Relative Impact of Influenza and Respiratory Syncytial

Virus in Young Children

WHAT’S KNOWN ON THIS SUBJECT: Winter respiratory viruses \

lead to substantial morbidity in young children. A better

understanding of the relative impact of these viruses is required
to inform the development of treatment and control measures.

WHAT THIS STUDY ADDS: Among young children, RSV results in a

greater burden of illness than does influenza, with higher rates of

ED visits and hospitalizations and greater caregiver resource
utilization. /

OBJECTIVE: We measured the relative impact of influenza and respira-
tory syncytial virus (RSV) infections in young children interms of emer-
gency department (ED) visits, clinical care requirements, and overall
resource use.

METHODS: Patients who were aged =7 years and treated in the ED of
a tertiary care pediatric hospital for an acute respiratory infection
were enrolled during 2 winter seasons between 2003 and 2005. We
quantified health care resource use for children with influenza or RSV
infections, and extrapolated results to estimate the national resource
use associated with influenza and RSV infections.

RESULTS: Nationally, an estimated 10.2 ED visits per 1000 children
were attributable to influenza and 21.5 visits per 1000 to RSV. Children
who were aged 0 to 23 months and infected with RSV had the highest
rate of ED visits with 64.4 visits per 1000 children. Significantly more
children required hospitalization as a result of an RSV infection com-
pared with influenza, with national hospitalization rates of 8.5 and 1.4
per 1000 children, respectively. The total number of workdays missed
yearly by caregivers of children who required ED care was 246 965 days
for influenza infections and 716 404 days for RSV infections.

CONCGLUSION: For young children, RSV is associated with higher rates
of ED visits, hospitalization, and caregiver resource use than is influ-
enza. Our results provide data on the large number of children who
receive outpatient care for influenza and RSV ilinesses and serve to
inform analyses of prevention programs and treatments for both in-
fluenza and RSV disease. Pediatrics 2009;124:e1072—e1080
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Each year, influenza and respiratory syn-
cytial virus (RSV) result in substantial
morbidity among young children, with
>40% of preschool-aged children expe-
riencing an influenza illness and nearly
100% of children infected with RSV by 3
years of age." llinesses range from self-
limited upper respiratory infections
to life-threatening respiratory compro-
mise and result in a high volume of
yearly hospitalizations, outpatient visits,
and antibiotic use’®'0 These viruses
exert considerable economic impact
through medical expenses for affected
children, missed workdays by parents,
and the increased overall burden of dis-
ease across age groups, because chil-
dren are the chief vectors of influenza
transmission to the adult population.'-'6

Effective strategies to reduce the burden
of childhood respiratory illnesses re-
quire a better understanding of the rela-
tive impact of viral agents and the re-
sources used for treating sick children.
The disease burden associated with in-
fluenza and RSV has been estimated pri-
marily through extrapolation from hos-
pitalization rates®8'-1%: however, a
substantial portion of the resource use
that is attributable to these viruses is in
the outpatient setting.'%2-22 Emergency
department (ED) visits for influenza may
be up to 30 times more common than
hospitalizations,?' making the ED a prime
setting for measuring the societal bur-
den of these viruses.

We hypothesized that RSV illness among
young children results in greater health
care and societal burden compared with
influenza iliness. Through the lens of ED
use, we measured the relative impact of
influenza and RSV infections in young
children in terms of ED visits, clinical
care requirements, and overall resource
use.

METHODS
Study Design and Population

Data from 3 patient cohorts were used
to estimate population-based rates of
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Respiratory Iliness Cohort:
Mean yearly incidence of visits
for ARIs in study ED

Viral Test Cohort:

Mean yearly rate of influenza and
RSV infections among patient
visits to study ED for ARIs

ARTICLES

NHAMCS Data:
Mean yearly incidence of
visits for ARIs in U.S. EDs

Mean yearly number of
visits for influenza and
RSV infections in study ED

Mean yearly number visits for
influenza and RSV infections in
U.S, EDs

Market share of study =
ED in MA

Mean yearly number of ED visits
for influenza and RSV infections
in MA

MA population -
(Census) x 1000

r

= LS. population
i (Census) x 1000

Mean yearly rate of ED
visits for influenza and RSV
infections among children in

Mean yearly rate of ED
visits for influenza and
RSV infections among

Resource Use Cohort:
Resource utilization - »
rates among children
with influenza

r

MA children in U.5.
Resource Use Cohort
“«— " Resource utilization
rates among children
with RSV

h 4

Mean yearly rate of resource
utilization associated with
influenza and RSV infections
requiring ED care among
children in MA

Mean yearly rate of resource
utilization associated with
influenza and RSV infections
requiring ED care among
children in U.S.

