based sentinel
surveillance network for infectious diseases (the KIzSS network). The aim of the KIzSS network is
to acquire a long-term insight into the syndromic and microbiological aspects of day care related
infectious diseases and associated disease burden and to model these aspects with day care setting
characteristics.
Methods: The KIzSS network applies a prospective cohort design, following day care centers rather
than individual children or staff members over time. Data on infectious disease symptoms and
related morbidity (children and staff), medical consumption and absenteeism, circulating enteric
pathogens (children) are collected on a daily, weekly or monthly basis. Every two years, a survey
is performed to assess the characteristics of the day care centers.
Discussion: The KIzSS network offers a unique potential to study infectious disease dynamics in
the day care setting over a sustained period of time. The created (bio)databases will help us to assess
day care related disease burden of infectious diseases among attending children and staff and their
relation with the day care setting. This will support the much needed development of evidencebased and pragmatic guidelines for infectious disease control in day care centers.
Keywords: Day Care, Infectious Disease, Public Health, Surveillance, Study Design
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Introduction
Children cared for in day care centers (DCCs)
are at increased risk of acquiring respiratory
and gastrointestinal disease compared to
children cared for at home.25, 28, 59-61 Clearly, the
DCC environment provides a setting conducive
to increased transmission of infectious disease.
DCCs often represent crowded facilities that
provide care for an immunological immature
population of children that have little notion
of basic hygiene. In addition, interventions
for infectious disease control are often not
available (vaccination), socially undesirable
(exclusion) or not effective (cohorting) as
small children can be infectious before and
after becoming symptomatic.54 Finally, the
infectious disease burden not only concerns the
attending child. Day care-associated infectious
disease transmission has been considered a
potential public health problem since 1984.62
Infectious pathogens, including their antiviral
or antimicrobial resistance properties, may
readily transmit via children, caretakers, parents
and families63 into the society at large, resulting
in additional infectious disease burden64, health
care utilization65 and work absenteeism.66
The potential impact of DCC-related infectious
diseases on both the child attending day care,
as well as the society in general, is substantial.
It is therefore pivotal that DCCs are supported
in their efforts to control and prevent infectious
disease transmission within their facility.
However, current research initiatives are
often not intended nor able to provide that

support. Notifiable infectious disease registries
of Municipal Health Services, in addition to
suffering from substantial underreporting
as DCCs are often unaware of reporting
requirements, focus on infectious disease
outbreaks, neglecting sporadic infectious
disease events. Furthermore, studies concerning
infectious disease dynamics in DCCs often
consider the DCC as one risk factor rather than
a complex setting in which many factors may
influence infectious disease occurrence.58, 67, 68
As these registries and research initiatives
provide DCCs with only a limited insight
into the infectious disease dynamics at their
facilities, they rarely succeed in guiding DCCs
in determining the most effective and pragmatic
interventions for infectious disease control
management. DCCs need a better understanding
of the infectious disease dynamics of their child
– and staff – population, as well as its preventable
fraction. DCCs contributing to a network may
judge this directly by benchmarking their
findings with that of the other DCCs.
National surveillance systems for monitoring
of infectious diseases have been implemented
before in nursing homes69, hospitals70, general
practices10 and schools.71 To our knowledge
however, the concept has not yet been applied
in DCCs. There are currently approximately
6,000 DCCs in the Netherlands, providing care
for half of the approximate 0.7 million Dutch
population of children aged between 0 and
4 years.72, 73 Since 2010, the Dutch National
Institute for Public Health and the Environment
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(RIVM) therefore maintains a day care based
sentinel surveillance network for infectious
diseases throughout the Netherlands; acronym:
KIzSS (Dutch for sentinel surveillance of
infectious diseases in DCCs). The aim of the
KIzSS network is to acquire a long-term insight
into the syndromic and microbiological aspects
of day care related infectious diseases and to
model these aspects within the DCC setting.
The present paper describes the purpose, design
and potential of the KIzSS network.

Methods
Study design and setting
The KIzSS network has a prospective cohort
design, following DCCs rather than individual
children or staff members over time. Data
on infectious disease symptoms and related
morbidity (children and staff), medical
consumption and absenteeism, circulating
enteric pathogens (children) and DCC
characteristics, are collected on a structural
basis. The general organization and logistics
regarding the data collection process was
piloted during and evaluated at the end of
the first surveillance year. This evaluation
provided useful feedback and that, with some
minor logistical adjustments, data collection
was feasible in participating centers. The study
is operated by a research team that includes
(medical) microbiologists, epidemiologists, a
research assistant and laboratory technicians.
DCCs are eligible to participate if they are
located in the Netherlands, provide full time

day care for children less than 4 years of age,
have an active internet connection and are
registered in a national database maintained by
the ministry of Social Affairs and Employment.

Ethical approval
This study is conducted according to the
principles of the Declaration of Helsinki.
The Dutch Central Committee on Research
involving Human Subjects in Utrecht, The
Netherlands, gave ethical approval to conduct
this study. No subject-identifiable results
are generated. The design was developed to
interfere as little as possible with the wellbeing
of the children. Parents or guardians of children
attending participating DCCs were informed
by letter of the purpose and design of the study.
An information form was attached that parents
could return if they did not want to have their
child participate in the study.

2 Study protocol

BMC Infectious Diseases 2012; 12:259

Recruitment of DCCs
Initial recruitment amongst Dutch DCCs took
place from November 2009 to April 2010 using
a continuously updated database provided by
the ministry of Education, Culture and Sciences
(N=3913 DCCs, creation date: January 2007).
From March 2012 onwards, yearly recruitment
took place using a continuously updated
database operated by the Ministry of Social
Affairs and Employment (6,000 DCCs, creation
date: January 2011). As parents receive child care
subsidy only if their child attends a DCC that is
registered in this database, it is assumed that all
DCCs in the Netherlands are approached.
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Assuming that the number of DCCs interested
in participation will be low given the workload
involved, no further selection criteria are used.
Included DCCs are either instructed via email
and telephone or visited by the research team if
needed. During these instructions, aims, setup
and workload of the study are discussed. DCCs
are asked to participate for at least one year.
In return, the DCCs receive minor incentives
throughout the study year, including a report
(see ‘Dissemination of results’ for more details),
a small financial donation and one or more
site visits (additional to the inclusion visit) if
requested. An overview of the DCCs currently
participating in the KIzSS network (N=104) is
presented in figure 1.

Figure 1: Geographical location of DCCs currently
participating in the KIzSS network in the Netherlands
(March 2012)

Data collection
An overview of the KIzSS network study design
and data collection parameters is presented in
table 1 and is further explained in the following
sections.

Survey
During recruitment periods, every Dutch DCC
is asked to fill in a questionnaire addressing
baseline DCC setting characteristics. These
include the sociodemographics of the DCC
(number of children attending, capacity, group
structure arrangements, child/staff ratio,
socioeconomic status, degree of urbanization,
religious background, etc.), facility design
(presence of sandpit, paddling pool, toilets/
sinks, nappy change area, paper towels,
presence of animals, etc.), DCC hygiene
policies (hand/food hygiene, group/staff
mixing, cleaning frequency of toilets/kitchen/
toys/beds/sandpits, etc.) and DCC policies for
surveillance and control of infectious disease
(documentation of illness episodes, allergies
and chronic conditions, medication use,
exclusion and cohorting policies, public health
services notification, etc.).
Syndrome surveillance
Participating DCCs are asked to anonymously
report each child or staff member experiencing
predefined illness symptoms (fever, ear ache,
runny ear, diarrhoea, vomiting, coughing,
exanthema) and/or syndromes (chickenpox,
impetigo, common cold, and eye infection) on
a daily basis from Monday - Sunday. If a child
experiences symptoms or syndrome other than
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prespecified, DCCs can specify these in a free
text field. Predefined symptoms/syndromes
and additional clinical information are used
to postdefine additional syndrome definitions
(gastroenteritis, influenza-like illness and
otitis media). Both predefined and postdefined
symptoms/syndromes are based on simplicity
of syndrome presentations and comparability
with current national day care guidelines
for infectious diseases. DCCs only reported
symptoms/syndromes that resulted in absence
of the child on one or more days that the child
was scheduled to attend day care. An overview
of the symptom and syndrome definitions is
presented in table 2.
Each child or staff member may experience
one syndromatic episode per reporting. Per
reporting additional data are collected on
age, gender, allergy-related conditions as well
as possible absenteeism, exclusion, medical
consultation, hospital admission and use of
antiviral/antibiotic medication. All children
and staff experiencing an illness episode at the
DCC or those that (are) call(ed) in sick should
be reported. An ill child or staff member has to
be fully recovered from previous symptoms for
at least 7 days before being reported ill again.
DCCs are contacted regularly by telephone
to ensure maximal surveillance response.
Screening of illness episodes amongst DCC
attending children and staff is performed
by all DCC personnel but only one qualified
person per DCC records these episodes on a
daily basis using a centralized paper logbook.
This logbook is submitted digitally using the
web-based registration tool OSIRIS.74 Finally,

DCCs are asked to report the number of
attending children at the DCC per week on
a weekly basis as this will fluctuate due to
e.g. holiday seasons. This defines the child
population at-risk per week. A researcher
checks all reports for completeness on a
monthly basis. Non-completed or unclear
reports are sent back to the DCC with digital
comments. The DCC gets the opportunity to
make appropriate changes or comments and
resend the report.

2 Study protocol

BMC Infectious Diseases 2012; 12:259

Microbiological surveillance
Twenty DCCs participating in the network are
asked to randomly take a faecal sample from 10
children on a monthly basis in addition to their
syndrome surveillance activities. Sampling is
performed during the first or last two weeks of
every month (2 groups) and occurs regardless
of the child’s infectious disease status. For each
sample, child demographics (age, gender) and, if
any, digestive symptoms (vomiting, diarrhoea)
are collected. Unpreserved faecal samples are
stored at the DCC at 4ºC before sending to
the laboratory via dedicated feces envelopes
for molecular detection of bacterial, viral and
parasitic gastrointestinal pathogens.
Molecular detection of bacterial gastrointestinal
pathogens, including Salmonella enterica,
Campylobacter jejuni, Clostridium difficile,
Yersinia enterocolitica, Shigella spp., shigatoxin
producing E. coli (STEC), enteroaggregative
E. coli (EAEC), and typical and atypical
enteropathogenic E. coli (EPEC), is performed
using four internally controlled quantitative
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Hand/food hygiene, group/
staff mixing, hand washing/
cleaning policies, covering
sandpits/pools etc.

Documentation of illness,
co-morbidity, medication
use, cohorting/exclusion
etc., public health notification etc.
Per DCC
By DCC manager
Using questionnaire
Via mail
Every two years

Hygiene policy

Surveillance
and control

Reporting

Presence of sandpit, paddling pool, toilet, sink,
nappy changing area, paper
towels, animals etc.

Children attending, capacity, group structure, child/
caregiver ratio, s, degree
of urbanization, religious
background etc.

Facility design

Data
Demographics

Duration of illness, absenteeism, exclusion, medical consultation, hospital admission,
medication
Number of attending children
Number of attending staff

Morbidity

Population at risk
Per child/staff member
By DCC staff member
Using paper and/or digital
logbook
Via internet
Daily (numerator)/weekly
(denominator)

Chicken pox, impetigo,
common cold, eye infection,
otitis media, gastroenteritis,
influenza-like illness, other
syndromes

Syndromes

Reporting

Fever, ear ache, runny ear,
diarrhoea, vomiting, coughing,
exanthema, other symptoms

Date of birth, gender, co-morbidity

Symptoms

Data
Demographics

Number of syndromatic episodes
Child/staff-weeks at risk

Numerator
Denominator

Numerator
Denominator

-

Syndrome surveillance

Survey day care characteristics

Table 1: Design of the KIzSS sentinel surveillance network

Diarrhoea, vomiting
Standard panel of 14 antibiotics
and ESBL producing bacteria

Morbidity
Antimicrobial
resistance

Per child
By DCC staff member
Using feces envelope
Via mail
Every month

Giardia, Cryptosporidium, Dientamoeba

Parasites

Reporting

Norovirus, Sapovirus, Rotavirus,
Adenovirus, Astrovirus

Escherichia, Salmonella, Shigella,
Campylobacter, Clostridium

Date of birth, gender, date of
sampling

Number of positive samples
Number of faecal samples

Viruses

Bacteria

Data
Demographics

Numerator
Denominator

Microbiological surveillance

Chapter 2
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A random subset of approximately 40
unpreserved faecal samples, in which all DCCs
collecting feces are represented, are selected
every month for detection by culture of a panel
of 14 antimicrobial resistance markers using
E.coli producing Extended Spectrum BétaLactamases (ESBL) as indicator-bacterium as
described previously.77

Statistical analyses
Weekly syndrome incidence is estimated as the
number of children and staff with (a) specific
symptom(s)/syndrome(s) divided by the total
number of child or staff weeks at risk. As
children do not attend day care every day of
the week, we will model a syndrome dependent
correction factor to adjust for syndrome
episodes missed due to children getting ill and
recovering in between DCC attendance days.
Weekly pathogen prevalence is estimated as the
number of faecal samples positive for a specific
pathogen divided by the total number of faecal
samples analyzed that week. Associations
between the time-series of syndrome incidence
and pathogen prevalence within the DCC
population will be explored using standard
regression models as described previously78,
7979, 80
Associations between the occurrence
of syndromes and pathogen trends and DCC
characteristics will be analyzed, amongst others,
using Poisson multiple regression techniques.
Incidence figures will be adjusted for differences
between age categories, socioeconomic status
(SES) and degree of urbanization in addition to
autocorrelation issues. Data are analyzed using
the statistical software package STATA/SE 11.2
for Windows.

2 Study protocol

real-time multiplex polymerase chain reactions
(qPCRs) as described previously.75 Faecal
materials, including faecal suspensions and total
nucleic acid isolates, are sent to other laboratories
for further molecular typing of viral, parasitic
gastrointestinal pathogens (RIVM laboratory)
and antimicrobial resistance (Central Veterinary
Institute laboratory, CVI). Finally, all remaining
materials are stored at -80ºC in a central biobank
for future reference. Molecular detection of
viral gastrointestinal pathogens, including
norovirus, adenovirus, sapoviruses, astrovirus
and rotavirus is performed using a random
priming step followed by multiple internally
controlled multiplex PCR assays as described in
one of our previous studies.76 Genotyping of the
different viruses is performed by partial genome
sequencing of the capsid gene (norovirus,
adenovirus, sapoviruses, astrovirus), or using
PCR-based genotyping protocols (rotavirus)
as described previously. Molecular detection of
parasitic gastrointestinal pathogens, including
Giardia lamblia, Cryptosporidium spp. and
Dientamoeba fragilis, is performed using
one internally controlled qPCR as described
previously.11

(Cost-) Effectiveness and representativeness
The syndromic and microbiologic surveillance
activities will be performed for at least 4 and
3 years respectively. Continuation of both,
thereafter, will depend on evaluation of
their cost-effectiveness, additional research
questions posed and future political decisions
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made concerning DCC quality assurance. The
operating costs for the syndromic surveillance
component mainly concern hiring a research
assistant and PhD student in addition to the costs
made for designing/distributing software and
relevant documentation. The operating costs
for the microbiological surveillance component
mainly include laboratory expenditures for
performing relevant microbiological analysis.
Estimating the system’s effectiveness will include
its performance and representativeness relative
to its added scientific value. The performance
will be defined as the number of weeks DCCs

reported denominator information for syndrome
surveillance divided by the total number of
weeks these DCCs participated in the network.
The representativeness of the DCC cohort will
be assessed by comparing DCC characteristics
such as socioeconomic classification, degree
of urbanization, facility design, and hygiene
practices between cohort participants and
nonparticipants. In addition, a principal
component analysis will be performed to assess
whether the overall variation in combinations
of DCC characteristics in participants reflected
the overall variation among all DCCs.

Table 2: Predefined and postdefined definitions for symptoms and syndromes of infectious disease
Predefined symptoms

Predefined syndromes

Postdefined syndromes

Symptom

Definition

Symptom

Definition

Syndrome

Definition

Fever

Sudden onset of fever
(≥ 38 ºC) and/or warm
to the touch with suspicion of fever with or
without other symptoms

Chickenpox

Sudden rash of small
red bumps, followed
by itchy blisters and
crust

Gastroenteritis

Diarrhoea and/
or vomiting

Ear ache

Sudden onset of aching
ear, with or without
listlessness and ear
infection confirmed by
physician or parent(s)

Impetigo

Expanding small red
papules followed by a
honey-coloured crust.

Runny ear

Light yellow, watery
purulent discharge from
ear that may or may not
smell

Common
cold

Sudden onset of
continuous sneezing
and/or coughing and/
or headache and/
or throat ache and/
or coughing with
or without fever (≥
38 ºC)

Diarrhoea

Sudden, non-chronic,
onset of > 3 episodes of
watery stools per day

Vomiting

Sudden, non-chronic,
onset of > 3 emetic
episodes per day

Coughing

Sudden and frequent
occurring tussis

Exanthema

Spots on skin, rash

Eye infection

Influenza-like Fever with ≥ 1
illness
general symptoms (headache
and/or febrile
feeling and/
or listlessness)
and ≥ 1 respiratory symptoms (coughing
and/or runny
nose and/or
throat ache)
Otitis media

Ear ache and/
or runny ear
with fever and/
or common
cold

Red eyes and swollen eyelids with or
without yellow/green
mucal discharge from
eye

Other symptoms -
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Dissemination of results
Self-reported incidence estimates of respiratory,
diarrhoeal and exanthematous episodes and, if
appropriate, prevalence estimates of circulating
gastrointestinal pathogens are communicated to
the DCCs in annual reports. These reports allow
DCCs to compare their facility anonymously to
those of other DCCs and national aggregated
figures. The role of DCC hygiene practices on
DCC related- infectious disease occurrence
will be communicated to the DCCs via the
Dutch Health Authorities and the scientific
community via publications and conferences.

Discussion
This article describes the purpose, design and
potential of a national sentinel surveillance
system in child day care for infectious diseases,
including syndromes, related morbidity,
circulation of gastrointestinal pathogens and
risk factors thereof with respect to DCC setting.
The major strength of the KIzSS network is
the almost real-time, long-term syndrome and
microbiological surveillance at the level of the
DCC setting. This information offers great
potential for understanding infectious disease
dynamics in day care. Syndrome surveillance
allows for the quantification of the incidence
and infectious disease burden of most common
diarrheal, respiratory and exanthematous
infections (both sporadic and clustered)
over time. Microbiological surveillance will
provide valuable information on the dynamics

of circulation of gastrointestinal pathogens,
including antibiotic resistance patterns, over
time. In addition, the biobank generated due to
storage of remaining faecal material can be used
for future reference to study e.g. yet unknown
circulating microorganisms in day care with
pathogenic potential. Combining syndrome
and microbiological surveillance will generate
historical baseline data for benchmarking DCCs
and might facilitate rapid and comprehensive
assessment of future impact of (shifts in)
seasonal syndrome and/or microbiological
trends of infectious diseases. By studying
the influence of the DCC setting herein, the
KIzSS study will aid in highlighting the most
efficient and pragmatic infectious disease
control practices for day care professionals.
In addition, the network might be used to
monitor the effectiveness of future day care
targeted intervention strategies. For example,
by comparing disease burden in day care in preand post-intervention eras. Finally, the KIzSS
network could be linked to previous regional
or national general population, GP and hospital
studies or surveillance registries, allowing us
to study whether infectious disease trends in
DCCs reflect or perhaps drive infectious disease
patterns in the general community.

2 Study protocol

BMC Infectious Diseases 2012; 12:259

Some possible limitations also need to be
addressed. A consequence of the network’s
ecological design is that no subject identifiable
results are generated, making it difficult to study
pathogen-disease interactions at the individual
level. This could lead to ecological fallacies
in which correlations found at the DCC level
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are assumed to apply at the individual level as
well, which may not be the case. However, this
does not concern the KIzSS network since it
focuses on the DCC setting rather than on the
individual attending children. Furthermore,
as reporting of our surveillance parameters is
voluntary, incidences of infectious disease and
related burden might be underestimated. On
the other hand, DCC attending children do
not have to seek out medical care first before
being included in our study as is the case in
many other studies. This may in turn lead to
more realistic incidence estimates compared to
general practitioner or hospital-based studies
that only receive the more serious cases. Finally,
due to budgetary constraints not presented

in this article, microbiology of pathogens is
limited to those found in feces.
A major challenge for the future will be to
provide the KIzSS network with a stable,
sustainable foundation and a dedicated,
robust management. After having proved its
sustainability, ease-of-use and value to the
DCC and research community alike, the KIzSS
network might be easily adapted to incorporate
additional syndrome groups, health-related
events and (respiratory) pathogens of minor
and major concern, further expanding the
potential of its (bio)databases for studying
infectious disease dynamics in DCCs.
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Infectious disease burden related to child day care in the
Netherlands; substantial and partially preventable
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3 Incidence
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Abstract
Introduction: Studying day care-associated infectious disease dynamics aids in formulating
evidence-based guidelines for disease control, thereby supporting day care centers (DCCs) in their
continuous efforts to provide their child population with a safe and hygienic environment. The
objective of this study was to estimate the (excess) infectious disease burden related to child day
care attendance in the Netherlands.
Methods: A Dutch surveillance network of DCCs prospectively reported on infectious disease
episodes and related use of health care among their child population on a daily basis from March
2010 – March 2012.
Results: Gastroenteritis (387 per 1000 child-years) and influenza-like illness (247 per 1000 childyears) were the most frequently reported infectious diseases. DCCs reported these infectious
diseases to occur twice as often among children aged 0-2 years old compared to children aged
2-4 years old. Antibiotic treatment was required in 6%, a general practitioner visit in 29% and
hospitalization in 2% of infectious disease episodes. DCC incidences of gastroenteritis and
influenza-like illness requiring children to visit a general practitioner were approximately twice as
high as general population estimates for this age group. Part of the DCCs indicated to not always
wash the hands of children before eating (34%) or after a toilet visit (15%) or to not always clean
the toilet and kitchen areas (17%) on a daily basis.
Conclusion: The infectious disease risk associated with child day care attendance is substantial,
particularly among the very young attendees, in excess of general population estimates for this age
group and potentially partly preventable.
Keywords: child day care, surveillance, communicable diseases
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Introduction
In the Netherlands, approximately 50% of the
0.7 million Dutch children aged 0 to 4 years
are cared for in child day care centers (DCCs).
DCCs provide care for an immunological
immature, dynamic and crowded population
and therefore represent a setting conductive to
transmission of infectious diseases. As a result,
children cared for at DCCs are at an increased
risk of acquiring infectious diseases.1,2,3 The
increased risk has direct impact on the child
as it leads to infectious disease episodes that
are greater in number4, especially in young
children with underlying disease.5 However,
the increased occurrence also indirectly affects
society as attending children readily transmit
DCC-related infectious diseases and possible
related antimicrobial resistance6 from the
DCC environment via caretakers7, parents
and family8 into the society at large. These
transmission events have social and economic
consequences as they result in increased work
absenteeism for parents and increased expenses
on medical care.9
The impact of DCC-related infectious diseases
is widely recognized as being substantial and
numerous guidelines exist for their control.10,11,12
However, our knowledge and understanding
of the disease burden is hampered by lack
of dedicated surveillance in the child day
care setting. At least in the Netherlands,
surveillance is restricted to short-term research
initiatives13,14the incidence of gastroenteritis in
general practices and the role of a broad range

of pathogens in the Netherlands were studied.
All patients with gastroenteritis who had
visited a general practitioner were reported. All
patients who had visited a general practitioner
for gastroenteritis (cases, a mandatory
infectious disease notifiable reporting systems
and a voluntary physician reporting network.15
Notifiable reporting systems are often locally
organized and monitor outbreaks only and
the physician network does not discriminate
between visiting children that do and do not
attend day care. In addition, both systems largely
underestimate true infectious disease incidence;
by far the majority of (DCC-related) infectious
diseases are sporadic and mild in nature and
will therefore not present themselves to these
systems. As a result, these research initiatives
and reporting systems are designed neither to
quantify the infectious disease burden related to
child day care attendance nor to relate infectious
disease incidence to risk factors present in the
DCC setting.
Accurate incidence estimates provide a first step
towards identification of effective infectious
disease control measures and public health
priority setting that, ultimately, will lead to
improvement of the health and well-being
of day care-attending children. Since 2010,
the Dutch Institute for Public Health and the
Environment therefore implements an ongoing
national surveillance network (acronym:
KIzSS) of DCCs.16 We are unaware of any other
national initiative that systematically collects
data on the infectious disease occurrence in
child day care.
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Methods
DCC recruitment
All DCCs registered in a database provided by
the ministry of Education, Culture and Sciences (n=3913) were invited in November 2009
to participate in a cross-sectional questionnaire
survey into sociodemographics, facility setup,
and infectious disease policies. DCCs from
areas of all degrees of urbanization were equally
represented and were comparable with regard
to socioeconomic classification. As part of the
questionnaire survey, DCCs were invited to
participate in the surveillance network. DCCs
not willing to take part in the questionnaire
survey were asked to answer a short nonresponse questionnaire. DCCs interested in
participation were visited by the research
team and included in the study. For a detailed
description of the design, methodology and
definitions on infectious diseases implemented
by the surveillance network study we refer to
our study design article published elsewhere.16

Data collection
The KIzSS network has a prospective cohort
design, following DCCs rather than individual
children over time. DCCs participating in the
surveillance network used study-provided
calendars to indicate the daily occurrence of predefined infectious disease episodes (table 1) among
their child-population aged 0-4 years. DCCs only
reported infectious disease episodes that resulted
in absence of the child on one or more days that the
child was scheduled to attend day care. Ill children
were either called in sick by their parent(s), or were
sent home sent by the DCC staff. Per reporting,
additional information regarding related healthcare-utilization characteristics was provided
including possible antibiotic consumptions,
general practitioner visits and hospitalizations. A
child had to be fully recovered for at least 7 days
before being reported ill again. In addition, DCCs
reported the number of children enrolled for day
care per week of participation.

3 Incidence

This paper has two objectives. (1): Estimate
the incidence of common childhood infectious
disease episodes and related antibiotics
consumption, general practitioner visits and
hospitalization among Dutch day care attendees
and (2): Estimate the excess incidence of two
frequent infectious diseases - gastroenteritis
and influenza-like illness- attributable to Dutch
day care attendance.17

Both incidence numerators and denominators
were reported by DCCs via a web-based
registration tool18 on a daily basis to the Dutch
Institute of Public Health. A researcher checked
all reports for completeness. Reports that were
unclear or incomplete were sent back via the
digital reporting system to the DCC with the
request to make appropriate changes before
finalizing the report. DCCs that did not report
at least one incidence numerator/denominator
per month for a minimal period of 6 months
during the study period and duplicate reports
were excluded from further analysis.

43

29760 Enserink, Remko.indd 43

20-10-14 20:52

Chapter 3

In addition, the Dutch Sentinel General Practice
(GP) Network provided national estimates of
general practitioner visits for GE and ILI between
March 2010 and March 2011. Similar data for
the other infectious diseases measured in KIzSS
or for the year March 2011 – March 2012 were
not (yet) available. In the GP network, sentinel
doctors were asked to report patients fulfilling
the definitions of GE or ILI (table 1). For a
detailed description of the design, methodology
and definitions implemented by the GP network
we refer to an article published elsewhere.17

Statistical analysis
Definitions and assumptions
An infectious disease episode, the incidence
numerator, was defined as a child experiencing
one or more days of pre-defined illness that

results in one or more days of absence from
day care. The child-time at risk, the incidence
denominator, was defined as the number of
children enrolled for day care per week of
participation in the surveillance network. As
children do not attend day care every day of the
week, we adjusted for episodes missed due to
children getting ill and recovering in between
DCC attendance days. Infectious disease
incidence was therefore calculated as the
number of infectious disease episodes per 1000
child-years at risk adjusted by an infectious
disease dependent correction factor for illness
episodes missed (Appendix I, available on
request to the authors). Weeks in which a DCC
reported the number of children attending
that week, but did not report infectious disease
episodes during that week, were considered to
be free from absence due to infectious disease

Table 1: Definitions of infectious disease episodes applied in the KIzSS and GP network
Infectious disease

KIzSS network definition

Gastroenteritis

Sudden, non-chronic, onset of ≥3 episodes of watery stools per day and/or
sudden, non-chronic, onset of ≥3 emetic
(vomiting) episodes per day

ILI

Ear infection
Chicken pox
Exanthema
Eye infection
Impetigo

GP network definition

Three or more loose stools per day or diarrhoea with
≥2 additional symptoms or vomiting with ≥2 additional
symptoms. Additional symptoms included abdominal
pain, abdominal cramps, nausea, fever, blood in the
stool, mucus in the stool, diarrhoea or vomiting.
Acute or sudden onset of symptoms with Acute or sudden onset of symptoms with fever (≥ 38 ºC)
fever (≥38 ºC) and/or warm to the touch and ≥1 of the following symptoms: cough rhinitis, sore
with suspicion of fever and ≥1 of the fol- throat, frontal headache, retrosternal pain or myalgia.
lowing symptoms: cough, rhinitis, sore
throat, listlessness, shortness of breath
Ear ache and/or runny ear with fever and/
or common cold
Sudden rash of small red bumps, followed
by itchy blisters and crust
Spots on skin, rash
Red eyes and swollen eyelids with or
without yellow/green mucal discharge
from eye
Expanding small red papules followed by
a honey-coloured crust.
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during that week. The relative difference in
infectious disease incidence between children
of different age (0-2 year olds compared to 2-4
year olds), study year (2010-2011 compared to
2011-2012) and population (day care-based
surveillance compared to GP based surveillance)
were calculated and expressed in an Incidence
Rate Ratio (IRR). The association between an
infectious disease episode and age were based
on DCC based age-stratified denominator
information of their child population.

Representativeness of the surveillance
network
The representativeness and diversity of the DCC
surveillance network was assessed by comparing
the DCC characteristics socioeconomic
classification, degree of urbanization, facility
design, and hygiene practices between network
participants and non-participants. Differences
at the level of a p-value <= 0.05 were considered
statistically significant. In addition, a principal
component analysis was performed to assess
whether the overall variation in combinations of
DCC characteristics in participants reflected the
overall variation among all DCCs (Appendix II,
available on request to the authors). Data were
analyzed using the statistical software package
STATA/SE 11.2 for Windows.

Results
The surveillance network
Figure 1 depicts the dynamics of the DCC
network during the study period. We

approached 3913 DCCs. Of the approached
DCCs, 2612 DCCs (67%) did not respond at all
and 356 DCCs (9%) indicated that they lacked
time and/or interest to participate in either
the survey among DCCs or the surveillance
network. 945 DCCs (24%) did respond by
returning a completed questionnaire regarding
their baseline characteristics. Of these DCCs,
19 (2%) were enrolled in the KIzSS cohort in
March 2010. Additionally, selective recruitment
was performed during the study period to
ensure regional representativeness, resulting
in additional inflow of 42 DCCs during the
study period. Similarly, there was an outflow
of 36 DCCs ending their cohort participation
efforts during the study period. At the end of
the considered study period in March 2012, the
surveillance network counted 25 participating
DCCs. In total, 40 DCCs participated for at least
26 weeks (10%, 50% and 90% percentiles: 33,
49 and 101participation-weeks respectively)
between March 2010 to March 2012.

