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Background. Respiratory syncytial virus (RSV) and influenza are significant causes of seasonal respiratory illness in children.
The incidence of influenza and RSV hospitalization is well documented, but the incidence of medically attended, laboratory-
confirmed illness has not been assessed in a well defined community cohort.

Methods. Children aged 6-59 months with medically attended acute respiratory illness were prospectively enrolled during the
2006-2007 through 2009-2010 influenza seasons in a Wisconsin community cohort. Nasal swabs were tested for RSV and influenza
by multiplex reverse-transcription polymerase chain reaction. The population incidence of medically attended RSV and influenza
was estimated separately and standardized to weeks 40 through 18 of each season.

Results. The cohort included 2800-3073 children each season. There were 2384 children enrolled with acute respiratory illness;
627 (26%) were positive for RSV and 314 (13%) for influenza. The mean age was 28 months (standard deviation [SD] = 15) for RSV-
positive and 38 months (SD = 16) for influenza-positive children. Seasonal incidence (cases per 10 000) was 1718 (95% confidence
interval [CI], 1602-1843) for RSV and 768 (95% CI, 696-848) for influenza. Respiratory syncytial virus incidence was highest among
children 6-11 (2927) and 12-23 months old (2377). Influenza incidence was highest (850) in children 24-59 months old. The in-

cidence of RSV was higher than influenza across all seasons and age groups.

Conclusions.

The incidence of medically attended RSV was highest in children 6-23 months old, and it was consistently higher

than influenza. The burden of RSV remains high throughout the first 2 years of life.
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Acute respiratory illnesses (ARIs) are among the leading causes
of pediatric morbidity and mortality in developing and wealthy
regions of the world [1, 2]. Viruses account for most ARIs in
children younger than 5 years, and they are the leading cause of
community-acquired pneumonia in this age group [3]. Children
experience approximately 3-6 ARIs per year, and the spectrum
of illness ranges from mild to life-threatening [4]. Respiratory
syncytial virus (RSV) and influenza are 2 pathogens that
cause serious illness and account for a substantial proportion
of viral respiratory infections in children. Respiratory syncytial
virus is a major cause of bronchiolitis in infants, and approxi-
mately 22% of lower respiratory infections have been attributed
to RSV [5]. A population-based study of children younger than
5 years found that 8% of all primary care visits and 18% of all
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emergency department visits for ARI were attributed to RSV
[6]. Influenza is a major cause of hospitalization among children
under 24 months of age [7], and approximately 10%-25% of
outpatient ARI visits are related to influenza during seasonal
epidemics [8].

Multiple studies have reported the incidence of viral lower re-
spiratory infections that lead to hospitalization [3, 9]. Although
hospitalization represents a severe disease outcome, outpatient
medically attended ARI (MAARI) also contributes to significant
morbidity and healthcare utilization. The purpose of this study
was to describe the seasonal incidence of inpatient and outpatient
medically attended RSV and influenza over multiple seasons in a
community-based cohort of children 6-59 months old.

MATERIALS AND METHODS

Setting and Participants

This study was a secondary analysis of samples and data from
children with ARI who were enrolled and tested for influenza
to estimate vaccine effectiveness; details of these studies have
been published [10-12]. In brief, patients age >6 months with
MAARI were enrolled from the population of community-
dwelling individuals living in the central region of the Marshfield
Epidemiologic Study Area (MESA), a dynamic, population-based
cohort of approximately 54 000 residents living in 14 zip codes
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surrounding Marshfield, Wisconsin. Nearly all MESA residents
receive their medical care from Marshfield Clinic, an integrated,
multispecialty healthcare system serving the MESA population.
The Marshfield Clinic electronic medical record captures approx-
imately 93% of outpatient visits, 93% of hospital discharges, and
99% of deaths for the MESA population [13, 14]. This study fo-
cused on children living in MESA who were 6-59 months old at
the start of each influenza season. Although data on race and eth-
nicity were not collected during all study seasons, US Census data
from 2010 indicate that 94% of Marshfield residents are white,
non-Hispanic.

