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Background: Noroviruses (NoVs) are the leading cause of acute gastroen-
teritis across all age groups. Because a vaccine is in clinical development,
burden of disease data are required to guide the eventual introduction of this
vaccine. In this study, we estimate the burden of NoV disease in children
less than 5 years of age in the European Union (EU).

Methods: We carried out a literature search using PubMed to identify stud-
ies providing incidence or prevalence data for NoV disease in the EU. We
applied the pooled average NoV incidence and prevalence rates to the EU
population less than 5 years of age to obtain the annual number of NoV
illnesses, medical visits, hospitalizations and deaths occurring in the EU
among children younger than 5 years.

Results: Data from 12 studies were included. We estimate that NoV infec-
tion may cause up to 5.7 million illnesses in the community, 800,000 medi-
cal visits, 53,000 hospitalizations and 102 deaths every year in children
younger than 5 years in the EU.

Conclusion: The burden of NoV disease in children in the EU is substan-
tial, and will grow in relative importance as rotavirus (RV) vaccines are
rolled out in the EU. This burden of disease is comparable with the burden
of RV disease in the EU before RV vaccine introduction. More country-spe-
cific studies are needed to better assess this burden and guide the potential
introduction of a vaccine against NoV at the national level.
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N oroviruses (NoV) were identified as a cause of gastroenteritis
in 1972,! but its importance as enteric pathogen was under-
estimated for many years because of inadequate diagnostic tools.?
Advances in the understanding of molecular biology and the devel-
opment of novel diagnostic tools have changed our perception of
their impact. Noroviruses are now recognized as an important cause
of acute gastroenteritis (AGE) in the community** and of food-borne
disease worldwide.’ Noroviruses are one of the most common causes
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of severe gastroenteritis in children less than 5 years of age in devel-
oping and industrialized countries, second only to rotaviruses (RVs).®
In recent years, there has been a growing interest in the devel-
opment of vaccines against Norovirus infection with encouraging
results.” In this context, it is important to collect and evaluate accurate
data on the burden of disease to provide the basis for informed deci-
sions concerning vaccine introduction. Although several studies aim-
ing to evaluate the burden of disease of Norovirus in European Union
(EU) countries have been published,***¥ these investigations have
been restricted to one country or even one region within the country.
In this study, we estimate the burden of Norovirus disease
in the EU in children less than 5 years of age using published data.

MATERIALS AND METHODS

The objective of this study was to estimate the number of ill-
nesses in the community, the number of medical visits, the number
of hospitalizations and the number of deaths in children less than
5 years of age that are attributable to Norovirus disease in the EU
(EU-27), using available published data.

Literature Search Strategy and Inclusion Criteria

We carried out a literature search using PubMed with com-
bination keyword search terms “norovirus AND (children OR pedi-
atr*)” restricted to the period between January 1, 2003 and July 31,
2013.We applied the following inclusion criteria: (1) the study must
have an abstract; (2) the study must have been carried out in at least
1 EU country; (3) the study must provide prevalence or incidence
data for Norovirus disease in children less than 5 years of age; (4)
the study must have been conducted before the introduction of RV
vaccines; (5) the study recruitment period had to cover at least 1
year and (6) the diagnosis of Norovirus must have been confirmed
by reverse transcription-polymerase chain reaction (RT-PCR).

Norovirus Disease Ascertainment

A case of Norovirus disease was defined by a stool sam-
ple PCR positive for Norovirus regardless of the presence of other
pathogens.

Norovirus Disease at the Community Level,
Medical Visits and Hospitalizations

We used two approaches to estimate the number of cases of
Norovirus disease occurring in the community, Norovirus-related
medical visits and Norovirus-related hospitalizations. For the first
approach (Method 1), we calculated the weighted average inci-
dence found for Norovirus disease from studies carried out in the
EU. If no incidence data were found for the EU, studies reporting
incidence from other high-income countries were taken.

Because the number of studies reporting Norovirus inci-
dence is limited, an alternative approach (Method 2) was also used;
we calculated the ratio of the proportion of Norovirus hospital
prevalence to the proportion of RV hospital prevalence and applied
this ratio to the incidence previously estimated for RV hospitaliza-
tions in the EU.!° A meta-analysis was performed to estimate the
proportions of AGE hospitalizations caused by Norovirus and RV.
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In particular, we applied the Freeman & Tuckey-transformed pro-
portions'! to the Der Simonian and Laird random effects model.?

