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Abstract

Background: Gastrointestinal and respiratory diseases are major causes 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 to 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 J215.45 [J115.69–J315.02] and J196.32 [J161.58–J232.74]
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 J25 million and J72 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.
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Introduction

Over the last decades, the number of children attending day

care centers (DCCs) has increased all over the world [1–4]

including the Netherlands [5], reflecting the desire and need of

parents to provide for family income while their children are cared

for in a safe environment. Quinquagintupled since 1980 [5], half

of the 0.7 million Dutch children aged 0–48 months spends an

average of 2.5 days in one of 6000 day care centers (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 experi-

ence a 2–3 times increased risk of mild/moderate [6–20] and

severe [21,22] gastrointestinal and respiratory disease episodes

around the time these children start attending center-based 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 [23,24].

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
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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-like-illness (ILI). (2);

compare these costs between children that do and do not attend

center-based day care.

Material and 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.

Design, definitions and study population
This study is part of a larger web-based, cross-sectional survey

on the contribution of young children in transmission of infectious

diseases to their families and vice versa [25]. 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 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 ($38uC)

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 gastrointes-

tinal symptoms and syndromes included diarrhea (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 diarrhea during at least one day accompanied by $2

additional symptoms, or vomiting with $2 additional symptoms

during the past four weeks [26,27]. Additional symptoms included

abdominal pain, abdominal cramps, nausea, blood in the stool,

mucus in the stool, diarrhea and vomiting. ILI was defined as an

acute or sudden onset of symptoms with fever ($38uC) and $1 of

the following symptoms: cough, rhinitis, sore throat, frontal

headache, retrosternal pain and myalgia [27]. The case definitions

were very similar to those used in previous day care- [28]

community- [29] and GP-based [28,30] 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 house-

hold, 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.

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 consulta-

tion, (over-the-counter) medication, hospitalization and laboratory

testing. (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 [31–34]. 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 [35] which formed the basis for.

Assumptions
The following assumptions were made for travelling costs and

productivity losses due to absenteeism from paid work based on

previous published work [34]: 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 1.1 km.

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

four-weekly 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 semi-continuous

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 [36,37]. Several previously conducted cost-of-illness studies

[38,39] and burden studies [40] in the Netherlands. All costs were

indexed to Euros (J) 2012. No discounting needed to be

performed given the one year study period [35]. 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
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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 backcalculated to Euros. Both incidence and societal costs

estimates were adjusted for the socioeconomic status and

urbanization degree of the household neighborhood, the educa-

tion 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 socio-economic 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 diploma, and low otherwise. The number

of additional children was categorized as 0, 1,and .1. Children

were considered ‘‘Dutch’’ if both parents were born in the

Netherlands), ‘‘Other Western’’ if one of the parents was born in a

European country other than the Netherlands, 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 proba-

bility 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

Table 1. Unit costs in the Netherlands, 2013 (all costs are in Euros).

Resource unit Unit cost (J) Ref.

Direct health care costs

Doctor (per visit)* 28 [35]

Medication (including prescription charges)** 9 [35]

Laboratory testing (per request)*** 13 [35]

Hospital admission children (per day) 615.75 [35]

Direct non-health care costs

Car/public transport (per km)**** 0.21 [35]

Parking fees (per visit) 3.11 [35]

Indirect non-health care costs

Productivity loss due to absence from paid work (per hour)*****

15–19 years 9.61 [35]

20–24 years 18.15 [35]

25–29 years 24.80 [35]

30–34 years 29.85 [35]

35–39 years 33.43 [35]

40–44 years 35.16 [35]

45–49 years 36.14 [35]

50–54 years 36.91 [35]

55–59 years 37.70 [35]

60–64 years 37.74 [35]

*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 analyzing blood, urine, respiratory and fecal material in the laboratory were assumed equal.
****We assumed that transport to a doctor would cost J0.21 per km regardless whether care or public transport was used. We set the average
distance from a household to a doctor at 1.1 km.
*****Productivity losses were estimated per working days lost (1 day = 8 hours’ work) using standard tariffs according to gender and age-class.
doi:10.1371/journal.pone.0104940.t001
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(figure 1). Compared to non-respondents, respondents were

slightly more likely to live in urbanized areas with a higher

socio-economic 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 DCC-

attendance 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 (.J3600/month, table 2). Given these differences,

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.

