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Background: Acute gastroenteritis poses a significant burden on young children, families, health care
facilities and societies. Rotavirus is the most common pathogen, but rotavirus infections are vaccine pre-
ventable. Information on the epidemiology of gastroenteritis in Icelandic children has until now not been
available and rotavirus vaccination is currently not offered to Icelandic infants. The objective of this study
was to assess the burden of rotavirus acute gastroenteritis in young children in Iceland and determine the
potential benefit of adding rotavirus vaccine to the Icelandic childhood immunization schedule.
Methods: For a two-year period, children < 6 years old attending a children’s emergency department for
acute gastroenteritis were recruited at the Children’s Hospital in Reykjavík, Iceland. Demographic infor-
mation and Vesikari scores were registered. Stool samples were analyzed for pathogens. Duration of
symptoms, treatment given, and secondary household infections were among the collected information.
Annual cost of the infections in young children was estimated based on health care expenditures and lost
days of parental work.
Results: 325 children were included in the study, 75% of which were � 24 months old. A pathogen was
identified in 80% of cases, of which rotavirus was identified in 54%. Rotavirus caused a more severe dis-
ease than other pathogens, more often leading to fluid treatment in the emergency department and
admissions. Median duration of rotavirus-illness was six days and caused a median of four days lost from
work by parents. The estimated annual cost of rotavirus acute gastroenteritis was €2.9 million.
Conclusions: Rotavirus causes significant disease burden in young children. Although rarely life-
threatening in high income countries, the costs for society are substantial. The inclusion of rotavirus vac-
cine in the national immunization schedule will reduce the disease burden and would be cost-saving in
Iceland.

� 2021 Published by Elsevier Ltd.
1. Introduction

Rotavirus is an important cause of acute gastroenteritis (AGE) in
young children and the majority of children have already been
infected by the age of five [1–3]. The annual number of rotavirus
infections in Western Europe is high, with an estimated incidence
of 219 infections per 100 000 children under the age of five, leading
to nearly 5 million cases each year [4,5]. Rotavirus infections sel-
dom lead to death in high-income countries but place a significant
burden on children, families and health care systems [4,6,7].
The World Health Organization (WHO) has recommended the
inclusion of a rotavirus vaccine in all childhood vaccination sched-
ules since 2009 [8]. Four rotavirus vaccines are prequalified by
WHO [9] and two have been licensed by the European Medicines
Agency (EMA) and the U.S. Food and Drug Administration (FDA),
one monovalent and the other pentavalent [10–13]. Both are live
attenuated vaccines, given orally in two- and three-dose schedules,
respectively, in the first year of life and have both been shown to
be safe and effective [10,14,15]. Rotavirus vaccination is not
included in the national immunization program in Iceland.

The introduction of rotavirus vaccines has led to a significant
reduction in diagnosed infections, visits to emergency departments
and hospital admissions due to rotavirus [7,16–18]. Furthermore,
rotavirus vaccinations have been shown to be cost-effective in
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high-income countries, and may even be cost-saving [19–22].
Financial benefits may vary between countries due to differences
in cost of care [19,23,24]. Neither epidemiological studies, esti-
mates of disease burden, nor cost-effectiveness calculations of
rotavirus vaccination have previously been done in Iceland. This
study was designed to estimate the burden of pediatric RVAGE in
Iceland.
2. Methods

2.1. Study design, setting and data collection

The study was a two-year prospective study on AGE leading to
an emergency department (ED) visit at the Children’s Hospital, Ice-
land from 1st January 2017 to 31st December 2018. Parents of chil-
dren aged < 6 years presenting to the ED with AGE (ICD-10
diagnoses A08/A09) and fulfilling the inclusion criteria of acute
gastroenteritis (three or more loose stools and/or two or more
forceful vomiting within 24 h and onset in the last 14 days), were
approached and offered participation in the study. Participation
was contingent upon written informed consent of a parent/legal
guardian. At the time of ED visit, the following information was
registered: date of ED visit, age (in months), sex, day-care atten-
dance, Vesikari score[25] of the AGE episode, number of days with
symptoms before the ED visit, and need for treatment at the ED
(oral fluid, intravenous fluid, antiemetics).

