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ABSTRACT

BACKGROUND Clinical diagnosis and empiric therapy have been strategies for
treatment of suspected influenza in high-risk patients, but rapid tests for influenza
have been introduced to help confirm cases. The aim of this study was to deter-
mine when rapid testing, empiric treatment, or no treatment is most cost-benefi-
cial for high-risk adults with influenzalike respiratory tract illnesses.

METHODS /e performed a cost-benefit analysis evaluating the comparative
advantage of the strategies of empiric therapy, no treatment, or test and treat
patients whose tests are positive. The analysis focused on a hypothetical popula-
tion of patients who are at a high-risk for complications of influenza. Our main
outcome was the cost of care for an episode of influenza taken from the human
capital perspective.

RESULTS For older anti-influenza drugs (amantadine and rimantadine), rapid test-
ing is not as cost-beneficial as empiric treatment, even when the prevalence of
influenza is low. For the neuraminidase inhibitors, there is a narrow window of
disease prevalence between 30% and 40% where testing is most cost-beneficial.
When the disease likelihood is above this window, empiric treatment is preferred.
Below this window, no treatment is more cost-beneficial. Even under the most
favorable conditions, testing is preferred only for a small range of prevalence rates
of influenza.

CONCLUSION When clinicians are planning to use the nonneuraminidase inhibi-
tors to treat influenza, rapid testing is not the most cost-beneficial approach. Even
when the more expensive neuraminidase inhibitors will be used, testing has a
limited role in managing influenza in high-risk patients.

Ann Fam Med 2004;2:33-40. DOI: 10.1370/afm.34.

INTRODUCTION

nfluenza is a common respiratory tract infection that can result in con-

siderable morbidity and mortality for unvaccinated high-risk persons.

Influenza infects approximately 20 to 30 million Americans each year
and causes severe suffering and loss of productivity. Overall, influenza causes
about 200,000 hospitalizations each year, along with 10,000 to 40,000
deaths.! Although the impact of influenza and influenzalike illness on pro-
ductivity and health care resource utilization in a working population is
great,> most morbidity and mortality related to the illness are seen primarily
in the elderly and those with underlying respiratory tract conditions.’

For patients who have not been vaccinated, antiviral treatments can
reduce the risk of complications,*” but treatment must be started within
48 hours to provide any benefit, and confirming the diagnosis of influenza
by viral culture is not practical for clinicians. Consequently, clinicians have
had to judge the likelihood of influenza, as opposed to other respiratory
tract illnesses, based on clinical probability and initiate empiric therapy.

To address this issue, several new rapid diagnostic tests have been
aimed at reducing the time to confirm the diagnosis of influenza. These
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tests identify influenza antigens in nasal and pharyngeal
secretions and provide a result in a matter of minutes
instead of the days required for culture. The appropri-
ate use of these tests, however, is still undetermined.
A previous study looking at healthy adults found that
testing for influenza before treatment with a neur-
aminidase inhibitor was cost-beneficial only when the
probability of influenza was between 10% and 35%,
depending on the expected cost savings.® This study
did not focus on high-risk persons, for whom the pre-
vention of complications might be beneficial, and did
not examine the cost-benefits of testing when using
older, less expensive anti-influenza drugs.

The purpose of this study was to evaluate whether
testing with treatment of patients with positive tests
or an alternative strategy of treating all patients with
suspected influenza was more or less costly than symp-
tomatic care for patients at high risk for a complication
of influenza. We conducted cost-benefit analyses looking
at the incremental cost or savings for each of 4 available
anti-influenza drugs based on strategies to treat empiri-
cally or to test for influenza and treat patients who have
positive results compared with a baseline strategy of no
antiviral treatment. In particular, we hoped to define the
potential costs (or savings) to patients who elect to take
medication for influenza and what effect testing before
treatment would have on this cost. Because most of
these patients will have to pay out-of-pocket expenses
for medication costs, as well as a portion of their testing
cost, we believed that these patients should understand
the cost and potential benefit of either of these options
so that they can decide whether they are obtaining value
from treatment or testing.

METHODS

Population

We based our analysis on a simulated cohort of 1,000
unvaccinated patients who were at high risk for com-
plications or hospitalization from influenza. This group
would include those older than 65 years and those
older than 50 years who have chronic obstructive pul-
monary disease, asthma, or other chronic respiratory
tract conditions; preexisting malignancy; diabetes; or
cardiac diseases. The underlying assumption for this
analysis was that these patients would complain to their
clinicians of respiratory tract symptoms within 48 hours
of symptom onset so that they would be candidates for
antiviral therapy.

