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In 2006, Belgium was the first country in the European 
Union to recommend rotavirus vaccination in the rou-
tine infant vaccination schedule and rapidly achieved 
high vaccine uptake (86–89% in 2007). We used 
regional and national data sources up to 7 years post-
vaccination to study the impact of vaccination on labo-
ratory-confirmed rotavirus cases and rotavirus-related 
hospitalisations and deaths.  We showed that (i) from 
2007 until 2013, vaccination coverage remained at 
79–88% for a complete course, (ii) in children 0–2 
years, rotavirus cases decreased by 79% (95% confi-
dence intervals (CI): 68–89%) in 2008–2014 compared 
to the pre-vaccination period (1999–2006) and by 50% 
(95% CI: 14–82%) in the age group ≥ 10 years, (iii) hos-
pitalisations for rotavirus gastroenteritis decreased 
by 87% (95% CI: 84–90%) in 2008–2012 compared to 
the pre-vaccination period (2002–2006), (iv) median 
age of rotavirus cases increased from 12 months to 
17 months and (v) the rotavirus seasonal peak was 
reduced and delayed in all post-vaccination years. The 
substantial decline in rotavirus gastroenteritis requir-
ing hospitalisations and in rotavirus activity following 
introduction of rotavirus vaccination is sustained over 
time and more pronounced in the target age group, but 
with evidence of herd immunity.

Introduction
Globally, rotavirus is the leading cause of severe acute 
gastroenteritis in children aged less than 5 years, 
resulting in substantial morbidity and mortality [1]. 
Most children are infected at least once with rotavirus 
by the age of 5 years, with severe disease occurring 

most commonly between the ages of 6 months and 
2 years [2,3]. Before vaccine introduction in Belgium 
in 2006, the burden of rotavirus disease was high 
compared with other European countries and rotavi-
rus was estimated to account for nearly 5,600 hospi-
talisations annually in children < 7 years [4]. In June 
2006, the two-dose oral monovalent vaccine (Rotarix, 
GlaxoSmithKline Biologicals, Rixensart, Belgium) was 
marketed, followed by the three-dose oral pentavalent 
vaccine (RotaTeq, Sanofi Pasteur MSD, Lyon, France) 
in June 2007. Rotavirus vaccination has been recom-
mended by the Superior Health Council (the Belgian 
National Immunization Technical Advisory Group) for 
all infants at 8 weeks of age since October 2006 and 
has been partially reimbursed since November 2006. 
The monovalent vaccine is administered at 8 and 12 
weeks of age and the pentavalent vaccine at 8, 12 
and 16 weeks of age. Since January 2007, rotavirus 
vaccination has been offered systematically during 
preventive consultations organised by the govern-
ment agency well-baby clinics. All children between 
0 and 3 years are actively invited via their parents or 
guardians to attend these easily accessible consulta-
tions in their local community, free of charge (including 
medical acts like prescribing and administering vac-
cines). Unlike other recommended childhood vaccines, 
rotavirus vaccines are only partially reimbursed on a 
per-prescription basis. Currently, EUR 11.8 per dose 
is co-paid by caregivers (usually the parents) of vac-
cine recipients [5]. Rotavirus vaccine introduction led 
to a substantial decline in rotavirus activity during the 
period from July 2007 to June 2008 [6] and a reduction 
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in rotavirus-related hospitalisations in the period from 
June 2007 to May 2009, based on a sample of 12 hos-
pitals in Belgium and on a study in a university hos-
pital [7,8]. A case–control study conducted in Belgium 
in 2008–2010 showed that the effectiveness of two 
doses of the monovalent rotavirus vaccine against hos-
pital admissions was 90% [9].

Rotavirus gastroenteritis is not mandatorily notifi-
able in Belgium. Surveillance is conducted through a 
laboratory-based sentinel network registering positive 
rotavirus tests, and the secondary analysis of health-
care utilisation databases (rotavirus-related hospitali-
sations, for which registration is obligatory). Rotavirus 
vaccine coverage is monitored through cluster sample 
surveys [10,11]. We collected all available surveillance 
and coverage data (one regional and seven national 
data sources) to study the impact of rotavirus vaccina-
tion in more detail and for a longer follow-up period. 
More particularly, we assessed trends in rotavirus test-
ing and detection, hospitalisations and deaths due to 
rotavirus or acute gastroenteritis and rotavirus vacci-
nation coverage. We analysed weekly rotavirus activity 
for up to 7 epidemiological years (1 July to 30 June) after 
vaccine introduction, described changes in both timing 
and age of rotavirus infection, obtained evidence for 
herd immunity, looked for changes in testing behaviour 
pre- and post-vaccination and estimated the coverage 
of the two rotavirus vaccines separately.

Methods
Data were derived from eight different databases, sur-
veillance systems and other data sources in Belgium 
(Table 1). Data analysed include: vaccination cover-
age, number of rotavirus tests and confirmed infec-
tions, hospitalisations and deaths due to rotavirus or 
acute gastroenteritis. All data were processed without 
patient-identifying information. We assigned a random 
number (one, two or three tests) to weeks in which 
the exact number of tests/confirmed infections/hos-
pitalisations could not be disclosed to us for privacy 
reasons under Belgian legislation (e.g. fewer than four 
tests). Analyses were performed using R [12] and SAS 
Enterprise Guide (version 5.1).

Vaccination coverage
Vaccination coverage was derived from three inde-
pendent sources: coverage surveys, vaccination sales 
data and reimbursement data.

Coverage surveys: in Belgium vaccination coverage in 
children is estimated in the three regions (Brussels-
Capital region, Flanders and Wallonia) based on cluster 
sample surveys [10,11]. We estimated a national cover-
age for 2012 as a weighted average of the three regional 
rates, using the population under 1 year of age of every 
region of the corresponding year. Population and birth 
statistics were retrieved from Statistics Belgium [13].

Vaccination sales data: the annual number of doses 
sold in Belgium was obtained from GlaxoSmithKline 
Biologicals s.a (Rotarix) and Sanofi Pasteur MSD 

Figure 1
Weekly number of laboratory confirmed rotavirus cases and rotavirus hospitalisations in children aged 0–2 years, and 
annual rotavirus vaccine coverage for a complete schedule based on reimbursement data, sales data and surveys, Belgium, 
various seasons 1999–2014

0

200

400

600

800

1,000

1999 2000 2001 2002 2003 2004 2005 2006 2007

Ca
se

s 
an

d 
ho

sp
ita

lis
at

io
ns

Va
cc

in
e 

co
ve

ra
ge

 (p
er

ce
nt

ag
e)

 

2008 2009 2010 2011 2012 2013 2014

��

��
�� ��

�� ��

0

20

40

60

80

100

��

�� �� �� ��
�� �� ��

����

��

��

Number of laboratory confirmed RV cases (sentinel labs)
Number of RV hospitalisations (NCSF members)
RV vaccine coverage (reimbursement data)
RV vaccine coverage (sales data)
RV vaccine coverage (surveys)

NCSF: National Alliance of Christian Sickness Funds; RV: rotavirus.

