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Aims: To describe the clinical and health economic impact of respiratory syncytial virus (RSV) disease in
children under 2 years of age.
Methods: Hospitalised children less than 2 years of age with a respiratory illness were studied over three
consecutive RSV seasons (1996–99).
Results: The rates (per 1000 infants under 1 year of age) of hospitalisations from bronchiolitis and RSV
illness were 30.8 and 24.4 respectively. The rates of death, intensive care admission, and need for
ventilatory assistance during RSV related hospitalisation were 0.2%, 2.7%, and 1.5% respectively. From a
cohort of 841 preterm infants, 6.3% had an RSV related hospitalisation during the study period, with the
rate rising to 9.2% among those who were either born before 36 weeks gestation and were under
6 months of age at the onset of the RSV seasons, or were less than 2 years of age with chronic lung disease
needing home oxygen therapy. Eight of 25 children on home oxygen therapy had RSV related
rehospitalisation. Need for assisted ventilation during the neonatal period and discharge home on oxygen
therapy were significantly associated with the risk of subsequent RSV related hospitalisation in preterm
infants less than 6 months of age. The direct health authority cost of all RSV hospitalisations was £542 203,
while the currently recommended immunoprophylaxis for the high risk infants would have cost £652 960.
Conclusions: Preterm infants receiving assisted ventilation and those on home oxygen therapy are
particularly at risk of RSV related hospitalisation. Serious adverse outcomes are however uncommon even
among these high risk infants.

R

espiratory syncytial virus (RSV) is a major cause of lower
respiratory tract disease in young children.1 For over four
decades, attempts have been made to prevent RSV
disease, both through active and passive immunisations.
Recently, a humanised monoclonal antibody (palivizumab)
showed a 55% reduction in RSV associated hospitalisation
rates among ‘‘high risk’’ infants (preterm and those with
chronic lung disease).2 The product is however expensive,
and the cost effectiveness of administering it to the
recommended groups of infants has been challenged.3 4
In order to identify the infants at the greatest benefit from
such immunoprophylaxis, recent studies have focused on the
incidence of RSV disease in the high risk population.5–7 Epidemiological studies of bronchiolitis and RSV disease across both
‘‘low’’ and ‘‘high’’ risk infants are, however, limited with the
last UK data being over 25 years old.8 9 Reliable population
based data on the clinical and health economic burden of
RSV in both the ‘‘low’’ and ‘‘high’’ risk children are urgently
needed to assess the cost effectiveness of newer preventive
therapies in the context of the total burden of the disease.
The objectives of our study were: (1) to define the clinical
(need for, and duration of hospitalisation, intensive care
admission and mechanical ventilation, and mortality) and
health economic (health authority costs) impact of RSV
disease among children less than 2 years of age resident in a
geographically defined population; (2) to define the contribution of RSV to respiratory hospitalisations in children under 2
years; and (3) to determine the incidence and predictors of,
RSV related hospitalisations among the ‘‘high risk’’ infants.

hectare. The county’s Child Health System database was
interrogated to provide the population of all children under 2
years of age resident within Shropshire Health Authority
(SHA) as on 1 November 1996, 1997, and 1998. This cohort
excluded children who were born in SHA but had moved out
of the county prior to the onset of RSV season, but included
those born elsewhere who had moved into SHA before the
RSV season.

METHODS

................................................................

Denominator population
Shropshire is predominantly rural; 55.1% of its population
(n = 433 650) resides in areas with less than 25 people per

Abbreviations: CLD, chronic lung disease; FCE, finished consultant
episode; LRTI, lower respiratory tract infection; RSV, respiratory syncytial
virus