The study focused on those infected during a sea-
son in which influenza A strain is predominant. We
chose to limit the analysis to influenza A because stud-
ies examining the effectiveness at preventing influenza
complications with antiviral therapy have been per-

formed only with patients who have been infected with
influenza A. Given that the ability to avert or reduce
the severity of complications and the potential benefit
associated with these reductions have not been estab-
lished for community-acquired influenza B, we could
not examine the cost-benefit relationship for patients
infected with this strain. Additionally, data from the
Centers for Disease Control and Prevention show that
between the 1995-1996 and 2001-2002 influenza sea-
sons, influenza A was the predominant strain in every
season.” Even though influenza B did circulate widely
late in the 2001-2002 and 1996-1997 seasons, influenza
A has carried the largest burden of disease for patients
in the United States during the past 7 years.

Perspective

We performed the analysis from the human capital
perspective. This approach considers all incremental
costs after the initial visit, including direct costs (such
as medications or physician visits) and indirect personal
costs (such as lost wages for the patient or the patient's
caretaker) and societal costs (such as insurance pay-
ments for hospital or outpatient services) associated
with the illness regardless of the payer.'

Because influenza is a self-limited problem with a
relatively brief period of symptoms, we adopted a time
horizon of 1 month. During this time, the vast majority of
complications should have become evident. With such a
short time-horizon, we did not discount future costs.

Variables
The decision tree used for the study is shown in Figure 1.
The following variables were considered in the analy-
sis: the population probability of influenza (ie, the
chance that a patient with respiratory tract symptoms
will have influenza as opposed to another viral respira-
tory tract infection), the cost of diagnostic testing, the
sensitivity and specificity of diagnostic test, the cost of
initial medication, the probability of adverse reaction
to medication, the cost of initial clinical visit caused
by an adverse drug reaction, the probability of a seri-
ous complication, the cost of serious complication, and
the cost savings for avoidance of a serious complica-
tion. The benefits of drug treatment in patients with
influenza were based on additional work productivity
associated with an earlier recovery from illness. We did
not include the cost of the initial visit to the clinician,
because all patients already would have incurred this
expense at the time the decision regarding testing or
treatment was made. A summary of baseline assump-
tions for all variables is shown in Table 1.

The cost of the subsequent clinical visits was based
on the weighted probability of respiratory tract infec-
tions made by a cohort of 22,144 patients in 1996."!
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Figure 1. Decision tree used for the cost-benefit analysis.
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Table 1. Baseline Probability and Cost Assumptions

for Influenza: Testing-Treatment Model

Baseline Sensitivity

Variable Assumption  Test Range
Cost assumptions

Cost of diagnostic test, $ 20.00 5-30

Benefits of recovery, $ 177.20 *

Additional physician visit for drug reaction, $ 40.48 32.38-48.54

Complication with hospitalization, $ 8,960.20 7,175-10,763
Medication costs (full course of therapy)

Amantadine, $ 10.50 8.40-12.60

Rimantadine, $ 24.08 19.26-28.90

Zanamivir, $ 49.35 39.48-59.22

Oseltamivir, $ 61.00 48.80-73.20
Probability assumptions

Test sensitivity, % 72.5 50-95

Test specificity, % 90.0 80-00

Probability of drug side effect, % 3.0 0-6

Probability of influenza complication, % 0.5 0.3-5

* For benefits, a threshold analysis was performed (see Figure 3 and text).

Visit costs for diagnostic codes for influ-
enza (ICD-9 code 487.1), along with
streptococcal pharyngitis (ICD-9, 034.0),
otitis media (ICD-9, 382.9), acute naso-
pharyngitis (ICD-9, 466.0), acute sinusitis
(ICD-9, 461.9), acute pharyngitis (ICD-9,
462.0), acute tonsillitis (ICD-9, 463.0),
acute bronchitis (ICD-9, 466.0), and pneu-
monia (ICD-9, 486), were combined in a
weighted fashion based on their frequency
to determine a weighted visit cost for
respiratory tract infections as described by
Bridges et al.'> Costs were then adjusted
from 1996 costs to 2002 costs by multi-
plying the 1996 values times the medical
component of the consumer price index to
produce a median visit cost per respiratory
tract infection visit.

Diagnostic testing costs were based
on the average cost of 5 currently com-
mercially available test kits. The aver-
age cost data from 2 counsulted sources
were used for each test kit. Test kit costs
ranged from $18.00 to $24.50. The aver-
age overall cost was $20.00. In addition
to direct cost, testing requires between 15
and 45 minutes to perform, depending on
the test used.'? It is unclear, however, how
much time is required for direct personnel
activity and how much is incubation time.
Additionally, batching multiple specimens
in a large clinic could reduce the direct test
performance time considerably. For those
reasons, we did not include any indirect
cost to the practice for performing this
test beyond the expected reimbursement.
We also did not include any indirect cost
to the patient, because the brief period of
time waiting for the results (15 to 45 min-
utes) was unlikely to have any important
economic impact.

