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abstract

Respiratory syncytial virus (RSV) is a common cause of pediatric
hospitalization, but the mortality rate and estimated annual deaths are based on decades-old
data. Our objective was to describe contemporary RSV-associated mortality in hospitalized
infants and children aged ,2 years.

BACKGROUND AND OBJECTIVE:

METHODS: We

queried the Healthcare Cost and Utilization Project Kids’ Inpatient Database (KID)
for 2000, 2003, 2006, and 2009 and the Pediatric Health Information System (PHIS)
administrative data from 2000 to 2011 for hospitalizations with International Classiﬁcation of
Diseases, Ninth Revision, Clinical Modiﬁcation diagnosis codes for RSV infection and mortality.
The KID data sets identiﬁed 607 937 RSV-associated admissions and 550 deaths
(9.0 deaths/10 000 admissions). The PHIS data set identiﬁed 264 721 RSV-associated admissions
and 671 deaths (25.4 deaths/10 000 admissions) (P , .001 compared with the KID data set). The
2009 KID data set estimated 42.0 annual deaths (3.0 deaths/10 000 admissions) for those with
a primary diagnosis of RSV. The PHIS data set identiﬁed 259 deaths with a primary diagnosis of RSV,
with mortality rates peaking at 14.0/10 000 admissions in 2002 and 2003 and decreasing to 4.0/
10 000 patients by 2011 (odds ratio: 0.27 [95% conﬁdence interval: 0.14–0.52]). The majority of
deaths in both the KID and PHIS data sets occurred in infants with complex chronic conditions and
in those with other acute conditions such as sepsis that could have contributed to their deaths.

RESULTS:

Deaths associated with RSV are uncommon in the 21st century. Children with
complex chronic conditions account for the majority of deaths, and the relative contribution of
RSV infection to their deaths is unclear.

CONCLUSIONS:

WHAT’S KNOWN ON THIS SUBJECT: Respiratory
syncytial virus (RSV) infection is a common
cause of pediatric hospitalizations. Mortality
rates associated with RSV hospitalizations are
based on estimates from studies conducted
decades ago. Accurate understanding of
mortality is required for identifying high-risk
infants and children.
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WHAT THIS STUDY ADDS: Mortality associated
with RSV is uncommon in the 21st century, with
annual deaths far lower than previous estimates.
The majority of deaths occurred in infants
with complex chronic conditions or in those with
life-threatening conditions in addition to RSV
infection.
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Respiratory syncytial virus (RSV) is
one of the most common infections
of childhood. Almost all children
experience RSV infection by age
2 years.1 In young children, RSV
infection often manifests as
bronchiolitis or pneumonia and is
a common cause of both outpatient
visits and hospital admission.2 RSV
may result in mortality.3,4 However,
because public health agencies do not
require deaths due to RSV to be
reported (unlike inﬂuenza deaths in
children), the relative contribution of
RSV infection to childhood mortality
is unclear.
Using data from a single tertiary
center from 1976 to 1980, the
Institute of Medicine estimated that
there were 4500 RSV-associated
deaths annually in children aged
,5 years, with 60% of deaths
(∼2700) occurring in infants.5 The
estimate was based on an assumption
that 5% of infants and children
hospitalized with RSV infection in the
United States would die. Over the
decades, there have been signiﬁcant
improvements in medical technology,
and a mortality rate of 5% for US
infants and children hospitalized with
RSV infection is unlikely to reﬂect
contemporary experience. More
recent analyses found signiﬁcantly
lower estimates for bronchiolitis and
RSV-associated mortality, with
estimates of #510 deaths annually in
children aged ,5 years, with 80%
(#408) occurring in infants.4 Another
study estimated 214 deaths in infants
aged ,1 year due to RSV and an
additional 132 deaths in children
aged 1 to 4 years.3 These studies
monitored trends only through the
1990s. Data from the ﬁrst decade of
the 21st century demonstrate
a signiﬁcant decline in bronchiolitis
hospitalizations in the United States.6
It is possible that trends in RSVassociated mortality have also changed.
Accurate estimates of RSV-associated
mortality may help to guide
prevention and treatment strategies.
Mortality is also an important

