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Background: Rheumatic fever has become uncommon in the
United States while rapid diagnostic test technology for strepto-
coccal antigens has improved. However, little is known about the
effectiveness or cost-effectiveness of various strategies for man-
aging pharyngitis caused by group A �-hemolytic streptococcus
(GAS) in U.S. adults.

Objective: To examine the cost-effectiveness of several diagnos-
tic and management strategies for patients with suspected GAS
pharyngitis.

Design: Cost-effectiveness analysis.

Data Sources: Published literature, including systematic reviews
where possible. When costs were not available in the literature,
we estimated them from our institution and Medicare charges.

Target Population: Adults in the general U.S. population.

Time Horizon: 1 year.

Perspective: Societal.

Interventions: Five strategies for the management of adult pa-
tients with pharyngitis: 1) observation without testing or treat-
ment, 2) empirical treatment with penicillin, 3) throat culture us-
ing a two-plate selective culture technique, 4) optical
immunoassay (OIA) followed by culture to confirm negative OIA
test results, or 5) OIA alone.

Outcome Measures: Cost per lost quality-adjusted life-days
(converted to life-years where appropriate) and incremental cost-
effectiveness.

Results of Base-Case Analysis: Empirical treatment was the
least effective strategy at a GAS pharyngitis prevalence of 10%

(resulting in 0.41 lost quality-adjusted life-day). Although the
other four strategies had similar effectiveness (all resulted in about
0.27 lost quality-adjusted life-day), culture was the least expen-
sive strategy.

Results of Sensitivity Analyses: Results were sensitive to the
prevalence of GAS pharyngitis: OIA followed by culture was most
effective when GAS pharyngitis prevalence was greater than 20%.
Observation was least expensive when prevalence was less than
6%, and empirical treatment was least expensive when prevalence
was greater than 71%. The effectiveness of strategies was also
very sensitive to the probability of anaphylaxis: When the prob-
ability of anaphylaxis was about half the baseline probability,
OIA/culture was most effective; when the probability was 1.6
times that of baseline, observation was most effective. Only at an
OIA cost less than half of baseline did the OIA alone strategy
become less expensive than culture. Results were not sensitive to
other variations in probabilities or costs of diagnosis or treatment
of GAS pharyngitis.

Conclusions: Observation, culture, and two rapid antigen test
strategies for diagnostic testing and treatment of suspected GAS
pharyngitis in adults have very similar effectiveness and costs,
although culture is the least expensive and most effective strategy
when the GAS pharyngitis prevalence is 10%. Empirical treatment
was not the most effective or least expensive strategy at any
prevalence of GAS pharyngitis in adults, although it may be rea-
sonable for individual patients at very high risk for GAS pharyn-
gitis as assessed by a clinical decision rule.
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Pharyngitis is a common and costly condition in adults.
The National Ambulatory Medical Care Survey esti-

mated that 18 million patients sought care for a sore throat
in the United States in 1996, making it the sixth leading
cause of visits to physicians (1). As many as four to six
times more individuals may not seek care for a sore throat
(2, 3).

Many organisms cause sore throat. Chief among them
are group A �-hemolytic streptococcus (GAS), non–group
A streptococcus, Mycoplasma pneumoniae, Chlamydia pneu-
moniae, and several respiratory viruses (4). With rare ex-
ceptions, such as with Neisseria gonorrhoeae infection or the
acute antiretroviral syndrome, no compelling data indicate
treatment for patients with pharyngitis not caused by
group A streptococcus (5). Nevertheless, although only
about 10% of adults with pharyngitis seen in primary care
settings have group A streptococcal infection (6), 75% of
patients seen by physicians receive antibiotics (7).

The potential morbidity of both allergic reactions and

antibiotic resistance must be considered in decisions about
management of pharyngitis (8, 9). Thus far, GAS has re-
mained sensitive to penicillin, which therefore remains the
recommended treatment (10). However, despite expert
recommendations, physicians prescribe broad-spectrum
antibiotics to 70% to 75% of adults (7, 11). Widespread
resistance to macrolides has already been documented in
GAS (12–14).

Evidence for the effectiveness of GAS treatment has
also become less compelling in recent years. Acute rheu-
matic fever, a sequelae of GAS pharyngitis, has become
exceedingly rare in adults in industrial societies outside of
sporadic outbreaks (15–17); as a result, prevention of that
illness is not an important rationale for treatment. Little
evidence suggests that treatment prevents glomerulone-
phritis (18–20). Pharyngitis treatment does shorten symp-
tom duration and reduce the risk for infectious sequelae
(21, 22), but the clinical significance of these benefits con-
tinues to be argued (22).
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Clinicians have several tools to determine whether a
patient with pharyngitis is likely to have GAS. Rapid diag-
nostic assays with excellent operating characteristics are
available (23–33). Furthermore, clinical criteria or decision
rules can help clinicians predict the likelihood of a positive
throat culture (6, 34); a recent systematic review and clin-
ical guideline (35, 36) recommended several strategies for
diagnosis and management of pharyngitis based on one
such decision rule (34).

Cost-effectiveness and decision analyses incorporating
medical costs are useful in assessing management strategies
when no definitive randomized clinical trials have com-
pared these strategies (37). We performed a cost–utility
analysis to examine five common strategies for testing and
treatment in pharyngitis care. We also examined the effect
of a decision rule (34) on those strategies.

METHODS

Decision Analytic Model
We developed a decision model (Appendix Figure 1,

available at www.annals.org) to evaluate common strategies
for managing adult patients with pharyngitis. We con-
structed this model to examine the short-term cost-effec-
tiveness of five strategies: 1) observation only—neither test
nor treat (observation); 2) empirical antibiotic treatment of
all patients without any testing (empirical therapy); 3)
throat culture for all patients, with antibiotic treatment for
positive results (culture); 4) optical immunoassay (OIA)
followed by culture to confirm negative OIA test result
only, with antibiotic treatment for positive results on either
test (OIA/culture); 5) OIA alone for all patients, with an-
tibiotic treatment for positive results (OIA alone).

Our model examines several possible outcomes of
pharyngitis, and we discuss the probabilities of each in the
following section. In brief, we examined the effect of the
preceding strategies for diagnosis or treatment with a 10-
day course of penicillin (with erythromycin substituted in
case of an allergic reaction to penicillin [10, 35, 36, 38,
39]) on each of four outcomes: acute rheumatic fever, peri-
tonsillar abscess, duration of symptoms, and allergic reac-
tions to antibiotics. All outcomes were appropriately
treated, and the costs and effects of treatment were in-
cluded in our model.