Sensitivity and specificity data were
based on the average findings from studies
examining test characteristics.'*2' When
indicated, test performance characteristics
were used from adult patients; when the
age of the participants was not specified,
summary data were used. The sensitivity of
the 5 diagnostic tests ranged from 51.4%
to 92.0%, with an average of 72.5%. Spec-
ificities ranged from 82.0% to 99.0%, with
an average of 90.0%.

The cost of medication was based on
the cost to a patient for a 5-day course of
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treatment at recommended full
doses. The costs of medications
were obtained from a community

Figure 2: Cost-benefit for testing or treatment for different
probability of influenza.

pharmacy and from a national
publication.?? The 2 sources dif-
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fered by a range of $0.45 to $6.36. $100
Rates for adverse drug events
were based on the average rates $50

of adverse events from treatment
studies in the Physician’s Desk Refer-

4
$0
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that each adverse event would

prompt an additional physician $30
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-$100

analyses described below to exam-
ine the effects if fewer patients

required additional medical care -$150
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for their adverse drug reaction.
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complications of influenza was
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Probability of influenza

Prevention.?* The cost of seri-
ous complications was calculated
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from the mean cost of a hospi- $100

talization in 1996 for influenza."

This cost was adjusted to 2002
dollars by multiplying the values
obtained from 1996 times the
medical component of the con-

$50
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sumer price index.
-$50

The benefit of early treatment
was based on reports that treat-
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best decision
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ment decreases symptoms 24 hours -$100

earlier than no treatment.*> The Treat no
economic impact assigned to this $150 %Ziisi%sr:
benefit was increased productivity

based on the patient being able to 200

return to work (or having a care-
taker return to work) 1 day earlier.

Probability of influenza

The average cost was based on 8
hours of the 1999 average hourly

Note: Lines represent cost of illness episode based on the following strategies: Treat all (diamonds), test and treat
patient with positive test results (squares), and treat none (triangles).

wage plus benefits for a worker
in the United States converted
to 2002 dollars."" Admittedly, this assumption could be
excessive, because there are no data examining earlier
return to work for patients treated with antiviral drugs.
Additionally, retired patients might not derive any addi-
tional direct economic benefit by recovering 1 day earlier.
To address this issue, we conducted sensitivity analyses
varying the indirect benefit from $0 to a maximum of 1
day of work. In the case where a patient does not have to
return to work, this indirect benefit can be construed as
the "willingness to pay” to recover 1 day sooner.

Analyses

Analyses were performed using Microsoft Excel spreadsheets.
One-way sensitivity analyses were performed for all variables
over the ranges noted in Table 1. Two-way sensitivity analy-
ses were performed to examine the impact of changes in the
economic benefits over the entire range of pretest probability
and test characteristics. These results are presented as thresh-
old analyses representing the point at which the economic
value assigned to an earlier recovery alters the decision for
the entire range of pretest probabilities.
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is noted in Figure 2, when the
probability of the patient having
influenza is 0, the no-treatment

C. Zanamivir

strategy involves no incremental
costs beyond the initial visit. As

the probability that the patient
has influenza increases, how-
ever, the no-treatment strategy

becomes more expensive because
of the small costs associated with
complications and the larger costs

caused by lost productivity.
When we focus on the strat-
egy to treat empirically, Figure 2

shows significant cost savings of
this strategy compared with no

treatment whenever the prob-
ability of having influenza is
greater than 6% for amantadine

or 34% for oseltamivir. At 100%
probability of having influenza,
compared with no treatment,

treat empirically with amantadine
produces the highest average sav-
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ing at $0.21 per patient. In the
same situation, treatment with
ramantadine saves $0.20, treat-

ment with zanamivir saves $0.17,
and treatment with oseltamivir
saves $0.15 per patient. As the

probability of having pneumonia
declines, the cost-benefit of treat
empirically compared with no

treatment decreases.
The test-and-treat strategy
also showed cost savings com-

Costlsavings/1,000 patients (2002 US $)

pared with no treatment, which
decrease as the probability of

influenza falls. As noted in Figure
2, though, the cost savings associ-
ated with test and treat are less
than those with the treat empiri-

0.2
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Treat no Test and e
onebest | | weatbest || | "0 Ceon”
$100 decision decision
-$150
Probability of influenza
RESULTS

The costs of each treatment decision for all 4 drugs are
shown in Figure 2. Because the selection of the medica-
tion influences the cost, individual panels in Figure 2
indicate the costs when amantadine (panel A), riman-
tadine (panel B), zanamivir (panel C), or oseltamivir
(panel D) are used for treatment.