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 of ILI among their children

during 3927 child-months 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 child-years

respectively. For non-day-care-attending children, these incidence

estimates were 893 [95% CI: 698–1089] and 2538 [95% CI:

2701–3407]. 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-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

which societal costs were made. The adjusted mean costs per

episode of GE and ILI were estimated at J215.45 [J115.69–

J315.02] and J196.32 [J161.58–J232.74] for a child attending

a DCC respectively. For a child not attending a DCC, these costs

were estimated at J90.56 [J45.32–J135.75] and J95.20 [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 experi-

enced 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.

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 J25 million and

J72 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.

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 [26]. 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 performed in Australia in 2010

[24]. This study estimated the median societal cost of an ILI

episode for a DCC-attending child at AU$321 (J180) compared

to J196 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 filling-in 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 severity

[20–22]. 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 conse-

quence 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
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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 [41]. (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 [42]. 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

[22]. 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 homes [43–45]

or the DCC [9,13,15,46,47]. (5) We performed a cost-of-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

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.
doi:10.1371/journal.pone.0104940.g001
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account the economic contribution of parents that can join the

labor 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 [48]. 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 disease[49–53] and mild respiratory

infections[54–57] in life. If true, the societal cost for children not

attending DCCs might not be avoided, but only delayed until

elementary school [12,21,56].

Concluding, 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 and health insurers, but

also to public health officials and DCC organizations involved in

setting priorities and allocating resources for infection prevention

in DCCs.

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

Response Yes/No

Respondent (n = 4727) Non-respondent (n = 19273)

Neighborhood

High urbanization degree1, % (n) 52.4 46.8 1.12 [1.09–1.15]

High socio-economic status2, % (n) 58.2 52.0 1.12 [1.09–1.15]

Child

Age in months, mean (n) 24.3 24.6 0.96 [0.91–1.01]

Attending DCC, % (n) 49 471 1.04 [0.98–1.09]

Dutch nationality, % (n) 96.7 801 -

DCC Yes/No

DCC (n = 1930) No DCC (n = 1997)

Neighborhood

High urbanization degree2, % (n) 56.3 48.0 0.85 [0.80–0.90]

High socio-economic status3, % (n) 63.6 53.0 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) 18.0 18.7 1.03 [0.90–1.18]

Dutch Nationality, % (n) 97.1 96.3 0.99 [0.90–1.08]

Both parents employed, % (n) 94.5 73.9 1.24 [1.24–1.32]

Working hours/month, mean (n) 26.5 18.8 1.40 [1.39–1.42]

Household

High household income .J3600/month, % (n) 39.3 15.4 2.56 [2.28–2.88]

University diploma in household, % (n) 73.4 51.6 1.42 [1.35–1.50]

No of children living in household, mean (n) 1.8 1.9 0.93 [0.89–0.97]

1Based on a population data estimates from the Central Bureau of Statistics, the Netherlands.
2Addresses/km2. An urbanized neighborhood was defined as 1500–2.500 addresses/km2.
3Normalized score (24–4) based on level of income, employment and educational level per postal code area of the neighborhood. A high socio-economic status was
defined between 24 and 0.
doi:10.1371/journal.pone.0104940.t002

Day Care, Disease Incidence and Cost-of-Illness

PLOS ONE | www.plosone.org 6 August 2014 | Volume 9 | Issue 8 | e104940



T
a

b
le

3
.

In
ci

d
e

n
ce

o
f

g
as

tr
o

e
n

te
ri

ti
s

(G
E)

an
d

In
fl

u
e

n
za

-l
ik

e
Ill

n
e

ss
(I

LI
)

am
o

n
g

ch
ild

re
n

th
at

d
o

an
d

d
o

n
o

t
at

te
n

d
a

D
C

C
,

st
ra

ti
fi

e
d

b
y

th
e

ag
e

o
f

th
e

ch
ild

.

