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OBJECTIVES: To estimate winter viral-related morbidity
and mortality in Tennessee nursing home residents during
4 consecutive years.

DESIGN: A retrospective cohort study.

SETTING: Three hundred eighty-one Tennessee nursing
homes.

PARTICIPANTS: Nursing home residents.

MEASUREMENTS: Viral surveillance data were used to
define three seasons: influenza (influenza and respiratory
syncytial virus (RSV) cocirculating), RSV (RSV alone cir-
culating), and non winter-viral (neither virus circulating).
Adjusted seasonal differences in rates of cardiopulmonary
hospitalizations, antibiotic prescriptions, and deaths dur-
ing these three seasons were calculated to estimate annual
hospitalizations, courses of antibiotics, and deaths attrib-
utable to influenza and RSV from 1995 to 1999.

RESULTS: Nursing home residents had 81,885 person-
years of follow-up. In the 63% of residents with comorbid
conditions that increase influenza morbidity, influenza in-
fection contributed to an estimated average of 28 hospital-
izations, 147 courses of antibiotics, and 15 deaths per
1,000 persons annually. Similarly, RSV accounted for an
annual average of 15 hospitalizations, 76 courses of anti-
biotics, and 17 deaths per 1,000 persons. Influenza and
RSV accounted for 7% of cardiopulmonary hospitaliza-
tions and 9% of total deaths in high-risk residents during
the 4 study years. Absolute morbidity and mortality were
lower in residents without identified comorbid conditions
but accounted for 15% of hospitalizations and 14% of
deaths. These estimates depend on the assumption that
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morbidity and mortality from other respiratory viruses
were distributed evenly between the three defined seasons.
CONCLUSION: Influenza and RSV substantially in-
creased hospitalization rates, antibiotic use, and deaths in
elderly nursing home residents each winter. These data
should encourage persistent efforts toward disease preven-
tion, and thoughtful study of vaccine development and de-
livery, diagnostic tools, and methods of prophylaxis and
therapy. J] Am Geriatr Soc 51:761-767, 2003.
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O utbreaks of influenza and respiratory syncytial virus
(RSV)-associated illness are common in nursing
home settings.'® In temperate climates like the United
States, these two viruses are usually confined to winter and
typically cause seasonal outbreaks of respiratory illness.*!!
Nursing home residents are confined in close contact with
one another and staff, presenting easy opportunity for viral
spread. In addition, the high prevalence of comorbid condi-
tions increases the risk of serious morbidity and mortality
associated with influenza and RSV infections.

The effect of influenza and RSV in the nursing home
population is incompletely described despite the fact that in-
stitutional outbreaks of influenza and RSV are well docu-
mented. Winter outbreaks result in attack rates of 10% to
40% for both viruses, RSV case-fatality rates of 2% to 20%,
and influenza case-fatality rates of up to 55%.25%1217 One
prospective study in a single nursing home over the 1989-90
winter season identified RSV as the most common viral cause
of acute respiratory illness in residents. It was documented in
27% of respiratory illnesses and was more common than in-
fluenza.'$ To date, studies of nursing home patients have in-
cluded only a small number of homes, usually over fewer
than three winter seasons. Thus, such information about the
effects of influenza and RSV may not be typical of morbidity
in most nursing home residents during most years.

This study describes the first population-based study of
the effect of influenza and RSV specifically in the nursing
home population. A retrospective cohort study of all per-
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sons residing in Tennessee nursing homes enrolled in the
Tennessee Medicaid program was performed to determine
rates of cardiopulmonary hospitalizations, antibiotic use,
and deaths during 4 consecutive years, August 1995
through July 1999. The rates of these events due to influ-
enza and RSV were estimated using active viral surveil-
lance to determine times these viruses were circulating in
Tennessee. Tennessee Medicaid is a joint federal-state pro-
gram that insures approximately 80% of persons residing
in the 381 nursing homes in the state. Computerized medi-
cal data on this large population allowed quantifying the
morbidity and mortality associated with influenza and
RSV in the statewide nursing home population.

