
1www.eurosurveillance.org

Research articles

Rotavirus vaccination coverage and adherence to 
recommended age among infants in Flanders (Belgium) 
in 2012

T Braeckman (tessa.braeckman@ua.ac.be)1, H Theeten1, T Lernout1, N Hens2,3, M Roelants4, K Hoppenbrouwers4, P Van Damme1

1.	 Centre for the Evaluation of Vaccination, Vaccine and Infectious Disease Institute, Faculty of Medicine and Health Sciences, 
University of Antwerp, Antwerp, Belgium

2.	 Centre for Health Economic Research and Modelling Infectious Diseases, Vaccine and Infectious Disease Institute, Faculty of 
Medicine and Health Sciences, University of Antwerp, Antwerp, Belgium

3.	 Interuniversity Institute of Biostatistics and statistical Bioinformatics, Faculty of Sciences, Hasselt University, Diepenbeek, 
Belgium

4.	 Department of Public Health and Primary Care, Centre for Youth Health Care, KU Leuven, Leuven, Belgium

Citation style for this article: 
Braeckman T, Theeten H, Lernout T, Hens N, Roelants M, Hoppenbrouwers K, Van Damme P. Rotavirus vaccination coverage and adherence to recommended 
age among infants in Flanders (Belgium) in 2012. Euro Surveill. 2014;19(20):pii=20806. Available online: http://www.eurosurveillance.org/ViewArticle.
aspx?ArticleId=20806

Article submitted on 08 April 2013 / published on 22 May 2014

In Belgium, rotavirus vaccination has been recom-
mended and partially reimbursed since October 2006. 
Through a retrospective survey in 2012, we estimated 
the coverage rate of the rotavirus vaccination in 
Flanders among infants born in 2010. Using a stand-
ardised questionnaire, 874 families were interviewed 
at home, collecting information on demographic char-
acteristics, socio-economic background and docu-
mented vaccination history (updated from medical 
files and vaccination database, if needed). Adherence 
to the recommended age for vaccination (8, 12 and 16 
weeks) was also assessed. The coverage rate for two 
doses of rotavirus vaccination was 92.2% (95% con-
fidence interval: 90.2–93.8). Respectively 31.7% and 
10.1% of the children received their first and second 
dose at the recommended age. Incomplete vaccina-
tion was often a deliberate choice of the parents. Only 
eight children (1%) were vaccinated after the maximum 
age of 26 weeks. Factors identified by multiple logistic 
regression as related to incomplete vaccination were: 
living in the province of Antwerp, unemployed mother, 
and three or more older siblings in the household. Four 
years after introduction, the coverage rates were sur-
prisingly high for a vaccine that is not fully reimbursed 
and not readily available in the vaccinator’s fridge, 
which is the case for the other recommended infant 
vaccines.

Introduction 
Rotavirus is the most common cause of fatal and 
severe childhood diarrhoea worldwide. The introduc-
tion of rotavirus vaccination into national immuni-
sation programmes has contributed to a significant 
decrease in rotavirus gastroenteritis-related mortality 
and morbidity [1,2]. In Belgium, the national immuni-
sation technical advisory group (NITAG) recommended 
rotavirus vaccination in October 2006. Unlike other 

infant vaccines in the national immunisation schedule, 
rotavirus vaccination is not offered fully free of charge 
by the government. If parents wish to have their child 
vaccinated against rotavirus, they need a prescription 
for the vaccine, via a well-baby clinic, general practi-
tioner or paediatrician. Both vaccines, Rotarix (two-
dose schedule) and RotaTeq (three-dose schedule), are 
only available in private pharmacies in Belgium. The 
partial reimbursement system entails that parents pay 
EUR 11.60 per prescribed vaccine dose, the National 
Health Insurance covers the remaining EUR 59.60 per 
Rotarix vaccine and EUR 40.10 per RotaTeq vaccine. 
Following the national recommendations issued by the 
NITAG, the first dose of rotavirus vaccine should be 
administered at eight weeks of age. A minimum inter-
val of four weeks between doses should be respected 
and the upper age limit is set at six months (24 weeks 
for the monovalent Rotarix vaccine and 26 weeks for 
the pentavalent RotaTeq vaccine, according to the rec-
ommendations issued in 2009). Catch-up vaccination 
of missed doses above this age is not recommended. 
Concomitant administration of rotavirus vaccine with 
other infant immunisations is approved [3]. 

In 2008, vaccine coverage in children 18 to 24 months of 
age in Flanders was approximately 30% for two doses 
of the rotavirus vaccine, as measured by a survey using 
the World Health Organization’s Expanded Programme 
on Immunization (EPI) methodology [4]. This low rate 
could be explained by the recent introduction of the 
vaccine in Belgium at that time. More recent coverage 
estimates for rotavirus vaccination were based solely 
on sales and reimbursement figures provided by the 
National Health Insurance [5].