High risk population
Preterm infants (,37 weeks gestation) under 1 year of age,
and children under 2 years of age with chronic lung disease
(CLD; oxygen dependency at 36 weeks post-menstrual age)
discharged on home oxygen therapy or respiratory medications (bronchodilators, diuretics, and oral or inhaled steroids)
in whom there was continuing involvement of the neonatal
home oxygen service within six months of the start of the
RSV season constituted the ‘‘high risk’’ group. We excluded
children with congenital heart disease other than a patent
arterial duct in preterm infants, as the immunoprophylaxis is
currently not indicated for such children.10 We extracted
details of the neonatal period, including gestational age and
birth weight, need for and duration of assisted ventilation,
need for supplemental oxygen at 4 weeks of postnatal and
36 weeks of postmenstrual age, date and details of medications at discharge from the neonatal unit, and need for home
oxygen therapy from the neonatal records.
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Hospitalisation
The health authority’s database provided details of hospitalisation of all Shropshire resident children less than 2 years of
age, irrespective of the place of their hospitalisation.
A bronchiolitis associated hospitalisation was defined as any
hospitalisation where International Classification of Diseases,
10th revision (ICD-10) codes11 for acute bronchiolitis (J21.0,
21.8, and 21.9) appeared anywhere in the discharge coding.
An RSV related hospitalisation was defined as a hospitalisation with positive RSV immunofluorescence test within seven
days of admission. This strategy included all respiratory
illnesses associated with RSV such as bronchiolitis, pneumonia, and croup.
Hospitalisation due to other LRTI was defined by ICD-10 codes
J10–18 and J20–22 in the diagnostic coding. This strategy
excluded hospitalisations due to asthma.
For these hospitalisations, we analysed the length of
hospital stay, the need for intensive care unit (ICU) admission and ventilatory support, and deaths, from the aforementioned databases as well as clinical records. For calculation of
rates of hospitalisation, we assigned infants born between 1
November of the given year and 31 October of the subsequent
year to the season starting on 1 November of the latter year.
We used the SHA’s contract price for an emergency
finished consultant episode (FCE) for the three study years
to calculate the hospitalisation costs. For children admitted to
the ICU, the price quoted by the relevant unit was used.
Mann-Whitney U test and the x2 test with Fisher’s exact
modification where necessary, were used for comparison of
the continuous variables and the proportions, respectively.
The associations between a number of predictor variables and
the occurrence of hospitalisations were analysed by the x2
test. Predictor variables that were significant at p,0.05 in the
bivariate analyses were entered into a multiple logistic
regression model to assess their influence on the risk of
RSV related hospitalisation among the high risk infants.

RESULTS
Of 15 116 infants under 1 year of age resident in the county
at the start of the three RSV seasons, 452 (3%) had moved in
some time after birth. Details of gestation and birth weight
were unavailable for 82.2% and 20% of this latter group. On
the other hand, this information was available for 99.8% and
100% of Shropshire resident infants who were either born in
the county or had transferred into it, at or soon after birth,
and hence the gestation and birth weight specific rates
of hospitalisation were calculated for these infants
(n = 14 664). Of the 452 excluded infants, six were known
to be preterm and 15 weighed under 2500 g at birth. There
were 24 bronchiolitis associated and 11 RSV related
hospitalisations among these infants.
Bronchiolitis associated hospitalisations
There were 653 bronchiolitis associated hospitalisations
among 561 children ,2 years (21.4 hospitalisations/1000
children). Bronchiolitis was the primary diagnosis in 94.9% of
these hospitalisations. RSV status was known in 77%, and
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positive in 58.8% of these hospitalisations. The majority of
admissions (93.8%) occurred between months of November
and March each year. Forty three (6.6%) hospitalisations
took place in hospitals outside the county. During the study
period, bronchiolitis accounted for 7.7% of all-cause hospitalisations among children ,2 years of age.
The median (interquartile range) age at hospitalisation was
20 (10–33) weeks, with infants less than 12 and 6 months of
age accounting for 92.8% and 63.9% of hospitalisations,
respectively (table 1). These hospitalisations resulted in 1616
in-patient days with a median (interquartile range) length of
stay of 2 (1–3) days. Ninety eight (16.2%) admissions took
place among preterm infants.
During the same period, there were 446 hospitalisations
among 399 children under 2 years from other lower
respiratory tract infection (LRTI). Pneumonia (41%) and
unspecified LRTI (46%) were the most common primary
diagnoses. Compared to bronchiolitis associated hospitalisations, this cohort was older and did not show any specific
seasonal variation (table 2). Bronchiolitis associated hospitalisations accounted for 76% of the hospitalisations of
infants under 6 months from all LRTI, rising to 86% during
the months of November to April.
RSV related hospitalisation
During the study period, there were 497 RSV related
hospitalisations (386 coded as bronchiolitis) in 411 children
under 2 years (16.3 hospitalisations/1000 children). Eighty
three per cent had one, 15% had two, and 2% had three
hospitalisations. Boys predominated over girls in the ratio of
1.5:1. The vast majority (98.9%) of hospitalisations occurred
between November and March each year. RSV infections
accounted for 9.8% of all pneumonias in children less than
2 years of age, with the proportion increasing to 25% of
infants under 1 year during the RSV season.
The median (interquartile range) age at hospitalisation was
20.5 (10.4–35.3) weeks, with 62% and 90% of the children
being under 6 and 12 months of age, respectively. Forty five
infants were under 6 weeks of age and 67 (16.7% of those
with known gestation) were preterm. The subgroup specific
rates of hospitalisations are shown in table 1. The median
(range) length of RSV related hospitalisation was 2 (0–19)
days. Hospital stays were significantly longer in infants less
than 6 weeks of age at admission (median (interquartile
range): 4 (2–5) v 2 (1–4) days; p = 0.008), and those with
birth weight under 2500 g (median (interquartile range): 4
(2–5) v 2 (1–4) days; p = 0.032).
Table 1 Rates of bronchiolitis associated and RSV
related hospitalisations (per 100 children born in or
moved in soon after birth and resident in the county on
1 November of the relevant year)
Bronchiolitis
associated
RSV related
Number hospitalisations hospitalisations
Infants ,1 year of age
14664
Boys ,1 year of age
7513
Infants ,6 months of age 7534
Boys ,6 months of age
3851
Infants under 6 months of
age
(36 weeks gestation
(32 weeks gestation
(28 weeks gestation
Birth weight ,2500 g
Birth weight ,1500 g
Birth weight ,1000 g

