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Abstract

Background: In the Netherlands, epidemics of vaccine preventable diseases are largely confined to an orthodox
protestant minority with religious objections to vaccination. The clustering of unvaccinated children in orthodox
protestant schools can foster the spread of epidemics. School closure has nevertheless not been practiced up until
now. A mumps epidemic in 2007-2008 gave us an opportunity to study the role of schools in the spread of a
vaccine preventable disease in a village with low vaccination coverage.

Methods: A retrospective cohort study was conducted among the students in four elementary schools and their
siblings. The following information was collected for each child: having had the mumps or not and when, school,
age, MMR vaccination status, household size, presence of high school students in the household, religious
denomination, and home village. The spread of mumps among unvaccinated children was compared for the four
schools in a Kaplan-Meier analysis using a log-rank test. Cox proportional hazard analyses were performed to test
for the influence of other factors. To correct for confounding, a univariate Cox regression model with only school
included as a determinant was compared to a multivariate regression model containing all possible confounders.

Results: Out of 650 households with children at the schools, 54% completed a questionnaire, which provided
information on 1191 children. For the unvaccinated children (N = 769), the Kaplan-Meier curves showed significant
differences among the schools in their cumulative attack rates. After correction for confounding, the Cox regression
analysis showed the hazard of mumps to be higher in one orthodox protestant school compared to the other
(hazard ratio 1.43, p < 0.001). Household size independently influenced the hazard of mumps (hazard ratio 1.44,
p < 0.005) with children in larger households running a greater risk.

Conclusion: If and when unvaccinated children got mumps was determined by the particular school the children
and their siblings attended, and by the household size. This finding suggests that school closure can influence the
spread of an epidemic among orthodox protestant populations, provided that social distancing is adhered to as
well. Further research on the effects of school closure on the final attack rate is nevertheless recommended.

Background
In recent years, school closure has frequently been sug-
gested as a strategy to mitigate epidemics. Using real life
data on social contacts and serological evidence of infec-
tion, Wallinga et al. showed in a simulation study of the
spread of mumps and pandemic influenza that school-

aged children and young adults have the highest incidence
of infection and contribute most to the further spread of
infection during a respiratory epidemic in a completely
susceptible population. This pattern is irrespective of the
infectivity of the disease and suggests that the targeting of
school-aged children to contain an epidemic can be very
effective [1]. In addition, there are reports of the beneficial
effects of school holidays and school strikes on the spread
of influenza and other respiratory infections [2,3]. The
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exact role of schools in the spread of epidemics remains to
be seen, however.
In the Netherlands, epidemics of vaccine preventable

diseases are largely confined to the orthodox protestant
minority population that objects to vaccination [4-6]. In
the pluriform Dutch school system, moreover, orthodox
Protestants have their own schools. There are about 125
orthodox protestant elementary schools and 7 orthodox
protestant high schools, with the latter serving students
from a large geographic region. In contrast to – for
example – Belgium and the USA [7,8], vaccination is
neither obligatory nor inquired about for school admis-
sion. The clustering of unvaccinated students in orthodox
protestant schools may thus foster the spread of vaccine
preventable diseases among this population, but school
closure has yet to be practiced because it is assumed that
the children will have considerable contact outside the
school and infections can be transmitted during leisure
time activities as well, especially in such a densely popu-
lated country as the Netherlands.
A mumps epidemic in the Netherlands in 2007-2008 [9]

allowed us to conduct a retrospective cohort study of the
role of schools in the spread of mumps in a village with
low vaccination coverage. Mumps used to be a common
childhood disease in the Netherlands, but the incidence
decreased sharply after MMR vaccination was included in
the National Immunization Program in 1987 [10,11].
MMR vaccination coverage in the Netherlands is high
with over 95% for the first dose at age 14 months and over
90% for the second dose at age 9 years [12]. As already
noted, MMR vaccination coverage is considerably lower
among orthodox protestant groups with only about 55%
and considerable variation across denominations from less
than 15% to more than 85% [13]. In the autumn of 2007, a
mumps epidemic occurred in the so-called Bible belt of
the Netherlands where orthodox protestant groups live.
The first cases were detected in the Rivierenland region
[14] but, at the time, mumps was not a notifiable disease;
general practitioners and pediatricians only reported
laboratory confirmed cases on a voluntary basis. During
the ensuing epidemic, at least 89 cases of mumps were
reported to the National Institute of Public Health and the
Environment [RIVM] [9]; 22 cases came from the Rivier-
enland region. As only a small minority of suspected cases
underwent laboratory testing, the real extent of the epi-
demic was much larger than reported to the RIVM [15].
As suggested after previous epidemics of vaccine pre-

