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NFLUENZA INFECTIONS RESULT IN
substantial morbidity and mortal-
ity nearly every year'? and esti-
mates of this burden have played
a pivotal role in formulating influenza
vaccination policy in the United States.?
However, numbers of deaths attribut-
able to influenza are difficult to esti-
mate directly because influenza infec-
tions typically are not confirmed
virologically or specified on hospital
discharge forms or death certificates. In
addition, many influenza-associated
deaths occur from secondary compli-
cations when influenza viruses are no
longer detectable.*” Nonetheless, win-
tertime influenza epidemics have been
shown to be associated with increased
hospitalizations and mortality for many
diagnoses, including congestive heart
failure, chronic obstructive pulmo-
nary disease, pneumonia, and bacte-
rial superinfections.®®
Respiratory syncytial virus (RSV) epi-
demics often overlap with influenza epi-
demics ®'° and RSV infections have been
associated with substantial morbidity

For editorial comment see p 227.
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Context Influenza and respiratory syncytial virus (RSV) cause substantial morbidity
and mortality. Statistical methods used to estimate deaths in the United States attrib-
utable to influenza have not accounted for RSV circulation.

Objective To develop a statistical model using national mortality and viral surveil-
lance data to estimate annual influenza- and RSV-associated deaths in the United States,
by age group, virus, and influenza type and subtype.

Design, Setting, and Population Age-specific Poisson regression models using
national viral surveillance data for the 1976-1977 through 1998-1999 seasons were
used to estimate influenza-associated deaths. Influenza- and RSV-associated deaths
were simultaneously estimated for the 1990-1991 through 1998-1999 seasons.

Main Outcome Measures Attributable deaths for 3 categories: underlying pneu-
monia and influenza, underlying respiratory and circulatory, and all causes.

Results Annual estimates of influenza-associated deaths increased significantly be-
tween the 1976-1977 and 1998-1999 seasons for all 3 death categories (P<.001 for each
category). For the 1990-1991 through 1998-1999 seasons, the greatest mean numbers
of deaths were associated with influenza A(H3N2) viruses, followed by RSV, influenza B,
and influenza A(H1N1). Influenza viruses and RSV, respectively, were associated with
annual means (SD) of 8097 (3084) and 2707 (196) underlying pneumonia and influenza
deaths, 36155 (11055) and 11321 (668) underlying respiratory and circulatory deaths,
and 51203 (15081) and 17358 (1086) all-cause deaths. For underlying respiratory and
circulatory deaths, 90% of influenza- and 78 % of RSV-associated deaths occurred among
persons aged 65 years or older. Influenza was associated with more deaths than RSV in
all age groups except for children younger than 1 year. On average, influenza was as-
sociated with 3 times as many deaths as RSV.

Conclusions Mortality associated with both influenza and RSV circulation dispro-
portionately affects elderly persons. Influenza deaths have increased substantially in
the last 2 decades, in part because of aging of the population, underscoring the need
for better prevention measures, including more effective vaccines and vaccination pro-
grams for elderly persons.
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and mortality in young children and
more recently in older adults.'*'* Like
influenza, RSV infections can precipi-

tate both cardiac and pulmonary com-
plications.’>!” Respiratory syncytial vi-
rus infections are rarely diagnosed in
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adults, in part because available rapid
antigen-detection tests are insensitive
in adults and few tests for RSV are re-
quested for this age group by medical
practitioners.'®!® It is likely that some
deaths previously attributed to influ-
enza are actually associated with RSV
infection.'>!*1?

In this study, we provide age-
specific estimates of deaths attribut-
able to influenza, by virus type and
subtype, and to RSV using Poisson re-
gression models that incorporates na-
tional respiratory viral surveillance data.
Recent deliberations of the Advisory
Committee on Immunization Practices
(ACIP) regarding influenza vaccina-
tion recommendations® guided our
choice of age groups for these analyses.

METHODS
Definition of Respiratory Season

Influenza and RSV typically circulate
during winter months and across cal-
endar years. Therefore, we defined each

annual respiratory season as the pe-
riod from July 1 through June 30 of the
following year.

