From the Departments of Pediatrics
(C.B.H., G.AW,, AKB., PA, PS) and
Medicine (C.B.H.), the University of Roch-
ester School of Medicine and Dentistry,
Rochester, NY; the National Center for
Immunization and Respiratory Diseases,
Centers for Disease Control and Preven-
tion, Atlanta (M.K.I., D.E.); the Depart-
ments of Pediatrics (K.M.E., K.A.P.), Pre-
ventive Medicine (M.R.G., C.G.G.), and
Biostatistics (Y.Z.) — all at the Vander-
bilt University Medical Center, Nashville;
and the Department of Pediatrics, Cincin-
nati Children’s Hospital Medical Center,
University of Cincinnati College of Medi-
cine, Cincinnati (M.A.S.). Address reprint
requests to Dr. Hall at the Division of In-
fectious Diseases, Departments of Pediat-
rics and Medicine, University of Rochester
School of Medicine and Dentistry, 601 Elm-
wood Ave., Box 689, Rochester, NY 14642,
or at caroline_hall@urmc.rochester.edu.

N Engl )] Med 2009;360:588-98.
Copyright © 2009 Massachusetts Medical Society.

588

The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

The Burden of Respiratory Syncytial Virus
Infection in Young Children

Caroline Breese Hall, M.D., Geoffrey A. Weinberg, M.D.,

Marika K. lwane, Ph.D., M.P.H., Aaron K. Blumkin, M.S., Kathryn M. Edwards, M.D.,
Mary A. Staat, M.D., M.P.H., Peggy Auinger, M.S., Marie R. Griffin, M.D., M.P.H.,
Katherine A. Poehling, M.D., M.P.H., Dean Erdman, Dr.P.H.,

Carlos G. Grijalva, M.D., M.P.H., Yuwei Zhu, M.D., M.S.,
and Peter Szilagyi, M.D., M.P.H.

ABSTRACT

BACKGROUND
The primary role of respiratory syncytial virus (RSV) in causing infant hospitaliza-
tions is well recognized, but the total burden of RSV infection among young chil-
dren remains poorly defined.

METHODS
We conducted prospective, population-based surveillance of acute respiratory infec-
tions among children under 5 years of age in three U.S. counties. We enrolled
hospitalized children from 2000 through 2004 and children presenting as outpa-
tients in emergency departments and pediatric offices from 2002 through 2004.
RSV was detected by culture and reverse-transcriptase polymerase chain reaction.
Clinical information was obtained from parents and medical records. We calculat-
ed population-based rates of hospitalization associated with RSV infection and es-
timated the rates of RSV-associated outpatient visits.

RESULTS
Among 5067 children enrolled in the study, 919 (18%) had RSV infections. Overall,
RSV was associated with 20% of hospitalizations, 18% of emergency department
visits, and 15% of office visits for acute respiratory infections from November
through April. Average annual hospitalization rates were 17 per 1000 children under
6 months of age and 3 per 1000 children under 5 years of age. Most of the children
had no coexisting illnesses. Only prematurity and a young age were independent
risk factors for hospitalization. Estimated rates of RSV-associated office visits
among children under 5 years of age were three times those in emergency depart-
ments. Outpatients had moderately severe RSV-associated illness, but few of the
illnesses (3%) were diagnosed as being caused by RSV.

CONCLUSIONS
RSV infection is associated with substantial morbidity in U.S. children in both in-
patient and outpatient settings. Most children with RSV infection were previously
healthy, suggesting that control strategies targeting only high-risk children will
have a limited effect on the total disease burden of RSV infection.
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HE PRIMARY ROLE OF RESPIRATORY SYN-
cytial virus (RSV) in causing lower respira-
tory disease among infants has made its
control a worldwide priority.:> However, in the
United States, the total burden of RSV infection
during the first 5 years of life remains poorly
defined, particularly in the outpatient setting.
Previous studies have been limited because they
were retrospective, of short duration, lacked lab-
oratory confirmation of RSV infection, or focused
only on hospitalizations or bronchiolitis.>
The Centers for Disease Control and Preven-
tion (CDC) initiated the New Vaccine Surveillance
Network (NVSN), a prospective, population-based
inpatient and outpatient surveillance for acute
respiratory infections among children under
5 years of age in 2000 in Nashville and Rochester,
New York, and in 2003 in Cincinnati. The aim of
our study was to determine the population-
based burden of RSV infection among hospital-
ized children and outpatients in emergency de-
partments and primary care settings. We further
sought to describe the effect of potential risk
factors on the severity of illness.

