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Background: Since July 2007, rotavirus vaccinations have been subsi-
dized in Austria for all children from the seventh week up to the sixth
month of life. Vaccination coverage over the whole period was 72% with
an increase to 87% in 2008.
Methods: In a sentinel network including 11 pediatric hospital wards in
Austria, data of children up to 15 years of age and hospitalized due to
rotavirus gastroenteritis between January 2001 and December 2008 have
been collected.
Results: The hospitalization rates of children up to 12 months of age with
rotavirus gastroenteritis were 2066 � 10�5 between 2001 and 2006 and
decreased to 631 � 10�5 in 2008. For children between 12 and 24 months
of age the hospitalization rate decreased from 1822 � 10�5 (2001–2006)
to 1456 � 10�5 in 2008. In children aged 2 to less than 5 years, incidence
rates were 436 �10�5 (2001–2006) and 461 � 10�5 in 2008. In older
children, the hospitalization rates remained unchanged. In the target pop-
ulation for the RV-vaccine, a decrease of hospitalization rates due to
rotavirus gastroenteritis of 74% was observed compared to the era before
the introduction of the vaccine. The field effectiveness of the vaccine was
estimated between 61% and 98%, depending on assumptions about the
vaccination status.
Conclusions: Within 18 months, the universal mass vaccination program
against rotavirus led to a substantial decrease in the hospitalization rates of
the target cohort of the immunization program in Austria.
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Rotavirus gastroenteritis (RV-GE) is not only a burden in de-
veloping countries, but is also one of the most frequent reasons

for pediatric hospital admissions in industrialized countries.1–4

According to Soriano-Gabarró et al, every year 1 child below 5
years of age per 100,000 dies from RV-GE in Austria, about 1400
per 100,000 children are admitted to hospital; 11,200 home visits
are performed by physicians and about 44,900 episodes of acute
gastroenteritis occur because of rotavirus infections.2

In Austria, every 60th child below the age of 2 will be
admitted to hospital because of RV-GE.5 Together with cost
calculations6 this accounted for the recommendation of a universal
mass vaccination (UMV) against rotavirus in Austrian infants. It
was adopted into the Austrian recommendations for childhood
immunizations 2006 by the Austrian Advisory Committee on
Immunization Practices.7 However, at the time of the Austrian
market launch of Rotarix (GlaxoSmithKline Biologicals, Rixen-
sart, Belgium; market launch May 2006) and Rotateq (Sanofi
Pasteur MSD SNC, Lyon, France; market launch September
2006), the oral vaccines had to be privately financed. Since July
2007, oral rotavirus vaccinations have been subsidized in the
course of an UMV program for all children between the sixth week
and sixth months of life in Austria. From July up to the end of
December 2007, Rotateq was the only distributed vaccine. Be-
tween January 2008 and December 2008, Rotarix was subsidized.

This investigation aims to show the significant beneficial
effects of a UMV strategy against RV-GE by subsidizing the oral
vaccines for all Austrian infants at the respective age.

METHODS

Study Design
The Austrian surveillance of RV-GE for hospitalized chil-

dren was initiated in 1997. It has been shown to be a representative
and conclusive sentinel system for monitoring epidemiology.5 The
present analysis focused on all cases of hospitalized RV-GE
reported to the surveillance system between January 1, 2001 and
December 31, 2008. In this period, the sentinel system consisted of
11 hospitals representing, during this period, between 29% and
34% of all pediatric beds in Austria. In every hospital 1 pediatri-
cian was dedicated to provide the reports on RV-GE twice a year
containing the following information5: initials, gender, date of
birth (we included children up to 15 years of age), date of onset of
symptoms, date of admission to hospital, and date of hospital
discharge. Starting in 2007, data on the children’s vaccination
status against RV-GE (no vaccination/1 vaccination or 2/3 vacci-
nations) were collected. This information should be provided
based on the entries into the vaccination card or, if this was not
available, by asking the parents.