National Viral Surveillance Data
In the United States, laboratory-based
surveillance for influenza viruses is con-
ducted from October through mid-
May (calendar week 40 through week
20). For the influenza virus surveil-
lance periods from the 1976-1977
through 1998-1999 seasons, we ob-
tained numbers of influenza virus iso-
lates reported weekly by 50 to 75 World
Health Organization collaborating vi-
rology laboratories in the United States
to the Influenza Branch of the Centers
for Disease Control and Prevention
(CDQ). The collaborating laborato-
ries provided weekly numbers of total
respiratory specimens tested for influ-
enza and positive-influenza isolates by
virus type and subtype® (TABLE 1).
Weekly RSV data were obtained from
the National Respiratory and Enteric Vi-

rus Surveillance System for the 1990-
1991 through 1998-1999 seasons. Dur-
ing this period, 63 to 72 clinical and
public health laboratories in 44 states
reported to CDC weekly numbers of
specimens tested for RSV by antigen-
detection and viral-isolation methods
and numbers of positive results.?!
We used the results of both antigen-
detection and isolation tests to deter-
mine the circulation pattern of RSV. The
weekly percentages of specimens that
tested positive for both influenza and
RSV were used in estimating the asso-
ciation of virus circulation with weekly
deaths in the United States (Table 1).

Mortality Data and Outcomes

National mortality data were obtained
from the National Center for Health Sta-
tistics (NCHS).?? Deaths were catego-
rized using the International Classifi-
cation of Diseases, Ninth Revision
(ICD-9) codes for NCHS mortality data
obtained from 1976 through 1998.%

___________________________________________________________________________________________]
Table 1. Annual Respiratory Virus Surveillance Data for the 1976-1977 Through 1998-1999 Seasons

No. of Influenza Specimens

No. of RSV Specimens

1
Total Positive

Specimens A(H1N1) A(H3N2) B Positive Specimens Total
Season Tested Positive Isolates Positive Isolates Isolates Isolates Tested Positive Tests

1976-1977 17 600 3 212 633 848 NA NA
1977-1978 18727 311 1617 5 1933 NA NA
1978-1979 13275 1140 1 21 1162 NA NA
1979-1980 15195 20 17 1298 1335 NA NA
1980-1981 16128 315 1125 1 1441 NA NA
1981-1982 14804 143 0 461 604 NA NA
1982-1983 16929 165 1263 160 1588 NA NA
1983-1984 16111 1059 79 937 2075 NA NA
1984-1985 15355 2 1977 53 2032 NA NA
1985-1986 20234 2 554 1789 2345 NA NA
1986-1987 22056 2206 5 iR 2222 NA NA
1987-1988 26258 167 1776 354 2297 NA NA
1988-1989 29357 2234 359 2530 5123 NA NA
1989-1990 29956 46 3342 13 3401 NA NA
1990-1991 32420 179 271 2732 3182 67374 11449
1991-1992 38557 1055 4854 47 5956 100867 18586
1992-1993 36233 132 1126 3081 4339 98203 14335
1993-1994 35597 22 4193 35 4250 104028 18047
1994-1995 38705 62 2819 1005 3886 107 528 17 445
1995-1996 37612 2357 1650 716 4723 111318 19745
1996-1997 39183 0 5047 1449 6496 117814 17370
1997-1998 46413 14 7838 53 7905 133648 19589
1998-1999 52505 50 6732 2286 9068 128621 18418
Mean (SD) 27360 (11551) 508 (779) 2037 (2277) 855 (998) 3400 (2290) 107711 (19374) 17220 (2685)

Abbreviations: NA, not applicable (reporting period began in 1990-1991); RSV, respiratory syncytial virus.
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The International Classification of Dis-
eases, 10th Revision (ICD-10) was used
for classifying NCHS mortality data ob-
tained for 1999.%* Analyses were based
on the underlying cause-of-death be-
cause it represents the disease or in-
jury that initiated the chain of morbid
events that led directly to the death.”
The change from ICD-9 to ICD-10 in
January 1999 resulted in a 30% de-
crease in the number of coded under-
lying pneumonia deaths.”® Therefore,
all analyses of underlying pneumonia
and influenza deaths were carried out
using data collected through the 1997-
1998 season, which limited the analy-
ses to ICD-9 coded deaths.

