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For future decisions on respiratory syncytial virus
(RSV)-vaccination strategies and implementation into
national immunisation-programmes, we used national
registry data (hospitalisation, microbiology and vital
statistics) to determine the age-specific incidence
and direct medical costs of annual RSV-associated
admissions in children<s years-old for the period of
2010-2015. We identified ca2,500 RSV-associated hos-
pitalisations annually amounting to total direct medi-
cal-costs of caEUR 4.1 million per year. The incidence
of RSV-associated hospitalisations peaked in infants
1-2 months of age followed by infants 2—3 months of
age, and infants < 1 month of age, respectively. Infant
boys were at higher risk of severe RSV infection as
compared to infant girls: male-to-female ratio peaked
with 1.4 at four months of age and gradually levelled
out with increasing age to 1.0 at 4 years of age. Five
RSV-associated deaths were identified. Our findings
demonstrate that in a western country as Denmark,
RSV constitutes a considerable burden on childhood
health. Furthermore, the best approach to reduce the
high incidence of RSV-associated hospitalisations in
young infants< 3 months of age may be maternal vac-
cination due to general challenges in achieving suf-
ficient and protective immune responses in young
infants.

Introduction

Respiratory syncytial virus (RSV) is the most common
cause of hospitalisation among children admitted for
obstructive airway disease throughout the world [1,2].
Although RSV infections occur frequently in all age
groups the youngest infants have the highest rates of
RSV respiratory disease [3-7]. Globally, an estimated
3.4 million children younger than 5 years of age are
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hospitalised each year with severe RSV lower respira-
tory tract infection (LRTI), with the highest incidence
in children younger than 6 months of age [1]. Studies
have demonstrated a peak incidence of LRTI occur-
ring between 2 and 4 months of age [8,9]. RSV infec-
tion typically manifests clinically with cough, fever
and nasal congestion in combination with a charac-
teristic wheezing [10] which is caused by inflammation
(bronchiolitis) and blockage of the narrow airways.
Young age, prematurity, heart and lung diseases and/
or immunosuppression are risk-factors for severe out-
comes of RSV infection [11]. Natural RSV infection does
not confer long lasting immunity against subsequent
infection, and consequently, RSV infections may reoc-
cur throughout a lifetime [11-13].

RSV is the only agent of the three most common organ-
isms that cause death from respiratory-tract infec-
tions in infants (RSV, Streptococcus pneumoniae,
and Haemophilus influenzae), for which no vaccine
is currently available [14]. Prophylactic treatment
with RSV-specific neutralising antibodies often is the
only preventive as well as therapeutic option left for
high-risk infants in privileged resource settings [15].
Prevention of severe RSV disease through active immu-
nisation of infants and/or during pregnancy would be
optimal, but this has in previous immunisation attempts
been extremely challenging [16]. Currently, multiple
RSV vaccine candidates are undergoing development
for human use, and some vaccines for infant use are
in phase 3 of clinical testing [17,18]. The vaccine types
include recombinant live-attenuated vaccines as well
as a variety of inactivated candidates, either for vac-
cinating the infant shortly after birth or vaccinating the
mother during pregnancy to boost maternal antibodies



FIGURE 1

Monthly respiratory syncytial virus-hospitalisation incidence per 1,000 children up to 12 months of age, in Denmark,

during the study period, 1 January 2010-26 June 2015
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Based on the National Microbiology database and the National Patient Discharge Registry data.

and thus confer protection of the child [19]. In prepara-
tion for licensure of vaccines, it is pertinent to update
disease burden estimates to ensure a solid evidence-
based platform for decisionmaking with regards to
implementation of future RSV vaccines.

In 2015, the World Health Organization (WHO) has
made it a high priority to establish globally compat-
ible RSV disease burden surveillance systems and
robust age-specific estimates are particularly in focus
in order to target optimal age for immunisation [20]. A
considerable fraction of RSV disease burden studies
are based on data collected at sub-regional or single-
hospital level or data collected as a part of vaccine tri-
als [7,21,22]. Larger national as well as international
disease burden studies are often based on estimates
of the RSV burden from acute LRTIs’ surveillance and
laboratory results [23].

In this population-based study, we took advantage of
the unique national registries available in Denmark.
We linked information on hospital admitted individuals
registered with an RSV diagnosis in the national patient
registry (NPR) with information on RSV testing using
a national microbiology test database (MiBa) [24].
We estimated age-specific RSV hospitalisation rates
in children below 5 years of age in the period from 1
January 2010 to 26 June 2015. In addition, we described
seasonality and trends over time, the average length
of hospital stay and the direct healthcare-related costs
associated with severe RSV disease.

Methods

Study design and setting

We performed a retrospective population-based study
of all children younger than 5 years of age and born in
or immigrated to Denmark in the period from 1 January
2010 t0 26 June 2015 to determine age- and sex-specific

rates and trends of RSV-associated hospitalisations.
Data on national RSV-associated hospitalisations were
linked to data on RSV test results obtained from the
MiBa [24].