With this study we aimed to investigate coverage rates 
for rotavirus vaccination among infants born in 2010 in 
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Flanders. We also looked at timeliness of vaccination 
with regard to recommended age and assessed the 
validity of the vaccine doses taking into account mini-
mum and maximum age and interval parameters. Using 
survey-based multiple logistic regression we identified 
predictive factors for non-vaccination. 

As Belgium was the first country in the European 
Union (EU) to introduce a universal rotavirus vaccine 
programme, these coverage estimates could contrib-
ute to the decision-making process for rotavirus vac-
cine introduction in other countries. Putting the results 
into perspective of our co-financing policy may pro-
vide insights into equitable distribution of rotavirus 
vaccines. 

Methods

Survey Design
The methodology of the EPI-based two-stage cluster 
sampling design for vaccination coverage studies in 
Flanders has been extensively described elsewhere 
[6]. The sample size was calculated using the follow-
ing assumptions: a minimal anticipated coverage of 
90% and a design effect of 1.5. Taking into account a 
margin error of the confidence interval of 2.5% and a 
drop-out rate of 10%, this resulted in a sample size of 
900 children. 

A cluster random sample of toddlers (born between 1 
July and 1 October 2010) was drawn from the Flemish 
register of natural persons. Firstly, 125 clusters pro-
portionally distributed over the 14 districts (represent-
ing the third administrative level) of Flanders, were 
selected in a proportionate random way. In a second 
stage, seven children of eligible age were randomly 
selected per cluster. An overselection of 70 children 
in less densely populated districts was done to assure 
acceptably accurate estimates on coverage rates in 
those geographical regions. Selected families were 
informed by letter of a home visit by a trained inter-
viewer. Children were replaced within the same cluster 
when (i) the interviewer was not able to contact the 
family after three home visits, of which one was after 
office hours, or (ii) the interviewee was not able to 
understand the questions because only a Dutch version 
of the questionnaire was available. If parents refused 
to participate, they were asked to state the reason 
for refusal, and the child was not replaced in order to 
reduce the risk of selection bias, as refusal could be 
linked with a negative attitude towards vaccination.

The visits were performed between 25 April and 7 July 
2012, so all participating children should have com-
pleted their vaccination according to the schedule. 
Informed consent from a parent or caregiver had to 
be obtained for the full data collection procedure. The 
following information was collected through a stand-
ardised questionnaire: demographic characteristics, 
socio-economic background and documented vaccina-
tion history. The vaccination data available at home 

were checked against the Flemish immunisation regis-
try, Vaccinnet, and completed if more information was 
available in that database. Thereafter, the collected 
data from children who were still not found to be vac-
cinated appropriately for their age were sent to the 
general physician or paediatrician (when contact infor-
mation was available) with a request to verify, correct 
and/or complete these data. 

This study was authorised by the National Privacy 
Commission and received approval on 16 April 2012 
from the ethics committee of the Antwerp University 
Hospital, after consulting the ethics committee of the 
University of Leuven (KULeuven). 

Definitions
To assess adherence to the recommended age of vac-
cination, we compared the vaccination history of the 
child with the recommended number of doses, the min-
imum and maximum allowed age for each dose and the 
minimum acceptable interval between doses. Following 
the national guidelines, the first rotavirus vaccine dose 
should be administered at the age of eight weeks, with 
an interval between consecutive doses of four weeks, 
and the last dose before the age of six months (i.e. 26 
weeks). Doses that were not documented on the vac-
cination card, or could not be retrieved through consul-
tation of medical files and Vaccinnet, were considered 
as not administered. Only the date of administration 
of the rotavirus vaccine was registered in the ques-
tionnaire, the brand name was not requested because 
this is usually not indicated in the vaccination card. 
Since we could not make a distinction between the 
two different rotavirus vaccine brands, we considered 
a schedule with at least two doses as complete. We 
defined a valid schedule as a complete schedule where 
all minimum and maximum age recommendations 
and interval parameters were strictly respected. We 
excluded doses that were administered more than five 
days before the minimum age or with an interval from 
the previous dose that was more than five days shorter 
than allowed, and doses that were administered after 
the age of 26 weeks. The ethnic background of parents 
was determined based on their country of birth as well 
as that of their parents (the child’s grandparents): if 
one of them was born outside the EU (27 countries, as 
of 2012), the parent was categorised as non-European; 
if a parent or grandparent was born in the EU, but not 
in Belgium, the parent was categorised as European, 
otherwise as Belgian. 

Statistical analysis
Oversampling was adjusted for by weighing if appro-
priate. Vaccine coverage analysis was performed using 
R 2.15.2 (The R Foundation for Statistical Computing, 
26-10-2012) and presented with a 95% confidence 
interval (CI). We examined whether the following char-
acteristics were related to the vaccination status at the 
age of 18 months: sex, main vaccinator, change of vac-
cinator, number of illnesses, family structure, hierar-
chy within the family, number of children in the family, 
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socio-economical characteristics of mother and/or 
father, family income, day care attendance, breast-
feeding and duration of breastfeeding. Final models 
were selected using a backward selection, p values 
<0.05 were considered significant. Both survey-based 
univariate and multiple logistic regression were ana-
lysed using R 2.15.2 (The R Foundation for Statistical 
Computing, 26-10-2012).

