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Management of Children with Acute Pharyngitis:

A Decision Analysis

Diederik W. J. Dippel, MD, Fransje Touw-Otten, PhD, and J. Dik F. Habbema, PhD

Rotterdam and Utrecht, The Netherlands

Background. Although the incidence of acute rheumatic
fever has declined in the last decades, a few outbreaks
have recently been reported. A rapid latex agglutina-
tion test for group A streptococci seems reasonably ac-
curate, and early treatment of acute pharyngitis seems
to influence the pharyngitis itself. These factors have
promoted uncertainty' concerning the current best man-
agement of patients with sore throat.

Methods. Clinical decision analysis is used to compare
the risks and benefits of symptomatic treatment, and
oral and intramuscular penicillin as therapeutic options,
and the throat culture and the rapid latex agglutination
test as diagnostic strategics. Best estimates of the risk
of streptococcal pharyngitis, its complications, the car-
rier rate, the accuracy of diagnostic tests, the efficacy of
antibiotic treatment, allergic reactions, medication com-
pliance, and health outcomes are combined into a man-
agement advisory. All results are subjected to a sensitiv-
ity analysis in order to check their strength against
plausible changes in assumptions. Quality adjusted life
days (QALD) lost are used as an outcome measure.

During the last few years, research has provided new
insights into the management of pharyngitis.24 The in-
cidence of acute rheumatic fever among children has
declined in western countries,59 but a few outbreaks
have been reported recently.10-14 An effect of oral peni-
cillin therapy on the natural course of streptococcal phar-
yngitis has been demonstrated in patients who are treated
early.15 The new rapid agglutination tests for the detec-
tion of group A /3-hemolytic streptococci make early
treatment directed at streptococcal pharyngitis possible.
In view of these developments, many clinicians may
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Results. The agglutination test combined with oral
penicillin yielded the lowest expected loss (.50) of
QALD for a typical child with a risk of harboring
streptococci of .60. The other strategics, however,
yielded losses that were only several hundredths of
QALD higher.

Conclusions. For children with at least a 40% chance of
harboring streptococci and a duration of complaints of
less than 2 days before starting treatment, diagnostic
testing and prescription of oral penicillin appear to be
the best choice of initial management. The rapid latex
agglutination test is more effective than the throat cul-
ture, because prompt penicillin treatment after a posi-
tive test result may shorten the duration of pharyngitis
in infected children. High rates of acute rheumatic fe-
ver (over 5 x 10-4) and low medication compliance
change the best strategy' to agglutination test with in-
tramuscular administration of penicillin.

Key words. Decision analysis, streptococcal pharyngitis.
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wonder whether their diagnostic and therapeutic ap-
proach to acute pharyngitis is optimal.

Clinical decision analysis can help in synthesizing
the available information on this common but complex
decision.

Steps in a decision analysis includel16-17:

o Careful description of the available strategies and
their possible consequences

» Quantitative assessment of all relevant probabilities
and outcomes (in terms of utilities or utility losses)

» Calculations and sensitivity analyses (in order to
identify the strategy with the lowest expected loss,
and to check the strength of the analysis)

» Presentation of the conclusions in a clinically useful
way

The method is explicit, it allows for detailed analysis, and
it stimulates discussion among professionals.16-20
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Decision Analysis of Acute Pharyngitis

Three therapeutic options (symptomatic treatment,
treatment with penicillin given orally, and treatment with
penicillin given intramuscularly) and two diagnostic
strategies (throat culture and a rapid agglutination test)
arc compared. Best estimates of the risk of streptococcal
pharyngitis, its complications, the rate of carriers, the
accuracy of diagnostic tests, the efficacy of antibiotic
treatment, allergic reactions, medication compliance, and
health outcomes are evaluated and management guide-
lines are provided. A hypothetical patient is used to
illustrate the analysis.