Denmark has a temperate climate, occupies an area of
42,895 km?, and has a population of 5,647,923 as of
January 2016. The yearly birth-cohort in Denmark is ca
60,000 individuals and the number of children below
5 years of age in the study period 1 January 2010 to 26
June 2015 was 315,883. Healthcare is free of charge
in Denmark, and no private alternative is available for
hospitalisation of children with respiratory illness. All
microbiology laboratories testing human samples are
public and an electronic copy of all test reports are
transferred to MiBa. Over the study period, there was
no major change in RSV testing practices and the prev-
alence of RSV-positive tests remained relatively con-
stant during this time (data not shown).

Registries

The Danish Civil Registration System (CRS) was estab-
lished on 1 April 1968 and since then a unique personal
identification number has been assigned to all Danish
residents. CRS contains continuously updated informa-
tion on vital status. Census data were retrieved from
Statistics Denmark, StatBank Denmark from 1 January
2010 to 30 June 2015.

MiBa includes all microbiological test results from the
11 departments of clinical microbiology in Denmark
since 1 January 2010. The records include information
on unique personal identification number, sample
date, laboratory analysis, test result and which labora-
tory performed the analysis [24].

The Danish NPR contains information on all hospitalisa-

tions in Denmark since January 1977, including outpa-
tient treatments since 1995. Individual information on
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FIGURE 2

Duration in days of respiratory syncytial virus-associated hospitalisations among children <5 years of age by age groups, in

Denmark, during the study period, 1 January 2010-26 June 2015
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dates of admission and discharge, and diagnoses are
registered for every hospitalisation. Since 1994 diagno-
ses are classified according to the World Health ICD-10
(International Statistical Classification of Diseases and
Health-related Problems, 10th Revision) [25]. To identify
acute LRTl-associated hospitalisations including RSV-
associated hospitalisations, we extracted the ICD-10
diagnoses as listed in Table 1.

The Danish Register of Causes of Death [26] was used
to identify RSV-coded deaths and data were available
from the period of 1 January 2010 to 31 December 2014.
There were no records for 2015.

RSV case definition

A RSV case was defined as a child younger than
60 months of age (i.e. < 5 years-old), who had been reg-
istered as an inpatient in the NPR, that is, hospitalised,
with an RSV-specific diagnosis or admitted to hospital
with another respiratory diagnosis, but with a labora-
tory-confirmed positive RSV test result within a period
of +/—7 days spanning the hospital admission. If sev-
eral RSV-associated hospitalisations were recorded
for an individual, only episodes>30 days apart were
included as a separate RSV hospitalisation. This inter-
val was considered adequate in length to distinguish
episodes of RSV-associated hospitalisations, as only
few cases would be expected to have more than one
episode of RSV-associated hospitalisation. Thus, visits
to the emergency departments have not been included
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in the study if they have not resulted in hospitalisation.
Paediatric intensive care unit (ICU) data were also not
taken into account.

RSV-associated mortality

Two methods were employed to identify RSV-associated
deaths. Any death caused by RSV and registered in the
Register of Causes of Death was the direct method.
The other indirect method captured deaths in individu-
als who had died either during hospitalisation or within
30 days after hospital discharge with an RSV-specific
diagnosis and/or positive RSV test result linking vital
status in the CRS and hospitalisation in the NPR.
Deaths were reviewed on a case basis including infor-
mation (ICD-10 codes) on comorbidity and considered
RSV-associated, unless another likely cause of death
was included in the most recent ICD-10 codes associ-
ated to the deceased before death.

RSV seasons

RSV seasons were analysed on an annual basis using a
calendar year starting in week 33 during the last warm
summer month of August with median temperatures of
17°C and ending in week 32 the following year, which
was in the middle of the period when fewest RSV cases
were observed. For the first season 2010, only RSV
cases admitted to the hospital from 1 January 2010 to
week 32 in 2010 were available.



TABLE 1

ICD-10 code used for identification of respiratory syncytial virus (RSV) associated hospitalisations for the entire study
period, Denmark, 1 January 2010-26 June 2015 (n = 12,330 hospitalisations)

Diagnostic category ICD-10 code Number Percentage
RSV specified?®

RSV as the cause of diseases classified to other chapters B97.4 916 7.4
RSV pneumonia J12.1 3,844 31.2
Acute bronchitis and acute bronchitis with bronchospasm J20.5 3,517 28.5
Acute bronchiolitis J21.0 2,566 20.8
Total RSV specified® NA 10,843 87.1
RSV ‘other b 1,487 12.9

MiBa: Danish National Microbiology Database; NA: not applicable.

2The ICD-10 codes are divided in (i) RSV specified and (ii) other respiratory diagnoses (RSV ‘other’), where a positive RSV diagnostic test

result was identified in MiBa, respectively.

® Influenza: J09.X, J10.X, J11.X; pneumonia, non-influenza viruses: J12.X, J16.X, J17.X, J18.X; pneumonia, virus unspecified; J18.9; bronchitis
and bronchiolitis: J20.X, J21.X, J40.X, J42.X; not further specified lower respiratory infection: J22.X. X indicates all diagnoses starting with

this code.