FIGURE 1

Use of data sources in estimating state- and national-level rates of resource use for influenza and RSV
infections that required ED care among children =8 years of age. NHAMCS indicates National Hospital
and Ambulatory Medical Care Survey; MA, Massachusetts.

resource use associated with influ-
enza and RSV infections among chil-
dren who presented to EDs in Massa-
chusetts and the United States (Fig 1).
The resource-use cohort was used to
quantify resource use for children
with influenza and RSV infections. The
cohort was collected as a convenience
sample of patients who were prospec-
tively enrolled in the ED of a tertiary
care pediatric hospital in Massachu-
setts during 2 influenza and RSV
seasons—December 2003 to April 2004
and November 2004 to May 2005—on
the basis of local peak activity of these
winter respiratory viruses.224 Eligible
patients were identified by research

assistants and included children who
were =7 years of age and presented to
the ED with an acute respiratory infec-
tion (ARI), defined as the presence of
2 or more of the following symptoms:
fever, cough, sore throat, sneezing,
congestion, or rhinorrhea. Patients
who had neutropenia were exclud-
ed.?% Viral testing was performed on
all patients in this cohort to identify
patients who had ARIs that resulted
from influenza and RSV. The Chil-
dren’s Hospital Boston institutional
review board approved the study.

Research assistants administered
standardized interviews to parents of

e1073



participants at the time of enrollment
and again by telephone 7 to 10 days
after the ED visit. Information was col-
lected on the participant’s illness, in-
cluding previous health care visits,
home medication administration, days
of missed school, and parental lost
workdays resulting from the child’s
illness. Specific medications were
identified, including over-the-counter
agents (eg, antipyretics, cold reme-
dies) and antibiotics. Medical records
for the ED visit and, when applicable,
the hospitalization were reviewed by
a physician. Data were extracted on
medication, oxygen, and intravenous
fluid administration; radiologic and
laboratory testing; and discharge pre-
scriptions, by using a standardized
form.

The respiratory illness cohort was a
retrospective cohort from the same
pediatric hospital used to estimate the
mean yearly incidence of ED visits for
ARIs. This cohort included all visits by
patients who were aged =7 years and
presented to the ED with an ARI be-
tween December and April during a
9-year period from 2001 to 2006. These
winter months represent the period
with the greatest number of visits
for viral ARIs.”'" Overall, 98% of
laboratory-confirmed influenza speci-
mens and 91% of RSV specimens were
obtained during this period. ARIs were
identified by using patient chief com-
plaints, which are routinely recorded
for all patient visits to the ED.?7 Data
from this cohort were combined with
data on the study ED’s market share
(ie, the proportion of visits to the study
ED among all EDs in the state) to deter-
mine population-based rates of ED vis-
its for ARIs.?8

The viral test cohort was also retro-
spective and included all visits by pa-
tients who were aged =7 years
and were evaluated in the ED with
laboratory-confirmed influenza or RSV
between December and April from
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2001 through 2006. The laboratory
tests were ordered by clinicians dur-
ing routine clinical care. This cohort
was used to calculate the mean yearly
risks for influenza and RSV infections
among patients with ARIs. The risks for
influenza and RSV infections were
based on the average of the yearly
risks and weighted by the age distribu-
tion of children who presented to the
study ED to correct for differences in
the age distribution between children
who were tested for influenza and RSV
and children who presented to the
ED. We previously demonstrated that
these mean risks for viral infection are
representative of the infection rates
among children with known ARIs.2 Five
years of retrospective viral test results
were used to obtain robust mean risks
for influenza and RSV infections given
the yearly fluctuation in viral activity.