The 3 death categories modeled were
underlying pneumonia and influenza
deaths (ICD-9 codes 480-487), under-
lying respiratory and circulatory deaths
(ICD-9 codes 390-519 and ICD-10 codes
100-199, J00-J99), and all-cause deaths
(all ICD codes). Underlying pneumo-
nia and influenza deaths exclude some
deaths, such as those related to exacer-
bations of underlying cardiac and pul-
monary conditions, which are associ-
ated with both influenza and RSV
infections.®*'® Influenza-associated all-
cause death estimates have been previ-
ously used to represent the full spec-
trum of deaths associated with influenza
infections."? However, these estimates in-
clude deaths such as those caused by fires
and motor vehicle crashes, which are not
directly associated with respiratory vi-
ral infections. Therefore, we also mod-
eled a third category of deaths, under-
lying respiratory and circulatory deaths
(which includes pneumonia and influ-
enza deaths), to provide an estimate of
deaths that was more directly associ-
ated with viral respiratory infections.
These estimates would be expected to be
more sensitive than estimates using un-
derlying pneumonia and influenza deaths
and more specific than estimates using
all-cause deaths.

Statistical Analyses

For the influenza model, we devel-
oped an age-specific Poisson regres-
sion model that used weekly influenza
circulation data. Deaths were strati-

©2003 American Medical Association. All rights reserved.
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fied into the following 5 age groups:
younger than 1 year, 1 to 4 years, 5 to
49 years, 50 to 64 years, and 65 years
or older. Influenza-associated deaths
were estimated for influenza A(H1IN1),
A(H3N2), and B viruses. The viral cir-
culation terms represented percent-
ages of specimens testing positive for
each of the 3 influenza virus types and
subtypes during a particular week. Esti-
mates of the weekly age-specific popu-
lation size were used to account for
changes in population trends over time.
The US population estimates by age
group were obtained from the US Cen-
sus Bureau.?’

For the influenza and RSV model, we
used a model identical to the influ-
enza model except it included an ad-
ditional coefficient for RSV viral circu-
lation. The full model was written as
follows:

Y=a exp{Bo + B1[t] + B[t’]
+ Bslsin(2m/52)] + B4lcos(2m/52)]
+ Bs[ACHIND)] + Bs[A(H3N2)]
+ B7[B] + Bs[RSV]}

where Y represents the number of
deaths during a particular week for a
specific age group, a is the offset term
and is equal to the log of the age-
specific population size, 3, represents
the intercept, 3, accounts for the
linear time trend, B, accounts for non-
linear time trends, 3; and B4 account
for seasonal changes in deaths, and {35
through B4 represent coefficients asso-
ciated with the percentage of speci-
mens testing positive for a given week.

We fit the influenza model to na-
tional influenza surveillance data avail-
able from the 1976-1977 through 1998-
1999 seasons. The influenza and RSV
model was fit to data available from the
1990-1991 through 1998-1999 sea-
sons, when both weekly influenza
and RSV data were available (PROC
GENMOD, SAS, version 8.2; SAS In-
stitute Inc, Cary, NC).

RESULTS
Annual Influenza and RSV
Laboratory Surveillance

National influenza and RSV surveil-
lance data are summarized in Table 1.

Influenza isolate data were available for
the 1976-1977 through 1998-1999 sea-
sons. A mean of 27360 specimens
(range, 13275-52505) was tested for in-
fluenza viruses during each of the in-
fluenza surveillance periods (October
through May). During weeks that test-
ing for influenza occurred, an average
of 12% of specimens tested positive
for influenza. Influenza A(HIN1),
A(H3N2), and B viruses, respectively,
comprised 15%, 60%, and 25% of the
positive influenza isolates. From the
1990-1991 through 1997-1998 sea-
son, the annual mean number of speci-
mens tested for RSV was 107 711
(range, 67 374-133 648) with an aver-
age of 17 220 specimens (16%) testing
positive each season for RSV.