During 4 influenza seasons (2006-2007 through 2009-2010),
MESA residents were screened and recruited by research staff
during or after an outpatient, inpatient, or emergency depart-
ment encounter for ARI. Research coordinators used an elec-
tronic appointment system to identify potential participants
in primary care departments at the Marshfield Clinic main
campus and a satellite clinic. Patients who were not approached
during the clinical encounter were invited to participate by
phone on the following day if they received an International
Classification of Diseases, Version 9, Clinical Modification
(ICD-9) diagnosis code indicating ARI. Potential participants
with illness duration >7 days (or >10 days in 2006-2007)
were excluded to minimize false-negative test results. Children
could be enrolled more than once per season for distinct illness
episodes; an exclusion window of 21-28 days (depending on en-
rollment season) was applied to ensure that re-enrollment did
not occur for the same illness episode.

The parent or legal guardian was interviewed at the time of
enrollment to determine illness onset date and symptoms. Nasal
swabs were obtained and placed in M4-RT viral transport media
for real-time polymerase chain reaction (RT-PCR) testing. After
influenza testing was complete, sample aliquots were stored at
—70°C until the current study was initiated. Seasonal enroll-
ment start dates and duration were as follows: January 22,
2007 (10 weeks); January 21, 2008 (10 weeks); January 19,
2009 (12 weeks); and October 4, 2009 (28 weeks). The enroll-
ment period was extended in 2009-2010 due to the pandemic.

This study was reviewed and approved by the Marshfield
Clinic Institutional Review Board (IRB). During each season,
a parent or legal guardian of study participants provided in-
formed consent for influenza testing. Multiplex RT-PCR testing
to detect additional viruses was subsequently approved by the
IRB with a waiver of informed consent.

Laboratory

Sample aliquots were stored at —70°C after initial influenza test-
ing was completed for the influenza vaccine effectiveness stud-
ies. Archived samples were tested for the presence of respiratory
virus nucleic acid using a multiplex respiratory virus panel
(eSensor Respiratory Viral Panel; GenMark Diagnostics, Inc.,
Carlsbad, CA). This multiplex panel tested for RSV A and B,

human rhinovirus, human metapneumovirus, parainfluenza vi-
ruses 1-4, influenza A and B (including subtypes of influenza
A), coronaviruses OC43, NL63, HKU1, and 229E, and adenovi-
ruses B and E. Nucleic acid was extracted from the swabs using
the Roche MagnaPure 2.0 system and was then amplified using
RT-PCR with target-specific primers. Target-specific signals
were determined by voltammetry, a process that generates elec-
trical signals from ferrocene-labeled signal probes. We validated
the GenMark multiplex assay RSV A and B against singleplex as-
says developed by the Centers for Disease Control and Prevention.
The sensitivity and specificity was 98% and 99%, respectively, for
RSV (unpublished data, 2012). Other investigators have reported
99% overall agreement between the GenMark multiplex assay and
corresponding singleplex RT-PCR for respiratory viruses in chil-
dren [15].

Statistical Analysis

Seasonal incidence was defined as the number of medically
attended cases per 10 000 community residents 6-59 months
old. All incidence estimates were standardized to weeks 40
through 18 (31 weeks from early October through early May)
using Wisconsin State Laboratory of Hygiene surveillance
data for RSV and influenza [16]. Incidence calculations were
based on 2 assumptions. First, we assumed that test results
from enrolled patients with MAARI can be extrapolated to non-
enrolled cohort members with a respiratory illness visit during
the enrollment period. Visits for ARI were based on ICD-9
codes (specific codes available on request). Although rare,
some study participants did not receive a diagnosis code for
ARI because enrollment eligibility was based on presenting
symptoms rather than ICD-9 codes that were assigned after
the visit. Test results for these participants were not extrapolated
to nonenrolled cohort members.

The second assumption was that the number of cases occur-
ring outside of the enrollment period in our cohort was propor-
tional to the number of statewide cases occurring outside of the
enrollment period. Wisconsin RSV and influenza cases were
tabulated separately (1) for the period week 40 through week
18 and (2) for the seasonal study enrollment periods using
test results at the Wisconsin State Laboratory of Hygiene. Inter-
polation was used when the study enrollment window started
or ended in the middle of a week. The ratio of total statewide
cases (from weeks 40 through 18) to cases occurring within
the study enrollment period (10-28 weeks depending on the
season) was the adjustment factor used to standardize the inci-
dence estimates.