METHODS
Sources of Data

Linked Tennessee Medicaid files were used to define the
cohort and identify outcomes of interest as previously de-
scribed.? The enrollment file included age, sex, race, dates
of enrollment, and date of death. The nursing home file in-
cluded name and location of nursing home, defined as ur-
ban (Tennessee’s four largest cities), other standard metro-
politan statistical areas (SMSA), or rural (non-SMSA), and
dates of nursing home use. Pharmacy files provided
records of all filled prescriptions. Inpatient files provided
dates of all hospitalizations and International Classifica-
tion of Diseases, Ninth Edition with Clinical Modifi-
cations (ICD-9-CM)-coded discharge diagnoses.

Study Population

The study population included all persons enrolled in the
Tennessee Medicaid program for at least 1 year from Au-
gust 1, 1994, through July 31, 1999, who were nursing
home residents. Persons younger than 65 were excluded
because this population was small (16% of eligible person-
time) and demographically different (54% male, 39% in
mental health facilities, 65% with no comorbid condition)
from older residents. Persons entered the study on the first
day after August 1, 1995, on which they were enrolled in
Medicaid for at least 1 year and a nursing home resident.
Persons were followed until loss of enrollment, movement
out of the nursing home, or death or until July 31, 1999.

Viral Surveillance

The exposure, or season of viral activity, was defined
based on active viral surveillance in middle Tennessee.
Two sources of viral surveillance were used: all positive
antigen tests and cultures for influenza, RSV, or parainflu-
enza viruses from the Vanderbilt University Hospital labo-
ratory were identified, and a cohort of about 150 children,
aged 5 and younger, were followed annually in the Vander-
bilt Vaccine Clinic and cultured for these three viruses
whenever they developed fever or respiratory symptoms.
This hospital serves as a referral hospital for middle Ten-
nessee for adults and children. By protocol, all children
hospitalized for respiratory symptoms are cultured for
RSV; cultures for other viruses are not consistently col-
lected. Thus these data may not accurately reflect the ac-
tual level of individual viral activity.

Influenza season began the first day of 2 consecutive
weeks with at least two influenza isolates per week and

ended the last day of the 2 consecutive weeks with at least
two influenza isolates per week. RSV season was similarly
defined but excluded those dates classified as influenza
season. In each of the 4 years, the dates of influenza season
were completely encompassed by RSV season. Thus, all
person time and events in the study occurred in one of
three exposure periods: RSV season, when only RSV was
circulating; influenza season, when both influenza and
RSV were circulating; and non-winter-viral season, when
neither RSV nor influenza was circulating.

Risk Groups

All person-time and events after a medical encounter with
diagnostic or procedure codes or filled prescriptions indi-
cating selected comorbid conditions were classified as high
risk, including (1) asthma or chronic lung disease (ICD-9-
CM codes 277.0, 770.7, 491-496) or prescriptions filled
for B-agonists, theophylline, inhaled corticosteroids, ipratro-
pium, cromolyn sodium, or leukotriene inhibitors; (2) dia-
betes mellitus (ICD-9-CM codes 250) or prescriptions
filled for insulin or oral hypoglycemic agents; (3) chronic
heart disease (ICD-9-CM codes 393-398, 402-404, 410-
414, 415-417, 425, 428, 429, 745-747, except 747.5—
747.9); (4) cancer/immunosuppressed (ICD-9-CM codes
140-208.9, except 173) or prescriptions filled for chemo-
therapeutic agents or 60 days of oral corticosteroids; (5)
chronic renal or liver disease (ICD-9-CM codes 581-583,
585,587,571, 303 or dialysis procedure codes); and (6) hu-
man immunodeficiency virus (HIV) infection (ICD-9-CM
code 042) or prescriptions filled for HIV medications. These
comorbid conditions were chosen based on the current
recommendations for influenza immunization. All other
person-time and events were classified as not high risk.

Study Outcomes

Study outcomes were cardiopulmonary hospitalizations
(ICD-9-CM-coded discharge diagnoses of pneumonia (480-
486), influenza (487), acute respiratory conditions (460—
466), other respiratory conditions (490-519), heart failure
or myocarditis (422, 427, 428)); the number of outpatient
antibiotic prescriptions filled; and death. Mortality data
were obtained from linkage of Medicaid files to State of
Tennessee death certificates for those deaths that occurred
between 1995 and 1998. Mortality data for deaths in
1999 were not yet available from Tennessee and thus were
obtained from the Medicaid database. During 3 years,
1995-98, when death certificates were available, Medicaid
files captured 96% of the deaths that were linked to Ten-
nessee death certificates each of the 3 years.