Annual US Deaths

by Underlying Diagnosis

From the 1976-1977 through 1998-
1999 seasons, there was an annual mean
of 69 140 (range, 47 133-90895) un-
derlying pneumonia and influenza
deaths, 1135 724 (range, 1 069 560-
1203 728) underlying respiratory and
circulatory deaths, and 2 126 740 (range,
1879 039-2407 494) all-cause deaths.
The numbers of deaths in each of these
categories increased linearly during this
period. From the 1976-1977 through
1997-1998 seasons, underlying pneu-
monia and influenza deaths increased by
83%, substantially more than underly-
ing respiratory and circulatory deaths or
all-cause deaths (11% and 28%, respec-
tively). From the 1990-1991 through
1998-1999 seasons, there was an an-
nual mean of 82239 (range, 74 872-
90895) underlying pneumonia and
influenza deaths, 1158 964 (range,
1098 086-1203728) underlying
respiratory and circulatory deaths, and
2277268 (range, 2 135 976-2 407 494)
all-cause deaths.

Annual Influenza-Associated
Deaths From the 1976-1977
Through 1998-1999 Seasons

Using the Influenza Model

The mean annual estimates of under-
lying pneumonia and influenza deaths,
underlying respiratory and circula-
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tory deaths, and all-cause deaths asso-
ciated with influenza were 5977,
25420, and 34470 (TABLE 2). Each of
these 3 estimates increased signifi-
cantly during the study period (P<<.001
for trend for all 3 death categories).

Annual Influenza- and
RSV-Associated Deaths From the
1990-1991 Through 1998-1999
Seasons Using the Influenza

and RSV Model

For underlying pneumonia and influ-
enza deaths, we estimated an annual
mean of 8097 (SD, 3084; range, 3515-
13 033) influenza-associated deaths,
representing 9.8% (8097/82239) of
these deaths (TABLE 3). Influenza
A(HIN1), A(H3N2), and B viruses were
associated with annual means of 381
(SD, 617, range, 0-1742), 6613 (SD,
3928; range, 944-12941), and 1103

(SD, 1030; range, 53-2619) deaths, re-
spectively. Respiratory syncytial virus
was associated with an annual mean of
2707 (SD, 196; range 2336-2880)
deaths or 3.3% (2707/82 239) of all such
deaths. The year-to-year variation in in-
fluenza-associated deaths was higher
than the year-to-year variation in RSV-
associated deaths.

For underlying respiratory and cir-
culatory deaths, we estimated an an-
nual mean of 36 155 (SD, 11 055; range,
17 056-51296) influenza-associated
deaths, representing 3.1% (36 155/
1158964) of these deaths. Influenza
A(HIN1), A(H3N2), and B viruses were
associated with annual means of 1960
(SD, 3372; range, 0-10080), 28940
(SD, 14 848; range, 4435-50 855), and
5255 (SD, 4513; range, 253-12 067)
deaths, respectively. Respiratory syn-
cytial virus was associated with an an-

]
Table 2. Estimated Annual Influenza-Associated Deaths for the 1976-1977 Through
1998-1999 Seasons Using the Influenza Model

No. of Deaths
I 1

Predominant Underlying Underlying
Influenza Type Pneumonia Respiratory
Season and Subtype and Influenza and Circulatory All-Cause
1976-1977 B/A(H3N2) 2265 13294 16263
1977-1978 AH3N2)/AHINT) 4449 26829 32172
1978-1979 AHTNT) 1008 4692 7608
1979-1980 B 2359 10605 13832
1980-1981 AH3N2)/AHINT) 4068 22338 27729
1981-1982 B-A(H1N1) 1260 5524 7612
1982-1983 A(H3N2) 5743 29106 36701
1983-1984 AHIN1)/B 3437 14051 19923
1984-1985 A(H3N2) 8644 40457 50789
1985-1986 B/A(H3N2) 4649 18923 24994
1986-1987 AHTNT) 1257 4650 8144
1987-1988 A(H3N2) 5307 23376 30755
1988-1989 B/AH1N1) 5149 18115 26408
1989-1990 A(H3N2) 8254 34602 45493
1990-1991 B 4448 16036 22732
1991-1992 AH3N2)/AHTNT) 9449 37159 50563
1992-1993 B/A(H3N2) 7366 26816 37729
1993-1994 A(H3N2) 9717 37367 50729
1994-1995 AH3N2)/B 7791 29476 40950
1995-1996 AHTNT)/AH3N2) 6560 24562 36280
1996-1997 A(H3N2)/B 13674 48726 68328
1997-1998 A(H3N2) 14628 52148 72399
1998-1999* A(H3N2)/B NA 45817 64684
Mean (SD) 5977 (3727) 25420 (13898) 34470 (18988)

Abbreviation: NA, not applicable.
*Pneumonia and influenza estimates are based on the 1976-1977 through 1997-1998 seasons.