ventable diseases in the Netherlands [16], orthodox pro-
testant schools may play a role in the spread of the
disease. However, household contacts may play an even
more important role than school contacts as household
contact – particularly in larger families – is known to
play a central role in the transmission of infectious dis-
eases [17,18]. Orthodox protestant families generally

refrain from family planning and are therefore usually
large. In addition, other social contacts including the
church may possibly play a role. For orthodox Protes-
tants, the church is an important part of their social lives.
They go to church twice on Sunday, and activities are
often organized by the churches for children and young
people. The spread of an epidemic along the lines of a
religious denomination also thus seems plausible.
The aim of the present study was to assess the role of

elementary schools in the spread of mumps among unvac-
cinated children in a village with low vaccination coverage
due to religious objections. Research questions were if
there are any differences in the attack rates and time of
onset for the mumps among the unvaccinated children
connected to the particular elementary schools. And if dif-
ferences are detected, can they be explained by factors
other than the school, such as the size of the household or
the particular religious denomination.

Methods
Study design and population
We performed a retrospective cohort study in a village of
6000 inhabitants in the Rivierenland region of the Nether-
lands, which is in the middle of the Dutch Bible belt. In
2007, MMR vaccination coverage among the 9-year olds
in this village was 44%. The village has 4 elementary
schools, 2 of which are orthodox protestant, 1 protestant,
and 1 public. An orthodox protestant high school as well
as other high schools are in the neighboring towns. The
study population consisted of all students in the four ele-
mentary schools and their siblings up to 21 years of age.
The study period was from the 1st of September 2007 to
the 1st of September 2008.

Variables and data collection
For every child, the following determinants were collected:
elementary school connection (orthodox protestant
schools A and B, other elementary schools C and D), age
(in years), MMR vaccination status (no MMR, 1 MMR, or
2 MMR), household size (≤ 3 or > 3 children), presence of
high school students in the household (yes or no),
denomination (Reformed Congregations, Reformed Con-
gregations in the Netherlands, other protestant denomina-
tion, other or no religion), and home village (study village
or other village). Outcome variables were clinical signs of
mumps (yes or no) as assessed by the parents and the
week of onset for the clinical signs of mumps.
Based on the WHO clinical case definition mumps was

defined as an acute onset of swelling of the cheeks lasting
at least two days [19]. The week of onset of clinical signs
of mumps was measured with respect to the start of the
epidemic in the village as defined by the regional health
authorities. The week of onset also thus represents the
survival time until the mumps appeared.
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Questionnaires were distributed via the four elementary
schools. The 650 households with one or more children
attending one of these schools were invited to participate
in the study. The parents received an introductory letter
from the municipal health service, which explained
the aims of the study and offered to provide additional
information. The recipients were asked to complete one
questionnaire per household and thereby provide informa-
tion on all of the individuals up to 21 years living in the
household. Given the sensitive nature of the topic of vacci-
nation in the orthodox protestant minority population, the
questionnaires were completed anonymously and the vac-
cination data provided by the parents were not checked
against the national vaccination register. The completed
questionnaires were returned to the municipal health ser-
vice via regular mail, free of charge. Return of the ques-
tionnaire was considered informed consent.