A stool sample from the child was obtained. If a stool sample
was not attainable, an anal skin swab was done [26]. When symp-
toms or medical history could indicate a bacterial infection, sam-
ples were also sent for bacterial culture. Within one week from
the ED visits, parents/legal guardians were contacted by telephone
and asked about total duration of illness, number of days the child
missed from day-care, number of days lost from work or school for
parents/guardians, number of other infected household members
and their stance on rotavirus vaccination. If the symptoms were
still ongoing, another phone call was made two weeks from the
ED visit.

2.2. Virology – laboratory methods

Stool samples were transferred to the national laboratory for
virological analysis. Processing of samples including DNA extrac-
tion and subsequent PCR was performed according to standardized
laboratory methods [27]. A cycle threshold (CT) lower than 40 was
considered positive (between 37 and 40 as weakly positive).

2.3. Definitions, data analysis and statistics

All AGE episodes, in which rotavirus was one of the identified
pathogens, were considered RVAGE when comparing RVAGE to
non-rotavirus AGE. All episodes, in which another pathogen or no
pathogen was detected, were categorized as non-rotavirus AGE. A
weakly positive result from PCR was included if it was the only
detected pathogen but excluded if another pathogen was detected
in the same sample. If children visited the ED on three or more con-
secutive days, it was defined as an admission.

Mann-Whitney U test was used for comparison of numerical
variables and v2 test for categorical variables. A p-value of <0.05
was considered statistically significant. Analysis was done using
R (version 3.6.3).

2.4. Cost - calculations

All costs were converted from Icelandic kronur (ISK) to EUR (€),
using the average exchange rate in 2018 (1 EUR = 127.73 ISK) [28].
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The cost of RVAGE was estimated by analyzing the direct cost due
to healthcare, as well as indirect cost in the form of loss of produc-
tivity due to parental sick leave (not including secondary cases).
Data on hospital costs (ED visits and admissions) was retrieved
from hospital registry.

We assumed that 10% (reported range 10–20%)[1,29] of all chil-
dren < 6 years of age were infected with rotavirus annually. Days
lost from work were assumed to be three days (reported range in
other studies 2.5–7.5) [6,18,24,29] for each primary infection.
The value of lost work days was based on average salary including
wage related expenses of working people in Iceland (€367/day),
retrieved from Statistics Iceland [30].
2.5. Ethics

The study was approved by The National Bioethics Committee
(ref. no. VSN-16–152) and the Medical Director at Landspitali
University Hospital (ref. no. LSH 77–16).
3. Results

During the two-year study period 1081, children < 6 years old
visited the ED at the Children’s Hospital due to AGE, 468 in 2017
and 613 in 2018. Participation was approved for 348 children
(32.2%) with signed informed consent. No samples were retrieved
from 14 patients, six reported symptoms (diarrhea or vomiting)
for > 14 days prior to ED visit and no data on duration of symptoms
was available for three participants. They were therefore excluded
from the analysis. Thus, 325 children were included in the study, of
which 126 presented to the ED in 2017 and 199 in 2018 (26.9% and
32.5% respectively of AGE ED visits). Males were 194, females 131,
and the median age was 16 months (Table 1). The majority (75.7%)
of patients were � 24 months of age. Median days with symptoms
prior to ED visit was four (range 1–14) days (Table 1). Sixty percent
of patients received treatment in the ED, of which oral fluid was
the most common treatment. Twenty-nine patients (8.92%) were
admitted to the Children’s Hospital due to AGE. A quarter of non-
admitted patients had at least one subsequent visit to the ED in
the three days following the first ED visit. Of those, most patients
had one subsequent visit (62/296) but nine had two visits and five
three visits. Transmission of AGE to household members occurred
in 56.7% of families (169/298, data missing for 27 households),
with a median of one secondary infection in a family (range 0–7).

