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Management of Influenza in Adults Older than 65 Years of Age:
Cost-Effectiveness of Rapid Testing and Antiviral Therapy

Michael B. Rothberg, MD, MPH; Sandra Bellantonio, MD; and David N. Rose, MD

Background: Although antiviral therapy is cost-effective in
adults, its cost-effectiveness in older adults has not been studied.

Objective: To determine the cost-effectiveness of influenza test-
ing and treatment strategies for older adults.

Design: Cost-utility decision model.

Data Sources: Clinical trials of antiviral drugs and epidemiologic
data.

Target Population: Noninstitutionalized adults older than 65
years of age with influenza-like illness.

Time Horizon: Lifetime.
Perspective: Societal.

Interventions: Rapid diagnostic testing or empirical therapy
with antiviral drugs.

Outcome Measures: Cost per quality-adjusted life-year (QALY)
saved.

Results of Base-Case Analysis: Compared with no interven-
tion, empirically treating an unvaccinated 75-year-old patient with
amantadine increased life expectancy by 0.0014 QALY at a cost of

$1.57, a cost-effectiveness ratio of $1129 per QALY saved. Com-
pared with amantadine, rapid diagnostic testing followed by treat-
ment with oseltamivir cost $5025 per QALY saved and empirical
treatment with oseltamivir cost $10 296 per QALY saved. Testing
and treatment strategies were less cost-effective if the patient was
vaccinated, ranging from $2483 per QALY saved with amantadine
to $70 300 per QALY saved with oseltamivir.

Results of Sensitivity Analysis: The decision was sensitive to
the probability of influenza, the efficacy of oseltamivir in prevent-
ing hospitalizations, and hospitalization and case-fatality rates.
The decision was not sensitive to the probability or severity of
medication side effects, the quality of life for influenza illness or
hospitalization, the efficacy of antiviral therapy in shortening in-
fluenza illness, or the rapid diagnostic test characteristics.

Conclusions: For unvaccinated or high-risk vaccinated patients
during the influenza season, empirical oseltamivir treatment is
cost-effective. For other patients, rapid diagnostic testing followed
by treatment with oseltamivir is cost-effective. Empirical amanta-
dine treatment offers a low-cost alternative if patients cannot
afford oseltamivir.
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Inﬂuenza virus infection occurs in yearly epidemics, caus-
ing an estimated 20 000 deaths and more than 100 000
hospitalizations annually in the United States; a dispropor-
tionate number of deaths and hospitalizations occur among
older adults (1, 2). Because annual influenza vaccination is
both effective and inexpensive, it has been recommended
for all persons older than 50 years of age (1). Antiviral
drugs for influenza infection have been available for more
than 35 years (3), but their use in older adults has been
primarily reserved for prophylaxis in nonvaccinated per-
sons during influenza outbreaks.

Two classes of antiviral drugs are available for treating
influenza illness. The older drugs, amantadine and riman-
tadine, decrease the duration of illness in healthy individ-
uals by approximately 1 day (3). Although amantadine
costs only $2 for a 5-day course, its use has been limited by
a lack of efficacy against influenza type B; frequent side
effects, especially in older adults; and the rapid develop-
ment of viral resistance (4). The recently released neur-
aminidase inhibitors, zanamivir and oseltamivir, are effec-
tive against both influenza types and reduce the duration of
influenza symptoms in average-risk patients by approxi-
mately 1 day (5-10) and in high-risk and older patients by
2.5 days (10, 11). In addition, both drugs reduce the inci-
dence of complications requiring antibiotics (7, 10, 12)
and may prevent hospitalization (13). Side effects and the
emergence of drug resistance are uncommon (14). How-

ever, these newer agents are expensive, ranging from $48 to
$60 for 5 days of therapy.

To be effective, therapy with all antiviral drugs must
be started within 48 hours of the development of symp-
toms. While the drugs are effective only against influenza,
treating physicians must keep in mind that most influenza-
like illness is caused by respiratory viruses other than influ-
enza. Moreover, the probability of influenza infection var-
ies by season, location, and the patient’s vaccination status.
Although rapid office tests are now available, they are less
accurate than traditional viral culture and add to the cost
of diagnosis.

