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Background. Age-specific comparisons of influenza and respiratory syncytial virus (RSV) hospitalization
rates can inform prevention efforts, including vaccine development plans. Previous US studies have not estimated
jointly the burden of these viruses using similar data sources and over many seasons.

Methods. We estimated influenza and RSV hospitalizations in 5 age categories (<1, 1-4, 5-49, 50-64, and
=65 years) with data for 13 states from 1993-1994 through 2007-2008. For each state and age group, we estimated
the contribution of influenza and RSV to hospitalizations for respiratory and circulatory disease by using negative
binomial regression models that incorporated weekly influenza and RSV surveillance data as covariates.

Results. Mean rates of influenza and RSV hospitalizations were 63.5 (95% confidence interval [CI], 37.5-237)
and 55.3 (95% CI, 44.4-107) per 100 000 person-years, respectively. The highest hospitalization rates for influenza
were among persons aged =65 years (309/100000; 95% CI, 186-1100) and those aged <1 year (151/100 000;
95% CI, 151-660). For RSV, children aged <1 year had the highest hospitalization rate (2350/100000;
95% CI, 2220-2520) followed by those aged 1—4 years (178/100000; 95% CI, 155-230). Age-standardized annual
rates per 100 000 person-years varied substantially for influenza (33-100) but less for RSV (42-77).

Conclusions. Overall US hospitalization rates for influenza and RSV are similar; however, their age-specific
burdens differ dramatically. Our estimates are consistent with those from previous studies focusing either on
influenza or RSV. Our approach provides robust national comparisons of hospitalizations associated with these
2 viral respiratory pathogens by age group and over time.

Influenza and respiratory syncytial virus (RSV) are im-
portant pathogens responsible for substantial morbidity
and mortality almost every US winter. Influenza- and
RSV-associated illnesses are difficult to count because
the symptoms associated with infection are nonspecific,
laboratory testing is not routine, and influenza and
RSV codes are listed incompletely in administrative
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medical records. Recent prospective studies have en-
rolled persons seeking care for respiratory conditions
and tested them for infection [1-6]; however, such
studies are resource intensive and rarely conducted in
multiple sites or over seasons. In contrast, modeling
approaches using broad disease outcomes have been
used to estimate the burden of influenza and RSV
in large populations and over long periods [7-13],
but these approaches generally focus on a single path-
ogen. A better understanding of the relative burdens
of influenza and RSV in all age groups is important for
prevention efforts, particularly to guide deliberations
about the expansion of existing vaccination recom-
mendations and the development of new vaccines.
Annual influenza and RSV epidemics often overlap
in temperate regions [12, 14], increasing the difficulty
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of modeling their effects, although their age-specific burdens
do differ. Influenza is responsible for high rates of morbidity
and mortality among older adults 7, 8, 10-13], whereas RSV
has long been recognized as the most important respiratory
viral pathogen in young children [4-6, 15, 16]. However, there
is debate about the relative impact of influenza and RSV in-
fections, particularly among adults aged =65 years [2]. A US
study that jointly assessed influenza and RSV mortality esti-
mated that 13.8 influenza- and 4.3 RSV-associated deaths oc-
curred per 100000 persons annually during 1990-1999 [12].
This study also suggested that mortality associated with both
influenza and RSV circulation disproportionately affected older
adults [12]. Another US study estimated that influenza was re-
sponsible for 88 hospitalizations per 100 000 persons from 1979
through 2001 [11], but it did not provide burden estimates for
infants or estimates of RSV-associated hospitalizations. Using
a 1% sample of all US hospitalizations, Holman et al estimated
that 2740 RSV hospitalizations per 100000 infants occur
annually [17]. Using laboratory-confirmed diagnoses, Fry
et al [3] estimated 1087 RSV hospitalizations per 100000
infants occurred annually in rural Thailand. Other studies
focused on US children aged <5 years have found that the
influenza burden is lower than that of RSV in this age group
[4-6].

We sought to estimate jointly overall and age-specific
US hospitalization rates for influenza and RSV infections
during many respiratory virus seasons to fill a data gap. We
used complete state hospital discharge databases representing
approximately 40% of the US population.