3 Incidence

The Pediatric Infectious Disease Journal 2013; 32:334

Baseline characteristics of DCCs in the
surveillance network
Table 2 displays a selection of several
important baseline characteristics of DCCs
that participated in the questionnaire survey
and of potential differences between DCCs that
did (N=40) and did not (N=905) participate in
the DCC cohort during the study period. A
detailed overview of DCC characteristics and
their interrelatedness is available on request to
the authors (Appendix II). On average, a DCC
enrolled 82 children. The child/caregiver ratio
increased with decreasing DCC capacity. On
45
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average, a DCC staff member was responsible
for the care of 5 children. DCCs were organized
either horizontally (children of similar age
are grouped together), vertically (children of
all ages are grouped together) or both. Small
DCCs had a tendency to be organized vertically,
whereas larger DCCs were more often organized
horizontally. Smaller DCCs located in rural

settings applied less staff mixing between
groups, higher cleaning frequencies of toilet
and kitchen facilities and higher consistency in
implementation of exclusion policy guidelines
compared to larger DCCs.
Part of the of DCCs indicated they did not
always wash the hands of children before eating

24%

76%

Baseline questionnaire

No Response
2612 DCCs
No participation
356 DCCs

945 DCCs
94%
4%

No KIzSS participation
884 DCCs

DCC questionnaire survey

Potential participants
3913 DCCs

2%

1st March 2010
Start study period
19 DCCs

DCC cohort

Outflow during study
36 DCCs

Inflow during study
42 DCCs

1st March 2012
End study period
25 DCCs

Figure 1: Recruitment and inclusion dynamics of the DCC surveillance network from March 2010 –March 2012 in the
Netherlands. Location of participating DCCs are indicated by a dot on the map.
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(34%) or after a toilet visit (15%) or they did not
always clean the toilet and kitchen areas (17%)
on a daily basis despite their written policies to
do so. 42% of DCCs did not have a dedicated
diaper changing station. Cohorting or exclusion
of children with GE or ILI was not strictly part of
DCC infectious disease control policy, regardless
of whether an infectious disease outbreak was
suspected or not. Rather, DCCs indicated that
they excluded children too ill to participate in
daily DCC activities. Half of the DCCs contacted
public health authorities in case of a suspected
outbreak that is a notifiable event.
Between DCCs participating in our surveillance
network and all DCCs that responded to
our questionnaire, no significant differences
were detected regarding the distribution of
socioeconomic status and degree of urbanization
between DCC responders and non-responders
and no significant differences were detected
in terms of organization, facility design and
hygiene policies. The representativeness of
the DCC surveillance network was further
illustrated in a principal component analysis
on the DCC profile of combinations of these
DCC characteristics, showing that the variation
of KIzSS cohort participants reflected the
national variation in DCC characteristics very
well (Appendix II, available on request to the
authors).

Infectious disease incidence and related
health care utilization
Figure 2A, 2B and 2C show the monthly
infectious disease incidence of gastrointesti-

nal, respiratory and exanthematous disease
respectively as measured in the KIzSS network
between March 2010 and March 2012. Table 3
presents the number of infectious disease
episodes per 1000 child-years between March
2010 and March 2012, stratified by study year
and child’s age. Per infectious disease the
fraction of children requiring antibiotics, a
general practitioner visit and hospitalization are
given. Finally, table 4 depicts difference in GE
and ILI incidence requiring a visit to the general
practitioner between the DCC-based and the
GP-based surveillance during the period March
2010- March 2011.

3 Incidence

The Pediatric Infectious Disease Journal 2013; 32:334

Incidence
A total of 2488 infectious disease episodes
leading to absence from day care were estimated
to have occurred during 2441 child-years of
follow-up; approximately one episode with
absence per child-year. The highest infectious
disease incidence with absence was observed
for GE (387) and ILI (247). Ear infection
(150), chickenpox (120), exanthema (59),
eye infection (39) and impetigo (17) were
reported less frequently.GE and ILI displayed
clear seasonality with a distinct 4-fold increase
in incidence during the winter months.
No regular time-related incidence patterns
were observed for other infectious diseases,
although chickenpox incidence peaked with
some regularity during the study because of
individual/single DCC outbreaks.
The incidence of all infectious diseases reported
was significantly lower in 2010/2011 compared
47
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Table 2: Baseline characteristics of day care centers (DCC) that participated in the November 2009 questionnaire survey
(n=945) and differences between DCCs that participated (N=40) and never participated (N=905) in the surveillance
network
Infectious disease
N=945 DCCs

# DCCs
(% missing)

Estimate
[95% CI]

Network
p-value1

(SOCIO)DEMOGRAPHICS
Urbanization2
Socio-Economic Status3
Capacity (children enrolled)
Capacity (number of staff)

945 (0)
945 (0)
861 (9)
455 (52)

2 [0-5]
0 [-1- 1]
82 [77-87]
15 [3-32]

0.249
0.750
0.866
0.490

FACILITIES
Separate nappy change area

945 (0)

58% [55-62]

0.233

935 (1)
937 (1)

66% [63-69]
85% [83-87]

0.905
0.952

939 (1)
939 (1)

84% [82-87]
79% [76-81]

0.406
0.110

938 (1)
930 (2)

83% [80-85]
83% [81-86]

0.393
0.885

945 (0)
945 (0)

33% [30-36]
27% [24-30]

0.751
0.769

945 (0)
945 (0)
945 (0)

1% [1-2]
14% [12-16]
48% [44-51]

0.115
0.496
0.331

DISEASE PREVENTION
Hand wash frequency children:
Always before eating
Always after toilet visit
Hand wash frequency staff:
Always before eating
Always after helping child toilet visit
Cleaning frequency facilities:
Every day toilet cleaned
Every day kitchen cleaned
DISEASE CONTROL
Exclusion of children with:
Gastroenteritis
Influenza-like illness
When an outbreak is expected:
Cohorting of ill children
Exclusion of ill children
Always notify authorities
of notifiable disease

Level of significance of the differences between DCCs participating and not participating in the surveillance network. A
value of p=<0.05 is considered statistically significant.
2
Categorized by addresses per km2 as ‘1 highly urbanized’ (>2.500), ‘2 urbanized’ (1.500 – 2.000), ‘3 moderately urbanized’
(1.000 – 1.500), ‘4 low urbanized’ (500 – 1.000) and ‘5 rural’ (<500).
3
Expressed as a normalized score (-4 to +4) based on level of income, employment and educational level per postal code
area. A high score indicates a low SES of that postal code area.30
1
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Figure 2: Monthly infectious disease incidence per 1000 child-years of gastroenteritis (2A), influenza-like illness, ear
infection, eye infection (2B) and exanthema, chicken pox and impetigo (2C) as measured in the KIzSS network from
March 2010 - March 2012.
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to 2011/2012 with the exception of chickenpox
(significantly higher) and exanthema (no
difference). Compared to 2-4 year old children,
0-2 year old children were at a 1.2 (chicken pox)
to 3.6 (eye infection) times significantly higher
risk for infectious diseases monitored, with the
exception of impetigo (0.5 times significantly
lower risk). Overall, children aged 0-2 years
were approximately at a two times higher risk
of experiencing an infectious disease episode
compared to 2-4 year old children.

Health care utilization
Overall, children received antibiotic treatment
in 6% of infectious disease episodes, 29%
consulted a GP and 2% needed to be hospitalized.
Antibiotics were most often prescribed for
impetigo (24%), ear infections (21%) and ILI
(8%). Impetigo and ear infections were also the
most common reason for a child to visit the
general practitioner: 93% and 62% respectively.
The highest risks for hospitalization were
reported for episodes of ear infection (4.4%),
ILI (2.3%) and GE (1.6%).
Children attending a DCC consulted their GP
more often for GE and IL compared to children
in the Dutch Sentinel GP Network of the same
age group and during the same period (IRRGE:
1.7 [1.4-2.0], IRR ILI: 1.8 [1.6-2.1]). In case of
ILI, this effect was even stronger for the 0-2 year
olds (IRR: 2.3 [1.9-2.7]).

Discussion
Gastroenteritis (GE) and influenza-like (ILI)
illness were the most commonly reported
infectious diseases among children in our day
care-based surveillance network, particularly
during the winter months. Children experiencing
these infectious diseases consulted the GP
approximately two times as often as reported
by the Dutch Sentinel GP Network during
the same period and for the same age group.
For ILI, this is especially true among the very
young, suggesting that early day care attendance
shifts the occurrence of first infectious disease
episodes to an earlier age where complications
requiring health care are more likely to arise.80
Qualitatively, our results are in agreement with
those reported in other studies.19,20
However, we have three reasons to believe that
we underestimated the true disease burden
related to day care attendance. Firstly, DCCs
only included illness episodes that required a
child to be sent or kept home, whereas other
studies have shown that only 50% of children
might require home-care due to illness.21
Indeed, the GE incidence measured in our
DCC surveillance network was lower than
estimated in a community-based study that was
performed among the same age group in the
Netherlands in 1999 using diaries.13 Secondly,
the presented GP-based incidence estimates
for GE and ILI were calculated based on a at
risk child population of which 50% regularly
attends day care. Thirdly, both DCCs as well as
GP's may not have reported all eligible disease
episodes among their populations.
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Episodes per 1000 child-years
[95% confidence interval]

n
(%)

944 (38.0)
603 (24.2)
367 (14.8)
294 (11.8)
144 (5.8)
94 (3.8)
42 (1.7)
2488 (100)

Infectious disease

Gastroenteritis
ILI
Ear infection
Chicken pox
Exanthema
Eye infection
Impetigo
Total

0.7 [0.7-0.8]
0.7 [0.6-0.8]
0.7 [0.6-0.8]
1.5 [1.3-1.7]
0.9 [0.7-1.2]
0.4 [0.2-0.5]
0.5 [0.3-0.8]
0.8 [0.7-0.8]

IRR2

Study year
2010/2011 vs.
2011/2012)

1.7 [1.5-1.9]
1.6 [1.4-1.8]
2.1 [1.9-2.4]
1.2 [1.0-1.4]
2.8 [2.3-3.4]
3.6 [2.8-4.5]
0.5 [0.3-0.9]
1.7 [1.6-1.8]

6 (0.6)
49 (8.1)
78 (21.3)
1 (0.3)
1 (0.7)
4 (4.3)
10 (23.8)
149 (6.0)

AB
(% n)

IRR3
119 (12.6)
218 (36.2)
226 (61.6)
26 (8.8)
57 (39.6)
27 (28.7)
39 (92.9)
712 (28.6)

GP
(% n)

Health care utilization

Age
0-2 year olds vs.
2-4 year olds

15 (1.6)
14 (2.3)
16 (4.4)
2 (0.7)
1 (0.7)
0 (0.0)
0 (0.0)
48 (1.9)

HO
(% n)

2

1

3 Incidence

Occurrence is based on the reported infectious disease episodes and an infectious disease-dependent correction factor appendix I).
Incidence rate ratio (IRR) of observing an infectious disease episode in March 2010- March 2011 compared to March 2011 – March 2012 (reference).
3
Incidence rate ratio (IRR) of infectious disease episodes reported among children aged 0-2 years of age compared to children aged 2-4 years of age (reference).

387 [362-412]
247 [228-268]
150 [135-167]
120 [107-135]
59 [50-70]
39 [31-47]
17 [12-23]
1019 [979-1060]

Incidence1

Episodes1

Episodes: 2488
Child-years at risk: 2441

Table 3: Occurrence of reported infectious disease episodes compared between study years (ref: 2011/2012) and age groups (ref: 2-4 year olds) as well as the proportion of
episodes requiring antibiotics (AB), a general practitioner visits (GP) or hospitalization (HO).
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Table 4: Differences in GE and ILI incidence requiring a visit to the general practitioner (GP) between child day care center
(DCC)-based surveillance and GP-based surveillance between March 2010- March 2011stratified by age. Expressed as an
incidence rate ratio (IRR).
Infectious disease requiring GP visit

Incidence per
1000 child-years
DCC

GP

Gastroenteritis
0-2 years

80 [63-100]

47 [38-56]

1.7 [1.3-2.2]

2-4 years
Overall

36 [26-48]
55 [45-65]

19 [14-26]
33 [28-39]

1.9 [1.4-2.6]
1.7 [1.4-2.0]

ILI
0-2 years
2-4 years
Overall

157 [133-184]
56 [44-71]
101 [88-115]

70 [59-81]
40 [32-49]
55 [49-63]

2.3 [1.9-2.7]
1.4 [1.1-1.8]
1.8 [1.6-2.1]

We have shown the importance of including
multiple surveillance years as infectious disease
incidences might vary significantly over the
years. There is a possibility that the disease
burden related to GE and ILI measured during
the study period differ from the disease burden
of other years. Although the DCC network is
representative with regard to distributions in the
degree of urbanization and the socioeconomic
status of DCCs that did and did not respond to
our questionnaire survey, some differences may
exist in other DCC characteristics for which we
had no information. It is expected that these will
be of minor importance for the estimates, rank
order and relative importance of the infectious
diseases presented here.
Results from our DCC survey indicate that
there is ample room for improvement in
implementing simple measures for infectious
disease prevention such as hand hygiene
and appropriate cleaning of potentially
contaminated surfaces. Such measures have

IRR

convincingly shown to reduce the infectious
disease risk in the DCC setting22,23,24; especially
against enteric infections25 which were most
commonly reported during our study. It is not
clear whether the performance of Dutch DCCs
lag behind internationally recognized standards
as was the case in 2005.26
The national baseline estimates of infectious
disease incidences presented in this paper will
provide a basis for future disease burden, cost
of illness, risk factor and intervention studies.
Together, these studies will identify most
efficient hygiene standards and control measures
in practice in DCCs in the Netherlands and
give justification for their implementation. This
may convince and stimulate DCCs in fulfilling
their responsibility to provide children with a
safe and hygienic environment as is required of
DCCs since 2005 by Dutch DCC law. The KIzSS
surveillance network will continue to monitor
child day care-associated infectious disease
dynamics in the future.
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Appendix I: Estimating the
number of infectious disease
episodes

then estimate the number of actual episodes
for each length, by calculating the probability
of observing an episode of that length.

Problem definition

Model

To calculate incidence rates, both a numerator
and a denominator are needed. In our study, the
denominator is equal to the number of children
enrolled per week in the participating DCCs.
Our numerator, the number of infectious
disease episodes, is based on observations
during the days the child attends day care,
which is on average 2.5 days per week bases on
our surveillance data. This means we do not
follow-up children during all days of the week.
Hence, we will not observe all infectious disease
episodes experienced by the enrolled children
and therefore using the observed number of
infectious disease episodes as numerator will
result in an underestimation of infectious
disease incidence

Every child attends day care a fixed number of
days per week. We assume that an infectious
disease episode will be observed if one of the
days on which a child experiences the infectious
disease coincides with a day on which the child
(would have) attended day care. Furthermore,
we assume that an infectious disease episode
can start on any day of the week with equal
probability. We estimate the probability that a
child attends day care on a set of days as the
fraction of children that attend day care on that
specific set of days.

A simple solution would be to estimate the total
number of episodes. If there are n episodes
observed in 2.5 days of the week, there must
be 7/2.5 episodes per week in total. We could
multiply our incidence estimates by 7/2.5.
However, this would give an overestimation as
episodes may last for longer than one day. Thus,
the probability of observing an episode is larger
than 2.5/7. For example, an episode lasting seven
days will always be observed. We can more
accurately estimate the number of infectious
disease episodes by categorizing episodes by
episode length, as the length influences the
probability of observing the episode. We can

3 Incidence

The Pediatric Infectious Disease Journal 2013; 32:334

The probability that an episode of length i days
is observed is denoted by obsi. Obviously, obsi=1
for i≥7. We estimate obsi, i=1,..,6 from our data
on when children attend day care as follows. obsi
is the same as one minus the probability that an
episode of i days is missed. We miss an episode
of i days if the child does not attend day care
on the day of onset of symptoms and the i-1
consecutive days.
For example, for children that experience
infectious disease episodes that last for 3 days
(figure S1):
obs3 = 1-(1/7)*(P(child does not attend day care
on Saturdays, Sundays and Mondays) + P(child
does not attend day care on Sundays, Mondays
and Tuesdays) +…+ P(child does not attend day
care on Fridays, Saturdays and Sundays).
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Estimating the correction factor for the
number of episodes
We denote by ni the number of observed
episodes of length i days. If in reality there were
Ni episodes of length i, we would only observe
Ni*obsi of these. Thus, we can estimate Ni as
ni
obs i

The probability of observing any episode
of unknown length is estimated as the total
number of observed episodes divided by the
estimated total number of episodes.
Table S1: Infectious
correction factors
Infectious disease
Gastroenteritis
ILI
Ear infection
Chicken pox
Exanthema
Eye infection
Impetigo

disease

dependent

∑n
i

i

ni

∑ obs
i

i

Taking the reciprocal of this value gives us a
correction factor by which we have to multiply
the observed number of episodes to arrive at
the estimated actual number of episodes as the
incidence numerator. As lengths of episodes
differ extensively depending on the type of
infectious disease, we calculated this correction
factor separately for each type of infectious
disease (table S1).

incidence

Correction factor
1.4
1.3
1.3
1.2
1.4
1.3
1.3
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Probability(of(observing(the(diseased(child((obs3)

Figure S1. Illustration of the probability of observing an infectious disease episode of three days. For children that attend
day care on Mondays and Fridays (indicated by white smiley’s), the probability of observing an episode of length three is
6/7, as only an episode that starts on Tuesday will be missed. This probability would have been lower if the child attended
day care on Monday and Tuesday. In general, the probability is dependent on the number of days, and the distribution over
the week of these days, that a child attends day care.
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1
2
3
4
5
6
7
8
9
10
11
12
13

Q3

1
2
3
4
5
6
7
8
9
10
11
12
13

Q1

High socioeconomic status
Rural
Small capacity
Vertical groups
Inexpensive
Little staff mixing between groups
Small number of staff
No sandpit in/outdoors
No diaper station
High cleaning frequency faciliti es
Exclusion policy in case of outbreak
Do not notify public health authorities
High child/staff ratio

High socioeconomic status
Moderately urbanized
Large capacity
Horizontal and vertical groups
Expensive
Frequent staff mixing between groups
Moderate number of staff
Sandpit in/outdoors
Diaper station
Low cleaning frequency facilities
No exclusion policy in case of outbreak
Notify public health authorities
Moderate child/staff ratio

COMBINATIONS OF

-3

All DCC
KIzSS

-2

-1

-2

-1

0

1

2

0

1

2

1
2
3
4
5
6
7
8
9
10
11
12
13

Q4

1
2
3
4
5
6
7
8
9
10
11
12
13

Q2

High socioeconomic status
Moderately urbanized
Small capacity
Vertical groups
Expensive
Frequent staff mixing between groups
Moderate number of staff
Sandpit in/outdoors
Diaper station
Low cleaning frequency facilities
No exclusion policy in case of outbreak
Notify public health authorities
High child/staff ratio

Low socioeconomic status
Highly urbanized
Moderate capacity
Horizontal groups
Expensive
Frequent staff mixing between groups
High number of staff
No sandpit in/outdoors
No diaper station
Low cleaning frequency facilities
No exclusion policy in case of outbreak
Do not notify public health authorities
Low child/staff ratio
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Transient and sustained effects of day-care attendance on
hospital admission for gastroenteritis
Remko Enserink1, Jacob Simonsen2, Lapo Mughini-Gras1, Steen Ethelberg3, Wilfrid van Pelt1, Kåre
Mølbak3
Centre for Infectious Disease Control, National Institute for Public Health and the Environment (RIVM), Bilthoven, The
Netherlands;
2
Department of Epidemiology Research, Statens Serum Institut, Copenhagen, Denmark;
3
Department of Infectious Disease Epidemiology, Statens Serum Institut, Copenhagen, Denmark
1

Introduction: There is evidence that children experience a transient increase in mild episodes of
gastroenteritis when they start attending out-of-home child-care. We assessed the transient (or
immediate) and sustained effects of cumulative day-care attendance, age at first enrolment, and
type of child-care facility attended on hospitalization rates for gastroenteritis.
Methods: Cox proportional hazard models were used to estimate the risk of being hospitalized
for gastroenteritis in two large cohorts of preschool (<6 year-old) and elementary school-going
(6-10 year-old) children in Denmark. Day-by-day, child-level registry data were used. Together,
the two cohorts comprised 443,872 children, 21,038 hospitalizations and 1,742,284 child-years
(1994-2011).
Results: From first day-care attendance until 12 months of cumulated attendance, preschool
children attending day-care centers, but not those attending day-care homes, had an increased
risk of hospitalization for gastroenteritis compared to children never attending day-care. Such
increased risk was highest shortly after starting day-care attendance and then gradually declined.
After 12 months of attendance, attending either day-care centers or day-care homes was associated
with a lower risk for hospitalization. Such decreased risk was confined to children starting day-care
attendance before the age of one and extended throughout, but not beyond, their preschool years.
Conclusions: Attending day-care centers is associated with a higher risk for gastroenteritis
hospitalization until one year of attendance. However, if children start attending day-care before
the age of one, they experience a lower risk of being hospitalized during their preschool years. This
apparent protective effect did not last into the elementary school years.
Keywords: Gastroenteritis, hospitalization, child-care.
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Introduction
Children attending out-of-home day-care are
at an increased risk of experiencing episodes
of gastroenteritis.14, 15, 58, 81-85 The reported
outcomes associated with day-care attendance
are typically mild, transient, and limited to the
early years of life.15, 25, 86 However, attending daycare may well have a sustained impact – positive
or negative - on gastrointestinal morbidity
due to, e.g., repeated infections, treatments
and diverse immune challenges posed by
enteropathogens in day-care.87 Such effects
have been reported for respiratory illnesses,
suggesting that the excess of day-care-related
morbidity experienced during the preschool
years reduces the risk of developing allergic
disease88-93 and mild respiratory infections29, 94, 95
during the elementary school years. Conversely,
gastroenteritis during childhood might lead
to sustained detrimental effects; e.g. chronic
inflammatory diseases of the intestine.96
Assessing the sustained health risks of daycare-associated gastroenteritis is challenging,
particularly
for
outcomes
requiring
hospitalization. Such assessments require
child-level information on movements between
out-of-home day-care and parental care along
with detailed hospitalization records, both not
commonly available over long periods. Most
studies, therefore, have used proxies for daycare attendance, such as years spent in a daycare, degree of peer exposure, and number
of individual child-care arrangements.15, 25,
29
However, the extent to which day-care

attendance is associated with the occurrence of
severe gastroenteritis might be more subtle than
can be detected using proxies. Health effects
may persist during the preschool years, e.g.,
when children are cared for at home after having
previously attended day-care. These sustained
effects may also differ between preschoolers
and elementary school-going children, given
the different developmental stages of these
children. Finally, the type of child-care facility
attended might play a role.
Using Danish registry data, this study aimed
at answering three questions: (1) What are the
transient and sustained risks of hospitalization
for gastroenteritis associated with day-care
attendance? (2) Do these risks depend on the
age at which children start attending day-care?
(3) Are these risks modified by the type of childcare facility attended? These questions were
addressed for both preschoolers and elementary
school-going children.

Methods
In Denmark, residents have a unique 10-digit
identification number used in national
registries. This enabled us to perform identitysecure linkage of several Danish registries to
provide day-by-day, child-level information on
family characteristics, day-care arrangements
(attendance and type of day-care facility) and
hospitalization events for children born and
living in Denmark during 1994-2011.
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The Danish Civil Registration System
(DCRS)

The DNPR encompasses both in-patient and
all-day contacts of all Danish residents.98
DCRS-id, ICD10-code(s), date(s) of admission
and discharge were extracted for all children
born in the study period and hospitalized for
gastroenteritis (ICD10-codes: 000–009, 014,
054.01, and 054.08).

(crèche, kindergarten, age-integrated daycare center and day care home). Crèches are
facilities with an average of ~40 children aged
6 months‒3 years.100 Kindergartens are daycare centers for children aged 3‒6 years with
~56 children enrolled. Age-integrated daycare centers are a combination a crèche and
kindergarten, targeting children of 6 months‒6
years of age, with ~73 children enrolled. Finally,
day-care homes are designed for small groups
of children of the same age. Often run by a
single, professionally supervised and registered
child minder, day-care homes look after 1‒5
children. Child-care facility data were linked to
the other child-level data through the unique
child-care facility code. Data covered 49 of the
current 99 municipalities, accounting for 54%
of the Danish population.

Child-care registry56, 99

Assembly of study cohorts

This registry was developed to assess the impact
of child-care attendance on common childhood
illnesses. It combines data on child-care
attendance and child-care facility, as follows:
(1) In Denmark, municipalities collect personidentifiable data on child-care arrangements to
manage bill payments and child-care capacity.
For each child, the dates of enrolment at, and
withdrawal from, child-care facilities (identified
through their unique codes) were extracted. (2)
Denmark’s national statistical bureau, Statistics
Denmark (SD), routinely collects child-care
facility data for administrative purposes.
Reporting to SD is mandatory and nationwide.
From this database, we extracted the unique
child-care facility codes and type of facility

We defined a preschool cohort and an
elementary school cohort. Figure 1 provides a
summary of the cohort structure and available
data over the study period. The preschool
cohort included children aged <6 years born
and living in the 49 Danish municipalities for
which we had complete day-care information
between 1 January 1994 and 1 November 2005.
This cohort was followed-up from birth to 1
November 2005, to 1 August of the year the
children became 6 year-old (as they started
attending elementary school), the day of death,
movement outside the 49 municipalities, or
hospitalization for gastroenteritis, depending
on which condition came first. The elementary
school cohort included children aged 6-10 years

The DCRS provides the aforementioned
identification number (DCRS-id), along with
the birthday, day of death, first-level relatives,
emigration and current and earlier addresses of
all Danish residents.97 This registry allowed us
to cross-reference parents’ age and number of
children in the household.

Danish National Patient Registry (DNPR)
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attended day-care in the past. All risks were
estimated relative to children that were never
registered for out-of-home day-care.

Statistical analysis

2011

2010

2009

2008

2007

2006

2005

2004

2003

2002

2001

2000

1999

1998

For the preschool cohort, we constructed a timedependent variable specifying the children’s
attendance status at time of analysis. This
variable had three categories: ‘never attended
day-care’, ‘previously attended day-care, but
currently home-cared’ and ‘currently attending
day-care’. Children entered the category ‘never
attended day-care’ if they were never cared for
by a registered child-care facility during the
study period (although these children might
temporarily have attended unregistered and
unsupervised private family care). Children
considered to be ‘currently in day-care’ were
stratified based on the cumulated time spent in
day-care (1-29, 30-59, 60-89, 90-119, 120-149,
150-179, and 180-365 days, 1-2, 2-3 and >3
years. Children within the category ‘previously
attended day-care, but currently not attending
1997

1996

1995

1994

born and living in the 49 municipalities between
30 November 1994 and 1 November 1999. This
cohort was followed-up from 1 January 2000
or the day the children became 6 year-old, to
1 January 2013, or to the previously mentioned
conditions. The transient risk for hospitalization
due to day-care attendance was assessed for
children still enrolled for day-care, or within
2 months from last day-care attendance, and
were therefore assessed for preschoolers only.
Conversely, the sustained risk was defined
as that occurring among children no longer
attending day-care (last day care attendance at
least 2 months ago). The sustained risk could
be assessed for both preschool and elementary
school cohorts. Among preschoolers, this risk
was assessed for children that stopped attending
day-care more than 2 months before and were
home-cared since, as well as for children that
were attending day-care and have been doing
so consistently over time. For elementary
school-going children, the sustained risk was
determined as that occurring in children that

Preshool cohort
Birth period
Follow-up period

Short-term effect

Elementary school cohort
Birth period
Follow-up period

Long-term effect

Childcare attendance data
(Enrollement & withdrawal dates, type
of facility)

Childcare facility data
(Staff employed, children enrolled)

Hospitalization data

(Admission & discharge dates, ICD
codes)

Figure 1: Visual representation of the follow-up time for the preschool and elementary school cohort.

64

29760 Enserink, Remko.indd 64

20-10-14 20:52

Transient and sustained effects of day-care attendance on hospital admission for gastroenteritis
JAMA Pediatrics (in review)

Assessment of confounders
Time-independent variables (parents’ age at
child’s birth, child’s gender, child’s nationality),
and time-dependent variables (number of
children in household, current residence
municipality and season at birth) were
considered as confounders. A child’s nationality
was categorized based on the respective parents’
country of birth. Children were considered
‘Danish’ if at least one of the parents was born in
Denmark, ‘Other Western’ if one of the parents
was born in one of the 15 European Union
countries as of year 1998 (excluding Denmark),
USA, Canada, Australia or New Zealand, and
‘Other’ in all other instances. To be included
as a confounder, these variables needed to
produce a change of ≥10% in the HRs for some
of the parameters of interest. If a variable was
identified as a confounder, the baseline hazard
function was stratified on that variable in all
analyses.

4 Hospitalization

day-care’ were stratified according to the time
since last day-care attendance (same timecategories). This time-dependent attendance
variable ensured that at any given point in
time, every child fell into only one category,
while allowing the attendance variable to vary
over time. In all analyses, children that ‘never
attended day-care’ were used as reference
category. Using Cox proportional hazard
models101, we examined the hazard ratios (HRs)
for hospitalization due to gastroenteritis at
different levels of prior cumulative attendance
to the three categories defined before. Age of
the child was used as underlying time scale
variable, ensuring that only children of exactly
the same age were compared to each other. In
addition to cumulative day-care attendance,
we assessed whether the HRs varied according
to the child’s age at first enrolment (<1 year vs
>=1 year) and the type of child-care facility
attended (day-care center vs day-care home). In
these analyses, crèche, age-integrated day-care,
and kindergarten were combined as ‘day-care
center’. This was done based on initial analyses
showing that the median age at which children
started attending day-care was 1 year and that no
significant differences in HRs existed between
children attending crèches, age-integrated
day-care, or kindergartens, yet these HRs
each differed from those of children attending
day-care homes. For the elementary school
cohort, we used the cumulative amount of time
spent in day-care until children’s enrolment at
elementary school, stratified as ‘never attended
day-care’ (reference category) versus <1,1,2,3,4
and 5 years of day-care attendance.

Results
Descriptive statistics
Figure 2 depicts the percentage of enrolled
children according to their age and type of
child-care facility attended. In Denmark,
children are eligible for day-care attendance
from the age of 6 months onwards. Until 3 yearold, day-care homes were the most commonly
used child-care facility (about 24% at 1.5 yearold). Between 3-5.5 year-old, children were
predominantly cared for in kindergartens
(40%) or age-integrated centers (30%). From
65
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5.5-6 years onwards, attendance of out-of-home
care declined overall. Table 1 shows the number
of child-years and hospitalizations stratified by
cumulative day-care attendance, time since last
attendance, age at first attendance, and type of
day-care facility attended. The preschool cohort
comprised 443,872 children (1,045,523 childyears, 13,340 hospitalizations). The elementary
school cohort included 180,490 children
(696,761 child-years, 1363 hospitalizations).
Except for the child’s nationality and season
of birth, none of the explored covariates
changed the HRs more than 10%. Therefore,

the baseline hazard function was stratified
on the child’s nationality and season of birth
only. Compared to ‘Danish’ children, children
in the ‘Other’ nationality category were twice
as likely to be hospitalized when in day-care
(HR: 2.01, 95% CI 1.94‒2.09). Children with
‘Western’ nationality did not differ significantly
from children with a ‘Danish’ nationality (1.01,
0.87‒1.17). Compared to the winter months,
the independent contributions of autumn (0.54,
0.52-0.56) and summer (0.50, 0.48‒0.52) to the
risk of hospitalization were lower than during
spring (0.81, 0.78‒0.84).

Percent
100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0.0%

0

1
Home
Age−integrated

2

3
Creche
Day care home

4

5

6

Age

Kindergarten

Figure 2: Distribution of type of day-care exposure by age of the children in the pre-school cohort.
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Table 2 presents the results of the Cox
proportional hazards model of preschoolers
according to their cumulative day-care
attendance and time passed since last
attendance. The HRs were stratified according
to type of child day-care facility and age at
first attendance. Regardless of the age at first
attendance, preschool children attending daycare centers experienced a significantly higher
risk of hospitalization for gastroenteritis from
first attendance to 12 months of cumulated
attendance. For instance, children starting
attending day-care centers before 1 year of age
had an immediate HR of 1.76 (95%CI 1.532.03). Such increased risk was highest shortly
after starting day-care attendance and then
gradually declined. However, from 12 months
of cumulated attendance onwards, children in
either day-care centers or day-care homes that
started attending out-of-home care before 1
year of age showed a significantly lower risk for
hospitalization.
With a few exceptions, the risk for gastroenteritis
hospitalization was not significantly different
for children that previously attended day-care
compared to those that never attended day-care.