The 2009-2010 season included the time period in which the
vast majority of pandemic influenza activity occurred in Wiscon-
sin (October and November of 2009). To address this issue, we
generated separate incidence estimates for influenza in the pan-
demic wave (October 4, 2009-November 6, 2009) and the planned
seasonal (November 30, 2009-May 8, 2010) enrollment periods
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within the 2009-2010 season. These 2 periods were summed to
generated the standardized combined estimate as described
above. This was necessary because extrapolation of influenza pos-
itivity rates among patients enrolled during the pandemic to co-
hort members who had MAARI later in the season (when
influenza was largely absent) would not be appropriate. For con-
sistency, the same procedure was undertaken to estimate seasonal
incidence of RSV in 2009-2010.

Poisson regression with analytic weights, offsets, and robust
variance estimation was used to implement the above extrapo-
lation and standardization procedures for estimating seasonal
incidence and 95% confidence intervals (CIs) [17-19]. The
analysis data set comprised enrolled patients. Enrolled patients
that did not receive an ICD-9 code for ARI were assigned ana-
lytic weights of 1.0. Otherwise, analytic weights equal to the in-
verse of the proportion of cohort members with MAARI that
were enrolled were assigned within strata defined by age
group (6-11, 12-23, and 24-59 months) and season. These
analytic weights were then multiplied by the appropriate adjust-
ment factors as described above. The outcome in the regression
models was the dichotomous virus test result (coded 1 = posi-
tive, 0 = negative). The offset terms were stratified by season
and age group. Within each stratum, the offset was the natural
logarithm of the following quantity: number of cohort members
divided by the sum of analytic weights. All calculations were
performed using SAS version 9.3 (SAS Institute, Cary, NC).

RESULTS

Residual swab samples were tested for 2483 study enrollments
6-59 months old from the 2006-2007 through the 2009-2010
seasons. Of these, 2384 (96.0%) yielded conclusive results
and 99.6% occurred in the outpatient setting. Real-time PCR
was positive for RSV and influenza in 627 (26.3%) and 314
(13.2%) cases, respectively. The mean age (standard deviation)
for RSV-positive children was 28 (15) months and 38 (16)
months for influenza-positive children. Seventy-seven (24.5%)
influenza cases received 2 doses of influenza vaccine at least 14
days prior to symptom onset. Respiratory syncytial virus was
the most frequent single virus identified, but other respiratory vi-
ruses were commonly detected. Influenza, human metapneumo-
virus, human rhinovirus, coronavirus, and parainfluenza (types
1-4) were each detected as virus infections in 8% or more of chil-
dren (5% or more as single infections) (Table 1). Twenty-one
percent of samples were negative for all viral targets. Respiratory
syncytial virus was the most common coinfecting agent, with
RSV and noninfluenza viruses comprising the largest group of
coinfections (6.3%). Respiratory syncytial virus A accounted for
61% of all RSV infections. Type A accounted for 59% to 64% of
RSV infections across different age groups. The proportion due
to RSV A varied by season, ranging from 32% in 2008-2009 to
87% in 2006-2007.

Table 1. Viruses Isolated From Children <59 Months With Medically
Attended Acute Respiratory Infection During Four Influenza Seasons

Age Group (Months)