We made several simplifying conditions in creating
our decision model. We considered only patients without a
history of acute rheumatic fever or glomerulonephritis. Be-
cause a patient with a history of penicillin allergy would
not receive penicillin and therefore would have no risk for
allergic reaction, such patients were not included in our
base-case model. We assumed that no patient would de-
velop acute rheumatic fever with another complication (ab-
scess or allergic reaction) and that patient adherence and
follow-up (including ability to contact patients with cul-
ture results) were 100%. Finally, we assumed that all tests
were done in an on-site reference laboratory; we did not

consider the cost of transporting specimens for either cul-
ture or OIA, and we assumed that OIA results would be
available before the patient left the office.

In accordance with recent recommendations by an ex-
pert panel (40), the base-case analysis takes the societal
perspective. We considered all outcomes and direct costs
incurred within the first year of diagnosis except (as rec-
ommended for base-case analyses using quality-adjusted
life-years [QALYs]) for costs such as work lost because of
short-term illness (40, 41). These losses are assumed to be
included in the decreased preference for illness, estimated
as part of the utility for short-term illness. Three studies of
adult pharyngitis that examined work days lost (42–44)
did not find a significant difference between lost work days
in patients treated and those not treated with penicillin;
therefore, inclusion of lost productivity costs would prob-
ably not have affected our results appreciably.

We limited our analysis to the first year after diagnosis.
Most of the costs associated with GAS pharyngitis occur
within the first several weeks. A few patients will have late
complications, such as rheumatic valve deformities, and
will require treatments such as heart valve replacement 20
or more years after their episode of pharyngitis. Because
these complications are rare and because discounting
would eliminate most of these downstream costs, we joined
pediatric investigators in limiting our analysis to health
care costs incurred in the first year (45, 46).

The model output was quality-adjusted loss of life ex-
pectancy, measured as quality-adjusted life-days. Incremen-
tal cost-effectiveness analyses were performed by rank
ordering all five competing strategies by increasing effec-
tiveness, then calculating incremental cost-effectiveness
strategies for each strategy (Appendix, available at www
.annals.org). All analyses were performed by using a deci-
sion analysis software program (DATA, versions 3.5 and
4.0, TreeAge, Williamstown, Massachusetts).

Data Sources
We searched the published literature for probabilities,

utilities, and costs, as described in the following section
(and in more detail in the Appendix, available at www
.annals.org).

The Clinical Examination

We examined the incorporation of the clinical exami-
nation into our strategies for management of pharyngitis.
A recent systematic review of the clinical examination in
adult pharyngitis (47) found that no individual element of
the history or physical examination for a patient with phar-
yngitis is accurate enough to diagnose streptococcal phar-
yngitis (Appendix, available at www.annals.org). However,
several clinical prediction rules have combined key findings
as a tool in predicting the probability of sore throat in
adults (6, 34, 48–50).

The pharyngitis decision rule by Centor and col-
leagues (34) (Appendix Figure 2, available at www.annals
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.org) is the only rule validated in several populations (47,
51–53). It is based on four clinical findings (tonsillar exu-
dates, tender anterior cervical lymphadenopathy, absence
of cough, and history of fever); each risk factor is weighted
equally to give a score of 0 to 4 points. It can then be used
as a likelihood ratio by applying it to a population with a
known GAS pharyngitis prevalence (such as the patients
seen in a practice) to determine the individual patient’s
probability of GAS pharyngitis.

Because this new probability estimate can be consid-
ered a “prevalence” of GAS pharyngitis for an individual
patient, we examined the incorporation of the decision rule
into our strategies (as described in the Results section un-
der the heading “Application of a Clinical Decision Rule”).

Prevalence of GAS Pharyngitis

The prevalence of GAS pharyngitis in adults, defined
as the proportion of throat cultures that grow GAS, varies
between 5% and 26% in primary care and emergency de-
partment settings (6, 34, 54). It can also vary with the
season of the year, exposure to children, and other factors
(10). On the basis of a study done in Boston, Massachu-
setts, we used a GAS pharyngitis prevalence of 10% (6) for
our model (Table 1).

GAS Test Characteristics

We modeled two-plate culture in the reference labora-
tory as the gold standard with 100% sensitivity and speci-
ficity. Although this is not an ideal gold standard, other
possibilities (such as antibody titers) cannot be obtained
when a treatment decision must be made. Culture is there-
fore generally considered the criterion standard (10, 46,
55, 56).

We identified studies of rapid antigen testing in Sep-
tember 2000 using the MEDLINE subject heading terms
pharyngitis and streptococcal infections, diagnosis and found
that most studies of OIA were of relatively good quality
and used similar gold standards. Therefore, we averaged
the sensitivity findings of the studies of OIA with weight-
ing for the number of patients in each study to estimate an
overall sensitivity of 0.884 (23–33) and specificity of 0.944
(23–33). We incorporated these test characteristics into
our model by using Bayesian analysis.

Many enzyme immunoassays are available, and the test
characteristics vary widely among different tests in pub-
lished studies (57–59). Therefore, we did not directly ex-
amine these tests.

Penicillin Therapy

The risk for developing an allergic reaction to penicil-
lin is 0.7% to 4.0% (8, 9); we set the probability at 2%.
The probability of anaphylaxis is 1/10 000 persons, and
the case-fatality rate from such a reaction is 10% (9).

Acute Rheumatic Fever and Suppurative Sequelae of GAS
Pharyngitis

We used estimates derived from a systematic review of
the literature and meta-analysis of outcomes of streptococ-
cal pharyngitis performed for the Cochrane Collaboration
(22), except where data were unavailable (as discussed in
the following section).

Because the estimate from this Cochrane systematic
review combined trials from four decades during which the
population rates of acute rheumatic fever changed dramat-
ically, we used an estimate of 5 cases/10 000 persons from
recent epidemiologic literature for the probability of devel-
oping acute rheumatic fever after streptococcal pharyngitis
(17). Ten percent of acute rheumatic fever cases result in
complications, and 1% are fatal (60, 61).