Effects of cumulative day-care attendance
among elementary school children
Table 3 presents the HRs for gastroenteritis
hospitalization among elementary schoolgoing children according to their cumulated
day-care attendance. HRs were stratified by
age to distinguish between children that just

enrolled in elementary school from children
being in elementary school for at least one year.
Compared to children never attending day-care,
no significant sustained risks of gastroenteritis
hospitalization were associated with previous
day-care attendance in the elementary school
cohort.

Discussion
We found that preschool children attending daycare centers experienced a significantly higher
transient risk for severe episodes of gastroenteritis
requiring hospitalization compared to children
that had never been in day-care. The risk varied
from 1.7 at enrolment into day-care to 1.2 after
12 months of cumulated attendance. Based on
similar data, another Danish study56 reported
an incidence rate ratio of 1.2 for gastroenteritis
hospitalization in children during the first 6
months after first day-care enrolment compared
to children attending day-care for the second half
year. This study, however, aggregated the first 6
months in day-care and it did only indirectly
report the relative difference in risk between
children in institutions and children at home.
Our study included type of day-care as an
effect modifier and divided the first half year of
cumulative attendance into finer time-intervals.
Furthermore, different inclusion criteria were
applied. Our study was more restrictive in the
inclusion of municipalities to achieve data
completeness. Finally, we included both inpatient admissions and outpatient visits, whereas56
included only in-patient admissions. These

4 Hospitalization

Effects of cumulative day-care attendance
among preschool children
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615
184
213
728
615
353
505
266

Current day care
Home, never day care
Home, have been in day care
Currently in day-care home
Currently in day-care center

Cumulated day-care
None
< 1 year
1-2 year
3-5 year

12238 (6.8%)
7070 (3.9%)
37239 (5.9)
123943 (68.7)

**

161396 (89.4)
1202 (0.7)
17892 (9.9%)

91901 (50.9%)
88589 (49.1)
0
0

92116 (51.0%)
88374 (49.0)

School cohort
N*
180490

* Only calculated for time-independent variables. **Current day care is not considered for the elementary school cohort.

9820
6125
2989
742

9820
1495
2656
5705

14438
3926
1312
0
0

764
571
406
0
0

5923
5897
5272
2584

8668
11008

15780
188
3708

595
577
430
139

851
890

Events
19676

1545
16
180

115378(26%)
112195(25.3%)
111652(25.1%)
104648(23.6%)

Birth year
1994-1996
1997-1999
2000-2002
2002-2005
392186 (88.4%)
5721 (1.3%)
45966 (10.4)

216067(48.7%)
227806(51.3%)

Gender
Girls
Boys

Person-years *1000
1740

Nationality
Danish
Other Western
Other
Age
0-1 years old
2-3 years old
4-5 years old
6-7 years old
8- years old 9 years old

Preschool cohort
N*
443872

Variable
Total

47
27
143
479

0
0
0
353
342

625
4.2
67

355
341
0
0

341
355

Person-years *1000
696

77
40
289
960

0
0
0
766
596

1082
13
267

702
660
0
0

636
726

Events
1362

Table 1: Distribution of hospitalization events and child-years for the preschool and elementary school cohorts; according to gender, birth year, age, type of day-care facility
and cumulative exposure time in day-care.
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We also found that after 12 months of cumulated
attendance, preschool children attending any
type of day-care experience a significantly
lower sustained risk for severe episodes of
gastroenteritis compared to permanently homecared children. This sustained effect was confined
to children that started attending day-care
before the age of one, suggesting that exposure
to enteropathogens during infancy might be
relatively more effective in terms of elicited
immune response. Several other studies have
shown age to be a potent moderator of immunity,
arguing that young children require frequent
and substantial ‘immunity boosts’ from a wide
variety of pathogens, such as those occurring
naturally in group day-care, to produce adequate
and long-lasting immunity.29, 88-95 An alternative
explanation for the sustained decreased is reverse
causality: particularly frail children more prone
to gastroenteritis and/or to other diseases are
gradually withdrawn from day-care over time, or
are a priori not enrolled by parents for day-care
at all. In addition, the frailest children might be
hospitalized shortly after they start attending day-

care, after which they are censored from further
analyses. Both selection effects would, over time,
leave the children remaining in day-care to be on
average healthier than those home-cared.102 It is,
therefore, possible that the observed decreased
risk of hospitalization reflects a mixture of
acquired immunity and a ‘healthy child effect’.
This could be an area of further research.
The sustained protective effect did not extend
into the elementary school years, suggesting
that out-of-home care neither protects nor
predisposes children towards gastroenteritis
hospitalization after the preschool years. A
possible explanation is that elementary schoolgoing children are not (anymore) exposed to
the relatively higher levels of, and specific risk
factors for, enteropathogens circulating in the
day-care environment. Moreover, elementary
school children may be more knowledgeable on
basic hygiene practices than preschool children.
The transient increased risk for gastroenteritis
hospitalizations was statistically significant
only for children attending day-care centers,
not day-care homes. This may be explained
by the larger number of children day-care
centers usually care for, as they may provide
more opportunities for children to transmit
enteropathogens through direct (person-toperson) or indirect (environment-mediated)
contact than is possible in small day-care
homes.29, 44, 46, 51, 87 Moreover, children cared for
in day-care centers might be particularly prone
to infections due to elevated cortisol levels
caused by stressful group interactions.103

4 Hospitalization

differences are likely to explain the discrepancy
between studies. Our findings are consistent
with other authors. For instance, a study of severe
diarrheal illness in the USA reported child-care
to be associated with an overall relative risk of
1.8 compared to home-care.61 A Dutch network
of child day-care centers reported that children
aged 0-4 years attending day-care required a
visit to their general practitioner twice as often
as would be expected based on national estimates
for this age group.14
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1-29
30-59
60-89
90-119
120-149
150-179
180-365
1 year
2 years
3-6 years

1-29
30-59
60-89
90-119
120-149
150-179
180-365
1 year
2 years
3-6 years

Attending
day care
(cumulative
exposure
time)

Previously
attended
day-care
(time since
last attendance)

Never
attended
day-care

Time
(days)
.

8.6
7.3
6.9
6.4
6.1
5.9
30
4.9
1.6
1.1

5.8
6.0
5.9
5.8
5.7
5.7
34
62
76
141
75
80
76
87
66
44
138
29
7
3

202
202
145
155
150
157
690
545
307
362
1.21(0.94,1.54)
1.51(1.18,1.94)
1.22(0.94,1.58)
1.19(0.93,1.53)
0.95(0.72,1.26)
0.86(0.62,1.19)
1.11(0.91,1.37)
1.00(0.69,1.45)
1.08(0.51,2.27)
0.91(0.29,2.83)

1.76(1.53,2.03)
1.74(1.51,2.01)
1.28(1.09,1.52)
1.41(1.12,1.60)
1.42(1.20,1.67)
1.50(1.27,1.7)
1.22(1.12,1.33)
0.92(0.83,1.02)
0.84(0.73,0.96)
0.84(0.73,0.98)

Day-care center
(Age at first attendance <1 year)
PersonEvents Hazard Ratio
Years/1000 (n)
615
9820 Reference

3.2
2.5
2.4
2.3
2.2
2.1
11
3.6
1.2
0.3

6.9
7.0
6.9
6.7
6.5
6.3
35
56
21
1.1
47
24
37
52
38
33
73
30
5
1

141
151
162
144
129
126
569
474
100
4
1.15(0.85,1.56)
0.70(0.46,1.06)
0.93(0.66,1.31)
1.13(0.84,1.53)
0.91(0.64,1.28)
1.05(0.73,1.52)
0.95(0.74,1.23)
1.49(1.04,2.15)
1.15(0.48,2.78)
0.94(0.13,6.68)

1.07(0.91,1.27)
1.13(0.96,1.33)
1.24(1.06,1.46)
1.13(0.95,1.33)
1.06(0.89,1.27)
1.05(0.88,1.26)
0.94(0.85,1.03)
0.83(0.74,0.92)
0.78(0.63,0.97)
0.90(0.34,2.40)

Day-care home
(Age at first attendance <1 year)
PersonEvents Hazard Ratio
Years/1000 (n)
.
.

7.3
6.0
5.5
5.1
4.7
4.5
21
3.3
0.8
0.2

8.9
9.1
9.1
8.9
8.9
8.8
53
100
90
80
57
41
61
59
36
31
96
21
5
0

193
200
166
141
126
121
615
645
332
251
1.39(1.05,1.85)
1.27(0.92,1.77)
1.55(1.16,2.06)
1.34(1.00,1.80)
0.88(0.61,1.26)
1.04(0.70,1.52)
1.18(0.92,1.51)
1.37(0.89,2.12)
1.57(0.65,3.79)
NA

1.68(1.45,1.95)
1.82(1.58,2.11)
1.64(1.40,1.92)
1.51(1.27,1.79)
1.41(1.18,1.69)
1.37(1.14,1.65)
1.24(1.13,1.36)
1.16(1.05,1.28)
0.99(0.87,1.14)
1.02(0.86,1.20)

Day-care center
(Age at first attendance >1 year)
PersonEvents Hazard Ratio
Years/1000 (n)
.
.

1.4
1.0
0.9
0.9
0.9
0.8
49
1.9
0.7
0.1

3.4
3.4
3.3
3.2
3.1
3.0
16
19
2.1
0.2
18
11
15
19
25
20
23
8
4
0

58
79
45
53
38
40
201
135
7
0

1.36(0.85,2.17)
1.04(0.57,1.89)
1.28(0.76,2.15)
1.46(0.91,2.33)
2.05(1.35,3.11)
2.11(1.33,3.36)
0.92(0.60,1.41)
0.99(0.49,1.98)
1.77(0.66,4.73)
NA

1.12(0.87,1.46)
1.56(1.24,1.95)
0.96(0.71,1.29)
1.27(0.97,1.67)
0.98(0.71,1.35)
1.07(0.78,1.46)
1.10(0.945,1.27)
1.04(0.86,1.24)
0.73(0.345,1.54)
NA

Day-care home
(Age at first attendance >1 year)
PersonEvents Hazard Ratio
Years/1000 (n)
.
.

Table 2: Transient and sustained effects of cumulative day-care exposure and time-since last day-care as a function age at first attendance; the preschool cohort
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There are several advantages in using nationwide
registry-based data. First, the large sample size
allows for precise estimation, statistical power,
stratification and simultaneous consideration
of multiple confounders. Second, selection
bias is minimized because children were
included, irrespective of their socioeconomic
and demographic backgrounds. Furthermore,
the decision to hospitalize children with
gastroenteritis is not directly influenced by the
economic status of the family in Denmark, as
the Danish healthcare system is tax-funded and
free of cost. Third, data do not rely on individual
self-reports, but on institutionally collected
data where a unique personal identifier ensured
accurate linkage. Hospitalization data were
classified according to the ICD-10 system,104
of which the validity and coverage has been
confirmed previously.105 There are also some
limitations to the registry-based data used for
this study. We could not differentiate between
children attending day-care the whole day from

those attending day-care only part of the day.
Furthermore, we examined the effect of daycare attendance only for the most severe cases
of gastroenteritis requiring hospitalization. The
day-care effect on milder cases of gastroenteritis
was not a subject of the present study. However,
a Dutch study suggest that the effects of daycare attendance on milder cases would not
differ much from the estimates presented in this
study.14 Finally, the Danish national registries
obviously do not include unregistered child-care
facilities. Therefore, some misclassification will
have occurred, resulting in children erroneously
being classified as home-cared while actually
being cared for in an unregistered day-care
facility. Although any such misclassification is
likely to be of non-differential nature (biasing
our estimates towards one of no effect), it may
explain why little effect was observed for daycare-homes, as unregistered child-care homes
are presumed to be small.

4 Hospitalization

JAMA Pediatrics (in review)

Table 3: Sustained effects of cumulative exposure to day-care as a function of a cumulative exposure time, stratified by age;
the elementary school cohort
Age (years)
6-7

8-9

Cumulated day care (year)
None
<1 year
1 year
2 year
3+ year*
None
<1 year
1 year
2 year
3+ year

Person-years/1000
23
13
20
52
243
23
13
20
50
235

Number of events
45
24
50
112
535
32
16
34
89
425

Hazard ratio
Ref
0.96(0.59,1.55)
1.15(0.76,1.73)
1.10(0.77,1.56)
1.29(0.95,1.76)
Ref
0.85(0.47,1.55)
1.24(0.76,2.00)
1.28(0.85,1.93)
1.44(1.00,2.08)

* (1095 days or more)
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Conclusion
In conclusion, we found significant transient
and sustained risks of hospitalization for
gastroenteritis associated with cumulative
day-care attendance in preschool children.
Child’s age at first enrolment and type of
child-care facility influenced this association.
Compared to children that never attended daycare, preschool children cared for in day-care
centers experienced a transient increased risk
of being hospitalized for gastroenteritis within
the first 12 months of accumulated attendance,
irrespective of their age at first attendance.
However, after 12 months of cumulated daycare attendance, children that started attending
out-of-home care before one year of age

experienced a significantly lower sustained
risk for gastroenteritis hospitalization in the
remainder of their preschool life, irrespective
of the type of facility attended. This apparent
protective effect did not last into the elementary
school years. Our study also provided evidence
that large day-care facilities pose a transient
increased risk for gastroenteritis hospitalization
than permanent home-care, or even a day-care
home does.
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Gastrointestinal and respiratory illness in children that do and
do not attend child day care centers; a cost-of-illness study
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Background: Gastrointestinal and respiratory disease are a major cause of morbidity for young
children, particularly for those children attending child day care centers (DCCs). Although both
diseases are presumed to cause considerable societal costs for care and treatment of illness, the
extent of these costs, and the difference of these costs between children that do and do not attend
such centers, is largely unknown.
Objective: Estimate the societal costs for care and treatment of episodes of gastroenteritis (GE) and
influenza-like illness (ILI) experienced by Dutch children that attend a DCC, compared to children
that do not attend a DCC.
Methods: A web-based monthly survey was conducted among households with children aged 0-48
months from October 2012–October 2013. Households filled-in a questionnaire on the incidence
of GE and ILI episodes experienced by their child during the past 4 weeks, on the costs related
to care and treatment of these episodes, and on DCC arrangements. Costs and incidence were
adjusted for socioeconomic characteristics including education level, nationality and monthly
income of parents, number of children in the household, gender and age of the child and month
of survey conduct.
Results: Children attending a DCC experienced higher rates of GE (aIRR 1.4 [95%CI: 1.2-1.9])
and ILI (aIRR: 1.4 [95%CI: 1.2-1.6]) compared to children not attending a DCC. The societal costs
for care and treatment of an episode of GE and ILI experienced by a DCC-attending child were
estimated at €215.45 [€115.69-€315.02] and €196.32 [€161.58-€232.74] respectively, twice as high
as for a non-DCC-attending child. The DCC-attributable economic burden of GE and ILI for the
Netherlands was estimated at €25 million and €72 million per year.
Conclusions: Although children attending a DCC experience only slightly higher rates of GE and ILI
compared to children not attending a DCC, the costs involved per episode are substantially higher.
Keywords: gastroenteritis, cost-of-illness, child day care.

5 Societal costs
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Introduction
Over the last decades, the number of children
attending day care centers (DCCs) has
increased all over the world 28, 106-108 including
the Netherlands2, reflecting the desire and
need of parents to provide for family income
while their children are cared for in a safe
environment. Quinquagintupled since 19802,
half of the 0.7 million Dutch children aged 0-48
months spends an average of 2.5 days in one
of 6,000 DCCs active in the Netherlands today.
The shift from home-care to out-of-home care has
had a significant impact on the attending child’s
health. Indeed, numerous studies convincingly
demonstrate that children experience a 2-3
times increased risk of mild/moderate14, 15,
58, 82, 84-86, 109-113
and severe56, 57 gastrointestinal
and respiratory disease episodes around the
time these children start attending centerbased care. A question less frequently raised is
whether the excess DCC-attributable risk also
translates into excess societal costs. Attending
a DCC might well shift the occurrence of first
infectious disease episodes to an earlier age
where complications requiring health care,
and thus costs, are more likely to arise. Indeed,
the impact of the increased infectious disease
risk associated with the DCC setting seems
not restricted to the clinical domain. Several
studies have shown that DCC attendance
may lead to substantial societal costs due to
increased health care visits, medication usage
and parental productivity losses as a result of a
child’s illness.17, 18

In the Netherlands, both the extent of the
societal costs per episode of gastrointestinal
and respiratory disease experienced by young
children, and whether these costs differ
between children that do and do not attend a
DCC, are largely unknown. Estimates of these
costs, and the role of day care therein, would aid
epidemiologists and health economists to assess
the desirability and feasibility of intensified
avocation of preventive measures in day care
from a financial in addition to a clinical point of
view. The aim of this study was therefore to (1);
estimate the societal costs for care and treatment
of a child 0-4 years old experiencing an episode
of gastroenteritis (GE) and influenza-likeillness (ILI). (2); compare these costs between
children that do and do not attend center-based
day care.

Methods
Ethics statement
The Dutch Central Committee on Research
involving Human Subjects in Utrecht, The
Netherlands, gave permission to conduct this
study (protocol number: 13-051/C). Given that
no subject-identifiable data were generated
and the surveillance activities implied no risk
or burden for any individuals, the committee
judged that no specific ethical permission was
required for individual consent. This study is
conducted according to the principles of the
Declaration of Helsinki.
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This study is part of a larger web-based, crosssectional survey on the contribution of young
children in transmission of infectious diseases
to their families and vice versa.114 Our study
utilized data from this survey collected during
October 2012-October 2013. Each month,
2000 children - one child per household –
were randomly selected from the population
registries of 415 Dutch municipalities. We
selected only those households with children
eligible for DCC attendance, aged 0-48 months
old. Parents in these households – one parent per
household – were asked fill-out a standardized
digital questionnaire on the occurrence of GE
and ILI episodes experienced by their child
during the past 4 weeks and on the costs related
to care and treatment of these episodes.
Predefined respiratory symptoms and
syndromes in the questionnaire included fever
(sudden onset of fever (≥ 38 ºC) and/or warm to
the touch with suspicion of fever), cough (sudden
and frequent occurring tussis), rhinitis, sore
throat, frontal headache, retrosternal pain and
myalgia. Predefined gastrointestinal symptoms
and syndromes included diarrhoea (sudden,
non-chronic, onset of >3 episodes of watery
stools per day), vomiting (sudden, non-chronic,
onset of >3 emetic episodes per day), abdominal
pain, abdominal cramps, nausea, blood in the
stool, mucus in the stool. Predefined symptoms
and syndromes were used to post-define the
case definitions of GE and ILI. Consequently,
GE was defined as three or more loose stools
per day or diarrhoea during at least one day

accompanied by ≥2 additional symptoms, or
vomiting with ≥2 additional symptoms during
the past four weeks.115, 116 Additional symptoms
included abdominal pain, abdominal cramps,
nausea, blood in the stool, mucus in the stool,
diarrhoea and vomiting. ILI was defined as an
acute or sudden onset of symptoms with fever
(≥ 38 ºC) and ≥1 of the following symptoms:
cough, rhinitis, sore throat, frontal headache,
retrosternal pain and myalgia.116 The case
definitions were very similar to those used in
previous day care-14 community-115 and GPbased14, 117 studies.
In addition, the questionnaire included
inquiries about the parent’s about utilized health
care resources and absenteeism from work for
care and treatment of illness experienced by
their child. In addition, parents were asked
to provide information on the demographic
and socioeconomic characteristics of their
household, including household income,
number of members, work status of parents,
DCC arrangements and hygiene habits.
Each question required an answer before a
parent could proceed to the next question.
The questionnaire was sent to us only upon
completion of the last question.

5 Societal costs

Design, definitions and study population

Economic parameters
Per GE and ILI episode, we considered three
types of costs related to the use of resources
for care and treatment of illness: (1) Direct
health care costs (DHC); costs related to doctor
consultation, (over-the-counter) medication,
hospitalization and laboratory testing.
79
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(2) Direct non-health care costs (DNHC);
costs related to traveling to and from health
care services. (3) Indirect non-health care
costs (INHC); costs related to productivity
losses due to absence from work of parents to
care for their ill child. The costs per resource
unit per disease episode were calculated as the
number of resource units utilized (number of
GP visits, number of productivity days lost
etc.) multiplied by the costs per resource unit.
Together, the three types of costs determined

the societal costs of an illness episode.118-122
An overview of the categories, resources units
and unit costs is provided in table 1. All three
categories, as well as the unit costs of resources
belonging to these categories, are in accordance
with the Dutch guidelines for health economic
evaluations.123

Assumptions
The following assumptions were made for
travelling costs and productivity losses due to

Table 1: Unit costs in the Netherlands, 2013 (all costs are in Euros)
Resource unit
Direct health care costs:
Doctor (per visit)*
Medication (including prescription charges)**
Laboratory testing (per request)***
Hospital admission children (per day)

Unit cost (€)

Ref.

28
9
13
615.75

123

Direct non-health care costs:
Car/public transport (per km)**
Parking fees (per visit)

0.21
3.11

123

Indirect non-health care costs:
Productivity loss due to absence from paid work (per hour)*****
15-19 years
20-24 years
25-29 years
30-34 years
35-39 years
40-44 years
45-49 years
50-54 years
55-59 years
60-64 years

9.61
18.15
24.80
29.85
33.43
35.16
36.14
36.91
37.70
37.74

123

123
123
123

123

123
123
123
123
123
123
123
123
123

* We regarded all consultations as though children had visited the doctor
** The costs of antibiotics, antiviral and other medications prescribed by a GP were assumed equal and included
pharmaceutical fees
*** Costs for analysing blood, urine, respiratory and faecal material in the laboratory were assumed equal.
**** We assumed that transport to a doctor would cost €0.21 per km regardless whether care or public transport was used.
We set the average distance from a household to a doctor at 1.1km.
***** Productivity losses were estimated per working days lost (1 day=8 hours’ work) using standard tariffs according to
gender and age-class.
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absenteeism from paid work based on previous
published work124: we only considered direct
non-health care (travelling) costs if a child
visited a doctor in a general practice or in a
hospital. We assumed that over-the-counter
medicines would not lead to additional
traveling costs. We set the average distance from
a household to a doctor at 1.1km. Productivity
losses were estimated per working days lost (1
working day=6.3 hours) using standard tariffs
according to gender and age-class. We regarded
all consultations as if children had visited the
doctor.

Statistical analyses
Estimating GE and ILI incidence
The average yearly incidence rate of GE and
ILI was calculated as (365/30) x (average fourweekly incidence rate) x 1000 children, since
the period of observation was 1 month and
we want to express the incidence rate per 1000
child-years. The child-time at risk, the incidence
denominator, was defined as the number of
participating households per month.
Estimating the mean societal cost per GE and
ILI episode.
The costs due to illness represent a semicontinuous outcome. They are characterized by a
point mass at zero (representing illness episodes
for which no costs were made), followed by
a right-skewed continuous distribution of
positive values (representing illness episodes for
which costs were made). We therefore applied
a two-part regression model consisting of a

logistic and a log-linear component using the
Stata module tpm for cross-sectional models
which are commonly used in cost of illness
studies. 65, 125 All costs were indexed to Euros (€)
2012. No discounting needed to be performed
given the one year study period.123 In the logistic
component, we estimated the probability that
there were any costs on resources for care and
treatment of illness. In the log-linear component,
we estimated the size of the log-transformed
costs of a household, given that the household
made costs for care and treatment of disease
experienced by their child. The societal costs
were estimated by multiplying the probability of
making costs (logistic component model) by the
estimated costs per illness episode (log-linear
component model). The estimated log costs
were back calculated to Euros. Both incidence
and societal costs estimates were adjusted for
the socioeconomic status and urbanization
degree of the household neighbourhood,
the education level and monthly income of
parents, the number of additional children in
the household, the nationality, gender and age
of the selected child and the month of survey
conduct. Socioeconomic status was expressed
as ‘high socio-economic status’ and ‘low socioeconomic status based on the level of income,
employment and educational level per postal
code area of the household. The urbanization
degree was expressed as ‘urbanized’ (1500-2.500
addresses/km2) and ‘rural’ (0-1500 addresses/
km2). The education level was ‘high’ if one or
both parents had a university degree, and low
otherwise. The number of additional children
was categorized as 0, 1,and >1. Children were

5 Societal costs
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considered ‘Dutch’ if at least one of the parents
was born in the Netherlands, ‘Other Western’
if one of the parents was born in a European
country (excluding the Netherlands), USA,
Canada, Australia or New Zealand, and ‘Other’
in all other instances. The age of the child was
expressed as above or equal to/below 24 months
of age.
The mean estimated adjusted costs per GE
and ILI episode were estimated only for the
total societal costs. For these costs, bootstrap
analyses with replacement (1000 simulations
per run) were conducted to estimate the
sampling distributions of estimated adjusted
mean costs, providing 95% confidence intervals
around cost estimates. For the separate resource
unit costs and the DHC, DNHC and INHC
subtotals, the mean crude costs were provided.
These were calculated by multiplying the mean
frequency of resource usage per episode times
the costs per resource unit. Separate analyses
were performed for households with and
without DCC-attending children. The annual
costs for the Dutch community were estimated
as the mean adjusted costs per illness episode
times the excess day-care associated incidence
per 1000 child-years times the population size
of children aged 0-4 year old in the Netherlands
attending DCCs. We used STATA/SE 12.0
StataCorp LP, USA) for all descriptive and
multivariate analysis.

Correction for non-response
We applied inverse probability or survey
weighting to correct both the disease incidence

and cost estimates per episode of GE and ILI
for underreporting of households based on
their socioeconomic status, urbanization
degree and age of the child. This allowed us to
extrapolate the incidence and costs estimates to
the Dutch community in 2012. Socioeconomic
characteristics of the household were derived
from the population registries from which
households were selected, dichotomized and
consequently assigned to each participating
households. Inverse probability weighting is
widely used in household surveys to correct for
the potential biasing impact of nonresponse.

Results
Respondents vs non-respondents, DCC
vs no DCC
Of the 24.000 households approached during
the study period, 4727 responded to the
survey and 3927 met the eligibility criteria
(figure 1). Compared to non-respondents,
respondents were slightly more likely to
live in urbanized areas with a higher socioeconomic status and more often were of the
Dutch nationality (table 2). Respondents and
non-respondents did not differ with respect
to the age of the child, nor the child’s DCCattendance status. Compared to children
that did not attend a DCC, children that did
were more likely to come from a household
with few siblings (<2), well-educated and
employed parents (university degree, both
parents employed), and with a high income
(>€3600/month, table 2). For standardization
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Disease incidence of GE and ILI
Table 3 provides the incidence rate estimates
for GE and ILI episodes among children,
stratified by the child’s age in years and by DCC
attendance. During the study period, parents
reported 235 episodes of GE and 776 episodes

5 Societal costs

purposes, we ensured that households with
and without DCC-attending children were
identical in terms of socio-economic status
and urbanization degree when estimating
disease incidence and related costs for care
and treatment of disease.

Figure 1: Number of approached, responding and analyzed households, including number of children developing GE or
ILI during the study period October 2012 – October 2013.
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Table 2: Socio-demographics of households that did (n=4727) and did not respond (n=19273) to our questionnaire survey
and (respondents) for households that have (n=1930) and do not have a child (n=1997) attending a DCC.
N=4727 respondents
Characteristics

Ratio [95% CI]
Reference: no day care
Respondent
(n=4727)

Non-respondent
(n=19273)

Neighbourhood
High urbanization degree1, % (n)
High socio-economic status2, % (n)

52.4
58.2

46.8
52.0

1.12 [1.09-1.15]
1.12 [1.09-1.15]

Child
Age in months, mean (n)
Attending DCC, % (n)
Dutch nationality, % (n)

24.3
49
96.7

24.6
471
801

0.96 [0.91-1.01]
1.04 [0.98-1.09]
-

DCC
(n=1930)

No DCC
(n=1997)

Neighbourhood
High urbanization degree2, % (n)
High socio-economic status3, % (n)

56.3
63.6

48.0
53.0

0.85 [0.80-0.90]
1.18 [1.10-1.27

Child
Age in months, mean (n)

25.5

22.9

1.11 [0.99-1.14]

Respondent
Gender male, % (n)
Dutch Nationality, % (n)
Both parents employed, % (n)
Working hours/week, mean (n)

18.0
97.1
94.5
26.5

18.7
96.3
73.9
18.8

1.03 [0.90-1.18]
0.99 [0.90-1.08]
1.24 [1.24-1.32]
1.40 [1.39-1.42]

Household
High household income >€3600/month, % (n)
University diploma in household, % (n)
No of children living in household, mean (n)

39.3
73.4
1.8

15.4
51.6
1.9

2.56 [2.28-2.88]
1.42 [1.35-1.50]
0.93 [0.89-0.97]

Based on a population data estimates from the Central Bureau of Statistics, the Netherlands.
Addresses/km2. An urbanized neighbourhood was defined as 1500-2.500 addresses/km2.
3
Normalized score (-4 to +4) based on level of income, employment and educational level per postal code area of the
neighbourhood. A high socio-economic status was defined between -4 and 0.
1
2
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Table 3: Incidence of gastroenteritis (GE) and Influenza-like Illness (ILI) among children that do and do not attend a DCC,
stratified by the age of the child.
DCC-attending child

Cases at risk Incidence rate
Cases at risk Incidence rate1
Incidence rate ratio2
(n)
(n)
(per 1000 child-years) (n)
(n)
(per 1000 child-years) [95% CI]

GE
0 years
1 years
2 years
3 years
Crude
Adjusted 1

5
37
42
51
135
135

60
463
692
715
1930
1930

1000 [154-1846]
959 [662-1256]
728 [515-942]
856 [629-1082]
839 [703-976]
1251 [1028-1476]

2
31
27
40
100
100

124
628
655
590
1997
1997

194 [24-461]
592 [389-796]
495 [312-677]
814 [570-1057]
601 [486-716]
893 [698-1089]

5.2 [0.9-54.3]
1.6 [1.1-2.7]
1.5 [.9-2.5]
1.1 [.7-1.6]
1.4 [1.1-1.8]
1.4 [1.2-1.9]

ILI
0 years
1 years
2 years
3 years
Crude
Adjusted 1

7
137
137
136
417
417

60
463
692
715
1930
1930

1400 [417-2383]
3551 [3051-4050]
2376 [2019-2732]
2283 [1937-2628]
2593 [2372-2813]
3672 [3267-4007]

6
129
121
102
359
359

124
628
655
590
1997
1997

581 [126-1036]
2465 [2085-2844]
2217 [1860-2574]
2095 [1727-2463]
2157 [1955-2359]
2538 [2701-3407]

2.4 [0.7-8.7]
1.4 [1.1-1.9]
1.1 [0.8-1.4]
1.1 [0.8-1.4]
1.2 [1.1-1.4]
1.4 [1.2-1.6]

Incidence rates are adjusted for the socioeconomic status and urbanization degree of the household neighbourhood, the
education level and monthly income of parents, the number of children in the household, the nationality, gender and age
of the selected child and finally, the month of survey conduct.
2
Ratio between disease incidence among households with and without (reference) DCC-attending children.
1

of ILI among their children during 3927 childmonths of observation. The estimated mean
incidence of GE and ILI for 0-4 year children
attending a DCC was 1251 [95% confidence
interval (CI): 1028-1476] per 1000 child-years
and 3672 [95% CI: 3267-4007] per 1000 childyears respectively. For non-day-care-attending
children, these incidence estimates were 893
[95% CI: 698-1089] and 2538 [95% CI: 27013407]. Thus, children that attended a DCC
experienced a slightly significant higher rate of
GE (adjusted incidence rate ratio (aIRR): 1.4
[95% CI: 1.2-1.9], mean excess incidence: 358
episodes per 1000 child-years) and ILI (IRR:
1.4 [95% CI: 1.2-1.6], excess incidence: 1134
episodes per 1000 child-years) compared to non-

5 Societal costs

Syndrome

Non-DCC-attending child

DCC-attending children. Subgroup analyses
per year of age demonstrated that the rate
differences for GE and ILI between DCC- and
non-DCC-attending children was significantly
more pronounced for children between 1 and
2 years of age. We could not reliably estimate
the incidences for children below the age of one
year given our low numbers in this age category.