Since October 2006, rotavirus vaccination has been recommended for all infants. Data sources are as follows: weekly number of laboratory 
confirmed rotavirus cases (Sentinel Laboratory Network, July 1999-June 2001 and July 2005-June 2014) and rotavirus hospitalisations 
(National Alliance of Christian Sickness Funds (NSCF- members), July 2004-June 2012) in children aged 0–2 years, and annual rotavirus 
vaccine coverage for a complete schedule based on reimbursement data (2007–2012), sales data (2006–2013) and surveys (2012).
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Figure 2
Number of confirmed rotavirus cases and hospitalisations by age and rotavirus season, Belgium, various seasons, July 2004 
to June 2014
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(RotaTeq). We assumed all doses sold were adminis-
tered and all infants received a complete vaccination 
schedule (i.e. two doses for Rotarix or three doses for 
RotaTeq). Annual vaccination coverage was estimated 
by dividing the number of complete vaccination sched-
ules by the number of newborns in the corresponding 
year. Since Rotarix was put on the market on 1 June 

2006, coverage for 2006 was based on the corre-
sponding monthly birth statistics over the remaining 7 
months.

Reimbursement data: the number of partially reim-
bursed rotavirus vaccines in Belgium was obtained 
from the Inter Mutualistic Agency (IMA-AIM). These 

Figure 3
Rotavirus hospitalisations, rotavirus laboratory confirmed cases and proportion of rotavirus positive tests, Belgium, 
1999–2014
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For each rotavirus season, width (vertical line) and peak (point) of the rotavirus epidemic are shown.

The start/end of the epidemic for each season are defined as the week where there are more/less than the average weekly number of 
hospitalisations, rotavirus cases or proportion of positive tests (‘method average’). For the proportion of rotavirus positive tests, the 
dashed lines presents the width of the rotavirus epidemic defined as the 2 first/last consecutive weeks during which the proportion 
of positive rotavirus tests was ≥ 10% (Tate method [22]). The peak is defined as the week with the highest number of hospitalisations, 
laboratory confirmed cases or proportion of positive tests.
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reimbursement data allowed us to derive the number 
of infants who had received at least one rotavirus vac-
cine dose and the number of infants who had com-
pleted a course of vaccination by week (i.e. two doses 
Rotarix or three doses RotaTeq). IMA-AIM data contain 
the delivery date of the vaccine (i.e. date of purchase), 
which is not necessarily the administration date. It was 
estimated that 70% of infants receive rotavirus vac-
cine within one week after purchase and 90% within 
4 weeks of purchase (for all doses, unpublished data 
from Vaccinnet [14]). Annual vaccination coverage was 
calculated by dividing the number of infants with a 
complete vaccination scheme reimbursed, by the num-
ber of vaccine-eligible infants of the same year.

Number of rotavirus tests and laboratory-
confirmed rotavirus infections
Confirmed rotavirus cases were obtained from the 
Sentinel Laboratory Network (SLN). The SLN is a vol-
untary network of microbiology laboratories that 

weekly reports positive results of ca 40 pathogens to 
the Belgian Scientific Institute of Public Health and 
that is representative in terms of test coverage at both 
the national and regional level (Flanders, Wallonia and 
Brussels) [15]. Rotavirus infection was included in the 
SLN surveillance in 1999, discontinued in 2001 and 
reintroduced in 2005. The discontinuation in surveil-
lance from 2001 to 2004 was due to the withdrawal of 
the RotaShield vaccine (Wyeth Laboratories, Inc., PA, 
US) and the high workload related to case reporting 
for the laboratories [6]. The percentage of all rotavirus 
tests in Belgium covered by the SLN was stable and 
estimated at 66.1% (average 2006–2012; range 64.5–
67.5%). For each positive test, a minimum set of epide-
miological data are provided, including date of birth, 
sex, municipality of the case, date of detection, type of 
sample and laboratory technique used. No clinical or 
vaccination data are collected. We obtained the weekly 
number of positive rotavirus tests by age, as registered 
by the SLN for the years 1999–2001 and 2005–2014.

Table 1
Data sources and available time periods to determine the impact of rotavirus vaccination, Belgium, 1987–2014

Datasource Abbreviation Indicator
Available 

time 
period

Geographical 
coverage

National 
coverage Pre-vaccination Transition 

period
Post-

vaccination

Sentinel Laboratory 
Network SLN

Laboratory 
confirmed 

rotavirus infections

1999–2001 
and 

2005–2014
Nationwide

66.1% 
(average 

2006–2012)

July 1999 to 
June 2001 and 

July 2005 to 
June 2006

July 2006 
to June 
2008

July 2008 to 
June 2014

Minimal 
Hospitalization Data MHD

Hospitalisation 
discharge 

for rotavirus 
and all cause 

gastroenteritis 
ICD-9 (ICD-9-CM)

1999–2011 Nationwide 100% July 1999 to 
June 2006

July 2006 
to June 
2008

July 2008 to 
June 2011

Carenet-National 
Alliance of Christian 
Sickness Funds

Carenet-NCSF

Health insurance 
data on hospital 

admissions 
for rotavirus 

gastroenteritis 
(rota or ICD-9-CM 

or ICD-10)

2004–2012 Nationwide
41.3% 

(average 
2004–2012)

July 2004 to 
June 2006

July 2006 
to June 
2008

July 2008 to 
June 2012

Inter Mutualistic 
Agency IMA-AIM

Number of 
reimbursed 

rotavirus tests 
and reimbursed 

vaccines 
(vaccination 

coverage)

2004–2012 Nationwide 100% July 2004 to 
June 2006

July 2006 
to June 
2008

July 2008 to 
June 2012

Sales data NA
Number of vaccines 

sold (vaccination 
coverage)

2006–2013 Nationwide 100% NA 2006–
2008 2008–2013

Weighted average of 
coverage surveys NA Vaccination 

coverage 2012 Nationwide 100% NA NA 2012

Standardized 
Procedures for 
Mortality Analysis

SPMA

Deaths due to 
gastroenteritis 
(ICD-9-CM or 

ICD-10)

1987–
2000 and 

2003–2010
Nationwide 100% 1987–2000 

2003–2005
2006–
2008 2009–2010

Cause-specific 
mortality Flanders NA

Deaths due 
to rotavirus 

gastroenteritis 
(ICD-10)

2000–2012 Regional
54% 

(average 
2000–2012)

2000–2005 2006–
2008 2009–2012

NA: not applicable.
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Table 2
Impact of vaccination on laboratory confirmed rotavirus infections and hospitalisations for acute gastroenteritis and 
rotavirus gastroenteritis by age strata according to different data sources used, Belgium, various seasons 1999 to 2014

Rotavirus positive testsa and reimbursed testsb

Pre-vaccination period Transition period Post-vaccination period 

Mean 
rotavirus 
positive 
tests (%)  

July 1999 to 
June 2001 
and July 

2005 to June 
2006 

Mean 
re-imbursed 

rotavirus tests 
(%)  