All reported cases of RV-GE were confirmed routinely by
commercially available rotavirus tests. Based on immunochro-
matographic methods the Vikia Rota-Adeno Test (Bio-Merieux),
the Diarlex MB test (Orion Diagnostica), the Rotavirus Test by
CerTest Biotec, and the Rota-Strip by Coris Bioconcept were used.
Sensitivity and specificity of these test systems is between 96% to
99% and 96% to 100%, respectively.8,9 In one hospital an enzyme
immunoassay called Ridascreen Rotavirus test (r-biopharm) was
used (sensitivity 100%, specificity 99.7%).10

Study Population
The epidemiology of RV-GE was described focusing on the

number of hospitalized cases, the age of the affected children, the
season when the disease occurred and the duration of hospitaliza-
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tion. The yearly reports were extrapolated for whole Austria by
using the official numbers of pediatric beds.11 Hospitalization rates
of RV-GE per 100,000 in different age groups12 were assessed.

To determine the influence of the UMV on the age distri-
bution of children with RV-GE, focus was laid on the children who
suffered from RV-GE between August 2007 and December 2008.
The children of the “vaccination period” were subdivided into 3
age groups: (1) children �90 days old, who were too young for
complete basic immunization during the observation period, (2)
children 90 days to �20 months of age during the observation
period, the “target group” for vaccination (children born between
May 2007 to September 2008 were fully eligible for vaccination
because of their appropriate age between 90 days and 6 months),
and (3) children 20 months of age up to 48 months, who were “out
of range” for vaccination.

As control group served children admitted out of the range of
the “vaccination period.” These were analyzed in analogy to the
children of the “vaccination period” within the following time
intervals: August 2001 to December 2002; August 2003 to De-
cember 2004; August 2005 to December 2006. Thus 4 complete
rotavirus seasons (highest incidence between October and April)
were covered.

Hospital Acquired RV-GE
Cases were assumed as hospital acquired infections (noso-

comial) if the onset of the symptoms was at least 24 hours (1 day)
after admission to hospital and the diagnosis at time of admission
was not any kind of gastroenteritis. Hospital acquired RV-GE
could only be evaluated from 10 hospitals, due to missing onset
dates from 1 hospital.

Duration of Stay
The duration of stay in hospital due to RV-GE was defined

as the time span between the day of admission to hospital and the
day of discharge. When evaluating the mean duration of stay in
hospital, the hospital acquired cases were excluded from the
analysis.

Vaccination Coverage Rate and Field Effectiveness
of the Vaccines

The vaccination coverage rate between July 2007 and De-
cember 2008 was calculated from the number of distributed doses
in the course of the UMV program.

For evaluating the field effectiveness, only children who
were between 90 days and 20 months of age (eligible for vacci-
nation in the course of the UMV program) were analyzed. The
field effectiveness of the vaccines was calculated according to the
equation described by Heinz et al.13 In brief, field effectiveness
was defined as the percentage of prevented cases of hospitalized
RV-GE. Let Iv and In be the number incident hospitalized cases of
RV-GE in the vaccinated and unvaccinated population, respec-
tively, and r be the vaccination rate, then field effectiveness is
given by 100�1 � Iv(1 � r)/Inr�.

Adverse Events
Vaccine related adverse events were assessed by using the

official reporting system of the Austrian Ministry of Health, the
Austrian Competent Authority, which is similar to the US
“VAERS” (Vaccine Adverse Event Reporting System): Incoming
reports are collected, but not validated with respect to their
relationship to the vaccination. All the adverse events following
rotavirus vaccination over the period between September 2006 and
December 2008 were inquired.

RESULTS

Overall Numbers and Hospitalization Rates
From January 1, 2001 to December 31, 2008 10,834 reports

on hospitalized cases of RV-GE in children up to 15 years of age
were received from 11 hospitals, representing 29% to 34% of all
pediatric beds in Austria.