METHODS

Hospitalization Data

The Healthcare Cost and Utilization Project (HCUP) is a set
of databases and software developed through a federal-state-
industry partnership and sponsored by the Agency for Health-
care Research and Quality [18]. Weekly statewide hospital
discharge data were obtained from HCUP state inpatient da-
tabases (SIDs), which contained information on all hospital-
izations of >24 hours. The number of states contributing to
SIDs has grown from 8 in 1988 to 40 in 2008. We used data
from 13 states (Arizona, California, Colorado, Iowa, Illinois,
Kansas, Massachusetts, Maryland, New Jersey, Oregon, South
Carolina, Washington, and Wisconsin) that provided com-
plete weekly records from 1993 through 2008. We analyzed
hospitalizations in 5 age categories (<1, 1-4, 5-49, 50-64, and
=65 years) based on expanding influenza vaccination recom-
mendations from the US Advisory Committee on Immunization
Practices [19] and past studies. Annual population estimates
for each state and age group were obtained from the US
Bureau of the Census for the years 1993-2008 [20].

Viral Surveillance Data

We used viral data from 15 seasons, with each season starting
in July and ending the next June. During 1993-1994 through
2007-2008, we obtained from 50-75 US laboratories the num-
ber of influenza tests performed and the number of positive
tests by type/subtype each week [21]. Specimens reported as
influenza A without subtype information were assigned as
HIN1 or H3N2 by the ratio that each virus represented among
influenza A viruses subtyped during each season. Weekly RSV
data were reported for these seasons from 69-89 laboratories
in 38-47 states; weekly numbers of specimens tested for RSV
by antigen detection and viral isolation methods and numbers
of positive results were obtained [22].

Estimating Influenza- and RSV-Associated Hospitalization Rates
Age- and state-specific negative binomial regression models
were fit to weekly primary respiratory and circulatory hos-
pitalizations (International Classification of Diseases, Ninth
Revision, Clinical Modification [ICD-9-CM] [23] codes 390-519),
after excluding hospitalizations coded for influenza (ICD-9-CM
codes 487.*) or RSV bronchiolitis or RSV pneumonia (ICD-9-CM
codes 466.11, and 480.1, respectively). We assumed that the
latter hospitalizations were all associated with influenza or
RSV infections and thus should not be used for modeling.
Covariates for the standardized proportion of specimens
testing positive each week for HIN1, H3N2, B, and RSV each
week in the 4 US census regions were included in the models
(see Supplemental Materials).

To estimate excess hospitalizations associated with influenza
and RSV, we subtracted predicted hospitalizations from a full
model incorporating all viral terms from an expected baseline,
where the baseline represented a model in which a viral co-
variate was set to 0 (Figure 1). The 95% confidence intervals
(CIs) were estimated with the model variance for the pre-
dicted values from regression models. We summed the Cls
for each weekly estimate to make annual estimates. A similar
approach has been used in previous studies [9, 13]; it assumes
there was no uncertainty in the sum of the hospitalizations
that were specifically coded for influenza and RSV. Thus,
although the databases used included all hospital discharges
for each of the participating states, our approach may under-
estimate the width of the true CIL

The number of weekly influenza-associated hospitalizations
for each state was the sum of hospitalizations with an ICD-
9-CM influenza code listed and the model estimate made
with hospitalizations for respiratory and circulatory disease
that did not have an influenza code listed in the hospitaliza-
tion record. The RSV-associated hospitalizations were esti-
mated in an analogous manner. All models were stratified by
state and age group. National age-specific rates of hospital-
izations each season were estimated by summing state- and
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Figure 1.

Weekly observed, modeled, and baseline rates of respiratory or circulatory hospitalization rates by age group.

age-specific estimates of influenza- and RSV-associated hos-
pitalizations in the 13 SID states divided by the total pop-
ulations for each age group in the 13 SID states. To compare
trends in overall influenza- and RSV-associated hospitaliza-
tion rates, we used the direct standardization method with
age-specific US 2000 census population estimates [20].

RESULTS

Hospitalization Data

During the 1993-1994 through the 2007-2008 respiratory virus
seasons, annual means of 13.5 (range, 5.2-28.8) influenza-
coded, 33.8 (range, 28.9-42.7) RSV-coded, and 2814.9 (range,
2439.5-3043.6) hospitalizations for respiratory and circulatory
disease occurred per 100000 person-years in the 13 SID states
(Table 1). The highest rates for influenza and respiratory and
circulatory disease hospitalizations occurred among persons
aged =65 years, and the lowest rates among persons aged
5-49 years. Rates for RSV hospitalizations were highest among
children aged <1 year, followed by children aged 1-4 years,
and were relatively low in the other 3 age groups.