July 2004 to June 
2006 

Mean rotavirus 
positive tests 

(%)  
July 2006 to 
June 2008 

Mean 
re-imbursed 

rotavirus tests 
(%)  

July 2006 to 
June 2008 

Mean rotavirus 
positive tests 

(%)  
July 2008 to 

June 2014 

Mean 
re-imbursed 

rotavirus tests 
(%)  

July 2008 to 
June 2012 

Reduction 
of rotavirus 

positive 
tests (%)

(post/pre) 

95% CI 

Reduction of 
re-imbursed 

rotavirus tests 
of SNL (%) 
(post/pre) 

95% CI 

0–2 yearsc 6,890 47,742 3,581 40,569 1,434 32,947 79.2% 68.0–
88.9 31.0% 15.6–

43.0

0–11 months 3,585 
(52.7%) 13,216 (27.5%) 1,408 (40.1%) 11,265 (27.8%) 592 (41.5%) 9,824 (29.8%) 83.5% 75.8–

90.5 25.7% 14.2–
35.6

12–23 months 2,477 
(36.4%) 24,662 (51.6%) 1,559 (44.3%) 20,636 (50.9%) 601 (42.1%) 16391 (49.7%) 75.7% 61.3–87.7 33.5% 18.4–

45.1

24–35 months 735 (10.8%) 9,864 (20.9%) 549 (15.6%) 8,669 (21.4%) 236 (16.5%) 6,732 (20.4%) 68.0% 39.8–
85.9 31.8% 7.2–

48.1

3 years and 
older 558 NA 405 NA 288 NA 48.5% 14.9–73.5 NA NA

3 years 255 (45.6%) NA 178 (44.0%) NA 110 (38.3%) NA 56.7% 23.0–
79.8 NA NA

4 years 102 (18.3%) NA 79 (19.5%) NA 54 (18.8%) NA 47.2% 9.3–75.7 NA NA

5-9 years 103 (18.4%) NA 81 (19.9%) NA 74 (25.8%) NA 27.8%
CI 

includes 
0

NA NA

10 years and 
older 99 (17.7%) NA 67 (16.6%) NA 49 (17.1%) NA 50.0% 13.9–82.1 NA NA

5 years and 
older 201 NA 148 NA 124 NA 38.7% 1.4–69.2 NA NA

Total 7,448 NA 3,985 NA 1,722 NA 76.9% 64.4–
87.6 NA NA

Hospitalisation discharge datad 

Pre-vaccination  
July 1999 to June 2006 

Transition period  
July 2006 to June 2008 

Post-vaccination period  
July 2008 to June 2011 

Mean annual 
number 

Mean incidence 
rate per 
100,000 

Mean annual 
number 

Mean incidence 
rate per 100,000 

Mean annual 
number 

Mean 
incidence rate 
per 100,000 

Reduction 
incidence 
(post/pre) 

95% CI 

Rotavirus 
gastroenteritis 4,761 46.0 2,617 24.7 1,328 12.3 73.3% 70.1–75.8

Acute 
gastroenteritis 22,550 218.1 19,843 187.4 17,211 159.3 26.9% 22.1–31.4

Hospitalisations health insurance datae 

Pre-
vaccination  
July 2004 to 
June 2006 

Transition 
period  

July 2006 to 
June 2008 

Post-
vaccination  
July 2008 to 

June 2012 
Reduction 
(post/pre) 95% C) 

Mean annual 
number % Mean annual 

number % Mean annual 
number % 

0-2 years 6,399 2,393 842 86.8% 84.1–89.5

0-11 months 3,038 47.5% 948 39.6% 337 40.0% 88.9% 86.2–91.5

12-23 months 2,522 39.4% 1,012 42.3% 340 40.4% 86.5% 81.9–90.3

24-35 months 839 13.1% 432 18.1% 165 19.6% 80.3 63.8–89.8

3 years and 
older 665 339 231 65.2% 50.2–76.1

3 years 344 51.7% 182 7.6% 105 45.5% 69.5 CI includes 0

4 years 120 18.0% 70 2.9% 51 22.1% 57.6 CI includes 0

5-9 years 161 24.2% 74 3.1% 61 26.4% 62.3 35.2–80.8

10 years and 
older 41 6.2% 14 0.6% 15 6.5% 63.3 CI includes 0

5 years and 
older 201 87 76 62.5 49.3–74.2

Total 7,064 2,732 1,074 84.8% 81.6–87.9

CI: Confidence intervals; NA: not available.
a Source: Sentinel Laboratory Network.
b Source: Inter Mutualistic Agency.
c In those 0-2 years the age in months was unknown in some cases.
d Source: Minimal Hospitalization Data.
e Source: Carenet-National Alliance of Christian Sickness Funds.
Reduction of disease post-vaccination is given with 95% confidence intervals.
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To investigate whether a reduction in number of posi-
tive rotavirus tests was due to an actual reduction in 
number of rotavirus cases or merely due to changes 
in testing behaviour since the introduction of the rota-
virus vaccines, we additionally collected the weekly 
number of reimbursed rotavirus tests performed by 
the SLN and by all laboratories in Belgium. Data were 
obtained from IMA-AIM, which registers all reimbursed 
microbiology tests per laboratory in Belgium. Rotavirus 
tests have been reimbursed for children ≤ 2 years of age 
since 1995. Weekly numbers of reimbursed rotavirus 
tests were obtained for the period 2004–2012. For the 
years 2004 and 2005 reimbursement data were only 
available for the ‘Permanent Sample’ (PS) from IMA-
AIM, a representative sample which covers 2.5% of the 
total ensured population (in Belgium health insurance 
is mandatory). These data were extrapolated to the 
population based on the average coverage of the PS for 
the years 2006–2011 (for which data for both PS and 
the total ensured population were available). During 
the period 2006–2011, PS coverage did not change 
over time. The age of children with a reimbursed rota-
virus test could not be reliably obtained from IMA-
AIM, as only the year of birth is available. Therefore, 
the week-by-week age distribution of children < 2 years 
for whom tests were reimbursed was obtained from 
the largest health insurance company in Belgium (the 
National Alliance of Christian Sickness Funds (NCSF)). 
The NCSF covers ca 40% of all members of the ensured 
population included in IMA-AIM in a representative 
manner [16]. This age distribution was applied to the 
overall weekly number of reimbursed tests performed 
by the SLN. Data extractions and analyses related to 
NCSF were performed at the Medical Management 
Department of the NCSF under the supervision of the 
Chief Medical Officer.

Additionally, we calculated the weekly proportion 
of rotavirus tests that were positive by dividing the 
number of positive tests (SLN) by the number of reim-
bursed tests (IMA-AIM), for children ≤ 2 years of age. 
As children may be tested more than once for rotavirus 
(including multiple tests for a single episode), we iden-
tified and removed the duplicates in the SLN, IMA-AIM 
and NCSF databases, based on date of birth, sample 
week and municipality if available. Any episode occur-
ring in the same child in the same year was considered 
to be a duplicate case.

Hospitalisations for rotavirus and acute 
gastroenteritis
Rotavirus-related hospitalisations were obtained from 
two independent databases.