Direct healthcare expenses associated with
RSV-hospitalisations

The length of hospitalisation was calculated from
admission date to discharge date from the NPR. The
algorithm used to define courses of admissions has
previously been described [27].

The expenses related to the public healthcare system
are centrally regulated and according to the Danish
Health Data Authority, the price per hospitalisation for
RSV-associated disease<6 days is EUR 2,000 (Danish
kroner (DKK) 14,892 at a May 2016 exchange rate of
DKK 744 to EUR 100) [28]. If the hospitalisation is 6
days or longer, the cost is EUR 262 (DKK 1,951) per 24
hours of added stay. These costs are total costs and
based on average expenditures for mild as well as
severe RSV-associated hospitalisations in Denmark.
The costs include all hospitalisation-associated expen-
ditures (e.g. hospital bed, diagnostic work up, health-
care personnel, rehydration treatment and intensive
care) and cannot be segregated further into various
expenditure categories.

Statistical analyses

The numbers of children younger than 5 years who were
hospitalised for RSV-associated disease in Denmark
were calculated according to age groups: incidence
rates were estimated per 1,000 in the following age
groups;<1 month, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 months,
0-11 months, 12-23 months, 24-35 months,
36-47 months and 48-59 months. Patients with a
positive laboratory test, but without a registered hos-
pitalisation, were excluded as these cases were not
considered severe. Pvalue for RSV incidence was cal-
culated using the chi-squared test. All descriptive and
statistical analyses were carried out in Stata version
12.1.

]

Results

Number of severe RSV cases and age
distribution

During the study period of 1 January 2010 to 26 June
2015, 10,843 hospitalisations had an ICD-10 code com-
patible with RSV infection. When linking the NPR infor-
mation on hospital admission (Table 1) periods to the
RSV test-positive results in MiBa by the unique per-
sonal identification number an additional 1,487 (12.1%)
unigue episodes of RSV-associated hospitalisations
were identified in children with other respiratory diag-
noses. In total, 12,330 RSV-associated hospitalisations
were identified in the cohort of children< 5 years of
age during the study period representing 346,444 per-
son-years. The average incidence of severe RSV cases
expressed as annual RSV-associated hospitalisation
rate was 7.1 per 1,000 children < 5 years of age with
9,539 (77%) of the hospitalisations occurring among
children< 12 months of age, and 7,409 (60%) in chil-
dren< 6 months of age. The average annual hospitali-
sation rates were 45.9 per 1,000 children< 6 months of
age and 29.4 per 1,000 children< 12 months of age,
respectively, with the highest rate of 75.7 per 1,000
infants 1—2 months of age (Table 2). The monthly RSV-
hospitalisation incidence per 1,000 children during
the 5 year study period also consistently identified the
infants 1 month of age as having the highest rate of
hospitalisation (Figure 1).

On average, 2,466 Danish children<s years of age were
hospitalised due to severe RSV infection annually,
ranging from the lowest 1,456 in the 2013/14 season to
the highest 2,834 in the 2012/13 season.

The median age for RSV hospitalisation was 7.7 months
(interquartile range (IQR): 1.9—-11.1 months).
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TABLE 2

Annual incidence rates of respiratory syncytial virus associated hospitalisations per 1,000 persons by age group, in

Denmark, in the study period, 1 January 2010-26 June 2015

Age in months

Person-years

Incidence rate
95% confidence intervals

(cases per time-at-risk)

<1 1,215 26,890 45.2 42.7-47.8
1 2,037 26,907 757 72.5-79.1
2 1,574 26,903 58.5 55.7-61.5
3 1,088 26,915 40.4 38.1-42.9
4 882 26,950 32.7 30.6-35.0
5 613 26,959 22.7 21.0-24.6
6-11 2,130 163,205 13.1 12.5-13.6
All 0-11 9,539 324,729 29.4 28.8-30.0
12-23 2,138 340,623 6.3 6.0-6.5
24-35 470 349,317 1.3 1.2-1.5
36-47 120 356,851 0.3 0.3-0.4
48-59 63 360,702 0.2 0.1-0.2
of deaths are identical, one child died within 24 hours
Seasonality after being discharged and one child died 3 days after

RSV-associated hospitalisations demonstrated a dis-
tinct seasonal variation with peaks in the winter months
of December through March and almost no cases dur-
ing the summer months of June through September.

Every other year the RSV season had an early start in
weeks 46 to 48 (Figure 1), and was rather mild in terms
of hospitalisations (2009/10, 2011/12, and 2013/14).
Every alternating year the RSV-season would start a
few weeks later (week 50-52) and be characterised
with a markedly higher RSV-hospitalisation incidence
(2010/11, 2012/13, and 2014/15).