Influenza and RSV Laboratory Surveillance

A mean of 68716 specimens (range, 36615-116062) was
tested annually for influenza (Table 2). A mean of 15.8% of
specimens tested positive for influenza; by type and subtype,
these proportions were 1.9%, 8.9%, and 3.0% for HIN1, H3N2,
and B viruses, respectively. The annual mean number of speci-
mens tested for RSV was 76316 (range, 27 544-282639), with
a mean of 13558 specimens (19.5%) testing positive for RSV
each season.

Estimates of Influenza- and RSV-Associated Hospitalizations

Mean annual influenza- and RSV-associated hospitalization
rates were 63.5 (95% CI, 37.5-236.6) and 55.3 (95% CI,
44.4-106.7) per 100000 person-years, respectively (Table 3).
Age-standardized annual rates varied substantially for influenza
(33-100/100000 person-years) but less for RSV (42-77).
Influenza hospitalization rates were highest among infants
aged <1 year (151.0/100 000 person-years; 95% CI, 105.3-659.6)
and persons aged =65 years (309.1/100000 person-years;
95% CI, 186.0-1103.7). The RSV hospitalization rate in
infants aged <1 year was 2345 per 100000 person-years
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Table 1. 1CD-9-CM-Coded Hospitalization Rates for Influenza, Respiratory Syncytial Virus, and Respiratory and Circulatory Diagnoses

Influenza® (Any Listed) by RSVP (Any Listed) by Respiratory and Circulatory® (Primary) by
Age Group, y Age Group, y Age Group, y
All All All
Season <1 1-4 5-49 50-64 =65 Ages <1 1-4 5-49 50-64 =65 Ages <1 1-4 5-49 50-64 =65  Ages

1993-1994 506 10.2 59 145 49.6 133 17208 136.6 1.6 0.6 2.1 37.2 5468 1448 734 4362 13496 2862
1994-1995 245 58 3.8 73 211 6.8 13478 1290 1.2 03 08 29.7 5098 1326 722 4330 13642 2862
1995-1996 439 9.0 438 7.7 233 83 1997.2 1829 1.8 09 1.1 427 5829 1402 705 4328 13809 2892
1996-1997 54.7 11.1 53 10.7 37.8 11.1 156341 98.1 08 0.2 05 29.0 4920 1241 685 4323 14420 2936
1997-1998 739 17.3 5.1 11.7 509 133 1902.1 1176 1.0 04 0.7 351 5240 1348 676 4246 14675 2971
1998-1999 656.1 142 51 133 50.7 13.2 20195 139.7 1.0 04 09 377 5365 1307 687 4291 15117 3044
1999-2000 83.3 17.6 7.1 229 92.7 213 20857 1335 1.0 04 1.0 37.6 5223 1308 655 4043 14775 2932
2000-2001 51.5 12.3 3.9 53 139 6.4 19665 1373 0.8 04 1.2 358 4972 1296 657 3957 14744 2903
2001-2002 79.5 229 3.7 6.5 264 89 18949 1364 08 06 1.0 350 4719 1267 632 3781 14285 2808
2002-2003 55.9 143 2.8 3.6 100 5.2 17925 1223 06 05 1.1 325 4554 1261 644 3715 13825 2760
2003-2004 278.6 83.8 9.3 187 951 288 175619 1369 0.7 06 1.0 329 4685 1336 669 3789 14363 2872
2004-2005 106.5 252 59 164 879 198 1562.0 1215 0.7 06 0.9 293 4093 1194 654 3693 13958 2800
2005-2006 135.8 27.0 5.1 10.6 55.6 150 16314 121.6 08 08 1.9 304 3962 1150 624 3437 12880 2624
2006-2007 100.7 22.6 3.9 6.2 215 88 15349 1159 0.7 0.7 14 289 3620 991 535 3201 12009 2440
2007-2008 167.5 34.7 8.1 18.4 843 229 1680.2 140.7 1.1 1.2 32 332 3838 1101 555 3250 12192 2520
Mean 915 219 653 116 481 135 1760.7 131.3 1.0 06 1.2 338 4772 1265 656 3916 13879 2815

Abbreviations: ICD-9-CM, International Classification of Diseases, Ninth Revision, Clinical Modification; RSV, respiratory syncytial virus.