496
135
32
503
89
33

3.1
3.5
4.6
4.1

2.4
2.7
3.6
3.8

11.3
14.1
12.5
11.5
15.7
21.2

8.9
8.9
12.5
8.5
7.9
9.1

Arch Dis Child: first published as 10.1136/adc.88.12.1065 on 11 December 2003. Downloaded from http://adc.bmj.com/ on May 20, 2022 by guest. Protected by copyright.

Children with RSV disease
The Shropshire-wide single microbiology database was
interrogated to provide a cohort of children under 2 years
of age with a positive RSV immunofluorescence test between
1 April 1996 and 31 March 1999. By linkage of this cohort to
the SHA’s database, we excluded children not ordinarily
resident within the SHA. We ascertained the RSV status and
details of hospitalisation of Shropshire resident children
admitted with bronchiolitis or other lower respiratory tract
illnesses (LRTI) to hospitals outside the county by contacting
the local paediatricians.
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Number
Age at hospitalisation (weeks)*
Age ,1 year (%)*
Age ,6 months (%)*
Boys (%)
Preterm (%)
Birth weight ,2500 g (%)
Admission between November
and April (%)*
Median (interquartile) duration
of hospitalisation (days)

Bronchiolitis
associated
hospitalisations

Hospitalisations
due to other LRTI

653
20 (10–33)
92.8
63.9
56.7
15.2
17.1
95.4

446
51 (25–73)
50.5
26
62
16.7
14.1
60.3

2 (1–3)

2 (1–3)

*p,0.001.

High risk infants
Of the study cohort of infants, 6.3% and 1.1% were born
before 37 and 32 weeks of gestation, respectively. Complete
neonatal data were available for 846 preterm infants. This
cohort comprised 88.5%, 93%, and 100% of surviving infants
born before 37, 36, and 28 weeks of gestation respectively,
and resident in the county at the start of the RSV season. Five
infants with congenital heart disease were excluded from
further analysis. Of 209 infants of (32 weeks gestation who
had received active respiratory support, 33% developed CLD.
The incidence of home oxygen therapy among the survivors
of ,32 weeks gestation with oxygen dependency at 28 days
of age, and among the survivors of 501–1500 g birth weight
was 29% and 10.6%, respectively. Of Shropshire’s live born
infants between 1995 and 1998, 105 (5.2/1000) were reported
to the regional congenital abnormalities register with
structural congenital heart disease.

