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Abstract

IMPORTANCE Respiratory syncytial virus (RSV) mortality estimates have not been updated since
2009, and no study has assessed changes in influenza mortality after the 2009 pandemic. Updated
burden estimates are needed to characterize long-term changes in the epidemiology of

these viruses.

OBJECTIVE To evaluate excess mortality from RSV and influenza in the US from 1999 to 2018.
DESIGN, SETTING, AND PARTICIPANTS This cross-sectional study used data from 50.3 million US
death certificates from 1999 to 2018 to create age-specific linear regression models and assess
weekly mortality fluctuations above a seasonal baseline associated with RSV and influenza. Statistical
analysis was performed for 1043 weeks from January 3, 1999, to December 29, 2018.

MAIN OUTCOMES AND MEASURES Excess mortality associated with RSV and influenza estimated
from the difference between observed and expected underlying respiratory mortality each season.
RESULTS There were 50.3 million death certificates (50.1% women and 49.9% men; mean [SD] age
at death, 72.7 [18.6] years) included in this analysis, 1.0% for children younger than 1year and 73.4%
for adults aged 65 years or older. A mean of 6549 (95% Cl, 6140-6958) underlying respiratory
deaths were associated with RSV annually, including 96 (95% Cl, 92-99) deaths among children
younger than 1year. For influenza, there were 10 171 (95% Cl, 9652-10 691) underlying respiratory
deaths per year, with 23 deaths (95% Cl, 19-27) among children younger than 1year. The highest
mean mortality rate per 100 000 population for both viruses was among adults aged 65 years or
older at 14.7 (95% Cl, 13.8-15.5) for RSV and 20.5 (95% Cl, 19.4-21.5) for influenza. A lower proportion
of influenza deaths occurred among those aged 65 years or older compared with earlier estimates
(75.1% [95% Cl, 67.4%-82.8%]). Influenza mortality was highest among those aged 65 years or older
in seasons when A/H3N2 predominated (18 739 [95% Cl, 16 616-21336] deaths in 2017-2018) and
among those aged 5 to 49 years when A/HIN1pdm2009 predominated (1683 [95% Cl, 1583-1787]
deaths in 2013-2014). Results were sensitive to the choice of mortality outcome and method, with
the broadest outcome associated with annual means of 23 352 (95% Cl, 21 814-24 891) excess deaths
for RSV and 27171 (95% Cl, 25 142-29 199) for influenza.

CONCLUSIONS AND RELEVANCE This study suggests that RSV poses a greater risk than influenza
to infants, while both are associated with substantial mortality among elderly individuals. Influenza
has large interannual variability, affecting different age groups depending on the circulating virus.
The emergence of the influenza A/HIN1pdm2009 pandemic virus in 2009 shifted mortality toward
middle-aged adults, a trend still observed to date. This study's estimates provide a benchmark to
evaluate the mortality benefits associated with interventions against respiratory viruses, including
new or improved immunization strategies.
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Key Points

Question What was the excess
mortality from respiratory syncytial
virus (RSV) and influenza in the US from
1999 t0 2018?

Findings This cross-sectional study
estimates a mean of 6549 underlying
respiratory deaths associated with RSV
each year (range, 5035-7645) and
estimates a mean of 10 171 underlying
respiratory deaths associated with
influenza per year (range, 393 to 23176),
with greater interannual variation for
influenza than for RSV. The highest
mortality for both viruses was among
individuals aged 65 years or older; RSV
mortality was 5-fold higher than
influenza mortality among children
younger than 1year.

Meaning This study suggests that,
despite changes in epidemiology,
endemic respiratory viruses continue to
have a significant death toll in the US,
especially among infants and elderly

individuals.
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Introduction

Historically, influenza viruses and respiratory syncytial virus (RSV) have been associated with
substantial mortality among young children and elderly individuals.! Time-series modeling of vital
statistics data is one of the key approaches used to estimate the excess mortality burden of RSV and
influenza. In this approach, week-to-week fluctuations in mortality above a seasonal baseline are
associated with specific respiratory pathogens based on regression models. In the US, the latest RSV
excess mortality estimates span the 1990-1999 and 1997-2009 time periods,? and no study has
assessed long-term changes in influenza excess mortality before and after the 2009 pandemic, to
our knowledge. Furthermore, the last 2 decades have seen substantial changes in demographic
characteristics, health care access, and patient management and increased influenza vaccination
coverage in pediatric populations.>™

We assessed RSV-related excess mortality trends from 1999 to 2018 compared with excess
mortality from influenza and explored statistical refinements to existing approaches. Updated
burden estimates are needed to characterize the epidemiology of these viruses and document
changes from decade to decade, providing perspective on public health interventions contrasted
with secular trends. These estimates can also serve as a benchmark to measure changes in the
circulation of influenza viruses and RSV during and after the SARS-CoV-2 pandemic.