Sex distribution

Of the 12,330 hospitalisations, 6,901 (55.9%) occurred
among young boys resulting in an overall male to female
ratio of 1.3. The sex ratio (male to female) was high-
est in the first months of life, peaked among infants
4 months of age (1.4) (n=882) and gradually levelled
out with increasing age to 1.0 in children 4 years of age
(n=63).

Mortality

During the study period, one child was recorded in the
Register of Causes of Death registry as having died of
RSV-associated infection. Additionally, by use of the
indirect method, 28 children of the total of 12,330 RSV
cases were registered as no longer alive in the CRS.
When linking the date of death to the RSV-associated
hospitalisation admission and discharge dates, four of
the 28 children were identified as having died either
during hospitalisation or within 30 days of being dis-
charged from hospital with a RSV-specific diagnosis
and/or RSV positive test result. Of the deaths identi-
fied by use of the indirect method two children died
in the hospital whereby the discharge date and date
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being discharged, respectively. In total, five deaths
among 12,330 RSV cases<s years of age resulted in
a case fatality rate of 0.04%. The median age of the
RSV-associated deaths was 6.5 months (IQR: 1.0-9.8
months). Four of the five patients had underlying
conditions (muscular dystrophy and myopathy, bron-
chopulmonary dysplasia, Steno Fallot’s tetralogy, and
multiple congenital malformations), and two of these
were born preterm<week 28, which might have predis-
posed them for severe outcome of RSV disease.

Hospitalisation length of stay

The median length of stay in hospital for the entire
cohort was 1.96 days (IQR: 0.67-4.17). It was higher
among children younger than 3 months of age (median
length-of-stay: 2.71 days; IQR: 0.92-5.21) compared
with children 3 months or older (median length-of-stay:
1.62 days; IQR: 0.46-3.71), (p<0.001) (Figure 2).

Direct healthcare expenses

Of the 12,330 RSV associated admissions 90.2%
lasted<6 days (n=11,123), and 9.8% (n=1,207)
lasted=6 days (range: 6—103 days) (Figure 2). The total
direct medical costs of RSV-associated hospitalisations
therefore amounted to caEUR 4.1 million (ca DKK3o0.5
million) per year.

Discussion

A vaccine’s effectiveness to prevent severe disease,
hospitalisations and deaths is of paramount impor-
tance when weighing pros and cons for introduction of
new vaccines into national immunisation programmes.
Due to under-registration, misclassification and lack of
national guidelines for RSV-testing, hospital diagnosis
statistics are rarely sufficient to estimate incidence or
prevalence of RSV-associated disease. In the present



study, we have investigated the burden of severe RSV-
associated disease in children below 5 years of age
in Denmark using a combination of population-based
national registries. We demonstrate how combining
nationwide hospitalisation data and microbiological
test results, increases the estimates of RSV hospitali-
sations compared with estimates based on the national
hospital discharge registry alone.

The incidence of severe RSV infections was highest
among infants and young toddlers and peaked in the
1 to 2 month-old infants. This is in line with a study
by Hall et al. 2013 [22], where the highest age-specific
rate was observed in 1 month-old infants. This age
specific distribution may reflect rapidly declining lev-
els of protecting maternal antibodies after birth. This
hypothesis is consistent with findings in a recent study
from Turkey where anti-RSV IgG positivity in offspring
dropped from 83% at birth to 73% at 1 month and
6% at 3 months of age [29]. As the incidence of RSV-
hospitalisations was high already at 1 month of age,
the vaccination strategy could be either vaccination of
the infant shortly after birth or maternal vaccination
before birth. Vaccination of the newborn is challenging
due to the immaturity of the neonates’ immune system
and the passively received maternal antibodies, which
further can impair the response. Maternal vaccination
before birth, boosting the titre of maternal antibodies
[30], might provide a more effective protection of the
neonates as compared with vaccination of a newborn.

Considering a universal RSV immunisation programme
with an expected moderate to high vaccine-effective-
ness against hospitalisation and deaths, a consider-
able fraction of RSV-associated hospitalisations likely
could be avoided per year in Denmark. Whether a
future RSV vaccine would be cost-saving is too early
to predict as weighing the health benefits of vaccina-
tion against its costs requires a measure like quality-
adjusted life years, which takes both reduced illness
and death into account, and subsequent cost-effec-
tiveness analyses in which the healthcare-associated
as well as the societal costs are considered [31]. In this
study, the cost estimates due to RSV were only based
on hospitalisation-associated expenses and did not
take into account indirect costs from socio-economic
loss, or from absenteeism of parents of infants older
than 6 months (as the granted Danish maternity leave
is minimum 6 months).

The observed seasonal variations in RSV hospitali-
sations with the highest incidence during the winter
months from December through March were in line
with findings in northern Europe [32-34] and in temper-
ate climate zones of the United States [35,36]. The data
suggested that fewer hospitalisations occurred in years
with an early start of the RSV season as compared with
years with a later start of RSV seasonal activity. The
2-year cyclic pattern observed in Denmark for RSV
seasons is in line with other country reports from e.g.
Finland and Switzerland [32,33,37-40].