Penicillin will prevent 70% of cases of acute rheumatic

Table 1. Baseline Probabilities, Utilities, and Costs for
Cost-Effectiveness Analysis of Management of Group A
�-Hemolytic Streptococcal Pharyngitis*

Variable Value in Base-Case
Analysis (Range in
Sensitivity Analyses)

Probabilities
Prevalence of GAS pharyngitis 0.097 (0.02–0.68)
OIA sensitivity 0.884 (0.70–0.99)
OIA specificity 0.944 (0.80–0.99)
Penicillin-induced rash 0.02 (0.005–0.04)
Penicillin-induced anaphylaxis 0.0001 (0.00005–0.0002)
Death from anaphylaxis 0.1 (0.05–0.2)
Acute rheumatic fever 0.0005 (0.0–0.03)
Complicated acute rheumatic fever 0.1 (0.05–0.2)
Death from acute rheumatic fever 0.01 (0.005–0.02)
Effectiveness of penicillin vs. acute rheumatic

fever 0.70 (0.55–0.80)
Peritonsillar abscess 0.023 (0.0–0.056)
Penicillin effectiveness vs. abscess 0.84 (0.65–0.93)

Utilities, lost quality-adjusted life-days
Untreated pharyngitis (5 d)† 0.25 (0–0.5)
Treated GAS pharyngitis

After OIA (2-d reduction in sore throat) 0.15 (0.1–0.25)
After culture (1-d reduction in sore throat) 0.20 (0.15–0.25)

Penicillin-induced rash 0.625 (0.15–1.50)
Penicillin-induced anaphylaxis 9 (3–18)
Peritonsillar abscess 5 (1.65–10)
Uncomplicated rheumatic fever 76.5 (9–744)
Rheumatic fever resulting in valvular disease 744 (56–744)
Death from penicillin reaction or rheumatic

fever 14 874 (–)
Costs (all in 2000 U.S. dollars), $

Tests
OIA 7.67 (3.84–15.34)
Throat culture 2.83 (1.42–5.66)

Culture result notification 1.29 (0.65–2.58)
Calling in a prescription 1.28 (0.64–2.56)
Penicillin 10.05 (5.03–20.10)
Penicillin-induced rash‡ 50.94 (25.47–102)
Anaphylaxis 1772.54 (886–3545)
Peritonsillar abscess 4369.16 (2185–8738)
Acute rheumatic fever 1883.98 (942–3768)

* GAS � group A �-hemolytic streptococcal; OIA � optical immunoassay.
† The median duration of symptoms in several studies of pharyngitis is 5 days.
Our estimate for the utility of sore throat is 0.9557, meaning 1 sore throat
day � 0.95 well day.
‡ Includes cost of switch to erythromycin therapy (see text).
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fever even if the treatment is delayed while culture is per-
formed (22). A 2-day delay in penicillin therapy to await
culture results does not affect the effectiveness of therapy in
preventing complications (22).

An estimated 2.4% of untreated patients will develop a
peritonsillar abscess (22), which generally requires surgical
drainage. Penicillin reduces the risk for peritonsillar abscess
by 84% (from 2.4% to 0.4%) (22).

Symptoms

We used a baseline of 5 days of symptoms for all
strategies (60). We assumed that the patient was seen
within 3 days of symptom onset.

While the Cochrane systematic review (22) estimated
that the duration of sore throat, fever, and headache was
reduced by 1 day at day 3 of the illness, studies that en-
rolled only patients with culture-positive GAS (62) or pa-
tients with a high likelihood of GAS (42, 43, 63–65)
showed greater reductions in symptoms. Since we wished
to estimate the benefit for patients with GAS pharyngitis,
we used the 2-day improvement in symptoms found in a
recent study (42). We assumed that the delay of 24 to 48
hours before culture results become available reduced the
benefit for patients who had a throat culture to 1 day.

Utilities

On the basis of published studies in which patients
assigned a utility (or quality-of-life weight) of 0.95 to other
common symptoms, such as diarrhea and dyspepsia (66),
we estimated pharyngitis to be associated with a utility of
0.95. We estimated utilities for the other health states from
a published patient survey comparing pharyngitis to other
health states (60, 67). Since most outcomes occurred
within several weeks, we converted them to lost quality-
adjusted life-days (Table 1).

Costs

Where possible, cost estimates in this analysis repre-
sent actual resource costs rather than charges (Table 1)
(68). All costs were converted to 2000 U.S. dollars by using
the Medical Care Component of the Consumer Price In-
dex (for detailed description of all costs, see the Appendix,
available at www.annals.org).

We used previously published manufacturers’ esti-
mates to determine the costs for the OIA rapid test and
culture with the necessary materials, quality control, and
labor (23). We also assumed that the cost of culture in-
cluded the test, notification of the patient, and calling in a
prescription to the pharmacist.

We used wholesale (69) and pharmacy dispensing (70)
costs to estimate the cost of penicillin (250 mg four times
daily for 10 days), erythromycin (250 mg four times daily)
for patients who had an allergic reaction to penicillin, and
diphenhydramine (25 mg four times daily) to treat allergic
reactions. We used the resource-based relative value scale

to estimate the costs of physician visits (71). We estimated
the cost of treating anaphylaxis from a previous analysis
(69).

We estimated the cost of acute rheumatic fever on the
basis of the resource-based relative value scale and the Cen-
ters for Medicare & Medicaid (formerly the Health Care
Financing Administration) clinical diagnostic laboratory
fee schedule for eastern Massachusetts in 2000 (72). These
costs included primary care physician and specialist visits,
electrocardiography, and echocardiography and laboratory
tests, all based on Jones criteria (73) (Appendix, available at
www.annals.org).

We estimated costs for peritonsillar abscess from a hos-
pital database, using an average of inpatient costs and add-
ing the estimated physician costs to inpatient and surgical
fees for a 2-day hospital stay.

Sensitivity Analyses and Base-Case Results after Application of
a Decision Rule

In one-way sensitivity analyses, we varied all probabil-
ities, costs, and utilities. We examined a range of estimates
for each, with the range dictated by the published literature
or 50% to 200% of the mean published result, whichever
was larger.

We performed a Monte Carlo simulation (74) in
which we simultaneously varied all of the values for the
variables listed in Table 1 in the base case. Each variable
was entered as a probability distribution based on reported
95% CIs (when available) or as a reasonable range. The
logit normal distribution was assumed for all probabilities,
and a normal distribution was assumed for the natural log
of costs and utilities. New values from within each of the
probability distributions were randomly selected during
each of 10 000 iterations, and the likelihood that the in-
cremental cost per QALY was less than $50 000 for the
comparison of the most effective strategy with the closest
strategy was calculated. We repeated this for analyses strat-
ified by varying prevalence estimates based on application
of a decision rule.