D
C

C
-a

tt
e

n
d

in
g

ch
il

d
N

o
n

-D
C

C
-a

tt
e

n
d

in
g

ch
il

d

S
y

n
d

ro
m

e
C

a
se

s
(n

)
a

t
ri

sk
(n

)
In

ci
d

e
n

ce
ra

te
(p

e
r

1
0

0
0

ch
il

d
-y

e
a

rs
)

C
a

se
s

(n
)

a
t

ri
sk

(n
)

In
ci

d
e

n
ce

ra
te

1
(p

e
r

1
0

0
0

ch
il

d
-y

e
a

rs
)

In
ci

d
e

n
ce

ra
te

ra
ti

o
2

[9
5

%
C

I]

G
E 0

ye
ar

s
5

6
0

1
0

0
0

[1
5

4
–

1
8

4
6

]
2

1
2

4
1

9
4

[2
4

–
4

6
1

]
5

.2
[0

.9
–

5
4

.3
]

1
ye

ar
s

3
7

4
6

3
9

5
9

[6
6

2
–

1
2

5
6

]
3

1
6

2
8

5
9

2
[3

8
9

–
7

9
6

]
1

.6
[1

.1
–

2
.7

]

2
ye

ar
s

4
2

6
9

2
7

2
8

[5
1

5
–

9
4

2
]

2
7

6
5

5
4

9
5

[3
1

2
–

6
7

7
]

1
.5

[.9
–

2
.5

]

3
ye

ar
s

5
1

7
1

5
8

5
6

[6
2

9
–

1
0

8
2

]
4

0
5

9
0

8
1

4
[5

7
0

–
1

0
5

7
]

1
.1

[.7
–

1
.6

]

C
ru

d
e

1
3

5
1

9
3

0
8

3
9

[7
0

3
–

9
7

6
]

1
0

0
1

9
9

7
6

0
1

[4
8

6
–

7
1

6
]

1
.4

[1
.1

–
1

.8
]

A
d

ju
st

e
d

1
1

3
5

1
9

3
0

1
2

5
1

[1
0

2
8

–
1

4
7

6
]

1
0

0
1

9
9

7
8

9
3

[6
9

8
–

1
0

8
9

]
1

.4
[1

.2
–

1
.9

]

IL
I 0

ye
ar

s
7

6
0

1
4

0
0

[4
1

7
–

2
3

8
3

]
6

1
2

4
5

8
1

[1
2

6
–

1
0

3
6

]
2

.4
[0

.7
–

8
.7

]

1
ye

ar
s

1
3

7
4

6
3

3
5

5
1

[3
0

5
1

–
4

0
5

0
]

1
2

9
6

2
8

2
4

6
5

[2
0

8
5

–
2

8
4

4
]

1
.4

[1
.1

–
1

.9
]

2
ye

ar
s

1
3

7
6

9
2

2
3

7
6

[2
0

1
9

–
2

7
3

2
]

1
2

1
6

5
5

2
2

1
7

[1
8

6
0

–
2

5
7

4
]

1
.1

[0
.8

–
1

.4
]

3
ye

ar
s

1
3

6
7

1
5

2
2

8
3

[1
9

3
7

–
2

6
2

8
]

1
0

2
5

9
0

2
0

9
5

[1
7

2
7

–
2

4
6

3
]

1
.1

[0
.8

–
1

.4
]

C
ru

d
e

4
1

7
1

9
3

0
2

5
9

3
[2

3
7

2
–

2
8

1
3

]
3

5
9

1
9

9
7

2
1

5
7

[1
9

5
5

–
2

3
5

9
]

1
.2

[1
.1

–
1

.4
]

A
d

ju
st

e
d

1
4

1
7

1
9

3
0

3
6

7
2

[3
2

6
7

–
4

0
0

7
]

3
5

9
1

9
9

7
2

5
3

8
[2

7
0

1
–

3
4

0
7

]
1

.4
[1

.2
–

1
.6

]