Results

Study population
In total, 1,064 families were contacted, including 
replacement contacts for 118 families (11.1%). Among 
the 946 families who were reached, 874 families 
(92.4%) participated in the study, while 72 families 
refused to participate (7.6%). The mean age of the 
children at the moment of interview was 20.9 months 
(age range: 18.5–23.9 months). The study population 
consisted of 49.9% males. All demographic character-
istics, except employment status of the parents, were 
in line with national census estimates for these age 
groups. Among the participating families we found a 
higher proportion with both parents employed.

Coverage rate 
In 92.1% of the families, a vaccination document was 
available at home. After additional consultation of med-
ical files and vaccination database (Vaccinnet), 94.0% 
of the children between 18 and 24 months of age had 
proof of administration of at least one dose of rotavi-
rus vaccine. A second dose had been administered to 
92.2% of these children and 12.2% had received a third 
dose. A sensitivity analysis, considering as not vacci-
nated against rotavirus the children for whom the par-
ents refused to participate in the coverage study (worst 

case scenario), resulted in a coverage decrease of 7% 
for each dose. 

Table 1 shows a statistically significant difference in 
vaccination coverage between provinces, with the low-
est coverage in the province of Antwerp (p=0.013 for 
the first and p=0.028 for the second rotavirus vaccine 
dose). There was also a statistically significant differ-
ence between the three districts within the Antwerp 
province, with the lowest coverage found in the most 
urbanised district, Antwerp city (Table 2).

Validity and timeliness
The so-called valid coverage rate for two doses was 
90.5%. One child had received the first dose before 
the age of eight weeks, six children had received the 
second dose less than four weeks after the first, and 
eight other children were vaccinated after the age of 26 
weeks; these doses were considered invalid. 

Table 3 shows the compliance of rotavirus vaccination 
with the age recommendations. While 31.7% of the vac-
cinated children received their first dose at the recom-
mended age, correct timing dropped to 10.1% for the 
second dose. In almost 30% of the children, the second 
dose was administered more than four weeks after the 
recommended age.

Assessment and parents’ reasons for incomplete 
vaccination 
At the beginning of the interview, the parents were 
asked to assess the vaccination status of their child 
(i.e. complete or not). Among the 68 children with an 
incomplete rotavirus vaccination schedule (excluding 
the 15 children who had received invalid doses out-
side the recommended time period), 57 parents (84%) 

Table 1
Vaccination coverage at the age of 18 to 24 months per province in Flanders, 2012 (n=874)

Antwerpa

n=226
Limburg
n=120

East Flanders
n=200

Flemish Brabant
n=146

West Flanders
n=182

Coverage rate (95% confidence interval)
Rota 1* 89.8 (85.3–93.1) 98.3 (93.6–99.6) 97.0 (93.3–98.6) 94.5 (89.4–97.2) 92.9 (88.0–95.9)
Rota 2** 88.1 (83.3–91.6) 97.5 (92.3–99.2) 94.0 (89.7–96.6) 93.8 (88.5–96.8) 90.7 (85.3–94.2)

a For two children no documentation could be retrieved for any recommended vaccine; they were considered not vaccinated.  
*p=0.013
**p=0.028

Table 2
Vaccination coverage at the age of 18 to 24 months per district in Antwerp, 2012 (n=226)

Antwerp
n=114

Mechelen
n=53

Turnhout
n=59

Coverage rate (95% confidence interval)
Rota 1* 83.3 (75.3–89.1) 96.2 (86.1–99.1) 96.6 (87.4–99.2)
Rota 2** 79.8 (71.5–86.2) 96.2 (86.1–99.1) 96.6 (87.4–99.2)

*p=0.003
**p=0.003
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Table 3
Distribution of age at vaccination according to the guidelines of the Superior Health Council, Flanders, 2012 (n=874)

Not Too early At recommended agea 1–3 weeks too late 4–7 weeks too late ≥ 8 weeks too late
Number ( %)

Rota 1 52 (6.0%) 1 (0.1%) 277 (31.7%) 388 (44.4%) 119 (13.6%) 37 (4.2%)
Rota 2  68 (7.8%) - 88 (10.1%) 457 (52.3%) 165 (18.8%) 96 (11.0%)

a 	 At recommended age was defined as not before minimum age and not more than six days after the recommended age according to the 
guidelines (Rota 1 at eight weeks; Rota 2 at 12 weeks).