Preterm infants
Fifty three preterm infants for whom complete neonatal data
were available (6.3%) had an RSV related hospitalisation
during the study period, resulting in 249 in-patient days. The
median (interquartile range) age at, and duration of,
hospitalisation were 23.7 (11.6–38.3) weeks and 2 (1–4)
days, respectively.
Of 436 preterm infants under 6 months, 6.9% had an RSV
related hospitalisation during the relevant season. Table 3
shows the risk factors for RSV related hospitalisation among
these infants. In the logistic regression model, ventilatory
assistance during neonatal period (OR (95% CI) 2.8 (1.2 to
6.3)) and discharge home on oxygen (OR (95% CI) 5.5 (1.1 to
24.5)) were significantly associated with the risk of subsequent RSV related hospitalisation. Gestation and weight at
birth, month of discharge from the neonatal unit, and
occurrence of intracranial bleeds or retinopathy (data not
shown) did not influence the risk of RSV related admission.
Of 304 infants who were either ,36 weeks of gestation
and ,6 months of age at the start of the RSV season, or ,2
years of age and were discharged on home oxygen therapy,
28 (9.2%) were rehospitalised for RSV disease. Of 136 babies
born before 32 weeks gestation, 10.3% had an RSV related
rehospitalisation before their second birthday. Ten of 110
infants born before 32 weeks of gestation who were either
under 6 months at the start of the RSV seasons (n = 85) or
under 2 years with the last involvement of neonatal home
oxygen service within 6 months of the impending RSV season (n = 25), were rehospitalised for RSV during the relevant
season. Six of 58 (10.3%) infants born ,29 weeks of gestation

Table 3 Risk factors for RSV related hospitalisation
among preterm ((36 weeks gestation) infants under
6 months of age at the onset of each RSV season
(1 November) 1996–99

Overall
Gestation
24–32 weeks
33–36 weeks
Birth weight
(1500 g
.1500 g
Sex
Male
Female
Multiple gestation
Singleton
Multiple
Assisted ventilation*
Yes
No
Oxygen therapy
>28 days
,28 days
Oxygen dependency at 36 weeks of
post-menstrual age*
Yes
No
Steroids for chronic lung disease*
Yes
No
Home oxygen therapy*
Yes
No
Discharge from neonatal unit
May–October
November–April

n

RSV related
hospitalisation,
n (%)

436

30 (6.9)

120
316

9
21

83
353

6
24

229
207

13 (5.7)
17 (8.3)

355
81

23 (6.5)
7 (8.6)

111
325

14 (12.6)
16 (4.9)

43
393

4 (9.5)
26 (6.6)

28
408

3 (10.7)
27 (6.6)

34
402

3 (9.1)
27 (6.7)

11
425

3 (27.3)
27 (6.4)

388
48

27 (7.0)
3 (6.4)

*p,0.05.

had an RSV related hospitalisation during their first year;
one further infant was admitted before the second birthday.

Preterm infants with CLD under 2 years of age
Ten of 64 (15.6%) preterm infants with CLD had an RSV
related hospitalisation before their second birthday, accounting for a total of 50 in-patient days. The median (interquartile
range) age at, and duration of hospital stay were 53 (33–84)
weeks and 3.5 (2–9) days respectively. Eight of the 25
children under 2 years with CLD on home oxygen therapy
had RSV related rehospitalisations.
Serious adverse outcomes of RSV related
hospitalisation
One infant (0.2%) with complex congenital heart disease died
from an RSV related illness during the study period. Eleven
children (2.7%), six preterm, were admitted to the intensive
care unit; six (1.5%) infants, three preterm, required
ventilatory assistance for a total of 27 days.
The health economic costs
The maximum costs incurred by the health authority over the
three year period for bronchiolitis associated and RSV related
hospitalisations of all children under 2 years of age were
£542 203 and £421 938 respectively, with preterm infants
,36 weeks gestation under 6 months of age accounting for 13.7%
and 11% of these costs respectively. RSV rehospitalisations
(including ICU admissions) of children under 2 years of
age with CLD contributed to 8.1% of total RSV related health
authority costs. Table 4 shows the minimum costs of prophylaxis with palivizumab for various ‘‘at risk’’ groups of infants.
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Table 2 Characteristics of hospitalisations due to
bronchiolitis and other lower respiratory tract illnesses
(LRTI), excluding asthma among children under 2 years of
age, 1996–99
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Source of
recommendations
IMpact-RSV trial