Then, applying the method described by Parashar et al*® for
RV disease, we assumed that for each episode of Norovirus disease
requiring hospitalization, there are 8 (range 5-10) episodes of Nor-
ovirus disease requiring a medical visit, and that for every episode
of Norovirus disease requiring a medical visit there are 4 (range
3-5) episodes that require only home care. To estimate the absolute
number of Norovirus cases, we applied the incidences obtained to
the country level and total EU-27 population of children less than
5 years of age (last year available, 2012).'* We estimated the risk of
Norovirus disease, medical visit and hospitalizations by age 5 by
dividing the number of total live births in the EU-27 (last year avail-
able, 2011)" by the estimated annual number of Norovirus disease
episodes.

Norovirus Disease Leading to Death

To estimate the number of deaths due to Norovirus infec-
tion, we used the model described by Parashar et al.'> We obtained
the mortality rates per 1000 live births for children younger than
5 years" for the latest year available (2011), as well as the num-
ber of live births in each country for the same year." Applying the
mortality rate to the number of live births, we calculated the esti-
mated number of total deaths in children less than 5 years of age
per country. We then divided the 27 countries of the EU according
to the World Bank income group classification according to gross
national income (GNI) per capita.'® Twenty-four countries were
classified as high income, and 3 countries were classified as upper
middle income (Table 1). We then applied the estimated propor-
tion of deaths in children less than 5 years of age attributable to
diarrhea as calculated by Parashar et al.'* These estimates put the
proportion of deaths attributable to diarrhea at 1% for high-income
countries and at 9% for upper middle-income countries. Apply-
ing these proportions to the total number of deaths per country,
we obtained the country-specific number of deaths attributable
to diarrhea. Finally, to estimate the number of deaths attributable
to Norovirus, we applied the proportion of AGE hospitalizations
attributable to Norovirus to the country-specific number of deaths.
This assumes that the proportion of AGE hospitalizations attribut-
able to Norovirus corresponds to the proportion of diarrhea deaths
attributable to NoV.

We estimated the risk of Norovirus disease leading to death
by age 5 by dividing the number of total live births in the EU-27'
by the estimated annual number of Norovirus disease episodes
leading to death.

RESULTS

Literature Search

We identified 634 publications of which 602 had an avail-
able abstract. Sixty of these studies were original studies carried out
in EU countries. Two papers were excluded because they did not
provide any data on incidence or prevalence of Norovirus disease.
One study was excluded because it tested for Calicivirus, without
specific results for Norovirus. One study was excluded because it
reported only nosocomial disease data and another one for provid-
ing data from outbreaks only. Six studies were excluded because
the recruitment period was less than 12 months. Seventeen stud-
ies were excluded because RT-PCR was not used to confirm the
diagnosis in all or part of the samples. A further 18 studies were
excluded because they did not provide data specifically for children
less than 5 years of age, and 2 because they did not provide preva-
lence data for RV disease. We finally identified 12 studies, 6 provid-
ing hospitalization prevalence data,'” > 4 providing medical visit
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prevalence data®> 2 and 2 providing community and/or medical
visit incidence data,*’ representing 6 countries (The Netherlands,
Spain, the United Kingdom, Denmark, France and Germany). A
summary of the studies included is shown in Table 1.

Norovirus Burden of Disease

The results are summarized in Table 2. According to Euro-
stat,'* the total population younger than 5 years in the EU-27
was 26,661,758 for the year 2012, whereas the birth cohort was
5,229,813 for the year 2011.

Norovirus Disease in the Community

We identified a single data source providing data on the
incidence of Norovirus disease in the community.* This study
estimated the incidence at 2140 cases of Norovirus disease per
10,000 children less than 5 years of age [95% confidence inter-
val (CI): 1590-2770]. Applying this incidence to the number of
children younger than 5 years, we estimated that 5.7 million cases
of Norovirus disease occur every year in the EU within this age
group (95% CI: 4.2—7.4 million), which translates to a risk of one
in one of suffering an episode of Norovirus disease by age 5. Using
the alternative approach (Method 2), we estimated that 1.2 million
cases (range 929,962-1,808,734) of Norovirus disease occur every
year in the EU.