RESULTS

Base-Case Analysis
Under baseline assumptions, probabilities, and cost es-

timates (including a baseline GAS pharyngitis prevalence
of 9.7%), four of the five strategies were similar. The cul-
ture strategy was dominant (both most effective and least
expensive), resulting in an average of 0.2668 quality-ad-
justed life-day lost and an average cost of $6.66 per patient
(Table 2). The next most effective strategies, in order, were
OIA/culture, OIA alone, observation, and empirical ther-
apy. Empirical therapy was considerably less effective than
the other strategies. The most expensive strategy (OIA/
culture) cost more than twice as much per patient as the
least expensive strategy. The culture strategy was followed
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in cost by observation, OIA alone, empirical therapy, and
OIA/culture.

Sensitivity Analyses
Prevalence of GAS Pharyngitis

In the base-case analysis, the prevalence of GAS infec-
tion among patients with sore throat was 9.7%. If the
prevalence of GAS pharyngitis was greater than 20%, OIA/
culture was most effective. If the prevalence was less than
6%, observation was least expensive; at a prevalence greater
than 71%, empirical treatment was least expensive. From a
cost-effectiveness standpoint, for any prevalence between
6% and 20%, the culture strategy dominated all others
(that is, was both more effective and less expensive).

Test Characteristics of OIA

Culture strategy remained most effective for OIA sen-
sitivities between 70% and 100%. Only at a specificity
greater than 98% did OIA (with or without culture) be-
come more effective. Culture remained the least expensive
strategy at all ranges of OIA test characteristics examined.

Acute Rheumatic Fever and Suppurative Sequelae

In the base-case analysis, we assumed the risk for acute
rheumatic fever in untreated patients with GAS pharyngitis
to be 0.05%, or 5/10 000 cases. At a risk for acute rheu-
matic fever of 0.008%, or 8/100 000 cases, observation
became the most effective strategy. Culture remained the
least expensive strategy for a prevalence up to 3% (the
probability of acute rheumatic fever seen in epidemic con-
ditions). No change in the probability of valvular compli-
cations or death from acute rheumatic fever altered results
significantly. Furthermore, results did not change when the
protective effect of penicillin was varied.

In the base-case analysis, the risk for developing a peri-
tonsillar abscess was 2.3%. If the actual risk is less than
1.4%, the observation strategy becomes least expensive.
The culture strategy remained most effective unless the risk
for abscess falls below 0.23%, when observation became
most effective. Culture remained the dominant strategy at
all probabilities for the protection provided by penicillin
against peritonsillar abscess.

Results did not change as the risk for rash was varied
between 0% and 10%. Culture remained least expensive
throughout a range of probabilities for anaphylaxis and
death from anaphylaxis. However, the effectiveness of
strategies was very sensitive to the probability of anaphy-
laxis, so that at a probability about half that of the baseline
probability (4/100 000 cases, or 0.004%), OIA/culture was
most effective. At a probability of 1.6 times baseline (1.6/
10 000 cases, or 0.016%), observation was most effective.

Symptom Relief

In the base-case analysis, treatment of GAS with pen-
icillin provided 2 days of symptom improvement if begun

immediately and provided only 1 day of improvement if
treatment was delayed to await culture results. Culture re-
mained cheapest under a variety of assumptions. Only at
less than a 1-hour benefit of culture did OIA (with a 2-day
benefit) become more effective.

Utilities

When symptoms of pharyngitis were given a utility (or
quality-of-life weight) of more than 0.97 on a scale of 0 to
1, observation became the most effective strategy. No vari-
ation in other quality-of-life weights relative to pharyngitis
(such as anaphylaxis) changed the results.

Costs

Only at an OIA cost less than half of current pricing
($2.60) did OIA become less expensive than culture. Sim-
ilarly, at a culture cost more than $6.00 (twice the current
costs), observation became least expensive. Among costs of
treatment of complications, only the cost of abscess
changed results: At a cost less than half our estimated cost
($2382), observation was least expensive.

Application of a Clinical Decision Rule

Table 3 shows the effect of varying the prevalence as if
a decision rule (34) were used on our base-case population,
with its baseline prevalence of 10%. For example, at a
prevalence of 3% (patients positive for one of four clinical
criteria), observation was most cost-effective. Although the
culture strategy was more effective (that is, resulted in
fewer lost days of work), the additional cost per QALY was
greater than $250 000. At any higher prevalence, culture
remained least expensive; when antigen testing with or
without culture became more effective (when the preva-
lence exceeded 20%), the incremental cost of its use was
greater than $300 000/QALY.

Probabilistic Sensitivity Analysis

At our GAS pharyngitis baseline prevalence of 10%,
culture dominated (that is, was less expensive and more
effective than) all other options. When OIA/culture (the
next most effective strategy) was compared with culture,

Table 2. Cost-Effectiveness of Baseline Pharyngitis
Management Strategies*

Strategy Average
Cost, $†

Average Effective-
ness, lost quality-
adjusted life-days

Incremental Cost-
Effectiveness

Culture 6.66 0.2668 –
Observation 9.84 0.2752 Dominated
OIA alone 11.73 0.2717 Dominated
Empirical therapy 12.74 0.4083 Dominated
OIA culture 15.15 0.2716 Dominated

* “Dominated” indicates that the strategy is less effective and more costly. For
explanation of strategies, see the Methods section. OIA � optical immunoassay.
† In 2000 U.S. dollars.
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there was a 0% chance that it was associated with an in-
cremental cost-effectiveness ratio less than $50 000/QALY
(10% chance that OIA/culture was more effective but
more expensive with incremental cost-effectiveness ratio �
$50 000/QALY; 90% chance that OIA/culture was less
effective and more expensive).

When we used a GAS pharyngitis prevalence of 3%,
culture was more effective but more expensive than obser-
vation. In probabilistic sensitivity analysis, there was a 49%
chance that culture was dominant or was associated with
an incremental cost-effectiveness ratio less than $50 000/
QALY when compared with observation (15% chance that
culture was more effective and less expensive; 34% chance
that culture was more effective and more expensive, but
with an incremental cost-effectiveness ratio � $50 000/
QALY; 29% chance that culture was more effective but
more expensive, with an incremental cost-effectiveness ra-
tio � $50 000/QALY; 19% chance that culture was less

effective and more expensive; and 3% chance that culture
was less effective and less expensive).