Methods

Mortality Data

In this cross-sectional study, we requested death certificates from the National Center for Health
Statistics from 1999 to 2018. We used underlying cause of death categorized based on the
International Statistical Classification of Diseases and Related Health Problems, Tenth Revision' as
pneumonia and influenza (UPI: codes J09-J18), respiratory (UR: codes JOO-J99), respiratory and
circulatory (URC: codes 100-J99), and all causes. Our main analysis focused on the UR category
because it includes bronchiolitis deaths and may be more appropriate for estimating RSV than UPI
deaths, especially for infants. Deaths were aggregated by week, age group (<1, 1-4, 5-49, 50-64, and
=65 years), and US Department of Health and Human Services region (excluding US territories,
Alaska, and Hawaii). Midyear population estimates by age group and US Department of Health and
Human Services region were obtained from the Centers for Disease Control and Prevention and the
National Center for Health Statistics.’ This research was based on modeling of public use aggregated
data that do not include identifiable personal information and was exempt from institutional review
board review and approval per the Common Rule that covers public health surveillance studies for
disease trends. This study followed the Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) reporting guideline for cross-sectional studies.

Viral Surveillance Data

We obtained weekly regional data on influenza testing and outpatient visits for influenza-like illness
from the “cdcfluview” R package.™ We calculated a regional proxy for influenza virus circulation by
multiplying the weekly proportion of influenza positive tests by the weekly percentage of influenza-
like ilinesses.™"® In the main analyses, we used all influenza subtypes combined as a proxy for
influenza incidence, but we also ran sensitivity analyses using subtype-specific proxies on weekly and
seasonal time scales.” An additional description is provided in the eMethods in the Supplement.
Weekly regional RSV data were obtained from the National Respiratory and Enteric Virus Surveillance
System.'® We used the weekly proportion of positive RSV test results as a proxy for RSV circulation.
Information on RSV test types (polymerase chain reaction [PCR], antigen, or viral culture) was
available starting in 2010. We defined seasons from epidemiologic week 27 to epidemiologic week 26
of the following year for both RSV and influenza.'® For weeks when no specimens were collected,
the proportion of positive test results was set to zero.
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Statistical Analysis

Statistical analysis was performed for 1043 weeks from January 3, 1999, to December 29, 2018. To
estimate excess mortality for each selected cause of death, we fit linear regression models by week
and age, following: mr_(t; ¢, @) = Bo + ns(t) + 1%, _ B, ¢ x L1(flu)(®) + B, x L2(RSV)(t), where

mr_(t; ¢, a) represents the 5-week moving mean of the mortality rate per 100 000 population for
cause ¢, age group a, and week t; ns(t) is a natural cubic spline, with 60 df representing a smooth
function of time for seasonality in mortality that is not associated with influenza or RSV, and s1to s19
account for between-season variability in influenza severity; and flu(t) and RSV(t) are the weekly
influenza and RSV circulation proxies, respectively. For the national model, we used the weekly mean
of the regional influenza and RSV proxies (same for all ages), weighted by regional populations. As
part of model calibration, we allowed for a lag of up to 8 weeks between viral activity and mortality,
separately for influenza and RSV (represented by L1and L2, respectively). The Akaike information
criterion was used to select the optimal virus lag for UR mortality models. The same lag was applied
to the other causes of death (UPI, URC, and all-cause mortality), but we let each age group have a
different lag (eMethods in the Supplement). The same model was then used for regional estimates.

Seasonal influenza and RSV excess mortality rates were estimated as the weekly viral
surveillance covariate multiplied by the viral coefficient and summed for all weeks of a given
respiratory illness season. We used 1-way analysis of variance to test for differences in seasonal
excess mortality between regions and the Tukey method for pairwise comparisons. Residual
bootstrapping (1000 replicates) was used to calculate 95% Cls.

