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SUMMARY

In Sweden, acute gastrointestinal illness (AGI) incidence, severity, impact on productivity, related
healthcare usage and associated costs are not ascertained. We measured these in 2013-2014 using a
population-based cohort reporting weekly. We defined AGI as >3 episodes of loose stools or
vomiting/24 h; or loose stools or vomiting with >2 other gastrointestinal symptoms. After each
AGI episode, we collected information about perceived severity, healthcare use and absenteeism.
We calculated incidence rates, AGI absenteeism and costs comprising direct healthcare costs and
productivity loss due to work/school absenteeism. A total of 3241 participants reported 1696 AGI
episodes [incidence 360/1000 person-years, 95% confidence interval (CI) 326-395; highest in the

<5 years age group]. In the <5 years age group, 31% of episodes were perceived as mild, 61% as
moderate and 8% as severe; 9-4% led to primary-care consultations, and 1-4% to hospital
admissions. In the >5 years age group, 18% of episodes were perceived as mild, 64% as moderate
and 18% as severe; 6-4% led to primary-care consultations, and 1-9% to hospital admissions.

AGI caused 8 891 000 days of absenteeism (95% CI 6 009 00012 780 000). AGI cost €1 005 885 000
(95% CI 754 309 0001 257 195 000) nationally for the year. In Sweden, a minority of cases
perceive AGI as a mild illness. AGI is a burden on the healthcare system and causes productivity
loss, with high costs. Countries may consider these estimates when prioritizing health interventions.
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INTRODUCTION enabling assessment of the associated economic and
healthcare burden, evaluation of control strategies
and interpretation of surveillance data [1]. However,
routine surveillance alone cannot estimate AGI com-
munity incidence because the small proportion of
AGI cases using the healthcare system differs from
the wider burden of AGI in terms of underlying
organisms, severity and socio-demographic character-
istics of affected individuals [3, 4]. Previous estimates
of AGI community incidence have relied on cohort
studies of populations registered with general practices
* Author for correspondence: Dr M. Edelstein, 61 Colindale (GPs) [1, 5] or on retrospective studies [6-9]. These
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(Email michael.edelstein@doctors.org.uk) studies have found community incidences per 1000

Acute gastrointestinal illness (AGI) is commonly
caused by infection with norovirus, sapovirus, rota-
virus, Campylobacter and E. coli [1]. Most AGI is of
low severity, short duration, and requires no clinical
intervention. Its social and economic burden is high
due to associated usage of healthcare services and
work and school absenteeism [2]. Knowing the AGI
community incidence adds public health value by
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person-years ranging from 274 in 2008-2009 in the
UK [1] and 283 in The Netherlands in 1999 [5] to
1400 in 2009 in Denmark [9], and AGl-related GP con-
sultation rates between 6-4% and 30-4%[1, 6, 7, 10], and
hospitalization rates between 2% and 4-6% [6, 7, 10].
AGT-associated productivity loss and healthcare costs
were estimated at CANS$113.70 (€75) per case in
Canada in 2011 [11] and AUD 150 (€104) per case in
Australia in 2006 [12]. However, variations in AGI inci-
dence, healthcare costs [13] and average salaries com-
bined with different methods used to calculate costs
make it difficult to extrapolate or compare AGI cost
to society from one country to another.

In Sweden, one previous retrospective study
attempted to measure community incidence of AGI.
It estimated AGI incidence at 310/1000 person-years
in 2009 [14], without assessing the AGI costs to soci-
ety. In 2013, The Public Health Agency of Sweden
invited 34 970 Swedish residents up to the age of 85
years, selected using random age-stratified sampling
to join Halsorapport, a prospective, population-based
cohort with several objectives, among which included
measuring the incidence of a range of symptoms in the
Swedish population via weekly health status reports.
The sample size was calculated on an expected 10% re-
sponse rate, in line with previous participatory surveil-
lance cohorts in Sweden and other European countries
[1]. The cohort comprised 3241 individuals, of which
1479 were children (45-6%) aged <5 years and 1729
females (53%). On average, 2619 participants reported
their health status each week (range 2007-2851).
Further information on the cohort can be obtained
by contacting the authors, and will also be available
in a future publication. Using Hailsorapport, we
aimed to estimate the community incidence of domes-
tically acquired AGI in Sweden over a year as well as
its perceived severity, associated healthcare usage and
economic impact.