Minimal Hospital Data
The Minimal Hospital Data (MHD) are managed by the 
Federal Public Service of Health and are an electronic 
collection of anonymised records of patients admitted 
to all public and private hospitals in Belgium. For the 
period 1999–2011, we obtained the monthly number of 
hospitalisations with primary discharge diagnoses of: 

(i) rotavirus enteritis (by diagnosis code International 
Classification of Diseases, Ninth Revision, Clinical 
Modification (ICD-9-CM) code 008.61) and (ii) any other 
acute gastroenteritis not coded as rotavirus (i.e. diar-
rhoea of determined aetiology (bacterial (001–005 and 
008.0–008.5), parasitic (006–007) and viral (008.6)), 
and/or diarrhoea of undetermined aetiology (presumed 
infectious (008.8–009.3)) [17]. Hospitalisation rates 
were calculated by dividing the annual number of rota-
virus enteritis or acute gastroenteritis hospitalisations 
by the age-specific Belgian population for the corre-
sponding years [13]. Because the age of a hospitalised 
person could not be derived reliably from MHD (only 
year of birth is registered), the Carenet-NCSF database 
was used to investigate the age distribution of rotavi-
rus-related hospitalisations (see next paragraph).

Hospital database Carenet-NCSF
Carenet is designed for electronic information exchange 
between hospitals and health insurance companies 
about hospital admissions. In July 2006 Carenet cov-
ered 88% of Belgian hospital beds, in July 2009 this 
increased to 99%. We could only obtain Carenet data 
from members of the NCSF health insurance company 
(see above). We obtained all records (2004–2012) on 
hospitalised patients who were member of the NCSF for 
which the diagnostic field included one of the follow-
ing search strings: ‘rota’ or ICD-9-CM code ‘008.61’ or 
ICD-10 code ‘A08.0’ [18]. A medical clinician searched 
the diagnostic fields of the retrieved records manually 
and selected those for which rotavirus was likely to be 
the main reason for hospitalisation. Data extractions 
and analyses related to NCSF were performed at the 
Medical Management Department of the NCSF under 
the supervision of the Chief Medical Officer.

Weekly numbers of rotavirus hospitalisations from 
NCSF members were used to cross-validate trends 
observed in MHD, to investigate the age distribution of 
rotavirus hospitalisations and to study a possible shift 
in the peak number of hospitalisations after the intro-
duction of rotavirus vaccination.

Deaths due to gastroenteritis
We calculated the death rate in children < 5 years due 
to gastroenteritis using the Standardized Procedures 
for Mortality Analysis (SPMA) website [19]. Data were 
available for 1987–2000 and 2003–2010. We included 
all intestinal infectious diseases with ICD-9 codes 
001–009. From 1998 onwards ICD-10 codes A00-A09 
were used. More detailed coding of mortality data were 
available for Flanders for the period 2000–2012 allow-
ing the use of ICD-10 codes (A00-A09) and the specific 
code for rotavirus (A08.0) [20]. The annual death rate 
was defined as the ratio of the number of deaths to the 
number of people in the age group < 5 years.

General definitions and assumptions
We defined epidemiological years from the beginning of 
July to the end of June of the following year. We defined 
three periods of analysis to reflect the introduction 
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of rotavirus vaccination. The pre-vaccination period 
includes data from July 1999 (MHD, SLN) and July 2004 
(Carenet-NCSF, IMA-AIM) until June 2006 (all datasets). 
The transition period, during which rotavirus vaccine 
was first marketed and introduced, includes data from 
July 2006 to June 2008. The post-vaccination period 
includes data from July 2008 (all datasets) until June 
2011 for MHD, June 2012 for Carenet-NCSF and IMA-AIM 
and June 2014 for the SLN (Table 1).

Currently, there is no standard way to determine the 
onset, peak and end of a rotavirus epidemic. Indeed, 
the European Centre for Disease Prevention and 
Control (ECDC) advises that each country specifies its 
own definition [21]. To explore the changes in timing 
and the duration of the rotavirus epidemic, we defined 
the start and end of the rotavirus epidemic as the week 
in which more or less than the average weekly num-
ber of positive rotavirus tests occurred for a particular 
epidemiological year (‘method average’). We also used 
the definition proposed by Tate and colleagues (‘Tate 
method’) [22], and recommended by the ECDC when 
the proportion of positive rotavirus laboratory tests is 
available. This method defines the start and end of the 
epidemic for each epidemiological year as the 2 first or 
last consecutive weeks during which the proportion of 
positive tests is ≥ 10%. The peak of the epidemiological 
year was defined as the week with the highest number 
of positive rotavirus tests or rotavirus hospitalisations 
or proportion of rotavirus positive tests.

We estimated the vaccine impact, expressed as the 
percentage change, by comparing the mean number of 
laboratory confirmed and hospitalised rotavirus cases 
in unvaccinated populations (pre-vaccination period) 
to the mean in vaccinated populations (post-vaccina-
tion period) [23]. Confidence intervals were calculated 
using Fieller’s method for the confidence interval of 
the quotient of two means, assuming Gaussian distri-
butions [24].

Results

Vaccination coverage
Coverage surveys: national coverage in 2012 was esti-
mated at 85.8% (95% CI: 83.0–88.2%) for a two- or 
three-dose schedule and 89.4% (95% CI: 87.1–91.6%) 
for recipients of at least one dose (Figure 1).

Vaccination sales data: in the first 7 months follow-
ing vaccine introduction, vaccination coverage (two- or 
three-dose scheme) in infants < 1 year was 32.5% and 
rapidly increased to reach 89.4% in 2013, with an aver-
age of 87.5% (minimum-maximum (minmax) range: 
85.5–89.4%) for 2007–2013 (Figure 1).

Reimbursement data: between 2007 and 2012, on 
average 85.4% (range: 80.7–88.2%) of eligible infants 
were vaccinated against rotavirus (88.0% (range: 
80.5–99.0%) of them with Rotarix and 12.0% (min max 
range: 9.5–19.5%) with RotaTeq, Figure 1). Of these 

vaccinated infants, 9.3% did not complete the two- or 
three-dose scheme. This percentage slightly decreased 
from 10.8% in 2007 to 7.9% in 2012, and is larger for 
the three-dose vaccine (RotaTeq) than for the two-dose 
vaccine (Rotarix) (17.3% vs 6.8% in 2012). The propor-
tion of infants vaccinated with RotaTeq (vs Rotarix) 
increased after its introduction up to 19.5% in 2010 
and decreased thereafter, to reach 10.6% at the end of 
2012.

Number of rotavirus tests and laboratory-
confirmed rotavirus infections
We excluded 44,284 (24.2%) reimbursed tests from 
the IMA-AIM database and 2,571 (6.0%) laboratory-
confirmed infections from the SLN because these were 
considered duplicates.