182 JAMA, January 8, 2003—Vol 289, No. 2 (Reprinted)

nual mean of 11321 (SD, 668; range,
10047-12385) deaths or 1.0% (11 321/
1158964) of all such deaths.

For all-cause deaths, we estimated an
annual mean of 51203 (SD, 15081;
range, 25570-71416) influenza-
associated deaths, representing 2.2%
(51203/2277 268) of these deaths. In-
fluenza A(HIN1), A(H3N2), and B vi-
ruses were associated with annual means
of 2836 (SD, 4909; range, 0-14 727),
40017 (SD, 20656; range, 6033-
70701), and 8349 (SD, 7105; range,
404-19 030) deaths, respectively. Res-
piratory syncytial virus was associated
with an annual mean of 17358 (SD,
1086; range, 15 464-19 262) deaths or
0.8% (17 358/2277 268) of all such
deaths. Influenza-associated deaths again
showed higher year-to-year variability
than did RSV-associated deaths.

Age-Specific Annual Influenza-
and RSV-Associated Deaths
From the 1990-1991 Through
1998-1999 Seasons Using

the Influenza and RSV Model

In children younger than 1 year, RSV was
associated with annual means of 124 un-
derlying pneumonia and influenza
deaths, 211 underlying respiratory and
circulatory deaths, and 214 all-cause
deaths (TABLE 4). In this age group, in-
fluenza viruses were associated with an-
nual means of 13 underlying pneumo-
nia and influenza deaths, 26 underlying
respiratory and circulatory deaths, and
88 all-cause deaths. There were more in-
fluenza-associated deaths relative to RSV-
associated deaths among children aged
1 to 4 years for all 3 death categories.
Among underlying pneumonia and
influenza deaths, 90% (7326/8097) of
influenza-associated deaths and 88%
(2388/2707) of RSV-associated deaths
occurred among persons aged 65 years
or older. For underlying respiratory
and circulatory deaths, 90% (32 651/
36 155) of influenza-associated deaths
and 78% (8811/11321) of RSV-
associated deaths occurred among
persons aged 65 years or older. For
all-cause deaths, 43979 and 9812 all-
cause deaths were attributable to in-
fluenza and RSV, respectively.

©2003 American Medical Association. All rights reserved.
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Age-Specific Mortality Rates
Annual mean influenza-associated mor-
tality rates for underlying pneumonia
and influenza deaths, underlying res-
piratory and circulatory deaths, and all-
cause deaths were 3.1, 13.8, and 19.6
per 100000 person-years, respec-
tively (TABLE 5). Similarly, annual mean
RSV-associated mortality rates for these
death categories were 1.0, 4.3, and 6.6
per 100000 person-years, respec-
tively. The relative risks (RRs) and 95%
confidence intervals (ClIs) comparing
influenza mortality rates with RSV mor-
tality rates for the 3 death categories
were 3.0 (95% CI, 2.9-3.1), 3.2 (95%
CI, 3.1-3.3), and 2.9 (95% CI, 2.9-
3.0), respectively.

Annual mean influenza-associated
mortality rates for underlying pneu-
monia and influenza deaths in per-
sons younger than 1 year, 1 to 4 years,
5 to 49 years, 50 to 64 years, and 65
years or older were 0.3, 0.2, 0.2, 1.3,
and 22.1 deaths per 100000 person-
years, respectively. The RSV-associ-
ated mortality rates for underlying
pneumonia and influenza deaths in per-
sons younger than 1 year, 1 to 4 years,
5 to 49 years, 50 to 64 years, and 65
years or older were 3.1, 0.1, <0.1, 0.5,
and 7.2 deaths per 100 000 person-
years, respectively. For children
younger than 1 year, the RR for RSV vs
influenza mortality rates was 9.5 (95%
CI, 5.4-16.9) for underlying pneumo-
nia and influenza deaths and 8.1 (95%
ClI, 5.4-12.2) for underlying respira-
tory and circulatory deaths. For all-
cause deaths, the RR among this age
group was substantially lower (RR, 2.4;
95% CI, 1.9-3.1).