We ran sensitivity analyses to examine the association of increased PCR testing for RSV over
time'® and to assess the robustness of regional-level mortality estimates (eMethods in the
Supplement). Statistical analyses were performed in R, version 4.1.0 (R Group for Statistical
Computing).2° We considered P < .05 to be statistically significant. All hypothesis tests were 2-sided.

Results

Viral Surveillance and Underlying Causes of Death

Respiratory surveillance testing increased during the study period by approximately 8-fold for RSV
and 14-fold for influenza (Figure 1; eTable 1in the Supplement). Polymerase chain reaction testing for
RSV surpassed antigen testing in the 2013-2014 season, reaching 83.6% of all tests in 2017-2018
(Figure 1A; eTable 1in the Supplement). The mean seasonal peak in the percentage of positive results
for RSV samples decreased from 23.6% in the years prior to 2010 to 19.4% in the years afterward
(Figure 2A; P < .003). Influenza circulation showed more season-to-season variability than RSV, with
the most intense season corresponding to the 2009-2010 A/HIN1pdm2009 pandemic (Figure 2B).
Influenza A/H3N2 predominated in 12 of the 19 studied seasons, whereas seasonal A/HIN1
predominated in 3 seasons and A/HIN1pdm2009 predominated in 4 seasons.

There were 50.3 million death certificates (50.1% women and 49.9% men; mean [SD] age at
death, 72.7 [18.6] years) included in this analysis. Children younger than 1year represented 1.0% of
the data, while adults aged 65 years or older represented 73.4%. The annual mortality rate for all
death categories decreased in the initial years of the study and rebounded in the later years (eTable 2
and eFigure in the Supplement). There was a significant linear decrease in the age-specific mortality
rates for children younger than 1year and adults aged 65 years or older for all death categories
(eFigure in the Supplement). Similarly, winter peaks in UR mortality also decreased from 0.6 to 0.3
(P < .001) among children younger than 1year and from 18.9 to 13.9 (P = .01) among adults aged 65
years or older (Figure 2C and D).

Excess RSV Mortality Estimates

There was a mean of 6549 (95% Cl, 6140-6958) annual excess UR deaths associated with RSV,
ranging from 5035 to 7645 depending on the season (Table; eTable 3 in the Supplement). The
highest mean, RSV-associated UR mortality rate was among adults aged 65 years or older at 14.7 per
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100 000 (95% Cl, 13.8-15.5 per 100 000), followed by children younger than 1year at 2.4 per

100 000 (95% Cl, 2.3-2.5 per 100 000) (Table). For infants, this rate corresponds to a mean of 96
(95% Cl, 92-99) annual RSV-associated UR deaths. The lowest mean excess mortality rates for RSV
were among those aged 1to 4 years and those aged 5 to 49 years (Figure 3; eTable 3 in the
Supplement). Including underlying circulatory deaths increased the estimated mean RSV-associated
mortality rate in age groups older than 50 years (particularly those aged 50-64 years) but not in
younger age groups. Children younger than 1year also had a mean of 47 (95% Cl, 45-49) annual
RSV-associated UPI deaths and a mean of 115 (95% Cl, 110-120) annual RSV-associated URC deaths.
Adults aged 65 years or older had a mean of 2655 (95% Cl, 2506-2804) annual RSV-associated UPI
deaths, a mean of 5800 (95% Cl, 5461-6139) annual RSV-associated UR deaths, and a mean of
12604 (95% Cl, 11808-13 399) annual RSV-associated URC deaths. Sensitivity analyses using models
based on all-cause deaths—the broadest mortality outcome available—resulted in 23 352 (95% Cl,
21814-24 891) all-age excess deaths for RSV (Table).

Using the proportion of positive results from only antigen tests from 2010 onward increased
RSV-associated UR mortality between 2010-2011 and 2017-2018 by a mean of 20 (95% Cl, 10-30)
deaths per year among children younger than 1year and 2400 (95% Cl, 1700-3000) deaths per year
among adults aged 65 years or older (eTable 4 in the Supplement).