METHODS
Reporting symptoms

Between week 46, 2013 (week commencing 11
November), and week 47, 2014 (week commencing
17 November), we emailed all participants weekly,
asking them (or their legal guardians for children
aged <16 years) to report which symptoms, if any,
they experienced during the previous week (Fig. 1).
We also collected information regarding recent travel.
For any given week, we defined a participant as active
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if he/she reported at least once in the 3 weeks preced-
ing the week of interest. In order to minimize report-
ing bias (participants reporting only when they
experienced symptoms), we only included AGI epi-
sodes from active participants in the incidence estima-
tion. We therefore excluded the first 3 weeks from the
analysis. Starting week 50, 2013 (week commencing 9
December), every time a participant reported symp-
toms, we sent a follow-up email questionnaire in the
third week after the report (Fig. 1) to collect informa-
tion regarding perceived severity of illness, using a
scale from 1 (very mild) to 6 (very severe). The delay
between participants reporting symptoms and receiv-
ing the severity questionnaire was based on time
required to identify participants eligible for the ques-
tionnaire, and to send it. We grouped 1 and 2 as
mild disease, 3 and 4 as moderate, and 5 and 6 as
severe. We also asked about symptom duration,
symptom-related GP and hospital attendance, and
number of AGI-related days taken off work or school.
We compared cases perceived as mild and severe in
terms of average symptom duration and proportion
of healthcare attendance, using y> tests.

AGI case definition

We defined an AGI case as having >3 loose stools in
24 h or vomiting >3 times in 24 h or loose stools with
>2 additional symptoms in 24 h or vomiting with >2
additional symptoms in 24 h. The additional symp-
toms could be loose stool, vomiting, abdominal
pain, fever, nausea, blood in the stool, or mucus in
the stool. This definition has been used in previous
AGTI incidence studies [5].

Calculating AGI incidence and severity

We included each week a participant reported between
week 49, 2013 (commencing 2 December) and week
47, 2014 (referring to the period between week 48,
2013 and week 46, 2014) in the total person-time at
risk and counted AGI reports. Periods of inactivity
were not counted towards person-time at risk. We
excluded episodes where symptoms were reported
within 10 days of travelling abroad. If symptoms
fitting the AGI case definition were reported more
than 1 week in a row with no AGI-free period in be-
tween, we counted this as only one episode. We
counted reported symptoms fitting the AGI case
definition as separate episodes if they were separated
by at least one AGI-free week. We age-calibrated
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[15] all estimates to adjust for the differences in age
distribution between the sample and the population,
using the 2012 Swedish population estimated by
Statistics Sweden (www.scb.se) as the standard popu-
lation (total estimated population 9 555 893). The cali-
bration method is described elsewhere [15]. We
calculated the AGI incidence with 95% confidence
intervals (CIs), overall and within different age groups
(<5, 5-14, 15-64, 65-85 years).

We estimated the mean duration of an AGI episode
and the overall number of days of AGI-related work or
school absenteeism, along with 95% CIs. We measured
the proportions of participants attending GP and admit-
ted to hospital for children aged <5 years and individuals
aged =5 years. Finally, we estimated the perceived
severity of symptoms in these same age groups.

Calculating economic impact

We based our cost estimate on direct healthcare costs
and productivity losses from lost days of work due to
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acute illness only. We excluded indirect healthcare
costs such as transport to or from hospital, and costs
attributable to healthcare and productivity losses due
to long-term sequelae of AGI episodes.