Nasopharyngeal aspirates were ob-
tained from patients in the resource-
use cohort and tested for the presence
of influenza virus A and B, RSV, para-
influenza virus types 1 through 3, ad-
enovirus, enterovirus, and human
metapneumovirus (during 2004 —-2005
season only). All specimens were
tested for influenza virus with culture
and reverse transcriptase—polymerase
chain reaction (RT-PCR) and for RSV
by direct immunofluorescent antibody
stain (DFA) and RT-PCR.20%" A specimen
was defined as influenza- or RSV-positive
when either test was positive? We
tested for parainfluenza and adenovirus
by culture only, for enterovirus by using
culture and RT-PCR, and for rhinovirus
and human metapneumovirus by using
RT-PCR only. Children with viral co-
infections were not included in the mea-
surements of resource use to obtain ac-
curate estimates of the use attributable
to influenza and RSV specifically. Tests
on patients in the viral test cohort in-
cluded DFAs and viral culture for influ-
enza A and B, RSV, parainfluenza virus
types 1 through 3, adenovirus, and en-

terovirus. A specimen that tested posi-
tive for influenza A or B or for RSV by
either DFA or culture was considered
influenza- or RSV-positive, respectively.

Influenza- and RSV-Associated
Resource-Use Rates

Resources were grouped into clinical
care requirements associated with the
enrollment ED visit, resource use that
occurred before and after the ED
visit, and antibiotic use during the
iliness. The proportion of children who
used each resource for influenza and
RSV infections, as measured in the
resource-use cohort, was multiplied
by the rate of ED visits for influenza and
RSV in Massachusetts and the United
States.

Age-Specific Influenza- and
RSV-Associated Resource-Use Rates

National rates of ED visits specific to
age groups (0—23 months, 2—4 years,
and 5—7 years) were calculated follow-
ing the same procedure as for the
study population as a whole but using
age-specific ARI incidences, propor-
tions of influenza and RSV infections,
and census data. The age-specific num-
ber of primary care visits and work-
days lost by caregivers resulting from
an ED-treated ARI were determined by
multiplying the mean total number of
primary care visits and workdays
missed by a caregiver per child by the
mean yearly rate of ED visits for influ-
enza and RSV infections per 1000 chil-
dren in the United States.

Statistical Analysis

We compared demographic and clini-
cal characteristics of patients by using
Pearson x? and Fisher’s exact tests, as
appropriate. Details of the estimation
of the yearly incidence of ARIs have
been previously described.?" All other
rates and variances were estimated by
using the & method and conditional
probability rules3? To estimate the



mean total number of primary care
visits and workdays missed by a care-
giver per child, we used overdispersed
Poisson models.

All confidence intervals (Cls) were at
the 95% level, and all test statistics
were 2-sided with Pvalues considered
statistically significant at a .05 « level.
Analyses were performed by using SAS
9.1 (Cary, NC) and S-plus 8.0 (Insightful,
Seattle, WA).

RESULTS
Study Population

Among the resource-use cohort, 895
patients who presented to the ED with
ARIs during the 2 consecutive influenza
and RSV seasons were approached
and eligible for participation. Of these,
708 (79%) were enrolled in the study.
Among the 187 not enrolled, 42 were
non—English-speaking and an inter-
preter was not available, and 145 re-
fused to participate. A total of 67
(9.5%) enrolled patients were infected
with influenza, 164 (23.2%) with RSV,
and 144 (19%) with other viruses in-
cluded in the testing protocol. Eight
children with influenza infections
had evidence of a viral co-infection (3
with RSV, 2 with parainfluenza virus,
and 3 with rhinovirus), and 13 chil-
dren with RSV infections were in-
fected with a second virus (3 with
influenza, 2 with parainfluenza virus,
and 8 with rhinovirus).