Excess Influenza Mortality Estimates

The mean number of annual UR deaths associated with influenza was 10 171 (95% Cl, 9652-10 691),
ranging from 393 in 2000-2001 to 23 176 in 2017-2018, the worst season during our study period
(Table; eTable 5 in the Supplement). There was more season-to-season variability in the estimated
excess mortality rate associated with influenza than with RSV (Figure 3; eTable 5 in the Supplement).
The highest mean, excess, UR influenza mortality rate was among adults aged 65 years or older at
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A, RSV test results. Bars indicate the number of RSV
tests conducted each season from 1999-2000 to
2017-2018, with bars above the horizontal line
corresponding to the number of positive test results
and bars below the line corresponding to the number
of negative test results. Bar colors indicate the type of
test used (antigen, culture, or polymerase chain
reaction [PCR]), where those data are available
beginningin 2010. B, Influenza test results. Bars
indicate the number of influenza tests conducted each
season from 1999-2000 to 2017-2018, with bars
above the horizontal line corresponding to the number
of positive test results and bars below the line
corresponding to the number of negative test results.
Bar colors above the horizontal line (positive test
results) indicate the influenza type and subtype
detected.
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20.5 per 100 000 (95% Cl, 19.4-21.5 per 100 000), followed by adults aged 50 to 64 years at 2.4 per
100 000 (95% Cl, 2.2-2.5 per 100 000) (Table). The mean number of annual influenza-associated
UR deaths among children younger than 1year was 23 (95% Cl, 19-27), with a maximum of 70 (95%
Cl, 50-80) excess deaths in 2003-2004 (eTable 5 in the Supplement). The lowest influenza mortality
rates were among children 1to 4 years of age and those aged 5 to 49 years. The only age group that
had a consistently lower mortality from influenza than from RSV was children younger than 1year
(Figure 3). Linear trends in influenza-associated UR mortality rates increased significantly for those
aged 50 to 64 years. Sensitivity analyses considering broader mortality outcomes resulted in
substantially higher burden estimates, with 27171 (95% Cl, 25 142-29 199) annual excess deaths
associated with influenza, on average, based on all-cause mortality.

A lower proportion of influenza deaths occurred among those aged 65 years or older compared
with earlier estimates (75.1% [95% Cl, 67.4%-82.8%]). For adults aged 65 years or older, the highest
influenza mortality rates for all death categories occurred during seasons dominated by A/H3N2
circulation (Figure 3), with 18 510 (95% Cl, 16 151-20 722) influenza-associated UR deaths in 2012-
2013 and 18 739 [95% Cl, 16 616-21336) influenza-associated UR deaths in 2017-2018 (eTable 5 in
the Supplement). The highest influenza mortality rates for those aged 5 to 49 years occurred during
seasons when A/HIN1pdm2009 predominated, with an estimated 1683 (95% Cl, 1583-1787) UR
deaths in 2013-2014. Influenza A/H3N2 was associated with a mean of 7816 (95% Cl, 7092-8537) UR

Figure 2. Weekly Time Series for Respiratory Syncytial Virus (RSV) and Influenza Surveillance Proxies and the Underlying Respiratory Mortality Rate
per 100 000 Population in Children Younger Than 1Year and Adults Aged 65 Years or Older
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A, Weekly time series of the proportion of RSV tests with positive results. The different
shades of color indicate the type of test used. B, Weekly time series of the proportion of
influenza tests with positive results multiplied by weekly, weighted influenza-like illness
(ILI) outpatient visits. The different shades of color indicate the dominant influenza A
subtype circulating during each season. C, Weekly time series of the underlying
respiratory mortality rate for children younger than 1year (black line), the weekly

underlying respiratory mortality rate for children younger than 1year estimated by the
model (blue line), the estimated weekly baseline mortality for children younger than 1
year (blue area), the weekly estimated excess mortality for children younger than 1year
associated by the model with influenza (brown area), and the weekly excess mortality for
children younger than 1year associated by the model with RSV (tan area). D, Same as
panel C but for adults aged 65 years or older. PCR indicates polymerase chain reaction.
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deaths per year, the most of any subtype (eTable 6 in the Supplement). Influenza B was associated
with a mean of 2300 (95% Cl, 1439-3163) deaths per year, influenza A/HIN1pdm2009 was
associated with a mean of 772 (95% Cl, 267-1273) deaths per year, and seasonal influenza A/HINT was
associated with negative estimates except among children. Influenza B did not predominate in any
season included in our study but was present in all seasons, and thus it was associated with more
deaths, on average, than influenza A/HIN1pdm2009 or influenza A/HIN1, which circulated for only a
portion of the study period. The relative importance of influenza A/HIN1Ipdm2009 and influenza B
differed by age, with a larger influenza B burden for adults older than 50 years and a larger influenza

A/HIN1pdm2009 burden for those younger than 50 years.