Data are hospitalization rates per 100 000 person-years and represent summaries from 13 states (Arizona, California, Colorado, lowa, lllinois, Kansas,
Massachusetts, Maryland, New Jersey, Oregon, South Carolina, Washington, and Wisconsin) .

@ |CD-9-CM codes 487.*.
o Including codes ICD-9-CM 466.11 for bronchiolitis RSV, ICD-9-CM 480.1 for pneumonia RSV, and ICD-9-CM 079.6 for other RSV diagnosis.
¢ ICD-9-CM codes 390-519.

(95% CI, 2219-2525), compared with 86.1 (95% CI, 37.3-326.2) coded for RSV (Table 5). These proportions varied by age
for those aged =65 years. Influenza was associated with a mean group; for example, 57% of estimated influenza hospital-
of 8 times as many hospitalizations as RSV among persons izations in infants aged <1 year were coded for influenza
aged =5 years. Respiratory syncytial virus was associated with ~ versus 15% in those aged =65 years.
16 and 5 times as many hospitalizations as influenza among
children aged <1 year and 1-4 years, respectively. DISCUSSION

By influenza type/subtype, HIN1 hospitalization rates were
the lowest (1.9/100 000 person-years; 95% CI, .6-60.9) and We simultaneously estimated influenza- and RSV-associated
H3N2 rates were the highest (44.4/100000 person-years; hospitalizations by using inpatient hospital discharge data
95% CI, 29.3-98.1) (Table 4). If each virus was considered from 13 states representing approximately 40% of the US

separately, RSV was associated with the highest hospitaliza- population. The use of complete hospitalization databases
tion rates, followed by H3N2, B, and HIN1 viruses (Tables 3 for 15 seasons allowed us to estimate hospitalizations by finer
and 4); this effect was due to the high rates of RSV infection age groups than in previous national studies [11], including
in children aged <5 years. H3N2 viruses were associated with hospitalizations in children aged <1 year. Our results suggest

the highest hospitalization rates in persons aged =5 years. The  that, although influenza and RSV have similar US hospitali-
hospitalization burdens of RSV, HINI, and B viruses were zation burdens, their age-specific burdens differ dramatically.

similar among persons aged =65 years. Whereas RSV is associated with 16 times more hospital-

izations than influenza in children aged <1 year, influenza
Comparison of Influenza and RSV Hospitalization Estimates With causes 8 times more hospitalizations than RSV in people
ICD-9-CM—-Coded Diagnoses aged >5 years. We found that approximately 20% of in-
Among influenza-associated hospitalizations, a mean of 21% fluenza hospitalizations had an influenza-specific discharge

(range, 12%-29%) was specifically coded for influenza. Among diagnosis, whereas the proportion was 59% for RSV. Influenza
RSV-associated hospitalizations, 59% (range, 49%—73%) were and RSV diagnoses were less frequently found in older adults,
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Table 2. Annual Respiratory Virus Surveillance Data for 1993-1994 Through 2007-2008 Seasons

Influenza RSV

Specimens  A(HTNT1) Positive A(H3N2) Positive B Positive Total Influenza Positive ~ Specimens RSV Positive
Season Tested No. % No. % No. % No. % Tested No. %
1993-1994 36 615 16 0.0 3484 8B 35 0.1 3535 9.7 27 544 6415 23.3
1994-1995 40 023 61 0.2 2526 6.3 1032 2.6 3619 9.0 33513 8364 25.0
1995-1996 38 275 1945 5.1 1241 3.2 727 1.9 3913 10.2 31 456 8215 26.1
1996-1997 40 436 4 0.0 3687 9.1 1456 3.6 5147 12.7 33912 7764 229
1997-1998 46 403 14 0.0 5796 12.5 53 0.1 5863 12.6 34 733 7037 20.3
1998-1999 52 450 23 0.0 5187 9.9 2279 43 7489 14.3 36 903 7448 20.2
1999-2000 51 493 183 0.4 6762 13.1 66 0.1 7011 13.6 30 764 6448 21.0
2000-2001 48 339 3083 6.4 85 0.2 3233 6.7 6401 13.2 59 829 11470 19.2
2001-2002 54 643 256 0.5 7020 12.8 1545 2.8 8821 16.1 50 106 9035 18.0
2002-2003 52 165 3058 5.9 1154 2.2 3297 63 7509 14.4 46 108 7571 16.4
2003-2004 82 265 2 0.0 16 318 19.8 171 0.2 16 491 20.0 75 487 12520 16.6
2004-2005 88 265 23 0.0 11 262 12.8 4202 4.8 15 487 17.5 93 515 13771 147
2005-2006 87 363 640 0.7 8648 9.9 2207 2.5 11 495 13.2 99634 15742 15.8
2006-2007 195943 11 200 5.7 4878 25 5312 2.7 21 390 10.9 208604 35675 17.1
2007-2008 116 062 3796 3.3 11 462 9.9 7405 6.4 22 663 19.5 282639 45902 16.2
Mean 68 716 1620 1.9 5967 8.9 2201 3.0 9789 13.8 76 316 13558 19.5