In the RSV-affected children under 5 years, the median
length of hospitalisation was 1.9 days, and not sur-
prisingly longer (2.7 days) in infants<3 months of age.
Other studies have reported similar age-associated
differences in length of stays among RSV-hospitalised
infants of 2 days [41], 3 days [42-44], 4 days [45,46], and
6 days [47]. Hon et al [48] differentiate length of stay
further with 8.5 days for paediatric ICU patients and
3 days for children not in the ICU [48]. As many stud-
ies only provide the mean length of stay, despite the
observations rarely being normally distributed, this
challenges our ability to identify and compare our find-
ings to that of relevant compatible study settings.

We examined deaths in the Register of Causes of Death
and deaths occurring during or within 30 days of an
RSV-associated hospitalisation as possibly due to RSV.
The majority of the children had underlying illness dur-
ing their last hospitalisation which likely increased their
risk of a fatal outcome. Therefore the numbers may be
overestimated. On the other hand, some children may
have died of RSV without being hospitalised or in the
aftermath of an RSV hospitalisation due to complica-
tions of the infection. In the present study, a total of
five of 12,330 cases died within 30 days of hospital
admission. Compared with a case definition based on
RSV specific ICD-10 codes alone, which yielded one
fatal case, combining RSV-associated ICD-10 code with
a laboratory-confirmed RSV-test result captured four
more children. Four of the five children had known
comorbidities. The low mortality rate of 0.04% due to
RSV infection in our study is in accordance with find-
ings in other western countries e. g. in Spain, where a
15-year study found a case fatality rate of 0.14% in the
same age group [49,50].

Limitations and strengths: Data on comorbidity were
only included for analyses of deceased children and
not on all cases included. Also, although the NPR con-
tains ICU data, these were not taken into consideration
in this work. A major strength of the study however, is
access to national hospitalisation data and a real-time
national microbiology database where linkage between
registries using unique personal identifier enables vali-
dation of the use of national patient discharge regis-
tries in assessment of burden of severe RSV-disease.
Further, the uniformity of data collected in the micro-
biology database including test negative results
ensures a strong platform for national disease burden
estimates. Our validation of the national patient dis-
charge registry using national RSV laboratory test data
demonstrates, not surprisingly, that analyses of RSV-
hospitalisation burden based on ICD-10 codes alone
result in underestimation of the true burden.

In conclusion, our study provides population based
estimates on the incidence and costs of RSV-associated
hospitalisations in children under 5 years of age in a
western country. An effective RSV vaccine could reduce
costs and burden related to RSV hospitalisations con-
siderably. We document how severe RSV infection
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predominantly affects the youngest children and, dem-
onstrate that the most vulnerable age group includes
the infants 1 to 2 months of age. Knowledge of the age-
specific RSV burden in infants is crucial for future deci-
sions on vaccination strategies including the choice of
using maternal and/or infant vaccination.

Acknowledgements

We would like to thank all Danish Departments of Clinical
Microbiology collaborating in the MiBa Project and for con-

tributing with their data.

Conflict of interest

None declared.

Authors’ contributions

MT]J, HDE, JN, and TKF analysed the data, RT, TGK, HDE, KS
and TKF conceptualised the study, MV contributed with na-
tional microbiology data. MTJ, RT and TKF wrote the first
draft. All authors have participated in writing of the manu-
script and have approved the final version.

References

1. Nair H, Nokes DJ, Gessner BD, Dherani M, Madhi SA,
Singleton RJ, et al. Global burden of acute lower respiratory
infections due to respiratory syncytial virus in young
children: a systematic review and meta-analysis. Lancet.
2010;375(9725):1545-55. https://doi.org/10.1016/So140-
6736(10)60206-1 PMID: 20399493

2. Bardach A, Rey-Ares L, Cafferata ML, Cormick G, Romano M,
Ruvinsky S, et al. Systematic review and meta-analysis of
respiratory syncytial virus infection epidemiology in Latin
America. Rev Med Virol. 2014;24(2):76-89. https://doi.
org/10.1002/rmv.1775 PMID: 24757727

3. Hall CB, Weinberg GA, Iwane MK, Blumkin AK, Edwards KM,
Staat MA, et al. The burden of respiratory syncytial virus
infection in young children. N Engl ) Med. 2009;360(6):588-98.
https://doi.org/10.1056/NEJMoao804877 PMID: 19196675

4. ChiH, Chang IS, Tsai FY, Huang LM, Shao PL, Chiu NC, et al.
Epidemiological study of hospitalization associated with
respiratory syncytial virus infection in Taiwanese children
between 2004 and 2007. ) Formos Med Assoc. 2011;110(6):388-
96. https://doi.org/10.1016/50929-6646(11)60057-0 PMID:
21741007

5. Zhou H, Thompson WW, Viboud CG, Ringholz CM, Cheng PY,
Steiner C, et al. Hospitalizations associated with influenza and
respiratory syncytial virus in the United States, 1993-2008.
Clin Infect Dis. 2012;54(10):1427-36. https://doi.org/10.1093/
cid/cis211 PMID: 22495079