Statistical Analysis

The total person-time and number of hospitalizations due
to cardiopulmonary events were tabulated during influ-
enza, RSV, and nonwinter seasons. All person-time was
grouped into strata based on risk status (no high-risk and
high-risk condition). Within each risk group, rates of car-
diopulmonary hospitalizations were calculated by dividing
the risk-group-specific sum of all hospitalizations due to
cardiopulmonary events by the risk-group-specific total
person-years during influenza, RSV, and non-winter-viral
seasons. These and all other rates were expressed per 1,000
person-years and were adjusted for the proportion of the
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year in each of the three specific seasons. Differences in hos-
pitalization rates during influenza and RSV seasons were
calculated as measures of influenza-attributable risk. Simi-
larly, the RSV-attributable risk was calculated as the differ-
ence between these rates during the RSV and non-winter-
viral seasons. Standardized rate differences were calculated
as the weighted average of the strata-specific differences in
rates. Confidence intervals were computed based on large
sample properties.?? Similar analyses were performed for
antibiotic courses and death rates.

RESULTS
Study Population

Residents in Tennessee’s 381 nursing homes contributed
81,885 person-years of follow-up during the 4 study years.
Twenty-three percent of total person-years occurred dur-
ing influenza seasons when RSV was also circulating, 26 %
occurred during RSV seasons when only RSV was circulat-
ing, and 51% occurred during the remaining non-winter-
viral seasons. Demographic characteristics of residents re-
flected a typical nursing home population; 73% were in
intermediate care facilities, and 48% were in homes in rural
locations (Table 1). The residents were predominantly
women (79%) and white (83%), and 63% had at least one
high-risk condition. There were 402 cardiopulmonary
hospitalizations, 2,416 courses of antibiotics, and 296
deaths per 1,000 person-years.

Table 1. Demographic Characteristics and Healthcare Use
of Medicaid Enrollees Aged 65 and Older in 381 Tennessee
Nursing Homes from 1995 to 1999

Characteristic Outcome
Total person years 88,581
Nursing home characteristics
Percentage distribution of person-time:
Type of facility
Intermediate care facility 73
Skilled nursing facility or general
hospital 26
Mental health nursing facility 1
Facility location
Urban 26
Other standard metropolitan statistical
areas 26
Rural 48
Resident characteristics
Percentage distribution of person-time:
Female 79
Male 21
White 83
Black 17
High risk 63
No high risk 37

Total number of events (events/1,000
person-years)
Cardiopulmonary hospitalizations
Antibiotic courses
Deaths

32,881 (402)
87,585 (2,416)
22,041 (269)

Viral Surveillance

The two viral surveillance systems detected 1,105 RSV
culture or antigen-positive tests and 235 influenza culture
or antigen-positive tests and 77 parainfluenza-positive cul-
tures during the 4 study years. The onset of RSV season
ranged from mid-September to early November and aver-
aged 26 weeks in length. The onset of influenza season
ranged from late November to early January and averaged
12 weeks in length. Influenza A H3N2 viruses circulated
in all 4 years; in addition, influenza A HIN1 virus circu-
lated in the first year, and influenza B viruses were de-
tected in every year except 1997-98. There was a mean of
4.8 positive influenza tests per week during the influenza
season. Only four (<2%) positive tests occurred outside
this time. The average number of positive RSV tests was
slightly higher in influenza season (11.2 per week) than in
RSV season (9.6 per week). There were few positive RSV
tests in non-winter-viral season (0.3 per week).
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Figure 1. Rates of cardiopulmonary hospitalizations (A), anti-
biotic prescriptions (B), and deaths (C) by year, during non-
winter-viral, respiratory syncytial virus (RSV), and influenza
seasons. Panel A shows the number of cardiopulmonary hospi-
talizations per 1,000 person-years. Panel B shows the number
of antibiotic prescriptions per 1,000 person-years. Panel C
shows the number of deaths per 1,000 person-years.
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Table 2. Influenza and Respiratory Syncytial Virus (RSV)-Attributable Cardiopulmonary Hospitalizations (Events) by Risk Group, Tennessee Medicaid Nursing Home