Abbreviation: RSV, respiratory syncytial virus.

who are less frequently tested for respiratory virus infections
than young children.

Because testing for infections possibly associated with
wintertime respiratory and circulatory hospitalizations is not
routine, several statistical models have been used to estimate
influenza- and RSV-associated morbidity. Each method has
its strengths and weaknesses [7, 9-13]. Our model summed
hospitalizations specifically coded for either influenza or RSV
with estimates of additional hospitalizations associated with
each of these pathogens. These estimates were made by
using a refinement of statistical models described elsewhere
[7, 11-13] with respiratory and circulatory hospitalizations
not coded for influenza or RSV. Potential problems with this
approach include the possibility that influenza or RSV coding
practices changed during the study period and that some in-
fluenza- or RSV-coded hospitalizations may not have been
tested for these viruses. However, we think this modeling ap-
proach is more logical than previous approaches, which have
applied statistical models to hospitalizations already coded as
due to influenza or RSV.

Influenza-associated hospitalizations varied substantially by
season during the study period, related to the particular in-
fluenza virus types and subtypes in circulation [7, 9, 12]. We
found a 3-fold variation in the annual rates of influenza-
associated hospitalizations during our 15-year study period,
whereas RSV-associated hospitalization rates were relatively sta-
ble. As expected, H3N2 viruses were associated with the highest
hospitalization rates. The mean rate of influenza-associated

hospitalizations was twice as high during seasons dominated
by H3N2 viruses than during seasons dominated by B and
HIN1 viruses. These results are consistent with previous
findings obtained with 1969—-1995 National Hospital Discharge
Survey (NHDS) data using a different statistical model [24].

Similar to previous influenza studies, persons aged =65 years
had the highest influenza-associated hospitalization rates,
followed by infants. Among adults aged =65 years, we esti-
mated an annual mean of 309 influenza-associated hospi-
talizations per 100000 person-years. This estimate is lower
than a previous national estimate made using NHDS data
of 461 per 100000 person-years [11]. The difference may
be explained by the study period used, the data source
(complete 13-state data vs a sample of hospitalizations in the
entire United States), the spatial resolution, variation in the
use of viral surveillance data, the inclusion of an RSV term
in this model, and the statistical model used (negative bi-
nominal vs Poisson). An advantage of negative binomial
regression models is that they are appropriate for overdispersed
data, and our hospitalization data were overdispersed. Among
infants aged <1 year, an annual mean of 151 hospitalizations
per 100000 person-years occurred, whereas the corresponding
estimate among children aged 1—4 years was 39 hospitalizations
per 100000 person-years. The estimated rate among children
aged <5 years was 94 (not shown in a table), which is similar
to an estimate of 108 influenza-associated hospitalizations per
100000 person-years made with NHDS hospitalization data
during 1979-2001 [11]. Our estimate is very similar to results
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Table 3. Estimated Influenza- and Respiratory Syncytial Virus-Associated Hospitalization Rates by Negative Binomial Regression Models