Antiviral therapy has been shown to be cost-effective
in younger adults by decreasing work loss due to influenza
illness (15). The cost-effectiveness in older adults, however,
is more dependent on decreasing morbidity and mortality.
Because no randomized trial has been large enough to es-
timate the true effect of antiviral therapy on hospitaliza-
tions, we constructed a computer model to compare the
cost-effectiveness of various testing and treatment strategies
for older adults under various assumptions about the effect
of antiviral therapy.

METHODS
Decision Analytic Model

We constructed a decision tree (Figure 1) by using
Decision Maker 7.07 (Pratt Medical Group, Boston, Mas-
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Context

Drugs to treat influenza are cost-effective in adults
younger than 65 years of age, but the cost-effectiveness
of these drugs for people older than 65 years is unknown.

Contribution

For unvaccinated persons older than 65 years of age with
influenza-like illness, empirical treatment with amantadine
cost $1129 per quality-adjusted life-year (QALY), treat-
ment with oseltamivir after rapid diagnostic testing cost
$5025 per QALY, and empirical treatment with oseltamivir
cost $10 296 per QALY. The cost-effectiveness of all strat-
egies was less favorable for vaccinated patients but was
always $70 300 or less per QALY.

Implications

Antiviral drugs are cost-effective for patients older than 65
years of age who develop influenza-like illness. Physicians
should choose amantadine or oseltamivir, empirically or
after rapid diagnostic testing, after considering patients'
vaccination status, comorbidity level, and ability to pay for
the drugs.

—The Editors

sachusetts) to compare 9 strategies: 1) no antiviral therapy;
2-5) empirical treatment with amantadine, rimantadine,
oseltamivir, or zanamivir; and 6-9) rapid diagnostic test-
ing followed by treatment with each of the 4 antiviral

drugs. We assumed that therapy with all drugs would be
initiated within 48 hours of symptom onset and continued
for 5 days at doses recommended by the manufacturers.

The model considers prevalence of influenza for non-
institutionalized older adults presenting with influenza-like
illness (defined as acute onset of fever and cough during
influenza season); sensitivity and specificity of rapid diag-
nostic testing; and the following adverse events: antiviral
side effects, influenza complications requiring antibiotics,
emergency department visits, hospitalizations, and death.
Influenza infection is divided into types A and B, which we
assumed to be equally severe. We assumed that only neur-
aminidase inhibitors would be effective against influenza B.
Outcomes were quality-adjusted life-years (QALYs), costs,
and cost per QALY saved.

Data and Assumptions
Table 1 lists baseline values for all variables.

Probability of Influenza and Complications

Our base-case patient presents during influenza sea-
son, at which time patients with influenza-like illness have
a 35% likelihood of having influenza on the basis of diag-
nosis by a primary care physician (17). We tested other
scenarios in the sensitivity analysis. When influenza is
known to be circulating regionally, the probability of in-
fluenza increases to 70% to 87% (16, 18, 19). During the
peri-influenza season (typically October, November,
March, and April), the probability decreases to 10% or less
(22). For vaccinated patients, who are less likely to have

Figure 1. Decision model treating influenza-like illness in older adults.
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Table 1. Baseline Values for the Decision Model and Ranges Used in Sensitivity Analysis*

Variable

Influenza
Influenza in patient presenting with acute onset fever and cough
Influenza B, given influenza
Death from influenza if hospitalized
Complication requiring antibiotics
Hospitalization
Low riskt
Intermediate riskt
High riskt
Length of influenza illness, d
Length of hospitalization, d
Ratio of emergency department visits to hospitalizations
Rapid influenza test characteristics
Sensitivity
Specificity
Antiviral drugs
Shortens illness duration, h
Amantadine
Rimantadine
Oseltamivir
Zanamivir
Probability of side effects
Amantadine
Rimantadine
Oseltamivir
Zanamivir
Efficacy against complications requiring antibiotics
Amantadine
Rimantadine
Oseltamivir
Zanamivir
Using zanamivir Diskhaler correctly
Vaccine efficacy
vs. influenza
vs. complications requiring antibiotics
vs. hospitalization
vs. death
Utility+
Influenza
Hospitalization
Side effects
Costs, $
Drugs, full treatment course
Amantadine
Rimantadine
Oseltamivir
Zanamivir
Azithromycin
Amoxicillin
Rapid diagnostic test (QuickVue§)
Moderate-complexity office visit
Emergency department visit
Hospitalization