Analysis
Possible differences in the characteristics of the house-
holds and children in the four elementary schools were
tested by ANOVA or chi-square tests.
The spread of mumps among the unvaccinated chil-

dren –in terms of cumulative attack rate over time– was
compared for the four schools by Kaplan-Meier-analysis,
using a log-rank test. A Cox proportional hazard analysis
was performed to examine the influence of other factors
like household size and religious denomination. Due to
the small numbers of unvaccinated children in schools C
and D (i.e., 28 and 3, respectively), the Cox proportional
hazard analysis was restricted to the orthodox protestant
schools A and B. To correct for confounding, a univariate
Cox regression model containing only school connection
as determinant was compared to a multivariate model
containing all possible confounders (age, household size,
presence of high school students in the household, reli-
gious denomination, and home village). Statistical ana-
lyses were performed using SPSS version 16.0. A p-value
< 0.05 was considered significant.

Ethics
The research conformed to the Helsinki declaration and
Dutch legislation and was approved by the research ethics
committee of the Radboud University Nijmegen Medical
Centre, reference number 2010/431.

Results
Response and characteristics of the study population
Of the 650 households with one or more children attend-
ing one of the villages’ elementary schools, 54% (351) com-
pleted the questionnaire. This provided information on
1191 children 0 to 21 years of age. The characteristics of
the respondents per school are shown in Table 1. Vaccina-
tion coverage varied widely across the schools: From less

than 15% for those children with a connection to the
orthodox protestant schools to over 90% for those children
with a connection to the other schools.
The children with a connection to the orthodox protes-

tant schools A and B belonged to largely two orthodox
protestant denominations, namely the Reformed Congre-
gations and the Reformed Congregations in the Nether-
lands. Both denominations were represented at both of
the schools. The children with a connection to school C
belonged to largely the other protestant denominations.
The majority of the children connected to school D had
some other or no religious denomination.

Spread of mumps in relation to the four schools
Almost half of the respondents (47%, 95% CI 45-50%)
reported clinical signs of mumps.
The vast majority (98%, 95% CI 96-99%) of the cases

occurred among the unvaccinated children. The attack
rates across the four schools varied widely (see Table 2),
which could be expected in light of the major differences
in vaccination coverage. For the subgroup of unvaccinated
children, the attack rates also varied across the schools
with the rates much higher for those children with a con-
nection to the orthodox protestant schools A and B than
for those children with a connection to schools C and D
(p < 0.05)(see Table 2). Furthermore, 59% (109/186) of the
cases among the students at school A and 53% (68/128) of
the cases among the students at school B could be classi-
fied as possibly secondary cases of mumps (i.e., onset of
symptoms one incubation period past the infectious per-
iod of another case in the same grade, thus in the third
week following onset of symptoms of the other case).
Using the same definition, there were no possibly second-
ary cases at schools C and D.
The Kaplan-Meier curves showed significant differ-

ences in the cumulative attack rates over time for the
four elementary schools (log rank test p < 0.001, see
Figure 1). The epidemic affected unvaccinated children
with a connection to school A significantly earlier than
unvaccinated children with a connection to school B
(log rank test p < 0.05). For the three unvaccinated chil-
dren with a connection to school D no cases of mumps
were reported.

Comparison between the two orthodox protestant
schools
In order to check that the significant differences in the
Kaplan-Meier curves were caused by the connection to
the particular elementary schools and not by such fac-
tors as household size or religious denomination, Cox
proportional hazard analyses were performed. Due to
the small numbers of unvaccinated children with con-
nections to schools C and D, these analyses were
restricted to the orthodox protestant schools A and B.

Ruijs et al. BMC Infectious Diseases 2011, 11:227
http://www.biomedcentral.com/1471-2334/11/227

Page 3 of 7



The univariate Cox proportional hazard analysis
showed the hazard of mumps among the unvaccinated
children with a connection to school A to be signifi-
cantly higher than the hazard among the unvaccinated
children with a connection to school B. The hazard
ratio was 1.45 (95% CI 1.22-1.72).
Multivariate Cox proportional hazard analyses showed

no confounding by age, household size, presence of high
school students in the family, religious denomination, or
home village. The corrected hazard ratio for school A
compared to school B was 1.43 (95% CI 1.19-1.71), see
Table 3. In addition to the school connection, however,
the household size appeared to independently influence
the risk of getting the mumps, with a hazard ratio of 1.44
(p < 0.005) for unvaccinated children from large house-
holds (> 3 children) versus unvaccinated children from
small households, see Table 3.