Pathogens were isolated from 80.3% of patients (261/325). One
pathogen was isolated from most samples (198/325), two patho-
gens were isolated from 16.9% of samples (55/325) and three from
2.5% (8/325). Rotavirus was the most common pathogen, isolated
from 142 patients (54.4% of positive samples), followed by aden-
ovirus and norovirus (Fig. 1). Rotavirus was more prevalent in
2018 compared to 2017 (Fig. 2). In 2017, rotavirus was isolated
from stool samples from 36 patients (28.6% of patients included
in the study in 2017) but from 106 patients in 2018 (53.3% of
patients included in 2018). Most episodes of RVAGE occurred in
late winter and spring, from January to May (Figs. 2 and 3). Noro-
virus and adenovirus were more common in the autumn (Fig. 3).
Bacterial infections were found in four cases, three cases of Sal-
monella spp. and one of Campylobacter jejuni.

Children with RVAGE were older than children with non-
rotavirus AGE (median 18 vs. 14 months, p = 0.002) and presented
to the ED sooner in the course of the illness, with a median of three
days with symptoms compared to four days for children with non-
rotavirus AGE (p = 0.005) (Table 1). Eighty percent of RVAGE epi-
sodes were classified as severe (Vesikari score � 11) compared to
52.7% of non-rotavirus AGE (p < 0.001). Only one episode of RVAGE
was classified as mild (Vesikari score < 7) compared to 14 (7.7%) of



Table 1
Characteristics of patients attending the ED with acute gastroenteritis. The table shows comparison of characteristics between those with RVAGE and non-rotavirus AGE.

All acute gastroenteritis episodes,
N = 325

Rotavirus acute gastroenteritis,
N = 142

Non-rotavirus acute gastroenteritis,
N = 183

p-value

Sex, male 194 (59.7) 83 (58.5) 111 (60.7) 0.773
Age, months 16 (1–71) 18 (1–69) 14 (1–71) 0.002
�24 months of age, n (%) 246 (75.7) 100 (70.4) 146 (79.8) 0.069
Attending day care* 0.284
Yes 230 (72.3) 106 (75.7) 124 (69.7)
No 88 (27.7) 34 (24.3) 54 (30.3)
Vesikari scorey <0.001
Severe (�11) 210 (64.8) 114 (80.3) 96 (52.7)
Moderate (7–10) 99 (30.6) 27 (19.0) 72 (39.6)
Mild (<7) 15 (4.6) 1 (0.7) 14 (7.7)
Days with symptoms prior to ED visit 4 (1–14) 3 (1–12) 4 (1–14) 0.005
Duration of illness, days 6 (1–28) 6 (1–18) 8 (1–28) <0.001
Days missed from day care* 5 (0–21) 5 (0–13) 5 (0–21) 0.676
Parental absence from work/school, days 4 (0–21) 4 (0–14) 4 (0–21) 0.476
Cases leading to secondary infections� 169 (56.7) 78 (59.5) 91 (54.5) 0.450
Number of secondary cases within a family� 1 (0–7) 1 (0–5) 1 (0–7) 0.835
Treatment in ED
Any AGE treatment 196 (60.3) 119 (83.8) 77 (42.1) <0.001
p.o. fluid 163 (50.1) 98 (69.0) 65 (35.5) <0.001
i.v. fluid 82 (25.2) 56 (39.4) 26 (14.2) <0.001
antiemetics 102 (31.4) 67 (47.2) 35 (19.1) <0.001
Admissions 29 (8.9) 20 (14.1) 9 (4.9) 0.007

Numbers presented as n (%) or median (range). * Data on day care attendance missing for seven participants, two in the RVAGE group and five in the non-rotavirus AGE group.
Those not attending day care excluded from analysis of days missed from day care. yData missing on Vesikari score for one child (in the non-rotavirus AGE group). �Data
missing on secondary infections for 27 cases (11 in the RVAGE group and 16 in the non-rotavirus AGE group).
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non-rotavirus AGE. The duration of illness was shorter for RVAGE
than non-rotavirus AGE (median 6 vs. 8 days, p < 0.001) (Table 1).
More patients with RVAGE needed treatment, compared to
patients with non-rotavirus AGE. Intravenous fluid was required
for 39.4% of patients with RVAGE, compared to 14.2% of those with
non-rotavirus AGE (p < 0.001) and admission was more often
needed in RVAGE (14.1% vs. 4.9%, p = 0.007). There was no differ-
ence in loss of parental productivity or days missed from daycare
between the two groups. Furthermore, there was no difference in
infectivity of RVAGE compared to non-rotavirus AGE.