Norovirus Disease Leading to a Medical Visit

We identified two data sources that provided data on the
incidence of Norovirus disease leading to a medical visit.** The
average estimate was calculated at 301 cases (95% CI: 230-370)
of Norovirus disease per 10,000 children less than 5 years of age.
Applying this incidence to the number of children younger than 5
years, we estimated that 800,000 cases of Norovirus disease leading
to a medical visit occur every year in the EU in this age group (95%
CI: 613,000-986,000). This translates to a risk of 1 in 7 of suffering
an episode of Norovirus disease leading to a medical visit by age 5.

Using the alternative approach, we estimated that 296,000
cases of Norovirus disease leading to a medical visit occur every
year in the EU (range 232,000—452,000).

Norovirus Disease Leading to Hospitalization

We could not find any studies carried out in the EU provid-
ing AGE hospitalization incidence attributable to Norovirus. How-
ever, we identified 2 studies outside the EU (the US and Israel) that
provided these data.?**” The mid-point incidence estimate was 20
hospitalizations caused by Norovirus disease per 10,000 children
less than 5 years of age. Applying this incidence to the number of
children younger than 5 years, we estimated that 53,000 hospitali-
zations attributable to Norovirus occur every year in the EU. This
translates to a risk of 1 in 98 of suffering an episode of Norovirus
disease leading to a hospitalization by age 5.

Using the alternative approach, we identified 6 data sources
that provided data on the prevalence of Norovirus disease among
hospitalized children.'”?> We estimated that Norovirus represents
18% of all AGE hospitalizations (95% CI: 12.3-24.9 %), whereas
RV represents 48% (95% CI 35.6—61.1%), with a ratio 0o£ 0.376 to 1
(95% CI1 0.35-0.41). Applying this ratio to the estimated incidence
of AGE hospitalizations due to RV (37 per 10,000, range 29-56.5)"°
provided an estimated incidence for hospitalization due to Norovi-
rus of 14 per 10,000 (range 10.9-21.2), resulting in an estimated
37,000 hospitalizations attributable to Norovirus in children less
than 5 years of age every year in the EU (range 29,000-57,000).
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TABLE 2. Estimates of the Burden of NoV Disease in the EU-27: Number of Cases of NoV Disease in the Community,
Leading to a Medical Visit, Leading to a Hospitalization and Leading to Death

N of cases of NoV disease

Community Medical visits Hospitalizations N of deaths
World Bank attributable to
Country Income Group Method 1 Method 2 Method 1 Method 2 Method 1 Method 2 NoV
Austria 1 84,283 17,518 11,855 4380 788 547 1
Belgium 1 139,574 29,010 19,632 7253 1304 907 1
Bulgaria 2 74,048 15,391 10,415 3848 692 481 14
Cyprus 1 10,461 2174 1471 544 98 68 0
Czech Republic 1 126,408 26,274 17,780 6568 1181 821 1
Denmark 1 68,309 14,198 9608 3550 638 444 0
Estonia 1 16,634 3457 2340 864 155 108 0
Finland 1 64,837 13,476 9120 3369 606 421 0
France 1 862,429 179,256 121,304 44,814 8060 5602 6
Germany 1 729,475 151,622 102,604 37,905 6818 4738 5
Greece 1 121,460 25,246 17,084 6311 1135 789 1
Hungary 2 100,782 20,948 14,175 5237 942 655 9
Ireland 1 77,567 16,122 10,910 4031 725 504 1
ITtaly 1 605,154 125,782 85,117 31,445 5656 3931 4
Latvia 1 22,321 4639 3140 1160 209 145 0
Lithuania 1 32,764 6810 4608 1702 306 213 0
Luxembourg 1 6326 1315 890 329 59 41 0
Malta 1 4286 891 603 223 40 28 0
The Netherlands 1 196,610 40,865 27,654 10,216 1837 1277 1
Poland 1 443,572 92,197 62,390 23,049 4146 2881 4
Portugal 1 102,762 21,359 14,454 5340 960 667 1
Romania 2 225,758 46,924 31,754 11,731 2110 1466 40
Slovakia 1 61,963 12,879 8715 3220 579 402 1
Slovenia 1 23,414 4867 3293 1217 219 152 0
Spain 1 531,320 110,435 74,732 27,609 4966 3451 4
Sweden 1 121,417 25,237 17,078 6309 1135 789 1
United Kingdom 1 851,683 177,023 119,793 44,256 7960 5532 7
EU-27 5,705,616 1,185,915 802,519 296,479 53,324 37,060 102

World Bank Income group classification: 1—high income (GNI > $12,615), 2—upper middle income (GNI $4086-$12,615).