Societal costs of an episode of GE and ILI
Table 4 presents the resources used and
societal costs estimated per episode of GE and
ILI adjusted for the socio-economic status
and degree of urbanization of the household.
Parents reported 122 episodes of GE and
84 episodes of ILI among their children for
85
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41 (65)
41

41 (65)
22 (29)
8 (8)
5 (6)
47

Crude total
Adjusted total4

68
68

Productivity loss parent 32 (51)
Productivity loss partner 25 (33)
Crude subtotal
42

Transport3
Crude subtotal

Doctor
Medication
Laboratory
Hospital
Crude subtotal
41 (61)
41

41 (67)
25 (30)
8 (8)
1 (1)
46

229.25 [152.17-306.34] 54
215.45 [115.69-315.02] 54

109.62 [66.34-152.90] 16 (22)
75.29 [43.12-107.46] 11 (10)
184.91 [122.57-247.26] 21

2.21 [1.42-3.00]
2.21 [1.42-3.00]

16.51 [11.09-21.92]
1.81 [1.06-2.56]
0.79 [0.25-1.32]
22.99 [2.96-43.01]
42.09 [18.62-65.57]

17.17 [11.38-22.96]
5.04 [3.55-6.53]
0.88 [.12-1.64]
16.43 [-6.56-39.41]
39.52 [14.26-64.77]

121.80 [79.19-164.51] 46
90.56 [9.90-171.22]
46

26.96 [18.18-35.74]
6.5 [4.51-8.49]
0.49 [.2-1.17]
11.41 [-11.47-34.29]
45.36 [18.03-72.68]

8 (14)
4 (5)
9

118.23 [64.78-171.67]
95.20 [61.48-127.38]

49.84 [14.39-85.29]
19.77 [.51-39.02]
69.61 [22.47-116.74]

31 (51) 3.26 [2.11-4.41]
31
3.26 [2.11-4.41]

31 (51)
27 (37)
2 (2)
1 (1)
37

DCCCases Costs
n (freq) (mean €)

214.45 [115.14-313.75] 38
196.32 [161.58-232.74] 38

112.38 [50.47-174.3]
60.40 [17.47-103.33]
172.78 [88.71-256.85]

31 (50) 2.15 [1.38-2.92]
31
2.15 [1.38-2.92]

31 (48)
32 (44)
5 (5)
2 (2)
43

ILI (N=297)
DCC+
Cases
Costs
n (freq) mean €

56.00 [27.5-84.5]
16 (25)
33.22 [12.88-53.56] 9 (12)
89.22 [50.62-127.82] 21

2.48 [1.68-3.29]
2.48 [1.68-3.29]

20.36 [14.04-26.69]
2.45 [1.57-3.34]
1.07 [.35-1.79]
6.22 [-6.13-18.57]
30.10 [15.26-44.95]

DCCCases
Costs
n (freq) mean €

2

1

Number of children that required on or more resources per episode of illness
Number of visits to the general practitioner, number of medication prescriptions, the number of laboratory tests, number of days hospitalized, number of transports,
number of work days lost
3
Includes parking fees
4
Calculated using two-part regression models. Cost estimates are adjusted for the socioeconomic status and urbanization degree of the household neighbourhood, the
education level and monthly income of parents, the number of children in the household, the nationality, gender and age of the child and the month of survey conduct.

TOTAL

INHC

DNHC

DHC

Resource

GE (N=95)
DCC+
Costs
Cases1
n (freq2) mean €

Table 4: Crude and adjusted mean costs for resources utilized per episode of gastroenteritis (GE) and Influenza-like Illness (ILI). Costs are stratified on households with
(DCC+) and without (DCC-) a day-care-attending child.
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Yearly costs for the Dutch community
In 2012, there were approximately 700.000
children aged 0-48 months eligible to attend
center-care in the Netherlands. Of these
children, 324.800 (46.4%) were registered
for DCC attendance. Using the adjusted
excess disease incidence associated with DCC
attendance, the adjusted mean costs per disease
episode, and the number of children registered
for DCC services, we estimated the additional
costs related to care and treatment of GE
and ILI episodes standardized for the Dutch
community in 2012. The additional community
costs in 2012 for GE and ILI episodes related to
DCC attendance were estimated at €25 million
and €72 million, respectively.

Discussion
Using a unique general-population-based
approach, our study has quantified the
(differences in) GE and ILI incidence and
related health care costs and productivity losses
among children that do and do not attend a
DCC in the Netherlands during October 2012
– October 2013. Compared to home-cared
children, DCC-attending children experience a
slightly higher incidence of gastroenteritis (GE)
and influenza-like illness (ILI). Yet the societal
costs for care and treatment of an episode
of GE and ILI are substantially higher for
children attending DCCs. The cost differences
are predominantly caused by the higher
productivity losses experienced by parents with
DCC-attending children for care and treatment
of their ill child. Our results suggest that a small
reduction in the excess number of disease
episodes associated with DCC attendance could
lead to a substantial reduction in the societal
costs these episodes incur.

5 Societal costs

which societal costs were made. The adjusted
mean costs per episode of GE and ILI were
estimated at €215.45 [€115.69-€315.02] and
€196.32 [€161.58-€232.74] for a child attending
a DCC respectively. For a child not attending
a DCC, these costs were estimated at €90.56
[€45.32-€135.75] and €95.20 [61.48-127.38] per
illness episode respectively. Productivity losses
accounted for the majority of the differences in
mean costs between children attending and not
attending a DCC. Both households with and
without children attending a DCC experienced
approximately one and a half days of work days
lost per episode of GE and ILI if productivity
losses were involved. However, the probability
of experiencing productivity losses, was higher
for households utilizing DCC services.

The GE incidence rates presented in this
study are comparable with findings from a
Dutch population-based cohort study on the
incidence of GE in the Netherlands performed
in 1998.126 This study estimated the GE
incidence at 900 episodes per 1000 child-years
[95% CI: 766-2034] for 0-4 year old children,
which approximates our estimation of 1251 per
1000 child-years [95% CI: 1028-1476] for GE
in this age group. The societal costs estimates
for an episode ILI were comparable with
findings from a prospective DCC cohort study
87
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performed in Australia in 2010.127 This study
estimated the median societal cost of an ILI
episode for a DCC-attending child at AU$321
(€180) compared to €196 in this study.
Some general remarks are in place to put the
estimates presented in this paper in perspective.
(1) Although all incidence and cost estimates
were corrected for non-response and were
adjusted for several socioeconomic factors,
the low response rate coupled with a slightly
higher participation rate among children
from households with a higher socioeconomic
background and Dutch nationality might limit
the generalizability of our findings. (2) Rates of
opting-out, if any, might have differed between
households with and without DCC-attending
children for those questions that households
refused or considered irrelevant to answer - but
needed to answer - before being able to proceed
to the next question. (3) The societal costs were
calculated based on standardized unit costs
rather than actual costs, reasoning that doing so
would increase the likelihood of parents fillingin the complete questionnaire. This approach
naturally assumes that identical costs apply for
households of which the child does or does not
attend a DCC, when in fact these costs may
differ. For example, attending a DCC might
translate into episodes of GE and ILI that are not
only greater in number, but also in severity56, 57
If such differences in severity manifested
themselves in costs not captured by our survey,
we might have underestimated the societal
costs for children attending DCCs. Another
consequence of the compromise between

precision and logistic feasibility of our survey
is that we did not include all possible resource
units and confounders. For instance, we did not
consider food consumption of parents in the
hospital if their child was admitted, nor the costs
associated with the increased consumption of
e.g. diapers during illness. Furthermore, our
survey did not extend to asking about the use
of functional foods, although these have been
associated with a reduction in the occurrence of
acute gastroenteritis among young children.128
(4) In the Netherlands, there are two major
types of formal out-of-home care facilities: the
DCC, or formal center-based care and the day
care home, or formal home-based care.9 Day
care homes care for 1 to 6 children, whereas
DCCs provide care for more than five and up
to a few hundred children. In this manuscript,
we focus solely on the DCCs. Our results may
therefore not be generalizable to the smaller day
care homes. One large and well-conducted study
observed no difference in risk between day care
homes and DCCs.56 Yet several other studies
suggest that the occurrence and costs associated
with GE and ILI might differ according to the
type of childcare facility attended, although
controversy remains as to whether the highest
risk is confined to the day care homes129-131 or
the DCC.81, 86, 109, 132, 133 (5) We performed a costof-illness analysis, not a cost-benefit analysis. To
assess the full significance of our cost estimates,
future research needs to consider the potential
cost-benefits of out-of-home child care services
for the society as a whole. For instance, studies
would need to take into account the economic
contribution of parents that can join the labour
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and health insurers, but also to public health
officials and DCC organizations involved in
setting priorities and allocating resources for
infection prevention in DCCs.
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5 Societal costs

force because their children are cared for at a
DCC. The costs associated with illness are likely
to be dwarfed by such economic contributions.
In addition, the long-term costs associated with
day care would need to be considered. Attending
a DCC might well confer long-term beneficial
effects on infectious disease morbidity, e.g. if
early attendance is associated with repeated
immune challenges posed by the higher levels
of exposure to pathogens circulating in the
day care environment.87 Such effects have for
example been reported in some studies for
respiratory illness (although not gastrointestinal
illness) which suggested that an excess of day
care-related respiratory illness experienced by
children early in life results in a reduction in the
risk of developing allergic disease88-92 and mild
respiratory infections29, 94, 95, 134 later in life. If
true, the societal cost for children not attending
DCCs might not be avoided, but only delayed
until elementary school.57, 58, 95

Conclusion
This study provides indications for the overall
economic scale of the community burden of GE
and ILI associated with day care attendance in
the Netherlands. Its main message is not that
DCCs are costly and that we should refrain from
sending children to day care. Rather, our results
suggest that lowering the disease incidence of
major childhood diseases in the DCC setting
could potentially lead not only to a reduction
of the DCC-related clinical impact , but also
to considerable societal cost savings. As such,
the incidence and cost estimates presented here
are of concern not only to parents, employers
89
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Introduction: Gastroenteritis morbidity is high among children under the age of four, especially
amongst those who attend child day care centers (DCCs). The objective of this study was to determine
the prevalence of a range of enteropathogens in the intestinal flora of children attending day care and
to relate their occurrence with characteristics of the sampled child and the sampling season.
Methods: We performed three years of enteropathogen surveillance in a network of 29 child DCCs
in the Netherlands. The centers were instructed to take one faecal sample from ten randomly
chosen children each month, regardless of gastrointestinal symptoms at time of sampling. All
samples were analyzed for the molecular detection of 16 enteropathogenic bacteria, parasites and
viruses by real-time multiplex PCR.
Results: Enteropathogens were detected in 78.0% of the 5197 faecal samples. Of the total, 95.4% of
samples were obtained from children who had no gastroenteritis symptoms at time of sampling.
Bacterial enteropathogens were detected most often (most prevalent: EPEC, 19.9%), followed by
parasitic enteropathogens (most prevalent: D. fragilis, 22.1%) and viral enteropathogens (most
prevalent: norovirus, 9.5%). 4.6% of samples related to children that experienced symptoms of
gastroenteritis at time of sampling. Only rotavirus and norovirus were significantly associated with
gastroenteritis among day care attendees.
Conclusions: Our study indicates that asymptomatic infections with enteropathogens in day
care attendees are not a rare event and that gastroenteritis caused by infections with these
enteropathogens is only one expression of their presence.
Keywords: Asymptomatic Infections, Prevalence, enteropathogen, Child Day Care Centers,
Gastroenteritis, Infectious Disease
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Introduction
Gastroenteritis is a major cause of morbidity in
children aged 0 through 3 years worldwide.12
Even in industrialized countries such as the
Netherlands, with high standards of sanitation
and water quality, gastroenteritis morbidity
is high among children under four years of
age13, 135, especially amongst those who attend
day care. For example, in Dutch child day
care centers (DCCs), the risk of developing
gastroenteritis was found to be twice as high
as national estimates for this age group in the
general population.14 DCCs in the Netherlands
provide care for half of the approximately 0.7
million Dutch children aged 0-4 years. Given
the assumed impact of day care-associated
gastroenteritis on the attending child and the
outbreak potential of the DCC setting, public
health authorities support DCCs in their duty
to control infectious diseases. To provide such
support, these authorities need up-to-date and
accurate estimates on the seasonal prevalence
of a broad range of enteropathogens. Such
estimates provide the baseline for studies of
disease burden, cost of illness, risk factors, and
intervention and help to assess the impact of
gastroenteritis trends in the day care setting.
Results from other studies help in this regard,
although most pertain to well-known etiologic
agents of mostly viral origin136-138 during
gastroenteritis outbreak investigations139, 140, or
to investigations in the setting of hospitals or
general practice.135, 141 In addition, these studies
are often characterized by selective stool testing
of symptomatic individuals, while a far larger

number of gastrointestinal infections appear
sporadically and possibly asymptomatically.
Using three years of surveillance data from
a national surveillance network of DCCs, the
objectives of this study were to (1); provide
estimates of the prevalence of a range of
enteropathogens of bacterial, parasitic and viral
origin in the intestinal flora of children attending
day care and to (2); relate the prevalence of
these enteropathogens with the child’s age and
gastroenteritis status at time of sampling as well
as the season and the year of sampling.

Methods
Setting
Recruitment among 3913 Dutch DCCs took
place from November 2009 to April 2010
using a database that included all Dutch DCCs
operating in the Netherlands at that time. DCCs
received an invitation to complete an attached
questionnaire and subsequently to participate
in enteropathogen surveillance activities
amongst their child attendees. They were asked
to participate for at least one year. Additional
recruitment was performed in March 2011
and March 2012 to ensure additional inflow in
the day care cohort. For a detailed description
regarding the objectives, design and creation of
the KIzSS network, we refer to our study-design
article.142
Of the approached DCCs, 2612 DCCs (67%)
did not respond at all and 356 DCCs (9%)

96

29760 Enserink, Remko.indd 96

20-10-14 20:52

High detection rates of enteropathogens in asymptomatic children attending child day care
PLoS ONE 2013; 9: e89496

Faecal sample collection
DCCs were instructed to take one faecal sample
from 10 randomly chosen children each month
(one sample per child), regardless of whether or
not these children experienced gastrointestinal
symptoms at time of sampling and regardless
of the size of the DCC. Per sample taken,
DCCs were instructed to document sampling
identifiers, including the sampling date
and the child’s age, gender, and presence of
gastrointestinal symptoms. Such presence
was defined as at least one episode of loose or
liquid stools and/or vomiting during the three
days prior to sampling. The probability of two
children having identical sampling identifiers
was considered small as each center had been
informed that repeated sampling of the same
child within the same month was not allowed.

Samples with identical limited identifiers were
therefore considered to be taken from one and
the same child. Samples taken within the same
months from the same child were excluded from
further analysis. DCCs stored faecal samples
locally at 4°C before sending the samples to
the Research & Development department at
the Laboratory for Infectious Diseases (LvI) in
Groningen, the Netherlands.

Sample preparation for total nucleic acid
extraction
The LvI prepared samples for total nucleic
acid (TNA) extraction (MediaProducts BV.,
Groningen, The Netherlands) as described
previously.143 From each sample, a faecal
suspension was prepared according to a
pre-extraction protocol for faecal samples
(bioMérieux, release 1) and consequently
stored at -20°C to await TNA extraction. From
the same faecal sample, a selenite-enriched
broth was inoculated and incubated for
approximately 24 h at 35 °C. A part (1ml) of
the selenite enrichment broth was stored at -20
°C to await TNA extraction. The remainder of
the selenite broth and feces suspension was
respectively stored at room temperature and
4 °C until further culture, depending on the
real-time multiplex PCR (mPCR) results. After
mPCR results and/or culture, the feces samples
and TNA were stored at -80°C until they were
sent to the National Institute for Public Health
and the Environment (RIVM) to be stored for
future reference.

6 Pathogens

indicated that they lacked time and/or interest to
participate in either the survey among DCCs or
the surveillance network as reported previously.
Among the 945 DCCs that participated in
the national questionnaire survey, 18 centers
(2%) started with enteropathogen surveillance
activities in March 2009. In total, 29 centers (3%)
participated in surveillance activities during
the study period. The representativeness of
the DCC surveillance network was thoroughly
assessed by statistical and principal component
analysis in a study published earlier this
year.14 This study confirmed that participating
DCCs were representative of the Dutch DCC
population with regard to socioeconomic
status, urbanization degree, size, staff-to-child
ratio, and group structure.
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Total nucleic acid extraction
After sample preparation, the LvI performed
TNA extraction from both the faecal suspension
and O/N selenite broth using an automated
NucliSens easyMAG (bioMérieux). Briefly, 100
µl of faecal suspension and 50 µl O/N selenite
broth were mixed together and used as input.
Phocine herpesvirus 1 (PhHV) and Equine
arteritisvirus (EAV) were co-purified and served
as internal controls (IC). TNAs were eluted in
110 µl of elution buffer. Every extraction run
included a negative and a positive extraction
control. The latter consisted of a pooled
faecal suspension that was spiked with target
organisms that could be detected with a realtime multiplex PCR (mPCR) for Salmonella
enterica (S.enterica), Campylobacter jejuni (C.
jejuni), shigatoxin producing Escherichia coli
(STEC), and Shigella spp./EIEC. In addition,
a positive DNA control was used that could
detect the target organisms Clostridium difficile
(C. difficile), enteroaggregative Escherichia coli
(EAEC), typical and atypical enteropathogenic
Escherichia coli (EPEC) and Yersinia
enterocolitica (Y. enterocolitica).

Molecular detection of enteropathogenic
bacteria, viruses and parasites
Molecular detection of enteropathogens
was performed either by the LvI (bacterial
enteropathogens) or by the RIVM (viral and
parasitic enteropathogens). The LvI performed
molecular detection of bacterial gastrointestinal
pathogens by targeting S. enterica143, C. jejuni143
, C. difficile144, Y. enterocolitica135, Shigella spp./
Enteroinvasive E. coli (EIEC)143, Shigatoxin-

producing E. coli (STEC)143, Enteroaggregative
E. coli (EAEC)135, and Enteropathogenic E.
coli (EPEC)135 in four internally controlled
quantitative real-time multiplex polymerase
chain reactions (mPCRs). The primers and
probes, and the set-up of the qPCR reactions are
available on request. mPCR positive samples
for S. enterica, Shigella spp./EIEC, STEC, and
EPEC were cultured on selective growth media
from the stored stool specimen or selenite
enrichment broth. A sample was considered
positive for the presence of an enteropathogen
if the enteropathogen was detected by mPCR.
The procedures for culturing S. enterica and
Shigella spp. have been previously described.
Briefly, culturing for STEC and EPEC was
carried out on Sorbitol McConkey agar (48 h
at 35°C). Suspect E. coli colonies (sorbitol and
non-sorbitol fermenting) were sub-cultured
for genotyping and serotyping of STEC and
EPEC. For EPEC, the suspect E. coli colonies
were tested by PCR for the presence of the
locus of enterocyte effacement region (escV)
and the EPEC adherence factor plasmid (bfpA).
Attempts to isolate STEC and typical EPEC
were made up to a maximum of five colonies per
stool sample. PCR positive results for C. difficile
were subtyped for the detection of the tcdC
Δ1171bp deletion, associated with C. difficile
PCR ribotype 027 as described previously 144.
After detection, the LvI sent all remaining faecal
material (unpreserved faecal samples and faecal
suspensions) and TNA eluates to the RIVM for
detection of viral and parasitic enteropathogens
and further molecular typing.
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Finally, the RIVM laboratory performed
molecular detection of viral gastrointestinal
pathogens by targeting norovirus, adenovirus
(enteropathogenic types 30 and 40/41),
sapovirus, astrovirus and rotavirus in three
parallel qPCRs by applying a two-step method.
In the first cDNA step, multiple target sequences
belonging to the gastrointestinal viruses
mentioned were amplified using random
primers. In the second step, three parallel PCR
assays were conducted to detect (1) noroviruses
of genogroup I, II and II.4 and rotavirus group

A; (2) adenovirus, sapovirus and astrovirus;
and (3) norovirus GI and EAV Detected
viruses were genotyped by partial genome
sequencing of the capsid gene (norovirus,
adenovirus, sapoviruses, astrovirus), or by
PCR-based genotyping protocols (rotavirus).76
All remaining faecal materials were stored at
-80 degrees in a central biobank at RIVM for
future reference.

Statistical analyses
The crude prevalence was the number of faecal
samples positive for a specific enteropathogen
divided by the total number of faecal samples
analyzed during the study period. Samples
derived from the same child during the same
month at the same DCC were excluded from
further analysis, as were samples for which
outcome or exposure information was missing.
Firstly, we fitted pathogen-specific multilevel
mixed-effects (MME) logistic regression models
to estimate the odds ratios for the associations
between the presence of the enteropathogen
under study (outcome) and the child and
seasonal covariates (exposure variables) of age,
season, year, and gastrointestinal symptoms at
time of sampling. These models included two
random-effects, one at the level of the DCC and
one at the level of the individual child. These
random effects accounted for any dependency
in the data due to the clustering at the level of the
DCC and the possibility of repeated sampling
of the same child over time. Secondly, using
the fitted MME logistic regression models, we
estimated the prevalence of each enteropathogen

6 Pathogens

The RIVM laboratory performed molecular
detection of parasitic gastrointestinal pathogens
by targeting Giardia lamblia (G. lamblia),
Cryptosporidium hominis and parvum (C.
hominis and C. parvum), and Dientamoeba
fragilis (D. fragilis) in one internally controlled
qPCR. A standard program of 10 s at 95°C, 20
s at 58°C and 20 s at 72°C for 45 cycles was used
with the FastStart kit from Roche. Primer and
probe sequences have been described by Verweij
et al.145, 146 We used a 6Fam- and BHQ1-labelled
probe for G. lamblia, Texas Red- and BHQ2labelled probes for Cryptosporidium spp.; a Vic
and BHQ1 labelled probe for D. fragilis, and
a Cy5 and BHQ2 labelled probe for phocid
herpesvirus, the internal control. We typed
all positive G. lamblia samples using the Tpi
gene to reveal the assemblage types (A and B).
Similarly, we typed positive Cryptosporidium
samples using the GP60 gene to differentiate
between C. hominis and C. parvum, suggestive
for anthroponotic or zoonotic transmission
routes respectively.
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in the feces of asymptomatic children aged
of 0-2 years old during the winter season of
2011/2012. We provided adjusted prevalence
estimates for asymptomatic children rather
than for symptomatic children as symptomatic
children were likely to be underrepresented in
our study because of day care absence due to
illness. Other than the GE status of the child,
this faecal sample profile was chosen as the
probability of detecting an enteropathogen in
such a sample would be high. All covariates in
the model were either binary or categorical.
The age of the child was classified as 0-2 years
or 3-4 years. The seasons were classified as
spring (March 21 to June 21); summer (June
21 to September 21); autumn (September 21
to December 21) and winter (December 21 to
March 21). Finally, the years were defined as the
periods between March 21, 2010 to March 21,
2011; March 21, 2011 to March 21, 2012 and
March 21, 2012 to March 21, 2013. We analyzed
all data using the statistical software package
STATA/SE 12 for Windows.

Results
Twenty-nine DCCs participated during the
study period. The average participating center
cared for a median of 35 children [5-95%
percentiles: 10-70]. Individual DCCs sent in
a median of 9 samples per month (2.5-97.5
percentile: 4-14 samples) for a median period of
11 months (2.5-97.5 percentile: 1-31 months).
Altogether, they sent in 5590 faecal samples
during the study period. Of these faecal samples,

we excluded 46 samples from children aged
more than 3 years of age and 347 samples from
children sampled more than once in the same
month in the same DCC, leaving 5197 samples.
Table 1 provides estimates of the enteropathogen
prevalence and their associations with the
child’s age and gastroenteritis status as well
as the season and the year of sampling. An
enteropathogen was detected in the majority
of the samples analyzed (4053/5197 samples or
78.0%). 1803 faecal samples (34.7%) contained
mixed infections of two (25.0%), three (7.9%),
four (1.5%), five (0.2%) or six enteropathogens
(one sample). Approximately 95% of faecal
samples originated from children who showed
no signs or symptoms of gastroenteritis at time
of sampling. Enteropathogenic bacteria were
detected most often (2323/5197 samples or
44.7%), followed by parasites (1403/5197 samples
or 27.0%) and viruses (1149/5197 samples
or 22.1%). Of the enteropathogenic bacteria,
EPEC was most prevalent (19.9%), followed by
C. difficile (16.5%), EAEC (5.3%), STEC (1.9%),
C. jejuni (0.5%), S. enterica (0.3%), Shigella spp./
EIEC (0.1%) and Y. enterocolitica (0.1%). Of the
parasites, D. fragilis was the most often detected
enteropathogen (22.1%), followed by G. lamblia
(4.2%) and C. hominis and C. parvum (0.8%).
Of the viruses, norovirus was most frequently
detected (9.5%), followed by sapovirus (3.9%),
rotavirus (3.3%), astrovirus (2.8%), and finally
adenovirus (2.7%).
Significant associations were found between
pathogen prevalence and the child’s age.
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2323
1035
857
276
101
15
28
6
5
1403
1151
217
44
1149
496
203
171
144
135

BACTERIAL PATHOGEN

Enteropathogenic E. coli

Clostridium difficile

Enteroaggregative E. coli

Shigatoxin-producing E. coli

Campylobacter jejuni

Salmonella enterica*

Shigella spp.

Yersinia enterocolitica

PARASITIC PATHOGEN

Dientamoeba fragilis

Giardia lamblia

Cryptosporidium spp.

VIRAL PATHOGEN

Norovirus

Sapovirus

Rotavirus

Astrovirus

Adenovirus

2.7 [2.3-3.2]

2.8 [2.3-3.2]

3.3 [2.8-3.8]

3.9 [3.4-4.4]

9.5 [8.7-10.3]

22.1 [20.8-23.4]

0.8 [0.6-1.1] ****

4.2 [3.6-4.7]

22.1 [21-23.3]

27.0 [25.7-28.3]

0.1 [0.0-0.2] ****

0.1 [0.0-0.2] ****

0.3 [0.1-0.4] ****

0.5 [0.3-0.7] ****

1.9 [1.6-2.3]

5.3 [4.7-5.7]

16.5 [15.5-17.5]

19.9 [18.8-21.0]

1.7 [0.8-3.8]

0.4 [0.1-1.9]

0.5 [0.1-1.5]

2.2 [1.1-4.5]

9.5 [6.3-14.1]

40.5 [34.6-46.6]

-

0.9 [0.4-2.1]

16.9 [12.1-23.1]

18.2 [13.3-24.6]

-

-

-

-

4.1 [2.1-7.9]

3.6 [1.9-6.5]

25.0 [18.7-32.4]

31.6 [26.0-32.4]

58.4 [52.7-63.9]

(%, estimated**)

(%, crude*)
44.7 [43.1-46.3]

Prevalence

Prevalence

0.9 [0.8-1.0]
0.8 [0.6-1.0]

0.9 [0.7-1.1]
10.0 [3.3-10.5]

0.1 [0.1-0.2]

0.8 [0.6-1.1]

0.2 [0.1-0.3]
0.1 [0.1-0.3]

0.7 [0.4-1.2]
0.5 [0.3-0.9]

0.4 [0.3-0.6]

0.7 [0.5-0.9]

0.3 [0.2-0.5]

0.5 [0.3-0.9]

1.1 [0.9-1.5]

0.6 [0.5-0.7]

0.7 [0.7-0.8]
0.8 [0.6-1.4]

0.8 [0.7-1.0]

-

0.9 [0.7-1.2]

1.0 [0.9-1.1]

1.0 [0.9-1.1]

-

-

-

-

1.1 [0.8-1.6]

0.7 [0.4-1.1]

0.7 [0.6-0.8]

0.4 [0.2-0.5]

0.8[0.5-1.3]

2.8 [1.8-4.2]

0.5 [0.4-0.6]

1.1 [1.0-1.7]

2.4 [2.1-2.9]
-

1.1[0.9-1.3]

2.3 [2.0-2.7]

-

-

-

-

-

-

-

-

-

1.3 [0.7-2.3]

1.3 [0.8-2.0]

1.1 [1.0-1.2]

5.0 [3.3-5.5]

1.0 [0.8-1.2]
0.9 [0.6-1.3]

1.0 [0.9-1.0]

2.0 [1.7-2.5]

0.7 [0.6-0.7]

Ref: ‘11-‘12

Ref: winter

Ref: 0-2 years

OR [95% CI]

Study year

OR [95% CI]

Season

OR*** [95% CI]

Age category

1.3 [0.7-2.7]

1.7 [0.9-3.2]

2.5 [1.5-3.9]

1.4 [0.8-2.5]

2.0 [1.5-2.7]

1.9 [1.6-2.3]

-

1.7 [0.9-3.2]

1.0 [0.8-1.2]

1.1 [0.9-1.3]

-

-

-

-

0.9 [0.3-2.3]

0.7 [0.4-1.4]

0.9 [0.7-1.2]

1.2 [0.9-1.5]

1.0 [0.9-1.2]

Ref: no complaints

OR [95% CI]

Gastroenteritis

6 Pathogens

*The total number of faecal samples positive for a specific enteropathogen divided by the total number of faecal samples analyzed.
**Prevalence estimates are based on a 0-2 year old child with no gastrointestinal symptoms sampled during the winter in the year 2011/2012 using pathogen-specific multilevel mixed-effects (MME) logistic regression models. These models were fitted with two random-effects, one at the level of the DCC and one at the level of the individual
child, and were used to estimate the associations between the age, season, year and gastrointestinal symptoms at time of sampling and the presence of the enteropathogen
under study. Using the fitted MME logistic regression models, we estimated the enteropathogen prevalence in the feces of an asymptomatic child aged of 0-2 years old during
the winter season in 2011/2012.
***Significant odds ratios (ORs) are indicated in boldface.
**** Given the small number of detections the crude, rather than the estimated, prevalence, is given.

N samples

N=5197 faecal samples

Table 1: Prevalence of enteropathogens in the feces of children attending day care from March 2010 through March 2013 in the Netherlands.
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Figure 1: 5-weekly smoothed prevalence (%) of enteropathogenic bacteria, viruses and parasites per age group in months.