Characteristic 6-11 12-23 24-59 Total
No. tested 313 759 1411 2483
No. with conclusive 306 739 1339 2384
multiplex results
No. (%) with any virus 242 (79.1) 586 (79.3) 1058 (79.0) 1886 (79.1)
infections
RSV 92 (30.1) 214 (29.00 321 (24.0) 627 (26.3)
Influenza 23 (7.5) 59 (8.0) 232 (17.3) 314 (13.2)
MPV 26 (8.5) 64 (8.7) 146 (10.9) 236 (9.9)
Rhinovirus 91 (29.7) 217 (29.4) 278 (20.8) 586 (24.6)
Coronavirus® 31(10.1) 84 (11.4) 106 (7.9) 221 (9.3)
Parainfluenza virus® 26 (8.5) 70 (9.5) 114 (8.5) 210 (8.8)
Adenovirus® 4(1.3) 6(0.8) 33 (2.5) 43 (1.8)
No. (%) with single 193 (63.1) 469 (63.5) 897 (67.0) 1559 (65.4)
virus infections
RSV 61(19.9) 156 (21.1)  238(17.8) 455 (19.1)
Influenza 15 (4.9) 46 (6.2) 189 (14.1) 250 (10.5)
MPV 19 (6.2) 45 (6.1) 116 (8.7) 180 (7.6)
Rhinovirus 61 (19.9) 136 (18.4) 182 (13.6) 379 (15.9)
Coronavirus® 18 (5.9) 39 (6.3) 71 (5.3) 128 (5.4)
Parainfluenza virus® 16 (5.2) 44 (6.0) 85 (6.3) 145 (6.1)
Adenovirus® 3(1.0 3(0.4) 16 (1.2) 22 (0.9)
No. (%) with 49 (16.0) 117 (15.8) 161 (12.0) 327 (13.7)
coinfection
RSV and Influenza 2(0.7) 2(0.3) 17 (1.3) 21(0.9)
RSV and 29 (9.5) 56 (7.6) 66 (4.9) 151 (6.3)
noninfluenza
viruses
Influenza and non- 6 (2.0 11 (1.5) 26 (1.9) 43 (1.8)
RSV viruses
Other coinfections 12 (3.9) 48 (6.5) 52 (3.9) 112 (4.7)
No.v(%) negative for all 64 (20.9) 153 (20.7) 281 (21.0) 498 (20.9)
viruses
No. missing data for all 7 20 72 99

virus targets

Abbreviations: MPV, metapneumovirus; RSV, respiratory syncytial virus.
2 Subtypes 229E, HKU1, OC43, and NL63.

® Parainfluenza virus types 1-4.

¢ Adenoviruses B and E.

Seasonal Incidence of Respiratory Syncytial Virus

In each season, 29% to 48% of children in the community co-
horts had a MAARI visit (Table 2). We enrolled and tested 40%
to 57% of MAARI cases. The overall estimated seasonal inci-
dence of medically attended RSV was 1718 cases per 10 000
(95% CI, 1602-1843) from week 40 through week 18 (Table 3).
The seasonal incidence was highest in 2007-2008 and lowest in
2006-2007. Figure 1 shows seasonal incidence and 95% confi-
dence limits by season and age group. With the exception of
2008-2009, the seasonal incidence was similar in the 6-11
month and 12-23 month age groups. Incidence in the 24-59
month age group was substantially lower than the other age
groups in all seasons. Based on pairwise comparisons between
age groups, across all seasons, the seasonal RSV incidence
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Table 2. Summary of Parameters Used for Estimating RSV and Influenza Incidence in a Community Cohort From Week 40 Through 18 During Four Influenza

Seasons
Season

Characteristic 2006-2007 2007-2008 2008-2009 2009-2010
Study enrollment period (weeks) 10 10 12 28
Percentage of statewide RSV cases occurring during study enrollment period® 63 56 72 99
Percentage of statewide influenza cases occurring during study enrollment period® 80 92 78 82
No. of children in community cohort 2816 3073 2854 2800
No. (%) of children with >1 MAARI visit during enrollment period 802 (28.5) 1012 (32.9) 1026 (36.0) 1353 (48.3)
No. (%) of children with valid test results® 458 (57.1) 405 (40.0) 555 (54.1) 646 (47.7)

Abbreviations: MAARI, medically attended acute respiratory illnesses; RSV, respiratory syncytial virus.

@ Statewide data includes all ages.

° The total n enrolled and tested is different than the total n tested in Table 1 because some children had multiple MAARI enroliments in the same enrollment period.

differed marginally between the 6-11 month age group and the
12-23 month age group (P =.05), and the incidence in both of
these age groups was significantly higher than in the 24-59
month age group (P <.0001 for both comparisons).