METHODS

STUDY DESIGN

The design and methods of NVSN’s surveillance
for acute respiratory infections have been de-
scribed previously.°1° Inpatient surveillance was
conducted for 4 years, from October 2000 through
September 2004, during the winter months in the
counties surrounding Nashville and Rochester
and during the 2003-2004 season in Cincinnati.
Children were enrolled within 48 hours after ad-
mission from Sunday through Thursday. Outpa-
tient surveillance was conducted concurrently
from November through April in Nashville and
Rochester from 2002 through 2004 and similarly
in Cincinnati during the 2003-2004 season. Out-
patients were enrolled at each site from one to
four urban and suburban pediatric practices ei-
ther 1 or 2 days per week and from emergency
departments during daytime and nighttime shifts
in Nashville and Rochester 3 or 4 days per week
and in Cincinnati’s emergency department every
fourth day. During the study period, surveillance
hospitals cared for more than 95% of each coun-
ty’s children; emergency departments cared for
30% of the children in Nashville, 60% in Roches-
ter, and 95% in Cincinnati.

Eligible children were under 5 years of age
and had received a diagnosis of acute respiratory
infection, which was defined as an illness pre-
senting with one or more of the following symp-
toms: fever, cough, earache, nasal congestion,
rhinorrhea, sore throat, vomiting after coughing,
wheezing, and labored, rapid, or shallow breath-
ing. Excluded were children who had respiratory
symptoms lasting more than 14 days, had neutro-
penia from chemotherapy, had been hospitalized
elsewhere within 4 days, or were newborns who
had been hospitalized since birth.

Written informed consent was obtained from
a parent or guardian of each child. The institution-
al review board at each site and the CDC approved
the study. The authors vouch for the completeness
and accuracy of the data and the analyses pre-
sented.

PATIENTS
We obtained children’s demographic, medical,
and social histories in standardized interviews of
parents or guardians.*>'3 The choice of clinical
management, including hospitalization, was de-
termined by the child’s physician. Laboratory and
clinical information was obtained from records
from hospitals, emergency departments, and out-
patient primary care settings. Recorded high-risk
medical conditions included prematurity (<36
weeks of gestation); chronic pulmonary, cardiac,
kidney, or immunodeficiency disease; cancer; and
sickle cell anemia.

We obtained nasal and throat swabs for viral
detection for research purposes only, and the
personnel caring for the patients were unaware
of the results.°*° All inpatient specimens were
tested by reverse-transcriptase polymerase chain
reaction (RT-PCR) and culture for RSV, influ-
enza A, influenza B, and parainfluenza viruses
1, 2, and 3. Outpatient samples were assayed by
RT-PCR for RSV and influenza. Additional virus-
es, including human metapneumovirus and rhi-
noviruses, were detected by RT-PCR among inpa-
tient specimens from Nashville and Rochester in
2000 and 2001.>17 Specimens were defined as
positive if RSV was detected by viral isolation or
by duplicate RT-PCR assays.%1°

STATISTICAL ANALYSIS
We determined the weighted number of hospital-
izations for RSV infection and acute respiratory
infections per 1000 children under 5 years of age
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and age-specific demographic characteristics us-
ingbootstrap methods, as described previously.121>
Rates of visits to emergency departments and pri-
mary care offices for RSV-associated acute respi-
ratory infections were calculated by multiplying
the RSV-attributable portion from NVSN surveil-
lance by rates of acute respiratory infections ac-
cording to age group estimated from data from
the National Ambulatory Medical Care Survey
(NAMCS) and the National Hospital Ambulatory
Medical Care Survey (NHAMCS) for the respira-
tory-infection seasons of November through April
from 2002 through 2004.13 The confidence inter-
vals for these rates were calculated with the use
of the delta method, which accounted for varia-
tion in both the national data sets and the data
from this study.'>*® Population-based rates for
emergency department visits were calculated on
the basis of pediatric visits to emergency depart-
ments during the winter months from 2002
through 2004 in Rochester and during the 2003—
2004 season in Cincinnati, since these sites ac-
counted for the majority of visits to emergency
departments in their counties.