2

American Academy
25
of Paediatrics

Joffe et al5
Thomas et al6

Criteria for prophylaxis: infants who are…
(i) ,6 months of age and born (35 weeks
gestation
(ii) ,2 years of age with chronic lung disease on
home oxygen/respiratory medications within
6 months
(i) ,2 years of age with chronic lung disease on
home oxygen/respiratory medications within
6 months
(ii) born (28 weeks gestation, not meeting
criterion (i) up to 12 months of age
(iii) born at 29–32 weeks gestation, not meeting
criterion (i) up to 6 months of age
Gestation (32 weeks and oxygen requirement
.28 days and discharge from NICU during the
3 months before the RSV season
,2 years of age with chronic lung disease on
home oxygen/respiratory medications within
6 months

Number
eligible

Cost of
prophylaxis (£)*

308

652 960

147

311 640

24

84 720`

25

88 250`

*Price of palvizumab: 50 mg vial, £424; 100 mg vial, £706.
Assuming all infants weighed ,3.3 kg at prophylaxis.
`Assuming all infants weighed .3.3 kg at prophylaxis.

DISCUSSION
Our study provides the epidemiological features of RSV
disease among all infants in a defined geographic population.
The salient findings of our study are that: (1) the rates of RSV
related hospitalisations in infancy have tripled in the past 25
years; (2) preterm infants requiring ventilatory assistance
during the neonatal period, and those discharged on home
oxygen therapy are at particular risk of RSV related
hospitalisation; and (3) serious adverse outcomes are rare,
even among the high risk infants.
Strengths and limitations
We took several measures to minimise potential biases. Our
use of the health authority’s database ensured inclusion of all
admissions of Shropshire resident children from bronchiolitis
irrespective of their place of hospitalisation. Our strategy of
defining the cohort of children with bronchiolitis by using
the occurrence of the relevant diagnostic codes anywhere in
the diagnostic coding ensured inclusion of children with
complicated illness such as respiratory failure or nosocomially
acquired illness. Inappropriate coding may have influenced
the incidence of bronchiolitis. However, with its characteristic clinical picture and well defined seasonal incidence,
clinical diagnosis of bronchiolitis is reliable. These codes were
used in only 3.7% of hospitalisations outside the usual RSV
season. Furthermore, a local audit of the accuracy of
coding confirmed that 95% of cases of clinically diagnosed
bronchiolitis were correctly coded. The incidence of RSV
related hospitalisations might have been underestimated if
there was a higher proportion of RSV positivity among the
RSV unknown hospitalisations. The proportion of RSV known
bronchiolitis in our cohort (77%) was, however, higher
than has been reported from the UK in recent years.6 7 We
excluded outborn infants who had transferred into the
county due to non-availability of gestational age data. As
the rates of hospitalisations in this group were similar to the
study cohort, their exclusion is unlikely to be of significance.
Shropshire has lower population density and deprivation
than the average for England. However, the rates of
prematurity, congenital heart disease, CLD, and home oxygen
therapy, the risk factors for severe RSV disease, in our cohort
compare well with the published population based data from
the UK and North America.12–16
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Other studies

Bronchiolitis related hospitalisations
The rate of bronchiolitis related hospitalisation among
infants under 1 year of age in our study (3.1%) is the same
as that derived from US National Hospital Discharge Survey
data (3.1%).17 No comparable UK data exist.
The rate of RSV related hospitalisation in infancy in our
study (2.4%) was nearly three times that in a previous
collaborative investigation of RSV infection across the UK in
1973–75.9 For a predominantly rural county, it is also higher
than that previously reported from northeast England over
25 years ago.18 A similar increase in the rates of bronchiolitis
associated hospitalisations has been seen in US children from
1980 to 1996.17 The rise was particularly marked for infants
under 6 months, suggesting either increased acquisition of
RSV or a lower threshold for admission in this group of
infants. Other factors including improved survival of premature infants, increased population density, altered child
care practices, and increasing use of pulse oximetry to detect
hypoxia may underlie this substantial increase in RSV related
hospitalisations.