METHODS

from 2000 to 2011.13 We identiﬁed
hospitalizations with ICD-9-CM
diagnosis codes 480.1 (RSV
pneumonia), 466.11 (RSV
bronchiolitis), and 466.19
(bronchiolitis, other) in infants and
children aged ,2 years. The codes
were chosen to try and maximize the
number of admissions and deaths
potentially related to RSV.
Bronchiolitis may be caused by many
viral pathogens,14 but RSV is the most
common, and diagnostic testing may
not always be performed. Although
including ICD-9-CM code 466.19 for
case detection may falsely elevate the
RSV mortality rate due to the
potential inclusion of deaths from
viruses other than RSV, this code is
commonly used when diagnostic
testing is not performed and during
months when RSV is known to be the
most common pathogen. We chose to
focus on the age range younger than
2 years because the majority of
hospitalizations15 and deaths occur in
infants,3,4 and the American Academy
of Pediatrics recommendations for
the use of palivizumab prophylaxis
currently do not extend to children
aged .2 years.8

Human Subjects

HCUP KID

An AHRQ and HCUP data use
agreement and training was
completed for the KID data set. The
Children’s Hospital Association
approved use of the PHIS data set.
The research was reviewed by the
institutional review board of the
University of Utah and was deemed
exempt and classiﬁed as non–human
subjects research.

The KID is compiled by the AHRQ and
is the only all-payer inpatient data set
for children in the United States. The
unweighted data include discharge
information for ∼3 million pediatric
hospitalizations each year, and
weighted estimates for ∼7 million
discharges can be determined. The
large size and weighting allow
calculation of national estimates for
both rare and common conditions.16

Database Description and Queries

We analyzed cross-sectional data for
hospitalizations for the years 2000,
2003, 2006, and 2009.9–12 States that
participate in HCUP provide
discharge-level data for all inpatient
discharges for children from shortterm, nonfederal general and
specialty hospitals. Data are available
every 3 years. State participation in
KID increased from 22 in 1997 to 44
in 2009. In 2009, the KID database

variable in cost-effectiveness studies.
Recent studies of cost-effectiveness
for palivizumab have produced
estimates that differ markedly.7
Differences in mortality estimates
included in the models strongly
inﬂuence the cost-effectiveness ratios,
which in turn may inﬂuence
prophylaxis guidelines such as those
published by the American Academy
of Pediatrics.8
Large administrative databases offer
an opportunity to use data coded
from inpatient encounters to monitor
trends in health care utilization and
outcomes, including mortality. The
objectives of the present study were
to describe contemporary RSV
mortality rates and to identify
conditions associated with RSV
mortality in hospitalized infants and
children aged ,2 years. We used the
Agency for Healthcare Research and
Quality (AHRQ) and Healthcare Cost
Utilization Project (HCUP) Kids’
Inpatient Database (KID) and the
Pediatric Health Information System
(PHIS) database.

Two national pediatric databases
were used to describe the annual
number of inpatient admissions and
deaths associated with International
Classiﬁcation of Diseases, Ninth
Revision, Clinical Modiﬁcation
(ICD-9-CM) codes for RSV infection.
We queried the HCUP KID database
for 2000, 2003, 2006, and 20099–12
and the PHIS administrative database
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contained information on 7.4 million
weighted discharges from 4121
community and children’s hospitals in
44 states.
All admissions meeting the
aforementioned criteria for RSVassociated hospitalization were
extracted from the KID database,
including: sampling weight,
admission year, admission month,
discharge quarter, admission age,
length of stay in days, discharge
disposition, ﬂag for death, and
ICD-9-CM coding. The denominator
used to calculate an RSV mortality
rate was total RSV-associated
admissions. To classify whether an
RSV-associated admission or death
occurred within the RSV season
(November–March),17 we used
discharge quarter, length of stay, and
admit month.