Management of Patient

Patient Scenario

A 14-year-old boy, who has suffered from a sore throat
for 1 day, presents to a general practice office in the
spring. He has a fever (38.5°C), and pain when swallow-
ing; there is no cough or rhinitis. Physical examination
reveals a red pharynx and tonsils with a heavy exudate.
Cervical lymph nodes are enlarged and tender. The pa-
tient has never had acute rheumatic fever nor any allergy
in the past.

Clinical Strategies

The clinical strategics that arc considered are:

1. Symptomatic treatment

2. Direct treatment with penicillin

3. Agglutination test; if positive, treatment with pen-
icillin

4. Culture; if positive, treatment with penicillin

5. Culture; start treatment immediately with oral pen-
icillin; stop treatment if the culture turns out negative
after a few days

In strategies 2 through 4, penicillin can be admin-
istered in a 10-day course either orally or intramuscu-
larly. Beforehand it could be argued that implicit in
strategy 5 is an inferior ratio of risks to benefits. The risks
of penicillin given orally are concentrated in the first days
of its use; therefore, it is better not to culture when
penicillin is prescribed, in order to avoid false-negative
results and the cost of the test. It is a commonly used
strategy nevertheless,6 and was therefore included in the
analysis.

Al strategies are represented by a decision tree (Fig-
ure 1). In this tree, the occurrence of suppurative com-
plications, acute rheumatic fever and its sequelae, allergic
complications, and a possible effect of penicillin on the
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Figure 1. Decision tree for the management of acute pharyn-
gitis in children. Five clinical strategies are represented: 1,
symptomatic treatment; 2, treatment with either oral (A) or
intramuscular (B) penicillin; 3 and 4, diagnostic testing using
the rapid agglutination test (3) or the throat culture (4) with
subsequent administration of oral (A) or intramuscular (B)
penicillin in case of a positive test result; 5, culture; start
immediately with oral penicillin; withdraw therapy if the cul-
ture turns out negative after a few days.

Strep denotes harboring streptococci; sup, suppurative
complications; peritons, peritonsillar; retrophar, retropharyn-
geal; arf, acute rheumatic fever; erhd, chronic rheumatic heart
disease; i.m., intramuscular; pen., penicillin. Upper case letters
in chance nodes indicate that the corresponding subtree struc-
':jq;]? should be inserted, but probabilities in the subtree may

iffer.

natural course of the pharyngitis itself arc modeled.
Acute glomerulonephritis is not considered because there
is no evidence that this complication can be prevented by
early penicillin treatment.21-2

In order to make an overall comparison of the strat-
egies, outcomes are expressed in terms of quality adjusted
life days (QALD) lost. QALD lost for each outcome are
computed by estimating the number of days spent in
each health state, and weighing these days by quality loss
(L), a number between 0 and 1. This quality loss corrc-
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Table 1. Probabilities Used in die Decision Analysis of Acute Pharyngitis Management

Item

Probability of carrier

Symptomatic treatment
Otitis
Retropharingeal abscess
Peritonsillar abscess
Acute rheumatic fever
Carditis, after acute rheumatic fever
CRHD after carditis

Orally administered penicillin
Mild allergic reaction
Severe allergic reaction
Death (anaphylaxis)
Relative risk of suppurative
complications
Relative risk of acute rheumatic fever
Diarrhea
5 days’ compliance
9 days’ compliance

Intramuscularly administered penicillin
Mild allergic reaction
Severe allergic reaction
Death
Relative risk of suppurative
complications
Relative risk of acute rheumatic fever

Test characteristics
Sensitivity of latex-agglutination test
Probability of positive test in carriers
Sensitivity of culture
Probability of positive culture in carriers

sponds to 1 — U (U = utility). Losses are easier to
interpret because they directly reflect the impact of dis-
ease. The expected QALD lost for each strategy is com-
puted by multiplying the losses for each outcome with
the probability of that outcome. The strategy with the
minimum expected number of QALD lost is the one
preferred.

We chose to consider the benefits and risks of each
strategy from the patient’s viewpoint only. Financial
costs (of diagnostic testing, treatment, complications,
illness, and so forth) were ignored. Possible legal conse-
quences of misdiagnosis and complications were not
considered cither.