The number of laboratory-confirmed rotavirus infec-
tions in children 0–2 years of age decreased by 79.2% 
after widespread vaccination (Figure 1 and 2a, Table 
2), whereas the number of reimbursed rotavirus tests 
decreased only by 31.0% (Table 2). The proportion of 
positive tests in the SLN decreased from 24.8% (pre-
vaccination period) to 7.4% (post-vaccination period) 
for children 0–2 years and from 45.5% to 10.1% for 
infants < 1 year.

The reduction of rotavirus infections was highest in 
infants below 1 year of age with 80.1% (95% CI: 72.1–
87.7) reduction in infants 0–5 months and 85.8% (95% 
CI: 78.1–92.4) reduction in infants 6–11 months of age. 
A substantial reduction was seen in the age groups 
too old to be protected directly by vaccination (i.e. evi-
dence for herd immunity, Figure 2a). In the age group 
of 10 years and older, the reduction was 50.0% (Table 
2).

The median age of a person tested positive for rota-
virus increased from 12 months pre-vaccination to 17 
months post-vaccination. In the pre-vaccination period 
there were more positive tests in infants 6–11 months 
of age (59.7%) than in 0–5 months (40.3%), while in the 
post-vaccination period this difference almost disap-
peared (51.3% in infants 6–11 months of age and 48.6% 
in 0–5 months). After the introduction of the rotavirus 
vaccination programme, a larger proportion of posi-
tive rotavirus tests occurred in children 12 months and 
older (Table 2). The age distribution of the number of 
tests reimbursed for rotavirus did not change much fol-
lowing widespread vaccination (Table 2).

The peak month of laboratory-confirmed rotavirus 
cases shifted from February in the pre-vaccination 
period to April after vaccination (Figure 3). The maxi-
mum weekly number of cases dropped by 77.8% (95% 
CI: 74.4–80.9%), from 633 cases pre-vaccination to 141 
post-vaccination (Figure 1). The impact of vaccination 
on the duration of the rotavirus epidemics depends 
on the method used to determine this duration: with 
our approach (‘method average’), no clear change was 
observed, but with the method used by Tate et al. [22], 
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post-vaccination epidemics were found to be 10 weeks 
shorter than pre-vaccination (Figure 3). Testing behav-
iour (distribution of the number of rotavirus reimbursed 
tests over an epidemiological year) did not change after 
the introduction of the vaccines (results not shown).

Hospitalisations
Based on the discharge data (MHD), the overall num-
ber of rotavirus-related hospitalisations decreased 
by 73.3% after widespread vaccination (Table 2). 
During the pre-vaccination period, the mean incidence 
of rotavirus hospitalisations was 46.0 per 100,000 
person-years (range: 41.7–53.5), compared with 12.3 
per 100,000 person-years (range: 11.7–12.9) in the 
post-vaccine period (Table 2). The largest reduction 
occurred in infants 6–11 months of age (90%, Carenet-
NCSF), but a substantial reduction was also seen in 
persons too old to be protected directly by vaccination 
(Figure 2b). Before vaccination, one-third (29.2%) of 
children hospitalised for rotavirus were 6–11 months 
old. After vaccination, only one-fifth (18.3%) of rotavi-
rus-related hospitalisations occurred in this age group. 
Furthermore, 43.0% of all hospitalisations occurred in 
infants aged 0–11 months old in the pre-vaccination 
period, compared with 31.4% in the post-vaccination 
period.

Peak number of rotavirus-related hospitalisations 
shifted from February to April in the post-vaccination 
period (Figure 3). The width of the epidemic (based on 
the ‘method average’) did not change.

The mean incidence of all-cause acute gastroenteritis 
hospitalisations decreased by 26.9% (95% CI: 22.1–
31.4%) between the pre- and post-vaccination period 
(MHD, Table 2). In the pre-vaccination period, rotavirus 
infections occurred in 21.1% (range: 20.0–23.1%) of 
hospitalisations for acute gastroenteritis, in contrast to 
7.7% (range: 7.1–8.2%) in the post-vaccination period.

Deaths due to gastroenteritis
In the period 1987–2005, between one and seven 
deaths per year occurred in children < 5 years due to 
gastroenteritis, representing a death rate of 0.7 per 
100,000 per year (range 0.2–1.1). In the post-vaccina-
tion period (2008–2010), the annual number of deaths 
varied between zero and three deaths per year (death 
rate: 0.2/100,000).

Based on the more detailed information in the region 
of Flanders (average population of 322,356 children < 5 
years), rotavirus was responsible for two deaths during 
2000–2005, one death in the period 2006–2008 and 
no deaths during 2009–2012.

Discussion
During the 7 years following rotavirus vaccine introduc-
tion, we established that: (i) vaccine uptake remained 
high; (ii) the substantial decline in both rotavirus-
related hospitalisations and laboratory-confirmed 
rotavirus persisted; (iii) rotavirus incidence peaked 

annually in spring instead of winter; (iv) the average 
age at infection and hospitalisation increased and (v) 
the number of laboratory-confirmed and hospitalised 
rotavirus cases decreased also in unvaccinated per-
sons (evidence for herd immunity).

The estimated vaccination coverage was consistently 
high using different data sources. We found that on 
average 9.3% of Belgian infants did not complete their 
schedule, which is higher than the 2% found by a cov-
erage survey conducted in Flanders [10]. However in 
Flanders, coverage and compliance with vaccinations 
are typically higher than in the other regions [10], and 
this Flemish survey considered two doses as fully vac-
cinated whereas a complete schedule with RotaTeq 
consists of three doses. Also, we found that the pro-
portion of infants who completed the series was higher 
for the two-dose than the three-dose vaccine, similar 
to findings in the United States (US) [25-27].

In the pre-vaccination period, we estimate that rotavi-
rus infections were responsible for 21.1% of hospital 
admissions for acute gastroenteritis, which is in line 
with previous European estimates (21–58% [28-30]). 
We found a substantial decrease in laboratory-con-
firmed cases and rotavirus-related hospitalisations and 
deaths in the post-vaccination period, which confirms 
the reduction of 87% of rotavirus hospitalisations pre-
dicted by a mathematical model assuming uptake rates 
similar to those for other routine infant vaccinations 
[31]. Furthermore, this considerable reduction is in line 
with the high effectiveness of the rotavirus vaccines 
(over 85%) [32]. A systematic review of ecological stud-
ies from eight countries reported a 49–89% decline in 
laboratory-confirmed rotavirus hospital admissions in 
children less than 5 years old within 2 years of vaccine 
introduction [33]. The evidence for a direct vaccination-
related reduction is further strengthened by a lower 
proportion of rotavirus-positive tests in infants < 1 year 
following rotavirus vaccine introduction, i.e. a decrease 
from 45.5% to 10.1%.