Demographic and Clinical
Characteristics

Patients who were infected with influ-
enza and RSV were similar in terms of
gender and race/ethnicity distribu-
tion, but age distributions differed (Ta-
ble 1). There were also differences in
terms of the living environment, medi-
cal history, clinical presentation, and
diagnoses given to patients with influ-
enza and RSV infections.
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TABLE 1 Demographic and Clinical Characteristics of Children Who Presented to the ED With

Influenza and RSV Infections

Characteristic Influenza RSV pb
(N =59), % (N =151), %2

Age <.001
0-5mo 15 37
6-23 mo 12 22
2-4y 46 36
5-Ty 27 5

Female gender 49 44 530

Race/ethnicity 290
Non-Hispanic white 32 44
Non-Hispanic black 20 17
Hispanic 34 31
Other 14 7

Living environment
Smoke exposure 15 26 100
Child care attendance 31 31 930
=2 siblings 14 29 .020
>2 family members per 0 7 .060
bedroom

Medical history
Asthma® 36 38 770
Other chronic illness 0 8 .020
Prematurity? 12 19 200
Influenza immunized 27 31 .570

Clinical presentation
Fevere 90 67 <.010
Cough 93 99 .010
Rhinorrhea 88 81 .200
Sore throat 24 10 <.010
Hypoxia® 14 38 <.010
Wheeze on auscultation 10 42 <.010
Crackles or rhonchi on 15 48 <.010
auscultation

ED diagnosis®
Otitis media 10 11 820
Pneumonia 5 13 .090
Bronchiolitis 14 44 <.010
Asthma 5 16 .040
Influenza 5 0 .020
Febrile iliness 25 5 <.010
Viral illness 25 20 .380

aEight patients with influenza co-infections and 13 patients with RSV co-infections were excluded.
b Pvalues were estimated by using Pearson’s x? except for the variables “>2 family members per bedroom,” “other chronic
iliness,” and “Influenza,” for which Fisher’s exact test was used.

¢ History of asthma or wheezing.
d Defined as <<37 weeks’ estimated gestational age.

¢ Defined as measured temperature at home or in ED of >37.9°C.

fDefined as oxygen saturation in ED of <97%.
gIncludes primary and secondary diagnoses.

Local and Population-Based
Influenza and RSV ED Visit Rates

The mean yearly number of visits for
ARIs to the study ED was 5288 (95% Cl:
4770-5806), with 11.2% (95% Cl: 0.6—
21.8) infected with influenza and 23.6%
(95% Cl: 13.8—33.5%) infected with
RSV. The ED visit rate for ARIs per 1000
children in Massachusetts was 76.6

(95% Cl: 69.2—84.8) and nationally was
91.2 per 1000 children.

A total of 8.6 (95% Cl: 3.3-22.4) per
1000 children in Massachusetts re-
quired an ED visit for an influenza in-
fectionand 18.1 (95% Cl: 11.7—28.0) per
1000 required a visit for an RSV infec-
tion. At the national level, there were
an estimated 10.2 visits (95% Cl: 4.0—
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TABLE 2 Clinical Care Requirements by Children =7 Years of Age With Influenza and RSV Infections

Treatment Administered Influenza (N = 59) RSV (N = 151)
or '”tfe”’e”t'o” Proportion (95% CI) ~ Yearly Rate (95% CI)  Yearly Rate (95% CI)  Proportion (95% CI)  Yearly Rate (95% CI)  Yearly Rate (95% CI)
Performed Among Prospective in Massachusetts in US Population/ Among Prospective in Massachusetts in US Population/
Patients Population/1000 1000 Children Patients Population/1000 1000 Children
Children Children
Medication 49 (38—64) 4.2 (1.5-11.6) 5.0 (1.9-13.5) 74 (68-81) 13 4 (8.6-21.0) 16.0 (10.4-24.5)
Supplemental oxygen 2 (0-12) 0.1(0.0-1.8) 0.2 (0.0-1.8) 4(9-21) 5(1.3-4.7) 3.0 (1.7-5.4)
Intravenous fluids 1(21-45) 2.6 (0.9-7.6) 3.1(1.1-8.8) 8 (22-37) 2(31-8.7) 6.1 (3.7-10.0)
Radiologic study 44 (33-59) 3.8 (1.4-10.5) 4.5(1.7-12.2) (62—77) 12 5(7.9-19.6) 14.8 (9.6-22.8)
Laboratory blood test 32 (22-47) 2.8 (1.0-8.0) 3.3 (1.2-9.2) 2 (26—41) 9 (3.5-9.8) 7.0(4.3-11.3)
Urinalysis 20 (12-34) 1.7 (0.6-5.4) 2.1(0.7-6.3) 3 (9-20) 4 (1.3-4.5) 2.8 (1.6-5.1)
Lumbar puncture 10 (5-22) 0.9 (0.2-3.3) 1.0 (0.3-3.7) 5 (1-8) 6(0.2-1.7) 0.7 (0.3-1.9)
Hospital admission 14 (7-26) 1.2 (0.4-4.0) 1.4 (0.4-4.5) 40 (33-48) 2 (4.4-11.7) 8.5(5.4-13.6)
Medication prescription 19 (11-32) 1.6 (0.5-5.1) 1.9 (0.6-5.8) 20 (14-27) 6 (2.0-6.3) 43(25-7.3)