PHIS Database
Operated by the Children’s Hospital
Association, the PHIS is an
administrative database that captures
inpatient data from 44 specialty
children’s hospitals in the United
States.13 The PHIS data represent
a sample of children’s hospitals, and
participating hospitals may choose to
contribute speciﬁc data elements. The
PHIS data set has not been designed
to be a representative sample of all
children’s hospitals and, unlike the
KID data set, cannot be used to
generate national estimates.18 The
same criteria used to identify RSVassociated admissions within the KID
data set were applied to the PHIS
database. RSV admissions, mortality
rate, total RSV deaths, and RSV deaths
during RSV season were calculated for
each year from 2000 through 2011.

Additional Data Obtained From KID and
PHIS Data Sets
Additional information was gathered
from both data sets for infants and
children with RSV-associated deaths,
including: whether the death had
a primary ICD-9-CM code for RSV;
complex chronic conditions (CCC)19;
surgical complications (using .300

ICD-9-CM codes); cardiac arrest,
427.5 (cardiac arrest), 779.85
(newborn cardiac arrest), V1253
(history of cardiac arrest), 99.60
(cardiopulmonary resuscitation),
99.63 (closed chest cardiac massage);
and sepsis, 995.91 (sepsis), 995.92
(severe sepsis), 785.52 (septic shock),
771.81 (newborn septicemia), 790.7
(bacteremia), 04.184 (anaerobe
infection [necrotizing enterocolitis
(NEC)]), 04.185 (Gram-negative
bacterial infection NEC), 04.189
(bacterial infection NEC), 038.0
(streptococcal septicemia), 038.10
(staphylococcal septicemia not
otherwise speciﬁed), 038.11
(methicillin-susceptible
Staphylococcus aureus septicemia),
038.12 (methicillin-resistant S aureus
septicemia), 038.19 (staphylococcal
septicemia NEC),038.2
(pneumococcal septicemia), 038.3
(anaerobic septicemia), 038.40
(Gram-negative septicemia NEC),
038.41 (Haemophilus inﬂuenzae
septicemia), 038.42 (Escherichia coli
septicemia), 038.43 (Pseudomonas
septicemia), 038.44 (Serratia
septicemia), 038.49 (Gram-negative
septicemia NEC), 038.8 (septicemia
NEC), 038.9 (septicemia not
otherwise speciﬁed), and 040.0 (gas
gangrene). Interfacility transfers were
also evaluated because these
transfers could result in an
underestimation of mortality.

Statistical Analysis
We performed analyses taking into
account the complex sampling and
weighting scheme of KID by using
sampling survey procedures in SAS
version 9.3 (SAS Institute, Inc, Cary,
NC). Numbers of RSV admissions, RSV
deaths, RSV mortality rates, and
number of RSV deaths occurring
during RSV season were generated in
each of the study years. For mortality
rates, 95% conﬁdence intervals (CIs)
were calculated based on binomial
distribution. To calculate KID yearly
admission and death estimates, we
weighted our estimates by using the
sampling weights from each of the

sample years. This method allowed us
describe the RSV admissions and
deaths across the study period, while
taking into account the differences in
the KID sampling frame across time
and the different numbers of
hospitals that contributed data to the
PHIS database each year. To calculate
PHIS yearly admission and death
estimates, we weighted our estimates
by using the total number of PHIS
RSV admissions for each study year.
To determine whether differences
between groups were signiﬁcant,
2-sample unpooled t tests with
unequal variances were used and
2-proportion unpooled z tests were
used to compare rates. A signiﬁcance
level of a = 0.05 was used to
determine statistical signiﬁcance.
Odds ratios (ORs) and 95% CIs were
calculated when a comparison was
made between different years of study.