Residents from 1995 to 1999

Percentage of Total
Events Attributable to

Estimated Annual Events Attributable to

Total Rates, Winter Viruses per 1,000 Person-Years*

Rates, Events, and Person-Years

Winter Virusest

Events, and (95% Confidence Interval)

by Season

Person-

RSV  Both

Influenza

Influenza RSV

Years

Non-winter viral

RSV

Influenza

Risk Group

6.9 14.5

7.6

(1.9-10.0)

6.0

6.6 (4.1-9.2)

No high risk

88
2,655
30,497

74
1,121

15,112

87
707
8,075

113

Hospitalizations per 1,000 person-years
Number of hospitalizations

Person-years

High risk

827
7,310

2.5 7.3

4.8

11.4 (3.5-19.3)

28.1 (23.4-32.9)

588
30,226
51,389

545
14,177
26,029

571
7,943
13,901

707
8,106
11,459

Hospitalizations per 1,000 person-years
Number of hospitalizations

Person-years

*Values are weighted averages of annual excess events for a population of 1,000 persons within the specified age and risk group. The influenza excess events were calculated by multiplying the event rate difference between influenza
and RSV by the proportion of overall study days in influenza season. The RSV excess events were calculated by multiplying the event rate difference between RSV and non-winter-viral season by the proportion of overall study days

in RSV or influenza season (RSV circulated during both of these seasons). The weighted average difference in rates between influenza and RSV season and RSV season and non-winter-viral season were calculated with stratum-

specific person-years in all seasons as weights; strata were defined by study year, race, sex, and nursing home location.

T Percentage values are calculated by dividing the annual excess events attributable to influenza or RSV by the age and risk-group specific total event rate.

Seasonal Differences in Cardiopulmonary Hospitalizations
Cardiopulmonary hospitalization rates were consistently
higher in influenza seasons than in non-winter-viral season
and, except for the first year, higher in RSV seasons (Fig-
ure 1A). For the 4 years combined (Table 2), residents
without and with identified high-risk conditions both ex-
perienced similar seasonal increases in hospitalizations,
with the peak during the portion of the year when both in-
fluenza and RSV were present. Influenza was associated
with an estimated seven and 28 cardiopulmonary hospital-
izations per 1,000 person-years in those without and with
high-risk conditions, respectively. RSV was associated
with an annual excess of six and 11 hospitalizations per
1,000 person-years in these two strata. Together, influ-
enza and RSV were responsible for 15% of hospitaliza-
tions in residents with no other defined high-risk condi-
tions and 7% in those in the high-risk group.

Seasonal Differences in Antibiotic Courses

There was a consistent winter excess of antibiotic courses
in both risk groups; the greatest antibiotic prescribing rate
occurred when both influenza and RSV were circulating
(Figure 1B, Table 3). The estimated numbers of excess
antibiotic prescriptions during influenza season were 99
and 147 per 1,000 person-years, for those without and
with high-risk conditions, respectively. RSV season was
associated with an annual excess of 62 and 76 courses of
antibiotics in those without and with high-risk conditions.
In both risk groups, 8% to 9% of all antibiotic courses
were attributable to these two viruses.

Seasonal Differences in Deaths

Seasonal death rates in the influenza and RSV seasons
were consistently higher than death rates in non-winter-
viral seasons and consistently peaked during influenza sea-
sons (Figure 1C). It was estimated that influenza caused
six and 15 deaths per 1,000 residents without and with
high-risk conditions, respectively (Table 4). Estimated
mortality due to RSV was higher, 16 and 17 deaths per
1,000 in those without and with identified high-risk condi-
tions, respectively. In addition, these two winter viruses
accounted for 14% and 9% of all deaths in nursing home
residents in the two risk groups.

DISCUSSION

This is the first population-based study to quantify the
morbidity and mortality associated with influenza virus or
RSV in a statewide nursing home population. Previous
population-based studies did not specifically examine the
nursing home population, and earlier studies based entirely
on nursing homes evaluated only one or a few homes. Mor-
bidity and mortality from influenza and RSV vary from
year to year, from community to community, and from in-
stitution to institution, and an accurate estimate of disease
burden requires temporal, geographic, and institutional
breadth. These data, which included all nursing homes,
more accurately reflect average risk over time; in any given
year, a single nursing home could experience a large out-
break or no illness at all due to either of these viruses.
Cardiopulmonary hospitalizations are high in nursing
home residents. Among the majority of residents who had
at least one high-risk condition, there was one hospitaliza-
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tion per year for every two residents. Although rates of
cardiopulmonary hospitalizations were more than six times
higher in residents with high-risk conditions, the percentage
of hospitalizations attributable to winter viruses was simi-
lar in both risk groups, at 5% to 15%. The absolute hos-
pitalization rates and the approximately equal etiological
contribution of RSV and influenza validate what others
have found in national studies of the general population,
using hospital discharge data, and prospective studies in
single nursing homes or communities.”!71821-2° Recent sur-
veillance data in communities confirm that influenza and
RSV cause substantial morbidity in all age groups, with
the contribution of each varying from year to year.!!