Regional Excess Mortality for Those Aged 65 Years or Older
Consistent with national analyses, season-to-season variability in regional estimates was higher for
influenza than RSV. The mean mortality rate among those aged 65 years or older was higher for
influenza than for RSV for all regions and categories of death (Figure 4). In pairwise comparisons,
most regions had significantly different mean, excess RSV mortality rates, with adjoining regions and
coasts being more similar. The highest mean, excess RSV UR mortality rate in individuals older than
65 years was in region 6 at 10.1 per 100 000 (95% Cl, 9.0-11.2 per 100 000), while regions 8 and 10
had negative estimates, with the lowest estimate found in region 10 at -1.6 per 100 000 (95% Cl,

-2.41t0-0.9 per 100 000). There were no significant differences between regions in excess influenza

mortality rates.

Table. Estimated Mean, Annual Age-Specific Influenza and RSV Deaths and Mortality Rates per 100 000 Population, 1999-2000 to 2017-2018, US

Underlying cause of death and age

RSV deaths,

RSV mortality rate per

Influenza deaths,

Influenza mortality rate per

group, y No. (95% CI) 100 000 population (95% CI) No. (95% CI) 100 000 population (95% CI)
Pneumonia and influenza
<1 47 (45 to 49) 1.2(1.1to1.2) 18 (16 to 21) 0.5(0.4t00.5)
1-4 5(3to6) 0.0 (0.0t0 0.0) 23 (21to 25) 0.1(0.1t00.2)
5-49 59 (46 to0 72) 0.0 (0.0t0 0.0) 419 (403 to 436) 0.2(0.2t00.2)
50-64 250 (229 to 272) 0.5(0.4t00.5) 635 (606 to 664) 1.1(1.1to1.2)
265 2655 (2506 to 2804) 6.7 (6.3t07.1) 4168 (3968 to 4367) 10.2 (9.7 t0 10.7)
Total 3016 (2829 to 3203) 1.0(0.9to 1.1) 5263 (5014 to 5512) 1.7 (1.7t0 1.8)
Respiratory
<1 96 (92 to 99) 2.4(2.3t02.5) 23(19t027) 0.6 (0.5t00.7)
1-4 20 (18t022) 0.1(0.1t00.1) 24 (21t027) 0.2(0.1t00.2)
5-49 124 (108 to 141) 0.1(0.1t00.1) 519 (497 to 541) 0.3(0.3t00.3)
50-64 508 (460 to 556) 1.0(0.9t0 1.0) 1322 (1260 to 1384) 2.4(2.2t02.5)
265 5800 (5461 to 6139) 14.7 (13.8 to 15.5) 8284 (7855 to 8713) 20.5(19.4t0 21.5)
Total 6549 (6140 to 6958) 2.2(2.0t02.3) 10171 (9652 to 10691) 3.4(3.2t03.5)

Respiratory and circulatory
<1
1-4
5-49
50-64
265
Total

All causes
<1
1-4
5-49
50-64
265
Total

115 (110 to 120)

14 (11t0 17)

-248 (-285 to -211)
3868 (3749 to 3987)
12604 (11808 to 13 399)
16352 (15393 to 17 311)

106 (82 to 131)

168 (157 to 179)

-1767 (-1903 to -1631)
6327 (6138 t0 6516)
18518 (17 340 to 19 695)
23352 (21814 to 24891)

2.9(2.8103.0)
0.1(0.1t00.1)
-0.1(-0.2t0 -0.1)
7.2(7.0t07.5)
31.9(29.8 t0 33.9)
5.4 (5.0t05.8)

2.7(2.1t03.3)
1.1(1.0to 1.1)
-0.9 (-1.0 to -0.9)
11.8 (11.5t012.2)
46.8 (43.8 t0 49.8)
7.8(7.1t08.4)

21 (15 t0 27)

28 (24 to 31)

771 (719 to 823)

2265 (2120 to 2410)
14496 (13 465 to 15 528)
17581 (16 343 to 18 819)

81 (52t0 110)

51 (37 to 64)

1831 (1648 to 2014)
3543 (3291 to 3795)
21665 (20115 to 23 215)
27171 (25142 to 29 199)