In our analysis at a GAS pharyngitis prevalence of
41%, OIA alone was more effective but more expensive
than culture. In probabilistic sensitivity analysis, there was
a 14% chance that OIA was dominant or was associated
with an incremental cost-effectiveness ratio less than
$50 000/QALY when compared with culture (4% chance
that OIA was more effective and less expensive; 10%
chance that OIA was more effective and more expensive,
but with an incremental cost-effectiveness ratio � $50 000/
QALY; 23% chance that OIA was more effective and more
expensive, with an incremental cost-effectiveness ratio �
$50 000/QALY; 59% chance that OIA was less effective
and more expensive; and 3% chance that OIA was less
effective and less expensive).

DISCUSSION

Expert panels have traditionally recommended routine
laboratory diagnosis of pharyngitis, with the principal goal
of preventing acute rheumatic fever (10). Throat cultures
have traditionally been the preferred diagnostic method
and the gold standard (10). More recently, however, the
American College of Physicians retreated from that stance
and recommended selective diagnosis and therapy based on
clinical findings and adoption of rapid diagnostic tests to
replace the standard throat culture (35, 36). Our study
supports use of clinical findings in ways similar to those
recommended by the panel, but suggests that several strat-
egies, including culture, are reasonable.

Of the five strategies we studied, culture was by a
slight margin the most effective and least expensive strategy
at our baseline GAS pharyngitis prevalence of 9.7%. More
notably, empirical treatment was substantially less effective
than the other four strategies (culture, OIA alone, OIA/
culture, and observation), which had very similar effective-
ness. Because empirical treatment of patients likely to have
GAS pharyngitis is considered acceptable (35, 36), we used
the prediction rule for GAS pharyngitis created by Centor
and colleagues (34) and cited by the American College of
Physicians to examine the cost-effectiveness of empirical
treatment over a range of probabilities of GAS pharyngitis.
Only at a 71% probability of GAS pharyngitis, one un-
likely to be reached except perhaps after use of a decision
rule in an emergency department, does empirical therapy
become the least expensive strategy. Even then it remains
less effective than culture.

Our results were unchanged by most of the sensitivity
analyses in which we varied our probabilities, utilities, and
costs. Because four strategies were so similar at baseline, the
changes we did see might be expected. Furthermore, they
generally made observation of more patients a more cost-
effective strategy than culture. For example, if the proba-
bility of acute rheumatic fever (a probability particularly
difficult to estimate in 2002) was one fifth of our estimate

Table 3. Effect of Probability of Group A �-Hemolytic
Streptococcal Pharyngitis from a Clinical Prediction Rule on
Cost-Effectiveness of Pharyngitis Management*

Prevalence (Probability)
of GAS Pharyngitis†

Cost,
$

Average
Effectiveness,
lost QALDs

Incremental
Cost-Effectiveness

3% (1 of 4 criteria
predictive of GAS
pharyngitis)

Observation 3.04 0.2578 –
Culture 4.91 0.2552 $719/additional QALDs

($262 519/QALY)
OIA alone 9.36 0.2630 Dominated
Empirical therapy 11.64 0.4109 Dominated
OIA/culture 13.11 0.2629 Dominated

8% (2 of 4 criteria
predictive of GAS
pharyngitis)

Culture 6.22 0.2639 –
Observation 8.12 0.2708 Dominated
OIA alone 11.13 0.2695 Dominated
Empirical therapy 12.46 0.4089 Dominated
OIA/culture 14.64 0.2694 Dominated

19% (3 of 4 criteria
predictive of GAS
pharyngitis)

Culture 9.10 0.2829 –
Empirical therapy 14.26 0.4047 Dominated
OIA alone 15.03 0.2838 Dominated
OIA/culture 18.03 0.2835 Dominated
Observation 37.03 0.2994 Dominated

41% (4 of 4 criteria
predictive of GAS
pharyngitis)

Culture 14.87 0.3210 –
Empirical therapy 17.86 0.3961 Dominated
OIA alone 22.84 0.3124 $926/additional QALDs

($337 990/QALY)
OIA/culture 24.79 0.3119 $3900/additional

QALDs
($1 423 500/QALY)

Observation 41.60 0.3567 Dominated

* GAS � group A �-hemolytic streptococcal; QALD � quality-adjusted life-day;
QALY � quality-adjusted life-year.
† Criteria are tonsillar exudates, tender anterior cervical lymphadenopathy, ab-
sence of cough, and history of fever (34).
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or less, observation would be more effective. Similarly, if
the likelihood of anaphylaxis is higher or the quality of life
with pharyngitis is slightly better, observation is more ef-
fective.

Few studies have examined the cost-effectiveness of
testing and treatment strategies for pharyngitis in adults,
and these were performed before the development of rapid
testing (75) or examined only effectiveness without costs
(60). Previous analyses in children used an appropriately
higher baseline GAS pharyngitis prevalence. The most re-
cent analysis and the only one to account for both allergic
reactions and GAS pharyngitis complications in its primary
results (55) had findings similar to ours.

The key dilemmas in diagnosing and treating pharyn-
gitis have previously been well summarized (35, 36, 38,
47), and several of these may have led to differences be-
tween our findings and guideline recommendations. First,
throat culture, the traditional diagnostic gold standard, is
not a perfect test and does not provide point-of-care re-
sults. Some of the concerns regarding its sensitivity and
specificity probably arise from the many variations in tech-
nique that can theoretically affect this deceptively simple
test (10); its test behavior in trials does appear to vary (27,
76, 77). Next, the existence of a carrier state, in which a
positive culture does not necessarily mean that GAS is the
cause of a patient’s sore throat, adds to the difficulty of
evaluating the test (78, 79). Finally, some have interpreted
the length of time needed for culture results as unaccept-
able for symptom relief (35, 36). Despite these limitations
and concerns, we chose to examine two-plate culture be-
cause it is the traditional gold standard, is widely available,
and has been shown in randomized trials (43, 44) to pro-
vide results in primary care settings in time to allow treat-
ment for symptom relief. In settings where the two-plate
culture is not available, other strategies or careful attention
to the technique chosen for one-plate culture (Appendix,
available at www.annals.org) might be preferred.