Decision Analysis

Al probability values used in the decision analysis are
discussed in this section. They are summarized in Table 1.

The Journal of Family Practice, Vol. 34, No. 2, 1992

Point
Value Plausible Range
3 1-4
.002 0-.005
.002 0-.005
.016 .01—03
36 x 10“5 3 x 10~5360 x 10 5
7 .6-.8
.25 2-.3
.02 .01-03
2x 10'5 1-4 x 10 5
3x 10'6 1-6 x 10 6
3 .2-5
2 A1-4
02 .01-.04
7 5—9
5 3-.7
.03 Ron
1x 10 4 5-2 x 10 4
2x 10 5 1.5-2.5 x 10'5
3 .2-5
1 .05—2
9 .80-.95
8 .6-9
9 .85-.95
8 .6-.9

Infection and Carrier State

Streptococcal infection is defined by the presence of
group A /3-hemolytic streptococci causing acute pharyn-
gitis. A carrier is defined as a child with acute pharyngitis
who harbors streptococci but is not truly infected. A
carrier runs no risk of rheumatic fever, and penicillin
treatment will not mitigate the symptoms of the pharyn-
gitis. Several studies 23~2S have investigated the preva-
lence of streptococcal infection and of carriers among
people with sore throat by looking for significant changes
in antistreptococcal antibodies in scrum. However,
rather broad criteria of inclusion were used, ie, symptoms
of sore throat only23%5 and age up to 16 years.25 This
may account for the low prevalence of true streptococcal
infections (20%). The frequency of carriers in these stud-
ies is about 30%. Some of the subjects in these studies
were given penicillin during their illness; this may have
resulted in an inaccurate estimate. Therefore, we allowed
for a wide range of plausible values for the probability of
carriers (.10 to .40).
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Decision Analysis of Acute Pharyngitis

Clinical scoring rules have been developed26-30 that
predict the result of a throat culture but not streptococcal
infection. To link these concepts, we define four possible
states (infected, carrier, streptococci, no streptococci),
with the following relationship between their probabili-
ties: P (streptococci) = 1 —P (no streptococci); and P
(infected) = P (streptococci) - P (carrier). According to
the rule of Brecse27 or Centor et al,2 our patient would
have a .60 probability of harboring streptococci. Breese’s
rule is the only one formulated for evaluating children.
Unfortunately, Breese does not clearly state the propor-
tion of positive cultures in the population on which his
prediction rule was based, whereas Centor and colleagues
suggest adjustment for different prevalences.

Suppurative Complications

In the study by Valkenburg et al,23 suppurative compli-
cations developed in approximately 2% of patients. The
relative occurrence of retropharyngeal abscess, otitis, and
peritonsillar abscess at 14 years of age is estimated at
1:1:8.31'3 An equal probability of suppurative compli-
cations is assumed for streptococcal and nonstreptococcal
pharyngitis.33 Treatment with penicillin does not elimi-
nate this risk completely because bacteria other than
streptococci that arc less sensitive to penicillin may cause
these complications. We assume a two- to fivefold risk
reduction.6

Acute Rheumatic Fever

A declining incidence of acute rheumatic fever has been
demonstrated.34-3% In the 1980s, an incidence of 0.5/
100,000 per year among white suburban children in the
United States and Scotland has been reported.s-7-36-37
Penicillin seems to have played only a secondary role.
Instead, the decline is attributed to socioeconomic im-
provements and changes in immunopathogenicity.363%4
Veasy et alll reported a higher incidence in the US
Intermountain area: 18 per 100,000 children in 1985.
More outbreaks have been reported, but a catchment area
for their cases was not given.10-12-14 It is impossible to
compute annual incidence rates from these studies. Esti-
mates of the probability of acute rheumatic fever after
streptococcal infection depend strongly on assumptions
concerning the incidence of streptococcal pharyngitis
among children. Children have an episode of sore throat
about once every year.38 Only approximately 10% (5%
to 20%) are infected with streptococci. Thus, the prob-
ability of developing acute rheumatic fever for a patient
with streptococcal infection of the pharynx may be as low
as 3/100,000 or as high as 360/100,000, which is 120
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times as great. This whole range was investigated. The
upper estimate amply covers the rates reported.10-14 A
baseline estimate of 36/100,000 was used.