1
In

ci
d

e
n

ce
ra

te
s

ar
e

ad
ju

st
e

d
fo

r
th

e
so

ci
o

e
co

n
o

m
ic

st
at

u
s

an
d

u
rb

an
iz

at
io

n
d

e
g

re
e

o
f

th
e

h
o

u
se

h
o

ld
n

e
ig

h
b

o
rh

o
o

d
,t

h
e

e
d

u
ca

ti
o

n
le

ve
l

an
d

m
o

n
th

ly
in

co
m

e
o

f
p

ar
e

n
ts

,t
h

e
n

u
m

b
e

r
o

f
ch

ild
re

n
in

th
e

h
o

u
se

h
o

ld
,t

h
e

n
at

io
n

al
it

y,
g

e
n

d
e

r
an

d
ag

e
o

f
th

e
se

le
ct

e
d

ch
ild

an
d

fi
n

al
ly

,
th

e
m

o
n

th
o

f
su

rv
e

y
co

n
d

u
ct

.
2
R

at
io

b
e

tw
e

e
n

d
is

e
as

e
in

ci
d

e
n

ce
am

o
n

g
h

o
u

se
h

o
ld

s
w

it
h

an
d

w
it

h
o

u
t

(r
e

fe
re

n
ce

)
D

C
C

-a
tt

e
n

d
in

g
ch

ild
re

n
.

d
o

i:1
0

.1
3

7
1

/j
o

u
rn

al
.p

o
n

e
.0

1
0

4
9

4
0

.t
0

0
3

Day Care, Disease Incidence and Cost-of-Illness

PLOS ONE | www.plosone.org 7 August 2014 | Volume 9 | Issue 8 | e104940



T
a

b
le

4
.

C
ru

d
e

an
d

ad
ju

st
e

d
m

e
an

co
st

s
fo

r
re

so
u

rc
e

s
u

ti
liz

e
d

p
e

r
e

p
is

o
d

e
o

f
g

as
tr

o
e

n
te

ri
ti

s
(G

E)
an

d
In

fl
u

e
n

za
-l

ik
e

Ill
n

e
ss

(I
LI

).

G
E

(N
=

9
5

)
IL

I
(N

=
2

9
7

)

D
C

C
+

D
C

C
-

D
C

C
+

D
C

C
-

R
e

so
u

rc
e

C
a

se
s1

n
(f

re
q

2
)

C
o

st
s

m
e

a
n
J

C
a

se
s

n
(f

re
q

)
C

o
st

s
m

e
a

n
J

C
a

se
s

n
(f

re
q

)
C

o
st

s
m

e
a

n
J

C
a

se
s

n
(f

re
q

)
C

o
st

s
(m

e
a

n
J

)

D
H

C

D
o

ct
o

r
4

1
(6

5
)

1
6

.5
1

[1
1

.0
9

–
2

1
.9

2
]

4
1

(6
7

)
2

0
.3

6
[1

4
.0

4
–

2
6

.6
9

]
3

1
(4

8
)

1
7

.1
7

[1
1

.3
8

–
2

2
.9

6
]

3
1

(5
1

)
2

6
.9

6
[1

8
.1

8
–

3
5

.7
4

]

M
e

d
ic

at
io

n
2

2
(2

9
)

1
.8

1
[1

.0
6

–
2

.5
6

]
2

5
(3

0
)

2
.4

5
[1

.5
7

–
3

.3
4

]
3

2
(4

4
)

5
.0

4
[3

.5
5

–
6

.5
3

]
2

7
(3

7
)

6
.5

[4
.5

1
–

8
.4

9
]

La
b

o
ra

to
ry

8
(8

)
0

.7
9

[0
.2

5
–

1
.3

2
]

8
(8

)
1

.0
7

[.3
5

–
1

.7
9

]
5

(5
)

0
.8

8
[.1

2
–

1
.6

4
]

2
(2

)
0

.4
9

[.2
–

1
.1

7
]

H
o

sp
it

al
5

(6
)

2
2

.9
9

[2
.9

6
–

4
3

.0
1

]
1

(1
)