RESULTS
RSV-Associated Hospitalizations and
Mortality Rates in KID and PHIS Data
Sets
The KID data sets identiﬁed a total of
607 937 RSV-associated admissions
and 550 deaths in the 2000, 2003,
2006, and 2009 data sets (9.0 deaths/
10 000 admissions). The PHIS data
set identiﬁed a total of 264 721
RSV-associated admissions and 671
deaths from 2000 to 2011 (25.4
deaths/10 000 admissions) (P , .001
compared with the KID data set).
Interfacility transfers in the KID data
set occurred in 2.2% of encounters
overall, with 0.4% of encounters in
a children’s hospital resulting in
a transfer. The PHIS data set
identiﬁed that 1.3% of its overall
emergency department volume
consisted of interfacility transfers.20
All annual RSV-associated
admissions, deaths, and mortality
rates for the KID and PHIS data sets
are shown in Table 1. The annual
mortality rates were higher in the
PHIS data set for the years 2000,
2003, 2006, and 2009 compared with
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TABLE 1 RSV-Associated Annual Admissions and Deaths in the HCUP KID and PHIS Data Sets
Discharge Year

RSV-Associated Annual
Admissions

RSV-Associated
Annual Deaths

RSV-Associated Annual Deaths per
10 000 Admissions

N

N

N (95% CI)

15 4046
15 6279
15 6367
14 1245

161
141
127
121

10.4
9.0
8.1
8.5

(7.3–13.6)
(6.8–11.1)
(6.9–10.3)
(6.7–10.4)

15 675
19 166
19 319
18 630
19 505
20 310
23 330
24 321
24 014
25 314
27 381
27 756

53
49
62
64
48
57
57
54
56
56
68
47

33.8
25.6
32.1
34.4
24.6
28.1
24.4
22.2
23.3
22.1
24.8
16.9

(26.2–44.0)
(18.8–32.9)
(24.9–40.9)
(26.8–44.0)
(19.0–32.8)
(22.2–35.9)
(18.9–32.1)
(16.9–29.2)
(17.9–30.0)
(17.0–28.8)
(19.7–31.0)
(13.0–22.0)

HCUP KID (no. of states/no. of hospitals)
2000 (27/2784)
2003 (36/3438)
2006 (38/3739)
2009 (44/4121)
PHIS (no. of hospitals)a
2000 (33)
2001 (35)
2002 (35)
2003 (37)
2004 (39)
2005 (41)
2006 (41)
2007 (43)
2008 (43)
2009 (43)
2010 (44)
2011 (44)
a

Odds Ratio (95% CI)
and P Value (Mortality Rate)

Ref
0.86 (0.69–1.08)
0.78 (0.62–0.98)
0.82 (0.65–1.04)

OR: 0.75 (95% CI: 0.64–0.87), P , .001; 2006–2011 compared with 2000–2005.

the mortality rates in the KID data
sets (P , .01 for all years). In the KID
data set, the RSV mortality rate
ranged from a high of 10.4/10 000 in
2000 to a low of 8.1/10 000 in 2006
(OR: 0.78 [95% CI: 0.62–0.98]). The
mortality rates in the PHIS data set
ranged from a high of 34.4/10 000 in
2003 to a low of 16.9/10 000 in
2011; PHIS mortality rates were
lower in the later years of the study
period (2006–2011) compared with
the earlier years (2000–2005) (OR:
0.75 [95% CI: 0.64–0.87]).
The diagnostic codes associated with
admissions and mortality varied. The
ICD-9-CM diagnosis code of 466.19,
which identiﬁes bronchiolitis due to
other infectious organisms, accounted
for 41% and 43% of admissions and
24% and 27% of the deaths in the
KID and PHIS data sets, respectively.
The use of this code increased
signiﬁcantly over the study period in
patients who had died (18% to 35%
in KID and 17% to 46% in PHIS; P ,
.001 for both) but did not change for
admissions overall.

RSV-Associated Mortality According
to Season and Primary Diagnosis
The majority of RSV-associated
mortality occurred between the

months November and March (ie, the
typical RSV season in the United
States) in both data sets, with 70% to
77% of deaths in the KID data sets
and 61% to 71% in the PHIS data sets
occurring during these months.
The KID data sets identiﬁed 262
deaths with a primary diagnosis code
for RSV. The RSV-associated mortality
rate in these patients peaked at
6.5/10 000 admissions in 2000 and
decreased to 3.0/10 000 admissions
by 2009 (OR: 0.45 [95% CI:
0.32–0.66]). The PHIS data set
identiﬁed 259 deaths with a primary
diagnosis code for RSV. The RSVassociated mortality for these
patients peaked at 14.0/10 000
admissions in 2002 and 2003 and
decreased to 4.0/10 000 patients in
2011 (OR: 0.27 [95% CI: 0.14–0.52]).