Chi-square tests were used for associations
between categorical variables, with Yates’ correc-
tion for continuity used for analysis with dichoto-
mous variables and Student’s t-tests for continuous
variables. Three multivariable logistic-regression
models were constructed for RSV-positive inpa-
tients versus RSV-positive outpatients, for RSV-
positive inpatients versus RSV-negative inpatients,
and for RSV-positive outpatients versus RSV-nega-
tive outpatients. Candidate covariates in each
model were sex, age group (0 to 5, 6 to 11, 12 to
23, and 24 to 59 months), the time in day care
(24 and >4 hours per week), the presence or
absence of household exposure to smoke, breast-
feeding (0 to <1, 1 to 6, and >7 months), the
presence or absence of high-risk coexisting con-
ditions, the presence or absence of prematurity,
an interaction term between high-risk conditions
and prematurity, and the presence or absence of
other children under 18 years of age residing in
the household. Covariates were included in the
multivariable model if the P value was under 0.20
when comparing RSV-positive inpatients with
RSV-positive outpatients in bivariate analysis. All
statistical analyses were performed with the use
of Stata software, version 10.0.%°

RESULTS

STUDY POPULATIONS

Of 6225 eligible children, 5067 (81% of inpatients
and outpatients) were enrolled, and 919 had con-
firmed RSV infection (Fig. 1). The major reasons
for nonenrollment were a lack of parental consent
(65%) or unavailability of parents (20%). In only
1% of cases, the child’s physician declined partici-
pation.

LABORATORY ANALYSES

Of 564 RSV-positive inpatient specimens, 547
(97%) were identified by RT-PCR and 171 (30%)
by tissue culture. Of 500 specimens tested by both
methods, 329 (66%) were deemed to be positive
only by RT-PCR and 17 (3%) by culture.

EPIDEMIOLOGIC ANALYSIS

RSV outbreaks at each site occurred yearly be-
tween November and April. The median onset was
December 1. RSV was detected for a median of 18
weeks in Nashville and 20 weeks in Rochester and
Cincinnati.

RSV was identified in 919 of 5067 specimens
(18%) and was associated with 20% of annual
hospitalizations, 18% of emergency department
visits, and 15% of office visits for acute respira-
tory infections from November through April. In
58 of the samples (6%), coinfecting viruses were
identified, including 26 samples with influenza
virus, 8 with parainfluenza virus, 11 with rhino-
virus, 6 with adenovirus, 5 with cytomegalovirus,
and 4 with other viruses. The circulation of strain
groups was similar among sites, with RSV A pre-
dominating during 3 of 4 years. Of 753 RSV iso-
lates that were typed, 602 (80%) were group A,
137 (18%) were group B, and 14 (2%) were deter-
mined to be both A and B by RT-PCR. RSV A
strains comprised 81% of inpatient isolates and
78% of outpatient isolates (P=0.32).

DEMOGRAPHIC CHARACTERISTICS

Significantly more inpatients than outpatients
with RSV infection were non-Hispanic white, were
under the age of 6 months, and had private insur-
ance (Table 1, and Table 1 in the Supplementary
Appendix, available with the full text of this article
at NEJM.org). Inpatients with RSV infection were
significantly more likely than inpatients who did
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6225 Children 0-59 mo of age
were eligible

5067 (81%) Were enrolled

2892 (57%) Were treated in hospital

1014 (20%) Were treated
in emergency department

1161 (23%) Were treated
in pediatric office

919 (18%) Were infected
with RSV

564 (61%) Were hospitalized

328 (58%) Were 0-5 mo
97 (17%) Were 611 mo
99 (18%) Were 12-23 mo
40 (7%) Were 24-59 mo

355 (39%) Were outpatients
184 (52%) Were treated in
emergency department
171 (48%) Were treated in
pediatric office

88 (25%) Were 0-5 mo

85 (24%) Were 6—-11 mo

75 (21%) Were 12-23 mo
107 (30%) Were 24—-59 mo

Figure 1. Enrollment and Outcomes.

emergency departments and 4 from pediatric practices).