0.5(0.4t00.7)
0.2(0.2t00.2)
0.4 (0.4t00.4)
4.1(3.8t04.4)
36.4 (33.9t0 38.8)
5.8 (5.4106.2)

2.1(1.3t02.8)
0.3(0.2t00.4)
1.0(0.9t0 1.1)
6.4 (6.0t06.9)
54.2 (50.4 to 58.0)
9.0(8.3t09.7)

Abbreviation: RSV, respiratory syncytial virus.
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Discussion

We estimated age- and region-specific excess mortality rates for RSV and influenza in 19 recent
seasons in the US in the context of gradually decreasing all-cause mortality in the youngest and
oldest populations. We estimated that 6549 UR deaths were associated with RSV annually, ranging
from 5035 to 7645. Influenza was associated with 10 171 UR deaths per year, ranging from 393 to
23176. Estimates based on all-cause mortality were nearly 3-fold higher. Influenza-related mortality
was characterized by large interannual fluctuations, with high rates among elderly individuals,
especially when influenza A/H3N2 predominated. Since the 2009 pandemic, influenza-related
mortality rates have increased among those aged 5 to 49 years and among those aged 50 to 64
years, likely associated with the circulation of the influenza A/HIN1Ipdm2009 virus. Respiratory
syncytial virus showed less variability in annual mortality rates by season but had marked
geographical variation among those aged 65 years or older, which we did not see for influenza.
Although the highest mortality rate from RSV was among older adults, the excess UR mortality rate
among those younger than 1year was 5-fold higher for RSV than for influenza. Our study shows that,
despite changes in epidemiology, endemic respiratory viruses continue to have a significant death
tollin the US.

Our RSV estimates can be compared with the seminal study by Thompson et al' that applies a
similar excess mortality approach to 1990-1999. For children younger than 1year, the authors
estimated the annual mean RSV-associated deaths to be 124 for UPI and 211 for URC." These
estimates are about twice our estimates 20 years later at 47 (95% Cl, 45-49) for UPI and 115 (95% ClI,
110-120) for URC (Table). Increased palivizumab use for at-risk infants could play a role in these
differences.?' Furthermore, mortality for all categories has decreased substantially among infants in
the last 20 years in the US, likely affecting mortality associated with winter respiratory pathogens.
For adults aged 65 years or older, Thompson et al' estimated the annual mean RSV-associated deaths
to be 2388 for UPI and 8811 for URC, lower than our estimates of 2655 (95% Cl, 2506-2804) excess
UPI deaths and 12 604 (95% Cl, 11 808-13 399) excess URC deaths (Table). Accounting for population
growth between the 2 study periods reduces these differences. For the period from 1997 to 2009,
Matias et al? estimates 11300 respiratory deaths for all ages. This estimate is higher than our
estimate, but the mortality outcome includes causes of death listed anywhere on the death
certificate rather than restricting analysis to the underlying cause of death.

Our influenza mortality estimates for children aged 1to 4 years were half the earlier estimates
by Thompson et al' for 1979-1999 (URC category) but similar for children younger than 1year. After
the 2003-2004 influenza season,?? influenza vaccination was recommended for children aged 6 to
23 months.?* Influenza vaccination has increased in this age group from 7.4% receiving at least 1dose
in 2002-20032 to between 61% and 67% since 2010-2011." Although seasonal influenza mortality
estimates did not decrease linearly for those aged 1to 4 years, likely owing to the year-to-year
variability of influenza seasons, the reported changes in influenza-related excess mortality for this
age group may reflect the benefit associated with vaccination.

Our estimated influenza deaths among adults aged 65 years or older are less than half the 7326
annual UPI deaths and the 32 651 annual URC deaths presented by Thompson et al' from 1979 to
1999. We believe these differences reflect true changes in the epidemiology of influenza. Whereas
90% of influenza deaths in previous estimates were among adults aged 65 years or older,>*2° this
age group made up 75.1% (95% Cl, 67.4%-82.8%) of influenza deaths in our analysis. Although
vaccination coverage was stable during the study period in this age group,?® the use of a high-dose
influenza vaccine, licensed in 2009, has increased over time and has been shown to provide
improved protection.?”-2° Also, circulation of influenza A/HIN1pdm2009 in the post-2009 pandemic
period has resulted in relatively mild influenza seasons for those aged 65 years or older, possibly
owing to protection from early-life exposures to influenza A/HIN1.303!