When asked about their stance towards rotavirus vaccinations,
91% of parents were in favor of including rotavirus vaccinations in
Fig. 1. Pathogens isolated from stool samples, rectal skin swabs and stool cultures.
Co-infections occurred in 24.1% of all positive samples, all identified pathogens are
shown in this figure. Other: Salmonella spp. and Campylobacter jejuni.
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Icelandic vaccination schedules, 6.3% were against rotavirus vacci-
nations and 2.5% were undecided.

Assuming 10% of children < 6 years old are infected with rota-
virus each year (assuming five and a half birth cohorts are suscep-
tible, it’s approx. 23,000 susceptible children[31]), there are 2300
RVAGE cases among Icelandic children annually. Fifty percent of
cases result in secondary cases, leading to approximately addi-
tional 1150 secondary cases in all age groups annually. The pri-
mary cases lead to 6900 days lost from work (assuming three
days are lost per episode), while parents care for their ill children.
Workdays lost from secondary cases were excluded from the anal-
ysis. The average annual cost of RVAGE ED visits and hospital
admissions at the Children’s Hospital during the two study years
was €369,677. The cost of days lost from work amounts to €2.5
million annually. The annual societal cost of RVAGE is therefore
estimated to be approx. €2.9 million.
4. Discussion

This is the first prospective clinical study on AGE in young chil-
dren in Iceland and supports findings from other countries that
rotavirus is a common cause of AGE in children < 6 years of age
and causes a significant disease burden on families and the health
care system [2,24,32]. RVAGE is seasonal and usually peaks in late
winter and spring, at a similar time of year as respiratory syncytial
virus (RSV) and influenza,[33,34] causing considerable burden on
health care facilities. Rotavirus was the cause of AGE leading to
ED visits in more than half of the cases where a pathogen was iden-
tified. The median duration of symptomatic rotavirus infections
was six days. Rotavirus has previously been reported as the most
common virus causing AGE in children < 5 years of age [2,35]. In
our study adenovirus and norovirus were the second and third
most common causative organisms, respectively. Bacterial gas-
troenteritis was rare. Incidences of different pathogens fluctuated
between years. Rotavirus infections were more common in 2018
than 2017. More children were recruited to the study in 2018 com-
pared to 2017 (both absolute numbers and percentage of eligible
children) which could contribute to this difference. A biennial pat-
tern of RVAGE has been described after introduction of rotavirus



Fig. 2. Distribution of AGE and RVAGE over the study period. AGE leading to ED visits was most common during the winter months, as were RVAGE. AGE was more common
in 2018 than 2017, and rotavirus was relatively a more prevalent pathogen in 2018 compared to 2017.
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vaccinations in the USA but not in other countries with a national
immunization program [36–38]. The emergence of a biennial pat-
tern has also been described in the Netherlands, a country without
a national immunization against rotavirus, but it is hypothesized to
be as a result of herd immune effects due to vaccination programs
in the neighboring countries [39]. In Iceland, no indirect protection
through immunization in neighboring countries nor private market
use of vaccine would explain the observed pattern in our study.

Rotavirus is a disease with the highest burden in young chil-
dren. In our study, the majority of children with RVAGE were
aged � 24 months and this is mirrored by other studies [5,32,34].
As described by others, rotavirus infections were more severe than
Fig. 3. Seasonality of identified viruses during the two study years. Rotavirus
infections were most common in late winter and spring, while norovirus and
adenovirus infections were most common in the autumn.
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non-rotavirus AGE and led to significantly more ED treatment and
hospital admissions, although overall the disease duration was
shorter [5,29,32]. In this cohort, more than half of cases led to a
secondary infection in the household, similar to what has previ-
ously been reported [6]. This underlines the burden the disease
causes on the children and families.