The number of children who were hospitalized includes 78 children who were initially enrolled as outpatients (74 from

not have RSV infection to be non-Hispanic white
and under the age of 6 months.

HOSPITALIZED PATIENTS
Rates of RSV infection

From 2000 through 2004, the average annual
rate of RSV-associated hospitalization was 3 per
1000 children under the age of 5 years and 17 per
1000 children under the age of 6 months (Table 2).
Hospitalization rates varied yearly and regionally.
During the 2003-2004 season, among children
under the age of 5 years, the rates were 5.7 per
1000 in Cincinnati, 2.3 per 1000 in Nashville, and

2.4 per 1000 children in Rochester. Among chil-
dren under the age of 6 months, rates were 33.9
per 1000 in Cincinnati, 12.8 per 1000 in Nashville,
and 14.2 per 1000 in Rochester.

Clinical Characteristics

Discharge diagnoses were based on clinical and
laboratory information; clinicians were unaware
of NVSN laboratory results. Among 564 inpa-
tients with RSV infection, bronchiolitis was diag-
nosed in 397 (70%) and RSV-associated illness in
252 (45%). Among RSV-positive inpatients under
the age of 12 months, bronchiolitis was diagnosed
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Table 1. Characteristics of Children under 5 Years of Age with or without Respiratory Syncytial Virus (RSV) Infection.*

P Value for Inpatients
vs. Outpatients with

Variable Hospitalized Patients Outpatients RSV Infection
RSV-Positive  RSV-Negative RSV-Positive  RSV-Negative
(N=564) (N=2328) P Value (N=355) (N=1820) P Value
no. (%) no. (%)
Sex 0.54 0.58 0.63
Male 245 (43) 1045 (45) 160 (45) 856 (47)
Female 319 (57) 1283 (55) 195 (55) 964 (53)
Race or ethnic group <0.001 0.42 <0.001
White 313 (55) 1064 (46) 127 (36) 702 (39)
Black 165 (29) 825 (35) 140 (39) 718 (39)
Hispanic 59 (10) 290 (12) 57 (16) 235 (13)
Other or unknown 27 (5) 149 (6) 31 (9) 165 (9)
Age (mo) <0.001 <0.001 <0.001
0-5 328 (58) 1042 (45) 88 (25) 257 (14)
6-11 97 (17) 306 (13) 85 (24) 354 (19)
12-23 99 (18) 441 (19) 75 (21) 513 (28)
24-59 40 (7) 539 (23) 107 (30) 696 (38)
Type of health insurance 0.15 0.95 0.009
Public 295 (52) 1237 (53) 220 (62) 1147 (63)
Private 225 (40) 860 (37) 119 (34) 597 (33)
None 39 (7) 214 (9) 14 (4) 70 (4)
Unknown 5(1) 17 (1) 2(1) 6 (<1)

* Inpatient surveillance was conducted for 4 years, from October 2000 through September 2004, in the counties surrounding Nashville and
Rochester and during the 2003-2004 season in Cincinnati. Outpatient surveillance was conducted concurrently from November through
April in Nashville and Rochester from 2002 through 2004 and similarly in Cincinnati in the 2003-2004 season. Percentages may not total
100 because of rounding.

Race or ethnic group was reported by parents or guardians.

592

in 85% and RSV-associated illness in 53%, as com-
pared with rates of 31% and 18% in children be-
tween the ages of 24 and 59 months, respectively
(P<0.001). The major diagnoses among this older
age group were pneumonia (51%) and asthma
(60%). Among all RSV-positive inpatients, 95%
had labored respirations and required supplemen-
tal oxygen, 78% had wheezing, 69% were febrile,
and 1% had apnea. There were no deaths. Hospi-
talizations lasted for a median of 2 days and
lasted from less than 1 day to 26 days.