Because the costs involved in the no-treatment
strategy are not affected by drug costs, the costs of the
no-treatment strategy are the same in all 4 panels. As

cally strategy in most cases. For
amantadine and rimantadine, the
test-and-treat strategy never saves more money than
the treat empirically strategy for the entire range of
population probabilities. For oseltamivir, test and treat
appears to be the most cost-beneficial strategy when
the probability of influenza is between 22% and 36%.
For zanamivir, test and treat has an even smaller win-
dow of cost-benefit, 19% to 28%. At prevalence rates
of less than these cutoffs, it is more cost-beneficial not
to treat patients. At rates higher than these, empiric
treatment is the most cost-beneficial option.
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Table 2. Most Cost-Beneficial Treatment Strategy for Each Antiviral Drug

to test. As would be expected,
increasing the rate of complica-

. tions made empiric treatment the
Empiric

Treatment % preferred decision at even lower

No Test Before
Drug Prescribed Treatment % Treatment %
Amantadine <5
Rimantadine <11 -
Zanamivir <19 =19 but <28
Oseltamivir <22 =22 but <36

probabilities of disease. Con-

=3

=5 . .

. versely, as the risk of complica-

=

-8 tions declined or costs decreased,
>36 no treatment became more cost-

cost-beneficial.

Note: Based on probability that a high-risk patient has influenza: population probability where strategy is most

beneficial at higher probabilities.
The effect of lowering the benefit

Table 2 summarizes these findings by indicating
when each strategy is the most cost-beneficial. The
table shows that for amantadine and rimantadine no
treatment is best only when the probability of the
patient having influenza is fairly low. When the chance
that the patient has influenza is higher than this value,
empiric treatment is less costly. Testing before treat-
ment was never the least costly strategy when using
these drugs. Because of the higher cost for the neur-
aminidase inhibitors, no treatment was preferable when
the probability of having influenza was about 20%.
Treat empirically was best when the probability of
influenza is better than 1 in 3. When the probability
is between these two values, then testing is the best
strategy.

Sensitivity Testing
We varied a wide number of variables to determine
under which circumstances diagnostic testing was opti-
mal. We found that the cost of the test and the test
performance characteristics had the largest influence on
when testing was cost-beneficial. Yet, even when the
cost of the test was decreased to $1 and the sensitivity
and specificity were set at 100%, the population prob-
ability where testing was less expensive than empiric
therapy only increased to 57% for oseltamivir and was
even less for zanamivir. Consequently, whenever the
probability of the patient having influenza was better
than about 50%, empiric treatment remained prefer-
able. For the non-neuraminidase inhibitors, even at
these extreme values, empiric treatment always was less
expensive than testing.

When the probability of drug side effects and
the cost of these side effects were increased, testing
became cost-effective at higher disease probabilities.
Again, even for the most expensive drug, when drug
side effects were set at 10% and the cost of side effects
increased to $300 per episode, empiric treatment saved
money compared with no treatment when the probabil-
ity of disease was more than 50%.

Because the risk of complications from influenza
are very low, variations in the disease complication rate
and complication costs had little effect on the decision

of reduced symptoms was more
pronounced for drugs that cost more and had a lesser
effect than it was for less expensive agents.

Finally, we looked carefully at the effects of altering
the economic benefits on the decision. Because many
patients in the high-risk group might not work, the ben-
efits assigned to increased productivity in the baseline
assumptions might be high. For that reason, we deter-
mined the threshold value for benefits where treatment
would be preferable to no treatment. Figure 3 shows the
threshold value for the economic benefit at which either
treat empirically (Figure 3A) or test and treat (Figure
3B) becomes preferred to no treatment. As is evident
in Figure 3A, because of the reduction in complications
and the low cost of the medications, both amantadine
and rimantadine are cost-beneficial compared with no
treatment, even when the additional cost is $0, provid-
ing that the probability of influenza is greater than 50%.
Both strategies appear to be favored when compared
with no treatment, even when the probability of influ-
enza is greater than 30% and the patient assigns a ben-
efit of earlier recovery of $100 or more.