Characteristics of Infants and
Children With RSV-Associated
Mortality
Characteristics of infants and young
children with RSV-associated
mortality are shown in Table 2. The
proportions were similar for the
majority of variables in the KID 2000,
2003, and 2006 data sets compared
with 2009 (data not shown); for ease
of comparison, only 2009 data are

reported in Table 2. The exceptions
included the primary diagnosis of RSV,
which decreased signiﬁcantly from the
2000 through the 2009 data sets
(61% in 2000 vs 34% in 2009; P ,
.001) and the presence of CCC (60% in
2000 vs 76% in 2009; P = .007) and
other conditions associated with death
(63% in 2000 vs 82% in 2009;
P = .001), which all increased
signiﬁcantly in the 2009 data set.
The majority of deaths in both data sets
occurred in infants aged #12 months
(85% of deaths in the KID data set and
77% of deaths in the PHIS data set).
The mean age at death was 6.2 months
in the 2009 KID data set and
7.5 months in the PHIS data set.
The majority of RSV-associated
deaths occurred in infants and
children with CCC. CCC increased
with age and in both data sets. In the
KID and PHIS data sets, respectively,
68% and 76% of infants aged #12
months who died had CCC compared
with 85% and 84% of those aged 13
to 24 months (P , .001 for both). In
both data sets, cardiovascular
conditions were the most frequent
single CCC identiﬁed, and nearly 40%
of children who died had $2 CCC
identiﬁed.
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TABLE 2 Characteristics of Infants and Children With RSV-Associated Hospital Mortality
Variable

No. (%) of RSV-Associated Deaths
KID 2009

Annual deaths
Deaths occurring in a children’s hospital
Deaths during RSV season, November–March
Deaths with a primary ICD-9-CM code for RSV
Death associated with CCC, any
Cardiovascular condition
Neuromuscular condition
Respiratory condition
Congenital or genetic condition
Multiple conditions, range: 2–5
Other conditions associated with deathb
Sepsis
Cardiac arrest
Surgical complication
Hospital length of stay .30 days
a
b

121
58
84
42
92
45
32
26
15
47
99
50
41
33
45

(100)
(48)
(70)
(34)
(76)
(37)
(26)
(21)
(13)
(39)
(82)
(41)
(34)
(28)
(38)

PHIS 2000–2011
56a
56 (100)
39 (70)
21 (38)
44 (79)
25 (45)
11 (20)
10 (19)
11 (19)
21 (37)
42 (74)
24 (42)
18 (32)
18 (32)
21 (37)

Mean number of annual deaths.
Subjects may have had .1 condition.

Those patients who died had
prolonged hospital stays, with a mean
duration of 40.5 days in the 2009 KID
data set and 40.2 days in the PHIS
data set. Those who died outside of
the typical RSV season (ie, who died
in April–October) had longer hospital
stays than those who died during the
typical season: 74.9 days compared
with 25.7 days (P , .001) in the 2009
KID data set and 63.5 days compared
with 30.6 days (P , .001) in the PHIS
data set. The majority of those who
died had ICD-9-CM codes for
potentially life-threatening conditions
such as sepsis or surgical
complications in addition to RSV
infection.

DISCUSSION
We report estimates of RSV mortality
in infants and children aged ,2 years
based on 2 national data sources over
the course of the ﬁrst decade of the
21st century. RSV mortality rates
declined signiﬁcantly in both data
sets. They both indicated that
mortality during RSV-associated
hospitalizations is uncommon,
occurring in 3 to 4/10 000 admissions
in those with a primary diagnosis of
RSV in the KID and PHIS data sets,
respectively. The KID data set estimated
121 deaths nationally in infants
and children with RSV-associated