Seasonal Incidence of Influenza

The incidence of medically attended RSV was significantly
higher than the influenza incidence in every season and in
every age group (Table 3). The seasonal influenza incidence
was highest in 2007-2008 and lowest in the 2006-2007 season.
Figure 2 shows seasonal incidence and 95% confidence limits by
season and age group. Seasonal influenza incidence was highest
among children 24-59 months of age overall, but individual
seasons showed variation with respect to the age group with
the highest seasonal influenza incidence. Pairwise comparisons
between age groups showed that the 6-11 month old age group
was statistically different than the 24-59 month age group
(P =.01); no other differences existed.

Table 3. Estimated Seasonal Incidence and 95% CL of Medically
Attended RSV and Influenza in Children <59 Months of Age by Season
and Age Group in a Community Cohort 2006-2007 Through 2009-2010

Seasonal Incidence [Cases/10 000 (95% CL)]

Characteristic RSV Influenza
Overall 1718 (1602-1843) 768 (696-848)
Season
2006-2007 982 (809-1192) 427 (324-562)
2007-2008 2531 (2240-2860) 962 (812-1140)
2008-2009 1804 (1601-2032) 708 (580-865)
2009-2010 1479 (1303-1679) 960 (793-1161)
Age Group (months)
6-11 2927 (2474-3463) 594 (401-879)
12-23 2377 (2120-2665) 588 (460-752)
24-59 1346 (1220-1486) 850 (758-952)

Abbreviations: CL,confidence limits; RSV, respiratory syncytial virus.

DISCUSSION

In this study spanning 4 seasons, RSV was the most common
viral cause of medically attended visits for ARI in children 6-
59 months of age. The incidence of RSV was highest among
children 6-11 months old, but the 6-11 month and 12-23
month age groups had similar RSV incidence. We were unable
to estimate incidence in younger children because they were not
eligible for enrollment in the vaccine effectiveness study from
which our data were obtained. The incidence among children
6-23 months old was approximately double the incidence in
those 24-59 months old. In contrast, the incidence of medically
attended influenza was highest among children 24-59 months
old. The seasonal incidence of both RSV and influenza was
highest during the 2007-2008 season when A/H3N2 was the
dominant circulating influenza virus. The overall incidence of
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Figure 1. Seasonal incidence (cases per 10 000) of medically attended RSV infec-
tions by age group. Each season corresponds to the period from week 40 through
week 18; vertical lines represent 95% confidence intervals. @ =6-11, ¢ =12-23,
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Figure 2. Seasonal influenza incidence (cases per 10 000) of medically attended
influenza infections by age group. Each season corresponds to the period from week
40 through week 18; vertical lines represent 95% confidence intervals. @ =6-11,
4 =12-23, and a =24-59 months.

influenza was similar in 2007-2008 and during 2009-2010,
which included the pandemic. In the latter season, the vast ma-
jority of influenza cases occurred in the pandemic wave that af-
fected the community in October and November 2009. The
lowest incidence of both viruses occurred in 2006-2007 when
seasonal A/HIN1 accounted for the majority of influenza
cases. These findings add to the evidence that the burden of
RSV is high during the first 24 months of life, and they empha-
size the need for a safe and effective intervention to prevent RSV
in infants and toddlers.

Two other published studies estimated the population inci-
dence of RSV illness in the outpatient setting. The first study
was conducted by the New Vaccine Surveillance Network
(NVSN) from 2000 to 2004 and estimated the incidence of out-
patient RSV illness among children under 5 years old near 3 cit-
ies: Nashville, Tennessee, Cincinnati, Ohio, and Rochester,
New York [6]. Children with ARI were enrolled and tested for
RSV 1-2 days per week from emergency departments, hospitals,
and a small number of pediatric practices. Incidence rates were
estimated by multiplying RSV-attributable illness among en-
rolled children by rates of ARI in children from the National
Ambulatory Medical Care Survey (NAMCS). Investigators esti-
mated the incidence of RSV to be from 610 to 990 cases per
10 000.