DISCUSSION

This analysis shows that the 2 most important factors
to consider when deciding whether to treat empirically
or test a patient for influenza are the probability that
the patient has influenza and the drug that will be used
for treatment. When influenza is probable (greater than
50% chance), empiric treatment is the best strategy
regardless of the drug used. When influenza is less
likely (20% to 40% chance), testing is a cost-benefi-
cial strategy only if the physician plans to use a neur-
aminidase inhibitor. When the physician plans to use
amantadine or rimantadine, testing is more expensive
than empiric treatment. In fact, empiric treatment with
amantadine or rimantadine even seems to be cost-ben-
eficial when the chance of having influenza is unlikely
but still possible (5% to 10%). Only when it is fairly
certain that the patient does not have influenza is no
treatment the most cost-beneficial approach.

An additional finding of this analysis is that unless
the probability of having influenza was 0, neither test-
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ing then treating nor no treatment saved money. Only
empiric therapy when the probability of influenza was
moderate to high resulted in a decrease in overall costs.
The highest cost savings occurred with the use of the
least expensive drugs. This finding argues for greater
use of these drugs when influenza is likely and the
patient is likely to benefit. Our finding that early treat-
ment saves money might encourage patients to seek
care early in the course of influenzalike illnesses, when
the drugs would still be effective. It should be kept

in mind, however, that the absolute cost savings per
patient with early treatment are still very small com-
pared with the cost of a physician office visit.

Obur results for high-risk patients are similar to those
reported by Blitz and coworkers® for healthy adults. In
their study looking only at testing when neuraminidase
inhibitors were used to treat influenza, testing was
cost-beneficial only at lower probability rates for the
disease. In an Australian study that focused on high-risk
patients, investigators reported that zanamivir treat-
ment resulted in an incremental cost of $14.20 (Austra-

lian) for every patient treated.”” Treatment with other
drugs was not evaluated. While the investigators did
not examine the cost-benefit of rapid tests in determin-
ing whether the individual has influenza, they did note
that treatment without previous testing was likely to be
cost-effective when the prevalence of disease was high,
as we found in our study.

One limitation of this study is that it is difficult to
assign an exact monetary benefit for the accelerated
recovery when influenza is treated. We expressed the
benefits of early recovery in terms of enhancing worker
productivity, but many older patients do not work, so
this figure might not be valid. Depending upon the
individual, patients might assign a larger or smaller
value to feeling better a day sooner. Our threshold
analysis showed, however, that when the probability
of influenza is greater that 50% and amantadine or
rimantadine is used, empiric treatment is preferable to
no treatment even if there is no additional economic
benefit beyond the reduction in complications. Only
when the chances of influenza become unlikely (less

than 30%) do the economic benefits

needed to make treatment cost-effective
become substantial. Consequently, even

though we might not be able to assign
a firm economic value to early recovery,

the threshold for treatment is within a
range that patients might be likely to be

willing to pay for an earlier recovery.
A second limitation of this analysis is

that we assumed that the patient popu-
lation is homogeneous when, in fact,

patients with influenza are not. Those
patients at higher risk for complications,

such as very old patients with severe
chronic obstructive pulmonary disease,
are much different from the 50-year-old,
healthy, nonsmoking patient. Clinicians

still have to gauge the individual risk to
a particular patient when making treat-

ment decisions. Even so, the sensitivity
analysis suggests that under most cir-

cumstances, testing was rarely the most
cost-effective strategy for a patient with

an influenzalike respiratory tract illness.
Finally, it should be emphasized that

this study focused on high-risk patients
who had not received influenza vaccina-

tion. Even for low-risk patients, influenza
immunization is likely to be cost-ben-
eficial.”? For individuals who have been
vaccinated and still contract influenza,

Figure 3: Threshold analysis for individual benefit.
A. Threshold for empiric treatment
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o
v
3
_g 400 -
wv
g
E 200
0
0 1
Probability of influenza
B. Threshold for test and treat
400
300
-
v
]
) 200
[<]
<
v
v 100
=
=
0 T T !
0 0.2 0.4 0.6 0.8 1
Probability of influenza
Note: Either empiric treatment (3A) or test before treatment (3B) is preferred to no treatment for aman-
tadine (diamonds), rimantadine (squares), zanamivir (triangle), and oseltamivir (X).

the benefits of pharmacological treat-
ment might differ from our assumptions.
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Also, this analysis should not be construed as sug-
gesting that drug therapy is cost-beneficial compared
with routine immunization. Not all persons for whom
influenza immunization is indicated are vaccinated,
however, and others are unable to receive vaccination
because of contraindications. This analysis may help

guide testing or treatment decisions for these patients.

To read commentaries or to post a response to this article, see it
online at http://[www.annfammed.org/cgilcontent/full/2/1/33.
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