26.4) per 1000 children related to influ- were also more likely to have a radio- result of the child’s illness. The esti-
enza and 21.5 visits (95% Cl: 14.2-32.7) logic study (69% [95% Cl: 62%—77%] vs mated total number of workdays
per 1000 to RSV. 44% [95% Cl: 33%—59%], respectively; missed per year on a national basis by
P < .001 for Pearson x?) in the ED and caregivers of children with influenza
were more likely to be admitted tothe ~ and RSV infections was 246 965 days
hospital (40% [95% Cl: 33%—48%] vs  and 716 404 days, respectively. Antibi-
There were differences in the clinical 14% 195% Cl: 7%—26%], respectively; otics were frequently administered to
care requirements for children who P = 02 for Pearson x2 Table 2). Na- children with influenza and RSV infec-
were infected with influenza and RSV ;5.1 stimates for the rate of hospi-  110NS, With 45% of children with influ-
(Table 2). Compared with children who talization for RSV infection were signif- enza and 55% of children with RSV re-

were infected with influenza, children icantly higher than for influenza. ceiving antibiotics at some point

with RSV were significantly more likely during the course of their illness (Ta-
to have medications administered ~ Measures of overall resource use o4

(74% [95% Cl: 68%—81%] vs 49% [95% were high both for children with influ-

Cl- 38%—64%], respectively: P < 001  enza and RSV infections (Table 3). Ap- ~ Age-Specific Influenza- and
proximately 90% of children required ~ RSV-Associated Resource-Use Rates

Influenza- and RSV-Associated
Resource-Use Rates

for Pearson x?) with the difference pri-
marily attributable to greater rates of ~ sometype of additional health care en-  ED visit rates were highest among chil-
over-the-counter medication adminis- counter. Almost two thirds of caregiv- dren who were aged 0 to 4 years, with
tration at home. Children with RSV ers missed at least 1 day of work as a higher rates attributable to RSV infec-

TABLE 3 Resource Use by Children =7 Years of Age Treated in an ED for Influenza and RSV Infections

Type of Resource Influenza (N = 58)@ RSV (N = 150)@
Proportion (95% Cl)  Yearly Rate (95% Cl)  Yearly Rate (95% Cl)  Proportion (95% Cl) ~ Yearly Rate (95% Cl) ~ Yearly Rate (95% Cl)
Among Prospective in Massachusetts in US Population/ Among Prospective in Massachusetts in US Population/
Patients Population/1000 1000 Children Patients Population/1000 1000 Children
Children Children
Any additional health 90 (82-98) 7.7(2.9-20.2) 9.2 (3.56-23.8) 93 (89-97) 16.9 (10.9-26.2) 20.1 (13.2-30.6)
care encounter®
Visit to primary care 71 (60-83) 6.1(2.3-16.2) 7.2 (2.7-19.0) 78 (72-85) 14.1(9.0-22.1) 16.8 (10.9-25.7)
clinic
Additional visit to ED 21 (13-34) 1.8 (0.6-5.5) 2.1(0.7-6.4) 32 (25-40) 5.8 (3.5-9.6) 6.9 (4.3-11.1)
Medication administered 98 (95-102) 8.4 (3.2-22.1) 10.0 (3.9-25.9) 93 (89-97) 16.9 (10.9-26.2) 20.1 (13.2-30.6)
at home
Child care, preschool, or 48 (37-63) 41(1.5-11.4) 4.9 (1.8-13.3) 37 (30-45) 6.6 (4.0-10.9) 79 (4.9-12.6)
school day missed
Workday missed by 64 (53-77) 5.5 (2.0-14.7) 6.5 (2.5-17.2) 66 (59-74) 11.9 (7.6-18.8) 14.2 (9.2-21.9)
caregiver

a One patient with influenza and 1 with RSV were lost to follow-up.
bIncludes call to primary care clinic, visit to primary care clinic, additional visit to ED, or hospitalization not associated with enroliment encounter.
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TABLE 4 Antibiotic Use by Children Who Were =7 Years of Age and Treated in an ED for Influenza and RSV Infections