In addition, the typical rotavirus seasonal peak appar-
ent in winter and early spring before introduction 
of the vaccine was reduced and delayed in all post-
vaccination years. Although pre-vaccination this was 
based on data from only 3 (laboratory tests) or 2 (hos-
pitalisations) epidemiological years, these results 
pointed in the same direction for both. These changes 
in seasonal patterns are unlikely to be due to year-to-
year variations, and probably reflect a decline in virus 
transmission, as predicted by mathematical modelling 
applied to England and Wales [34]. In the Netherlands, 
where a rotavirus vaccination programme is absent, 
the peak rotavirus incidence was exceptionally low 
in 2013–14 [35]. The authors offered as explanations 
the low birth rate, mild winter, high rotavirus inci-
dence in the previous year and the introduction of 
rotavirus vaccination in neighbouring countries. Also 
in Belgium we found the number of rotavirus posi-
tive tests in 2013–14 to be lower than in any of the 
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previous epidemiological years, although much less 
pronounced than in the Netherlands. During that epi-
demiological year, birth rate, vaccination coverage and 
rotavirus testing behaviour did not change compared 
with the previous epidemiological years, and no excep-
tionally high rotavirus peak preceded 2013–14 [13]. 
Besides, although 2013–14 was characterised by an 
exceptionally warm winter, this was also the case for 
2006–07 and 2007–08 [36]. Hence, the explanations 
proposed for the extremely low rotavirus incidence in 
the Netherlands in 2013–14 seem unlikely to explain 
the low incidence in Belgium in the same epidemiologi-
cal year. Clearly, more research is needed to get insight 
in the cause(s) of rotavirus annual variations, both in 
the presence and absence of vaccination. The impact 
of vaccination on the average length of the rotavirus 
epidemic is difficult to determine due to the lack of a 
standard method to measure this length. According to 
our calculation method, the length of the yearly rota-
virus epidemic was unchanged by the introduction of 
the vaccines. Yet, the method described by Tate and 
colleagues [22] suggests a 10-week decrease. Note 
that comparison between the two methods is difficult 
as only one pre-vaccination epidemiological year was 
available for the proportion of rotavirus tests being 
positive. We did not observe clear biennial increases in 
rotavirus activity in the post-vaccine era as observed 
in the US [22]. This might be due to different trans-
mission patterns resulting from the lower speed and 
level of vaccine uptake in the US vs Belgium. In the US, 
rotavirus vaccines have been recommended for routine 
use since 2006 and coverage (of mainly the three-dose 
vaccine) increased gradually from 44% in 2009 to 73% 
in 2013 for a complete schedule [37], whereas vaccina-
tion coverage in Belgium increased to 79–88% within 7 
months. The free of charge, low-threshold community 
outreach vaccination for Belgian infants (together with 
using predominantly the two-dose rotavirus vaccine) 
could lead to higher vaccination coverage and better 
completion rates. Another reason could be that the two 
vaccines differ in strain composition and may therefore 
exert different pressures on the circulating serotypes 
and overall transmission dynamics. It remains difficult, 
however, to explain differences in cycling patterns: 
modelling studies show that small changes in rotavi-
rus transmission dynamics can lead to very different 
cycling patterns [38,39].

We observed an increase in the median age of con-
firmed rotavirus cases. This was predicted by a model 
applied to England and Wales, based on vaccination 
coverage of 91% [34]. We did not observe an increase 
in hospitalisations in older children, in contrast to the 
findings in Austria, where during the fourth year post-
vaccination an increase of 48% in hospitalisation rates 
for rotavirus was observed in children 5–9 years of 
age [40]. Such increase was also predicted by models 
assuming the probability of infection to depend on the 
number of previous infections, and not on age [38,39]. 
Paulke-Korinek and colleagues mention that the inci-
dence increase in Austria could also be due to very high 

rotavirus activity in 2011 [40]. In Belgium, an increased 
rotavirus activity was noted in 2012–13 compared with 
the previous epidemiological year (Figure 2a), but it is 
not known if this is reflected in an increase in hospi-
talisations, since these data are not yet available.

In the age group older than 10 years, who were not 
yet vaccinated, we observed a 50.0% decrease in con-
firmed rotavirus cases, suggesting an indirect pro-
tection. In many countries, the reduction in rotavirus 
disease has indeed been broader than expected based 
on vaccine coverage alone [33]. The decrease in symp-
tomatic infections in the vaccinated population most 
likely leads to a reduced chance of being exposed to 
infection for those not immunised [34].

The results of this descriptive and ecological design 
may reflect factors not related to immunisation, such 
as natural fluctuations or strain variation [41]. For 
instance, increased circulation of a specific rotavirus 
strain causing relatively mild disease could result in 
lower rotavirus related disease burden. However, after 
vaccine introduction in Belgium, G2P [4] strains, which 
are associated with more severe gastroenteritis [42,43] 
were observed to increase relative to other strains [44]. 
Also, the increased proportion of G2P [4] was seen 
more in vaccinated compared with unvaccinated chil-
dren, suggesting strain-specific differences in vaccine 
effectiveness is playing a role in altering the genotype 
distribution [44]. Despite this strain shift, our study 
shows a strong decrease in various manifestations of 
the rotavirus disease burden, confirming rotavirus vac-
cination is highly effective in reducing disease.

Hospitalisation data might be inconsistent in relation 
to rotavirus coding based on irregular laboratory con-
firmation and the potential influence of rotavirus vacci-
nation on coding practices. However, all findings were 
consistent using different independent data sources 
(including two parallel hospital databases), with dif-
ferent methods of registering diagnoses. Moreover, 
the proportion of positive tests decreased, reflecting 
lower rotavirus prevalence and we found no evidence 
of important changes in testing behaviour based on 
the number and the seasonal distribution of reim-
bursed tests. However, the reductions in rotavirus bur-
den calculated using different data sources should be 
compared with caution, as the different data sources 
did not cover the same periods. Nevertheless, epi-
demiological years 2005 to 2010 were covered by all 
data sources, and the results pointed clearly in the 
same direction. We took a conservative approach in 
identifying duplicates, assuming a maximum of one 
episode per year. This implies an underestimation of 
rotavirus burden as a second infection occurred in 4% 
of Mexican infants by 6 months of age and nearly 30% 
by 1 year of age [45]. However, because the probability 
to be symptomatic decreases with increasing number 
of previous infections [45,46] and because recurrent 
infections occurred at a slower pace [46], we believe 
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with our conservative approach we have not missed 
many episodes.

Conclusion
Rotavirus vaccination had a substantial and sustained 
public health impact up to 7 epidemiological years 
after vaccine introduction, most pronounced in the tar-
get age group but with evidence of herd immunity in 
unvaccinated age groups.

Acknowledgements
JB is supported by a postdoctoral grant from the Research 
Foundation – Flanders (FWO). BO is supported by a PhD fel-
lowship from the Research Foundation – Flanders (FWO). AB 
is supported by the University of Antwerp’s concerted re-
search action number 23405 (BOF-GOA). The authors thank 
the sentinel laboratory network for their collaboration.

Conflict of interest
None

Authors’ contributions
MS and JB contributed to the conception and design of the 
study, the data collection and analysis and drafting of the 
article. NB contributed to the data collection and took part 
in drafting the article. AB contributed to the data collection 
and analysis. BO contributed to the data collection. MC con-
tributed to the data collection and analysis. PVD, PB, KVH 
and TG contributed to the interpretation of data and critically 
appraised the drafts. All authors were involved in revising 
the manuscript and read and approved the final manuscript.