We defined AGl-associated productivity loss as the
time away from paid employment because of one’s
own AGI symptoms or to care for a participating
child with AGI. We valued a day of work, according
to the human capital approach [16], as the average
yearly Swedish age-specific 2012 income [17] (in
S-year age bands) plus social fees (employer payroll
tax) of 31-42% [17], divided by the number of working
days in a year (Table 1). These income averages reflect
the range of occupations individuals are employed in
and account for the fact that a proportion of the
working-age population is not in full-time paid em-
ployment. The age-specific estimates are available
for adults aged >20 years. To estimate the cost of a
day off work to care for a child, we used the average
cost of a day of work across all age groups (20-64
years). In order to calculate the cost attributable to
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Table 1. Salaries, cost of day off work or school, and
number of AGl-related days off school or work, Sweden,
2012

Total number of
days oft school or

Age Average Average cost of work (week 48,
group,  yearly day off school 2013 to week 46,
years salary (€)  or work (€)* 2014)F

<1 — 0 0

1-4 — 174 1730707

5-10 — 174 972792
11-14 — 174 298014
15-19f — 0 1360 868
20-24 13376 78 519815
25-29 20878 122 1023462
30-34 26 884 157 1022959
35-39 31900 186 473553
40-44 35233 206 325290
45-49 36410 213 485080
50-54 35475 207 152852
55-59 34573 202 213181
60-64 33000 193 312106

=65 — 0 0

AGI, Acute gastrointestinal infection.

* The average salary across age groups 20-64 years was used
to calculate the cost of a day off work to look after a sick
child.

T Parents of children aged <1 year were assumed to be on
parental leave and we assumed age of retirement at 65
years; therefore individuals aged <1 year and >65 years
did not contribute to days off.

1 We assumed the 15-19 years age group are mainly in edu-
cation but can look after themselves when sick; therefore
this age group does not have a cost attached but still contri-
butes to days off work or school.

productivity loss at the national level, we estimated
the total number of days lost to AGI nationally
using age-specific AGI incidence and mean number
of days spent at home as a result of AGI (Table 1)
and annualized the 51 weeks of data available. We
then multiplied the total number of days lost by the
value of a work day for each age group. We made
the following assumptions: (i) children aged <1 year
did not cause any productivity loss since they were
not eligible for pre-school under Swedish law [18]
and one parent would be on parental leave to look
after them; (ii) 84% of children between the ages of
1 and 10 years went to pre-school [19] and thus
required one parent to take time off to look after
them if sick; (iii) children between the ages of 11
and 14 years could stay home alone at least part of
the time and therefore only required one parent to
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take time off 50% of the time; (iv) children aged 15—
19 years were mainly in full-time education and
could stay home alone if sick, and therefore did not
contribute to productivity loss [20]; (v) individuals
aged >65 years were retired and therefore did not
contribute to productivity loss; and (vi) reported
days included non-working and unpaid days such as
weekends, which was adjusted for. In order to account
for the uncertainty around the total cost of productiv-
ity loss, we ran a sensitivity analysis around the num-
ber of days off work or school due to AGI, using the
upper and lower ends of the calculated AGI incidence
Cls.

We calculated the cost attributable to primary-care
usage by multiplying the estimated total number of
cases attending GP with the average price of a GP
consultation (€157). To determine the cost attribut-
able to hospital admissions, we estimated the cost of
an average acute gastroenteritis-related hospital stay
based on diagnosis-related group (DRG) costs which
were representative of the national average for
Sweden [21, 22]. Acute gastroenteritis DRGs vary
by severity (very complicated, complicated, uncompli-
cated) and age (<18 and >18 years, Table 2). We ap-
plied these DRG costs to the proportion of patients
admitted under each DRG using data from the
National Board for Health and Welfare (https://
www.socialstyrelsen.se/statistik/statistikdatabas/drgi-
slutenvard; Table 2). We estimated the average cost of
an acute gastroenteritis hospital stay at €2491 using
the parameters described in Table 2. Prescription
costs were included in the cost of a hospital episode.
Prescriptions by GP were considered patient costs
and were not included. To account for the uncertainty
around the number of GP consultations, we ran a sen-
sitivity analysis around the age-specific AGI inci-
dences, using the upper and lower ends of the
calculated CIs.

Power

Assuming an overall AGI incidence similar to The
Netherlands (283/1000 person-years) [5], and a=
0-05, we could estimate AGI incidence with a 95%
CI of £6-6%.