Table 4
Predictive factors for having received an incomplete schedule for rotavirus vaccination (logistic regression, univariate 
analysis), Flanders, 2012 

Odds ratio 95% CI

Province (n=874)

Limburg (n=120) 0.20 0.06–0.67**
East Flanders (n=200) 0.44 0.21–0.91*
Flemish Brabant (n=146) 0.50 0.23–1.10
West Flanders (n=182) 0.79 0.41–1.52
Baseline: Antwerp (n=226) 1

Day care attendance during 
the first year of life (n=873)

Non-professional day care (n=75) 0.93 0.35–2.50
Combination (professional and non-professional day care) (n=112) 0.26 0.06–1.08
No attendance (n=165) 2.17 1.23–3.85**
Baseline: professional day care (n=521) 1

Main vaccinatora (n=864)
Paediatrician (n=104) 1.43 0.65–3.13
General practitioner (n=31) 6.67 2.86–14.29**
Baseline: well-baby clinic (n=729) 1

Number of older siblings in 
the household (n=874)

None (n=76) 1.79 0.76–4.17
One (n=304) 0.76 0.37–1.54
Two (n=114) 1.56 0.70–3.45
Three or more (n=49) 5.26 2.38–11.11**
Baseline: only child (n=331) 1

Family income (n=755)

EUR 2,001–3,000 (n=227) 0.38 0.18–0.78**
EUR 3,001–4,000 (n=313) 0.32 0.16–0.65**
> EUR 4,000 (n=92) 0.18 0.06–0.63**
Baseline: ≤ EUR 2,000 (n=123) 1

Mother’s employment 
situation (n=869)

Part-time salary (n=213) 1.04 0.49–2.22
Self-employed (n=27) 2.44 0.68–9.09
Unemployed (n=211) 3.33 1.89–6.25**
Baseline: full-time salary (n=418) 1

Origin of the mother (n=869)
Other EU country (n=60) 1.59 0.59–4.17
Outside EU (n=159) 2.94 1.69–5.00**
Baseline: Belgium (n=650) 1

Father’s employment 
situation (n=819)

Part-time salary (n=16) 0.91 0.12–7.14
Self-employed (n=92) 1.11 0.46–2.70
Unemployed (n=51) 4.76 2.33–10.00**
Baseline: full-time salary (n=660) 1

Origin of the father (n=819)
Other EU country (n=51) 2.17 0.81–5.88
Outside EU (n=146) 3.70 2.08–6.67**
Baseline: Belgium (n=622) 1

Educational level of the 
father (n=819)

Vocational secondary school (n=60) 0.30 0.11–1.59
Secondary school, first cycle (n=47) 0.20 0.04–1.12
Secondary school, second cycle (n=329) 0.36 0.13–1.04
Bachelor degree (n=213) 0.17 0.05–0.57**
Master’s degree (n=136) 0.30 0.09–0.99*
Baseline: Primary school (n=34) 1

CI: confidence interval; EU: European Union.

a	 For only six children the main vaccinator was other than well-baby clinic, paediatrician or general practitioner.
*p<0.05
**p<0.01
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Table 5
Predictive factors for having received an incomplete schedule for rotavirus vaccination (multiple logistic regression), 
Flanders, 2012 (n=874)

Odds ratio 95% CI

Province (n=874)

Limburg (n=120) 0.21 0.06–0.72*
East Flanders (n=200) 0.45 0.21–0.95*
Flemish Brabant (n=146) 0.49 0.22–1.11
West Flanders (n=182) 0.85 0.43–1.67
Baseline: Antwerp (n=226) 1

Rank in the household 
(n=874)

First child (n=76) 1.61 0.65–4.00
Second child (n=304) 0.76 0.38–1.54
Third child (n=113) 1.25 0.53–2.94
Fourth child or younger (n=50) 4.00 1.72–10.00**
Baseline: only child (n=331) 1

Mother’s employment 
situation (n=869)

Part-time salary (n=213) 0.87 0.40–2.22
Self-employed (n=27) 2.04 0.60–7.14
Unemployed (n=211) 2.56 1.35–5.00**
Baseline: full-time salary (n=418) 1

CI: confidence interval.
*p<0.05
**p<0.01

Figure
Comparison of vaccination coverage at the recommended age of rotavirus vaccine and vaccines offered free of charge, in 
children aged 18–24 months, Flanders, 2012 (n=874)

Note: Y-axis does not start at zero
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were convinced that their child had received all the 
recommended vaccines, while two parents had no idea 
whether the vaccination status was complete or not. 

After consulting the vaccination card, parents of the 
children with missing rotavirus vaccine doses were 
asked for reasons of incomplete vaccination. At this 
point, 22 parents (32%) still assumed that all doses 
had been administered but not documented, 18 parents 
(27%) could not think of any reason why the rotavirus 
vaccination schedule was incomplete, and 27 (40%) 
were aware of their child being unvaccinated; among 
the latter, the majority (n=18) chose deliberately not 
to do vaccinate their child. Reasons mentioned by the 
remainder included illness and missed appointments. 
Age restrictions for initiating and completing the rota-
virus vaccination schedule were mentioned only once.