The probability of detecting any viral
enteropathogen decreased with increasing
age of the sampled child, while the
opposite association was observed for any
enteropathogenic parasite (figure 1). Compared
to children 0-2 years of age, children 3-4 years of
age had a lower odds of being colonized by an
enteropathogen of bacterial (OR: 0.7 [0.6-0.7]
or viral (OR: 0.5 [0.4-0.6]) origin, but a higher
odds of being colonized by a enteropathogen of
parasitic (OR: 2.3 [2.0-2.7]) origin (figure 2).
The prevalence of some enteropathogens
displayed distinct seasonal patterns. (figure
2). The odds of detecting the bacterial
enteropathogens EPEC and EAEC during

winter months was much lower as compared
to summer months (OR: 0.2 [0.2-0.3] and 0.1
[0.1-0.3] respectively). Viral enteropathogens,
including rotavirus, astrovirus and adenovirus
likewise displayed yearly seasonal trends,
but with peak prevalence’s during the
winter months. The odds of finding these
enteropathogens in winter were respectively 3.7
[2.1-6.4], 6.8 [3.3-14.0] and 8.8 [4.0-20.0] times
as high compared to finding them in summer
and , including norovirus, were more prevalent
in the reference year 2011-2012 compared
to the other surveillance years. The parasitic
enteropathogens showed no notable seasonal
trends and were detected at relatively constant
rates throughout the study period. After
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Figure 2a, 2b and 2c (top to bottom): 5-weekly smoothed prevalence (%) of enteropathogens of bacterial (2A), parasitic
(2B) and viral (2C) origin measured during the study period.
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adjusting for the effects of the child’s age and the
season and year of sampling, only the presence
of norovirus (OR: 2.0 [1.5-2.7]) and rotavirus
(OR: 2.5 [1.5-3.9]) was significantly and
independently associated with gastroenteritis
among day care attendees.

Discussion
To our knowledge, this is the first study to
estimate the prevalence of a broad range of
enteropathogens in the intestinal flora of day
care-attending children over a three-year timeperiod, its dependency on the age of the child
and the season of sampling. Moreover, the
study considered random factors related to the
characteristics of individual child and the DCC.
We demonstrated high levels and variation of
detected enteropathogens among attending
children and between seasons and years. Our
study indicates that asymptomatic infections
with enteropathogens in day care attendees are
not a rare event and that gastroenteritis caused
by infections with these enteropathogens is only
one expression of their presence. Furthermore,
we demonstrate that the gastrointestinal disease
burden in day care is primarily caused by
rotavirus and norovirus as these pathogens were
significantly associated with gastrointestinal
symptoms among attendees.
The high asymptomatic prevalence of
enteropathogens in the intestine of young
children, and the major role of rotavirus and
norovirus in gastroenteritis, are in general

agreement with other studies performed in the
general population126, the hospital135 and the
general practice setting in the Netherlands.147
These studies however did report significantly
lower prevalence estimates for D. fragilis. The
differences in reported prevalence of D. fragilis
between these studies and our study are likely to
be related to several factors, including the different
age distributions of, and antibiotic prescription
rates in, the child populations studied as well
as the laboratory techniques applied. In 135,
80% of children was younger than 2 years of
age, versus 55% in our study. The probability of
detecting D. fragilis is higher in a child aged 2-4
years compared to a child aged 0-2 years old, as
we observed. Although seldom indicated for
diarrhoea, antibiotics are more likely to have been
prescribed to children in 135 and 147 for the treatment
of severe GE compared to asymptomatic day care
attendees on which we based our prevalence
estimates. These antibiotic treatments may affect
the microbiotia composition of a child’s intestine,
potentially lowering the prevalence of D. fragilis.148
Finally, 126 and 147 used microscopic examination
to detect enteropathogens of parasitic origin,
which may have been less sensitive in detecting
D. fragilis compared to the mPCR techniques used
in our study.143
Some study limitations need to be addressed. First
of all, our study may have failed to detect weaker
associations between enteric infections and the
presence of gastroenteritis symptoms because
few children with symptoms were sampled
(n=249). Naturally, symptomatic children
were underrepresented in our study because
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Although molecular diagnostics have increased
our ability to detect and identify microbiological
agents, they have also complicated the clinical
interpretation of the positive findings in
individuals showing no signs or symptoms of
GE.149-152 For children, asymptomatic episodes
might allow them to develop a mild yet strong
enough immune response, partly protecting
them against future exposures involving
higher enteropathogenic doses or in periods of
increased vulnerability. However, in this study
no combination of enteropathogens was found
to be significantly more or less prevalent than
expected based on their individual prevalence.

For society, we cannot exclude the possibility
that asymptomatic day care-attendees may
transmit enteropathogens to other children, day
care staff and household members. Although
the probability of such transmission events
are likely to be higher for symptomatic rather
than asymptomatic individuals 152, a previous
study showed that the viral loads of norovirus
in healthy children were within disease-causing
range.153 Furthermore, high secondary attack
rates by Shigella spp., G. lamblia, rotavirus
and norovirus from children to household
members have been described 154-156, leading
to increased work absenteeism and health care
costs.157 Elucidating the true clinical relevance
and public health ramifications of the high
prevalence of enteropathogens in asymptomatic
day care attendees will remain an area of study
and debate in the future.
Our next analyses will focus on assessing the risk
factors of day-care associated gastroenteritis
and the societal cost of illness. Together with
the prevalence estimates presented here,
such analyses will facilitate the rapid and
comprehensive assessment of the future impact
of gastroenteritis trends in the day care setting.
The role of asymptomatic and mixed infections
into the etiology of disease might also prove to
be a fruitful area for further study.

6 Pathogens

of day care absence due to their illness, which
is why we provided prevalence estimates only
for children without gastrointestinal symptoms
at time of sampling. Secondly, some children
sampled in this study might have been classified
as asymptomatic, while actually being pre- or
post-symptomatic. Underrepresentation of
gastroenteritis cases may also have occurred if day
care staff considered the norm of the individual
child into account when assessing gastroenteritis
status. For example, some children have many
bouts of diarrhoea and/or vomiting during
the first years of their life.49 Finally, although a
previous study confirmed the DCC network to
be representative for the Dutch DCC population
in terms of socioeconomic classification, degree
of urbanization, facility design, and hygiene
practices in a study published earlier14, it might be
possible that the network was less representative
with respect to some DCC characteristics for
which we had no information.
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Introduction: Children attending child day care experience substantial gastrointestinal morbidity
due to circulating seasonal enteropathogens in the child day care center (DCC) environment.
The lack of a distinct clinical presentation of gastroenteritis in these children, in combination
with the high diversity of enteropathogenic agents, complicates the assessment of the individual
contributions of enteropathogens that may cause gastroenteritis. We aimed to estimate the
proportion of day care attendees experiencing gastroenteritis that could be attributed to a range of
enteropathogens circulating in day care in the Netherlands in 2010-2013.
Methods: Using time-series data from a national laboratory- and syndrome-based surveillance
system in Dutch DCCs and generalized estimating equation analysis, we modelled the variation
in prevalence of 16 enteropathogens of bacterial (8), viral (5) and parasitic origin (3) circulating in
day care to the variation of gastroenteritis incidence among children attending day care.
Results: Rotavirus, norovirus, astrovirus, Giardia and Cryptosporidium were significantly associated
with gastroenteritis morbidity amongst day care attendees in our time-series analysis. Together,
these enteropathogens accounted for 39% of the gastroenteritis morbidity; 11% by rotavirus, 10%
by norovirus, 8% by Giardia, 7% by astrovirus, and 3% by Cryptosporidium.
Conclusions: We demonstrate the circulating viruses and parasites, rather than bacteria, contribute
to seasonal gastroenteritis experienced by children in child day care.
Keywords: Gastroenteritis, Enteropathogens, Child Day Care.
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Introduction
Infectious gastroenteritis (hereafter referred
to GE) causes considerable morbidity among
children in industrialized countries. Children
are at an increased risk of GE if they attend a
day care center (DCC) for one or more days a
week.4, 25, 81 Due to the grouping of susceptible
children in such an enclosed environment, daycare attending children are exposed to a higher
number of enteropathogens early in infancy
compared to their home-cared counterparts.
The resulting GE morbidity imposes a burden
not only on the individual child, but also on
their respective parents in terms of days of work
missed for care of their child and the healthcare
system via increased utilization of health care
resources.127, 158, 159
Several enteropathogens may cause GE in
children that attend day care, but it is unclear
which enteropathogens contribute most to the
GE burden. Data on enteropathogen prevalence
and GE incidence among day care attending
children in general, and on how one relates to
the other in particular, are sparse. In addition,
these data are mainly derived from studies
focusing on selected ill child populations that
are presented to health care professionals.11,
141, 160
A Dutch study showed that for only
30% of children experiencing GE a general
practitioner is consulted.14 The association
between the presence of an enteropathogen
and its relation to illness might differ between
children seeking medical care and ill children
who do not. Moreover, a number of studies on

the etiology of GE were performed as part of
outbreak investigations139, while a much larger
part of the GE burden among young children
is outside the outbreak situation, as sporadic
and minor illness.161-165 Finally, when multiple
enteropathogens are present in a diarrheic
stool, defining which pathogen actually caused
the GE symptoms can be problematic, and as
diagnostic tools improve and shifts toward
multi-target testing, mixed enteral infections
are being recognized more frequently.76, 135, 166, 167
To inform policy makers on effective strategies
for hygiene and vaccination in childhood, we
need to understand which enteropathogens
circulate in a day care environment and
how much they contribute to the overall GE
incidence. Since 2010, the Dutch Institute for
Public Health and the Environment (RIVM)
implemented a surveillance system in child day
care centres that monitors the incidence of GE
among day care attendees, and the prevalence of
16 viral, bacterial and parasitic enteropathogens
in stool samples of a random subset of day care
attendees, whether symptomatic or not.168
Using data from both surveillance components,
our objective was to estimate the proportion of
children experiencing GE attributable to each
of the 16 enteropathogens using time-series
analysis.
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We used weekly data on GE incidence and
weekly data on enteropathogen prevalence
from a national surveillance system active
DCCs in the Netherlands from March 2010 to
March 2013.168

Syndrome surveillance of GE incidence
among day care attendees
DCCs used study-provided calendars to
indicate, per child, the daily occurrence
of pre-defined GE episodes among their
child-population (incidence numerators), in
addition to the weekly number of attending
children (incidence denominators). Both
incidence numerators and denominators were
reported by DCCs via a web-based registration
tool168 to the RIVM. An episode of GE was
defined as a sudden, non-chronic, onset of
≥3 episodes of watery stools per day and/or
a sudden, non-chronic, onset of ≥3 emetic
(vomiting) episodes per day and that resulted
in absence of the child on one or more days
that the child was scheduled to attend day care.
The incidence of children aged 0-48 months
that experienced this specific GE syndrome
was calculated as the number of GE episodes
per 1000 child years.

Laboratory
surveillance
of
enteropathogen prevalence among day
care attendees

Laboratory surveillance occurred regardless of
absence or presence of GE symptoms a child
might have experienced at time of sampling.
All faecal samples were tested for the presence
of 16 enteropathogenic bacteria, viruses and
parasites using multiple, internally controlled,
quantitative real-time multiplex polymerase
chain reactions. Enteropathogens tested were:
(1) viruses; adenovirus (enteropathogenic types
30 and 40/41), astrovirus, norovirus, rotavirus
and sapovirus. (2) Bacteria; Salmonella enterica,
Campylobacter jejuni, Shiga toxin producing
Escherichia coli (STEC), Shigella spp./EIEC,
Clostridium
difficile,
enteroaggregative
Escherichia coli (EAEC), typical and atypical
enteropathogenic Escherichia coli (EPEC)
and Yersinia enterocolitica, (3) Parasites;
Cryptosporidium hominis and Cryptosporidium
parvum, Dientamoeba fragilis and Giardia
lamblia. Enteropathogen prevalence was
calculated as the weekly number of positive
tests for a specific pathogen divided by total
faecal samples analysed that week. DCCs had
the tendency to submit faecal samples within
one week after having received their sampling
materials. Therefore, prevalence series for each
pathogen were smoothed using three-weekly
moving averages to account for the effect of
weekly variation in the number of submitted
faecal samples. For a detailed description of the
performed laboratory analyses, we refer to 168.
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A subset of DCCs that participated in syndrome
surveillance took ten faecal samples from
ten random children during each month.
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Statistical analyses
Model description
We modelled the association between GE
incidence (dependent variable) and the
prevalence of the different enteropathogens
(independent variables) using additive
generalized estimating equation models with
an identity link and with Poisson-distributed
errors with a first-order autocorrelation term,169
as follows (final model): see below.
I(t)represents the GE incidence in week t (per
1000 child years), pop(t) is the population at risk
in week t (per 1000 child years), t is the week of
study period (1-156), β0 is the regression
coefficient of the predicted baseline GE
incidence, β1(t) is the regression coefficient of
the predicted linear trend in GE incidence,
2πt
β2isin(2πt
1ȝi ) and β2icos(1ȝi ) are the sinusoidal
terms
of the predicted quad-annually (ί=1)
or bi-annually (ί=2) seasonal trends in GE
incidence, are the regression coefficients
associated with the 3-weekly moving prevalence
of the 16 enteropathogens and Pj(t) is the
3-weekly moving prevalence of enteropathogen
j in week t. The enteropathogen prevalence was
multiplied by the population size to obtain a
model for the counts per week (C(t)). The
model’s identity link ensured that the effect of
the prevalence of different pathogens on the risk
of developing GE was additive rather than
multiplicative.169, 170 The autocorrelation term

adjusted for any autocorrelation in the error
terms of the final model. Such autocorrelation
might be present due to GE caused by
enteropathogens not included in the study, GE
outbreaks lasting for more than one week, and
various forms of measurement error. Finally,
the regression model coefficients for each of the
enteropathogens were considered constant over
time.

Enteropathogen selection procedure
First, we added each enteropathogen separately
to the empty model univariately to identify those
that correlated significantly (p<0.05) with GE
incidence. Each enteropathogen was allowed to
lag up to +2 weeks forwards (enteropathogen
prevalence precedes GE incidence) and -2
weeks backwards in time (enteropathogen
prevalence followed GE incidence). Per
enteropathogen, the lag with the best fit was
selected based on the p-value for the beta
(p<0.05) and the QIC (lowest quasi-likelihood
under the independence model criterion)
statistic. To avoid including non-causal effects
and overmodelling of the data, we did not allow
negative associations between enteropathogens
and GE incidence to be included in the model.
We assessed periodicity in the GE incidence
using spectral density functions. Seasonal
trends were added (sine and cosine terms:
β2isin/cos(2πt
1ȝi ) to the final model if significant
periodicity was observed. Next, we assessed
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Finally, keeping any significant linear and
cyclical terms as baseline terms to the model, we
added all the univariately identified significant
enteropathogens to the model in a forward
stepwise fashion. The stepwise procedure
continued until no more enteropathogens
contributed significantly to the fit of the
multivariate model as assessed with the
QIC criterion. For each enteropathogen, the
attributed number of children experiencing
GE was obtained by multiplying each beta
coefficient by its respective linear, seasonal or
enteropathogen term in the final model.

Results
During the study period, 100 DCCs participated
in syndrome surveillance. A subset these DCCs

(N=43) participated in laboratory surveillance
in addition to their syndrome surveillance
activities. DCCs participating in laboratory
surveillance sent in a median of nine samples
per month (2.5-97.5 percentile: 4-14 samples)
for a median period of 11 months (2.5-97.5
percentile: 1-31 months). Altogether, DCCs
sent in 5590 faecal samples during the study
period. Of these faecal samples, we excluded
46 samples from children aged more than 47
months of age and 347 samples from children
sampled more than once in the same month in
the same DCC, leaving 5197 samples.
The weekly mean incidence of GE was 389 (95%
CI: 353-427) cases per 1000 child-years (table 1)
The mean prevalence of enteropathogens varied
substantially depending on the enteropathogen
in question, ranging from 0.1% for Shigella spp.
and Y. enterocolitica to 19.9% for EPEC (table
2). All viral enteropathogens, (adenovirus,
astrovirus, rotavirus, norovirus and sapovirus)
showed yearly seasonal trends, although
norovirus displayed a less marked, broader
seasonality than the other viruses. Virus
prevalence peaked in winter, thereby coinciding
with the concurrent peaks in GE incidence. The
bacterial enteropathogens EPEC, Campylobacter

7 Attribution

whether a linear trend (β1t) was present in the
GE incidence. If present, we added a linear
trend ( to the final model. We considered these
trends to represent variations in GE incidence
due to other (unknown) pathogens or factors
that cause seasonal GE that were not included
in our study design or to GE-resembling illness
not associated to pathogens.

Table 1: Characteristics of the syndrome surveillance component of the day care-based surveillance system (2010-2013)
Study year

2010-2011
2011-2012
2012-2013
Mean/year

Cases
Total
483
517
829
610

Mean/ week
[2.5-97.5 percentile]

Population size
Mean/week
[2.5-97.5 percentile]

Incidence
Mean/1000 child-years
[2.5-97.5 percentile]

9 [8-11]
10 [8-12]
16 [14-18]
12 [10-14]

1435 [1333-1536]
1279 [1221-1338]
2125 [1969-2280]
1613 [1553-1770]

360 [290-430]
399 [331-467]
411 [356-468]
389 [53-427]
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Table 2: Sampling characteristics of the laboratory surveillance component of the day care-based surveillance system
(2010-2013)
Samples
Total

Mean/ week
[2.5-97.5 percentile]

Study year
2010-2011
2011-2012
2012-2013

1914
1739
1544

40 [38-42]
37 [35-38]
33 [31-34]

Bacteria
Enteropathogenic E.coli
Clostridium difficile
Enteroaggregative E.coli
Shigatoxin producing E.coli
Campylobacter jejuni
Salmonella enterica
Shigella spp.
Yersinia enterocolitica

1081
893
290
104
29
15
6
5

19.9 [18.8-21.0]
16.5 [15.5-17.5]
5.3 [4.7-5.7]
1.9 [1.6-2.3]
0.5 [0.3-0.7]
0.3 [0.1-0.4]
0.1 [0.0-0.2]
0.1 [0.0-0.2]

Parasites
Dientamoeba fragilis
Giardia lamblia
Cryptosporidium spp.

1192
225
45

22.1 [21-23.3]
4.2 [3.6-4.7]
0.8 [0.6-1.1]

Viruses
Norovirus
Sapovirus
Rotavirus
Astrovirus
Adenovirus

504
210
175
150
156

9.5 [8.7-10.3]
3.9 [3.4-4.4]
3.3 [2.8-3.8]
2.8 [2.3-3.2]
2.7 [2.3-3.2]

jejuni, and STEC displayed seasonal trends
different from those of viral enteropathogens,
with yearly prevalence peaks occurring in the
summer. Salmonella enterica and Shigella spp./
EIEC peaked in late summer and early autumn.
EAEC showed a less clear seasonal trend, if any
at all. The parasitic enteropathogens Giardia
lamblia, Dientamoeba fragilis showed no
apparent seasonal trends and were detected at
relatively constant prevalence rates throughout
the year. This lack in seasonal occurrence was
also observed for Cryptosporidium hominis/

parvum, with the exception of the late summer
of 2012, when Cryptosporidium displayed a
sharp increase in prevalence that coincided
with an increase in GE incidence (figure 1).
EAEC (lag -1 week), STEC (lag -1 week),
Dientamoeba (lag -2 weeks), Giardia (lag
+0 weeks), Cryptosporidium (lag +0 weeks),
rotavirus (lag -2 weeks), norovirus (lag
-2 weeks), astrovirus (lag -2 weeks) and
sapovirus (lag -2 weeks) were significantly
and positively associated with GE incidence in
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Figure 1: Three-weekly moving average time-series plots of the weekly prevalence of enteropathogens of bacterial (top),
parasitic (middle) and viral (bottom) origin (coloured lines) and the weekly gastroenteritis incidence (black bars, 20102013).
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univariate analyses. The fit of the final model
was maximized by first including rotavirus,
norovirus, astrovirus Cryptosporidium and
finally Giardia. The final model, including the
baseline seasonal and linear terms, explained
67% of the variance in the observed GE
incidence.
Of the 1802 children that experienced GE
during the study period, 1090 cases (61%)
were attributable to the (seasonal) baseline of
the model and 711 (39%) were attributable to
the circulating enteropathogens. Although
the attributed proportions varied per season
and study year (figure 2), overall 199 (11%)

cases were attributed to rotavirus, 175 (10%)
to norovirus, 131 (7%) to astrovirus, 143 (8%)
to Giardia and 63 (3%) to Cryptosporidium.
These cases corresponded to a yearly mean
attributable incidence of 227 (baseline), 46
(rotavirus), 39 (norovirus), 32 (astrovirus), 32
(Giardia) and 11 (Cryptosporidium) GE cases
per 1000 child-years.
In 2012, there were approximately 700,000
children aged 0-48 months in the Netherlands.
Of these children, 324,800 (46.4%) were
registered for day care attendance. Using
the incidences that the model estimated to
be attributable to each enteropathogen, we
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Figure 2: Observed and expected weekly incidence of gastroenteritis in children attending day care. Predicted weekly
incidence rates were calculated using the prevalence of the enteropathogens and corresponding model parameter estimates.
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Discussion
While other studies have elaborated on the
role of rotavirus and norovirus in children
experiencing GE, our models have quantified
their contribution to the GE burden and show
that several other pathogens play a significant
role in the GE burden in children attending
day care. We demonstrated that the seasonal
pattern in GE incidence in the child population
of Dutch DCCs is significantly associated
with seasonal fluctuations in the prevalence
of rotavirus, norovirus, astrovirus, Giardia
and Cryptosporidium circulating in day care.
Our model estimated that together, these five
enteropathogens accounted for 39% of GE cases
observed among day care attendees. Overall,
rotavirus, followed by norovirus, was associated
with the highest number of GE cases during the
study period.
The proportion of GE incidence attributable to
these enteropathogens, varied per season and
year. Norovirus, Giardia and Cryptosporidium
were primarily attributed to GE in summer and
autumn, whereas rotavirus and astrovirus were
associated with GE during the winter months.

The high attribution rates of Cryptosporidium
during the late summer of 2012 reflected the
unprecedented increase of Cryptosporidium
infections measured in the Netherlands,
United Kingdom and Germany that year.171
The associations between enteropathogens
and GE found in this study, particularly the
major role played by rotavirus and norovirus,
are in agreement with other studies performed
in the child (day care) population of the
Netherlands76, 135, and in that of other developed
countries as part of outbreak investigations or
surveillance initiatives.5, 136, 172 However, it is not
clear why the seasonal increase of rotavirus,
norovirus and astrovirus, rather than Giardia
and Cryptosporidium, lagged behind the
incidence of GE. It is possible that children are
exposed differently depending on the type of
enteropathogen.173
Although similar regression models as presented
in this study have been used previously for
associating common pathogens to general
practitioner consultations in Belgium174, as
well as to mortality in the Netherlands79, we
are unaware of its application for modelling
the association between enteropathogens
and sporadic GE morbidity among day careattending children for which medical care is
not usually sought. In addition, we used very
sensitive molecular methods 76, 135, 143 to detect
the GE pathogens circulating in DCCs. Finally,
we included a wide array of viral, bacterial and
parasitic enteropathogens in a multivariate
analysis. This ensured not only that we included
most enteropathogens that can cause GE,

7 Attribution

estimated that in 2012 approximately 15.000
[5.000-25.000] children experiencing GE in
Dutch DCCs were attributable to rotavirus
infection, 13.000 [5.000-20.000] to norovirus,
10.000 [2.000 – 19.000] to astrovirus, 10.000
[3.000-18.000] to Giardia and 4.000 [300 –
6.000] to Cryptosporidium infection.
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including those that are not routinely monitored
by laboratory surveillance systems, but also that
we could assess the relationships between each
enteropathogen and GE.
The attribution estimates presented in this
paper are based on the statistical associations
between concurring GE incidence and
enteropathogen prevalence trends and do not
therefore necessarily imply biological causality.
These associations could be confounded
by other infectious and non-infectious
factors that vary seasonally, including other
enteropathogens such as enterotoxogenic
Escherichia coli175, 176 (ETEC; a pathogen whose
contribution to GE in developing countries
is well known and whose contribution might
extend to developed countries too), stressors,
diet or antibiotic exposure. To represent these
unknown possible seasonal causes of GE in
the model, we included the seasonal baseline.
Removing these baseline terms from the final
model did not change the enteropathogens
selected, nor did the attribution estimates
change by more than ten percent. In addition,
we replaced the GE outcome of our model by
the influenza-like illness syndrome, which was
measured in the same population and period
in the day care network and shared a similar
periodicity as GE.14 Replacing the GE incidence
by the influenza-like-illness incidence rendered
none of the enteropathogens to contribute
significantly to the model. Given these findings,
we consider it unlikely that other unknown or
unidentified causes of GE will have competed

strongly for GE attribution, or that the size of
the attribution estimates presented here depend
greatly on our choice of model.
Our study design might have been unable
to fully disentangle the individual effects of
rotavirus and astrovirus on GE incidence, as
these enteropathogens had similar trends.
Thus, it is possible that rotavirus outcompeted,
to some extent, the effect of astrovirus, leading
to some misattribution of GE cases caused by
astrovirus to rotavirus or vice versa. It is less
likely that we misattributed norovirus, Giardia
or Cryptosporidium to rotavirus as these
enteropathogens displayed a much broader
seasonal distribution than rotavirus. There
are other potential biases in our regression
estimates. GE incidence and enteropathogen
prevalence were not measured in exactly the
same set of DCCs and could therefore be
considered as a potential source of, mostly
random, measurement error in prevalence
estimates.177 Furthermore, among the numerous
pathogens considered, STEC, C. jejuni, S.
enterica, Shigella spp. and Y. enterocolitica were
all detected in small numbers. Our model was
likely underpowered to detect any association
between GE and these rarely detected
enteropathogens, even though such associations
have been described in the past.38, 178, 179 Finally,
the coefficients for all enteropathogens in
the model were assumed constant over the
total study period. Although not previously
described for these pathogens, their effect may
vary over time such as has been described for
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influenza.169 Relaxing the assumptions of nontime varying enteropathogen effects would have
considerably overstretched the data, leading to
a considerable loss of statistical power. This was
also the reason why the current analyses were
not stratified by age and why we could not assess
if within certain age groups, specific pathogens
accounted for more GE cases than within
other age groups. As the years of surveillance
increase, future analyses will allow us to include
additional (time-varying) information.

Conclusion
Using three years of laboratory and syndrome
data from a day care-based surveillance system,
we demonstrated that rotavirus, norovirus,
astrovirus, Giardia and Cryptosporidium are
the most significant contributors to seasonal
GE illness among day care attendees in the
Netherlands.
7 Attribution

The continuous demonstration of rotavirus,
norovirus,
astrovirus,
Giardia
and
Cryptosporidium as significant contributors to
GE in day care settings suggests that improving
hygienic standards in DCCs should play a large
role in the prevention of these enteropathogens
that generally spread from person to person
via the faecal-oral route, via aerosols or via
contaminated surfaces. Other studies have
shown reduced GE illness rates when applying
simple measures for infectious disease
prevention such as hand washing and proper

cleaning of surfaces.180, 181 Yet few have explored
the specific characteristics of the child day care
environment other than hand hygiene policies,
or the interaction between these characteristics,
leaving controversy about which day are factors
constitute the actual GE risk.182 These factors
might include the DCCs sociodemographics,
facility design (group structure, group/staff
mixing, separate nappy changing areas, etc.),
disease prevention policies (hand/food hygiene,
cleaning frequency of toilets/kitchen/toys/
beds/sandpits, etc.) and disease control policies
(documentation of illness episodes, exclusion
and cohorting policies, public health services
notification, etc.).
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Risk factors for gastroenteritis in child day care
R. Enserink1,2, L. Mughini-Gras1, E. Duizer1, T. Kortbeek1, W. van Pelt1
Centre for Infectious Disease Control, National Institute for Public Health and the Environment (RIVM), Bilthoven, The
Netherlands.
2
Julius Centre, University Medical Centre Utrecht, Utrecht, The Netherlands.
1

Introduction: The child day care centre (DCC) is often considered as one risk factor for
gastroenteritis (GE) rather than a complex setting in which the interplay of many factors may
influence the epidemiology of GE. This study aimed to identify DCC-level risk factors for GE and
major enteropathogen occurrence.
Methods: A dynamic network of 100 and 43 DCCs participated in a syndromic and microbiological
surveillance during 2010-2013. The weekly incidence of GE events and weekly prevalence of five
major enteropathogens (rotavirus, norovirus, astrovirus, Giardia lamblia, and Cryptosporidium
hominis/parvum) were modelled per DCC using mixed-effects negative binomial/Poisson
regression models.
Results: Sixteen hundred children were surveyed up to three years, during which 1829 GE episodes
were reported and 5197 faecal samples were analyzed. Identified risk factors were: large DCC
capacity, crowding, having animals, nappy changing areas, sandpits, paddling pools, cleaning
potties in normal sinks, cleaning vomit with paper towels (but without cleaner), mixing of staff
between child-groups, and staff members with multiple daily duties. Protective factors were:
disinfecting fomites with chlorine, cleaning vomit with paper towels (and cleaner), daily cleaning
of bed linen/toys, cohorting and exclusion policies for ill children and staff.
Conclusion: Implementing aforementioned factors in Dutch DCCs may reduce the burden of
DCC-related GE.
Keywords: Gastroenteritis, Risk factors, Child day care.

8 Risk factors

Abstract

123

29760 Enserink, Remko.indd 123

20-10-14 20:52

Chapter 8

Introduction
Child day care centres (DCCs) represent
crowded facilities with a high in- and out-flow
of children that are immunologically immature,
have limited toilet training and understanding
of hygiene behaviours. These characteristics
may facilitate circulation of infectious agents
in the DCC environment, including those
with the ability to cause gastroenteritis (GE).
These agents are transmitted either directly
via person-to-person contact among children/
staff members or indirectly via contact with
a contaminated environment, including
inanimate objects (fomites) such as communal
toys and other classroom objects, water or
food. Numerous studies, mainly from the
United States, Scandinavian countries and
the Netherlands, have consistently shown that
children cared for at a DCC are at increased risk
of acquiring GE compared to children cared
for at home.14 Such increased risk constitutes
an important cause of childhood morbidity,
rivalling that of acute respiratory infections14,
which impacts on parents and caregivers as it
causes significant societal costs via increased
expenditures on health care services for care
and treatment.17
There has been consensus since 1986 on
the need of studying the epidemiological
characteristics of DCCs as to design effective
intervention programmes that limit the
implications of DCC-associated GE, both for
the child and the society.183 Yet, most studies
on risk factors for diarrhoeal illness in DCCs

do not focus on factors associated with the
DCC setting itself, but rather on factors related
to the attending child and their household
environments. These studies therefore consider
the DCC as an ‘abstract’ risk factor rather than
a complex setting in which the interplay of
many factors influences the occurrence of GE.
There are also studies focusing on outbreaks
at DCCs.140 However, risk factors associated
with transmission of enteropathogens during
outbreaks might differ from those associated
with the occurrence of the majority of DCCrelated gastroenteritis events, which are of
sporadic and mild nature.
To our best knowledge, the only other
investigation that has involved a long-term
prospective evaluation of GE illness in DCCs
was carried out in Iceland184, where child care
practices are markedly different from the
Netherlands. In the Netherlands, child care
services are utilized for an average of 2.5 days
per week, reflecting the high level of part-time
employment of parents, whereas in Iceland child
care services are mainly provided full-time.
Similar to an Australian study on diarrhoeal
outbreaks at DCCs140, the Icelandic study
did not identify risk factors related to DCC
characteristics themselves. Finally, studies
have not yet explored specific DCC-related
risk factors for circulating enteropathogens.
The fact that DCC characteristics could
increase the risk for GE episodes to occur
in the attending child population has not
been formally studied leaves the majority of
recommendations in current international
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Here we focus our attention on the characteristics
of the Dutch DCC environment, and the
interaction between these characteristics,
in order to identify (general and pathogenspecific) putative risk factors for GE among
their child population as to gain knowledge
essential for reducing the burden of DCCassociated GE. These characteristics included
DCCs’ socio-demographics, facility design,
and policies for hygiene and disease control.
Besides GE as a whole, risk factors for the
prevalence of the enteropathogens rotavirus,
norovirus, astrovirus, Giardia lamblia, and
Cryptosporidium hominis were investigated,
as these enteropathogens have been identified
as significant contributors to GE in DCCs in
a previous study.185 To this end, we used data
from the KIzSS network, which encompasses
100 DCCs participating in infectious disease
surveillance in the Netherlands from 2010 to
2013.