Rotavirus infections have been shown to significantly affect the
quality of life of the child and parents during the episode, due to
the illness, worries and changes in daily activities, factors often
neglected in estimation of disease burden [6,40,41]. Not only does
RVAGE cause disease and despair for the children and families, it
also imposes substantial cost to the health care system and
through lost productivity [24,42]. Loss of productivity, while par-
ents care for their sick children, has previously been described as
the main factor of indirect societal cost of RVAGE, accounting for
36–73% of total societal cost, varying between countries [24].

Our analysis of the cost of RVAGE is conservative. Firstly, in our
calculation of the societal cost, we estimated that the annual inci-
dence of RVAGE was only 10% in children < 6 years of age. The inci-
dence is likely to be higher, as most children will have been
infected at least once by the age of five [1,3,29]. Secondly, we
assumed that RVAGE would cause three days lost from work/
school. This might be a rather cautious estimate, as other studies
have reported lost workdays ranging from 2.5 to 7.5 [6,18,24].
We used an arbitrary assumption, based on reported number of
days from the literature, as our study only includes children that
present to the ED. They are likely to have a more severe illness than
children visiting a GP office or those not seeking any health care at
all, resulting in more loss of productivity by parents. Thirdly, we
estimated the household secondary attack rate to be 50%, as has
been reported [6] but this was not included in our cost analysis.
Also, no financial value has been put on GP visits, increased use
of diapers, medication, parental anxiety, the loss of free time or
health-related quality-of-life reductions. On the other hand, it is
likely that in some cases one parent will not be working outside
the home and the illness will not lead to any lost days from work.
Our cautious estimation of the annual financial burden of RVAGE is
€2.9 million; however, we believe that our analysis probably
underestimates the true societal cost of RVAGE. Considering that
no additional visits need to be added to the standard infant care,
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price of vaccine will be the largest factor for policy makers when
deciding on inclusion of a rotavirus vaccine in the Icelandic
national schedule. Assuming rotavirus immunization would
reduce infection rate by 75% and the cost of a full vaccination
schedule per child is around €100, the vaccination will be cost-
saving according to our analysis.

Rotavirus is a highly infectious pathogen[43] with the ability to
effectively spread despite general measures of hygiene and the
best preventive measure is through immunization. Many countries
in Europe have taken up one of the two available vaccines in
national immunization schedules [44,45]. The vaccines have been
found to be highly effective and cost-effective [18,20,22,46]
National rotavirus vaccination schedules shorten and delay the
onset of the rotavirus season, as well as reducing its peak [7,47].
Although rotavirus vaccination does not completely eliminate the
risk of infection, breakthrough infections in vaccinated children
result in a less serious illness with a shorter duration [18]. In addi-
tion, some studies indicate that rotavirus vaccinations may reduce
childhood seizures, likely due to reduction of both febrile seizures
and seizures as a result of direct neurotoxicity of the rotavirus
[48,49].

In our study, most parents were in favor of including rotavirus
vaccination in immunization schedules in Iceland. However, it is
likely that the answers are biased since all children included in
the study recently had an episode of AGE. Thus, the answers may
not be representative of parental views in Iceland, although gen-
eral attitude towards vaccinations is very positive [50].

There are some limitations to the study. Although recruiting a
third of all children fulfilling the inclusion criteria seems adequate,
it may not be representable. Severity of disease may influence will-
ingness to participate and therefore lead to a potential selection
bias in the cohort. We studied two consecutive years which may
not represent ongoing epidemiology of RVAGE, and we did find
fluctuations in individual pathogen incidences. Nevertheless, we
maintain that the results provide adequate numbers for our analy-
sis. For cost calculations, we based our estimate of RVAGE inci-
dence and days lost from work from other published studies and
in other high-income countries. We believe that these results are
similar in Iceland. Finally, we emphasize that cost analyses differ
considerably between countries.
5. Conclusions

Rotavirus is the most common pathogen causing AGE leading to
ED visits in young children, causing significant illness and burden
on health care systems and families. We conclude that implement-
ing rotavirus vaccination for infants in Iceland will reduce the bur-
den of rotavirus disease and be cost-effective. Furthermore, the
vaccination is likely to interrupt of transmission and further spread
of RVAGE in the community. Finally, the vaccination would
improve the quality of life for young children and their families.
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