The similarities and differences between our results
and the American College of Physicians’ guideline (35, 36)
can be further examined by using the results of our strati-
fied examination of the estimated probabilities of GAS
pharyngitis likely to be encountered with use of the Col-
lege-recommended decision rule (Table 3) (34). The Col-
lege guideline recommends against use of culture and rec-
ommends use of a decision rule (Appendix Figure 2,
available at www.annals.org) for all patients. Because we
found that OIA is less effective than culture if the patient is
positive for fewer than four criteria and that the test is not
cost-effective even when the patient meets four criteria, our
analyses do not support the guideline recommendations for
eliminating the use of culture. However, if culture is ig-
nored, the other guideline recommendations can be exam-
ined: 1) When patients are positive for one criteria (clinical
characteristic), the guideline recommends no testing or
treatment. Our analysis agreed that observation is less ef-
fective and cheaper than OIA for patients positive for one

criteria. 2) When patients are positive for two criteria, the
guideline recommends observation or rapid antigen test-
ing. In our analysis, antigen testing became more effective
than observation when patients met at least two criteria,
but the incremental cost-effectiveness ratio was high
($845 115/QALY). 3) When patients are positive for three
or four criteria, the guideline recommends antigen testing
or empirical treatment. We found that empirical therapy
was less expensive than OIA, but the incremental cost-
effectiveness of OIA compared with empirical treatment
was reasonable ($2325/QALY for three criteria and
$17 356/QALY for four criteria).

Our findings should be interpreted in the context of
the limitations of many cost-effectiveness analyses. Many
of the variables we examined were not drawn from ran-
domized trials or were from trials performed before the
probability of acute rheumatic fever decreased substan-
tially. As a result, the uncertainty surrounding each of these
estimates is large. Furthermore, our study examined small
differences in cost-effectiveness and effectiveness of various
strategies, and readers may disagree with our conclusions
regarding the clinical significance of these differences.
However, we attempted to thoroughly survey the litera-
ture, and we performed sensitivity analyses over wide
ranges to examine the effects of that uncertainty and put
them into perspective. Our use of QALYs also allows com-
parison to interventions for many other diseases.

Our findings should also be interpreted in the context
of several other limitations particular to our analysis. First,
we did not directly measure the utilities (quality-of-life
weights) associated with the relevant health states. Second,
we did not directly incorporate patients’ preferences for
antibiotic treatment (vs. observation) into our analysis.
Many patients have strong opinions about whether they
should take an antibiotic when they get a sore throat, and
these opinions often influence physicians’ prescription de-
cisions (80). However, surveyed patients (67) who reported
their preferences for various pharyngitis outcomes (which
we incorporated into our analyses as utility estimates) are
likely to have taken these preferences at least partially into
account. Furthermore, patient satisfaction in pharyngitis
treatment has recently been shown to be more strongly
related to their physicians’ “understanding their concerns”
than to receipt of antibiotics (65). Finally, we examined
five common approaches to the management of pharyngi-
tis, but we could not study every possible treatment strat-
egy. For example, a further strategy many clinicians use—
obtaining the culture and empirically treating—does not
reduce the risk for therapy in the first few days of treatment
and thus would be as effective as empirical treatment.

We conclude that four strategies in managing strepto-
coccal pharyngitis are reasonable and cost-effective. For a
disease as common as pharyngitis, current variations in
clinicians’ approaches are striking. Often in such cases, no
compelling data support one strategy over another, and our
analysis of the data suggests that this continues to be true
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for pharyngitis in adults. Empirical therapy is the excep-
tion—it is reasonable only when probabilities approach
70%: that is, in cases of epidemics of streptococcal infec-
tion and perhaps when streptococcal pharyngitis is being
spread among family members or patients are at very high
probability of having the condition after application of the
Centor decision rule.
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APPENDIX

Model
The model output was loss of quality-adjusted life expect-

ancy measured as quality-adjusted life-days. Incremental analyses
were performed by rank ordering all five competing strategies by
increasing effectiveness after eliminating strategies that were more
costly and less effective than another strategy (that is, ruled out
by simple dominance). We then calculated the incremental cost-
effectiveness ratio for each strategy (additional cost divided by
additional benefit) compared with the next least expensive strat-
egy. If a strategy was less effective and had a higher incremental
cost-effectiveness ratio than another strategy, it was ruled out by
weak dominance and eliminated from the list as the incremental
cost-effectiveness strategies were recalculated. This process was
continued until no more weakly dominated strategies were left.

Data Sources
Clinical Findings

Several investigators have examined the sensitivity and spec-
ificity of clinical examination findings in pharyngitis (47, 81–
85). These findings were statistically summarized in a recent re-
view and meta-analysis, in which positive and negative likelihood
ratios and the area under the receiver-operating characteristic
(ROC) curve were calculated for history and physical examina-
tion findings (47). The positive likelihood ratio (sensitivity/
[100 � specificity]) is a measure of how well a positive result
rules in disease, while a negative likelihood ratio ([100 � sensi-
tivity]/specificity) is a measure of how well a negative result rules
out disease. The greater a positive likelihood ratio is above 1, the
higher the likelihood of ruling in a disease. For negative likeli-
hood ratios, the closer a likelihood ratio is to 0, the greater the
likelihood of ruling out disease. By one assessment (47), a likeli-
hood ratio between 2 and 5 (negative likelihood ratios of 0.5 to
0.2) is weak evidence, between 5 and 10 (negative likelihood
ratios of 0.1 to 0.2) is moderate evidence, and greater than 10
(negative likelihood ratio � 0.1) is strong evidence for (or
against) a hypothesis. While no individual sign or symptom of
pharyngitis is accurate enough by itself to diagnose GAS pharyn-
gitis, several symptoms and signs perform better than others in
“ruling in” disease (higher positive likelihood ratio). These in-
clude the presence of tonsillar exudate (positive likelihood ratio,
3.4), pharyngeal exudate (positive likelihood ratio, 2.1), and GAS
pharyngitis exposure in the previous 2 weeks (positive likelihood
ratio, 1.9). The absence of findings is not efficient in ruling out
disease (the lowest negative likelihood ratio is 0.60 for the ab-
sence of tender anterior cervical lymph nodes). The variables with
the greatest diagnostic accuracy, or ability to discriminate be-
tween patients with and without GAS pharyngitis (that is, with
the greatest area under the ROC curve), are pharyngeal or ton-
sillar exudate, fever by history, tonsillar enlargement, tenderness
or enlargement of the anterior cervical lymph nodes, and absence
of cough.

GAS Test Characteristics (Culture, Enzyme Immunoassay, and
OIA Rapid Tests)

The sensitivity and specificity of GAS culture have been
controversial (27, 35, 86–89).