Methods
Participants
In the Netherlands, there are two major types
of formal out-of-home child care facilities that
provide government-regulated, paid, noncustodial care for children aged 0-4 years: the
day care centre (DCC) and the day care home.
Day care homes care for one to six children,
whereas day care centres provide care for more

than five and up to a few hundred children. In
this study, we focus on DCCs. A DCC is usually
open from 7:30AM to 18:00PM on week days,
though some also provide care during the
weekends. Although a DCC often provides
full-time services, the majority of children
attend the DCC for only two or three days per
week, which is reflected in the high level of parttime employment of Dutch parents.3 Only 4%
of Dutch children have formal arrangements
for more than 30 hours per week.3 In March
2010, 2011 and 2012, all DCCs registered in
the Dutch national database maintained by the
Ministry of Social Affairs and Employment in
the Netherlands were invited to participate in a
dynamic DCC network for the surveillance of
GE among their child populations. A detailed
description of the DCC network design,
methodology and definitions is reported in a
previous open-access article.168

Study design
Syndromic surveillance network
Surveillance started in March 2010 and ended
in March 2013 (3 years). Two types of data were
collected. First, DCCs used study-designed
calendars to indicate the daily occurrence of
pre-defined GE episodes among their 0-4 yearold population that resulted in one or more
days of absence from the DCC (incidence
numerator). DCCs were also asked to report
the total number of attending children per week
(incidence denominator). Incidence numerators
and denominators were reported by DCCs via
a web-based registration tool to the Dutch

8 Risk factors

guidelines for infection control in DCCs as
expert- rather than evidence-based.5
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National Institute for Public Health and the
Environment (RIVM).74 This tool enabled twoway communication between each DCC and
the RIVM’s research team for sending periodic
reminders to the DCCs to submit their reports
as well as to clarify and/or amend incomplete or
inconsistent reports. Children were reported as
ill either by their respective parents/caregivers
or by the DCC staff if the children became ill at
the DCC. We defined an episode of GE as an
acute onset of ≥3 episodes of watery stools per
day or an acute onset of ≥3 episodes of vomiting
per day. A child had to be fully recovered for at
least seven days before being reported ill again.
As children do not attend DCCs every day of
the week, we adjusted for GE episodes missed
due to children getting ill and recovering during
days of scheduled non-attendance at DCCs, as
reported elsewhere.14 Weeks in which a DCC
reported the number of children attending the
DCC during that week, but did not report the
corresponding number of GE episodes observed
during that week, were considered free from
GE during that week. Weeks in which a DCC
did not report either the number of attending
children or the corresponding number of GE
episodes were treated as missing observations
and were not considered further.

Laboratory surveillance network
A subset of DCCs were instructed to take
one faecal sample from 10 randomly chosen
children each month (one sample per child),
regardless of whether or not these children
experienced gastrointestinal symptoms at the
time of sampling and regardless of the size of

the DCC. Repeated sampling of the same child
within the same month was not allowed. All
faecal samples were tested for the presence
of 16 enteropathogenic bacteria, viruses and
parasites using multiple, internally controlled,
quantitative real-time multiplex polymerase
chain reactions. Enteropathogens tested were:
(1) Viruses; adenovirus (enteropathogenic
types 30 and 40/41), astrovirus, norovirus,
rotavirus and sapovirus. (2) Bacteria; Salmonella
enterica, Campylobacter jejuni, Shiga toxin
producing Escherichia coli (STEC), Shigella
spp./enteroinvasive Escherichia coli (EIEC),
Clostridium difficile, enteroaggregative E. coli
(EAEC), typical and atypical enteropathogenic
E. coli (EPEC) and Yersinia enterocolitica. (3)
Parasites; Cryptosporidium hominis/parvum,
Dientamoeba fragilis and Giardia lamblia. As a
previous study based on the same data set used
here showed that only rotavirus, norovirus,
astrovirus, G. lamblia and C. hominis/parvum
were those associated with GE incidence among
DCC attendees185, we considered here only these
five pathogens. Together, these enteropathogens
accounted for 39% of GE incidence experienced
by children in DCCs (11% by rotavirus, 10% by
norovirus, 8% by G. lamblia, 7% by astrovirus,
and 3% by C. hominis), whereas none of the
bacterial enteropathogens were significantly
associated with GE incidence.185 For a detailed
description of the performed laboratory
analyses, we refer a previous paper.168
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nappy changing areas, paper towels, and farm
and pet animals. Hygiene and disease control
policies were assessed by asking questions
about hand washing behaviours of staff and
children (expressed as ‘always’ washing hands
before food preparation, before and after eating,
after changing diaper, or after toilet visit, versus
‘sometimes/never’ doing so), mixing of staff
members and child groups during the day (yes/
no), cleaning frequency of DCC toilets, kitchen,
toys and beds (more or less frequent than daily).
Finally, we asked DCCs about their exclusion
and cohorting policies during a gastroenteritis
outbreak. Questions included whether staff or
children were prevented from entering the DCC
upon presentation of gastrointestinal symptoms
(yes/no), whether children were assigned to
separate toilets when ill (yes/no), whether staff
where allowed to mix among different child
groups (yes/no), whether toys were cleaned
more often during outbreaks (yes/no) and
whether public health authorities were notified
in case of a suspected outbreak (yes/no).

Statistical analysis
We modelled the weekly number of GE episodes
per DCC (outcome variable) using mixedeffects negative binomial regression models.
These models included a random effect at the
level of DCC to account for any clustered or
serial non-independency in the data due to
the repeated measurements made over time on
the same DCCs. The underlying population at
risk, i.e. the weekly total number of children
attending the DCC, was included in the models
as an offset term.

8 Risk factors

Risk factors; sociodemographics, facility
design and policies for disease control
At enrolment in the network, all DCCs were asked
to fill in a retrospective questionnaire regarding
three major categories of characteristics: sociodemographics, facility design and policies
for hygiene and disease control. Questions
regarding socio-demographics included the
socio-economic status, degree of urbanization,
average number of enrolled staff members
and children per week, group structure
arrangements, child/staff ratio and crowding.
The socioeconomic status was expressed as a
normalized score (-4 to +4) based on income,
employment and educational level per postal
code area; a high score indicates a low socioeconomic status. The urbanization degree was
categorized by addresses per km2 as ‘highly
urbanized’ (>2000 addressed/km2), ‘urbanized’
(1500–2000), ‘moderately urbanized’ (1000–
1500), ‘lowly urbanized’ (500–1000) and ‘rural’
(<500). Group structure arrangements referred
to whether the child groups of a DCC were
organized either horizontally (children of a
child group are of similar age; 0-2 or 2-4 yearold), vertically (children of a child group are of
dissimilar age), or both. The child/staff ratio
was defined as the average weekly number of
employed staff members divided by the average
weekly number of attending children. Crowding
was expressed as the inverse of the ratio between
the maximum number of DCC-attending
children per day and the overall DCC capacity
times 100. Facility setup addressed questions
about the presence (yes/no) of in- and out-door
sandpits and paddling pools, child toilets/sinks,
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First, we assessed the association of each
putative risk factor with GE occurrence in a
baseline model together with confounders,
including the socioeconomic status and
urbanization degree of the DCCs, as well as
the season and year of surveillance. Season was
categorized as spring (March 21 to June 21);
summer (June 21 to September 21); autumn
(September 21 to December 21) and winter
(December 21 to March 21). Finally, years were
defined as the periods between March 21, 2010
to March 21, 2011; March 21, 2011 to March
21, 2012 and March 21, 2012 to March 21,
2013. Next, all factors showing a p-value ≤0.1
in the ‘single-variable’ models were selected for
inclusion in a multivariable model. A manual
backward stepwise selection procedure was
applied, dropping variables one by one starting
from the one with the largest non-significant
p-value and then adding back all dropped
variables if they later appeared to be significant.
In addition, the effect of removing and adding
variables on the associations of the other
variables included in the model was monitored.
Variables with a p-value lower than 0.05 were
retained in the final model. Associations were
expressed as adjusted incidence rate ratios
(aIRRs) and corresponding 95% confidence
intervals (95% CI). After establishing the
main model, all plausible two-way interactions
between the significant factors, including the
control variables (season, urbanization degree,
etc.), were tested for significance. The final
model was therefore expanded to include the
significant interaction terms, if present. The
same analytical procedure was applied in the

pathogen-specific analysis. In this analysis, we
modelled the weekly number of positive samples
for rotavirus, norovirus, astrovirus, G. lamblia
and C. hominis/parvum, with the total number
of tested samples being the offset term. Mixedeffects Poisson, rather than negative binomial,
regression models were used to model these
pathogens as the over-dispersion parameter
alpha was not significantly different from zero in
any of the pathogen-specific models, indicating
that the Poisson distribution was appropriate.
The models assessed whether the estimated
weekly GE incidence and enteropathogen
prevalence was significantly lower or higher
in DCCs with specific characteristics. The
multivariate-shared relationships between the
significant risk factors and the occurrence of the
five enteropathogens were explored altogether
using canonical correlation analysis (CCA).
CCA is a multivariate exploratory statistical
method that allows for the combined analysis
of linear interrelationships between two sets of
variables, which in our study were the obtained
significant risk factors and the five series of
enteropathogen-positive samples. The plot of
the 1st variate (on the horizontal axis) and the
2nd variate (on the vertical axis) visualizes the
position of DCCs according to their common
risk variable groupings and enteropathogen
occurrences.186 While the regression analysis in
this study were used to formally test the ‘manyto-one’ associations between the risk factors
and (each) pathogen prevalence at a time, the
CCA was used to corroborate whether these
associations where consistent when using a
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Ethical statement
The Dutch Central Committee on Research
involving Human Subjects in Utrecht, The
Netherlands, gave permission to conduct this
study (protocol number: 09-196/C). Given that
limited subject-identifiable data were generated
and the surveillance activities implied no risk
or burden for any individuals, the committee
judged that no specific ethical permission was
required for institutional or individual consent.
Although not required, parents or caregivers
of children attending the participating DCCs
were informed by letter about the purpose and
design of the study and a form was attached so
that parents could return it if they did not want
to let their children participate to the study.

Results
Participation rate and population at risk
One hundred DCCs participated to the
syndromic surveillance, of which 43 DCCs also
participated to the microbiologic surveillance.

The average participation rate, defined as
the number of DDCs that reported at least
the incidence denominator each week and/
or submitted faecal samples compared to
the total number of participating DCCs, was
over 80% for both surveillance networks.
A median population of 1600 children per
week was followed in the network during the
study period, during which 1829 GE episodes
were reported (Table 1). In 990 out of 5197
tested faecal samples, rotavirus, norovirus,
astrovirus, G. lamblia and/or C. hominis/
parvum were detected (Table 2). Depending
on the enteropathogen in question, the weekly
probability of not detecting the enteropathogen
per DCC ranged from 74.6% (norovirus)
to 96.6% (C. hominis/parvum). The weekly
probability of detecting an enteropathogen
once ranged from 2.4% (C. hominis/parvum)
to 14.2% (norovirus), whereas the weekly
probability of detecting an enteropathogen
twice or more ranged from 1.0% (C. hominis/
parvum) to 11.2% (norovirus, Table 3).

Risk factors for gastroenteritis and
enteropathogens
The main characteristics of the participating
DCCs are shown in Table 4 together with the
results of the regression models.

Risk factors for gastroenteritis
Five risk factors were associated with a higher
incidence of GE among DCC-attending children
in the final multivariable model, whereas one
factor was associated with a lower GE incidence
(Table 4). For each additional child enrolled for

8 Risk factors

‘many-to-many’ approach, i.e. when relating
all risk factors with all pathogens together. As
only ten faecal samples were collected per DCC
per month, our study could not differentiate
between enteropathogens that were introduced
in the DCC (but not transmitted within the
DCC environment) and enteropathogens that
were transmitted within the DCC environment
itself. This was particularly true for those DCCs
and weeks in which a given enteropathogen was
detected only once.
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Table 1. Denominator characteristics of the syndromic surveillance component of the Dutch day care-based surveillance
system (2010-2013, 100 DCCs)
Study year

2010-2011
2011-2012
2012-2013
Mean/year

Cases
Total
483
517
829
610

Mean/ week
(2.5-97.5 percentile)

Population size
Mean/week
(2.5-97.5 percentile)

Incidence
Mean/1000 child-years
(2.5-97.5 percentile)

9 (8-11)
10 (8-12)
16 (14-18)
12 (10-14)

1435 (1333-1536)
1279 (1221-1338)
2125 (1969-2280)
1613 (1553-1770)

360 (290-430)
399 (331-467)
411 (356-468)
389 (53-427)

Table 2. Denominator characteristics of the laboratory surveillance component of the Dutch day care-based surveillance
system (2010-2013, 43 DCCs)
Study year

2010-2011
2011-2012
2012-2013

Samples
Total
1914
1739
1544

Mean/week
(2.5-97.5 percentile)
40 (38-42)
37 (35-38)
33 (31-34)

Table 3. Prevalence characteristics of the five enteropathogens detected during laboratory surveillance (2010-2013,
43 DCCs)
Enteropathogens Total
Average probability
no. of
of detection
detections per week and DCC
(% and 95% CI)

Average probability
of detecting none
per week and DCC
(% and 95% CI)

Average
probability of
detecting one
per week and DCC
(% and 95% CI)

Average probability
of detecting >one
per week and DCC
(% and 95% CI)

Rotavirus
Norovirus
Astrovirus
Giardia lamblia
Cryptosporidium
hominis

89.4 (87.5-91.3)
74.6 (71.2-77.3)
91.6 (89.9-93.3)
84.0 (81.7-86.3)
96.6 (95.4-97.7)

6.9 (5.3-8.5)
14.2 (12.0-16.4)
5.6 (4.1-7.0)
11.4 (9.5-13.4)
2.4 (1.4-3.4)

3.7 (2.5-4.8)
11.2 (7.2-13.1)
2.8 (1.8-3.9)
4.6 (3.3-5.9)
1.0 (0.4-1.6)

175
504
150
225
45

10.6 (8.6-12.5)
25.4 (22.6-28.0)
8.4 (6.7-10.1)
16.0 (13.7-18.3)
3.4 (2.3-4.6)

day care, the GE incidence increased by 0.1%
(aIRR 1.001, 95% CI 1.000-1. 003), meaning
that if a DCC with whatever number of children
enrolled decides on enrolling an additional
child, it is expected to experience, on average,
a 0.1% significant increase in its GE incidence
compared to when it had not that additional
child enrolled, and this is true while holding all

other variables included in the model constant.
Similarly, for each percent increase in crowding
rate of the DCC environment, the GE incidence
increased by 0.7% (aIRR 1.007, 95% CI 1.0031.011). The GE incidence was higher in DCCs
with a dedicated nappy changing area compared
to those DCCs without such area (aIRR 2.2,
95% CI 1.7-2.8). Owning one or more (pet or
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Risk factors for rotavirus
We identified five factors significantly associated
with rotavirus occurrence in DCCs; all of which
were related to policies for disease prevention
and control (Table 4). Mixing of staff members
among different child groups was associated
with a higher rotavirus prevalence (aIRR 1.8,
95% CI 1.0-3.6). Cleaning child potties in a sink,
rather than in a dedicated washing station, was
also a risk factor for higher rotavirus prevalence
(aIRR 1.9, 95% CI 1.2-3.0). Having a separated
toilet for ill children was instead protective
(aIRR 0.4, 95% CI 0.2-0.8). Finally, excluding
children with GE symptoms upon entering
or during day care was associated with lower
rotavirus prevalence (aIRR 0.4, 95% CI 0.2-0.6).
Risk factors for norovirus
With each additional child enrolled in day
care, the prevalence of norovirus increased by
0.1% (aIRR 1.001, 95% CI 1.000-1.002). Having
indoor or outdoor sandpits and paddling pools
was associated with higher prevalence of
norovirus in DCCs: (aIRR 1.9, 95% CI 1.3-2.8)
and (aIRR 1.5, 95% CI 1.3-1.9), respectively
(Table 4). Cleaning vomit with paper rather than

with cloth towels (but no cleaner) was associated
with an increase in norovirus prevalence (aIRR
1.3, 95% CI 1.0-1.6). Cleaning bed linen every
day (compared to less often than once a day/
cleaning only when visibly contaminated) was
associated with lower norovirus prevalence
(aIRR 0.7, 95% CI 0.5-0.9).

Risk factors for astrovirus
Only two DCC characteristics were significantly
associated with astrovirus occurrence (Table
4). Cleaning toys every day was associated with
lower astrovirus prevalence (aIRR 0.5, 95%
CI 0.2-0.9). Furthermore, DCCs that always
contacted the local public health authorities in
case of a suspected GE outbreak had a higher
risk of detecting astrovirus (aIRR 1.7, 95% CI
1.1-2.7).
Risk factors for Giardia lamblia
There was a strong significant interaction
between the presence of animals in the DCC
and the season on the occurrence of G. lamblia:
the aIRR was significantly higher in the summer
(aIRR 18.21, 95% CI 8.9-37.4) than in the other
seasons (aIRR 8.4, 95% CI 4.6-15.3) (Table
4). G. lamblia occurrence was also positively
associated with the presence of sandpits (aIRR
3.5, 95% CI 2.0-5.9) in the DCC. Cleaning with
chlorine detergents (aIRR 0.1, 95% CI 0.05-0.3),
excluding personnel with GE (aIRR 0.5, 95% CI
0.3-0.8), and cleaning toys more often during a
suspected GE outbreak (aIRR 0.4, 95% CI 0.30.9) were all associated with a lower prevalence
of G. lamblia.

8 Risk factors

farm) animals in the DCC was associated with
an increase in the incidence of GE (aIRR 2.5,
95% CI 1.2-5.3). Cleaning vomit with paper
towels (and cleaner), rather than cloth towels,
was associated with a decrease in GE incidence
(aIRR 0.6, 95% CI 0.4-0.7). Excluding DCC
personnel experiencing GE from working
was significantly associated with a lower GE
incidence (aIRR 0.5, 95% CI 0.4-0.7).
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Children-to-staff members ratio
Mixing of staff members among child groups (%)
Vertical child group structure (% DCCs)
Facility design
Presence of sandpit(s)
Presence of paddling pool(s)
Presence of dedicated child toilet(s) and/or
sink(s)
Presence of dedicated nappy changing area(s)
Presence of dedicated clothes washing area(s)
Presence of paper towels
Ownership of animals5
in summer
in spring, autumn or winter
Staff members with multiple daily duties
Policies for disease control
Hand/food hygiene for children6
Hand/food hygiene for personnel6
Cleaning with chlorine tablets
Cleaning vomit with paper towels and cleaner7
Cleaning vomit with paper towels and no cleaner7
Cleaning child potty in normal sink
Daily cleaning of
Kitchen
Toilet

Demographics
Median DCC capacity (no. of children)
Crowding of DCC environment (%)2

93.94 (87.27-97.74)
91.58 (84.08-96.29)

37.5 (27.6-47.3)
31.6 (21.8-40.2)
7.0 (2.0-12.1)
62.0 (52.3-61.6)
38.0 (47.7-38.4)
29.65 (20.36-38.93)

37.2 (27.4-46.7)
45.8 (35.0-46.6)
46.5 (36.1-55.9)
8.9 (2.65-12.4)
77.6 (68.6-85.4)

59.0 (49.2-68.9)
30.4 (20.8-39.1)
77.3 (76.2-78.7)

5.7 (2.4-8.3)*
16.5 (15.8-17.3)
35.7 (47.1-66.9)

78.8 (12.0-172.0)*
43.1 (35.3-71.4)*

0.6 (0.4-0.7)

2.5 ( 1.2-5.3)

2.2 (1.7-2.8)

1.001 (1.001-1.003)
1.007 (1.006-1.021)

% DCCs with specif- Gastroenteritis
ic characteristics3 or IRR1 (95% CI)
their median values4
(95% CI)

1.9 (1.2-3.0)

1.8 (1.0-3.6)

1.3 (1.0-1.6)

1.9 (1.3-2.8)
1.5 (1.3-1.9)

1.001 (1.001-1.002)

Rotavirus
Norovirus
IRR1 (95% IRR1 (95% CI)
CI)

0.1 (0.04-0.3)

18.2 (8.9-37.4)
8.4 (4.6-15.6)

3.2 (1.9-5.1)

2.7 (1.0-7.7)

Astrovirus G. lamblia
C. hominis
IRR1 (95% IRR1 (95% CI) IRR1 (95%
CI)
CI)

Table 4. Characteristics of day care centres (DCCs) participating in the surveillance network. Adjusted incidence rate rations (IRRs) represent the associations between DCC
characteristics and the occurrence of gastroenteritis, rotavirus, norovirus, astrovirus, G. lamblia and C. hominis among DCC attendees.
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12.03 (6.36-20.02)
64.35 (53.78-73.36)
8.7 (2.5-13.2)
69.18 (58.97-77.87)
16.4 (4.5-28.1)
35.1 (25.5-44.5)

15.38 (8.67-24.46)
69.47 (59.18-78.51)

0.5 (0.4-0.7)
0.4 (0.2-0.6)

0.4 (0.2-0.8)
0.6 (0.5-0.9)

0.7 (0.5-0.9)

1.7 (1.1-2.7)

0.5 (0.2-0.9)

0.5 (0.3-0.8)
0.4 (0.2-0.7)

1

8 Risk factors

Adjusted for year, season, socio-economic status and urbanization degree.
2
Calculated as [1-(Maximum number of DCC-attending children per day/overall DCC capacity)]*100
3
For dummy variables. 4For numerical variables. 5Present at DCCs: cats, dogs, rabbits, rodents, goats, cows, pigs, horses and birds. 6Calculated as the percentage of DCCs
that always wash the hands of children/staff before and after eating and after a visit to the toilet. 7Compared to cleaning with a cloth. *2.5th and 97.5th percentiles, not 95% CI.

Toys
Bed linen
Measures undertaken during suspected outbreak
Ill children have separate toilet
No mixing of staff members
Excluding personnel with GE
Extra cleaning of toys
Excluding children with GE
Notification to local health authorities
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Risk factors for Cryptosporidium hominis/
parvum
C. hominis/parvum was mainly detected
during the autumn of 2012. Typing revealed
that all detections were of the anthroponotic
C. hominis type. Thus, hereafter we will refer to
this pathogen as C. hominis only. Compared to

DCCs in which a dedicated group of caretakers
was present, DCCs in which staff members had
multiple daily duties had a higher occurrence of
C. hominis (aIRR 2.6, 95% CI 1.0-7.7)

Figure 1 First two canonical dimensions of the canonical correlation analysis (CCA). Factors significantly associated with
rotavirus, norovirus, astrovirus, G. lamblia and C. hominis occurrence in DCC attendees are represented as arrows
directed to where their correlations with the pathogen prevalence are maximal. Adjusted for year, season, socioeconomic
status and urbanization degree.
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Canonical correlation analysis
Figure 1 shows the plot of the 1 versus the 2
canonical variate obtained from the CCA. The
dots represent the DCCs. Those DCCs positioned
in the centre of the plot have the commonest cooccurrence of the five enteropathogens, whereas
those DDCs located on the peripheral areas of
the plot there have specific enteropathogens
(i.e. the closest ones) that occur more often than
others and risk factors as depicted accordingly.
The multivariate-shared relationships of the
seventeen significant risk factors with the
occurrence of the five enteropathogens are
depicted as arrows radiating from the centre of
the plot and directed to where their correlations
with the pathogens are maximal. Figure 1
therefore illustrates that, for instance, higher
G. lamblia occurrence among DCC attendees
was associated with owning animals especially
in summertime, while higher occurrence of C.
hominis was associated with DCC staff having
multiple daily duties. Outbreak notification
to local health authority and cleaning child
potties in sink showed an association with
higher rotavirus and astrovirus occurrence.
Higher norovirus occurrence among DCC
attendees was mostly associated with having
access to sandpits and paddling pools. The
CCA therefore summarized and confirmed all
the main associations found in the regression
analysis.

Discussion

nd

This study was performed to identify factors
associated with increased/decreased incidence
of GE as a whole and with increased/
decreased prevalence of specific GE-causing
enteropathogens at the DCC level as to find
potential targets for reducing the burden of
DCC-related GE.
We reported an increase in GE incidence as the
overall number of children attending a DCC,
as well as its crowding rate, increased. The
fact that a child’s potential for peer exposure
to infectious agents in the DCC setting is
largely influenced by the size of the facility and
crowding therein has been described before.15
A densely populated DCC may indeed provide
more opportunities for inter-child transmission.
Increased DCC capacity was also a specific risk
factor for higher norovirus prevalence, further
reflecting the high potential for anthroponotic
transmission of this virus.5 Similarly, mixing
of staff members between child groups almost
doubled rotavirus prevalence. Staff movements
between different child groups should,
therefore, be minimized as much as possible,
particularly during suspected GE outbreaks.
Such policies have been recommended for other
settings, including hospitals 187, households 33
and nursing homes.69 Interestingly, we found
no relation between high prevalence of any of
the pathogens and the child-to-staff ratio or
structure of the child groups at the DCC. One
study observed that a higher children-to-staff
ratio reduces the ability of individual staff to

8 Risk factors
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supervise hygiene; thereby increasing a child’s
exposure to circulating enteropathogens.188
We did not find such an association in this
study, probably because the child-to-staff
ratio is fixed at around four children per staff
member in the Netherlands, regardless of the
size of the DCC facility. A peculiarity was the
higher prevalence of astrovirus if those DCCs
indicating to always notify the local public
health authorities in case of a suspected GE
outbreak. A possible explanation is that this 'risk
factor' merely reflects those DCCs that always
seek attention from the local public health
authority because they have (had) problems in
effectively controlling such infection with their
own means. This task is indeed hampered by
the fact that astrovirus, in addition to rotavirus
and norovirus, can be excreted for several
weeks even by immunocompetent children
during outbreak situations 189, both directly and
indirectly through a more easily contaminated
environment.
The zoonotic potential of G. lamblia was reflected
by the marked increase in its occurrence among
DCC attendees when farm and/or pet animals
were kept (for leisure) in or around the DCC.
This increase was especially apparent in the
summer, when the odds increased by 18 fold
compared to not keeping animals at all. This may
be due to increased or more substantial contact
with these animals during the warm season,
especially when kept outdoor. The proportion of
G. lamblia infections among DCC attendees that
have contact with animals has been described
before by several studies, but so far no statistical

association could be identified.190 DCCs should
therefore be aware that owning animals might
significantly increase a child’s exposure to G.
lamblia, which may in turn increase the risk
of developing GE. C. parvum, like Giardia
lamblia, also has zoonotic potential. However,
in this study we only found C. hominis, which
is a non-zoonotic type which transmits directly
via person-to-person or indirectly via water
or food. This would explain why C. hominis
was not significantly associated with holding
animals at the DCC. Future studies should
better investigate the zoonotic potential of G.
lamblia from several types of animals to children
attending day care. Such studies should also
corroborate whether such zoonotic potential
exists within the DCC or rather takes place
within the household environment, as parents
with fondness for animals might be more prone
to enrol their children in DCCs that also have
animals. Moreover, G. lamblia assemblages
from dogs and cats (D and C) are not infectious
for humans, but human assemblages (A and
B) are infectious for dogs and cats only , and
little is known about the zoonotic potential of
G. lamblia types in common DCC pets such as
rabbits.191 Animals like chicken are unlikely to
be of importance for zoonotic transmission of
G. lamblia or Cryptosporidium spp. since they
harbour other subtypes.
Surprisingly, the presence of a dedicated nappy
changing area was significantly associated
with increased incidence of GE among DCC
attendees. As most children have to pass
through these areas several times a day, they
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could be considered as ‘hubs’ for transmission
of enteropathogens if/when they become
contaminated; and in every day’s routine
activities, there might be many occasions in
which they might become so. Our questionnaire,
however, did not cover the cleaning regimes of
these nappy changing areas, or the compliance
towards these regimes, to assess whether this
‘hub-hypothesis’ is true. Nonetheless, extra
care about the hygienic standards of these
dedicated areas seems recommendable when a
DCC decides on centralizing nappy changing
operations. Previous research found high
recovery rates for influenza from such diaper
changing areas.192 Another peculiarity was
the high prevalence of astrovirus if the DCC
indicated to always notify the local public health
authorities in case of a suspected GE outbreak.
A possible explanation is that this ‘risk factor’
merely reflects those DCCs that always seek
attention from the local public health authority
because they have (had) problems in effectively
controlling such infection with their own
means. This task is indeed hampered by the
fact that astrovirus, in addition to rotavirus
and norovirus, can be excreted for several weeks
even by immunocompetent children during
outbreak situations.2
Our study indicates that DCCs that had a
sandpit or a paddling pool had an increased
prevalence of norovirus and G. lamblia. A
Japanese survey reported that 68% of sandpits
in public parks were contaminated with faecal
coliforms.193 Moreover, playing in sandpits has
been identified as a risk factor for infection

with other pathogens, such as Y. enterocolitica,
S. enterica 194 and Toxocara.195 Cleaning the
sand with bleach has been proposed as a
protective measure, but was concluded to be
insufficient to decrease the enteropathogen
contamination.196 It is evident that sandpits can
easily become contaminated by animal faeces,
especially when placed outdoor, and even by
the children themselves in cases of vomiting
or faecal accidents. This is particularly relevant
to norovirus, as vomit can contain a very high
viral load, with production of easily spreadable
aerosolised particles. The risk posed by sandpits
holds also for paddling pools. Recreational
water has indeed been reported to act as a
vehicle for (inter-human) transmission of
several enteropathogens, including norovirus
197
, which is believed to be the single largest
cause of waterborne outbreaks. Giardia is
also known to be able to survive in water for a
long time, especially at lower temperatures.198
Remarkably, we did not identify the paddling
pool as a risk factor for C. hominis, as water is
one of the main transmission routes for this
enteropathogen. The fact that we only detected
C. hominis coincides with an increase of C.
hominis in the Netherlands in the summer of
2012.171 Conversely, having staff members with
multiple daily duties was a risk factor for C.
hominis occurrence, suggesting that factors
beyond (water) sanitation should be considered
for this parasite. Enforcement of adequate
hygienic measures and staff training, including
covering of sandpits and paddling pools when
not in use, are necessary to ensure both sandbox,
playground and recreational water safety.