Aged <1y Aged 14y Aged 549y Aged 50-64 y Aged =65y All Ages?®

Season Influenza RSV Influenza RSV Influenza RSV Influenza RSV Influenza RSV Influenza RSV
1993-1994° 92.3 2802.0 14.7 206.4 12.1 2.2 55.6 16.2 234.9 100.7 47.6 65.9
1994-1995° 495 2121.3 16.8 181.3 12.5 1.8 49.8 14.4 203.0 88.0 42.5 53.1
1995-1996  191.2 3150.7 23.6 260.4 13.6 2.6 42.8 19.9 166.6 124.5 40.0 77.4
1996-1997° 93.4 2227.7 38.5 150.1 20.8 1.4 84.3 14.6 369.8 93.0 75.6 53.3
1997-1998°  128.1 2635.6 23.7 176.6 13.7 1.7 75.9 16.3 386.6 110.4 71.5 62.9
1998-1999° 122.6 2645.2 34.8 191.7 19.6 1.6 85.4 14.7 397.9 102.9 78.7 62.6
1999-2000° 118.9 2749.1 23.4 189.8 15.1 1.6 78.9 15.4 396.8 107.1 73.9 64.5
2000-2001 147.3 2484.6 46.3 184.9 18.0 1.4 44.4 12.6 162.1 89.5 43.2 57.9
2001-2002° 129.2 2459.6 38.5 186.1 16.6 1.2 74.5 12.1 383.6 88.9 73.6 57.4
2002-2003  163.2 2222.6 40.3 163.8 16.0 1.1 41.6 11.0 164.6 771 41.6 51.2
2003-2004° 318.0 2141.2 91.5 174.1 21.2 1.2 92.2 10.4 508.5 71.0 100.3 49.9
2004-2005°  140.0 1866.3 52.1 163.2 22.5 1.2 89.7 9.5 452.9 63.3 89.3 43.9
2005-2006° 171.3 1937.7 411 152.0 15.1 1.2 573 9.6 291.9 62.3 59.4 447
2006-2007  163.7 1817.2 32.7 139.5 10.7 1.1 30.4 7.8 136.9 58.6 32.6 41.6
2007-2008° 236.8 1915.4 64.6 163.7 25.0 1.4 81.4 7.3 380.9 53.7 82.7 43.8
Minimum 495 1817.2 14.7 139.5 10.7 1.1 30.4 7.3 136.9 b3.7 32.6 41.6
Maximum 318.0 3150.7 91.5 260.4 25.0 2.6 92.2 19.9 508.5 124.5 100.3 77.4
Mean 151.0 2345.1 38.8 178.2 16.8 1.5 65.6 12.8 309.1 86.1 63.5 55.3
95% Cl 105.3-659.6  2219.3-2524.7 24.1-213.2 155.3-230.1 9.8-58.4 1.0-12.3 35.0-270.0 2.4-73.9 186.0-1103.7 37.3-326.2 37.5-236.6 44.4-106.7

Abbreviations: Cl, confidence interval; RSV, respiratory syncytial virus.

Data are hospitalization rates per 100 000 person-years and represent summaries from 13 state-based model estimates.

@ Standardized with 2000 census population figures for each age group.

© Seasons in which =50% of all infection isolates were subtyped as influenza A(H3N2).
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Table 4. Estimated Influenza Type- or Subtype-Specific Hospitalization Rates by Negative Binomial Regression Models