Prevaccination Period (2001–2006)
From 2001 to 2006, the number of reports extrapolated for

Austria was between 3379 (year 2002) and 5406 (year 2006), on
average 4457 cases per year (�708.9 SD). The highest incidence
rate of hospitalization was found in the age group below 12 months
(average incidence rate 2065.8 � 10�5, peak incidence 2412.4 �
10�5 in 2005). In children aged between 12 and 24 months, the
hospitalization incidence rate was 1821.9 � 10�5 between 2001
and 2006 (peak incidence 2391.0 � 10�5 in 2006). In children
between 2 and less than 5 years of age, the mean annual incidence
was 435.5 � 10�5 (peak incidence rate of 633.3 � 10�5 in 2006).

Vaccination Period (2007 and 2008)
The UMV started in July 2007. Therefore, the reported

cases 2007 could not be attributed entirely to the prevaccination or
to the vaccination period and this year was excluded from com-
parative statistical analyses. In 2008, the extrapolated number of
reported cases was 3074. In children below 12 months of age the
hospitalization incidence dropped to 630.6 �10�5 (reduction of
69.5% compared with 2001–2006). In children aged between 12
and 24 months, the incidence decreased to 1456.1 � 10�5 in 2008
(reduction of 20.1% compared with 2001–2006). In children be-
tween 2 and less than 5 years of age, the incidence of hospitalized
children was 461.4 � 10�5 (increase of 6.0% compared with
2001–2006). In children 5 to below 15 years old, incidence rates
remained unchanged during the observation period 2001–2008
with on average 34.4 � 10�5 cases (Fig. 1).

Age Distribution of Hospitalized Children up to 48
Months of Life

In the years 2001 to 2006, 5.3% of the hospital admitted
cases occurred in children below 90 days of age, in 2007 the
respective percentage was 3.8% and in 2008 4.0% (Fig. 2).

The age group 90 days to 12 months contributed to hospi-
talizations with 35.3% between 2001 and 2006, 25.3% in 2007,
and 14.6% in 2008. Percentage of hospitalized children in the age
group 12 to 24 months was 36.2% in the years 2001–2006, 41.8%
in 2007, and 44.0% in 2008. Also increases were observed in the
age group 2 to 4 years: 23.2% in 2001–2006, 29.1% in 2007, and
37.4% in 2008. In accordance with this shift of the age distribution,
the mean age of children hospitalized for RV-GE increased from
1.9 (�2.0 SD) years in 2001–2006, to 2.3 (�2.2 SD) years in
2007, and 2.6 (�2.3 SD) years in 2008.

Effect of UMV and Vaccine Effectiveness
The UMV program between August 2007 and December

2008 resulted – compared with identical time periods in the
prevaccination era—in (1) a decrease of 42.0% of hospitalized
children below 90 days of age, (2) a decrease of 73.6% for children
between 90 days and 20 months and (3) an increase of 8.0% in the
age group of children between 20 months and 48 months.

In Austria, the vaccination coverage rate according to the
distributed numbers of vaccine doses in the course of the UMV was
59% in the period July 2007 to December 2007 (use of Rotateq). In
2008, an estimated vaccination coverage of 87% was achieved (use of
Rotarix). Overall, during this period 77,351 double or triple doses as
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required for the respective vaccines were administered in 108,000
eligible children. Hence, the overall vaccination rate is estimated as 72%.

During the target period August 2007 to December 2008
102 children in the age group 90 days to 20 months were
reported with RV-GE. Among them the vaccination status was
reported in 39 children: 33 (84.6%) were unvaccinated. Six
children had received at least 1 dose of Rotateq or Rotarix.
Assuming that children with unknown vaccination status were

actually unvaccinated, field effectiveness was calculated as
100�1 � 6� 28/(96 � 72)� � 97.5%. Furthermore, assuming
that the proportion of unvaccinated children was 84.6% (ob-
served in those with known vaccination status), field effective-
ness was calculated as: 100�1 � 15.7 � 28/(86.3 � 72)� �
92.8%. As a third scenario, it was assumed that among the 63
children with unknown vaccination status actually 72% were
vaccinated (according to the overall vaccination rate 2007/

FIGURE 1. Hospitalization rates of RV-GE in children per 100,000 population in the respective age group. The grey line
shows incidence rates in children �12 months of age, the black broken line shows incidence rates in children 12 to �24
months of age, the grey broken lines shows incidence rates in children 24 to �60 months of age and the dark grey line
shows incidence rates in children 60 months of age to �15 years.