In comparing our influenza mortality estimates with those of previously published studies that
overlap with the period of our analysis, we found that the choice of method accounts for much of the
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difference between studies (eTable 7 in the Supplement).32-33 For the 1999-2007 period, our
estimates are similar to those presented by Goldstein et al'® and Quandelacey et al,>* which use a
similar modeling approach to ours. We also found that the choice of mortality outcome was
associated with excess mortality estimates, with broader categories resulting in higher estimated
deaths, such as those seen in the estimates by Matias et al? and Rolfes et al.3® Including associated
causes of death listed anywhere in the death certificate increased our estimates by 40% to 100%.

To provide timely estimates of deaths during the 2009 influenza A/HIN1pdm2009 pandemic,
Shrestha et al*° developed a multiplier approach that extrapolates influenza mortality from
laboratory-confirmed, in-hospital influenza deaths. Deaths are then inflated based on a proportion
estimate of deaths occurring outside hospital settings. Although direct comparison with this method
is difficult, this approach is perhaps better able to ascertain the full spectrum of deaths associated
with influenza and hence is more comparable to all-cause excess mortality. Our influenza excess
mortality estimates for all-cause mortality are similar to those using a multiplier approach, especially
during severe seasons (eTable 7 in the Supplement).3® Although all-cause mortality is usually
considered a poorly specific outcome for studies of respiratory virus mortality, using respiratory and
circulatory deaths listed as associated causes captured approximately 90% of the influenza burden
estimated using all-cause mortality and may be a good compromise between sensitivity and
specificity.

Our results support previous work suggesting that RSV may pose a greater risk than influenza
to older adults in seasons when influenza A/H1 predominates.3”38 Despite RSV's substantial
association with mortality among older adults, 1survey found that less than half of physicians
ordered RSV testing for community-dwelling older adults with acute respiratory infection.® A better
understanding of RSV testing practices is an important area for future work given recent changes
and would provide further evidence to support recommendations for an RSV vaccine and
monoclonal antibody products soon to be licensed. Although data were too sparse to allow for
regional excess mortality estimates for children younger than 1year, understanding regional
differences in RSV circulation among infants will be important for future immunization programs
because implementation may consider different exposure periods.*°-4? These differences remain an
important area for future RSV research.

Several studies have noted that nonpharmaceutical interventions put in place to mitigate the
SARS-CoV-2 pandemic have reduced infection rates with other endemic respiratory pathogens,
including RSV and influenza, to historically low levels.***#> How this period of suppressed circulation
will change the epidemiology of influenza and RSV when interventions are lifted remains to be seen.

Limitations

This study has some limitations. Our model may be underestimating RSV mortality in recent years
owing to changes in case ascertainment.*® Use of multipathogen PCR panels increases the RSV
testing pool to include individuals unlikely to have RSV, thus decreasing the weekly percentage of
positive test results.'®#® Our sensitivity analysis showed that there was little difference in mean
estimates over the 20-year period. Although we do not have data by test type for influenza,
increased use of PCR testing has likely affected influenza surveillance.*” We did not have access to
age-specific viral surveillance data, and thus the same proxies were used for all age groups. Our
model produced negative estimates for RSV-associated URC deaths among those aged 5 to 49 years
and for all mortality outcomes for individuals older than 65 years in regions 8 and 10, suggesting that,
for low-risk populations, broad death categories may not be ideal for ascertaining RSV excess
mortality. Finally, we did not consider sex or race and ethnicity, which may be important for

future work.
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Conclusions

Although the RSV mortality rate has decreased since the 1990s among children younger than 1year,
it is still associated with approximately 100 UR deaths annually in this age group, posing a greater
risk than influenza to infants. Respiratory syncytial virus is also an important cause of death among
those aged 65 years or older; in some seasons, it is associated with more deaths than influenza.
Influenza is characterized by large interannual variability and continues to cause large numbers of
deaths, affecting age groups differentially depending on the dominant virus circulating. The
emergence of the influenza A/HIN1pdm20089 virus in 2009 has shifted mortality toward middle-
aged adults. Our estimates can be used to evaluate the completeness of death certificates,
encourage testing for RSV in traditionally lower-risk populations, and provide a benchmark to
evaluate the mortality benefits associated with interventions against respiratory viruses, including
new or improved immunization strategies.
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