6. Weigl JAl. RSV--a substantial slice of the airway disease
burden and the way to a vaccine. Paediatr Int Child Health.
2012;32(sup2) Suppl 2;S9-15. https://doi.org/10.1179/204690
47122.00000000073 PMID: 23394753

7. Nolan T, Borja-Tabora C, Lopez P, Weckx L, Ulloa-Gutierrez
R, Lazcano-Ponce E, et al. Prevalence and Incidence of
Respiratory Syncytial Virus and Other Respiratory Viral
Infections in Children Aged 6 Months to 10 Years With
Influenza-like Illness Enrolled in a Randomized Trial. Clin Infect
Dis. 2015;60(11):€80-9. https://doi.org/10.1093/cid/civoés
PMID: 25673560

8. Jain S, Williams DJ, Arnold SR, Ampofo K, Bramley AM, Reed C,
et al. CDC EPIC Study Team. Community-acquired pneumonia
requiring hospitalization among U.S. children. N Engl ] Med.
2015;372(9):835-45. https://doi.org/10.1056/NEJMoa1405870
PMID: 25714161

9. Homaira N, Oei JL, Mallitt KA, Abdel-Latif ME, Hilder L,

Bajuk B, et al. High burden of RSV hospitalization in
very young children: a data linkage study. Epidemiol
Infect. 2016;144(8):1612-21. https://doi.org/10.1017/
S0950268815003015 PMID: 26626237

www.eurosurveillance.org

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25,

26.

27.

Graham BS, Anderson LJ. Challenges and Opportunities for
Respiratory Syncytial Virus Vaccines. In: Anderson L), Graham
BS, editors. Challenges and Opportunities for Respiratory
Syncytial Virus Vaccines. Berlin, Heidelberg: Springer Berlin
Heidelberg; 2013. p. 391-404.

Agoti CN, Mwihuri AG, Sande CJ, Onyango CO, Medley GF,
Cane PA, et al. Genetic relatedness of infecting and reinfecting
respiratory syncytial virus strains identified in a birth cohort
from rural Kenya. J Infect Dis. 2012;206(10):1532-41. https://
doi.org/10.1093/infdis/jiss70 PMID: 22966119

Ohuma EO, Okiro EA, Ochola R, Sande CJ, Cane PA, Medley
GF, et al. The natural history of respiratory syncytial virus in

a birth cohort: the influence of age and previous infection on
reinfection and disease. Am ) Epidemiol. 2012;176(9):794-802.
https://doi.org/10.1093/aje/kws257 PMID: 23059788

Hall CB, Walsh EE, Long CE, Schnabel KC. Immunity to and
frequency of reinfection with respiratory syncytial virus.

J Infect Dis. 1991;163(4):693-8. https://doi.org/10.1093/
infdis/163.4.693 PMID: 2010624

Hall CB. Respiratory syncytial virus in young children. Lancet.
2010;375(9725):1500-2. https://doi.org/10.1016/So140-
6736(10)60401-1 PMID: 20399494

American Academy of Pediatrics Committee on Infectious
Diseases American Academy of Pediatrics Bronchiolitis
Guidelines Committee. Updated guidance for palivizumab
prophylaxis among infants and young children at increased
risk of hospitalization for respiratory syncytial virus infection.
Pediatrics. 2014;134(2):415-20. https://doi.org/10.1542/
peds.2014-1665 PMID: 25070315

Kim HW, Canchola )G, Brandt CD, Pyles G, Chanock RM,
Jensen K, et al. Respiratory syncytial virus disease in infants
despite prior administration of antigenic inactivated vaccine.
Am ) Epidemiol. 1969;89(4):422-34. https://doi.org/10.1093/
oxfordjournals.aje.a120955 PMID: 4305198

Green CA, Scarselli E, Sande CJ, Thompson AJ, de Lara CM,
Taylor KS, et al. Chimpanzee adenovirus and MVA-vectored
respiratory syncytial virus vaccine is safe and expands
humoral and cellular immunity in adults. Sci Transl Med.
2015;7(300):300ra126. https://doi.org/10.1126/scitranslmed.
aacs745 PMID: 26268313

Phan SI, Chen Z, Xu P, Li Z, Gao X, Foster SL, et al. A respiratory
syncytial virus (RSV) vaccine based on parainfluenza virus 5
(PIVs). Vaccine. 2014;32(25):3050-7. https://doi.org/10.1016/].
vaccine.2014.03.049 PMID: 24717150

Acosta PL, Caballero MT, Polack FP. Brief history and
characterization of enhanced respiratory syncytial virus
disease. Clin Vaccine Immunol. 2016;23(3):189-95. https://
doi.org/10.1128/CVI.00609-15 PMID: 26677198