FIGURE 2. Extrapolated number of hospitalized children with RV-GE per months of age and per year. The black line shows
the extrapolated number of cases in the period 2001 to 2006. The black broken line shows the extrapolated number of
cases in 2007 and the grey line shows the extrapolated number of cases in 2008. The brackets in the upper area of the
figure show the population that fell into the UMV program according to their age in 2007 (UMV 2007) and in 2007 and
2008 (UMV 2007–2008) and therefore could most benefit from the vaccination program.
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2008) the field effectiveness amounted to: 100�1 � 51.36 �
28/(50.64 � 72)� � 60.6%.

Stay in Hospital
When comparing the duration of hospitalization in the

period from August 2007 to December 2008 with the period from
August 2005 to December 2006, the difference was significant in
children below the age of 90 days (2005/2006: mean: 6.0 days, SD
� 6.42; 2007/2008: mean: 3.5 days, SD � 2.59; P � 0.022) and
in children between the age of 90 days and below 20 months of life
(2005/2006: mean: 4.2 days, SD � 3.14; 2007/2008: mean: 3.5
days, SD � 2.63; P � 0.001). There was no change in the duration
of hospitalization for the age group 20 to below 48 months
(2005/2006: mean: 3.3 days, SD � 3.13; 2007/2008: mean: 3.1
days, SD � 1.81; P � 0.188).

In Austria, between 2001 and 2006, RV-GE led to a cumu-
lative number of days in hospital of 17,750 per year. The extrap-
olated cumulative number of days of hospitalization in 2007 and
2008 was 13,260 and 9710, respectively.

Infections Acquired in Hospital
The relationship between the reported start of gastroenteritis

symptoms and admission to hospital could be assessed in 69.8% of
all cases. On average, 4.8% (95% confidence interval: 3.7%–
6.1%) of RV-GE cases between 2001 and 2006 (extrapolated 190
cases �SD � 50.30� per year) were hospital acquired (onset of the
symptoms at least 24 hours after admission to hospital). In 2008,
the percentage of hospital acquired cases was 3.2% (extrapolated:
70 cases) and significantly lower than in the period 2001 to 2006.

Adverse Events Following Immunization
The incidence of severe adverse events per administered

dose of vaccination as reported by the Austrian VAERS was 3.6 �
10�5 and the rate of total reported adverse events was 6.5 � 10�5,
respectively. For Rotateq the incidence of reported adverse events
was 10.7 � 10�5 in relation to the administered doses and for
Rotarix 3.0 � 10�5, respectively (Table 1).

DISCUSSION
In large clinical trials, the high efficacy of the 2 launched

Rotavirus vaccines has been described14,15: the human vaccine
Rotarix had a vaccine efficacy against severe RV-GE between

71.4% and 93.4% and against RV-GE of any severity between
60.6% and 87.7%.16 Rotateq has shown an efficacy of 98.0%
against severe RV-GE and an efficacy between 48.1% and 82.7%
against RV-GE of any severity.14

A UMV program has been introduced in several Latin
American Countries,17 in Australia18 as well as in the United
States.3 In the United States, Rotateq had been used since February
2006,19 and in 2008 they already observed first effects of the UMV
in terms of a delayed onset of the rotavirus season of about 2 to 4
months.20

In Belgium and Luxembourg, the vaccination against
RV-GE has been recommended.21

Our prospective investigation is the first report of a Euro-
pean Community country to define the effects of the UMV against
RV-GE on the hospitalization rates. RV-GE cases occurring in the
period from August 2007 to December 2008 were compared with
3 identical time periods of the prevaccination era in 3 different age
groups:

1. In children younger than 90 days, who received due to their age
at most one vaccination, a remarkable decrease of 42% of
hospitalized cases was observed compared with the prevacci-
nation period. This decrease may be explained by either an
effect of partial protection from a first RV vaccination, or by
fewer contact-infections as older siblings and playmates are
vaccinated.