High risk infants
Our data show that high risk infants contribute a small
proportion of total clinical burden of bronchiolitis and RSV
disease. Preterm infants and infants with CLD accounted for
16.6% and 1.9% of RSV related hospitalisations. In the US
survey, 2% of bronchiolitis discharges were concurrently
coded for chronic lung disease.17
The incidence of RSV related hospitalisations among the
high risk infants in our study was higher than recently
reported from the USA and UK. Five per cent of preterm
infants under 1 year were rehospitalised for an RSV proven
illness compared to 3.2% in the Kaiser Permanente study.5
However, the latter study had underrepresentation of lower
socioeconomic groups, where the risk of RSV disease is
high.19 Similarly, the proportion (5.6%) of low birth weight
infants rehospitalised with RSV during their first year in our
study was twice that (2.8%) in the follow up by Nachman et al
in New York.20 The incidence of RSV related hospitalisation
among the preterm infants (,36 weeks gestation) or those
under 2 years of age with CLD in our study is broadly similar to
the incidence (10.6%) in the placebo arm of the IMpact-RSV
trial but more than double that in Liverpool.2 7 However, in the
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Table 4 Drug cost of monoclonal antibody prophylaxis for ‘‘high risk’’ infants over three
RSV seasons (1996–99)

RSV disease in infancy

Serious adverse outcomes
Our study showed a very low occurrence of serious adverse
events, even among high risk infants. The only death
occurred in an infant with complex congenital heart
disease—a group for whom immunoprophylaxis is currently
not indicated. The rates of ICU admission and ventilation
were substantially lower than those reported in the Canadian
high risk infants (6.8% v 33.6% for ICU admission and 6.8% v
15.6% for ventilation, Shropshire v Canadian)23 and in the
Kaiser Permanente cohort (8.9% v 18.4% for ICU admission),5
and similar to those found in the palivizumab recipients of
the IMpact-RSV study.

Health economic burden of RSV and costs of
prophylaxis
We did not attempt to evaluate the total costs of RSV disease
in infancy. In a health care system of finite resources, most
new interventions involve shifting of resources so that
increased spending in one area is offset by resource saving
elsewhere.24 Our analysis therefore focused on the direct costs
of prophylaxis and hospitalisation from the perspective of a
health care provider. Such an approach seems reasonable for
an intervention that does not reduce the risk of serious
adverse outcomes such as death or need for assisted
ventilation. The cost of prophylaxis in our analysis is a
conservative estimate since we assumed that all infants
weighed less than 3.3 kg, thereby accessing the lowest drug
price; furthermore, we did not account for the costs of visits
for immunisation, the disposables, and staff costs. Even then
our analyses show that direct drug costs to the health
authority, following the recommendations of the IMpact-RSV
trial or the American Academy of Paediatrics,25 would have
exceeded the costs of the entire RSV related hospitalisation.
Even following the more conservative recommendations of
Joffe3 and Thomas6 would have saved only 1.6% of the RSV
related budget of the health authority, assuming that the
prophylaxis would have been successful in averting all the
RSV related hospitalisations in these cohorts, but would have
added 25% more costs simply for the drug. Our data confirm
the previous suggestions that the RSV immunoprophylaxis
strategies are currently too highly priced for the outcomes
they avert.4 Although their cost effectiveness may be
improved through better targeting and a major reduction in
their costs, immunoprophylaxis strategies will have only a
minor impact on the total clinical and health economic
burden of RSV disease in infancy. Reduction of the vast
majority of health economic burden of RSV disease in infancy
must await development of a safe and effective vaccine.
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latter study, RSV was found in only 40% of infants with
bronchiolitis compared to about 60% in our study. The
incidence of RSV related hospitalisation among infants born
before 32 weeks in our cohort (10.1%) again was twice that in
London (4%).6
For a sparsely populated county with lower than average
rates of deprivation, the rates of RSV disease would have
been expected to be lower than in the industrial-urban areas
of Liverpool and London. The proportion of high risk infants
in our cohort does not appear to be higher than in others. The
study periods of the above epidemiological investigations
overlap. Changes in the virulence of the RSV strain therefore
seem unlikely. We cannot exclude the possibility that the
criteria for hospitalisation in our cohort may have been different to others. However, for 1998–99 season, the number of FCEs
in children under 2 years from bronchiolitis in our cohort
(20.1/1000) was similar to the figure for England (18.9/1000),
suggesting that any systematic bias is most unlikely.21 22 We
therefore believe that the rates of RSV related hospitalisations
in our cohort reflect a near complete ascertainment of cases.
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