Some of the concerns about GAS culture arise from the
many variables in technique that can at least theoretically affect
this deceptively simple test, and it is important that careful tech-
nique be followed. Testing for GAS begins with specimen collec-
tion. Throat swabs are collected by passing a sterile swab over the
tonsillar fossae and posterior pharynx, and the area that is sam-
pled can vary a great deal. Single or double swabs can also be
used. Swabs can either be transported directly to the laboratory
dry or transported in a transport medium before inoculation onto
plates. Although none of these variables has been clearly linked to
sensitivity and specificity of culture, some researchers have spec-
ulated that they may be important factors (87).

Once the swabs are ready to be plated, there are three addi-
tional variables in commonly practiced laboratory or office cul-
ture techniques: the duration of incubation, the atmosphere used
to incubate the culture, and the medium in which the culture is
plated. Investigators have reached the consensus that a longer
incubation period (that is, examination of culture plates at both
24 and 48 hours) is advantageous for detecting GAS (87, 89–
91). However, studies of the optimal atmosphere (air, air en-
riched with 5% to 10% CO2, and anaerobic atmospheres) have
produced conflicting results, as have studies of the optimal media
(from one blood agar plate to two-plate cultures with selective
blood agar with broth-enhanced media) (90, 92–94). Several re-
cent studies that examined single-plate culture methods have
found particularly poor sensitivity (27, 89). However, at least in
laboratories (and perhaps in offices [95]), several media–atmo-
sphere combinations are likely to produce sensitivity similar to
that of a rapid antigen test (at least 90% to 95%) (9): blood agar
incubated anaerobically, blood agar incubated aerobically with a
cover glass or with swabs dried before “stabbing” of the agar (95),
blood agar with sulfamethoxazole incubated aerobically with
CO2, or blood agar with sulfamethoxazole incubated anaerobi-
cally. More selective agar (such as selective streptococcal agar,
which contains colistin and crystal violet in addition to sulfame-
thoxazole) or broth-enhanced cultures (such as Todd–Hewitt
broth) may improve culture sensitivity, as may the use of two
plates.

Most of the specificity concerns for GAS culture arise from
the “carrier state” (78, 79). Because of the carrier state, a positive
culture does not necessarily mean that GAS is the cause of a
patient’s sore throat. This has led to problems with determining
the specificity of throat culture. However, Centor and colleagues
(96) examined asymptomatic adults in an emergency department
setting and found that 1.22% had positive culture results, sug-
gesting a specificity of 99%. In a more recent study of children
with pharyngitis symptoms that used polymerase chain reaction
as the comparative standard, Kaltwasser and coworkers reported a
specificity of 98% (29).

Rapid tests also have similar problems with performance
(23–33). Enzyme immunoassays and OIAs are the current com-
mon methods available in the United States. These rapid assays
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detect GAS antigens directly from the throat swab and minimize
the time needed for diagnosis. Enzyme immunoassays implement
agents to extract antigens from a throat swab and antibodies to
visualize these antigens. The methods for visualization vary by
test and include agglutination of antibody-coded latex particles;
changes in color caused by an enzymatic reaction; or binding of
color colloids, latex particles, or lipids to the antibody. Enzyme
immunoassays are so varied that their overall sensitivity and spec-
ificity are difficult to estimate.

Because all studies of OIA examined the same assay
(Thermo BioStar, Louisville, Colorado), its sensitivity and spec-
ificity are more certain. This test works by allowing direct visu-
alization of a physical change in the thickness of thin films. This
change is produced by the binding reactions between antigens
and antibodies. The OIA tests possess an initial stationary mono-
layer to which antigens present in a throat swab may bind. If
binding occurs, a second antigen layer is produced atop the ex-
isting monolayer. The resulting increased thickness affects the
reflection of light through the films and causes a change in color
(27). All OIA studies we reviewed were of acceptable quality,
although study samples were sometimes not well described and
blinding of investigators was not always noted. A few studies (29,
31) found sensitivities for OIA less than 80%; however, even
when we incorporated these studies, on average OIA had a sen-
sitivity of 88%. Although enzyme immunoassays have never been
compared in head-to-head studies with OIAs, they appear on
average to have lower sensitivity and specificity.

Both enzyme immunoassays and OIAs probably also suffer
from many of the same problems as culture: variable collection
technique and the uncertainty regarding colonization (34). Sero-
logic testing is the only way to determine whether a positive
result on culture or rapid test for GAS actually represents a true
infection. However, these tests may take weeks to complete and
thus have no practical application to the management of patients
with pharyngitis.

Acute Rheumatic Fever and Suppurative Sequelae of GAS
Pharyngitis

The probability of GAS pharyngitis in nonepidemic condi-
tions in the 1980s is estimated to be 5/10 000 (17), and we, like
others (45, 60, 75), used this as our baseline probability. Much
higher prevalences were reported in the 1960s (3, 63, 97). Dur-
ing the epidemics in the Rocky Mountains in the 1980s (15, 16),
and in studies in the 1950s (18–20, 63, 64, 98–100), the prev-
alence was as high as 3%. No trials and few studies followed
patients over the long term or reported systematically on compli-
cations of acute rheumatic fever. However, one cohort study es-
timated that 10% of cases caused complications and that 1%
were fatal (27, 31).

Untreated streptococcal infections can result in a variety
of complications, including peritonsillar abscess, otitis media,
sinusitis, and life-threatening complications such as bacteremia or
necrotizing fasciitis. The risk for developing one of the life-
threatening complications is not well established, and other com-
plications can themselves be treated with antibiotics. However,

2.3% of untreated patients will develop a peritonsillar abscess
(22), which generally requires surgical drainage. We focused on
this common but morbid suppurative complication for our anal-
ysis.

Duration of Symptoms
Symptoms related to streptococcal pharyngitis are self-lim-

iting unless complications develop. Even without antibiotics,
29% of patients with pharyngitis are free of sore throat by the
third day and 82% are free by the seventh day (22).

Utilities
Utilities, or quality-of-life weights, are used in cost-effective-

ness analyses to account for the quality of time spent in various
health conditions. This allows analyses to consider not only
length of life but also quality of life. Utilities are generally ex-
pressed as a number between 0 and 1.0, where 1.0 represents
excellent health. The utility associated with pharyngitis has not
been directly assessed. We estimated that pharyngitis was associ-
ated with a utility of 0.95, which is the utility associated with
other minor symptoms, such as diarrhea and dyspepsia (66). On
the basis of a survey (67) that assessed how patients valued phar-
yngitis relative to mild penicillin reaction, severe penicillin reac-
tion, and acute rheumatic fever, we assigned utilities to these
other outcomes. Study participants in this survey study who re-
ceived sick pay were more likely to be willing to risk the chance
of a penicillin reaction, suggesting that the participants took lost
pay into account in estimating the utilities for certain outcomes.
This survey did not assess the utility associated with peritonsillar
abscess; we based our utility estimate for peritonsillar abscess on
a previous decision analysis that used expert opinion (60). Be-
cause most of our outcomes occurred within several weeks, we
then converted them to lost quality-adjusted life-days.