Aged <1y Aged 14y Aged 5-49 y Aged 50-64 y Aged =65y All Ages?®

Season A(HT) A(H3) A(H1)  A(H3) B A(H1)  A(H3) B A(H1)  A(H3) B A(H1) A(H3) B A(H1)  A(H3) B
1993-1994° 0.8 91.6 0.0 0.1 14.6 0.1 0.0 12.0 0.1 0.0 B33 0.3 0.0 234.1 0.8 0.0 47.3 0.2
1994-1995° 8.1 34.1 7.4 0.4 3.0 134 0.2 5.5 6.8 0.1 32.4 17.3 0.2 145.0 57.8 0.3 27.1 15.0
1995-1996 135.8 48.6 6.8 8.4 51 10.1 3.3 5.1 5.2 4.4 26.5 11.9 6.5 124.2 36.0 6.0 23.7 10.3
1996-1997° 0.0 66.9 26.5 0.0 6.1 323 0.0 8.7 12.1 0.0 52.0 32.3 0.0 258.0 111.8 0.0 46.8 28.8
1997-1998° 1.5 126.6 0.0 0.1 23.1 0.5 0.0 13.4 0.3 0.0 75.2 0.6 0.1 384.4 2.2 0.1 70.9 0.6
1998-1999° 1.2 96.4 25.0 0.1 8.7 26.0 0.0 9.3 10.3 0.0 59.0 26.3 0.0 307.9 90.0 0.0 55.0 23.7
1999-2000° 16.6 102.3 0.0 1.2 205 1.7 0.3 14.3 0.5 0.2 77.6 1.2 0.4 391.9 45 0.6 72.2 1.2
2000-2001 126.3 1.2 19.8 7.1 0.1 39.1 2.5 0.2 15.4 3.3 1.0 40.1 7.0 6.1 149.0 5.1 1.0 37.0
2001-2002° 8.2 112.0 10.7 0.4 12.4 26.3 0.1 O15) 7.1 0.1 7.3 17.9 0.6 317.7 69.9 0.3 56.6 17.6
2002-2003 132.0 15.5 16.4 10.6 22 281 3.1 2.0 11.0 3.1 1.9 26.9 6.3 65.5 94.0 5.7 11.6 24.7
2003-2004°> 0.0 318.0 0.0 0.0 89.4 2.1 0.0 20.7 0.5 0.0 91.2 1.1 0.0 503.7 4.8 0.0 99.0 1.2
2004-2005° 0.0 108.2 31.8 0.0 8.7 434 0.0 9.6 12.9 0.0 56.9 32.8 0.0 319.6 133.2 0.0 56.5 32.7
2005-2006° 10.7 151.2 14.1 0.3 13.1 288 0.2 8.4 7.0 0.0 425 16.6 0.7 237.0 64.5 0.3 441 16.9
2006-2007 124.6 33.1 6.9 10.7 50 17.6 2.2 3.3 5.3 2.3 16.8 11.6 5.7 91.4 42.0 4.8 16.7 11.5
2007-2008° 156.7 50.9 29.2 10.1 5.8 48.7 2.4 6.4 16.2 1.5 39.1 40.9 3.2 212.2 165.5 4.9 379 40.4
Minimum 0.0 1.2 0.0 0.0 0.1 0.1 0.0 0.2 0.1 0.0 1.0 0.3 0.0 6.1 0.8 0.0 1.0 0.2
Maximum  156.7 318.0 31.8 10.7 89.4 48.7 3.3 20.7 16.2 4.4 91.2 40.9 7.0 503.7 165.5 6.4 99.0 40.4
Mean 48.2 90.4 13.0 3.3 145 21.2 1.0 8.6 7.4 1.0 46.3 18.5 2.1 239.9 68.4 1.9 44.4 17.5
95% Cl 32.6-232.6 70.2-225.0 2.9-203.8 0.0-66.3 8.0- 15.6-79.7 0.2-15.6 5.0-21.6 4.6-21.4 0.0-70.8 28.5-111.8 6.6-88.4 0.0-268.0 164.0-485.5 22.6-344.6 0.6-60.9 29.3-98.1 7.7-77.3

Abbreviation: Cl, confidence interval.
Data are hospitalization rates per 100 000 person-years and represent summaries from 13 state-based model estimates.

2 Standardized with 2000 census population figures for each age group.

b Seasons in which =50% of all infection isolates were subtyped as influenza A(H3N2).



Table 5. Proportions of Estimated Influenza and Respiratory
Syncytial Virus (RSV) Hospitalizations Listing an ICD-9-CM Code
for Influenza or RSV

Influenza RSV
Age Group, y Mean, % Range Mean, % Range
<1 57.30 21.9-87.6 76.20 61.5-89.0
1-4 53.80 26.8-91.6 73.70 65.2-83.9
5-49 32.20 17.6-48.5 64.30 56.9-76.2
50-64 17.30 8.5-28.9 5.30 1.7-16.5
=65 14.70 6.0-23.3 1.70 0.5-5.9
All ages 20.90 12.1-29.3 59.00 49.1-73.1

Abbreviations: ICD-9-CM, International Classification of Diseases, Ninth Revision,
Clinical Modification; RSV, respiratory syncytial virus.

from another study that found a reverse-transcription poly-
merase chain reaction (RT-PCR)—confirmed influenza hospi-
talization rate of 90 per 100 000 person-years among children
aged <5 years in 3 US counties during the 2000-2001 through
2003-2004 seasons [6].

Rates of RSV-associated hospitalizations were highest among
infants and young children, followed by the elderly. Our esti-
mates for RSV-associated hospitalizations among infants and
young children are similar to estimates from previous studies.
For example, Holman et al [17] estimated 2700 RSV-associated
hospitalizations occurred per 100000 person-years among
children aged <1 year by using 2000-2001 NHDS hospital-
izations, comparable with our estimated rate of 2300 among
infants. Our estimate of 384 RSV-associated hospitalizations
per 100000 children aged <5 years is similar to a rate of 290
obtained in a prospective study of laboratory-confirmed hospi-
talizations conducted from 2000-2001 through 2003-2004 [4].