Factors related to vaccination status

Univariate analysis
The univariate analysis identified the following factors 
as significantly related to a lower probability of being 
fully vaccinated against rotavirus: living in the prov-
ince of Antwerp, not attending day care during the first 
year of life, general practitioner as main vaccinator, 
three or more older siblings in the household, unem-
ployed mother and/or father, and origin of mother and/
or father outside the EU (Table 4). A monthly income 
higher than EUR 2,000 resulted in a higher probability 
of being fully vaccinated, as did a higher educational 
level of the father. Breastfeeding and educational level 
of the mother were not related to vaccination status. 

Multivariate analysis
Since many of these characteristics are related, we 
examined these influencing factors through a multivar-
iate approach. In view of the relation between mater-
nal and paternal factors, we decided to retain only 
the maternal parameters. Previous coverage studies 
have shown that many influencing factors were related 
to the main vaccinator. Therefore, it was decided to 
exclude the latter. 

The following factors were identified in a multiple 
regression analysis as being related to incomplete vac-
cination: living in the province of Antwerp, unemployed 
mother, and three or more older siblings in the house-
hold (Table 5).

Discussion
Since Belgium adopted the rotavirus vaccination early, 
using a co-financing policy, it represents an interest-
ing opportunity to assess rotavirus vaccine uptake 
comparing with other recommended infant vaccines, 
free of charge. This study falls within the ambit of the 
2011 conclusion of the Council of the European Union 
on childhood immunisation which emphasised the 
need for high quality national data on vaccine cover-
age rates [7,8]. 

The coverage rate for rotavirus vaccination for the 
infant population in Flanders born in 2010 exceeded 
90%, four years after the introduction of the vaccine 
on the Belgian market and publication of the recom-
mendation. This is a major increase compared with the 
coverage of 30% (for two doses of rotavirus vaccine) 
registered among children born in 2006, shortly after 
introduction of the rotavirus vaccine [4]. The pentava-
lent rotavirus vaccine was licensed and recommended 
for routine immunisation of infants in the United States 
(US) in February 2006, a couple of months before 
Belgium [9]. National coverage estimates on rotavirus 
vaccination coverage in the US were reported for the 
first time in the 2009 National Immunization Survey 
(NIS): 43.9% of the children born within two years of 
licensure had full coverage [10]. The most recent NIS 
in the US reported an increase in rotavirus vaccination 
coverage from 59.2% in 2010 to 68.6% in 2012 [11]. 

A coverage rate of 92.2% is very high for a vaccine 
for which the parents have to co-pay per adminis-
tered dose, but still lower than the coverage (93–99%) 
achieved for other infant vaccines  recommended in the 
National Immunization Programme (NIP) for the first 
year of life and offered free of charge by the govern-
ment (Figure). 

Besides rotavirus vaccination, the survey also covered 
other childhood immunisations included in the infant 
immunisation schedule in Flanders [12] for which we 
examined possible predictive factors for undervaccina-
tion. The observed differences between provinces in 
Flanders were only significant for rotavirus vaccination 
and not for other infant immunisations. Further look-
ing into the Antwerp province revealed that the most 
urbanised district had the lowest coverage rates for 
rotavirus vaccination. This might indicate a risk factor 
related to urbanisation that could not be explored thor-
oughly using the characteristics that were collected 
during the interview.

The negative impact of a large number of older siblings 
on rotavirus vaccine uptake may partly be explained 
by the fact that rotavirus vaccines were not yet avail-
able at the time the older siblings received their infant 
immunisations, leading to decreased awareness 
among these parents. Logistical problems associated 
with large families may also have contributed to the 
lower vaccination coverage. Unemployment status of 
the mother has previously been identified as one of 
the socioeconomic factors related to an incomplete 
vaccination status for other infant vaccines in Belgium 
[6,16]. In the current survey, this was the case not only 
for the rotavirus vaccine but also for infant doses of 
the pneumococcal and measles-mumps-rubella vac-
cine [12]; there is therefore no solid evidence to argue 
that this could be related to the fact that parents have 
to co-pay for rotavirus vaccines.

Although the multivariate analysis did not identify 
any inequality that may have been introduced by the 
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co-payment system, one could question whether this 
is the most efficient way in terms of budget allocation. 
It has been calculated that fully funded universal vac-
cination would be at least 30% less expensive (if the 
coverage is 80%) and more cost-effective compared to 
the current situation, if a well negotiated vaccine price 
were achieved, e.g. through a tender system [17].