Discussion
This retrospective cohort study shows the role of schools
in the spread of an epidemic of mumps among unvacci-
nated children in a village with low vaccination coverage.
When four schools in the same village were compared, the
final mumps attack rates were much higher among the
unvaccinated children with a connection to a orthodox
protestant school than among the other unvaccinated chil-
dren. Given that the vaccination coverage in the non-
orthodox schools was above 90%, the low attack rates

Table 1 Response rates, household characteristics, and child characteristics per school

School Response
house-holds

(%)

Households
with

secondary
school
pupils1

(%)

Mean number
of children

per household2

(range)

Children
in

study

Mean age3

(SD)
Children living
outside study

village4

(%)

MMR vaccination status5

Unvaccinated
(%)

MMR1
(%)

MMR2
(%)

A 124 (55) 68 (55) 4,1 (1-12) 504 10,3
(± 5,3)

220 (44) 443 (88) 31 (6) 30 (6)

B 93 (50) 37 (40) 3,7 (1- 9) 344 9,3
(± 5,4)

110 (34) 295 (86) 31 (9) 18 (5)

C 97 (63) 48 (49) 2,8 (1- 7) 272 9,7
(± 4,9)

18 (7) 28 (10) 109 (40) 135 (50)

D 37 (37) 9 (24) 2,0 (1- 4) 71 9,5
(± 4,8)

0 (0) 3 (4) 36 (51) 32 (45)

Total 351 (54) 162 (46) 3,3 (1-12) 1191 9,8
(± 5,2)

348 (29) 769 (65) 207 (17) 215 (18)

1 Chi square 12.809, df 3, p = 0.005.
2 ANOVA: Welch F = 43.983, df 168.178, p < 0.005.
3ANOVA: F = 2.566, df 3, p = 0.053.
4 Chi-square 1.490 E2, df3, p < 0.005.
5Chi-square 6.578 E2, df6, p < 0.005.

Table 2 Mumps attack rate per school for all children
and for unvaccinated children

All children Unvaccinated children

School N Attack
rate (%)

95% CI N Attack
rate (%)

95% CI

A 504 66 62-70 443 75 71-79

B 344 63 58-68 295 72 67-77

C 272 5 3- 8 28 32 15-49

D 71 1 0- 4 3 0 -

Total 1191 47 45-50 769 72
Figure 1 Spread of mumps among unvaccinated children
connected to four elementary schools.
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among the unvaccinated children with a connection to
these schools can probably be attributed to a herd effect
[20].
When the two orthodox protestant schools were com-

pared, the unvaccinated children with a connection to
orthodox protestant school A were affected earlier during
the epidemic than the unvaccinated children with a con-
nection to the other orthodox protestant school within the
same village (i.e., school B). Given that we controlled for
possibly confounding factors, this finding shows schools to
play a role in the spread of infectious disease among
orthodox protestant groups. Schools involve social cluster-
ing and, once the mumps has been introduced into a
school, it can thus spread more easily among children at
the same school than among other children. The school
attended by unvaccinated children and their siblings –
together with household size – thus determined whether
the children got the mumps or not and when. And this
suggests that school closure can influence the spread of an
epidemic within an orthodox protestant population.
The question, of course, is whether or not school closure

influences the final outcome of the epidemic. In a simula-
tion study of pandemic influenza, the closing of schools
and keeping children at home reduced the final attack rate
by 90% – without the further use of vaccines or antivirals.
For this result, however, the children had to be quaran-
tined for the extent of the epidemic, which is given the
impact on education not desirable and obviously not
achievable in real life [21].
When considering the effects of school closure, com-

pliance with social distancing during school closure is of

critical importance. Recent experiences with school clo-
sure for influenza prevention showed the majority of the
children to visit at least one social event during the
school closure period [22,23]. Nevertheless, over all con-
tact rates during a school closure period are likely to be
considerably lower than during regular school periods.
German school children reported four times less con-
tacts on Sundays than on school days, for example [24].
According to an international diary study about 20% of