Modjarrad K, Giersing B, Kaslow DC, Smith PG, Moorthy
VSWHO RSV Vaccine Consultation Expert Group. WHO
consultation on Respiratory Syncytial Virus Vaccine
Development Report from a World Health Organization Meeting
held on 23-24 March 2015. Vaccine. 2016;34(2):190-7. https://
doi.org/10.1016/j.vaccine.2015.05.093 PMID: 26100926

Falsey AR, McElhaney JE, Beran J, van Essen GA, Duval X, Esen
M, et al. Respiratory syncytial virus and other respiratory viral
infections in older adults with moderate to severe influenza-
like illness. J Infect Dis. 2014;209(12):1873-81. https://doi.
org/10.1093/infdis/jit839 PMID: 24482398

Hall CB, Weinberg GA, Blumkin AK, Edwards KM, Staat MA,
Schultz AF, et al. Respiratory syncytial virus-associated
hospitalizations among children less than 24 months of age.
Pediatrics. 2013;132(2):e341-8. https://doi.org/10.1542/
peds.2013-0303 PMID: 23878043

Nair H, Simdes EAF, Rudan |, Gessner BD, Azziz-Baumgartner
E, Zhang JSF, et al. Severe Acute Lower Respiratory Infections
Working Group. Global and regional burden of hospital
admissions for severe acute lower respiratory infections

in young children in 2010: a systematic analysis. Lancet.
2013;381(9875):1380-90. https://doi.org/10.1016/So0140-
6736(12)61901-1 PMID: 23369797

Voldstedlund M, Haarh M, Mglbak K, the MiBa Board of
Representatives CMiBa Board of Representatives. The danish
microbiology database (MIBA) 2010 to 2013. Euro Surveill.
2014;19(1):20667. https://doi.org/10.2807/1560-7917.
ES2014.19.1.20667 PMID: 24434175

World Health Organization (WHO). International Statistical
Classification of Diseases and Health-related Problems, 10th
Revision. Geneva: WHO; 2015. [Accessed 13 Jan 2017]. Available
from: http://apps.who.int/classifications/icdio/browse/2016/
en

Juel K, Helweg-Larsen K. The Danish registers of causes of
death. Dan Med Bull. 1999;46(4):354-7. PMID: 10514943

Gubbels S, Nielsen KS, Sandegaard J, Mglbak K, Nielsen J. The
development and use of a new methodology to reconstruct
courses of admission and ambulatory care based on the



28.

29.

30.

31.

32.

33.

34.

35.

36.

37

38.

39.

40.

41.

42.

43.

44.

45.

Danish National Patient Registry. Int ] Med Inform. 2016;95:49-
59. https://doi.org/10.1016/j.ijmedinf.2016.08.003 PMID:
27697232

Sundhedsdatastyrelsen. DRG-takster 2016. 2016. [Accessed 13
Jan 2017]. Available from: http://sundhedsdatastyrelsen.dk/
da/afregning-og-finansiering/takster-drg/takster-2016

Hacimustafaoglu M, Celebi S, Aynaci E, Sinirtas M, Koksal
N, Kucukerdogan A, et al. The progression of maternal RSV
antibodies in the offspring. Arch Dis Child. 2004;89(1):52-3.
https://doi.org/10.1136/adc.2002.017780 PMID: 14709507

Munoz FM, Piedra PA, Glezen WP. Safety and immunogenicity
of respiratory syncytial virus purified fusion protein-2 vaccine
in pregnant women. Vaccine. 2003;21(24):3465-7. https://doi.
0rg/10.1016/50264-410X(03)00352-9 PMID: 12850361

Laxminarayan R, Jamison DT, Krupnick AJ, Norheim OF.
Valuing vaccines using value of statistical life measures.
Vaccine. 2014;32(39):5065-70. https://doi.org/10.1016/j.
vaccine.2014.07.003 PMID: 25045822

Reyes M, Eriksson M, Bennet R, Hedlund KO, Ehrnst A.
Regular pattern of respiratory syncytial virus and rotavirus
infections and relation to weather in Stockholm, 1984--
1993. Clin Microbiol Infect. 1997;3(6):640-6. https://doi.
0rg/10.1111/}.1469-0691.1997.tbo0471.x PMID: 11864206

Eriksson M, Bennet R, Rotzén-Ostlund M, von Sydow M,
Wirgart BZ. Population-based rates of severe respiratory
syncytial virus infection in children with and without risk
factors, and outcome in a tertiary care setting. Acta Paediatr.
2002;91(5):593-8. https://doi.org/10.1111/j.1651-2227.2002.
tbo3282.x PMID: 12113331

White LJ, Waris M, Cane PA, Nokes DJ, Medley GF.