Our results and those of Mullooly et al [8] suggest that the
annual hospitalization burden of influenza in older adults is
substantially greater than that of RSV. In contrast, a hospital
cohort study performed by Falsey et al [2] showed no significant
difference in the proportion of hospitalized elderly patients
who tested positive for influenza or RSV—12% and 10%, re-
spectively. The study by Falsey et al was small (1388 hospitalized
elderly patients) and restricted to individuals with underlying
cardiopulmonary disease, and influenza vaccination rates were
high.

Validation of influenza- and RSV-associated hospitalization
rates derived from statistical models is vital if modeling esti-
mates are to be accepted and applied by researchers and policy
makers worldwide. Validation also represents a great challenge,
as there are few gold-standard data that can be used for com-
parison. Ideally, reference-standard results would be derived
from prospective studies enrolling and testing hospitalized
patients with a sensitive and specific laboratory test, such
as RT-PCR. However, PCR-confirmed influenza and RSV

hospitalization data are scarce, particularly over the full spec-
trum of age, from infants through the elderly.

Gilca et al [25] compared estimates obtained from several
statistical methods of influenza- and RSV-associated hospitali-
zation with observations from a prospective study with virus
detection in children who were hospitalized for acute re-
spiratory illness. In this Canadian study, no single statistical
method consistently reflected prospective estimates. How-
ever, negative binomial regression, which we used, generated
the RSV hospitalization estimates most closely matched to
prospective results.

One recent US study provides data that we can use to make
independent comparisons with some of our results. Dawood
et al [1] studied seasonal influenza hospitalizations among
children in the 10 Emerging Infections Program (EIP) sites
and found hospitalization rates among children aged <1 year
and 1-4 years were 113 and 29 per 100000 children, re-
spectively (see Supplemental Table 1). Our estimates for the
same period are 201 and 54 per 100000 person-years for
children aged <1 year and 1-4 years, respectively. The EIP
rates are underestimates because influenza testing was per-
formed as ordered by clinicians rather than according to
a protocol, and most cases were identified by rapid influenza
tests, which have low sensitivity [26]. Grijalva et al [27, 28]
performed a capture-recapture evaluation of EIP surveillance
in children aged <5 years hospitalized with laboratory-
confirmed influenza and concluded that the sensitivity of
the EIP system for detecting influenza in hospitalized patients
was 39%. If we adjust the estimates of Dawood et al for
sensitivity, the adjusted rates fall within the Cls of our esti-
mates (Supplemental Table 1). Overall, we conclude that
our population-level influenza hospitalization estimates in
children are comparable to the EIP data.

This study has several limitations. First, patient age was not
available in influenza and RSV surveillance data. There may
be temporal differences the incidence of influenza and RSV by
age group, although available data suggest that for influenza
these differences are measured in days rather than weeks [29].
Second, because the onset, duration, and intensity of virus
circulation typically vary by geography [30], aggregating virus
surveillance data by the 4 census regions may not adequately
capture state-level viral circulation patterns. However, our
model requires consistent and robust weekly viral surveillance
data for estimating the effects of influenza and RSV circulation.
[12, 31], and such data are not yet available at the state level.
Third, the frequency of specimen collection and the testing
practice vary throughout the seasons and thus could influence
our estimates. Fourth, other respiratory viruses often cocirculate
with RSV and influenza, including human metapneumovirus
and the human parainfluenza viruses, and these viruses could
confound the relationships described in this study, although
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they typically are not the most common respiratory pathogens
in any age group. Few data are available on the age-specific
circulation patterns of most respiratory viruses, including RSV.
Finally, as noted above, our estimates need additional valida-
tion, and recent work from Hong Kong suggests that the
general regression approach we used can produce satisfactory
estimates of influenza hospitalizations among persons aged
<18 vyears, based on prospective virus testing in a similar
population [32].

We used robust data for a substantial proportion of the
US population to estimate influenza- and RSV-associated hos-
pitalizations and to evaluate age, geographical, and temporal
trends in these hospitalizations. A similar approach could be
applied in other countries, including those in Europe and Asia
that collect weekly hospitalization data. Our age-specific esti-
mates for seasonal influenza-associated hospitalizations pro-
vide a key baseline against which to assess the age-specific
impact of the 2009 HIN1 pandemic and monitor trends in
the effectiveness of influenza control policies during pandemic
and interpandemic periods. Estimates of infectious disease
burden from modeling studies should be further validated
with results from large studies prospectively testing hospitalized
patients with PCR assays.

Supplementary Data
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