It is of utmost importance to complete the vaccination 
schedule once it is initiated. Only 2% of the children 
that received a first dose of rotavirus vaccine did not 
complete their schedule. The proportion of children 
who completed their vaccination series in Flanders is 
somewhat larger than the reported proportion based 
on US health insurance claims for under one year-olds, 
where 9% of the children immunised with the mono-
valent vaccine missed a final dose, and 16.6% of the 
children who received a first dose of the pentavalent 
vaccine did not complete their schedule [14]. In our 
study it was not possible to distinguish between vac-
cine brands; therefore we might have misinterpreted 
the completeness of the vaccination schedule, since 
two doses (considered as fully vaccinated in our study) 
might have been an incomplete vaccination schedule 
with Rotateq (needing three doses to be complete). 
However, the two-dose monovalent vaccine Rotarix has 
the highest market share in Belgium (>85%) [15]. A third 
dose was documented in 109 children (12.5%; data not 
shown) [12], which is in line with the market share of 
the pentavalent vaccine. Still, the possible overestima-
tion of the completeness of the schedules may have led 
to an overestimation of the coverage.

If parents were aware that a rotavirus vaccine dose had 
been missed, the omission seemed to be a deliberate 
choice (based on the small number of parents in our 
sample). Further investigation is needed into whether 
this was related to the cost of the vaccine, to the low 
perceived risk of the disease or to practical barriers. 
However, the multiple regression analysis that cor-
rected for several socio-economic characteristics 
found no association between an incomplete sched-
ule for rotavirus vaccination and income of the family. 
For those children who did not complete their initiated 
schedule, illness was most frequently mentioned as a 
reason.

There is a decreasing trend in coverage with advancing 
recommended age for all infant vaccine doses includ-
ing rotavirus vaccine (Figure) [12]. However, the latter 
has a lower coverage than the other infant vaccines 
at any time point, which could be due to the fact that 
rotavirus vaccines are not available free of charge at 
the vaccinators’ sites; parents first need a prescrip-
tion from the physician to purchase the vaccine at the 
pharmacy, so they may not have the vaccine with them 
when they take the child for administration of the other 
vaccines [12].

A recent study in Australia showed that the introduction 
of RotaTeq into the national immunisation programme 

increased the timeliness of the uptake of the third dose 
of diphtheria, pertussis and tetanus (DTP)-containing 
vaccine due to the strict dosing schedule of the rota-
virus vaccine [18]. We did observe a positive trend 
between 2008 and 2012 in the timely administration 
of the DTP-containing vaccines in the first year of life 
[12,19]. This cannot be conclusively attributed to the 
influence of introducing the rotavirus vaccine, since 
timeliness has been a major topic in many campaigns 
in well-baby clinics, the main vaccinator in Flanders.

Considering the observed timeliness of rotavirus vacci-
nation, compliance with the recommendations could be 
improved. The purpose of the recommended vaccina-
tion schedule is to protect every child as soon as possi-
ble and to minimise the period in which they are prone 
to infections. Any delay in vaccination can have a major 
impact, especially for diseases like rotavirus where 
multiple vaccine doses are required for protection [20] 
and disease risk in infancy is considerably high [21]. 
The majority of the vaccinated children received their 
second dose too late, although only eight children 
were vaccinated after the age of 26 weeks. The adher-
ence to this upper age limit is of importance in view 
of the recent postmarketing surveillance data on the 
small increase in risk of intussusception (1–2/100,000 
vaccinated infants) shortly after the first dose [22]. 
Considering the increased background rates of intus-
susception in older infants [23], catch-up vaccination is 
not recommended. 

It is recommended to respect the minimum interval of 
four weeks between consecutive doses in order not to 
compromise the efficacy of the administered doses, 
otherwise this results in the necessity to re-administer 
the dose. Only six children received a second or third 
dose without respecting the recommended four-week 
interval between doses. 

A selection bias may have occurred in this study due to 
a possible correlation between vaccination status and 
willingness to participate in this study. Although the 
refusal rate was low (7.6%), we cannot exclude over-
estimation of the coverage rates. It is unlikely that all 
parents who refused to participate in the study would 
have refused rotavirus vaccination for their child. But 
even if this were the case, the coverage rate would be 
acceptable at 85%. On the other hand, taking into con-
sideration only documented vaccination history may 
have led to an underestimation, although every effort 
was made to obtain documented vaccination history.

Conclusion 
The effectiveness of the implementation of rotavirus 
vaccination in Belgium has previously been demon-
strated by the tremendous impact on the number of 
hospitalisations, with a reduction of 33% in the num-
ber of hospital admissions due to acute gastroenteritis 
during 2007–09, and on the number of laboratory-diag-
nosed cases, with a decrease of 61.4% in 2008 com-
pared with the pre-vaccination period [5,15,24]. This 
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public health benefit could only be achieved because 
of the good performance of the rotavirus vaccination 
[15] in combination with a high coverage, although 
recent studies in Europe demonstrated that even a low 
rotavirus vaccine uptake may have significant effects 
on the disease burden [25,26].

Our results suggest that further efforts are necessary 
to identify those children that are not reached through 
the current vaccination strategies. Another issue for 
improvement is the timeliness of rotavirus vaccina-
tion. This was also emphasised by the World Health 
Organization in their most recent position paper, which 
calls for efforts to ensure the simultaneous administra-
tion of rotavirus vaccine with DTP-containing vaccines 
in a timely manner, in order to induce protection before 
natural rotavirus infection [22].