Age-Specific Mortality Rates
Among Persons 65 Years or Older
Periseason influenza rate-difference
models’ were fit to the 1976-1977
through the 1998-1999 seasons and re-
vealed substantial differences in rela-
tive influenza-attributable mortality
rates among elderly persons. Persons
aged 85 years or older were 32 times
more likely to die of an influenza-
associated underlying pneumonia and
influenza death compared with per-

©2003 American Medical Association. All rights reserved.

MORTALITY ASSOCIATED WITH INFLUENZA AND RSV

sons aged 65 to 69 years (RR, 32.1;95%
CI, 31.3-32.9). Persons aged 85 years
or older were 16 times more likely to
die of an influenza-associated all-
cause death compared with persons
aged 65 to 69 years (RR, 14.8;95% CI,
14.6-14.9). However, there were no sta-
tistically significant increases in any of
the 5-year age-specific mortality rates
from the 1976-1977 through the 1998-
1999 seasons (P>.05 for all).

The number of persons aged 65 years
or older increased substantially be-
tween the 1976-1977 and 1998-1999

seasons.”” During the 1990s, the growth
rate for the number of persons aged 50
to 64 years also increased substan-
tially relative to the period from 1976
through 1990.%

COMMENT

Morbidity and mortality associated with
seasonal epidemics of influenza in the
United States have provided the impe-
tus for public health policies and strat-
egies to control influenza infections,
particularly among specific target
groups.® Mortality associated with in-

]
Table 3. Estimated Annual Influenza- and Respiratory Syncytial Virus-Associated Deaths for
the 1990-1991 Through 1998-1999 Seasons Using the Influenza and RSV Model

No. of Influenza Deaths

I ] No. of Total
Season A(H1N1) A(H3N2) B Total RSV Deaths
Underlying Pneumonia and Influenza Deaths
1990-1991 226 944 2345 3515 2472
1991-1992 845 7904 73 8822 2858
1992-1993 142 3227 2619 5988 2336
1993-1994 20 8530 53 8603 2820
1994-1995 65 5710 995 6770 2781
1995-1996 1742 3816 964 6522 2880
1996-1997 0 9831 1691 11522 2729
1997-1998 10 12941 82 13033 2778
1998-1999* NA NA NA NA NA
Mean (SD) 381 (617) 6613 (3928) 1103 (1030) 8097 (3084) 2707 (196)
Underlying Respiratory and Circulatory Deaths
1990-1991 1386 4435 11235 17056 11156
1991-1992 4594 33927 357 38878 11795
1992-1993 822 14465 12067 27354 10047
1993-1994 118 35763 253 36134 11479
1994-1995 389 24475 4473 29337 11797
1995-1996 10080 16895 4639 31614 12385
1996-1997 0 40131 7803 47934 11105
1997-1998 47 50855 394 51296 10806
1998-1999 203 39514 6076 45793 11322
Mean (SD) 1960 (3372) 28940 (14 848) 5255 (4513) 36155 (11 055) 11321 (668)
All-Cause Deaths

1990-1991 1988 6033 17549 25570 16947
1991-1992 6518 45928 566 53012 17825
1992-1993 1190 19892 19030 40112 15464
1993-1994 173 48923 404 49500 17581
1994-1995 572 33767 7129 41468 18312
1995-1996 14727 23605 7509 45841 19262
1996-1997 0 55937 12609 68546 17100
1997-1998 66 70701 649 71416 16461
1998-1999 293 55367 9698 65358 17273
Mean (SD) 2836 (4909) 40017 (20656) 8349 (7105) 51203 (15081) 17358 (1086)

Abbreviations: NA, not applicable; RSV, respiratory syncytial virus.
*Pneumonia and influenza estimates are based on the 1990-1991 through 1997-1998 seasons.
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]
Table 4. Estimated Annual Age-Specific Influenza- and Respiratory Syncytial
Virus—Associated Deaths for the 1990-1991 Through 1998-1999 Seasons