Type of Antibiotic Use

Influenza (n = 58)@

RSV (n = 150)2

Proportion (95% CI)
Among Prospective

Yearly Rate (95% Cl)
in Massachusetts

Yearly Rate (95% Cl)
in US Population/

Proportion (95% CI)
Among Prospective

Yearly Rate (95% Cl)
in Massachusetts

Yearly Rate (95% Cl)
in US Population/

Patients Population/1000 1000 Children Patients Population/1000 1000 Children
Children Children

Any antibiotic use 45 (34-60) 3.8 (1.4-10.7) 46 (1.7-12.4) 53 (46-62) 9.6 (6.0-15.3) 11.4 (7.3-17.8)

Antibiotic administered 19 (11-32) 1.6 (0.5-5.1) 1.9 (0.6-5.8) 19 (14-27) 3.5(2.0-6.2) 4.1(24-7.1)
before ED visit

Antibiotic administered 24 (15-37) 2.0(0.7-6.2) 2.4 (0.8-7.1) 23 (17-31) 42(24-72) 5.0 (3.0-8.3)
in ED

Antibiotic administered 38 (15-92) 0.4 (0.1-2.3) 0.5(0.1-2.5) 45 (34-60) 3.2(1.8-5.8) 3.8 (24-6.1)
in hospital®

Antibiotic prescribed 12 (6-24) 1.0 (0.3-3.6) 1.2 (0.4—-4.1) 14 (9-21) 2.5 (1.3-4.7) 3.0 (1.7-5.4)

upon discharge from
ED or hospital

a One patient with influenza and 1 with RSV were lost to follow-up.

b n = 8 for influenza and 59 for RSV.

tions compared with influenza. Chil-
dren who were younger than 2 years
and infected with RSV had 64.4 (95% Cl:
45.4-91.3) ED visits per 1000 children
who were younger than 2 years com-
pared with 15.0 (95% Cl: 4.4-50.6) vis-
its per 1000 children among those who
were infected with influenza (Fig 2).
National rates of workdays missed by
a caregiver, visits to primary care phy-
sicians, and prescription of an antibi-
otic to children were highest among
children who were aged 0 to 4 years
and had an RSV-associated infection
and were similar in magnitude among
children who were aged 5 to 7 years
and had either an RSV or influenza ill-
ness (Fig 3).

DISCUSSION

Ourfindings indicate that RSV causes a
substantially greater burden in young
children and their families than influ-
enza. ARIs caused by RSV result in
more than twice as many ED visits and
6 times as many hospitalizations com-
pared with ARIs related to influenza.
RSV infections are also twice as likely
to result in additional primary care
clinic visits and in antibiotic treatment.
The parents of children with RSV miss
almost 3 times more workdays than
parents of children with influenza, and
those with children younger than 2
years are nearly 5 times more likely to
miss work when their child has RSV.

e —+—Influenza

c 60 4 —&- RSV
2
2 50
-]
3]
§ 40 4
L 90
['/]
= 20
3 \\
© .—-——__________
X 104 = ﬁ

0 - : .

0-23 mo 24y 5Ty
Age group

FIGURE 2

Age-specific and mean national rates of ED visits for children with influenza and RSV infections. The
mean rate of ED visits for influenza was 10.2 per 1000 children; the mean rate of ED visits for RSV was

21.5 per 1000 children.
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Because the economic burden of child-
hood illnesses is largely driven by lost
caregiver wages,*% prevention and
control approaches that address RSV
as well as influenza among young
children are likely to be most
cost-effective.