Nursing home residents were prescribed an average of
2.4 antibiotic courses per year. Influenza and RSV are im-
portant contributors to the large number of prescriptions
filled, with the two viruses responsible for more than 8%
of all courses of antibiotics in both risk groups. Perhaps
most remarkably, between 9% and 14% of all deaths in
persons residing in nursing homes were associated with
the circulation of these two viruses. The etiological role of
each virus in these deaths was virtually identical.

Another notable finding in this study was the over-
whelming hospitalization, antibiotic use, and death rates
of persons with chronic medical problems. Others have re-
ported that persons with chronic illnesses are at signifi-
cantly greater risk for influenza infection and its complica-
tions.?%3!  This study substantiates the finding and
demonstrates the increase in hospitalization, antibiotic
use, and death rates in high-risk elderly during RSV season
as well.

Regional viral surveillance was used for the middle
Tennessee region, primarily in children, to define influenza
and RSV seasons for all nursing homes in the state. Thus,
these definitions are only approximate estimates of when
the viruses were circulating in the state, but strong correla-
tions between the timing of national and regional influ-
enza viral activity and morbidity and mortality are well
recognized.!®3% National data indicate that RSV typically
peaks in winter months, with widespread activity for up to
6 months, and that there are distinct regional patterns.?
Thus, use of regional viral surveillance data in a largely pedi-
atric population to define statewide viral activity is reason-
able but likely results in some misclassification of seasons.

It was also assumed that influenza and RSV caused all
excess cardiopulmonary hospitalizations, antibiotic courses,
and deaths occurring during their respective seasons. This
assumption requires that other viruses that cause respira-
tory illnesses, such as parainfluenza, coronavirus, and rhi-
novirus, were evenly divided throughout the three defined
seasons and thus would not contribute to the seasonal dif-
ferences in rates. This assumption is reasonable because
influenza and RSV are the two main respiratory viruses
with strong seasonal variations.” In addition, the surveil-
lance data indicated that parainfluenza was most active in
non-winter-viral months, which would result in an under-
estimation of the “excess” winter events when using
non-winter viral as the baseline. Neither coronavirus nor
rhinovirus was included in the surveillance, and a differen-
tial distribution of these viruses could result in an over- or
underestimation of the effects of influenza and RSV. Other
winter factors, such as cold temperature and increased

time indoors, would presumably not be important because
nursing home residents encounter little seasonal environ-
mental change.

The winter-viral-associated increase in hospitaliza-
tion, antibiotic use, and death rates found in this study are
particularly troublesome in light of the high rate of influ-
enza vaccination in the nursing home population. During
the time period of this study, estimates of influenza vacci-
nation rates in nursing home residents were 64% to
83%.3334 Although continuing to improve vaccination
rates may be helpful, future research efforts should focus
on additional methods of reducing influenza disease such
as increasing staff vaccination rates, improving detection
and treatment of influenza outbreaks, and appropriate use
of prophylactic measures.

In adults, RSV is difficult to diagnose, and treatment
is largely supportive. There is currently no RSV vaccine li-
censed, although several RSV candidate vaccines are in hu-
man trials. Efforts at RSV prevention and detection are
hindered by a low degree of suspicion for this illness in el-
derly adults. This lack of awareness may prove to be the
greatest challenge to decreasing the effect of this illness.

The findings of this study have strong implications for
future research efforts. The data reflect the need for contin-
ued study of influenza vaccine coverage, efficacy, and effec-
tiveness and development and testing of candidate RSV vac-
cines in adults and children. Also, additional studies are
needed to assess the role of education and other methods
of prevention and treatment of illness due to both of these
winter viruses in the nursing home population.
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