6
.2

2
[2

6
.1

3
–

1
8

.5
7

]
2

(2
)

1
6

.4
3

[2
6

.5
6

–
3

9
.4

1
]

1
(1

)
1

1
.4

1
[2

1
1

.4
7

–
3

4
.2

9
]

C
ru

d
e

su
b

to
ta

l
4

7
4

2
.0

9
[1

8
.6

2
–

6
5

.5
7

]
4

6
3

0
.1

0
[1

5
.2

6
–

4
4

.9
5

]
4

3
3

9
.5

2
[1

4
.2

6
–

6
4

.7
7

]
3

7
4

5
.3

6
[1

8
.0

3
–

7
2

.6
8

]

D
N

H
C

T
ra

n
sp

o
rt

3
4

1
(6

5
)

2
.2

1
[1

.4
2

–
3

.0
0

]
4

1
(6

1
)

2
.4

8
[1

.6
8

–
3

.2
9

]
3

1
(5

0
)

2
.1

5
[1

.3
8

–
2

.9
2

]
3

1
(5

1
)

3
.2

6
[2

.1
1

–
4

.4
1

]

C
ru

d
e

su
b

to
ta

l
4

1
2

.2
1

[1
.4

2
–

3
.0

0
]

4
1

2
.4

8
[1

.6
8

–
3

.2
9

]
3

1
2

.1
5

[1
.3

8
–

2
.9

2
]

3
1

3
.2

6
[2

.1
1

–
4

.4
1

]

IN
H

C

P
ro

d
u

ct
iv

it
y

lo
ss

p
ar

e
n

t
3

2
(5

1
)

1
0

9
.6

2
[6

6
.3

4
–

1
5

2
.9

0
]

1
6

(2
2

)
5

6
.0

0
[2

7
.5

–
8

4
.5

]
1

6
(2

5
)

1
1

2
.3

8
[5

0
.4

7
–

1
7

4
.3

]
8

(1
4

)
4

9
.8

4
[1

4
.3

9
–

8
5

.2
9

]

P
ro

d
u

ct
iv

it
y

lo
ss

p
ar

tn
e

r
2

5
(3

3
)

7
5

.2
9

[4
3

.1
2

–
1

0
7

.4
6

]
1

1
(1

0
)

3
3

.2
2

[1
2

.8
8

–
5

3
.5

6
]

9
(1

2
)

6
0

.4
0

[1
7

.4
7

–
1

0
3

.3
3

]
4

(5
)

1
9

.7
7

[.5
1

–
3

9
.0

2
]

C
ru

d
e

su
b

to
ta

l
4

2
1

8
4

.9
1

[1
2

2
.5

7
–

2
4

7
.2

6
]

2
1

8
9

.2
2

[5
0

.6
2

–
1

2
7

.8
2

]
2

1
1

7
2

.7
8

[8
8

.7
1

–
2

5
6

.8
5

]
9

6
9

.6
1

[2
2

.4
7

–
1

1
6

.7
4

]

T
O

T
A

L

C
ru

d
e

to
ta

l
6

8
2

2
9

.2
5

[1
5

2
.1

7
–

3
0

6
.3

4
]

5
4

1
2

1
.8

0
[7

9
.1

9
–

1
6

4
.5

1
]4

6
2

1
4

.4
5

[1
1

5
.1

4
–

3
1

3
.7

5
]

3
8

1
1

8
.2

3
[6

4
.7

8
–

1
7

1
.6

7
]

A
d

ju
st

e
d

to
ta

l4
6

8
2

1
5

.4
5

[1
1

5
.6

9
–

3
1

5
.0

2
]

5
4

9
0

.5
6

[9
.9

0
–

1
7

1
.2

2
]

4
6

1
9

6
.3

2
[1

6
1

.5
8

–
2

3
2

.7
4

]
3

8
9

5
.2

0
[6

1
.4

8
–

1
2

7
.3

8
]

1
N

u
m

b
e

r
o

f
ch

ild
re

n
th

at
re

q
u

ir
e

d
o

n
o

r
m

o
re

re
so

u
rc

e
s

p
e

r
e

p
is

o
d

e
o

f
ill

n
e

ss
.