Costs
Tests

We based our estimate of the costs of performing the OIA
rapid test and throat culture on a previous analysis (46), with
information obtained from Biostar. The cost of the OIA rapid
test with the necessary quality control is $7.67. The cost of pha-
ryngeal culture, including materials, quality control, and labor, is
$2.83.

Notifying Patients of Culture Results, Calling in Prescriptions
Because GAS culture takes 2 days, we calculated the costs of

calling patients with results and calling pharmacies with penicil-
lin prescriptions. We surveyed eight nurses in our office and
estimated that it takes an average of 5.2 minutes to inform pa-
tients of culture results and 5.1 minutes to call in an antibiotic
prescription for a patient with a positive culture. At an estimated
salary for an office nurse of $15 per hour (46), these costs would
be $1.30 and $1.28, respectively.
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Penicillin Therapy
On the basis of wholesale and pharmacy dispensing costs,

we estimated that the cost for penicillin at a dosage of 250 mg
four times a day for 10 days is $3.29 wholesale (69) plus phar-
macy dispensing costs of $6.76 (70), for a total cost of $10.05.

Penicillin-Induced Rash
We estimated that treating a drug-induced rash incurs the

charges for the following: 1) $24.65 in physician time based on
the resource-based relative value scale reimbursement rate in Bos-
ton for Physicians’ Current Procedural Terminology (CPT) code
99212 (101); 2) 2-day course of diphenhydramine, 25 mg four
times a day as needed ($8.08); and 3) 10-day course of erythro-
mycin, 250 mg orally four times a day ($13.37) (69).

Anaphylaxis
On the basis of a previous analysis (102), the cost of treating

anaphylaxis was estimated to be $1772.54.

Acute Rheumatic Fever
The cost of acute rheumatic fever was first estimated by

Tompkins and colleagues (75) in a cost-minimization analysis in
1977. As others (46) have noted, their estimate includes the cost
of premature death, which we have not included in our analysis.
We believe most cases of acute rheumatic fever are treated on an
outpatient basis, because only one case of acute rheumatic fever
was identified in a search of a database of our hospital discharges
from 1990 to 2000. Therefore, instead of using this case, we
estimated costs for acute rheumatic fever as follows:

Physician Costs. We estimated physician fees using resource-
based relative value scale outpatient reimbursement rates (101) as
follows: 1) one level 4 visit, established patient 99214 � $57.34;
2) one level 3 visit, established patient 99213 � $35.64 (follow-
up); 3) physician charge for reading of electrocardiogram
($33.09) and echocardiogram ($177.75); 4) two of the following:
rheumatology, cardiology, or neurology consult 99244 �
$136.05.

Laboratory/Procedure Costs. We estimated costs for labora-

tory tests, medications, and procedures for diagnosing and treat-
ing acute rheumatic fever from the Centers for Medicare & Med-
icaid clinical diagnostic laboratory fee schedule for 2000 (72).
We selected tests on the basis of revised Jones criteria for acute
rheumatic fever (73) and our assessment of laboratory tests that a
clinician is likely to order when faced with an undiagnosed pa-
tient with the most common symptoms and signs of acute rheu-
matic fever: 1) laboratory tests: chemistries and liver function
tests ($14.61), complete blood count ($11.71), urinalysis
($3.10), antistreptolysin O titer ($10.09), rheumatoid factor
($7.85), C-reactive protein ($7.15), and erythrocyte sedimenta-
tion rate ($4.91); 2) medications: penicillin, if not already given
($10.05); 3) procedures: electrocardiogram ($92) and echocar-
diogram ($1213).

Penicillin-Induced Rash. We estimated that treating a drug-
induced rash incurs the following charges: 1) physician time
based on the resource-based relative value scale reimbursement
rate in Boston for CPT code 99212 ($24.65) (101); 2) 2-day
course of diphenhydramine, 25 mg four times a day as needed
($8.08); 3) 10-day course of erythromycin, 250 mg orally four
times a day ($18.21) (69).

Sensitivity Analyses
In one-way sensitivity analyses, we varied all probabilities,

costs, and utilities for which we found either large variation or
single reports in the published literature. We examined a range of
probabilities or costs for each, with the range dictated by either
the published literature or 50% to 200% of the mean published
result, whichever was larger. Because culture and antigen tests
and penicillin were used in most patients in all strategies except
observation, we varied these costs widely between $0 and approx-
imately five times our estimates.
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Appendix Figure 1. The decision model.

The tree represents the possible outcomes of an adult with group A �-hemolytic streptococcal (GAS) pharyngitis. The node on the left represents a choice
among five alternative strategies. All other nodes are chance nodes (circles) or terminal nodes (triangles) representing events that might occur (with a
certain probability estimated as described in the text) after each strategy is chosen. For example, a patient with pharyngitis could receive penicillin without
any testing (branch 2). That patient would then either have GAS pharyngitis (upper branch) or non-GAS pharyngitis (lower branch). If the patient had
GAS pharyngitis, he or she could have only symptoms or also have complications shown in the subsequent branches: anaphylaxis, rash, peritonsillar
abscess, acute rheumatic fever (ARF), or none of these. If the patient did not have GAS pharyngitis, then he or she would still be subject to the risk for
anaphylaxis or rash from penicillin given, but no other sequelae. For all other branches that end in a circle, the complete tree is not shown; the complete
tree shown for empirical therapy would be followed by using the appropriate branch (labeled either GAS or non-GAS). Note that the tree also shows the
consequences of false-positive results on optical immunoassay (OIA) antigen tests. For example, a patient with pharyngitis could undergo OIA alone
(bottom branch). If that test result were positive, the patient could have GAS pharyngitis (that is, have a true-positive result) and thus might develop the
sequelae of pharyngitis; the other possibility is that the patient has a false-positive result and thus faces only the risks of treatment as shown in the
empirical therapy branches.
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Appendix Figure 2. Centor clinical prediction rule for the
diagnosis of group A �-hemolytic streptococcal (GAS)
pharyngitis in adults.

Adapted from Ebell et al. (47). Copyright 2000, American Medical As-
sociation.
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