Acknowledgments 
This study received full funding from the Flemish govern-
ment, and was commissioned by the Flemish Minister in 
charge of the health policy. The work was supported by 
grants of the Research Foundation Flanders (FWO postdoc-
toral fellowship to HT). 

Conflict of interest
NH: partly funded by Scientific Chair in Evidence-based 
Vaccinology sponsored by hand gift, Pfizer (2009-2014). PVD 
and KH: principal investigator of vaccine trials for several 
vaccine manufacturers.

Authors’ contributions
TB, HT, TL, MR, KH, PVD were all involved in the design, coor-
dination and data management of the study of vaccine cover-
age in Flanders in 2012, that covered different age groups. 
NH performed the logistic regression analysis

References
1.	 Patel MM, Glass R, Desai R, Tate JE, Parashar UD. Fulfilling the 

promise of rotavirus vaccines: how far have we come since 
licensure? Lancet Infect Dis. 2012;12(7):561-70. http://dx.doi.
org/10.1016/S1473-3099(12)70029-4

2.	 Richardson V, Parashar U, Patel M. Childhood diarrhea 
deaths after rotavirus vaccination in Mexico. N Engl J Med. 
2011;365(8):772-3. 
http://dx.doi.org/10.1056/NEJMc1100062

3.	 Hoge Gezondheidsraad (HGR). [Superior Health Council]. 
Advies vaccinatie van zuigelingen tegen gastro-enteritis 
veroorzaakt door het rotavirus. Vaccinatiefiches. [Advice 
for vaccination of infants against gastroenteritis caused by 
rotavirus. Vaccination sheets]. Brussels; HGR 8812; 2013. 
Dutch. Available from: http://www.health.belgium.be/
filestore/19087446/vaccinatie%20tegen%20rotavirus%20
08072013.pdf

4.	 Boonen M, Theeten H, Vandermeulen C, Roelants M, Depoorter 
AM, Van Damme P, et al. Vaccinatiegraad bij jonge kinderen en 
adolescenten in Vlaanderen in 2008. [Vaccination rates among 
young children and adolescents in Flanders in 2008]. Vlaams 
Infectieziektenbulletin. 2009;68(2):9-14. Dutch. Available 
from: http://www.infectieziektebulletin.be/defaultSubsite.
aspx?id=19252#.U3YvPyji5nU

5.	 Hanquet G, Ducoffre G, Vergison A, Neels P, Sabbe M, Van 
Damme P, et al. Impact of rotavirus vaccination on laboratory 
confirmed cases in Belgium. Vaccine. 2011;29(29-30):4698-
703. http://dx.doi.org/10.1016/j.vaccine.2011.04.098

6.	 Theeten H, Hens N, Vandermeulen C, Depoorter AM, Roelants 
M, Aerts M, et al. Infant vaccination coverage in 2005 and 
predictive factors for complete or valid vaccination in Flanders, 
Belgium: an EPI-survey. Vaccine. 2007;25(26):4940-8. http://
dx.doi.org/10.1016/j.vaccine.2007.03.032

7.	 Council conclusions on Childhood immunisation: successes 
and challenges of European childhood immunisation and the 
way forward, Luxembourg; Council of the European Union: 
2011. Available from http://www.consilium.europa.eu/uedocs/
cms_Data/docs/pressdata/en/lsa/122391.pdf

8.	 Johansen K, Lopalco PL, Giesecke J. Immunisation registers--
important for vaccinated individuals, vaccinators and public 
health. Euro Surveill. 2012;17(16):pii=20151.

9.	 American Academy of Pediatrics Committee on Infectious 
Diseases. Prevention of rotavirus disease: guidelines for use of 
rotavirus vaccine. Pediatrics. 2007;119(1):171-82. http://dx.doi.
org/10.1542/peds.2006-3134

10.	 Centers for Disease Control and Prevention (CDC). National, 
state, and local area vaccination coverage among children 
aged 19-35 months - United States, 2009. MMWR Morb Mortal 
Wkly Rep. 2010;59(36):1171-7.

11.	 Centers for Disease Control and Prevention (CDC). National, 
state, and local area vaccination coverage among children 
aged 19-35 months - United States, 2012. MMWR Morb Mortal 
Wkly Rep. 2013;62(36):733-740.