References
1. Tate JE, Burton AH, Boschi-Pinto C, Steele AD, Duque J, 

Parashar UD, WHO-coordinated Global Rotavirus Surveillance 
Network. 2008 estimate of worldwide rotavirus-associated 
mortality in children younger than 5 years before the 
introduction of universal rotavirus vaccination programmes: 
a systematic review and meta-analysis.Lancet Infect Dis. 
2012;12(2):136-41. DOI: 10.1016/S1473-3099(11)70253-5 PMID: 
22030330

2. Payne DC, Wikswo M, Parashar UD. Centers for Disease Control 
and Prevention (CDC). Manual for the surveillance of vaccine-
preventable diseases. Chapter 13: Rotavirus.Atlanta: CDC; 
2014. Available from: http://www.cdc.gov/vaccines/pubs/surv-
manual/chpt13-rotavirus.html

3. Bilcke J, Van Damme P, Van Ranst M, Hens N, Aerts M, 
Beutels P. Estimating the incidence of symptomatic rotavirus 
infections: a systematic review and meta-analysis.PLoS One. 
2009;4(6):e6060. DOI: 10.1371/journal.pone.0006060 PMID: 
19557133

4. Bilcke J, Van Damme P, De Smet F, Hanquet G, Van Ranst 
M, Beutels P. The health and economic burden of rotavirus 
disease in Belgium.Eur J Pediatr. 2008;167(12):1409-19. DOI: 
10.1007/s00431-008-0684-3 PMID: 18317802

5. Belgisch Centrum voor Farmacotherapeutische Informatie 
- Centre Belge d’Information Pharmacothérapeutique (BCFI-
CBIP). [Belgian Center for Pharmacotherapeutic Information]. 
Gecommentarieerd Geneesmiddelenrepertorium. Vaccin tegen 
rotavirus. [Commented Repertory of medicines. Rotavirus 
vaccine]. [Accessed 6 Aug 2015]. Dutch. Available from: http://
www.bcfi.be/GGR/MPG/MPG_LAAJ.cfm

6. 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. DOI: 10.1016/j.vaccine.2011.04.098 PMID: 21571023

7. 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. DOI: 10.1097/INF.0b013e318214b811 PMID: 
21436757

8. Zeller M, Rahman M, Heylen E, De Coster S, De Vos S, Arijs 
I,  et al.  Rotavirus incidence and genotype distribution 
before and after national rotavirus vaccine introduction 
in Belgium. Vaccine. 2010;28(47):7507-13. DOI: 10.1016/j.
vaccine.2010.09.004 PMID: 20851085

9. Braeckman T, Van Herck K, Meyer N, Pirçon JY, Soriano-Gabarró 
M, Heylen E,  et al. , RotaBel Study Group. Effectiveness of 
rotavirus vaccination in prevention of hospital admissions for 
rotavirus gastroenteritis among young children in Belgium: 
case-control study.BMJ. 2012;345(aug08 1):e4752. DOI: 
10.1136/bmj.e4752 PMID: 22875947

10. Braeckman T, Theeten H, Lernout T, Hens N, Roelants M, 
Hoppenbrouwers K,  et al.  Rotavirus vaccination coverage and 
adherence to recommended age among infants in Flanders 
(Belgium) in 2012. Euro Surveill. 2014;19(20):20806. DOI: 
10.2807/1560-7917.ES2014.19.20.20806 PMID: 24871757

11. Robert E, Dramaix M, Swennen B. Vaccination coverage for 
infants: cross-sectional studies in two regions of Belgium. 
Biomed Res Int. 2014;2014:838907.

12. R Core Team. R: A language and environment for statistical 
computing. R Foundation for Statistical Computing. Vienna: 
2014. Available from: http://www.R-project.org

13. Directorate General Statistics and Economic Information. 
Statistics Belgium. [Accessed 30 Jan 2015). Available from: 
http://statbel.fgov.be/

14. Agentschap Zorg en Gezondheid. [Agency for Care and Health]. 
Vaccinnet. [Accessed 30 Jan 2015]. Dutch. Available from: 
https://www.vaccinnet.be/Vaccinnet/welkom.do

15. Scientific Institute of Public Health B. Sentinel Laboratory 
Network. [Accessed: 30 Jan 2015]. Available from: https://
epidemio.wiv-isp.be/ID/Surveillance/Pages/sentinelLabs.aspx

16. Mutualiteit C. Landsbond der Christelijke Mutualiteiten. 
Jaarverslag 2013. [National Alliance of Christian Sickness 
Funds. Annual Report 2013]. [Accessed: 30 Jan 2015]. Dutch. 
Available from: http://www.cm.be/binaries/Jaarverslag-2013_
tcm375-130990.pdf

17. Centers for Disease Control and Prevention (CDC). International 
classification of diseases, ninth revision, clinical modification 
(ICD-9-CM). Atlanta: CDC; 2010. Available from: http://www.
cdc.gov/nchs/icd/icd9cm.htm

18. World Health Organization (WHO). International statistical 
classification of diseases and related health problems. 
10th Revision. Volume 2. Instruction manual. 2010 ed. 
Geneva: WHO; 2011. Available from: http://www.who.int/
classifications/icd/ICD10Volume2_en_2010.pdf

19. Drieskens S, van Oyen H, Tafforeau J, Lafontaine MF. 
Interactive analysis of Belgian vital statistics on the 
Internet.Med Inform Internet Med. 2006;31(4):237-45. DOI: 
10.1080/14639230500512499 PMID: 17135056

20. Afdeling Informatie en Zorgberoepen. Cijfers sterfte. 
[Departement of Information and Care professions]. Accessed: 
30 Jan 2015]. Dutch. Available from: http://www.zorg-en-
gezondheid.be/cijfers/

21. European Centre for Disease Prevention and Control (ECDC). 
Impact of rotavirus vaccination - Generic study protocol. 
Stockholm: ECDC; 2013.

22. Tate JE, Haynes A, Payne DC, Cortese MM, Lopman BA, 
Patel MM,  et al.  Trends in national rotavirus activity 
before and after introduction of rotavirus vaccine into the 
national immunization program in the United States, 2000 
to 2012. Pediatr Infect Dis J. 2013;32(7):741-4. DOI: 10.1097/
INF.0b013e31828d639c PMID: 23426425

23. Hanquet G, Valenciano M, Simondon F, Moren A. Vaccine 
effects and impact of vaccination programmes in post-
licensure studies.Vaccine. 2013;31(48):5634-42. DOI: 10.1016/j.
vaccine.2013.07.006 PMID: 23856332

24. Fieller EC. The biological standardization of insulin. Suppl to J 
R Statist Soc. 1940;7:1-64.

25. Panozzo CA, Becker-Dreps S, Pate V, Jonsson Funk M, Stürmer 
T, Weber DJ,  et al.  Patterns of rotavirus vaccine uptake and 
use in privately-insured US infants, 2006-2010. PLoS One. 
2013;8(9):e73825. DOI: 10.1371/journal.pone.0073825 PMID: 
24066076