8 Risk factors
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Contaminated hands are an important route of
transmission of several enteropathogens and
therefore toys might also play a major role as
fomites because children frequently put them
into their hands and mouths.46 G. lamblia cysts,
for example, can survive on fomites for several
days, and have been recovered from chairs
and tables in DCCs .199 This would explain the
protective effect of extra cleaning of toys during
suspected outbreaks on the lower prevalence of
G. lamblia we observed, especially since such
protective effect seemed to be further increased
if chlorine, in addition to regular cleaner, was
used as disinfectant. Inactivation of protozoan
parasites on fomites by chlorine is a common
and effective process widely employed in the
food industry 160 and recommended in many
guidelines for disease control in DCCs, including
those in the Netherlands. Although cleaning
fomites with chlorine seemed to be protective
against G. lamblia among DCC attendees, this
effect was not observed for norovirus or C.
hominis. This might be explained by the fact
that both norovirus and C. hominis are highly
resilient to chlorine, whereas G. lamblia is not.200
Rotavirus, norovirus and G. lamblia have been
identified as the most common agents involved
in GE outbreaks in DCCs .160 Several control
measures for GE outbreaks at DCCs that have
been reported by other studies were identified
in our study as measures associated with a
lower prevalence of certain enteropathogens,
including the exclusion of children and
personnel with GE from the DCC 55, no mixing
of staff 8, and providing children with GE

with their own toilet.108 In the Netherlands,
cohorting or exclusion of children with GE
is not necessarily part of current infectious
disease control policies for DCCs. This is
irrespective of whether or not an infectious
disease outbreak is suspected. Rather, DCCs
usually indicate that they exclude ill children
from participating to daily DCC activities.14
Educating DCCs about the apparent benefits
of these exclusion or cohorting policies for
the sake of children and the DCC itself might
increase their compliance, as education has been
proved successful in increasing compliance to
hand hygiene routines.201 However, whether
increased compliance also leads to increased
effectiveness of reducing GE remains to be
seen. Exclusion of ill children from day care
poses significant problems to working parents
whose absenteeism to care for their ill child may
jeopardize employment.55 Strict DCC exclusion
policies might even encourage infected children
to be placed elsewhere in the DCC community
where the disease control policies are less strict.
Furthermore, many infectious agents of GE are
excreted prior to onset of clinical symptoms
(which provide the criteria for exclusion), or
are spread by asymptomatic carriers or by
individuals with only mild symptoms.202 The
fact that the previously mentioned outbreakrelated control measures seemed to lower the
prevalence of some enteropathogens suggests
that transmission of these enteropathogens
is primarily caused by symptomatic, not
asymptomatic cases; even though the latter
group can shed enteropathogens over prolonged
periods.203
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In this study, reports of proper hand washing
practices of children and DCC staff members
were not associated with lower GE incidence,
nor with lower prevalence of any of the
enteropathogens studied. The absence of
this protective effect could have at least three
explanations. First, hygiene standards might
have been too uniformly high to be explored,
although this seems unlikely as only 37.5%
of participating DCCs had indeed indicated
to always wash the hands of children before
and after eating and after toilet visits. Second,
enteropathogens may also be transmitted via
routes other than hands, including fomites.
Thus, there may be several circumstances where
these ‘alternative’ routes in the DCC pose a
higher risk than that which can be prevented by
always washing hands compared to not always
washing hands. Finally, some prevarication
bias cannot be excluded because, for example,
a DCC may subconsciously provide answers
pleasing to the interviewer or even deliberately
misreport their hand hygiene polices.204 Other
hygiene policies were significantly associated
with a lower incidence of GE and prevalence
of some enteropathogens. These were cleaning
child potties in a dedicated washing basin
(rather than in a regular sink), and daily cleaning
of bed linen. These practices have self-evident
reasons to be beneficial and should therefore be
encouraged.
Our study has some limitations. Only 2% of
DCCs active in the Netherlands participated
to our study. Therefore, even though the
representativeness and diversity of the DCC

surveillance network was confirmed in an earlier
study showing that the variation of KIzSS cohort
participants reflected the national variation in
DCC characteristics in terms of organization,
facility design and hygiene policies very well
14
, some selection bias cannot be excluded.
For instance, as the participating DCCs were
enrolled on a voluntary basis, they could
represent a self-selected group of particularly
motivated DCCs with generally higher hygienic
and managerial standards. Another limitation
of our study is that we used a self-administered
questionnaire to monitor DCC risk factors.
Although it is unlikely that DCCs would have
reported facility characteristics other than those
actually in place, it is possible that discrepancies
have occurred between the perceived and actual
behaviour of some policies, e.g. hand hygiene;
especially since the questionnaire might in
some instances have been filled in by the head of
the DCC and not by the actual child caregivers.
Such differences have been observed before in
other studies.205 We could not explore directly
how hygiene measures at the DCC were actually
pursued. In addition, DCC risk factors were
assumed constant over the study period, and
some of them might well have changed due,
for instance, changes in policies or internal
renovations. We had no information on the
exposure of children in their home settings.
Household characteristics such as income
and education level of the parents, number of
additional siblings, etc. might be even stronger
predictors of GE than the DCC characteristics,
and may have even confounded, to some extent,
the associations found here . Furthermore, we

8 Risk factors
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did not identify common risk factors in our
regression analysis for the viruses studied here,
even though they seem to share similar modes
of transmission. Epidemiologically speaking,
this is surprising. It might be that either we
detected unique (significant) correlates of
these viruses or that we just failed to detect
the common factors due to predominantly
temporal, rather than spatial (i.e. within the
same DCCs), co-increase in prevalence. In
this regard, the canonical correlation analysis
(CCA) provided an important advantage as it
might best honour the multifactorial reality
of pathogen circulation within the DCC
setting, with multiple relationships taken at
a glance. This provided a general overview
of the simultaneous effects of the significant
risk factors on the occurrence of the different
pathogens, an approach that limits the known
inefficiencies of conventional multiple testing
(e.g. type-1 error) and variable selection based
on statistical significance, and helps overcome
problems of multicollinearity. The resulting
procedure also provided an indication of the
underlying common associations between
pathogens and DCC characteristics that may
have not passed the formal statistical testing
because of marginal significance but still had
some valuable predictive information for
the pathogens in question. This might be the
case of, for instance, rotavirus and astrovirus,
which were notably closer to each other than to
other pathogens in the CCA space, suggesting
that their individual risk exposures are in fact
simultaneously contributing to this relationship.
Moreover, we focused on five enteropathogens

that appeared to be significant contributors to
GE incidence at DCCs in a previous study.185
However, as stated earlier, they could explain
altogether only 39% of such incidence. It is
therefore clear that factors associated with the
occurrence of any of these five enteropathogens
may not be reflected in the occurrence of GE
too, as there are other causes (perhaps of
non-infectious origin) that contribute to the
remainder of GE incidence. For instance,
in the specific case of nappy changing areas
being associated with increased GE incidence,
this variable was not significantly associated
with increased prevalence of any of the five
enteropathogens studied, suggesting that nappy
changing areas would increase GE incidence via
enteropathogens other than those shown here.
As faecal samples were obtained from children
while they were attending DCC and not from
children who were absent because they were
ill, little selection bias in enteropathogen
prevalence estimates has probably occurred.
However, our sampling scheme is likely to
have detected enteropathogens in the pre- and/
or post-symptomatic phase. Indeed, because
none of the enteropathogens included in
the study were bacterial, these were unlikely
to have been eradicated by antimicrobial
treatments, so children may have continued to
shed them once re-entered the DCC. Besides,
antibiotic treatment of children with GE in the
Netherlands is extremely rare, as less than 1% of
children visiting a general practitioner for GE
usually receive an antibiotic treatment.14 Even
if our sample might have been skewed towards
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contributed to the actual transmission of these
enteropathogens because our sampling scheme
did not allow for differentiation between
enteropathogens that were introduced in the
DCC environment (but not transmitted) and
enteropathogens that were transmitted within
the DCC environment. Doing so would have
required testing all children, personnel, and the
local environment within the framework of a
pre-post intervention setting, studying one or a
combination of interventions at a time. In that
respect, our study was a compromise between
precision and logistic feasibility.

Conclusion
This is the first large-scale longitudinal study
that explored DCC socio-demographic,
facility- and policy-related factors associated
with GE incidence as a whole and with the
prevalence of specific enteropathogens among
DCC attendees. 1600 children were followed in
100 DCCs up to three years, during which more
than 1800 GE episodes occurred and 5197 faecal
samples were analyzed. Several risk factors were
identified, including high DCC capacity and
crowding, owning farm/pet animals, having
a dedicated nappy changing area, presence
of sandpits and/or paddling pool, cleaning
child potties in a non-dedicated sink, cleaning
vomit with paper towels (but without cleaner),
mixing of staff members between different
child groups, and allowing staff members to
have multiple daily duties. Identified protective
factors were cleaning vomit with towel papers
and cleaner, using chlorine as disinfectant for
fomites, daily cleaning of bed linen and toys,

8 Risk factors

asymptomatic infections, this is unlikely to have
affected the results, as exposures (risk factors)
were studied at the DCC, rather than at the
individual child, level. Moreover, DCCs were
asked to sample children at random. However,
no formal randomization method was provided
to them. Given that sampling was quite labourintensive and there were constraints in budget
and laboratory capacity, the monthly number of
submittable samples was limited to 10 per DCC,
and DCCs were let decide on the randomization
charts; differences between DCCs were then
meant to be accounted for by the random effect
during analysis. Therefore, while we can state
that repeated sampling of the same child within
the same month did not occur, we cannot
exclude the possibility that some samples
were collected not completely at random. For
instance, it can be speculated that sampling of
children still in diapers would be easier than
that of children with some toilet training,
although hardly children in DCC defecate
directly into the toilet, but rather use potties,
which are easy to sample as well. Sampling was
therefore at random by design, but for logistic
reasons some convenience sampling might also
have occurred during implementation. Finally,
it is worth noting that we estimated the GE
incidence and enteropathogen prevalence over
a long period of time in DCCs with different
characteristics, which allowed us to explore
the effect of a comprehensive set of putative
risk factors that may provide leads to the
control of these enteropathogens within the
DCC setting itself. However, our study could
not investigate how the DCC characteristics
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and having formal policies for cohorting and
exclusion for ill children and staff. We previously
demonstrated that there is ample space for
improvement of regular hygiene routines and
adherence to disease control , and that 39% of
the GE in Dutch DCCs could be attributed to
the five enteropathogens studied here. Targeting
the at-risk characteristics of DCCs identified in
this study could, therefore, result in a significant
reduction of the burden of DCC-related GE. Our
results will prove useful in supporting the everpresent DCC responsibility to provide children
with a safe, hygienically sound environment, as
also explicitly required by Dutch law since 2005.
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General discussion

Impact
of
gastroenteritis
related to child day care centers
(the first core question)
We observed that gastroenteritis was the most
common illness leading to a child’s absence
from day care in the Netherlands. With 387
episodes per 1000 child-years, the incidence
rate for gastroenteritis absences even surpassed
rates for respiratory illness (247 per 1000 childyears, chapter 3). When compared to homecared children, day care-attending children
experienced a 1.4 times higher incidence of
gastroenteritis (chapter 5). Children attending
day care did not only experience more episodes
of gastroenteritis compared to children cared
for at home, but the morbidity per episode also
appeared to be higher. Children attending a

DCC consulted the GP approximately 1.7 times
as often for gastroenteritis as reported by the
Dutch Sentinel GP Network during the same
period and for the same age group (chapter
3). Based on Danish data, DCC-attending
children experienced an up to 1.7 times shortterm increased probability of severe episodes
of gastroenteritis requiring hospitalization
compared to children that never attended day
care facilities, regardless of their age. However,
children who experienced a significant higher
short-term risk for hospitalization due to
gastroenteritis also had a significant 0.8 times
lower long-term risk for such hospitalizations
in the subsequent five years of preschool life; as
long as they started attending day care before
the age of one year and they remained attending
child day care until elementary school (chapter

9 Discussion

This thesis aims to provide insight into epidemiology of gastroenteritis in child day care by
providing a quantitative assessment of the impact and the risk factors of gastroenteritis in the
DCC setting. It is the result of several studies conducted nationally and internationally, analysing
data from registry- and novel web-based surveillance systems targeting the DCC-, general
population-, and household-setting. This discussion chapter will address the two core questions
- as posed in the introductory chapter - on the impact and risks related to gastroenteritis related
to day care in light of our findings. Deliberating on our core questions will raise two additional
questions: how could we, and why would we attempt to reduce the impact of gastroenteritis
related to day care further? Addressing the ‘how could we’ question will result in the outline of
several evidence-based recommendations on the physical characteristics and disease control
strategies of the DCC, prioritizing those proven to be associated with illness and that are putatively
modifiable by the DCC. Addressing the ‘why would we’ question is of a more philosophical
nature, and thereby more difficult to answer. Yet it deserves consideration, as it will influence our
appreciation towards future surveillance and research strategies in day care.
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4). The impact of day care-related gastroenteritis
is not restricted to the ill attending child, or
to the clinical domain for that matter; it also
generates substantial societal costs. The societal
costs involved per episode of gastroenteritis
for a child attending day care were estimated
at €215.45, twice as high compared to these
costs for home-cared children. Extrapolated to
the Dutch society, the excess societal costs for
DCC-related gastroenteritis would sum up to
an estimated annual €25 million. The greater
societal costs are predominantly attributable to
differences in productivity losses experienced
by households utilizing day care services, as
these are more often composed of two working,
better-earning partners than households not
utilizing such services (chapter 5).
Concluding, the impact of gastroenteritis
related to child day care appears substantial.
Reducing the impact of gastroenteritis would
hypothetically not only reduce the clinical
impact of gastroenteritis, but also generate
substantial cost savings from a societal
point of view. Impact reduction from a DCC
perspective starts with identifying the physical
characteristics and disease control strategies
in day care that confer the highest risks for
gastroenteritis.

Risk factors for gastroenteritis
in child day care centers (the
second core question)
The clinical and economic impact of
gastroenteritis related to the DCC setting
needs to be supplemented by identifying the
enteropathogens and their dynamics that
putatively underlie the gastroenteritis burden in
day care as well as study the DCC characteristics
that are associated with their circulation.
We observed that a broad range of bacterial,
parasitic and viral enteropathogens circulated
in the intestinal flora of children attending
day care. Bacterial enteropathogens were
frequently detected (45% of samples) followed
by parasitic enteropathogens (27%) and viral
enteropathogens (22%). Ninety-five percent
of children in which an enteropathogen
was detected experienced no gastroenteritis
symptoms (asymptomatic) at time of sampling.
The role that asymptomatic children play in the
risk of enteropathogen transmission was not
studied and remains unclear. Children detected
with rotavirus or norovirus (~10%) did, however,
have a twice as high odds for gastroenteritis. The
risk of infection with any viral enteropathogen
decreased with increasing age of the sampled
child, while the opposite was observed for all
enteropathogenic parasites; no age associations
were not found for enteropathogenic bacteria.
Viral enteropathogens displayed seasonal
patterns, with peak prevalence during the winter
months, whereas the opposite held true for
some bacterial enteropathogens. No parasitic,
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The circulation of these enteropathogens in day
care, as well as the incidence of gastroenteritis,
appears not only to be related to risk factors
associated with the attending child such as
age (chapter 6), but also with the physical
characteristics and disease control strategies of
the DCC. Large and densely populated DCCs
were associated with an increased gastroenteritis
risk. For each additional DCC child, the GE
incidence increased by 0.1%. Similarly, for
each percent increase in crowding of the DCC
environment, GE incidence increased by 0.7%.
Children attending animal-owning DCCs had a
significantly increased risk of being exposed to
enteropathogens with zoonotic potential such
as Giardia, thus increasing the risk that such
children develop gastroenteritis (chapter 7).
Sandpits and paddling pools were associated
with increased circulation of norovirus and
Giardia. With respect to disease control
strategies, regular cleaning with cloth to remove
the bulk of the organic material and subsequent
disinfecting with chlorine of objects and surfaces

that children and staff commonly interact with,
was associated with a lower gastroenteritis
burden in the DCC setting. Staff movements
between different child groups formed a risk
factor for increased circulation of rotavirus.
Several outbreak-related control measures were
identified as being associated with a lower risk
of enteropathogen circulation in day care. These
measures included exclusion of children and
personnel with gastroenteritis from the DCC, no
mixing of staff during a gastroenteritis outbreak,
and providing children with gastroenteritis
with their own toilet. Surprisingly, our study
found no evidence for the protective effects
of hand hygiene, small group sizes and sameage child-groups as observed in several other
studies (chapter 8).8, 206
Concluding, several characteristics of the
child and DCC environment correlated with
gastroenteritis and with the circulation of major
enteropathogens associated with gastroenteritis
among children, suggesting that part of the
gastroenteritis impact can be prevented. As we
will highlight next, some of these characteristics
are more easily modifiable than others.

9 Discussion

and few bacterial enteropathogens showed
notable seasonal trends (chapter 6). Viruses
and parasites, rather than bacteria, conferred
the highest risk for gastroenteritis in child day
care. Together, rotavirus, norovirus, astrovirus,
Giardia lamblia and Cryptosporidium hominis
accounted for 39% of gastroenteritis cases
observed in the DCC network during 20102013. We estimated that 52,000 children
experience gastroenteritis in DCCs because of
infection with these five enteropathogens in the
Netherlands each year (chapter 7).
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Putatively modifiable
characteristics for
gastroenteritis control in child
day care centers (the ‘how
could we’ question)
The first part of this discussion provided
evidence that the impact of gastroenteritis
related to day care is substantial, whereas the
second part indicated that this impact might
be partly preventable by focussing on those
child and DCC characteristics and practices
most associated with gastrointestinal illness.
However, not all characteristics are (easily)
modifiable. Modification of some would be
undesirable from a societal point of view or too
expensive or impractical to implement from a
DCC point of view, yet modification of others
seems promising. We will discuss the putatively
modifiable characteristics according to figure
1, as presented in the general introduction of
chapter 1.

Child characteristics
We can do little to modify a DCC-child’s
immunological immatureness or behavioural
characteristics (little notion of basic hygiene,
intrinsic propensity for close person-to-person
contact, lack of faecal continence at diaper age,
exploring environment with mouth). However,
two child characteristics that we could modify
are the age at which the child comes into first
contact with day care and the time a child
spends in day care. Both have been associated
with increased rates in this thesis and in other
studies.

Age at first enrolment
Hypothetically, we could postpone the
enrolment of children into day care until the
age of one, as some argue that the DCC-related
gastroenteritis burden is mostly confined
to infants.35, 207, 208 For example, the Dutch
government could increase the period of
subsidized parental leave after childbirth from
6 months to 1 year of age, as is Danish policy.57
Not taking into account the substantial parental
productivity losses and funding required for
such a change in policy, the results of the Danish
study suggest that this might actually reduce
the long-term benefits of attending day care. In
fact, the excess gastroenteritis morbidity seems
more related to the moment of first exposure to
the DCC environment, than to the age of the
attending child (chapter 4). Thus, our results
do not support postponing the age at first DCC
enrolment in the Netherlands.
Cumulative time spent in day care
In theory, decreasing the time a child spends
in day care could lower the probability that
such a child experiences severe episodes of
gastroenteritis (chapter 4).133 In practice,
however, the time a child spends in day care
is rather fixed. Childcare centers provide an
essential service to Dutch households, enabling
parents to work, thereby enhancing income.
In addition, other considerations play a role in
the time spent in day care, including potential
benefits of out-of-home childcare services for
society and the attending child. For society, the
economic contributions of parents who can
join the labour force because their children are
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DCC characteristics
Physical characteristics
Similar to previous research, we demonstrated
that some physical characteristics of the
DCC environment are associated with
gastroenteritis
occurrence
and/or
the
circulation of enteropathogens, including
the size and crowding rates of a DCC. The
exposure to enteropathogens circulating in
small day care homes appears low enough to
avoid causing the most severe manifestations
of gastroenteritis when a child starts attending
a day care home, but high enough to allow for

the (gradual) development of a child’s immune
response to protect from such manifestations in
the long-term. This suggests that, rather than
postponing the child’s enrolment into day care,
children (particularly those with underlying
illness) might benefit from enrolment into the
smaller day care homes (size: 1 to 6 children)
in preference of the larger DCCs (size: 5 up
to a few hundred children). DCCs probably
provide more opportunities for inter-child
transmission, both directly through personto-person and indirectly through the easily
contaminated day care environment. However,
the decision to promote one type of day care
setting over another is likely to depend on
many additional considerations, including
psychological development for the child.209, 210
Further research is required in these domains
to facilitate rational decision-making.

Disease control strategies (vaccination,
cohorting/exclusion, hygiene)
The previous paragraph on the physical
characteristics of a DCC for gastroenteritis
also suggests that if we could effectively
target DCC characteristics causally related
to gastroenteritis, we might reduce the shortterm health disadvantages associated with
DCC attendance without reducing the longterm health advantages associated with such
attendance. Of all DCC characteristics, disease
control strategies are perhaps most directly
under the control of the DCC management.8
Although this thesis certainly does not
immediately
provide
evidence-based
recommendations for improved infectious

9 Discussion

cared for at a DCC are great. Reducing the time
spent in day care could result in productivity
losses far greater than the productivity losses
incurred by DCC-related illness (chapter 5).
For the child, attending a DCC could confer
long-term beneficial effects on gastroenteritis
morbidity until the elementary school age
(chapter 4), probably due to the repeated
immune challenges posed by the higher levels
of exposure to pathogens circulating in the day
care environment (chapter 6). Such benefits
are not limited to gastroenteritis; other studies
have observed day care attendance to reduce the
long-term risk of developing allergic disease88-92
and mild respiratory infections29, 94, 95, even after
the child has left day care. If true, some argue
that the societal costs might not be avoided
altogether for home-cared children, but that
these costs are only delayed until elementary
school.57, 58, 95 This notion, however, is not
supported by our results (chapter 4).
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disease control in DCCs, it provides a scientific
basis for additional clinical intervention studies
that will be able to provide such recommendations
and some preliminary recommendations can be
made. Based on the data presented in this thesis,
these intervention studies might recommend
the following. Although rotavirus vaccination is
currently not implemented in the Netherlands
for preschool children given its limited costeffectiveness211, targeting rotavirus vaccination
specifically for DCC-attending children
may substantially reduce the gastroenteritis
burden associated with day care attendance.
DCC policies for exclusion and cohorting
could be effective in reducing the burden of
gastroenteritis despite high asymptomatic
infection rates among attendees. If so, they
should be an integral part of every DCC’s
strategy for prevention and control, regardless
of the considerable burden these policies put
on parents and DCC alike, since both have
to make alternative care arrangements.42, 108,
212, 213
Improving hygienic standards in DCCs
are likely to reduce the transmission of these
enteropathogens that generally spread from
person to person via the faecal-oral route, via
aerosols and via contaminated surfaces. In that
case, all surfaces and fomites, particularly toys,
should receive routine cleaning, even when gross
contamination is not obvious. This would also
mean that the use of non-washable toys in areas
with young children or in centers providing
care to sick children should be discouraged.
In addition to toys, dedicated diaper-changing
areas would need special hygienic attention, as
these seem to form ‘hubs’ for transmission of

enteropathogens. Staff movements should be
minimized as much as possible, particularly
during suspected gastroenteritis outbreaks.
Finally, the sand and water of sandpits and
paddling pools should be regularly replaced, in
addition to being covered when not in use.

Reducing the impact of
gastroenteritis related to child
day care centers (the ‘why
would we’ question)
Why would we attempt to reduce the impact
of gastroenteritis related to day care? After
all, many of us consider the gastroenteritis
episodes as an educational experience for
our child’s immune system.214-216 In fact,
some parents believe that children should be
exposed to ‘dirt’ early in life for them to be
protected against disease later in life.92 This
oversimplified version of reality is worrisome
as it is easily misinterpreted. Undoubtedly, a
certain amount of microbiological exposure
is required to confer long-term immune
priming, but there is a difference between ‘dirt’
and ‘pathogens’ and between ‘cleanliness’ and
‘hygiene’. We currently do not know the nature
of microbiological exposure in day care that
benefits the attending child. Even if we would,
hygiene measures do not distinguish between
beneficial exposures to ‘good’ pathogens and
harmful exposures to ‘bad’ pathogens. The latter
group includes measles, H. influenzae type b,
S. pneumonia, cytomegalovirus, parvovirus,
rotavirus and respiratory pathogens causing
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Thus, relaxing a DCC’s disease control strategies
based on the notion that ‘dirt is good for our
children’ would represent a very poor trade-off
indeed. As public health professionals, we need
to keep stressing the difference between ‘dirt’,
‘germs’, ‘cleanliness’ and ‘hygiene’ in the future.
Not doing so could cause loss of confidence
among parents and DCCs regarding appropriate
DCC disease control standards.92 Moreover,
there is currently little evidence-based
justification to relax such standards.235 Finally,
DCC-related illness does not only concern the
attending child. Indeed, preliminary analysis of
the family and health data (table 1, introduction)

showed that parents with children attending a
DCC currently have an up to 5 times higher risk
for developing episodes of gastrointestinal and
respiratory illness, suggesting that reducing the
impact DCC-related illness is of interest to the
entire Dutch community.66

Why
many
stakeholders
would benefit from continued
infectious disease surveillance
in child day care centers
Reducing the burden of DCC-related
gastroenteritis,
or general DCC-related
illnesses for that matter, is a concern not
only of parents, physicians, and public health
officials, but also to employers and perhaps
health insurers who might find it worthwhile
to subsidize the possibly increased cost in DCC
settings designed to minimize illness rates.
Given the many stakeholders involved, we
recommend that surveillance efforts in day care
are continued in the future. The value of such
standardized surveillance systems has been
demonstrated in the past in the setting of general
practice116, nursing home69 and hospital.236 The
DCC surveillance underlying much of the work
performed in this thesis, has paved the way for
such a sustainable, but currently absent, system.
Ideally, local and provincial health authorities
would be in charge of DCC surveillance as
they coordinate regional disease control efforts
in the Netherlands. Each authority could be
responsible for the DCCs operating within

9 Discussion

otitis media. Measles is re-emerging in day
care in the Netherlands and Belgium among
highly vaccinated children.217, 218 Infection by
H. influenzae type b and S. pneumonia in day
care cause severe infections such as pneumonia
and meningitis in unvaccinated children.219-222
Cytomegalovirus (CMV) and parvovirus
infectious can have severe consequences for
unborn children of pregnant DCC staff and for
immunocompromised attendees.223-225 Otitis
media, a frequent syndrome associated with
day care attendance, is associated with hearing
loss, impeded speech development and reduced
school achievements later in life.226-229 Rotavirus
is responsible for 20-60% of hospital admissions
of children due to dehydration by diarrhoea.230
The DCC has been considered an independent
factor for colonization by resistant bacteria231,
such as penicillin-resistant S. pneumoniae232,
233
and Extended Spectrum Beta-Lactamaseproducing (ESBL) E. coli.22-24, 234
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its municipality. These authorities could use
our web-based monitoring system. The closer
contact between the local health department and
DCC (rather than our national institute) would
benefit the DCC in case of disease control issues
and would benefit the local health department
because it facilitates timely public health
outreach to DCCs and vice versa. In addition
to the local health authorities, registration of
day care-related illnesses could be included in
the continuous morbidity registration of our
GP sentinel surveillance network organized by
the Netherlands Institute for Health Services
Research (NIVEL).
There are many benefits to implementing a
DCC surveillance system. By linking regional
or national general population, GP and
hospital surveillance registries already in place,
DCC surveillance data might assess whether
infectious disease trends in child day care
reflect or drive infectious disease patterns in
the community at large. It could assist in rapid
and comprehensive assessments of future
impact of (shifts in) seasonal syndrome and/or
microbiological trends of infectious diseases.
It could monitor the effectiveness of day care
targeted intervention strategies; for example,
by monitoring the gastrointestinal disease
burden in day care in pre- and post- rotavirus
vaccination era should rotavirus vaccination of
day care attendees become a national policy in
the future.211, 237 Finally, data emanating from
such a system could serve as input for a DCC
certification label highlighting excellent hygiene
practices, allowing DCCs to benchmark and

promote themselves against other DCCs active
in the Netherlands. The feasibility of such a
certificate is currently being considered by
policy makers in the Netherlands.238
Concluding, the impact of gastroenteritis in day
care is substantial. Many DCC characteristics
related to gastroenteritis seem within control
of the DCC management. Although this thesis
does not demonstrate how these characteristics
causally contribute to the actual transmission of
enteropathogens underlying gastroenteritis per
sé, it does provide scientific arguments on ‘how
we could’, and ‘why we should’ aim at reducing
the burden of day-care related gastroenteritis.
Efforts are currently ongoing amongst
stakeholders to determine whether increased
control of DCC-related infectious diseases
is desirable in the Netherlands. If desirable,
important steps in future research would be
to design intervention studies that unravel the
critical elements of DCC-intervention programs
for effective gastroenteritis control, including
the costs of implementing and sustaining these
programs.
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Summary
This thesis aims to provide insight into the epidemiology of gastroenteritis related to child day
care centers (DCCs) in the Netherlands. It is the result of several studies conducted nationally and
internationally, analyzing data from registry- and novel web-based surveillance systems targeting
the DCC-, general population-, and household-setting. It addressed two core questions on the
impact and risks related to the DCC setting:
II	Which risk factors are associated with
gastroenteritis in child day care centers?
The second core question is operationalized
into three research questions addressed in
chapters 6-8:
II.1	What are the prevalence rates of a range
of enteropathogens among children in
DCCs, and how do these rates relate
to age, clinical symptoms and season?
(chapter 6)
II.2	
What are the relative contributions
of these enteropathogens to the
gastroenteritis incidence in DCCs?
(chapter 7)
II.3	
Which
DCC
characteristics
and
practices are associated with a high/
low gastroenteritis incidence in DCCs?
(chapter 8)
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I 	
What is the impact of gastroenteritis
related to child day care centers?
The first core question is operationalized into
three research questions addressed in chapters
3-5:
I.1 	What are the incidence rates for episodes
of gastroenteritis among DCC-children
and how do their general practitioner visits
relate to children in the general population?
(chapter 3)
I.2	What are the transient and sustained effects
of day care attendance on hospitalization
of a child with gastroenteritis, and are
these effects modified by the cumulated
amount of time spent in day care, the age
at which a child starts attending day care
and the type of facility the child attends?
(chapter 4)
I.3	What are the societal costs for care and
treatment of a child with gastroenteritis,
and do these costs differ between children
that do and do not attend a DCC?
(chapter 5)
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Our nationwide, day care-based surveillance
network on the clinical and microbiological
aspects of gastroenteritis (KIzSS) provided the
foundation for answering many of the research
questions in this thesis (research questions I.1,
II.1, II.2 en II.3). Chapter 2 elaborates upon the
aim, design and potential of the KIzSS network.
However, not all questions could be addressed
using KIzSS data. Research question I.2 (chapter
4) required much longer periods of follow-up
and a larger sample size than KIzSS could provide
for and was therefore conducted using Danish
data (Childcare database). Research question I.3
(chapter 5) required a household perspective,
which meant developing and implementing
a web-based survey among households with
children aged 0-48 months (G&G).
What are the incidence rates for episodes of
gastroenteritis among DCC-children and how
do their general practitioner visits relate to
children in the general population? (I.1)
In chapter 3, we observed that gastrointestinal
illness (387 episodes per 1000 child-years),
rather than influenza-like (247 per 1000 childyears) or exanthematous illness (59 per 1000
child-years) was the illness most commonly
reported by DCCs. Gastroenteritis episodes
occurred approximately twice as often among
children aged 0-2 years compared to children
aged 2-4 years (IRR 1.7 [95%CI: [1.5-1.9]).
Children attending day care consulted their
general practioner almost twice as often for
gastroenteritis episodes than expected based
on national estimates (NIVEL) for 0-4 year old
children (IRR: 1.7 [95%CI: 1.4-2.0]). Finally,

our DCC survey performed as part of this
chapter indicated ample room for improvement
in implementing simple measures for infectious
disease prevention. For example, DCCs
indicated that they not always washed the hands
of children before eating (34%) or after a toilet
visit (15%) and not always cleaned the toilet and
kitchen areas (17%) on a daily basis.
What are the transient and sustained effects
of day care attendance on hospitalization
of a child with gastroenteritis, and are these
effects modified by the cumulated amount
of time spent in day care, the age at which a
child starts attending day care and the type of
facility the child attends? (I.2)
In chapter 4, we considered the transient
and sustained effects of increased day care
exposure for the most severe manifestations of
gastroenteritis (those requiring hospitalization).
Danish data allowed us to estimate the risk
of being hospitalized for gastroenteritis using
two large cohorts of preschool (<6 year-old)
and elementary school-going (6-10 yearold) Danish children. Together, the two
cohorts comprised 443,872 children, 21,038
hospitalizations and 1,742,284 child-years
(1994-2011). We observed that from first day
care attendance until 12 months of cumulated
attendance, preschool children attending day
care centers displayed an increased risk of
hospitalization for gastroenteritis compared
to children never attending registered day care
(HR: 1.8 [95%CI: 1.5-2.0]). This increased
risk was highest shortly after starting day care
attendance and then gradually declined. After
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What are the societal costs for care and
treatment of a child with gastroenteritis, and
do these costs differ between children that do
and do not attend a DCC? (I.3)
In chapter 5, we provided estimates on, and
differences between, the societal costs for
gastroenteritis episodes among children that
do and do not attend day care. We observed
that particularly very young (<1 year) children
attending a DCC experienced higher rates
of gastroenteritis compared to children not
attending a DCC (aIRR 1.6 [95%CI: 1.1-2.7]).
However, the average societal costs for care
and treatment of an episode of gastroenteritis
experienced by a DCC-attending child were
estimated at €215.45 ([95%CI: €115.69€315.02]); twice as high as for a non-DCCattending child. The greater societal costs
were predominantly attributed to differences
in productivity losses experienced by parents
when having to care for their ill child.
Households utilizing day care services more
often had two working partners that together
earned more. The DCC-attributable economic
costs of gastroenteritis for the Netherlands were
estimated at €25 million per year.