2. In children older than 90 days and younger than 20 months of age
between August 2007 and December 2008 (eligible for vaccina-
tion in the course of the UMV) the number of cases drastically
decreased by 74% compared with the prevaccination era.

3. In children between the age of 20 and 48 months a slight
increase of 8% could be observed, showing no effect of the
UMV in this age group and indicating there was no generally
reduced rotavirus activity in the years 2007 and 2008 in
Austria.

4. In our surveillance study, only hospitalized cases are moni-
tored, therefore it must be borne in mind that incidence of
RV-GE is underestimated in older children because in this
group RV-GE is usually less severe and these children are
hospitalized less frequently.

5. Our results are comparable to findings from the United States,
where the number of performed rotavirus tests decreased about
37%, indicating overall a lower frequency of gastroenteritis
cases, and the number of Rotavirus positive tests was only 79%
and lower in 2008 compared with the prevaccination period.20

However, in the United States decreasing rates of RV-GE were
also observed for older children in whom the vaccination was
not longer applicable.20

6. Comparing the number of hospital days of children with
RV-GE in Austria between 2001 and 2006 with the year 2008
there was a decrease of 45%. Taking into consideration the
costs that accumulate due to RV-GE related hospitalizations,1,2

and adding the indirect costs that result from these hospital
admissions, the UMV is suggested to be cost-effective.22,23

7. Although it has been shown that rotavirus vaccines are effective
when administered concomitantly with a hexavalent vac-
cine,24,25 this should not lead to a delay of the first dose of
RV-vaccination: our data indicate that RV-GE occurs in a
considerable proportion before the time the first hexavalent
vaccine is administered, which emphasizes to start with
RV-vaccination already in the seventh week of life.

8. In large clinical trials, it has been shown that both rotavirus
vaccines have an excellent safety profile and the American
ACIP clearly states that the 2 vaccines are comparable in this
respect.3,14,15,26 Discussions about rotavirus vaccinations being

TABLE 1. Reported Adverse Events Following
Rotavirus Immunization Recorded at the Austrian
Competent Authority Between September 2006 and
December 2008

Total: 18 adverse events
(10 severe, 8 non-
severe)

12 adverse events after Rotateq
(112,240 administered doses),

5 adverse events after Rotarix
(164,500 administered doses),

In 1 case type of vaccination not
known

14 adverse: matching the
product information

Diarrhea, vomiting, abdominal
pain, restlessness

4 adverse events not
listed in the product
information

Hyperventilation in a premature
infant with congestive
cardiomyopathia

Candidacies combined with
general and drinking
weakness during application
of concomitant medication

Apnoea and anaemia in pre-
existing infection with
staphylococci

Sloppy infant with apathy
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associated with intussusceptions as well as Kawasaki syndrome
have been raised,27,28 but detailed analyses have not verified
these speculations so far.3 In Austria, no Kawasaki syndrome or
invaginations/intussusceptions has been reported to be timely
associated with RV-vaccinations so far. According to the Aus-
trian Competent Authority, the rate of severe adverse events
was 4 � 10�5 indicating that both vaccines were well tolerated.
Seventy-eight percent of all reported adverse events were those
observed in clinical trials.3,14,15,26

9. In the course of the Austrian UMV, the vaccine showed field
effectiveness against hospitalization between 61% and 98%,
supporting the results of the clinical efficacy trials with both
vaccines.3,14,15

CONCLUSION
The rotavirus UMV program in Austria has caused an

impressive decrease in the incidence rates of hospitalizations from
RV-GE in the vaccinated population, even within less than 2 years
after initiation. Field effectiveness of the rotavirus vaccines against
hospitalization reached between 61% and 98% and admission rates
to hospital were cut by nearly 75% in children eligible for the
UMV. The data show the importance of an early start of immu-
nization in the seventh week of life, and also emphasizes that the
mass vaccination program substantially reduces the burden caused
by rotavirus infection.
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