26. Krishnarajah G, Landsman-Blumberg P, Eynullayeva E. 
Rotavirus vaccination compliance and completion in a Medicaid 
infant population.Vaccine. 2015;33(3):479-86. DOI: 10.1016/j.
vaccine.2014.06.059 PMID: 24962753

27. 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 



12 www.eurosurveillance.org

United States.Vaccine. 2012;30(24):3717-22. DOI: 10.1016/j.
vaccine.2011.12.077 PMID: 22214886

28. Forster J, Guarino A, Parez N, Moraga F, Román E, Mory O,  
et al. , Rotavirus Study Group. Hospital-based surveillance 
to estimate the burden of rotavirus gastroenteritis among 
European children younger than 5 years of age.Pediatrics. 
2009;123(3):e393-400. DOI: 10.1542/peds.2008-2088 PMID: 
19254975

29. Soriano-Gabarró M, Mrukowicz J, Vesikari T, Verstraeten T. 
Burden of rotavirus disease in European Union countries.
Pediatr Infect Dis J. 2006;25(1) Suppl;S7-11. DOI: 10.1097/01.
inf.0000197622.98559.01 PMID: 16397431

30. Van Damme P, Giaquinto C, Huet F, Gothefors L, Maxwell 
M, Van der Wielen M, REVEAL Study Group. Multicenter 
prospective study of the burden of rotavirus acute 
gastroenteritis in Europe, 2004-2005: the REVEAL study.J 
Infect Dis. 2007;195(s1) Suppl 1;S4-16. DOI: 10.1086/516714 
PMID: 17387650

31. Bilcke J, Van Damme P, Beutels P. Cost-effectiveness of 
rotavirus vaccination: exploring caregiver(s) and “no 
medical care” disease impact in Belgium.Med Decis Making. 
2009;29(1):33-50. DOI: 10.1177/0272989X08324955 PMID: 
18948433

32. Soares-Weiser K, Maclehose H, Bergman H, Ben-Aharon I, 
Nagpal S, Goldberg E,  et al.  Vaccines for preventing rotavirus 
diarrhoea: vaccines in use. Cochrane Database Syst Rev. 
2012;11:CD008521.PMID: 23152260

33. 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. DOI: 10.1016/
S1473-3099(12)70029-4 PMID: 22742639

34. Atchison C, Lopman B, Edmunds WJ. Modelling the seasonality 
of rotavirus disease and the impact of vaccination in England 
and Wales.Vaccine. 2010;28(18):3118-26. DOI: 10.1016/j.
vaccine.2010.02.060 PMID: 20197142

35. Hahné S, Hooiveld M, Vennema H, van Ginkel A, de Melker 
H, Wallinga J,  et al.  Exceptionally low rotavirus incidence 
in the Netherlands in 2013/14 in the absence of rotavirus 
vaccination. Euro Surveill. 2014;19(43):20945. DOI: 
10.2807/1560-7917.ES2014.19.43.20945 PMID: 25375899

36. Royal Meteorological Institute of Belgium (RMI). [Accessed: 
30 March 2015]. Dutch. Available from: http://www.meteo.be/
meteo/view/en/65239-Home.htm

37. Elam-Evans LD, Yankey D, Singleton JA, Kolasa M, Centers for 
Disease Control and Prevention (CDC). National, state, and 
selected local area vaccination coverage among children aged 
19-35 months - United States, 2013.MMWR Morb Mortal Wkly 
Rep. 2014;63(34):741-8.PMID: 25166924

38. Bilcke J, Chapman R, Atchison C, Cromer D, Johnson H, 
Willem L,  et al.  Quantifying Parameter and Structural 
Uncertainty of Dynamic Disease Transmission Models Using 
MCMC: An Application to Rotavirus Vaccination in England 
and Wales. Med Decis Making. 2015;35(5):633-47. DOI: 
10.1177/0272989X14566013 PMID: 25623063

39. Pitzer VE, Atkins KE, de Blasio BF, Van Effelterre T, Atchison 
CJ, Harris JP,  et al.  Direct and indirect effects of rotavirus 
vaccination: comparing predictions from transmission 
dynamic models. PLoS One. 2012;7(8):e42320. DOI: 10.1371/
journal.pone.0042320 PMID: 22912699

40. Paulke-Korinek M, Kollaritsch H, Aberle SW, Zwazl 
I, Schmidle-Loss B, Vécsei A,  et al.  Sustained low 
hospitalization rates after four years of rotavirus mass 
vaccination in Austria. Vaccine. 2013;31(24):2686-91. DOI: 
10.1016/j.vaccine.2013.04.001 PMID: 23597718

41. Matthijnssens J, Bilcke J, Ciarlet M, Martella V, Bányai K, 
Rahman M,  et al.  Rotavirus disease and vaccination: impact 
on genotype diversity. Future Microbiol. 2009;4(10):1303-16. 
DOI: 10.2217/fmb.09.96 PMID: 19995190

42. Sudarmo SM, Shigemura K, Athiyyah AF, Osawa K, Wardana 
OP, Darma A,  et al.  Genotyping and clinical factors 
in pediatric diarrhea caused by rotaviruses: one-year 
surveillance in Surabaya, Indonesia. Gut Pathog. 2015;7(1):3. 
DOI: 10.1186/s13099-015-0048-2 PMID: 25793014

43. Cascio A, Vizzi E, Alaimo C, Arista S. Rotavirus gastroenteritis 
in Italian children: can severity of symptoms be related to 
the infecting virus?Clin Infect Dis. 2001;32(8):1126-32. DOI: 
10.1086/319744 PMID: 11283801

44. Matthijnssens J, Zeller M, Heylen E, De Coster S, Vercauteren 
J, Braeckman T,  et al. , RotaBel study group. Higher 
proportion of G2P[4] rotaviruses in vaccinated hospitalized 
cases compared with unvaccinated hospitalized cases, 
despite high vaccine effectiveness against heterotypic G2P[4] 
rotaviruses.Clin Microbiol Infect. 2014;20(10):O702-10. DOI: 
10.1111/1469-0691.12612 PMID: 24580887

45. Velázquez FR, Matson DO, Calva JJ, Guerrero L, Morrow AL, 
Carter-Campbell S,  et al.  Rotavirus infections in infants 

as protection against subsequent infections. N Engl J Med. 
1996;335(14):1022-8. DOI: 10.1056/NEJM199610033351404 
PMID: 8793926

46. Paul A, Gladstone BP, Mukhopadhya I, Kang G. Rotavirus 
infections in a community based cohort in Vellore, India.
Vaccine. 2014;32(Suppl 1):A49-54. DOI: 10.1016/j.
vaccine.2014.03.039 PMID: 25091680

License and copyright
This is an open-access article distributed under the terms of 
the Creative Commons Attribution (CC BY 4.0) Licence. You 
may share and adapt the material, but must give appropriate 
credit to the source, provide a link to the licence, and indi-
cate if changes were made.

This article is copyright of the authors, 2016.