We sought ethical approval. The ethics committee
considered this study to be part of routine surveillance
activities and therefore did not require specific approv-
al. We used Stata v. 13 (StataCorp., USA) for all stat-
istical analyses.
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Table 2. Parameters used to calculate the cost of an average acute gastroenteritis hospital stay, Sweden, 2012

Proportion of total

Weighted Weighted

Average gastroenteritis average daily average length  Proportion of age

DRG by severity Episode length of  admissions by age cost of stay in age of stay in age group in total
and age group cost (€)*  stay* group (%o)* group (€) group population (%)
Complicated 2508 6 19-7 402 5-2 202

gastroenteritis

<18 yr (F49C)
Uncomplicated 1995 5 80-3

gastroenteritis

<18 yr (F49E)
Very complicated 4176 18 5 304 85 78-8

gastroenteritis

>17 yr (F47A)
Complicated 2928 12 32

gastroenteritis

>17 yr (F47C)
Uncomplicated 2046 6 63

gastroenteritis

>17 yr (F47E)

DRG, Diagnosis-related group.
* Obtained from Swedish Board of Health and Welfare.
1 Obtained from Statistics Sweden.

Table 3. Age-calibrated AGI incidence rate, by age group, Sweden, November 2013-November 2014

Age-calibrated

Age group Person-weeks Reported AGI incidence

(years) reported cases rate/1000 person-years 95% CI
<5 55700 1226 1111 1043-1179
5-14 20133 193 501 430-571
15-64 40436 238 333 283-384
65-85 17324 39 118 81-155
Total 133593 1696 360 326-395

AGI, Acute gastrointestinal infection; CI, confidence interval.

RESULTS
Incidence

Over the study period (week 49, 2013 to week 47,
2014), participants reported 133593 person-weeks
(2569 person-years) and 1696 domestically acquired
AGTI episodes between week 48, 2013, and week 46,
2014. There were 734 participants reporting a single
AGI episode, 288 reporting two, and 112 reporting
>3 episodes.

The overall incidence rate was 360/1000 person-
years (95% CI 326-395). The highest incidence was
in children aged <5 years (1111/1000 person-years,
95% CI 1043-1179; Table 3). The overall weekly inci-
dence peaked in week 9, 2014 (Fig. 2) (794/1000
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person-years, 95% CI 474-1115). Data underlying
Figure 2 are available in Supplementary Table S1.

Severity and burden to society and healthcare

We received 1513 (89%) follow-up questionnaires. Of
these, 1098 (73%) were for children aged <5 years. In
this age group, 31% of the episodes were perceived as
mild, 61% as moderate and 8% as severe. Of the 435
AGI episodes in individuals aged =35 years, 18%
were perceived as mild, 64% as moderate and 18%
as severe. In children aged <5 years, 9-4% of AGI epi-
sodes led to GP consultation and 1-4% to hospital ad-
mission. Of those aged =5 years, 6:4% led to GP
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Fig. 2. Weekly acute gastrointestinal illness incidence by age group, Sweden, 2013-2014.

consultation and 1-9% to hospital admission. An AGI
episode lasted a mean of 3-4 days (95% CI 3-1-3-7)
and the duration was similar across age groups.
Episodes perceived as severe lasted 5-8 days (95% CI
5:3-6:4) on average, whereas episodes perceived as
mild lasted a mean of 1-9 days (95% CI 1-7-2, P<
0-001). Compared with cases perceived as mild, cases
perceived as severe were more likely to report GP
and hospital attendance (13-6% vs. 3-:9% and 8-7%
vs. 0%, P <0-001). AGI resulted in 8 891 000 days of
absence from school or work per year nationally
(95% CI 6 009 000-12 780 000).