the contact for people living in the Netherlands is leisure
time contact e.g., during sports or other activities [25].
The orthodox protestant way-of-life differs greatly from
this, however. For religious reasons, members of this
population refrain from sports, cinema, and television
[26]. Leisure time activities are nevertheless organized by
the churches for such orthodox protestant children, which
means that the variable religious denomination can serve
as a proxy variable for leisure time activities. In the present
study, religious denomination was nevertheless not found
to significantly influence the spread of mumps. However,
orthodox protestant children will –like other children–
visit family and friends. In the extra leisure time generated
by school closure social distancing remains therefore of
critical importance.
The perceived seriousness of a disease is an important

determinant of compliance with social distancing [22].
According to another study that we conducted, orthodox
protestant parents perceive polio to be a particularly ser-
ious health threat and thus something that warrants not
only social distancing but even consideration of vaccina-
tion (manuscript in preparation). Schools may also play a
role in the spread of polio. At the beginning of the 1992-
1993 polio epidemic, laboratory signs of polio infection
were far more prevalent at the orthodox protestant
schools of the siblings of the index case than at other
schools [27]. Therefore we recommend that school closure
be considered during a next polio outbreak. We further
recommend additional research and simulation studies in
particular to gain more insight into the effects of school
closure on the final attack rates of epidemics of vaccine
preventable diseases in orthodox protestant populations,
while also taking the durations of school closure and levels
of vaccination coverage into account.

Some possible limitations on the present study
The overall response rate in our study was 54%. The
response rates at the orthodox protestant schools A and B
were slightly higher than the response rate of 48% in
another study among a orthodox protestant population
[28] and considerably higher than the response rate of
37% at school D where mumps did not appear to be an
issue. Given that school D was the smallest school in the
village and – as a public school – had a nationally repre-
sentative vaccination coverage of > 95%, we do not think

Table 3 Hazard ratios for possible determinants of
mumps in unvaccinated children related to orthodox
protestant schools

Hazard ratio 95% CI p

School1 1.43 1.19-1.71 < 0.001

Age2 1.00 0.98-1.16 0.97

Household size3 1.44 1.16-1.79 < 0.005

High school students
in household4

1.13 0.89-1.42 0.32

Denomination 0.39

- Reformed Congregations5 0.77 0.53-1.13 0.18

- Reformed Congregations
in the Netherlands6

0.79 0.56-1.12 0.19

Home village7 1.16 0.96-1.40 0.13
1 School A compared to school B.
2 Age in years.
3 Families with > 3 children compared to families with ≤ 3 children.
4 Families with high school students compared to families without high
school students.
5 Reformed Congregations compared to other protestant denominations.
6 Reformed Congregations in the Netherlands compared other protestant
denominations.
7 Other villages compared to study village.
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that the low response rate of this school affected our
results. A non-response analysis was nevertheless not fea-
sible as vaccination is a sensitive subject and the respon-
dents in our study returned their questionnaires
anonymously; we could not, thus, check the actual vacci-
nation status of our respondents in the national register.
Several reports indicate that parental recall of vaccina-

tion may be inaccurate but that the inaccuracy concerns
mostly the number of injections and vaccination dates
[29-31]. Given that vaccination is a particularly sensitive
topic among orthodox Protestants, we expected our
respondents to recall at least whether or not their children
are vaccinated against MMR. Nevertheless, recall inaccu-
racy is a possible limitation on the present study.
When the vaccination coverage of 35% among our

respondents is compared to the registered vaccination cov-
erage for the village (44%), unvaccinated respondents
appear to be overrepresented. This overrepresentation can
be explained, however, by the participation of students
from orthodox protestant schools and their siblings who
live in other villages.
The outcome variable in the present study was the clini-