Value at Baseline Sensitivity Range Reference
0.35 0.05 to 0.87 7,16-21
0.11 0 to 0.80 22
0.10 0.05t0 0.15 2,23
0.27 0.10 to 0.34 10, 11, 21

24
0.044
0.098
0.235
7.5 10, 11
5.4 4.0t07.0 25
1.74 25
0.73 0.67 t0 0.81 Manufacturer's insert
0.96 0.93 to0 0.99 Manufacturer's insert
60 24 t0 72 26
60 24 t0 72 Assumed
60 24 t0 72 Assumed
60 24 t0 72 10, 11
0.19 0to 0.49 27
0.02 0t00.12 27
0.10 0.075 to 0.11 5,7, 20,28
0 0to 0.10 6, 10, 29
0 0to 0.45 No data
0 0to 0.45 No data
0.33 0to 0.45 7,20
0.52 0.01 to 0.67 10, 11
0.5 Oto1 30
0.58 0.30 to 0.70 31, 32
0.32 0.29 t0 0.40 Estimate
0.32 0.29 to 0.40 24
0.50 0.44 to 0.56 24
—0.883 —-1.0to 0 33
—0.983 —1.0to 0 Estimate
—0.23 —1.0to 0 Estimate
1.57 34
20.40 34
59.54 34
48.02 34
41.84 34
5.10 34
18 5to 25 List price
46 35
214 25
4082 25

* All values represent probabilities unless otherwise specified.

T High-risk patients have a baseline diagnosis of heart or lung disease; intermediate-risk patients have a baseline diagnosis of diabetes, renal disease, rheumatologic disease,
or dementia or stroke, without underlying heart or lung disease; and low-risk patients have none of these diagnoses.
¥ Negative numbers denote a reduction in quality of life for each day in that health state on a scale of 0, representing no quality reduction, to —1.0, for complete loss of

quality.
§ Quidel Corp., San Diego, California.

influenza infection, we decreased the positive predictive
value of influenza symptoms by using the formula Pv =
Po X (1 — e)/(1 — Po X ¢), where Pv is the positive pre-
dictive value in vaccinated patients, Po is the positive pre-
dictive value in unvaccinated patients, and ¢ is the efficacy
of the vaccine.

The proportion of influenza infections caused by in-
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fluenza B viruses varies from year to year and throughout
the influenza season. In 2001-2002, our base season, ap-
proximately 11% of influenza specimens were type B, but
in some weeks, influenza B accounted for more than 80%
of influenza isolates (22).

In studies of high-risk patients, defined as having base-
line heart or lung disease, approximately one quarter de-
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velop complications that require antibiotics (10, 11, 21).
Hospitalization occurs in 4.4% of cases in healthy older
adults (24); among high-risk older adults, the rate may be
5 times higher (24). Nonhospitalized patients often are
confined to bed, and nearly three quarters have impair-
ments in activities of daily living (21).

Vaccination

Vaccination decreases both the probability of contract-
ing influenza and the severity of illness. Efficacy varies from
year to year and depends on the degree of match between
the vaccine and circulating strains of virus. The vaccine has
been shown to decrease hospitalization by one third and
mortality by half in high-, medium- and low-risk patients
(24). As a result, vaccinated patients have less to gain from
antiviral therapy. For this reason, we analyzed vaccinated
and unvaccinated patients separately.

Testing and Treatment

We modeled the rapid test Quickvue (Quidel Corp.,
San Diego, California) because it secems to be the easiest
and fastest to use (36). The manufacturer provided test
characteristics. We assumed specimens would be collected
by using nasal or nasopharyngeal swabs.