Economic impact

Between November 2013 and November 2014, AGI
cost €814 099 000 (range €583 214 000—€1 045 000 000)
to society in productivity loss, of which 64% was in-
curred by time away from employment due to the
individuals’ symptoms, the rest by caring for sick
children. AGI-attributable healthcare usage cost
€191 785000 (range €171 095000-€212 213 000), of
which GP usage accounted for 19%. The overall
cost of AGI for Sweden was €1 005 885000 (range
€754 309 000-€1 257 195 000), corresponding to a cost
per case of €294 (range €221-€368).
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DISCUSSION

This study combines a prospectively measured inci-
dence rate of AGI with an estimation of its perceived
severity, associated healthcare usage and societal and
economic impact. It provides information that cannot
be ascertained from traditional surveillance data, and
illustrates AGI’s high societal and economic impact.
According to our results, in 2013-2014 in Sweden,
there were 3 351 000 domestically acquired AGI epi-
sodes, leading to 238000 GP consultations, 62 000
hospitalizations and 8 891000 days of absenteeism,
costing €1 005885000. The AGI incidence may be
underestimated by excluding the first 3 weeks of the
study, which coincided with a period of high AGI ac-
tivity, although the effect on overall incidence is likely
to be small. This cost is likely an underestimate of the
total cost of AGI to society, since it excludes the cost
of cases acquired abroad, as well as the productivity
loss attributable to the long-term sequelae of AGI,
which can exceed the cost of acute morbidity [23].
We have used the human capital approach to estimate
the cost of production loss. This approach has been
used by other studies estimating the production loss
associated with AGI [11, 12]. Using another ap-
proach, such as the friction costs method (cost of
lost days until another individual replaces the sick
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individual) would generate a different result, in gen-
eral a lower estimate of the total cost. However,
with a disease that is not chronic and does not gener-
ate long-term sick leave the friction cost method is less
applicable and may result in higher estimates than the
human capital approach.

Compared with AGI estimates from other cohort
studies [1, 5] our incidence is higher. The incidence
may be underestimated as the denominator of the in-
cidence calculations did not exclude time spent
abroad, although the overall impact on incidence is
likely to be limited. In addition to reflecting true dif-
ferences in community incidence, the difference
could be explained by the fact that our cohort was
sampled from the whole population, rather than a
GP-registered population. In addition, participants
may have been more likely to report compared with
studies requiring participants to submit stool speci-
mens, which can be perceived as a barrier to reporting.
In one UK study, when both definite and possible
cases were included, the AGI incidence increased to
523/1000 person-years [1], higher than the Swedish
AGI incidence estimate. A study estimating AGI inci-
dence in Sweden using a different methodology
obtained a similar estimate, validating our result
[14]. It is also possible that the overall AGI incidence
has increased since cohort studies with a similar meth-
odology were carried out in The Netherlands and the
UK (1999 and 2009); in the UK, AGI incidence
increased by 40% between the mid-1990s and 2009 [1].

The estimated incidences in Norway and Denmark,
neighbouring countries with comparable socio-
demographic features, were much higher [7, 9]. This
could reflect a true difference, differences in study de-
sign or the fact that these studies were based on small
samples.

The higher incidence in children aged <5 years, the
seasonality, and the median duration of an episode in
our study were compatible with the published litera-
ture [1, 5-7]. Although AGI has been described in
the literature as self-limiting and of low severity, in
Sweden, only a minority of individuals experiencing
AGTI described the episodes as mild. It is possible
that the delay between reporting symptoms and re-
ceiving the severity questionnaire may have biased
the results towards more severe episodes as these are
likely to be recalled more accurately. This study cap-
tured self-perceived severity only, yet the episodes per-
ceived as severe lasted longer and resulted in more
healthcare use than mild episodes, thus supporting
the higher severity claim. We could not ascertain
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whether any of the cohort participants had died,
which may underestimate the proportion and econom-
ic impact of very severe cases. This limitation is inher-
ent to a cohort reporting online, unless the cohort can
be linked to other data sources. In our case, this was
not possible as we did not have access to the partici-
pants’ identity.

In agreement with other studies [11, 12], we found
that productivity loss is a major driver of the societal
cost of AGI. Compared with other countries, the cost
per case in Sweden may be high for two reasons: first,
salaries are high and inflated by high social fees: in
2012, the average cost of a day’s work for individuals
aged 20-64 years in Sweden was SEK 1579 (€175),
compared with AUDI175 (€120) in Australia in 2006
[12] and 101 GBP (€126) in the UK in 2012 [24]; sec-
ond, healthcare costs are high: a GP consultation in
Sweden cost SEK 1424 (€157) in 2014, compared
with 45-66 GBP (€56-82) in the UK in 2013 [25].