cal diagnosis of mumps. As mumps is generally construed
to be a mild disease, only a minority of patients consult
their GPs with regard to symptoms. Our case definition
was therefore based upon clinical assessment by the par-
ents while it is known that 30% of cases of mumps infec-
tion go without symptoms [32]. The real amount of
mumps may therefore be underestimated in the present
study, but such underestimation should apply to all
schools and therefore not affect our comparison of the
schools.
In closing it should be noted that as part of our recruit-

ment strategy, households with only children under four
years of age or only high school students were not
included in the study. In orthodox protestant families,
mothers are supposed to stay at home to care for their
children, which means that transmission via day care cen-
ters that are rarely frequented by orthodox Protestants is
not very likely. Transmission among high school students
may, however, be more important in the spread of the epi-
demic, particularly during the early stages [1]. While the
presence of high school students in a family with elemen-
tary school children did not influence the hazard of
mumps, we cannot exclude the possibility that high school
students played a role in the initial introduction of mumps
into the village.

Conclusion
During the mumps epidemic of 2007-2008 we studied the
spread of mumps among unvaccinated children in a
Dutch village with a large orthodox protestant population.
The particular school that was attended by the unvac-

cinated children and their siblings determined –

together with the size of the household – whether these
children got the mumps and when.
This suggests that school closure can influence the

spread of future epidemics – particularly in orthodox pro-
testant populations and when social distancing is adhered
to. Before deciding on school closure, however, further
research is recommended to gain greater insight into the
necessary duration of such school closure and its effects
on final attack rates.

Acknowledgements
We thank Lana Zakrevska and Wilke van Ansem for assistance with data
entry and analysis.
This study was financially supported by the Program for Strengthening
Control of Infectious Diseases by Municipal Health Services from the
National Institute for Public Health and the Environment (RIVM), The
Netherlands.

Author details
1Department of Primary and Community Care, Academic Collaborative
Centre AMPHI, Radboud University Nijmegen Medical Centre, Geert
Grooteplein 21, 6525 EZ Nijmegen, The Netherlands. 2Municipal Health
Service GGD Rivierenland, J.S. de Jongplein 2, 4001 WG Tiel, The
Netherlands. 3Scientific Institute for Quality of Healthcare, Radboud
University Nijmegen Medical Centre, Geert Grooteplein 21, 6525EZ Nijmegen,
The Netherlands.

Authors’ contributions
WLMR conceived the study, participated in its design, collected the data,
conducted the statistical analyses, and drafted the current article. JLAH
participated in the design of the study, helped with the interpretation of the
data and helped draft this article. RPA helped conduct the statistical
analyses, helped with the interpretation of the data, and helped revise the
present article. MEJL participated in the design of the study, helped with the
interpretation of the data, and helped draft the present article. KvdV
participated in the design of the study and helped revise the present article.
All of the authors have read and approved the final manuscript.

Authors’ information
WLMR is preparing a thesis on “Acceptance of vaccination in orthodox
protestant groups.”
The mumps epidemic of 2007-2008 provided the opportunity to add a
study on the spread of a vaccine preventable disease within a minority
group with traditionally low vaccination coverage. The focus of the other
research is on vaccination coverage within the various orthodox protestant
denominations and the nature of the individual decisions made by the
members of these denominations with regard to whether or not to
vaccinate their children.

Competing interests
The authors declare that they have no competing interests.

Received: 26 November 2010 Accepted: 24 August 2011
Published: 24 August 2011

References
1. Wallinga J, Teunis P, Kretzschmar M: Using data on social contacts to

estimate age-specific transmission parameters for respiratory-spread
infectious agents. Am J Epidemiol 2006, 164:936-944.

2. Cauchemez S, Ferguson NM, Wachtel C, Tegnell A, Saour G, Duncan B,
Nicoll A: Closure of schools during an influenza pandemic. Lancet Infect
Dis 2009, 9:473-481.

3. Heymann AD, Hoch I, Valinsky L, Kokia E, Steinberg DM: School closure
may be effective in reducing transmission of respiratory viruses in the
community. Epidemiol Infect 2009, 137:1369-1376.