admissions, 84 deaths during RSV
season, and 42 deaths with a primary
diagnosis of RSV in 2009. The PHIS
data set had a mean of 56 deaths per
year, with 39 during RSV season and
21 with a primary diagnosis of RSV.
The annual deaths documented in
these contemporary data sources are
5 to 100 times lower than 20th
century estimates.3,4 Both data sets
increased in size during the study
period and identiﬁed characteristics
of infants and children who died
during RSV-associated
hospitalizations that were almost
identical. The size of the data sets and
the concordance of the ﬁndings
enhance the generalizability of the
results. The majority of deaths
occurred in children who had CCC
and other life-threatening conditions
such as sepsis. Overall, RSV mortality
was more common in the tertiary
children’s hospitals of the PHIS data
set compared with the KID data,
perhaps reﬂecting the medical
complexity of children cared for in
these facilities.21
RSV is one of the most signiﬁcant
causes of infection and
hospitalization in young children in
the United States and worldwide.17
The number of deaths in young
infants and children during RSVassociated hospitalizations is an

important public health
measurement. Our analysis provides
mortality rates for infants and
children aged ,2 years with RSVassociated hospitalizations. Both data
sets provided mortality rates for
a variety of situations, including
death during the traditional RSV
season, and for those with a primary
diagnosis of RSV. These mortality
rates are lower than previous
estimates, which reported mortality
rates up to 5% of admissions.5 For
those with a primary diagnosis of
RSV, mortality rates were similar in
both data sets at 3 to 4 deaths per
10 000 admissions. The KID data set,
estimates nationally, only 42 deaths
annually with a primary diagnosis of
RSV. The number of deaths with
a primary diagnosis of RSV is
comparable to the number of annual
deaths for children aged ,2 years
associated with inﬂuenza (9–56
deaths/year reported during
2004–2013 seasons),22 for which
effective vaccines are available.
The relatively low RSV-associated
mortality identiﬁed in our analysis
may have several explanations. The
ﬁrst (and most likely) reason for the
low ﬁndings is the advances in
medical care that have occurred in
the decades since publication of the
last estimates. Advances in the care of
preterm infants have resulted in
decreased major morbidity in this
population, including less chronic
lung disease, a major risk factor for
severe RSV infection.23 Second,
advances in the care of infants and
children outside of the NICUs have
also occurred, and much of the care
for those with bronchiolitis has been
moved from the inpatient to the
outpatient setting.24 It is also possible
that the virus itself has changed25,26
and that changes could have resulted
in decreasing morbidity. The use of
palivizumab, ﬁrst licensed in the
United States in 1998, is unlikely to
account for the signiﬁcant changes
observed in mortality. Palivizumab
has not been associated with
a reduction in mortality in any

Downloaded from www.aappublications.org/news by guest on May 22, 2019
e28

BYINGTON et al

randomized controlled trial.7,8
Furthermore, the number of infants
receiving palivizumab each year is
small, and the greatest burden of RSV
disease is in previously healthy term
infants who are not eligible to receive
prophylaxis. In a recent study,
,1% of the Medicaid birth cohorts
in Florida and Texas received
palivizumab.27 In another multicenter
study, only 9% of hospitalized
children had ever received
palivizumab.2 Finally, infants who
receive palivizumab are generally
those with prematurity or CCC,
conditions that may also predispose
them to death.28

illustrates their medical fragility.
Although the mean hospital stay for
infants and young children with RSV
bronchiolitis is ∼2.5 days,6 infants
and children with RSV-associated
mortality in our study had hospitals
stays that were ∼40 days in both the
KID and PHIS data sets. Those whose
deaths occurred outside of the
traditional RSV season had even
longer stays.

Accurate estimates of mortality in the
21st century can inform costeffectiveness analyses for the use of
prophylaxis for the prevention of RSV
in high-risk groups and can also be
used in the evaluation of
experimental preventive and
treatment strategies.29 Mortality is an
important variable in economic
models. In models that examine the
cost-effectiveness of different
prophylaxis strategies for the
prevention of RSV, mortality rates
(when included) drive ﬁnal costeffectiveness ratios and should not be
based on unsupported assumptions.7

The duration of hospitalization before
death raises questions regarding the
role of RSV in the deaths of these
children. The duration of
hospitalization may indicate that RSV
infection was present during the
hospitalization but may have been
remote from the actual death. Our
ﬁnding that the majority of children
who died had other potentially lifethreatening conditions (including
bacterial sepsis and surgical
complications during their RSVassociated hospitalizations) supports
this possibility. The administrative
data sets do not allow us to identify
the exact cause of death for each
child; however, ∼30% of deaths
occurred outside of the typical RSV
season and ,40% of those who died
registered in either of the data sets
had a primary diagnosis code for RSV.