Treatment data on older adults are limited. All anti-
influenza drugs shorten the duration of influenza illness in
healthy volunteers, and zanamivir and oseltamivir decrease
the incidence of complications requiring antibiotics (7, 10,
12). Zanamivir was even more effective in high-risk pa-
tients (11). No randomized trial was sufficiently powered
to detect a difference in hospitalizations or mortality. One
observational study showed a statistically significant de-
crease in mortality (0% versus 12.9%) among nursing
home patients treated with amantadine compared with no
therapy (26), and another study showed a statistically sig-
nificant decrease in serious complications, hospitalizations,
and deaths among nursing home patients receiving oselta-
mivir compared with no therapy (13). From this, we de-
duced that antiviral therapy may prevent hospitalization.
Extrapolating from the randomized trials, we estimated
that oseltamivir would prevent 33% of hospitalizations,
which is proportional to its effect on complications requir-
ing antibiotics. Given the lack of trial data, we assumed
that amantadine and rimantadine would not prevent hos-
pitalization or death.

All drugs are available in oral forms except zanamivir,
which comes as a Diskhaler. Loading and administering
the medication require several steps. One study reported
that after 15 minutes of instruction, 50% of older adult
patients could not successfully load the device (30). We
tested this assumption in the sensitivity analysis.

Probability of Side Effects
Potential side effects of amantadine in older adults
include mental status change, orthostatic hypotension, gas-
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trointestinal disturbances, and congestive heart failure.
Doses need to be adjusted for renal insufficiency. Riman-
tidine, which is metabolized in the liver, causes fewer cen-
tral nervous system side effects than amantadine (27, 37).
Oseltamivir can cause nausea and vomiting (7). Zanamivir
has not been associated with adverse events during clinical
trials (6, 10, 29), but it is not recommended for patients
with underlying airway disease (38). Because no treatment
trials have been conducted in older adults, we modeled side
effects from studies of nursing home prophylaxis (27). We
estimated that adverse effects would last for 2 days on av-
erage and that half of all patients experiencing side effects
would stop treatment without therapeutic benefit.

Utilities and Costs

We made quality-of-life adjustments for influenza ill-
ness on the basis of data collected from elderly patients by
using the EuroQOL instrument (33). Short-term morbid-
ity is expressed on a scale from 0, indicating no effect on
quality of life, to —1, indicating a complete loss of quality
for each day of illness. In the sensitivity analysis, we tested
the full range for each possible health state.

We used a societal perspective in keeping with the
recommendations of the Panel on Cost-Effectiveness in
Health and Medicine (39). Thus, we considered direct
medical costs, including physician office visits, diagnostic
tests, medications, and hospitalizations. We assumed that
patients would not be employed, and thus, we did not
include lost wages. Physician fees were based on a moder-
ate-complexity office visit for an established patient (35).
We used the retail price provided from the manufacturer
for the rapid diagnostic test. Medication costs were average
wholesale prices. Hospitalization costs were based on geri-
atric patients hospitalized for influenza at 75 hospitals (25).
All costs were updated to 2001 U.S. dollars by using the
medical care component of the Consumer Price Index (40).

Sensitivity Analysis

Because the value of some variables is uncertain and
others vary between patients, we conducted 1-, 2-, and
3-way sensitivity analyses, varying the values throughout
the range listed in Table 1 to evaluate the impact on cost
and effectiveness. We also conducted 7-way probabilistic
sensitivity analysis. All variables, except cost, season, risk
and vaccination status, and efficacy of amantadine and
rimantadine, were entered as probability distributions
based on the 95% Cls. We then performed 1000 Monte
Carlo simulations. For each iteration, new variable values
were randomly selected from within each probability dis-
tribution and the associated costs and quality-adjusted life
expectancy were calculated.