OUTPATIENTS
Rates of RSV Infection

Overall, the estimated rates of outpatient office
visits for acute respiratory infections among chil-
dren under 5 years of age were higher than the
estimated rates of emergency department visits

N ENGL J MED 360;6

NEJM.ORG

by a factor of 3, but the difference ranged from
a factor of 2 to a factor of 11, depending on the
calendar year and the age group (Table 2). For chil-
dren under 5 years of age, population-based rates
of RSV-associated emergency department visits
in Rochester were 19 per 1000 for the 2002-2003
season and 36 per 1000 for the 2003—2004 season;
in Cincinnati, the rate was 44 per 1000 children
during the 2003-2004 season. These population-
based rates corresponded closely to emergency
department rates estimated from national data-
bases (NAMCS and NHAMCS) for 2002-2003 and
2003-2004 (22 and 32 per 1000, respectively).

Clinical Characteristics

The most frequent clinical findings among 355
RSV-positive outpatients were cough (98%), fever
(75%), labored respirations (73%, including 85%
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Infection per 1000 Children, According to Year.*

Table 2. Rates of Inpatient and Outpatient Treatment for Children under 5 Years of Age with Confirmed Respiratory Syncytial Virus (RSV)

Treatment Site and Year

Inpatient

Hospital
2000-2001 18.5 (14.4-22.9)
2001-2002 11.7 (9.1-14.7)
2002-2003 12.4 (9.4-15.2)
2003-2004 21.7 (18.8-24.6)
2000-2004 16.9 (15.3-18.5)

Outpatienty

Emergency department
2002-2003 39 (12-124)
2003-2004 69 (34-143)
2002-2004 55 (24-126)

Pediatric practice

2002-2003 108 (33-346)
2003-2004 157 (54-462)
2002-2004 132 (46-383)

Age, in Months

6-11 12-23 24-59
rate/1000 patients (95% Cl)

7.4 (5.1-9.9) 3.2 (1.9-4.3) 0.4 (0.2-0.7)
41 (2.4-5.8) 2.5 (1.5-3.6) 0.2 (0.0-0.4)
3.4 (1.9-5.0) 1.9 (1.1-2.8) 0.2 (0.0-0.4)
5.4 (3.8-7.0) 3.1(2.3-3.9) 0.5 (0.3-0.8)
5.1 (4.6-5.5) 2.7 (2.3-2.7) 0.4 (0.3-0.4)
45 (13-157) 24 (7-87) 15 (5-44)
68 (27-175) 38 (15-102) 11 (3-39)
57 (20-161) 32 (11-92) 13 (4-41)
194 (77-492) 53 (13-222) 31 (9-100)
160 (45-576) 80 (22-282) 77 (26-230)
177 (61-511) 66 (18-245) 57 (19-167)

0-59

3.5 (2.9-4.1)
22(1.8-2.7)
2.1 (1.7-2.5)
3.7 3.3-4.1)
3.0 (2.8-3.4)

22 (10-49)
32 (19-54)
28 (15-50)

61 (24-154)
99 (44-219)
80 (36-179)

* The presence of RSV infection was confirmed by reverse-transcriptase polymerase chain reaction (RT-PCR) and culture for inpatients and by

RT-PCR for outpatients. Inpatient surveillance was conducted for 4 years, from October 2000 through September 2004, in the counties sur-
rounding Nashville and Rochester and during the 2003-2004 season in Cincinnati. Outpatient surveillance was conducted concurrently in
Nashville and Rochester from 2002 through 2004 and similarly in Cincinnati during the 2003-2004 season. Rates of infection are listed for

November through April of each annual season.

T Rates of infection for outpatients were calculated by multiplying the national rate of outpatient visits for acute respiratory infections from
the National Ambulatory Medical Care Survey and the National Hospital Ambulatory Medical Care Survey by the proportion of visits for
acute respiratory infections in this study attributable to RSV for November through April 2002-2003 and 2003-2004.

and 73% of patients in emergency departments
and pediatric offices, respectively; P<0.001), and
wheezing (65%). Discharge diagnoses included
upper respiratory tract infection (32%), bronchi-
olitis (20%), asthma (13%), and pneumonia (8%).
Only 3% of outpatients with RSV infection re-
ceived the diagnosis of RSV-associated illness, as
compared with 45% of inpatients (P<0.001).