Detailed guidelines that summarize
recommendations for the containment
of influenza infection are published ev-
ery year by the Influenza Division of
the Centers for Disease Control and
Prevention.3837 These include well-
developed influenza vaccination poli-
cies, guidelines for the use of antiviral
medications, and control measures
for specific settings such as child care
facilities and nursing homes. Similar
strategies are not available for the
containment of RSV. Despite many
years of vaccine research, prevention
measures for RSV remain limited to
immunoprophylaxis of children at high
risk.383 A better understanding of
the contribution of RSV to the yearly
burden of winter respiratory infec-
tions will serve to inform the develop-
ment of prevention initiatives and to
identify at-risk populations and cost-
effective policies.

Although we provide new data on re-
source use in the clinical and outpa-
tient settings, the rates of viral infec-
tion are consistent with previous
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National yearly rates of resource use for children with influenza and RSV infections. A, Workdays
missed by caregiver. B, Visits to primary care clinics. C, Children prescribed an antibiotic.

studies, lending external validation
to our methods. Similar to our
laboratory-confirmed positivity rates
of 11.2% for influenza and 23.6% for
RSV infections among children who
were aged =7 years and had ARIs, pub-
lished estimates of viral prevalence
among children range from 6% to 16%
for influenza?'40-43 and 20% to 48% for
RSV4-42 during seasons and among pa-
tient populations that are different
from the ones studied here. Poehling
et al?' reported ED visit rates for influ-
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enza of 6 and 27 per 1000 children
aged 0 to 4 years during 2 influenza
seasons, comparable to the rate inthis
study of 10.2 per 1000 children. In a
recent study by Hall et al,® ED visit
rates for RSV illnesses were found to
range from 22 to 32 for children aged 0
to 4 years, similar to the rate of 21.5
per 1000 children reported in this
study. Hospitalization rates reported
in the literature are also similar to
ours, ranging from 0.6 to 1.8 per 1000
childrend 781718204245 for influenza in-

fections and 3.0 to 5.8 per 1000 chil-
dren for RSV illnessest-818254244 among
children in similar age groups.

Additional support for the accuracy of
our findings is the similarity in the
rates that we report for the state and
national populations. We calculated es-
timates for the Massachusetts popula-
tion by using public health data, which
include counts of all visits to Massa-
chusetts EDs.? To obtain national esti-
mates, we used a survey conducted by
the National Center for Health Statis-
tics, which collects information on na-
tional samples of visits to US EDs and
allows computation of national esti-
mates on the basis of proportional
weights assigned to surveyed visits.#
These 2 approaches yielded very simi-
lar results with slightly higher esti-
mates for the national rates but none
appreciably different from the state-
level figures.

The methods used in this study—
using cohort data in combination with
public health and national survey
data—may serve as a model for esti-
mating the disease burden of other in-
fectious and noninfectious illnesses. A
similar approach has been used in
studies published by the New Vaccine
Surveillance Network, which conducts
population-based surveillance of ARIs
among children who are younger than
5 years.2'® In those studies, surveil-
lance is conducted in 3 counties in the
United States, and population esti-
mates of virus-specific infections are
obtained by using local market share
rates, US Census figures, and National
Hospital and Ambulatory Medical Care
Survey data.

Our study has several limitations. In
the resource-use cohort, our enroll-
ment rate was high, but it is possible
that a nonparticipation bias affected
our resource-use rates. It is also pos-
sible that there were inaccuracies in
the information provided by parents,
which we were not able to verify; how-



ever, it is unlikely that there was a
systematic bias toward either RSV or
influenza infection. Our results are
based on a patient population from a
single institution, possibly limiting the
generalizability of our findings. We as-
sumed that results of virologic testing
from our sample were applicable to all
patients who were treated in the ED
with ARIls. This assumption is sup-
ported by comparable rates found in
our prospective cohort and from pub-
lished reports.2'40-43 To extrapolate to
the state-level population, we assumed
that the other state EDs had similar
rates of visits for ARIs as well as influ-
enza and RSV infections. For national
estimates, we assumed that the rate of
influenza and RSV infections was the
same among ARI visits as in our study
population. The use of National Hospi-
tal and Ambulatory Medical Care Sur-
vey data and this method, however, is
consistent with the approach used in a
previous study that examined national
rates of ED visits for influenza.' Finally,
we may have underestimated the total
burden of influenza and RSV by exclud-
ing visits with viral co-infections, al-
though there were similar rates of
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