4. Hahne S, Macey J, van Binnendijk R, Kohl R, Dolman S, van der Veen Y,
Tipples G, Ruijs H, Mazzulli T, Timen A, van Loon A, de Melker H: Rubella

Ruijs et al. BMC Infectious Diseases 2011, 11:227
http://www.biomedcentral.com/1471-2334/11/227

Page 6 of 7

http://www.ncbi.nlm.nih.gov/pubmed/16968863?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16968863?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16968863?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19628172?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19351434?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19351434?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19351434?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19710586?dopt=Abstract


Outbreak in the Netherlands, 2004-2005: High Burden of Congenital
Infection and Spread to Canada. Pediatr Infect Dis J 2009, 28:795-800.

5. Hof S van den, Conyn-Van Spaendonck MA, van Steenbergen JE: Measles
epidemic in the Netherlands, 1999-2000. J Infect Dis 2002, 186:1483-1486.

6. Oostvogel PM, van Wijngaarden JK, van der Avoort HG, Mulders MN,
Conyn-Van Spaendonck MA, Rumke HC, van Steenis G, van Loon AM:
Poliomyelitis outbreak in an unvaccinated community in The
Netherlands, 1992-93. Lancet 1994, 344:665-670.

7. Stafford N: Belgian parents are sentenced to prison for not vaccinating
children. BMJ 2008, 336:348.

8. Hinman AR, Orenstein WA, Williamson DE, Darrington D: Childhood
immunization: laws that work. J Law Med Ethics 2002, 30:122-127.

9. Karagiannis I, van Lier A, van Binnendijk R, Ruijs H, Fanoy E, Conyn-Van
Spaendonck MA, de Melker H, Hahne S: Mumps in a community with low
vaccination coverage in the Netherlands. Euro Surveill 2008, 13.

10. Hirasing RA, Schaapveld K: [Vaccination against mumps successful]. Ned
Tijdschr Geneeskd 1993, 137:1498-1500.

11. Hof S van den, Beaumont MT, Berbers GA, de Melker HE: Antibodies
against mumps in The Netherlands as assessed by indirect ELISA and
virus neutralization assay. Epidemiol Infect 2003, 131:703-709.

12. Lier EA van, Oomen PJ, Oostenburg MWM, Drijfhout IH, de Hoogh PAAM,
de Meleker HE: Vaccinatiegraad Rijksvaccinatieprogramma Nederland
verslagjaar 2006-2008. 2008, Bilthoven, RIVM rapport 210021007.

13. Ruijs WLM, Hautvast JLA, van Ansem WJC, Akkermans RP, van ‘t Spijker K,
Hulscher MEJL, van der Velden K: Measuring vaccination coverage in a
hard to reach minority. Eur J Public Health 2011.

14. Suijkerbuijk AWM: Gesignaleerd. Infectieziektenbulletin 2007, 18:368-370.
15. Scholtens B: Bof plaagt de Biblebelt. De Volkskrant 04-19-2008, Kennis 1.

2008, Ref Type: Newspaper.
16. Maas PF: Parlement en polio’s Gravenhage: SDU-uitgeverij; 1988.
17. Hope Simpson RE: Infectiousness of communicable diseases in the

household (measles, chickenpox and mumps). Lancet 1952, 260:549-554.
18. Hall R, Becker NG: Preventing epidemics in a community of households.

Epidemiol Infect 1996, 117:443-455.
19. World Health Organization. WHO-recommended surveillance standard of

mumps. [http://www.who.int/immunization_monitoring/diseases/
mumps_surveillance/en/index.html], accessed 29-05-2011.

20. John TJ, Samuel R: Herd immunity and herd effect: new insights and
definitions. Eur J Epidemiol 2000, 16:601-606.

21. Glass RJ, Glass LM, Beyeler WE, Min HJ: Targeted social distancing design
for pandemic influenza. Emerg Infect Dis 2006, 12:1671-1681.

22. Effler PV, Carcione D, Giele C, Dowse GK, Goggin L, Mak DB: Household
responses to pandemic (H1N1) 2009-related school closures, Perth,
Western Australia. Emerg Infect Dis 2010, 16:205-211.