We were unable to adjust for the fact that indivi-
duals may have stayed at home due to their own sick-
ness as well as caring for a sick child at the same time.
Furthermore, the proportion of sick children aged 1-5
years, with parents on parental leave with a younger
sibling, is also unknown. In many instances, however,
participants reported 0 days off work if they or their
child were sick but they were already at home for
other reasons (such as parental leave). These uncer-
tainties around the exact number of days off should
not greatly impact the total cost. Since most AGI
does not require a medical prescription [1], we
excluded individual costs for medication together
with travel to care. These costs are small compared
with productivity loss, and therefore unlikely to im-
pact the overall cost.

Hence, overall we likely underestimated the societal
economic impact, yet our estimate provides an in-
formative indication of the magnitude of the econom-
ic impact of AGI in Sweden.

The proportion of AGI cases seeking healthcare
was low compared with other high-income countries
[1, 6, 7, 10], but the proportions of AGI cases attend-
ing primary care and hospital were comparable to an-
other estimate of AGI-related health-seeking
behaviour in Sweden [14]. Patterns of healthcare use
are dependent on country-specific healthcare-seeking
behaviour and healthcare system characteristics,
which may account for some of the differences. It is
also possible that organisms with a more severe aeti-
ology, leading to higher consultation and hospitaliza-
tion rates, have a lower incidence in Sweden. Finally,
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we cannot exclude that some hospitalized cases were
unable to report their illness.

Of the participants, the proportion reporting weekly
was high, relatively constant, and did not decrease over
time. This indicates that, although the proportion of
the general population willing to participate in a regu-
lar active reporting system is low, those that do are
dedicated and reliable.

Unlike other comparable studies, we did not exclude
participants with chronic gastrointestinal conditions,
nor did we specifically ask participants not to report
symptoms they could attribute to a non-infectious
cause such as alcohol consumption. This could lead to
overestimating AGI incidence. However, the question,
worded in Swedish, implied that people should report
when (a) the symptoms were unusual for them and (b)
they resulted from being ill, rather than another external
cause. The wording of the question should therefore
have minimized overestimation by counting symptoms
due to these causes. The cohort differed from the popu-
lation in terms of age distribution. In particular, chil-
dren were oversampled as a result of the difficulty in
recruiting children in previous cohorts in Sweden. In
this instance, the response rate in children aged <5
years was higher than expected, leading to this age
group being overrepresented. This was adjusted for
using post-data collection age-calibration.

Participation in the cohort was restricted to indivi-
duals up to the age of 85 years who had an email ad-
dress, since Hélsorapport did not offer an alternative
alternative to online reporting. With an internet pene-
tration rate of 94% in 2012, the third highest in the
world [26], Sweden is a suitable setting for an online
only reporting system. Nonetheless, the exclusive use
of online reporting may have underestimated AGI in-
cidence in the older age groups who are less likely to
regularly use the internet, especially those aged >75
years [27].

In conclusion, we have estimated the incidence of
domestically acquired AGI in Sweden and its impact
in terms of absenteeism and cost. AGI requires sub-
stantial healthcare resources and has a high associated
cost, mainly due to productivity loss. In spite of the
majority of cases not seeking care, people with AGI
do not perceive it as a mild illness. Although the
exact figures are country-specific, these findings may
be relevant to other countries as an indicator of the
magnitude of AGI-related costs or to benchmark
their own calculated costs. In light of these findings
we suggest that (i) public health agencies consider
the wider societal impact of AGI when setting public

https://doi.org/10.1017/50950268816000467 Published online by Cambridge University Press

health priorities; (ii) authorities in the food, healthcare
and education industry continue to adhere to and en-
force infection control standards in order to decrease
the burden of disease; and (iii) wider societal costs, in-
cluding costs for the individual, are taken into consid-
eration when assessing cost-effectiveness for vaccines
to reduce the AGI burden of illness.

SUPPLEMENTARY MATERIAL

For supplementary material accompanying this paper
visit http://dx.doi.org/10.1017/S0950268816000467.
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