No. of Influenza Deaths

Age I | No. of Total
Group, y A(H1N1) A(H3N2) B Total RSV Deaths
Underlying Pneumonia and Influenza Deaths*
<1 1 12 0 13 124
1-4 7 11 7 25 13
5-49 39 178 55 272 0
50-64 37 322 102 461 182
=65 298 6089 939 7326 2388
Total 382 6612 1103 8097 2707
Underlying Respiratory and Circulatory Deaths
<1 4 15 7 26 211
1-4 7 42 17 66 24
5-49 168 484 137 789 641
50-64 196 2121 306 2623 1634
=65 1585 26278 4788 32651 8811
Total 1960 28940 5255 36155 11321
All-Cause Deaths
<1 0 3 85 88 214
1-4 34 108 38 175 132
5-49 501 1685 383 2569 4464
50-64 348 3360 684 4392 2736
=65 1954 34 866 7159 43979 9812
Total 2837 40017 8349 51203 17 358

Abbreviation: RSV, respiratory syncytial virus.

*Pneumonia and influenza estimates are based on the 1990-1991 through 1997-1998 seasons.

]
Table 5. Estimated Annual Influenza- and
Respiratory Syncytial Virus—Associated
Mortality Rates per 100 000 Person-Years for
the 1990-1991 Through 1998-1999 Seasons

Mortality Rate
per 100 000 Person-Years

Age [ ]
Group, y Influenza RSV
Underlying Pneumonia
and Influenza Deaths™
<1 0.3 3.1
1-4 0.2 0.1
5-49 0.2 <.01
50-64 1.3 0.5
=65 221 7.2
Total 3.1 1.0
Underlying Respiratory
and Circulatory Deaths
<1 0.6 5.3
1-4 0.4 0.2
5-49 0.5 0.4
50-64 7.5 4.7
=65 98.3 26.5
Total 13.8 4.3
All-Cause Deaths
<1 2.2 5.4
1-4 1.1 0.9
5-49 1.5 2.6
50-64 12.5 7.8
=65 132.5 29.6
Total 19.6 6.6

Abbreviation: RSV, respiratory syncytial virus.
*Pneumonia and influenza estimates are based on the
1990-1991 through 1997-1998 seasons.
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fluenza can vary dramatically by sea-
son and models developed to assess in-
fluenza-associated mortality date back
to 1847.%8 These approaches have been
feasible because well-defined peaks in
deaths occur in association with influ-
enza outbreaks in temperate coun-
tries. In the recent past, the CDC has
used a linear regression model, ap-
plied to either complete national mor-
tality data or more immediately avail-
able mortality surveillance data from
122 cities, to estimate annual deaths as-
sociated with influenza."? The influ-
enza and RSV model presented in this
study will be used to provide future es-
timates of influenza-associated mortal-
ity in the United States, because the
model permits estimates of influenza
subtype-specific mortality and also si-
multaneously estimates RSV-associ-
ated mortality.

Our results indicate that US influenza-
associated deaths have increased sub-
stantially from the 1976-1977 through
1998-1999 seasons. We believe thisis ex-
plained in part by the aging of the US
population. Between 1976 and 1999, the

number of persons aged 85 years or older
doubled in the United States.”® We found
that persons in this age group were 16
times more likely to die of an influenza-
associated all-cause death than persons
aged 65 to 69 years during a period in
which all-cause age-specific death rates
have remained stable. Other studies have
also shown that influenza-attributable
mortality rates increased rapidly with age
among persons aged 65 years or older.?*3
For example, Nordin et al** found that
persons aged 75 years or older were 3 to
9 times more likely to die from influ-
enza infections than persons aged 65 to
74 years. Another important factor con-
tributing to the increase in influenza-
associated deaths during the 1990s was
the predominance of influenza A(H3N2)
viruses, the most virulent of the re-
cently circulating influenza viruses. In-
fluenza A(H3N2) viruses were 1 of the
predominant strains in 8 of 9 seasons we
analyzed during the 1990s.

The influenza and RSV model con-
firmed that influenza A(H3N2) vi-
ruses were associated with the highest
attributable mortality rates, followed
by RSV, influenza B, and influenza
A(HIN1) viruses. The annual effect of
RSV on mortality was relatively stable,
although the numbers of deaths asso-
ciated with influenza viruses varied sub-
stantially, depending on the predomi-
nant circulating virus type or subtype.
In this study, RSV was the most com-
mon viral cause of death in children
younger than 5 years, particularly in
children younger than 1 year. How-
ever, RSV-associated mortality rates
were higher in elderly persons and sub-
stantially more RSV-associated deaths
occurred among elderly persons than
among young children.