23. Johnson AJ, Moore ZS, Edelson PJ, Kinnane L, Davies M, Shay DK, Balish A,
McCarron M, Blanton L, Finelli L, Averhoff F, Bresee J, Engel J, Fiore A:
Household responses to school closure resulting from outbreak of
influenza B, North Carolina. Emerg Infect Dis 2008, 14:1024-1030.

24. Mikolajczyk RT, Akmatov MK, Rastin S, Kretzschmar M: Social contacts of
school children and the transmission of respiratory-spread pathogens.
Epidemiol Infect 2008, 136:813-822.

25. Mossong J, Hens N, Jit M, Beutels P, Auranen K, Mikolajczyk R, Massari M,
Salmaso S, Tomba GS, Wallinga J, Heijne J, Sadkowska-Todys M, Rosinska M,
Edmunds WJ: Social contacts and mixing patterns relevant to the spread
of infectious diseases. PLoS Med 2008, 5:e74.

26. Meiden A van der: De zwartekousenkerken Baarn: Ten Have; 1993.
27. Oostvogel PM, Rumke HC, Conyn-Van Spaendonck MA, van der Avoort HG,

Leeuwenburg J, van Loon AM: Poliovirus circulation among
schoolchildren during the early phase of the 1992-1993 poliomyelitis
outbreak in The Netherlands. J Infect Dis 2001, 184:1451-1455.

28. Ruijs WL, Hulscher ME, Hahne SJ, Van Binnendijk RS, van der Velden K:
Feasibility of a rubella screening and vaccination programme for
unvaccinated young women. Epidemiol Infect 2009, 137:1319-1322.

29. AbdelSalam HH, Sokal MM: Accuracy of parental reporting of
immunization. Clin Pediatr(Phila) 2004, 43:83-85.

30. Williams ER, Meza YE, Salazar S, Dominici P, Fasano CJ: Immunization
histories given by adult caregivers accompanying children 3-36 months
to the emergency department: are their histories valid for the
Haemophilus influenzae B and pneumococcal vaccines? Pediatr Emerg
Care 2007, 23:285-288.

31. Suarez L, Simpson DM, Smith DR: Errors and correlates in parental recall
of child immunizations: effects on vaccination coverage estimates.
Pediatrics 1997, 99:E3.

32. Hviid A, Rubin S, Muhlemann K: Mumps. Lancet 2008, 371:932-944.

Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1471-2334/11/227/prepub

doi:10.1186/1471-2334-11-227
Cite this article as: Ruijs et al.: The role of schools in the spread of
mumps among unvaccinated children: a retrospective cohort study.
BMC Infectious Diseases 2011 11:227.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Ruijs et al. BMC Infectious Diseases 2011, 11:227
http://www.biomedcentral.com/1471-2334/11/227

Page 7 of 7

http://www.ncbi.nlm.nih.gov/pubmed/19710586?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19710586?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12404165?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12404165?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7915354?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7915354?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18276695?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18276695?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12508514?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12508514?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8366936?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12948370?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12948370?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12948370?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8972668?dopt=Abstract
http://www.who.int/immunization_monitoring/diseases/mumps_surveillance/en/index.html
http://www.who.int/immunization_monitoring/diseases/mumps_surveillance/en/index.html
http://www.ncbi.nlm.nih.gov/pubmed/11078115?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11078115?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17283616?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17283616?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20113548?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20113548?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20113548?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18598620?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18598620?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17634160?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17634160?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18366252?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18366252?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11709788?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11709788?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11709788?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19192319?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19192319?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17505268?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17505268?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17505268?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17505268?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9164799?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9164799?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18342688?dopt=Abstract
http://www.biomedcentral.com/1471-2334/11/227/prepub

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Study design and population
	Variables and data collection
	Analysis
	Ethics

	Results
	Response and characteristics of the study population
	Spread of mumps in relation to the four schools
	Comparison between the two orthodox protestant schools

	Discussion
	Some possible limitations on the present study

	Conclusion
	Acknowledgements
	Author details
	Authors' contributions
	Authors' information
	Competing interests
	References
	Pre-publication history


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 500
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 500
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