The transmission dynamics of groups A and B human
respiratory syncytial virus (hRSV) in England & Wales
and Finland: seasonality and cross-protection. Epidemiol
Infect. 2005;133(2):279-89. https://doi.org/10.1017/
S0950268804003450 PMID: 15816153

Haynes AK, Prill MM, Iwane MK, Gerber SICenters for Disease
Control and Prevention (CDC). Respiratory syncytial virus--
United States, July 2012-June 2014. MMWR Morb Mortal Wkly
Rep. 2014;63(48):1133-6. PMID: 25474034

Doucette A, Jiang X, Fryzek J, Coalson ], McLaurin K, Ambrose
CS. Trends in Respiratory Syncytial Virus and Bronchiolitis
Hospitalization Rates in High-Risk Infants in a United States
Nationally Representative Database, 1997-2012. PLoS One.
2016;11(4):€0152208. https://doi.org/10.1371/journal.
pone.o152208 PMID: 27050095

Waris M. Pattern of respiratory syncytial virus epidemics

in Finland: two-year cycles with alternating prevalence of
groups A and B. ] Infect Dis. 1991;163(3):464-9. https://doi.
org/10.1093/infdis/163.3.464 PMID: 1995719

Weigl JAl, Puppe W, Schmitt H). Seasonality of respiratory
syncytial virus-positive hospitalizations in children in Kiel,
Germany, over a 7-year period. Infection. 2002;30(4):186-92.
https://doi.org/10.1007/s15010-002-2159-1 PMID: 12236558

Duppenthaler A, Gorgievski-Hrisoho M, Frey U, Aebi C. Two-
year periodicity of respiratory syncytial virus epidemics

in Switzerland. Infection. 2003;31(2):75-80. https://doi.
0rg/10.1007/515010-002-3124-8 PMID: 12682811

Avendano LF, Palomino MA, Larrafiaga C. Surveillance for
respiratory syncytial virus in infants hospitalized for acute
lower respiratory infection in Chile (1989 to 2000). J Clin
Microbiol. 2003;41(10):4879-82. https://doi.org/10.1128/
JCM.41.10.4879-4882.2003 PMID: 14532249

Deshpande SA, Northern V. The clinical and health economic
burden of respiratory syncytial virus disease among children
under 2 years of age in a defined geographical area. Arch
Dis Child. 2003;88(12):1065-9. https://doi.org/10.1136/
adc.88.12.1065 PMID: 14670770

Svensson C, Berg K, Sigurs N, Trollfors B. Incidence, risk
factors and hospital burden in children under five years of age
hospitalised with respiratory syncytial virus infections. Acta
Paediatr. 2015;104(9):922-6. https://doi.org/10.1111/apa.13061
PMID: 26036725

La Via WV, Grant SW, Stutman HR, Marks MI. Clinical profile of
pediatric patients hospitalized with respiratory syncytial virus
infection. Clin Pediatr (Phila). 1993;32(8):450-4. https://doi.
0rg/10.1177/000992289303200801 PMID: 8104752

Numa A. Outcome of respiratory syncytial virus infection

and a cost-benefit analysis of prophylaxis. | Paediatr Child
Health. 2000;36(5):422-7. https://doi.org/10.1046/j.1440-
1754.2000.00303.X PMID: 11036794

Hussey GD, Apolles P, Arendse Z, Yeates ], Robertson A,
Swingler G, et al. Respiratory syncytial virus infection in
children hospitalised with acute lower respiratory tract
infection. S Afr Med J. 2000;90(5):509-12. PMID: 10901825

46.

47.

48.

49.

50.

Fjaerli HO, Farstad T, Bratlid D. Hospitalisations for respiratory
syncytial virus bronchiolitis in Akershus, Norway, 1993-

2000: a population-based retrospective study. BMC Pediatr.
2004;4(1):25. https://doi.org/10.1186/1471-2431-4-25 PMID:
15606912

Tsolia MN, Kafetzis D, Danelatou K, Astral H, Kallergi K,
Spyridis P, et al. Epidemiology of respiratory syncytial virus
bronchiolitis in hospitalized infants in Greece. Eur | Epidemiol.
2003;18(1):55-61. https://doi.org/10.1023/A:1022556215190
PMID: 12705624

Hon KL, Leung TF, Cheng WY, Ko NM, Tang WK, Wong WW, et
al. Respiratory syncytial virus morbidity, premorbid factors,
seasonality, and implications for prophylaxis. ) Crit Care.
2012;27(5):464-8. https://doi.org/10.1016/j.jcrc.2011.12.001
PMID: 22227087

Gil-Prieto R, Gonzalez-Escalada A, Marin-Garcia P, Gallardo-
Pino C, Gil-de-Miguel A. Respiratory Syncytial Virus
Bronchiolitis in Children up to 5 Years of Age in Spain:
Epidemiology and Comorbidities: An Observational Study.
Medicine (Baltimore). 2015;94(21):e831. https://doi.
0rg/10.1097/MD.0000000000000831 PMID: 26020386

Bont L, Checchia PA, Fauroux B, Figueras-Aloy J, Manzoni P,
Paes B, et al. Defining the Epidemiology and Burden of Severe
Respiratory Syncytial Virus Infection Among Infants and
Children in Western Countries. Infect Dis Ther. 2016;5(3):271-
98. https://doi.org/10.1007/s40121-016-0123-0 PMID:
27480325

License and copyright

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

This article is copyright of the authors, 2018.

www.eurosurveillance.org