The second study to estimate RSV incidence was the Influen-
za Incidence Surveillance Project (IISP), which was conducted
at 12 US sites from July 2010 through August 2011. Investiga-
tors extrapolated viral diagnostic test results from a subsample
of patients with acute respiratory infection to an exclusively out-
patient population; they used the primary patient population of
the healthcare provider as the denominator. They found an RSV

incidence of 135-225 per 10 000 with the highest incidence
aged 12-23 months [20].

In this study, we observed that seasonal RSV incidence (982-
2531 cases per 10 000) was substantially higher than what was
reported in each of the prior studies. Some differences may be
attributed to the study design and source population. We re-
cruited from a well defined and stable population cohort with
complete healthcare utilization data, and we used the same co-
hort to generate RSV and influenza incidence estimates. Surveil-
lance, active recruitment, and testing occurred during the
months when RSV and influenza activity were highest, and
we used data from the Wisconsin State Laboratory of Hygiene
to estimate the number of additional cases that would have been
captured if we had enrolled continuously from week 40 through
week 18. This approach created a high level of internal validity.
In the NVSN study, results from participating children were ap-
plied to national survey data (NAMCS), and the lower RSV in-
cidence may reflect differences in healthcare utilization for ARI
at the national level compared with the communities where
studies were conducted. The IISP used a convenience sample
to obtain viral diagnostic test results, and there was a potential
for selection bias with the use of clinical diagnostic testing. It is
also unclear whether all respiratory illness visits were captured,
because the analysis included only visits to the primary medical
provider.

Our finding that RSV incidence was similar among all chil-
dren 6-23 months of age differs from the NVSN study, which
found that RSV incidence decreased by almost 50% from 6-11
months to 12-23 months [6]. Although we do not have data on
children younger than 6 months, our data suggest that children
aged 6-11 and 12-23 months have RSV infections that require
medical care at similar rates in the Marshfield population.

In a separate publication, the NVSN investigators examined
influenza in children under 5 years old and found that the pro-
portion of ARI attributable to influenza was 9% in the 6-23
month age range and 13% in the 24-59 month age group,
which is similar to what was observed in Marshfield children
[8]. The estimated population incidence of outpatient influenza
visits in NVSN was 500 per 10 000 children 0-59 months old in
the 2002-2003 season and 950 in the 2003-2004 season [21].
We observed similar incidence rates among Marshfield children
during a different time period. Direct comparisons are difficult
because influenza incidence can vary greatly from season to sea-
son, and patterns of healthcare utilization can vary over time. In
addition, progressive increases in vaccine recommendations
and coverage in children over the past decade may have influ-
enced the number of influenza-related outpatient visits.

Strengths of our study included systematic screening based on
symptoms and duration of illness, recruitment from a well de-
fined community cohort, inclusion of all primary care locations
routinely used by the community, and data from multiple sea-
sons. The results have a high level of internal validity, although
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it is uncertain whether the incidence of medically attended RSV
and influenza in this community can be generalized to more
urban or racially diverse populations.

CONCLUSIONS

Our study had several limitations. We included outpatient med-
ically attended infections, and children with asymptomatic RSV
or mild, nonmedically attended illness were not included.
Therefore, the incidence rates underestimate the full burden
of RSV in the community. The length of the enrollment period
was relatively short—only 10-12 weeks during each season ex-
cept the 2009-2010 season, which had an extended enrollment
period due to the pandemic. We addressed this by using state
surveillance data to estimate the proportion of cases occurring
outside our enrollment window, but we do not know whether
state surveillance data are a valid measure of RSV activity in
the community outside the enrollment period. We did not en-
roll children <6 months of age when serious RSV infections may
occur. As a result, we were unable to estimate RSV and influenza
incidence in this age group. Rhinoviruses along with RSV and
influenza were the majority of viruses detected. However, state-
wide data combines enterovirus and rhinovirus groups due to
genetic similarity. Therefore, we were unable to estimate the
proportion of rhinovirus cases occurring outside our enroll-
ment period and did not estimate the incidence of medically at-
tended rhinovirus infections. Finally, we did not detect human
bocavirus because the multiplex PCR array did not include it.
This may have contributed to the relatively small proportion
of children who were coinfected with multiple viruses [22].
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