RISK FACTORS FOR HOSPITALIZATION
To assess the effects that environmental and host
factors may have had on severe illness, we com-
pared the results for RSV-positive inpatients with
those of RSV-positive outpatients. To assess the
effects of these factors on the development of an
acute respiratory infection specifically from RSV,
as compared with other causes, we compared the
results of children with respiratory infections who

N ENGL ) MED 360;6
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were RSV-positive with those who were RSV-neg-
ative (Table 3).

One or more high-risk conditions were pres-
ent in 189 of 564 of RSV-infected inpatients (34%)
and in 96 of 355 outpatients (27%) (Table 3). The
most frequent conditions among high-risk RSV-
positive children were previous wheezing, which
occurred in 104 inpatients (55%) and 70 outpa-
tients (73%) (P=0.005), and prematurity, which
occurred in 91 inpatients (48%) and 30 outpa-
tients (31%) (P=0.009). Among children with
acute respiratory infections that were either RSV-
positive or RSV-negative, the presence of any
high-risk condition significantly correlated with
hospitalization and increasing age (P<0.001).
However, more RSV-negative inpatients than RSV-
positive inpatients had high-risk conditions (42%
vs. 34%, P=0.001).
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Patients with RSV Patients with RSV vs. Patients without RSV
4 P<0.001 O P=0.002 m P=0.007 X P>0.05 . .
Inpatients vs. outpatients Inpatients Outpatients
Male —3—
Age 0-5 mo —_———— — —
Age 6-11 mo -— — —a—
Age 12-23 mo -— —8— —
Day care >4 hr/wk b >
Household smoke exposure € —>—
>1 mo breast-feeding b —%—
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Figure 2. Odds Ratios for Potential Risk Factors in Patients with and Those without Respiratory Syncytial Virus (RSV) Infection,

According to multiple logistic-regression analyses, the only risk factors associated with RSV illness requiring hospitalization were an age
of less than 2 years (especially under 6 months) and a history of prematurity. For age groups, the reference group is patients between
the ages of 24 months and 59 months. Horizontal lines indicate 95% confidence intervals.

Prophylaxis with palivizumab was adminis-
tered to 174 of 1765 of high-risk children (10%)
and to 140 of 657 children with a history of pre-
maturity (21%) (Table 3). The proportion of high-
risk patients with RSV infection who received
palivizumab was smaller than the proportion of
patients without RSV infection, but the difference
was not significant (21 of 285 patients [7%] vs.
153 of 1479 patients [10%)], P=0.15). The rates of
prophylaxis with palivizumab differed signifi-
cantly between high-risk inpatients and high-risk
outpatients only among children with RSV-nega-
tive acute respiratory infections (P=0.009).

Factors indicative of a child’s environment and
care, including day-care attendance, exposure to
tobacco smoke, and maternal educational level,
were also examined (Table 3). None of these fac-
tors correlated with illness requiring hospital-
ization among children with RSV-positive or
RSV-negative acute respiratory infections. Only
breast-feeding of less than 1 month’s duration
and the presence of other children under the age
of 5 years in the home significantly correlated
with hospitalization.

However, multiple logistic-regression analyses
revealed that none of these potential risk factors,
including sex, independently correlated with more
severe illness among patients with RSV infection
after adjustment for other covariates (Fig. 2). Only
a younger age and prematurity were independent-

ly associated with RSV illness requiring hospi-
talization. In comparison with RSV-negative pa-
tients, RSV-positive inpatients and outpatients
were significantly younger (P<0.001) but were not
more likely to have been premature, indicating
that a young age imposed a greater risk for RSV-
positive illness than for RSV-negative illness.

DISCUSSION

Our findings from three geographically diverse
populations provide a comprehensive view of the
RSV burden among children within the first 5 years
of life. In our population, rates of hospitalization
for RSV-associated illness were three times as
high as those associated with influenza or para-
influenza viruses, and the proportion of children
receiving influenza immunization was low (18%).13
The estimated rates of outpatient visits associat-
ed with RSV infection were similar to those asso-
ciated with influenza for all children under 5 years
of age but were markedly greater for children un-
der the age of 6 months.'?"1* However, prospec-
tive population-based information concerning RSV
infection among older children and outpatients
is lacking.3-5#:2022 By concurrently addressing these
populations, our study demonstrates a previously
unrecognized size and spectrum of burden of RSV
infection among all children under 5 years of age.