Norovirus Disease Leading to Death

We estimated the total number of deaths in children less than
5 years of age in the EU to be 25,000 per year. Among these, we
estimated 560 to be caused by diarrhea. After applying the percent-
age of AGE hospitalizations caused by Norovirus, we estimated
that every year Norovirus disease causes 102 deaths in children less
than 5 years of age in the EU (95% CI 69-139). This translates to
arisk of 1 in 51,000 of suffering an episode of Norovirus disease
leading to death by age 5 (see Table, Supplemental Digital Content
1, http://links.lww.com/INF/C18).

DISCUSSION

Norovirus disease is considered to be the leading cause of
AGE in all age groups in the community, and the second cause
of severe AGE requiring hospitalization among children less than
5 years old.>*¢ However, the latter may change in the future with
the progressive introduction of RV vaccination in national immu-
nization programs. Studies in the US and Finland have already
demonstrated that Norovirus has become the primary cause of
AGE hospitalization after the introduction of RV vaccine in these
countries.?*?® With a vaccine against Norovirus currently in clinical
development,’ it becomes important to assess the burden of disease
to guide a potential introduction of the vaccine in immunization
programs. This study presents for the first time an estimation of the
burden of Norovirus disease in the EU region specifically. We chose
to evaluate the burden of disease using two different approaches:
first by applying incidences for Norovirus disease obtained from
published literature, and second by comparing the burden of dis-
ease of Norovirus to RV. Using the first approach, we estimated
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that every year 5.7 million cases of illness, 800,000 medical visits
and 53,000 hospitalizations attributable to Norovirus occur in chil-
dren younger than 5 years of age. Taking the alternative approach
the estimates were 1.2 million illnesses, 296,000 medical visits and
37,000 hospitalizations. We also projected that 102 deaths were
attributable to Norovirus annually in this age group.

Considering the results obtained from Norovirus incidence
data, virtually all children will have suffered at least one episode
of Norovirus illness by age 5, 1 in 7 children will have required a
medical visit, 1 in 98 will have been hospitalized and 1 in 51,000
will have died.

Nevertheless, the findings of our study present several limi-
tations. The two approaches yielded different estimates, particularly
the estimates obtained for the number of total illnesses and medi-
cal visits. Calculation of the total number of illnesses and medi-
cal visits through the alternative approach assumed that the ratio
of hospitalizations to medical visits (1:8), and the ratio of medical
visits to illnesses (1:4) would be basically the same as previously
described for RV. If we calculate the same ratios from the numbers
obtained from incidence data, we find a hospital to medical visit
ratio of 1:15 and a medical visit to illness ratio of 1:7, which would
indicate that the course of Norovirus disease progresses to severity
less frequently than RV disease. To estimate the incidence of hos-
pitalization due to Norovirus via the alternative approach, we used
the ratio of the prevalence of Norovirus and RV infection among
patients hospitalized for AGE. This assumes a constant relation
between Norovirus and RV infections, whereas in reality it may dif-
fer between different locations. With the aim of making a conserva-
tive estimate, we only used data from studies carried out before the
introduction of RV vaccines.

© 2015 Wolters Kluwer Health
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The studies we identified for inclusion in our evaluation
reflected only 5 countries in the EU. We have therefore assumed
that incidence and prevalence of Norovirus is comparable for all
countries in the EU, which may have led to an over or underestima-
tion of the disease burden. There are currently no data available to
support this assumption, given the heterogeneity between studies
using different inclusion criteria, different case definitions and dif-
ferent diagnostic methods, precluding easy comparison. A previous
study showed the impact of the use of different case definitions,
with difference in estimates up to 1.5-2.1 times depending on the
case definition used.”

Nosocomial infections have not been considered in the cur-
rent evaluation for lack of incidence data, which may have underes-
timated the burden. A review in Germany has shown that up to 16%
of Norovirus hospitalizations in children less than 5 years of age
may be of nosocomial origin.** Medical visits do not include emer-
gency department visits because incidence data was only available
for clinic visits, which may also have underestimated the burden.