REesuLTS
Base-Case Analysis

We began by considering a healthy, unvaccinated 75-
year-old patient with influenza-like illness presenting to a
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Table 2. Costs, Average Life Expectancy, and Incremental Cost-Effectiveness of Influenza Strategies for an Unvaccinated 75-Year-Old
Patient Presenting with Influenza-Like lliness during Influenza Season*

Strategy Total Costs Incremental QALE Incremental Cost-Effectiveness Ratio§
Costst QALE+
$ y $/QALY saved
No antiviral therapy 118.86 — 9.9783 — —
Empirical amantadine 120.43 1.57 9.9797 0.0014 1129
Test, amantadine 137.35 16.92 9.9794 —0.0003 Dominated]|
Test, zanamivir 137.72 17.29 9.982 0.0021 Extended dominancel
Test, oseltamivir 138.41 17.98 9.9833 0.0033 5025
Empirical rimantadine 139.26 0.85 9.9801 —0.0032 Dominated]|
Test, rimantadine 143.19 4.78 9.9796 —0.0037 Dominated]|
Empirical zanamivir 147.94 9.53 9.9833 4.4 x10°° Extended dominance]
Empirical oseltamivir 155.56 17.15 9.9849 0.0017 10 296

* QALE = quality-adjusted life expectancy; QALY = quality-adjusted life-year.

T Represents the difference between the strategy and the next best nondominated strategy.
¥ Represents the difference between the strategy and the next best nondominated strategy.
§ The difference in cost divided by the difference in QALE for each strategy compared with the next best nondominated strategy.

|l A dominated strategy costs more and is less effective than another available strategy.

9l Extended dominance applies to strategies that are not cost-effective because another available strategy provides more QALYs at a lower cost per QALY.

primary care practice during influenza season. Empirical
treatment with any anti-influenza drug improved quality-
adjusted life expectancy, but oseltamivir was most effective
(Table 2). Zanamivir was less effective because of the as-
sumption that some patients would have trouble loading
the device properly and would not get a full treatment
effect. Amantadine and rimantadine were the least effective
of the treatment strategies because of their lack of activity
against influenza B and the assumption that neither would
prevent hospitalizations. Testing strategies were less effec-
tive than empirical treatment because of the low sensitivity
of the test.

Achieving better quality-adjusted life expectancy in-
creased cost. Compared with no intervention, treatment

with amantadine increased life expectancy by 0.0014
QALY at a cost of $1.57, a cost-effectiveness ratio of
$1129 per QALY saved. Compared with amantadine,
rapid diagnostic testing followed by treatment with oselta-
mivir added 0.0033 QALY, at a cost-effectiveness ratio of
$5025 per QALY saved. Empirical treatment with oselta-
mivir provided the longest life expectancy, with a cost-
effectiveness ratio of $10 296 per QALY saved.
Vaccinated older adults are less likely to be hospital-
ized or to die of influenza but are only slightly less likely to
have influenza symptoms, which are mostly caused by non-
influenza viruses. As a result, empirical treatment of influ-
enza symptoms was very expensive relative to the benefits
provided. Empirical treatment with oseltamivir still pro-

Figure 2. Incremental cost-effectiveness of testing and treatment strategies for a 75-year-old patient with influenza-like illness.
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The testing strategies begin by testing all patients; those whose test results are positive are treated with the drug shown. The two curves represent
vaccinated and unvaccinated patients. The lines represent the efficiency frontiers. The slope of the line between two strategies represents the marginal
cost-effectiveness of one in relation to the other. Strategies below the line are dominated (that is, more expensive and less effective than one of the

strategies on the frontier). QALY = quality-adjusted life-year.
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Figure 3. The cost-effectiveness of antiviral therapy or testing
as a function of the probability of influenza.
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vided the longest life expectancy but at a cost of $70 300
per QALY saved. Regardless of the treatment, vaccinated
patients lived longer and incurred fewer expenses than did
nonvaccinated patients (Figure 2).
Sensitivity Analysis

We varied all the parameters through the ranges pre-
sented in Table 1. Only vaccination status, the probability
that the patient has influenza, the patient’s risk for hospi-
talization, and the efficacy of oseltamivir in preventing hos-
pitalizations affected the choice of treatment. The model
was insensitive to the probability, severity, or duration of
side effects; the decrease in quality of life for influenza or
hospitalization; the frequency of sinusitis or pneumonia
not leading to hospitalization; the efficacy of antiviral ther-
apy in shortening influenza illness; and the sensitvity,
specificity, or cost of the rapid diagnostic test.