If we extrapolate from our population-based
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data to the entire U.S. population, an estimated
2.1 million children under 5 years of age with RSV
infection would require medical attention each
year. Among these children with RSV-related ill-
nesses, approximately 57,527 (3%) are hospitalized,
517,747 (25%) are treated in emergency depart-
ments, and 1,534,064 (73%) are treated by pediat-
ric practices; of these outpatients, 1,256,014 (61%)
are between 2 and 5 years of age.

These rates of visits for RSV-associated acute
respiratory infections indicate that a major pro-
portion of RSV’s burden results in outpatient
visits among children beyond infancy. Further-
more, the estimated outpatient rates are prob-
ably close to the actual national rates, since our
directly determined population-based emergency
department rates in Rochester and Cincinnati
were very similar and well within the confidence
intervals of the estimated rates.

The outpatient burden of RSV on health care
resources is probably not fully recognized by
health care providers and by public health offi-
cials, since only 3% of outpatients with confirmed
RSV infection received the specific diagnosis of
RSV infection; bronchiolitis was diagnosed in
20% of such children. Significantly more RSV
outpatient visits occurred among primary care
practices than among emergency departments,
and the illnesses of patients from pediatric prac-
tices were similar to those of patients in emer-
gency departments and reflected moderately se-
vere disease. This suggests that outpatient visits
contribute greatly to RSV’s burden by both their
frequency and the severity of illness.

The rates of RSV infections requiring medical
attention are high not only during infancy but
throughout the first 5 years of life. This factor
underscores the as-yet-unmet need for an effective
vaccine.b232¢ Of the estimated 2 million children
under the age of 5 years who require care for
RSV infections annually, 78% are over the age of
1 year. Meanwhile, much effort has been appro-
priately focused on children who are at highest
risk for severe RSV disease and who most need
prophylaxis and health care resources.?*272° How-
ever, our study suggests that since RSV infection
among previously healthy children imposes a
much larger burden than was previously recog-
nized, the need to address this issue may be even
greater.

Characteristics that were most frequently asso-

ciated with RSV illness requiring hospitalization
included male sex, chronic coexisting medical
conditions, lower socioeconomic status, smoke
exposure, lack of breast-feeding, and contact with
other children.3-%:829-3¢ However, none of these
factors in our population independently correlat-
ed with illness severity, except for young age and
prematurity, and the risk of prematurity was not
specific for RSV disease. Only young age im-
posed a significantly greater risk of severe ill-
ness among children with RSV infection than
among children with acute respiratory infections
caused by other organisms.

Our findings may differ from those of previ-
ous studies partly because our study was designed
to evaluate the role of risk factors in acquiring
RSV infection and the development of more se-
vere disease specifically associated with RSV. We
assessed the first factor by comparing children
with acute respiratory infections who were RSV-
positive with those who were RSV-negative. We
assessed the second factor by comparing children
with RSV infection who were hospitalized with
those who were treated as outpatients. Greater
use of palivizumab prophylaxis also may have af-
fected the rates and characteristics of recently
hospitalized high-risk children.?” This explanation
is supported by our findings, which suggest that
the proportion of high-risk children receiving
prophylaxis who were hospitalized with RSV-neg-
ative infection was significantly greater than the
proportion of those with RSV-positive infection.

Most children with RSV infection, both those
who were hospitalized and those who were treat-
ed as outpatients, had no coexisting medical
conditions or characteristics that significantly
identified them as being at greater risk for severe
RSV disease, except for being under 2 years of
age. RSV’s major burden, therefore, occurs among
previously healthy children whose risk of severe
illness cannot be predicted.

On the basis of our findings, we estimate that
among children under the age of 5 years, RSV in-
fection results in approximately 1 of 334 hospi-
talizations, 1 of 38 visits to an emergency de-
partment, and 1 of 13 visits to a primary care
office each year in the United States.
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