The present study identiﬁed many
important characteristics of infants
and children with RSV-associated
mortality. Our conﬁdence in the
results was strengthened by the
consistency seen in the KID and PHIS
data sets. First, as demonstrated in
previous studies,3,4 the majority of
deaths identiﬁed in children occurred
in infants. Infants represented 85% of
deaths in the KID data set and 77% in
the PHIS data set. Infants and
children who died also commonly had
CCC, with cardiovascular and
neuromuscular conditions the most
common. Nearly 40% of the deaths in
both data sets occurred in medically
fragile infants and children with
$2 CCC. Those infants and children
with RSV-associated deaths had long
hospital stays, which further

The present study had several
limitations. First, we used ICD-9-CM
diagnosis codes to identify RSVassociated hospitalizations. These
codes potentially include all causes of
bronchiolitis and may overestimate
RSV infections. However, our goal was
to identify all deaths potentially
associated with RSV hospitalization.
The mortality rates were low in both
data sets, and the total annual deaths
predicted by using the KID data set
were orders of magnitude lower than
previous estimates. Our mortality
rates were similar to recent results
from the KID data set for
bronchiolitis.6 This ﬁnding is not
unexpected because bronchiolitis is
the most common presentation of
RSV infection in this age group, and
RSV is the most common cause of

bronchiolitis. Second, we were not
able to capture all transfers that
occurred between facilities. However,
the proportions of children
transferred were low in both data
sets. In the KID data set, transfers
from community hospitals to tertiary
children’s hospitals accounted for the
majority of transfers. By including the
PHIS data set, we may have captured
a portion of these transfers that
resulted in mortality. Third, we were
not able to conﬁrm RSV infection in
all cases. The ICD-9-CM code 466.19
(bronchiolitis, other) increased
signiﬁcantly over the study period.
The increase may reﬂect the move to
molecular diagnostic testing in
hospital settings and the
identiﬁcation of viral pathogens other
than RSV associated with
bronchiolitis admissions.14 If deaths
were due to other viruses, the
importance of RSV as a cause of
mortality in young children is even
less than we report. Fourth, we were
not able to capture palivizumab use.
However, because palivizumab has
never been shown to decrease
mortality and is used infrequently,
variation in palivizumab
administration is unlikely to account
for the changes in mortality rates
observed. Fifth, we could not identify
nosocomial RSV infections. Finally, we
could not conﬁrm the exact cause of
death in the cases identiﬁed. It is
likely that, given the medical
complexity of the majority of infants
and children who died, multiple
factors other than RSV infection may
have contributed to their deaths.
Consideration of making RSVassociated mortality in children
a reportable condition, similar to
inﬂuenza, is indicated.

CONCLUSIONS
Despite these limitations, we are able
to draw several conclusions. First,
RSV-associated hospitalization and
mortality have decreased in the 21st
century. Although our data may
overestimate the number of

Downloaded from www.aappublications.org/news by guest on May 22, 2019
PEDIATRICS Volume 135, number 1, January 2015

e29

RSV-associated deaths, the number of
annual deaths in the United States is
low. Infants, especially those with
CCC, represent the majority of RSVassociated deaths in the United
States. Infants with CCC represent

a vulnerable population who, along
with the elderly, experience the
greatest mortality burden from
RSV.3,30 These populations should be
prioritized if a safe and effective RSV
vaccine is developed. Our ﬁndings

may help to inform policy makers as
they model the costs associated with
RSV prevention and treatment
strategies, including palivizumab and
investigational therapeutics and
vaccines under development.
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