There are few published studies that explore the burden of
Norovirus disease at regional or global levels. Recently, there have
been two studies looking at the burden of Norovirus disease in the
US. Payne et al,”® in a prospective surveillance study, estimated the
incidence of clinic visits due to Norovirus disease in children less
than 5 years old at 368 cases per 10,000 children, which is slightly
higher than our estimate of 301 per 10,000. Conversely, the authors
estimated the incidence of hospitalization due to Norovirus disease
at 9 per 10,000, whereas we calculated a higher estimate at 14-20
cases per 10,000 children. Gastanaduy et al,*' based on modeling of
health insurance data, estimated the incidence of clinic visits due to
Norovirus at 233 per 10,000 children, slightly below our estimate.
Although the differences may be explained by the use of different
case definitions, laboratory techniques or differences in health care
services use, all the estimates in principle are comparable.

Two systematic reviews have been undertaken to assess the
burden of Norovirus disease at the global level. Patel et al® esti-
mated that Norovirus caused 12% (95% CI: 9-16%) of all severe
gastroenteritis in children, with estimated annual incidences of 12
hospitalizations and 167 medical visits per 10,000 children. Our
estimates that Noroviruses are responsible for 18% of AGE hos-
pitalizations and an annual incidence of Norovirus hospitaliza-
tion of 14-20 per 10,000 are both comparable with Patel’s global
estimates. However, our estimated incidence for medical visits is
higher than Patel’s (301 versus 167 per 10,000). The discrepancy
may be due to our estimation being based on population studies
that provided incidence data as opposed to estimating the incidence
from the proportion of AGE medical visits attributable to Norovi-
rus disease, or to regional differences or differences in access to
medical care. In addition, the two studies used to provide these esti-
mates were not available at the time of Patel’s review.*’ In a recent
review, Lanata et al** estimated that Norovirus caused 13.8% (95%
CI 11.8-17.6%) of all AGE hospitalizations worldwide, and 9.8%
of all AGE hospitalizations in the WHO EURO region. Our esti-
mate for Norovirus hospitalizations is comparable with Lanata’s at
the global level, but higher when considering only the WHO EURO
region (18% versus 9.8%). This difference may be due to the dif-
ferent geographical make up and to the different criteria applied
for study selection. Our review only considered for example only
studies where Norovirus diagnosis was confirmed by PCR, whereas
Lanata et al included other diagnostic methods such as enzyme
linked immunosorbent assay.

We have made no attempt to translate the burden of Noro-
virus disease into economic terms because it was out of the scope
of this study. There are currently few studies in the EU that have
provided estimates of direct or indirect costs for Norovirus disease.

© 2015 Wolters Kluwer Health

The UK Health Protection Agency, citing data from Lopman et
al,? estimates that Norovirus costs the National Health Service in
excess of £100 million per year in years of high incidence (2002—
2003 figures).** In the US, Payne et al®® calculated that the burden
of Norovirus disease among children less than 5 years old results in
direct health care costs in excess of $273 million every year.

The introduction of RV vaccines has been successful in
reducing the burden of (severe) RV AGE.* The burden of RV dis-
ease in the EU before vaccine introduction was estimated at 2.8
million illnesses, 700,000 outpatient visits, 87,000 hospitaliza-
tions and 231 deaths.!” Our estimated burden of Norovirus disease
exceeds the RV estimates of the total number of illnesses and is
comparable in the number of medical visits. Conversely, the burden
of hospitalization and death is lower for Norovirus disease com-
pared with RV. Studies in Finland and the US have already shown
that Norovirus has become the main cause of severe AGE in chil-
dren following the introduction of RV vaccination.?6-%

The introduction of a vaccine against Norovirus could have
important benefits. In a model developed in the US, it was esti-
mated that a vaccine offering 50% efficacy and with a duration of
protection of 4 years administered to children less than 5 years of
age would avoid 4000 Norovirus disease cases, 685 clinic visits, 18
hospitalizations and 0.02 deaths per 10,000 vaccinations.*

In conclusion, the burden of Norovirus disease in children
in the EU is substantial, and a future vaccine against Norovirus
could potentially translate into significant health costs and societal
savings. More studies will be needed at country level in the EU to
better assess this burden and guide the eventual introduction of a
vaccine against Norovirus at the national level. To allow compari-
sons between countries, future standardization of case definitions
for AGE and laboratory diagnostics for Norovirus at the EU level
would be of the utmost importance.
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