Probability of Influenza Infection
As the probability of influenza increases, the cost-
effectiveness of empirical treatment with oseltamivir im-
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proves relative to the testing strategy (Figure 3). Assuming
a willingness to pay of $50 000 per QALY saved, empirical
treatment with oseltamivir would be cost-effective for un-
vaccinated patients at a probability of influenza greater
than 14% and testing is preferred at probabilities between
5% and 14%. For vaccinated patients, empirical treatment
and testing are cost-effective if the probability of influenza
exceeds 41% and 16%, respectively, and no therapy is cost-
effective when the probability of influenza falls below 10%.

Effect of Antiviral Therapy on Influenza Complications

In our base-case analysis, we assumed that oseltamivir
decreases hospitalization and mortality rates and amanta-
dine does not. If both drugs decrease hospitalizations, then
the only advantage of oseltamivir over amantadine is its
activity against influenza B and better side effect profile. In
that case, oseltamivir's cost-effectiveness worsens to
$85 000 per QALY saved relative to amantadine. Similarly,
if oseltamivir does not decrease hospitalizations, then em-
pirical treatment with oseltamivir costs $334 000 per
QALY saved relative to amantadine. In both cases, as the
prevalence of influenza B increases, the cost-effectiveness of
oseltamivir improves.

Empirical treatment with oseltamivir is most cost-
effective when the probability of influenza and hospitaliza-
tion is high. Figure 4 shows the optimal strategy at differ-
ent seasons for low-, intermediate-, and high-risk patients.
We define the optimal strategy as that which yields the most
QALYs at a marginal cost-effectiveness ratio at or below
$50 000 per QALY saved. Empirical treatment with oseltami-
vir is the optimal strategy for all high-risk patients at any
season and for every patient during regional epidemics.

Results of Probabilistic Sensitivity Analysis

We performed probabilistic sensitivity analysis for a
low-risk, unvaccinated patient during peak influenza sea-
son. The 25th, 50th, and 75th percentiles were $1047,
$1143, and $1248 per QALY saved, respectively, for em-
pirical therapy with amantadine relative to no antiviral
therapy; $4465, $5018, and $5579 per QALY saved, re-
spectively, for rapid diagnostic testing followed by treat-
ment with oseltamivir relative to empirical treatment with
amantadine; and $9510, $11 007, and $12 934 per QALY
saved, respectively, for empirical treatment with oseltamivir
relative to rapid diagnostic testing. Empirical treatment
with zanamivir was the most effective therapy only 2.2% of
the time and was dominated by other strategies 79% of the
time. Treatment with rimantadine was dominated 100%
of the time.

Discussion

This cost-effectiveness analysis demonstrates that
community-based older adults benefit from antiviral ther-
apy through an improvement in quality-adjusted life ex-
pectancy, if they begin treatment within 48 hours of influ-
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Figure 4. Optimal influenza therapy based on risk, season, and vaccination status.
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season is generally from December through February in the northern hemisphere; peri-influenza season months include October, November, March, and
April; and “regional epidemic” denotes an area where influenza has recently been reported to be widespread. * Cost-saving in unvaccinated patients;

T Cost-saving in all patients.

enza-like illness. The benefit comes at a cost. Under most
circumstances, antiviral therapy is reasonably cost-effective
and within the range of other widely accepted interven-
tions for older adults, such as cholesterol reduction in pa-
tients with diabetes (41) or screening mammography (42).
The optimal strategy, however, depends on the patient’s
vaccination status, the probability that he or she has influ-
enza, and the risk for hospitalization (Figure 4). Empirical
treatment with oseltamivir is most cost-effective when the
probability of influenza or hospitalization is high. Rapid
diagnostic testing followed by oseltamivir treatment, al-
though less effective than empirical treatment, is cost-effec-
tive for low-risk patients and vaccinated patients, especially
during the peri-influenza season, when influenza is unlikely
and empirical treatment is very expensive. Withholding
antiviral therapy is appropriate only for low-risk, vacci-
nated patients during the peri-influenza season.