In a study of the natural course of acute rheumatic
fever,30 carditis was present in between two thirds and
three quarters of all cases, with the first attack of acute
rheumatic fever examined at the time of inclusion. Twen-
ty-five percent of these patients developed chronic rheu-
matic heart disease. The immediate mortality for these
patients is 0.05. The annual excess mortality of .015 (.01
to .02) is due to heart failure and related problems.39

The probability of acute rheumatic fever after strep-
tococcal pharyngitis was estimated by dividing the pop-
ulation incidence of acute rheumatic fever by the inci-
dence of streptococcal pharyngitis. This assumes that
acute rheumatic fever is always preceded by symptomatic
streptococcal pharyngitis. Thus, the estimate is probably
biased toward too high values. The baseline estimate of
the attack rate of acute rheumatic fever is taken arbitrar-
ily, approximately midway between the extremes.

Penicillin Treatment

Several decades ago Denny et al40 reported a tenfold
decrease in the rate of acute rheumatic fever among
recruits with streptococcal pharyngitis, who were treated
with intramuscular penicillin. For oral penicillin, a five-
to tenfold reduction in rate of attack seems plausible.6

Randolph and co-workers15reported the results of a
double-blind randomized trial of oral penicillin, ce-
fadroxil, and placebo in children with pharyngitis. A
significantly larger proportion of the patients treated
with antibiotics recovered after 1 day. Similar results
have been reported in other studies.4142 We assumed a
1-day reduction in mean duration of illness for infected
patients who arc treated with penicillin and who have not
been symptomatic for more than 48 hours.

Allergic complications of penicillin treatment are
classified according to their severity and duration. Light
allergy comprises cutaneous manifestations, such as
erythematosquamous eruptions, pruritus, rashes, and ur-
ticaria. The probability of this complication is about .03
with penicillin administered intramuscularly.43-46 For
oral penicillin this probability may be lower.4446 ldsoe et
al47 estimate the risk of anaphylactic death due to intra-
muscular injection of penicillin at 1.5 X 10-5 to 2.5 x
10 5. The probability of severe allergic reactions (non-
fatal anaphylactic reactions, serum sickness—tike manifes-
tations, and hemolytic anemia) occurring following in-
tramuscular injection of penicillin is approximately 1 x
10 4. Anaphylactic reactions and severe allergy caused by
oral administration of penicillin may also be less frequent
or less severe or both.4347-50 Exact data arc not available;
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Decision Analysis of Acute Pharyngitis

however, we assume a two- to tenfold lower probability
of severe adverse reactions occurring from orally admin-
istered penicillin. Diarrhea (a nonallergic complication)
occurs in 0.02 (0.01 to 0.04) of cases in which penicillin
is administered orally.

Medication Compliance

Charncv ct al5l investigated patient compliance with an
orally administered regimen of penicillin in children bv
counting leftover pills and measuring penicillin activity in
urine. Five days’ compliance was 70%, and 50% of
patients completed the full course. Compliance was re-
lated to the mother’s perception of the severity of die
disease. Colcher and Bass® concluded that counseling
may enhance compliance. Gilbert and co-workers53
showed that predicting compliance is difficult even in
family practice where the influences of the patient’s fam-
ily and environment are considered.

It is assumed that when penicillin is taken for only 5
days, the incidence of suppurative complications will be
reduced, but not the attack rate of acute rheumatic fever.

Throat Culture

Patients with throat culture positive for group A /3
hemolytic streptococci receive treatment. The results of
the blood agar culture are available after approximately
24 to 48 hours. This is too late to influence the natural
course of the acute illness, but suppurative complications
and acute rheumatic fever may still be prevented.