12.	 Van Damme P, Theeten H, Braeckman T, Lernout T, Hens N, 
Hoppenbrouwers K, et al. Studie van de vaccinatiegraad 
bij jonge kinderen en adolescenten in Vlaanderen in 2012. 
[Study on the vaccination coverage rate in young children and 
adolescents in Flanders in 2012]. Brussels; Flemish Agency 
for Care and Health; 2013. Dutch. Available from: http://www.
zorg-en-gezondheid.be/WorkArea/linkit.aspx?LinkIdentifier=i
d&ItemID=33285

13.	 Flannery B, Samad S, de Moraes JC, Tate JE, Danovaro-Holliday 
MC, de Oliveira LH, et al. Uptake of oral rotavirus vaccine 
and timeliness of routine immunization in Brazil’s National 
Immunization Program. Vaccine. 2013;31(11):1523-8. http://
dx.doi.org/10.1016/j.vaccine.2013.01.004

14.	 Krishnarajah G, Davis EJ, Fan Y, Standaert BA, Buikema 
AR. Rotavirus vaccine series completion and adherence to 
vaccination schedules among infants in managed care in the 
United States. Vaccine. 2012;30(24):3717-22. http://dx.doi.
org/10.1016/j.vaccine.2011.12.077

15.	 Braeckman T, Van Herck K, Meyer N, Pircon JY, Soriano-Gabarro 
M, Heylen E, et al. Effectiveness of rotavirus vaccination in 
prevention of hospital admissions for rotavirus gastroenteritis 
among young children in Belgium: case-control study. BMJ. 
2012;345:e4752. http://dx.doi.org/10.1136/bmj.e4752

16.	 Swennen B, Van Damme P, Vellinga A, Coppieters Y, 
Depoorter AM. Analysis of factors influencing vaccine uptake: 
perspectives from Belgium. Vaccine. 2001;20 Suppl 1:S5-7. 
http://dx.doi.org/10.1016/S0264-410X(01)00307-3

17.	 Bilcke J, Beutels P, De Smet F, Hanquet G, Van Ranst M, Van 
Damme P. Cost-effectiveness analysis of rotavirus vaccination 
of Belgian infants. Health Technology Assessment (HTA) 
Brussels: Belgian Health Care Knowledge Centre (KCE); 2007. 
KCE reports 54C, D2007/10.273/11. Available from: http://kce.
fgov.be/sites/default/files/page_documents/d20071027311.
pdf

18.	 Wendy B. Vaccination with 3-dose paediatric rotavirus vaccine 
(RotaTeq(R)): impact on the timeliness of uptake of the primary 
course of DTPa vaccine. Vaccine. 2012;30(35):5293-7. http://
dx.doi.org/10.1016/j.vaccine.2012.04.071

19.	 Hoppenbrouwers K, Vandermeulen C, Roelants M, Boonen M, 
Van Damme P, Theeten H, et al. Studie van de vaccinatiegraad 
bij jonge kinderen en adolescenten in Vlaanderen in 2008. 
[Vaccination coverage survey in infants and adolescents in 
Flanders in 2008]. Brussels; Flemish Agency for Care and 
Health; 2009. Dutch. Available from: http://www.zorg-en-
gezondheid.be/WorkArea/linkit.aspx?LinkIdentifier=id&Item
ID=22784

20.	 Wang FT, Mast TC, Glass RJ, Loughlin J, Seeger JD. 
Effectiveness of an Incomplete RotaTeq(R) (RV5) Vaccination 
Regimen in Preventing Rotavirus Gastroenteritis in the United 
States. Pediatr Infect Dis J. 2013 Mar;32(3):278-83.

21.	 Giaquinto C, van Damme P. Age distribution of paediatric 
rotavirus gastroenteritis cases in Europe: the REVEAL 
study. Scand J Infect Dis. 2010;42(2):142-7. http://dx.doi.
org/10.3109/00365540903380495

22.	 Rotavirus vaccines, WHO position paper-January 2013. Weekly 
epidemiological record. 2013;88(5):49-64.

23.	 Simonsen L, Viboud C, Elixhauser A, Taylor RJ, Kapikian AZ. 
More on RotaShield and intussusception: the role of age at 
the time of vaccination. J Infect Dis. 2005;192 Suppl 1:S36-43. 
http://dx.doi.org/10.1086/431512



9www.eurosurveillance.org

24.	Raes M, Strens D, Vergison A, Verghote M, Standaert B. 
Reduction in pediatric rotavirus-related hospitalizations 
after universal rotavirus vaccination in Belgium. Pediatr 
Infect Dis J. 2011;30(7):e120-5. http://dx.doi.org/10.1097/
INF.0b013e318214b811

25.	 Trimis G, Koutsoumbari I, Kottaridi C, Palaiologou N, 
Assimakopoulou E, Spathis A, et al. Hospital-based 
surveillance of rotavirus gastroenteritis in the era 
of limited vaccine uptake through the private sector. 
Vaccine. 2011;29(43):7292-5. http://dx.doi.org/10.1016/j.
vaccine.2011.07.092

26.	 Dudareva-Vizule S, Koch J, An der Heiden M, Oberle D, Keller-
Stanislawski B, Wichmann O. Impact of rotavirus vaccination 
in regions with low and moderate vaccine uptake in Germany. 
Hum Vaccin Immunother. 2012;8(10):1407-15. http://dx.doi.
org/10.4161/hv.21593