2
N

u
m

b
e

r
o

f
vi

si
ts

to
th

e
g

e
n

e
ra

l
p

ra
ct

it
io

n
e

r,
n

u
m

b
e

r
o

f
m

e
d

ic
at

io
n

p
re

sc
ri

p
ti

o
n

s,
th

e
n

u
m

b
e

r
o

f
la

b
o

ra
to

ry
te

st
s,

n
u

m
b

e
r

o
f

d
ay

s
h

o
sp

it
al

iz
e

d
,

n
u

m
b

e
r

o
f

tr
an

sp
o

rt
s,

n
u

m
b

e
r

o
f

w
o

rk
d

ay
s

lo
st

.
3
In

cl
u

d
e

s
p

ar
ki

n
g

fe
e

s.
4
C

al
cu

la
te

d
u

si
n

g
tw

o
-p

ar
t

re
g

re
ss

io
n

m
o

d
e

ls
.C

o
st

e
st

im
at

e
s

ar
e

ad
ju

st
e

d
fo

r
th

e
so

ci
o

e
co

n
o

m
ic

st
at

u
s

an
d

u
rb

an
iz

at
io

n
d

e
g

re
e

o
f

th
e

h
o

u
se

h
o

ld
n

e
ig

h
b

o
rh

o
o

d
,t

h
e

e
d

u
ca

ti
o

n
le

ve
l

an
d

m
o

n
th

ly
in

co
m

e
o

f
p

ar
e

n
ts

,t
h

e
n

u
m

b
e

r
o

f
ch

ild
re

n
in

th
e

h
o

u
se

h
o

ld
,

th
e

n
at

io
n

al
it

y,
g

e
n

d
e

r
an

d
ag

e
o

f
th

e
ch

ild
an

d
th

e
m

o
n

th
o

f
su

rv
e

y
co

n
d

u
ct

.
C

o
st

s
ar

e
st

ra
ti

fi
e

d
o

n
h

o
u

se
h

o
ld

s
w

it
h

(D
C

C
+)

an
d

w
it

h
o

u
t

(D
C

C
-)

a
d

ay
-c

ar
e

-a
tt

e
n

d
in

g
ch

ild
.

d
o

i:1
0

.1
3

7
1

/j
o

u
rn

al
.p

o
n

e
.0

1
0

4
9

4
0

.t
0

0
4

Day Care, Disease Incidence and Cost-of-Illness

PLOS ONE | www.plosone.org 8 August 2014 | Volume 9 | Issue 8 | e104940



Acknowledgments

The authors would like to thank Dr. Albert Wong and Dr. Lapo Mughini-

Gras for excellent technical assistance in constructing the statistical models

and in critically revising the paper.

Author Contributions

Conceived and designed the experiments: RE WvP. Performed the

experiments: RE WvP. Analyzed the data: RE AL AS PB-V HAS WvP.

Wrote the paper: RE AL AS PB-V HAS WvP.

References

1. Rasmussen F, Sundelin C (1990) Use of medical care and antibiotics among
preschool children in different day care settings. Acta Paediatr Scand 79: 838–

846.

2. Nesti MMM, Goldbaum M (2007) Infectious diseases and daycare and preschool

education. Jornal de Pediatria 83: 299–312.

3. Shope TR (2014) Infectious diseases in early education and child care programs.

Pediatr Rev 35: 182–193.

4. Brady MT (2005) Infectious disease in pediatric out-of-home child care.
Am J Infect Control 33: 276–285.

5. Groot W, Brink HMvd (1993) [Kinderopvang in Nederland - Organisatie en

financiering]. Uitgeverij Jan van Arkel, Utrecht.

6. Enserink R, Ypma R, Donker GA, Smit HA, van Pelt W (2013) Infectious

disease burden related to child day care in the Netherlands. The Pediatric

infectious disease journal 32: e334–340.