Determining the most appropriate
death category for characterizing the
burden of influenza on mortality is dif-
ficult. Pneumonia and influenza deaths
are highly correlated with the circula-
tion of influenza, and these estimates are
useful for monitoring year-to-year trends
and variability in the severity of influ-
enza seasons. However, this death cat-
egory underestimates the total burden
of influenza because many deaths are
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caused by other secondary complica-
tions of influenza (eg, congestive heart
failure).” Traditionally, all-cause deaths
have been used to estimate the total bur-
den of influenza on mortality.!* How-
ever, this death category is also not ideal
because it includes deaths that are not
causally linked with respiratory viral in-
fections. Therefore, we analyzed under-
lying respiratory and circulatory deaths
to provide a more specific estimate of the
total burden of influenza and RSV on
mortality. Our estimate of annual mean
influenza-associated underlying respi-
ratory and circulatory deaths was 36 155
(29% lower than the annual mean all-
cause estimate).

The Poisson regression models
used to estimate influenza- and RSV-
associated deaths were more complex
compared with previous influenza mod-
els, but the models also provided more
specific estimates, including indepen-
dent estimates of deaths associated with
influenza and RSV. The model we used
in this study is capable of incorporat-
ing additional factors that could not be
included in the previous CDC model,
such as temperature, that might inde-
pendently influence winter season mor-
tality. Therefore, we believe this new
model represents a step forward in cur-
rent efforts to better understand the
burden of viral respiratory infections on
mortality.

We applied the new model to age
groups relevant to policy deliberations
by ACIP regarding influenza-vaccina-
tion recommendations for persons
younger than 5 years and persons 50 to
64 years.” Currently, ACIP recom-
mends annual influenza vaccination for
all persons aged 65 years or older. Be-
cause most influenza-associated deaths
occur in persons aged 65 years or older,
understanding age-specific effects within
this age group is also of considerable in-
terest. As a first step, we fit simple
periseason rate difference models among
those aged 65 years or older by 5-year
age intervals and demonstrated in-
creases with age in influenza-associated
mortality. Future research will focus at-
tention on ACIP discussions regarding
age-specific vaccination policy.

©2003 American Medical Association. All rights reserved.
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We believe the results of this study
have important policy implications.
Deaths associated with viral respira-
tory infections have increased substan-
tially during the past decade and it ap-
pears that they will continue to increase
as the population continues to age. In-
creased numbers of patients with seri-
ous respiratory infections may further
stress hospital systems that are al-
ready struggling to cope with winter-
time surges in patient visits during in-
fluenza seasons. For example, during
the 1997-1998 season, a severe influ-
enza outbreak in Los Angeles County
resulted in a dramatic increase in hos-
pitalizations and the need to divert pa-
tients to other facilities. This problem
may have been less severe if more bed
capacity had been available.*

Vaccinating elderly persons will con-
tinue to be the primary strategy for pre-
venting influenza-associated deaths.
Studies directly comparing outcomes in
vaccinated vs unvaccinated groups have
shown that the currently available tri-
valent inactivated influenza vaccine is
approximately 68% effective in pre-
venting deaths from complications of
influenza infections.?*°® However, the
effectiveness of influenza vaccines in
preventing deaths among elderly per-
sons with associated chronic condi-
tions is significantly lower,”*> under-
scoring the need for influenza vaccines
that are more immunogenic in elderly
persons.’’2® Recent studies have also
raised the question of whether vacci-
nating young children against influ-
enza may decrease transmission rates
and thus decrease influenza-associ-
ated morbidity and mortality among el-
derly persons,** but the effective-
ness of this approach remains uncertain.

Although the importance of RSV
among young children is well recog-
nized,"™* we found that more than 78%
of RSV-associated underlying respira-
tory and circulatory deaths occured
among persons aged 65 years or older.
This finding highlights the need for an
effective RSV vaccine in both young
children and elderly persons.!2!1843 A
number of candidate RSV vaccines are
being developed including vaccines

based on cold-adapted live attenuated
RSV strains*** and subunit vaccines in-
tended for use in RSV nonnaive popu-
lations.* Effective and safe vaccines for
use among persons aged 65 years or
older are needed to decrease deaths as-
sociated with RSV infection.
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