What are the prevalence rates of a range of
enteropathogens among children in DCCs
and how do these rates relate to age, clinical
symptoms and season? (II.1)
In chapter 6, we estimated the prevalence of a
range of enteropathogens present in the intestinal
flora of children attending day care, and related
the occurrence of these enteropathogens with
characteristics of the sampled child and the
sampling season. Enteropathogens were detected
in 78.0% of 5197 faecal samples analyzed. The
probability of detecting any viral or bacterial
enteropathogen decreased with increasing age
of the sampled child, while the opposite was
observed for enteropathogenic parasites. Viral
enteropathogens displayed yearly seasonal
trends, but with peak prevalence’s during the
winter months, while bacterial enteropathogens
were mainly detected during the summer
months. The parasitic enteropathogens showed
no notable seasonal trends. 95.4% of samples
were obtained from children who had no
gastroenteritis symptoms at time of sampling.
The majority of gastro-intestinal infections
among children attending DCCs appear to
occur asymptomatically.
What are the relative contributions of these
enteropathogens to the gastroenteritis
incidence in DCCs? (II.2)
Chapter 7 aimed to estimate the proportion of
day care attendees experiencing gastroenteritis
(chapter 3) that could be attributed to the overall
circulation of enteropathogens among children
attending DCCs (chapter 6). We demonstrated
that rotavirus, norovirus, astrovirus, Giardia
161
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12 months of attendance, attending day care was
associated with a lower risk for hospitalization
(HR: 0.8 [95%CI 0.7-0.9]). This decreased risk
was confined to children that started attending
day care before the age of one and extended
throughout, not beyond, their preschool years.
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and Cryptosporidium were the most significant
contributors to gastroenteritis. Together,
rotavirus (11%), norovirus (10%), astrovirus
(7%), Giardia (8%) and Cryptosporidium
(3%) accounted for 39% of the gastroenteritis
incidence reported in the KIzSS network.
We estimated that 52.000 day care-attending
children experience gastroenteritis due to
infection with these five enteropathogens in the
Netherlands every year.
Which DCC characteristics and practices are
associated with a high/low gastroenteritis
incidence in DCCs? (II.3)
The weekly incidence of gastroenteritis events
(chapter 3) and the weekly prevalence of the five
major gastroenteritis-causing enteropathogens
(chapter 7) enabled us to identify putative risk
factors (general and/or pathogen-specific)
for gastroenteritis at the level of the DCC
in chapter 8. Factors associated with a high
gastroenteritis incidence were: large capacity,
crowding, having animals, sandpits, paddling
pools, dedicated nappy changing areas, rotating
staff among child-groups, and not cleaning bed
linen or toys daily.
Factors associated with a low gastroenteritis
incidence were: disinfecting fomites with
chlorine, cleaning vomit with paper towels and
cleaner, cohorting and excluding ill children
and staff.

Conclusion
The clinical and economic impact of
gastroenteritis related to Dutch DCCs is
substantial, particularly among the very young
attendees. Attending a DCC roughly doubles a
child’s probability of experiencing an episode
of gastroenteritis that requires a visit to a
general practitioner or hospital. A child might
experience a lower risk of hospitalization for
gastroenteritis after 12 months of attendance
compared to a child that never attends day
care, but only if the child starts attending day
care before the age of one. In addition, this
protective effect extends throughout, but not
after the preschool years. The average societal
costs for care and treatment of an episode of
gastroenteritis experienced by a DCC-attending
child are twice as high as for a non-DCC
attending child. The impact of DCC-related
gastroenteritis might be even more substantial if
further research proves that asymptomatic day
care-attendees contribute to the transmission of
enteropathogens both within and beyond the
borders of the DCC. The transmission potential
of asymptomatic DCC children is currently
under investigation. A significant proportion
of gastroenteritis can be attributed to the
circulation of five enteropathogens in the DCC.
Improved implementation of existing DCC
practices that are associated with circulation
rates of these and other enteropathogens would
theoretically not only reduce the disease burden
of DCC-related gastroenteritis, but also generate
substantial cost savings from a societal point of
view. Therefore, future research might focus on
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designing intervention studies that determine
whether improved implementation of DCC risk
factors as identified in this thesis is effective and
feasible in reducing gastroenteritis in the Dutch
DCC setting. Efforts are currently ongoing
amongst stakeholders to determine whether
increased control of DCC-related infectious
diseases is desirable in the Netherlands.
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Samenvatting
Dit proefschrift verschaft inzicht in de epidemiologie van gastro-enteritis met betrekking tot
Nederlandse kinderdagverblijven. Het is het resultaat van verscheidene nationale en internationale
studies waarin gegevens zijn verzameld en geanalyseerd uit nationale (huisarts)registraties en
online surveillance systemen voor kinderdagverblijven, de algemene bevolking en jonge gezinnen.
Het proefschrift richtte zich op twee kernvragen over de impact en risicofactoren van gastroenteritis gerelateerd aan kinderdagverblijven:
II	
Welke risicofactoren zijn geassocieerd
met
gastro-enteritis
op
kinderdagverblijven?
De tweede kernvraag is uitgewerkt in drie
onderzoeksvragen die behandeld worden in
hoofdstuk 6-8:
II.1 Wat zijn de prevalenties van, een
reeks van, enteropathogenen onder
kinderen op het kinderdagverblijf,
en wat is het verband met leeftijd,
het seizoen en klinische symptomen?
(hoofdstuk 6)
II.2 Wat zijn de relatieve bijdragen van deze
enteropathogenen aan de gastro-enteritis
incidentie op het kinderdagverblijf?
(hoofdstuk 7)
II.3 Welke
kinderdagverblijfkenmerken
en -werkwijzes zijn geassocieerd
met een hoge/lage gastro-enteritis
incidentie op het kinderdagverblijf?
(hoofdstuk 8)
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I	
Wat is de impact van gastro-enteritis
gerelateerd aan kinderdagverblijven?
De eerste kernvraag is uitgewerkt in drie
onderzoeksvragen die behandeld worden in
hoofdstuk 3-5:
I.1 Wat is de incidentie van episodes van
gastro-enteritis onder kinderen op het
kinderdagverblijf, en hoe verhoudt
hun huisartsenbezoek zich tot dat van
kinderen in de algemene bevolking?
(hoofdstuk 3)
I.2 Wat zijn de directe en langdurende
effecten van kinderdagverblijf opvang
op ziekenhuisopname van een kind met
gastro-enteritis, en zijn deze effecten
afhankelijk van de hoeveelheid tijd
die een kind in het kinderdagverblijf
doorbrengt, de leeftijd waarop een kind
voor het eerst naar de kinderopvang gaat,
en het type verblijf dat het kind bezoekt?
(hoofdstuk 4)
I.3 Wat zijn de maatschappelijke kosten
voor zorg en behandeling van een kind
met gastro-enteritis, en verschillen
deze kosten tussen kinderen die wel of
niet naar het kinderdagverblijf gaan?
(hoofdstuk 5)
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Een groot deel van de onderzoeksvragen in dit
proefschrift (onderzoeksvragen I.1, II.1, II.2 en
II.3) konden beantwoord worden met gegevens
die werden verzameld in ons landelijke netwerk
van kinderdagverblijven (KIzSS). Het doel,
ontwerp en potentie van dit surveillance netwerk
voor het in kaart brengen van de klinische en
microbiologische aspecten van gastro-enteritis
werd behandeld in hoofdstuk 2. Niet alle
vragen konden echter onderzocht worden met
KIzSS gegevens. Zo vereiste het beantwoorden
van onderzoeksvraag I.2 (hoofdstuk 4)
een veel langere periode van follow-up en
steekproefomvang van kinderen dan KIzSS
kon bieden. Onderzoeksvraag I.2 werd daarom
beantwoord met behulp van Deense gegevens
(Childcare database). Voor het beantwoorden
van onderzoeksvraag I.3 (hoofdstuk 5) waren
gegevens nodig van gastro-enteritis onder
gezinnen met jonge kinderen. Voor deze
vraagstelling werd daarom een online enquête
ontwikkeld en uitgevoerd onder gezinnen met
kinderen in de leeftijd 0-48 maanden (G&G).
Wat is de incidentie van episodes van
gastro-enteritis onder kinderen op het
kinderdagverblijf, en hoe verhoudt hun
huisartsbezoek zich tot dat van kinderen in de
algemene bevolking? (I.1)
In hoofdstuk 3 vonden we dat symptomen van
gastro-intestinale infecties (gastro-enteritis,
387 episodes per 1000 kind-jaar) en niet van
influenza-achtige ziektebeelden (247 per
1000 kind-jaar) of huidinfecties (59 per 1000
kind-jaar) het meest gemeld werden door
kinderdagverblijven. Gastro-enteritis kwam

ongeveer twee keer zo vaak voor onder 0-2
jarigen dan onder 2-4 jarigen (IRR 1.7 [95%CI:
1.5-1.9]). Kinderen in kinderdagverblijven
bezochten hun huisarts bijna twee keer zo
vaak voor gastro-enteritis dan we zouden
verwachten op basis van landelijke schattingen
(NIVEL) voor 0-4 jarigen (IRR: 1.7 [95%CI:
1.4-2.0]). Verder gaf een enquête onder
kinderdagverblijven in dit hoofdstuk aan
dat er ruimte leek voor verbeteringen van
relatief eenvoudige infectieziekte preventie
maatregelen op het kinderdagverblijf. Zo
gaven kinderdagverblijven aan niet altijd de
handen van kinderen te wassen voor het eten
(34%) of na een wc-bezoek (15%), en meldden
ze dat ze de toiletten en keuken niet dagelijks
schoonmaakten (17%).
Wat zijn de directe en langdurende
effecten van kinderdagverblijf opvang op
ziekenhuisopname van een kind met gastroenteritis, en zijn deze effecten afhankelijk
van de hoeveelheid tijd die een kind in het
kinderdagverblijf doorbrengt, de leeftijd
waarop een kind voor het eerst naar de
kinderopvang gaat, en het type verblijf dat het
kind bezoekt? (I.2)
In hoofdstuk 4 bekeken we of kinderopvang
directe en langdurende gevolgen had op ernstige
episodes van gastro-enteritis die leidden tot
ziekenhuisopname. Het risico op hospitalisatie
voor gastro-enteritis werd geschat met gegevens
uit twee grote cohorten van Deense kinderen
die nog niet (< 6 jaar oud) of al wel naar de
basisschool gingen (6-10 jaar oud). Samen
telden deze twee cohorten 443,872 kinderen,
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Wat zijn de maatschappelijke kosten voor
zorg en behandeling van een kind met
gastro-enteritis, en verschillen deze kosten
tussen kinderen die wel of niet naar het
kinderdagverblijf gaan? (I.3)
In hoofdstuk 5 gaven we schattingen voor de
(verschillen in) maatschappelijke kosten van
een gastro-enteritis episode voor een kind
dat wel en niet naar het kinderdagverblijf
gaat. We stelden vast dat met name erg jonge
kinderdagverblijf kinderen (<1 jaar) meer
episoden van gastro-enteritis doormaakten
dan hun leeftijdsgenoten die thuis werden
opgevangen (aIRR 1.6 [95%CI: 1.1-2.7]).
Echter, de gemiddelde maatschappelijke kosten
die gepaard gingen met de zorg en behandeling

van een dergelijke episode van gastro-enteritis
waren met €215.45 ([95%CI: €115.69-€315.02])
ruim twee keer zo hoog dan voor een kind dat
niet naar het kinderdagverblijf ging. De hogere
kosten waren voornamelijk toe te schrijven
aan de verschillen in productiviteitsverlies die
ouders ervoeren als ze voor hun zieke kind
moesten zorgen. Huishoudens die gebruik
maakten van kinderdagopvang bestonden
vaker uit twee werkende ouders met een hoger
gezamenlijk inkomen. De maatschappelijke
kosten die konden worden toegeschreven aan
de behandeling en zorg van kinderdagverblijfgerelateerde episodes van gastro-enteritis
werden geschat op 25 miljoen euro per jaar.
Wat zijn de prevalenties van, een reeks van,
enteropathogenen onder kinderen op het
kinderdagverblijf, en wat is het verband met
leeftijd, seizoen en klinische symptomen?
(II.1)
In hoofdstuk 6 beschreven we de prevalentie
van een breed scala aan enteropathogenen
in de maagdarmflora van kinderen in
kinderdagverblijven. We relateerden de
aanwezigheid van deze enteropathogenen
aan de leeftijd en gastro-enteritis symptomen
van het kind en het seizoen. In 78% van de
5197 geanalyseerde monsters vonden we
een of meer enteropathogenen. De kans
op het vinden van een viraal of bacterieel
enteropathogeen nam af met de leeftijd van
het kind, terwijl het omgekeerde verband werd
gevonden voor parasitaire enteropathogenen.
Virale enteropathogenen vertoonden jaarlijkse
seizoensflucturaties met piekprevalenties
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21,038 ziekenhuisopnames en 1.742.284 kindjaren (1994-2011). We vonden dat kinderen
die tot 12 maanden hadden doorgebracht in
kinderdagopvang een verhoogd risico liepen
op ziekenhuisopname voor gastro-enteritis in
vergelijking tot kinderen die geen enkele vorm
van kinderopvang genoten. Dit risico bleek
het hoogst (HR: 1.8 [95%CI: 1.5-2.0]) vlak na
het eerste bezoek aan het kinderdagverblijf
en nam daarna langzaam af. Na 12 maanden
van kinderopvang bleek het bezoeken van een
kinderdagverblijf geassocieerd te zijn met een
lager risico op ziekenhuisopname. Dit verlaagde
risico werd echter alleen waargenomen bij
kinderen die voor hun eerste levensjaar met
kinderopvang in aanraking kwamen (HR: 0.8
[95%CI 0.7-0.9]). Bovendien was het verlaagde
risico alleen aanwezig tijdens en niet na de
kinderopvangjaren.
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gedurende de wintermaanden, terwijl bacteriële
enteropathogen juist meer gedetecteerd werden
gedurende de zomermaanden. Parasitaire
enteropathogenen vertoonden geen duidelijke
seizoenfluctuaties. 95.4% van monsters
kwamen van kinderen die geen symptomen
van gastro-enteritis vertoonden op het moment
van monsterafname. Een meerderheid van de
gastro-intestinale infecties onder kinderen op
het kinderdagverblijf bleek dus asymptomatisch
te verlopen.
Wat zijn de relatieve bijdragen van deze
enteropathogenen aan de gastro-enteritis
incidentie op het kinderdagverblijf? (II.2)
Hoofdstuk 7 richtte zich op het schatten van het
percentage kinderen op het kinderdagverblijf dat
gastro-enteritis doormaakte (hoofdstuk 3) als
functie van de circulatie van enteropathogenen
op het kinderdagverblijf (hoofdstuk 6). We
vonden dat rotavirus, norovirus, astrovirus,
Giardia en Cryptosporidium de grootste
veroorzakers leken te zijn van gastro-enteritis.
Gezamenlijk verklaarden rotavirus (11%),
norovirus (10%), astrovirus (7%), Giardia (8%)
en Cryptosporidium (3%) 39% van de gastroenteritis incidentie gemeten in het KIzSS
netwerk. Naar schatting maken 52.000 kinderen
in kinderdagverblijven elk jaar gastro-enteritis
door als gevolg van een infectie met een van
deze vijf enteropathogenen.

Welke
kinderdagverblijfkenmerken
en
-werkwijzes zijn geassocieerd met een
hoge/lage gastro-enteritis incidentie op het
kinderdagverblijf (II.3)
De wekelijkse incidentie van gastro-enteritis
episodes (hoofdstuk 3) en de wekelijkse
prevalentie van de vijf belangrijkste
veroorzakers van gastro-enteritis (hoofdstuk
7) maakten het mogelijk om risicofactoren
(generiek en/of enteropathogeen-specifiek)
voor gastro-enteritis in het kinderdagverblijf
te onderzoeken in hoofdstuk 8. Factoren
geassocieerd met een hoge gastro-enteritis
incidentie waren: grote kinderdagverblijven
met een hoge concentratie aan kinderen,
de aanwezigheid van dieren, zandbakken,
zwembadjes, centrale verschoonruimten, het
roteren van medewerkers over kind-groepen en
het niet dagelijks schoonmaken van beddengoed
en speelgoed. Factoren geassocieerd met een
lage gastro-enteritis incidentie waren: het
desinfecteren van oppervlakken met chloor, het
opruimen van braaksel met papieren doekjes
en allesreiniger, het gescheiden opvangen van
zieke kinderen en het weren van zieke kinderen
en medewerkers.
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De impact van gastro-enteritis gerelateerd aan
Nederlandse kinderdagverblijven is aanzienlijk,
vooral onder hele jonge kinderen. Het
bezoeken van een kinderdagverblijf verdubbelt
ruwweg de kans dat een kind een episode van
gastroenteritis doormaakt waarvoor het naar
de huisarts of ziekenhuis moet. Na 12 maanden
van kinderopvang ervaart een kinderdagverblijf
kind een lager risico op ziekenhuisopname voor
gastroenteritis dan een niet-kinderdagverblijf
kind, maar alleen als het voor het eerste
levensjaar start met kinderopvang. Daarnaast
lijkt dit beschermend effect beperkt te blijven
tot de kinderopvangjaren. De gemiddelde
maatschappelijke kosten die gepaard gaan
met de zorg en behandeling van een episode
van gastro-enteritis van een kind dat naar het
kinderdagverblijf gaat zijn twee keer zo hoog als
van een kind dat niet naar het kinderdagverblijf
gaat. De impact van gastroenteritis gerelateerd
aan kinderdagverblijven is mogelijk nog
groter als toekomstig onderzoek aantoont dat
asymptomatisch geïnfecteerde kinderen in de
kinderdagopvang bijdragen aan de transmissie
van enteropathogenen binnen én buiten de
grenzen van het kinderdagverblijf. Dit wordt
momenteel onderzocht. Een aanzienlijk deel
van de gastroenteritis incidentie wordt in dit
proefschrift toegeschreven aan de circulatie van
vijf enteropathogenen op het kinderdagverblijf.
Verbeterde implementatie van bestaande
maatregelen die in dit proefschrift samen hangen
met een verlaagde circulatie van deze en andere
enteropathogenen zou theoretisch niet alleen

kunnen leiden tot een reductie van de ziektelast,
maar ook tot substantiële maatschappelijke
kostenbesparingen. Vervolgonderzoek zou zich
daarom kunnen richten op het ontwikkelen
van interventiestudies die verbeteringen in
de implementatie van de in dit proefschrift
gevonden risicofactoren toetsen op hun
effectiviteit en haalbaarheid in Nederlandse
kinderdagverblijven. Momenteel wordt door
het Rijksinstituut voor Volksgezondheid en
Milieu bekeken wat het draagvlak is voor het
verder terugbrengen van de gastro-enteritis
ziektelast op kinderdagverblijven in Nederland.
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Dankwoord
Dit proefschrift bevat de essentie van drie educatieve en vormgevende jaren voor mij als
promovendus aan het Rijksinstituut voor Volksgezondheid en Milieu (RIVM) en de Universiteit
Utrecht. Ik begon dit proefschrift om in te geven aan mijn wetenschappelijke nieuwsgierigheid
en mijn nieuwsgierigheid voor wetenschap. Maar ik heb uiteindelijk zoveel meer kunnen doen.
Gedurende mijn promotietraject heb ik een master epidemiologie afgerond, interessante cursussen
en internationale conferenties bezocht, een tijdje in het buitenland gewerkt, les gegeven, workshops
georganiseerd en binnen verschillende commissies van het RIVM gewerkt. Vele mensen zijn
bepalend geweest voor dit proefschrift en de leuke tijd die ik heb gehad bij de totstandkoming
ervan. Die wil ik hier dan ook graag hartelijk bedanken.
Allereerst mijn copromotor. Wilfrid, als
je (zoals ik) opgewassen bent tegen je
ongenuanceerde vorm van communiceren ben
je de beste begeleider die een promovendus
zich kan wensen. Het hele kinderdagverblijf
onderzoek was jouw idee en dankzij jou mocht
ik er (wel, niet, wel) op promoveren. Jouw
biologische en epidemiologische expertise, je
toegankelijkheid, je creativiteit in het vinden
van oplossingen op problemen, maar ook je
drang naar perfectionisme hebben van mij
minder autoverkoper (jouw woorden) en meer
wetenschapper (mijn woorden) gemaakt. En
als ik eerlijk ben moet ik nog steeds lachen
om aan al die ‘dat-kun-je-echt-niet-maken!-?-nou-vooruit-dan-omdat-het-Wilfrid-is’opmerkingen.

was er direct een klik. In de jaren daarop heb
ik veel gehad aan je kritische commentaren en
continue vraag om de ‘rode draad’. Vaak hielp je
mij die draad vinden vanaf grote afstand. Waar je
ook was, je had altijd tijd om te reageren op versie
“20140922- version 3.4a - commentsadressed
– hs - final1 - final (seriously).doc”. Marc, ook
jou ben ik erkentelijk voor het vertrouwen en
de vrijheid die je me hebt gegeven gedurende
dit promotietraject. Het waren juist die laatste
scherpe vragen bij de afronding van het
proefschrift die het geheel afmaakten.

Jet, ook jou wil ik bedanken. Ik kan me onze
eerste discussie rondom de epidemiologie van
infectieziekten in kinderdagverblijven nog
goed herinneren. Voor mij hing veel af van
dat gesprek, want jij zou bepalen of ik op het
onderwerp mocht gaan promoveren. Gelukkig

Mijn dank gaat ook uit naar de
kinderdagverblijven die hebben meegewerkt
aan dit onderzoek, evenals de (ouders van
de) kinderen die ze bezoeken. Een paar
kinderdagverblijven noem ik in het bijzonder:
Bambi, Bellefleur, Bengeltje, Betje Beer, Bloem,
171
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Tevens ben ik vereerd door de samenstelling
van mijn promotiecommissie en wil alle leden
ervan danken voor hun bereidheid om mijn
proefschrift te beoordelen.
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Dappertjedoe, Daan Dak, Droomland, Fleks,
Guppies, Ikke, Keike, Kiddies, Kids&Zo,
Kidsstop, Kikker Rik, Kinderkeet, Klavertje,
Kleine Plantage, Klokkenluider, Kokkeltje,
Koppoter, Krommenie, Kroost, Kruimeltje, Oh
the kids care company, Pepersgoed, Pippeloentje,
Plu, Poppenzolder, Rietkraag, Schanebroekkie,
Schateiland, Schatkist, Spring in ’t veld, Suusje,
Tante Dulce, Tierelier, Tovertuin, Villa Brabbel,
Witte Kakatoe, Wonderlamp en IJsterk. Mijn
coauteurs bedank ik voor de constructieve
samenwerking die heeft geleid tot de artikelen
in dit proefschrift en anderen: Erwin, Harry,
Marcel, Mirjam, Petra, Rianne, Anna, Anita,
Albert, Harold, Carolien, Titia, Ingrid, Gé,
Patricia, Richard, Jeroen, Cees, Liselotte, Julia,
Julika en Nico. Het laboratorium personeel
van het Centrum Infectieziekteonderzoek,
Diagnostiek en Screening en het Laboratorium
voor Infectieziekten bedank ik voor het
uitvoeren van de vele testen en het geduldig
beantwoorden van mijn vragen over de
uitslagen.
Special thanks goes out to my international
colleagues at the SSI (Statens Serum Institut):
Kåre, Jacob and Steen, Julita, Laura and Annika.
Thank you for having me, helping me, and
entertaining me. I really had a great time in
Copenhagen.
De randvoorwaarden van dit promotie
onderzoek werden gevormd door mijn collega’s
op de afdeling EPI. Ik vind het uniek hoe onze
afdeling altijd weer gezelligheid en productiviteit
weet te combineren. Een paar mensen wil ik in
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het bijzonder nog even noemen. Marianne,
helaas was PEpPiE ons niet gegund, maar
gelukkig is het allemaal goed gekomen. Rody,
we waren al dikke vrienden voordat je bij GEZ
kwam werken. Gelukkig hebben we als collega’s
nooit ‘business’ en ‘pleasure’ hoeven scheiden;
ons ging het prima af om die twee te combineren.
Fijn dat jij, net als Lapo, mijn paranimf wilt zijn.
Lapo, your altruism in helping me through the
last PhD phases knows no boundaries, as does
your propensity towards immaculate hygiene.
Thanks for being the best possible roomy when
evidently I was the worst given my disgusting
habits. We have become great friends. Let’s keep
on “Saving Lives, Protecting People, together”.
Rolf, helaas moest jouw briljante titel “Sick
children ‘n sh*t” uiteindelijk wijken voor een
iets genuanceerder titel. Zelfs jij kunt niet altijd
winnen. Dank voor het delen van een kamer,
sport, commissies, ontelbare lunchpauze
wandelingen en tal van andere zaken. Irene en
Annelie, wat een onafscheidelijk en komisch
duo zijn jullie. Zonder jullie was mijn periode
als promovendus niet half zo leuk geweest. Ik
ben gek op jullie en zolang jullie ‘die’ foto onder
ons houden blijft dat ook zo. Madelief, bedankt
voor alle boswandelingen en goede gesprekken.
Dank ook aan mijn Proneri bestuursgenoten
voor de BBQ’s, workshops en uitjes. Ook dank
aan Tjibbe, Dennis, Jan, Janko, Rob, Lieke,
Linda, Loes, Jeroen, Tijs, Patricia voor alle
gezelligheid binnen én buiten het RIVM. Jussi,
Laura, Axel, Roan, Jane, Rita, Scott, Susan,
thanks for dragging me to the “kantine” for
lunch every now and then. Els en Ilse, als er iets
geregeld moest worden, zorgden jullie ervoor.
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Wat is een boek zonder een lezer? Daarom dank
ik ook jou, trouwe lezer. Ik twijfel er niet aan dat
je het gehele proefschrift hebt gelezen voordat je
bij dit dankwoord aan kwam.
Gelukkig heb ik ook nog een leven buiten
het werk om. Lieve vrienden en familie, uit
jullie put ik altijd weer hernieuwde energie
om ertegen aan te gaan. Ik hoop dat ik het
dankwoord niet nodig heb om te laten blijken
hoe belangrijk jullie voor mij zijn. Johan en
Laurien, jullie beeldje heeft ondertussen een
plekje gevonden op onze schouw. Het gevoel
is wederzijds. Geertjan&Sara, Alex&Vera,
Thomas&Carlijn bedankt voor de jarenlange
vriendschap. Ik denk nog vaak terug aan
die schitterende, bijna meditatieve wandel
vakanties in Schotland, Noorwegen, IJsland en
Corsica. Augustijn&Lisette, hoe bijzonder is
het dat wij in zo korte tijd vrienden voor het
leven zijn geworden. Dat gezegd hebbende: ik
verwacht dat het huis af is als we terugkomen
naar Nederland. Remco, daar waar ik met
Augustijn een passie voor motorrijden deel,
deel ik met jou salsa dansen. Dat klinkt minder
stoer, maar dat is het niet (OK, een beetje dan).
Sarah en Sikko, bedankt voor het ontwerpen

van het kaft van mijn proefschrift. Lang niet
iedereen ziet wat erin te zien valt; mission
accomplished. Roel, Joop, Lidwien, Kim, en alle
andere Schilderstraat bewoners: hoe gaaf was
het om met jullie samen de Schilderstraattuin
aan te leggen. Dankzij jullie was de
Schilderstraat na een lange dag werken altijd
écht thuis komen. Marcel&Mieke, Erik&Astrid,
Leontine&Roland en Rubia, dankzij jullie
voelde niet alleen de Schilderstraat, maar heel
Den Bosch en omstreken als thuis. Sven&Mieke,
Pieter&Sanne, Merthe&Bart, Hermen&Iris,
Jobert&Annefleur, Tiemen&Ingrid, Pim,
Ellen, Ruud, Sjoerd&Tessa, Tom&Vivian,
Tijs&Marjon, Chris, Karel, Wouter en Maaike,
ook jullie bedankt voor alle borrels, feestjes,
etentjes en goede gesprekken. Femke en Martin,
Saskia en Cornelis, Tjeerd, Rutger, Leonie, Peter
en Bas, als jaarclub zien we elkaar niet meer,
maar ik denk nog regelmatig aan terug aan al die
jippigheid die we samen hebben meegemaakt.
Mochten jullie ooit Boston onveilig willen
maken, mijn Afropolo ligt klaar.
Lieve (schoon)familie, bedankt voor al jullie
steun. Paps en mams, van alle personen ben
ik jullie de meeste dank verschuldigd. Jullie
vormen de fundering van mijn leven en werk.
Bedankt voor jullie grenzeloze vertrouwen en
geloof in mij. Paps, voor jou nog een additionele
pluim voor je hulp bij de laatste vertaalslag die
dit proefschrift nodig had. Je hebt echt talent
voor het geven van structuur aan tekst. Haihai
Marijke! We bewandelen hele verschillende
carrière paden. Desondanks heb ik het gevoel
dat we steeds meer samen delen. Ik ben blij
173
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Joost, bedankt voor het adresseren van mijn
talloze literatuuraanvragen. Het moeten er
ruim honderd zijn geweest. Wim, jij bedankt
voor de maandelijkse literatuur attenderingen.
Wout, duizenden documenten heb je voor mij
gedrukt. Altijd moest het weer ‘snel snel’, en
altijd was jij weer bereid mij ergens in jouw
drukke schema naar voren te schuiven.
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dat jij mijn kleine zusje bent. Wanneer gaan
we die duikvakantie nou eens doen? Wilco, je
bent een geweldige zwager, alleen al omdat je
zo goed zorgt voor mijn zusje. Jammer alleen
dat je slimmer bent als ik; get it? Barend, Irma
en Ruud, jullie zijn de beste schoonouders en
zwager die ik me kan wensen. Bedankt voor
jullie liefde en vriendschap.

Lieve Martine, jouw positieve houding tegenover
de wereld grenst aan het onbegrijpelijke. Tenzij
je je koffer moet inpakken voor een zakenreis
natuurlijk. Met jou aan mijn zijde kan ik de
wereld aan. Amin mela lle, to the moon and
back.
Remko
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C.V.

Remko Enserink werd geboren op 22 september 1983 in Wageningen. Na vijf jaar van zijn jeugd
te hebben doorgebracht in Afrika, Tanzania, behaalde hij in 2002 zijn vwo diploma in Natuur
en Gezondheid aan het Streek Lyceum in Ede. Na zijn propedeuse in Bos- en Natuurbeheer,
studeerde hij biologie aan de Wageningen Universiteit. Gedurende zijn studie was hij lid van
de studentenvereniging SSR-W en actief in verschillende organisatorische comités en reisde hij
7 maanden door Australië en Nieuw-Zeeland. Hij studeerde in 2009 af. In hetzelfde jaar startte
hij een gecombineerde PhD positie aan het Rijksinstituut voor Volksgezondheid en Milieu en
het Universitair Medisch Centrum Utrecht. Gedurende zijn PhD was hij actief binnen het PhDbestuur van het RIVM, reisde hij af naar Denemarken om te werken met collega-wetenschappers
en organiseerde hij een internationale workshop. Hij woont nu in Boston, VS.
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