Earlier cost-effectiveness analyses have focused on
young, healthy adults because most of the antiviral therapy
trials were conducted in this population (15, 43, 44). Most
studies found that antiviral therapy was either cost-effective
or cost-saving compared with no intervention, especially
when time lost from work was considered. Among young
adults, hospitalization or death from influenza are rare
events and contribute little to the consideration of therapy.
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On the other hand, hospitalization rates in older adults
may be 10 to 20 times those of persons younger than 65
years of age, whereas work loss among older adults would
be rare. We found that the cost-effectiveness of the neur-
aminidase inhibitors was predicated on their ability to de-
crease hospitalizations, as seen in observational studies,
something that has yet to be shown in randomized trials.
If, in fact, they do not prevent hospitalization, antiviral use
would be hard to justify from a cost-effectiveness stand-
point. Amantadine, on the other hand, is so inexpensive
that its therapeutic use is cost-effective regardless of
whether it prevents hospitalization.

Although amantadine is the least expensive anti-influ-
enza drug, its use in older adults may be limited by its side
effect profile, specifically its central nervous system side
effects. One study of nursing home patients receiving
amantadine prophylaxis found that 41% experienced side
effects, of which 22% were severe (45). When used as
treatment, however, amantadine needs to be administered
for only 3 to 5 days, and the incidence of side effects under
those circumstances is probably lower. Moreover, even as-
suming a rate of side effects as high as 49%, amantadine is
still cost-effective and may be the only alternative for low-
income adults without prescription drug benefits. In frail
patients, especially those with congestive heart failure or
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elevated serum creatinine levels, amantadine should be
avoided. Rimantadine, which is moderately expensive and
has fewer side effects than amantadine but is less effective
than the neuraminidase inhibitors, was not cost-effective
under any circumstances.

Although no head-to-head trials have been conducted,
zanamivir seems to be at least as efficacious as oseltamivir
in shortening influenza illness and preventing complica-
tions that require antibiotics. Moreover, zanamivir is better
tolerated and less expensive than oseltamivir. However, tri-
als have included few individuals older than 65 years of
age. A study of hospitalized patients reported that after 15
minutes of instruction, 50% of patients in this age group
could not correctly load the zanamivir Diskhaler (30).
Other studies have not found this (46). If patients can use
the medication correctly, zanamivir is more cost-effective
than oseltamivir.

Our study has several limitations. To date, there is
very little information about the effectiveness of anti-influ-
enza drugs in older adults. There are no comparative trials,
and the effects of treatment on hospitalization are un-
known. We believe our assumption that lower rates of bac-
terial complications will translate into averted hospitaliza-
tions is reasonable. Given the magnitude of the problem,
randomized trials should be conducted to quantify the ef-
fect. In planning future research, our model could be used
to project the effect size needed for therapy to be cost-
effective. Better data are also needed about the economic
impact of influenza on older adults, including medical care
and indirect costs to family members providing care at
home.

Strategies for preventing influenza morbidity in older
adults have mostly concentrated on vaccination. Although
our results validate this approach, fewer than two thirds of
persons older than 65 years of age are vaccinated annually
(1). Recommendations on the use of antiviral therapy have
been limited (1, 46); none have considered the cost-effec-
tiveness of antiviral drugs, the role of rapid diagnostic tests,
or the importance of vaccination status.

Although future randomized trials may offer more
compelling evidence of the cost-effectiveness of these med-
ications, prudent use of them now should decrease mor-
bidity and perhaps mortality. Our model offers a rational
approach for testing and treatment based on the probabil-
ity of disease, underlying illness, and willingness to pay.
Higher-risk patients and those more likely to have influ-
enza will benefit most from empirical treatment with a
neuraminidase inhibitor. Vaccinated low-risk persons
should be tested before receiving a neuraminidase inhibi-
tor. Finally, when ability to pay is low, empirical treatment
with amantadine offers a low-cost alternative to the newer
antiviral medications.
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