7. Augustine JM, Crosnoe RL, Gordon R (2013) Early Child Care and Illness

among Preschoolers. Journal of health and social behavior.

8. van de Pol AC, van der Gugten AC, van der Ent CK, Schilder AGM, Benthem

EM, et al. (2013) Referrals for recurrent respiratory tract infections including
otitis media in young children. International journal of pediatric otorhinolar-

yngology 77: 906–910.

9. Alexander CS, Zinzeleta EM, Mackenzie EJ, Vernon A, Markowitz RK (1990)

Acute gastrointestinal illness and child care arrangements. Am J Epidemiol 131:
124–131.

10. Arnold C, Makintube S, Istre GR (1993) Day care attendance and other risk

factors for invasive Haemophilus influenzae type b disease. Am J Epidemiol 138:

333–340.

11. Bradley RH, National Institute of Child H, Human Development Early Child

Care Research N (2003) Child care and common communicable illnesses in

children aged 37 to 54 months. Arch Pediatr Adolesc Med 157: 196–200.

12. Cote SM, Petitclerc A, Raynault MF, Xu Q, Falissard B, et al. (2010) Short- and

long-term risk of infections as a function of group child care attendance: an 8-

year population-based study. Arch Pediatr Adolesc Med 164: 1132–1137.

13. Hardy AM, Fowler MG (1993) Child care arrangements and repeated ear
infections in young children. Am J Public Health 83: 1321–1325.

14. Hildesheim ME, Hoffman HJ, Overpeck MD (1999) Frequent ear infections in

association with child-care characteristics, based on the 1988 Child Health
Supplement to the National Health Interview Survey. Paediatr Perinat

Epidemiol 13: 466–472.

15. Hurwitz ES, Gunn WJ, Pinsky PF, Schonberger LB (1991) Risk of respiratory

illness associated with day-care attendance: a nationwide study. Pediatrics 87:
62–69.

16. Johansen AS, Leibowitz A, Waite LJ (1988) Child care and children’s illness.

Am J Public Health 78: 1175–1177.

17. Louhiala PJ, Jaakkola N, Ruotsalainen R, Jaakkola JJK (1995) Form of Day-

Care and Respiratory-Infections among Finnish Children. American Journal of

Public Health 85: 1109–1112.

18. Nafstad P, Hagen JA, Oie L, Magnus P, Jaakkola JJ (1999) Day care centers and
respiratory health. Pediatrics 103: 753–758.

19. National Institute of Child H, Human Development Early Child Care Research

N (2001) Child care and common communicable illnesses: results from the

National Institute of Child Health and Human Development Study of Early
Child Care. Arch Pediatr Adolesc Med 155: 481–488.

20. Wald ER, Guerra N, Byers C (1991) Frequency and severity of infections in day

care: three-year follow-up. pp. 509–514.

21. Kamper-Jorgensen M, Wohlfahrt J, Simonsen J, Gronbaek M, Benn CS (2006)

Population-based study of the impact of childcare attendance on hospitalizations

for acute respiratory infections. Pediatrics 118: 1439–1446.

22. Kamper-Jorgensen M, Andersen LG, Simonsen J, Sorup S (2008) Child care is
not a substantial risk factor for gastrointestinal infection hospitalization.

Pediatrics 122: e1168–1173.

23. Friesema IHM, Lugnér AK, van Duynhoven YTHP (2012) Costs of

gastroenteritis in the Netherlands, with special attention for severe cases.
European journal of clinical microbiology & infectious diseases: official

publication of the European Society of Clinical Microbiology 31: 1895–1900.

24. Lambert S, O’Grady K-A, Gabriel S, Carter R, Nolan T (2004) The cost of
seasonal respiratory illnesses in Australian children: the dominance of patient

and family costs and implications for vaccine use. Communicable diseases

intelligence 28: 510–516.

25. Koningstein M ea (2013) Syndrome surveillance among families with young
children: a new method for infection-transmission surveillance. MVNA

Conference, Copenhagen, Denmark.

26. de Wit MA, Koopmans MP, Kortbeek LM, Wannet WJ, Vinjé J, et al. (2001)
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