The sensitivity of throat cultures is taken at ,90.54
The probability of a patient who is not truly infected
having a negative culture depends almost completely on
the proportion of carriers.5

Agglutination Test

The results of the agglutination test for streptococci are
available within 1 hour.% Use of this test for patients
with symptoms of less than 2 days’ duration influences
the natural course of the acute illness in truly infected
patients if treatment with penicillin is begun promptly.
Complete data on the accuracy of this test are not avail-
able, but comparisons have been made with the throat
culture.%6-60 The sensitivity of the latex agglutination test
seems to be equal to or slightly lower than that of the
throat culture (.80 to ,95).565761 The test for strepto-
cocci is more often negative in cases that yield cultures
with 10 colonies or less. Neither the throat culture nor
the agglutination test can discriminate between carriers
and truly infected persons.255861 A large plausible range
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Table 2. Losses in Quality- Adjusted Life Davs (QALD)
Resulting front Complications

Approximate

Duration of QALD
Complication Ilness (days) Lost
Otitis 4 12
Retropharyngeal abscess 7 21
Peritonsillar abscess 7 21
Acute rheumatic fever
No carditis 28 8.4
Carditis 182 54
Chronic rheumatic heart disease 9052 12,60(1
Mild allergic reaction 7 21
Severe allergic reaction 28 8.4
Anaphylactic death — 21,714
Diarrhea 4 12

of values for the probability of a positive test in carriers is
suggested. Theoretically, antigenic cross-reactions with
other microorganisms may also cause false-positivcs, but
this effect is negligible.

Outcome Values

In choosing between clinical strategies, small probabili-
ties of serious consequences have to be traded off against
high probabilities of negligible consequences. A decision
analysis is not easy in such a case. A reasonable approach
consists of counting the number of quality adjusted life-
days lost because of illness or death.

The quality loss of a day spent being ill is taken at .3,
with a plausible range of 0 to .5. Using a quality loss of
0 implies that only survival, not the quality of life, is
considered. In the baseline analysis, days spent being ill
because of acute complications were assigned the same-
utility loss as days spent with chronic rheumatic heart
disease. This is a chronic state with less acute pain and
discomfort occurring at the beginning, but enduring
long into adulthood. Therefore, the effect of assigning a
three-times-higher or thrce-times-lowcr quality loss to
this state is also investigated.

The smallest adverse health effect is experienced by a
patient with an uncomplicated penicillin-treated strepto-
coccal infection who does not experience side effects.
This baseline loss was designated as 0. We estimated a
1-dav longer duration of uncomplicated symptomatic-
illness for an infected patient who was not treated or for
a patient who was not infected. In both situations excess
loss (over the baseline loss) is .3 QALD. In Table 2
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Table 3. Expected Number of Quality Adjusted Life Days (QALD) and the Contribution of Each Complication to the Expected

Loss of Each Strategy

QALD
Strategy Lost
1 Symptomatic treatment .58
2-A Penicillin (oral) .55
2-B Penicillin (IM) 74
3-A Agglutination test with penicillin (oral) .50
3-B Agglutination test with penicillin (IM) .55
4-A Culture with penicillin (oral) .56
4-B Culture with penicillin (IM) .63
5 Penicillin (oral), stop after negative .63

culture

‘Before treatment.
IM denotes intramuscular administration.

excess losses are given for all other complications. Loss
from immediate death reflects the life expectancy of this
patient: 59.5 years, or 21,714 days, according to the
Dutch life tables.62

Results

Computation ofExpected Loss

The probabilities and loss estimates were inserted into
the decision tree, and expected loss was computed for
each strategy (Table 3). The agglutination test with pen-
icillin administered orally (strategy 3-A) yields the small-
est expected loss, but symptomatic treatment (strategy
1), penicillin administered orally (2-A) and the aggluti-
nation test and intramuscularly administered penicillin
(3-B) differ only by hundredths of quality adjusted days,
ie, several quarters of hours! Therefore, a sensitivity
analysis is needed to test the stability of strategy 3-A.
Table 3 also shows the contribution of the duration of
sore throat symptoms, acute rheumatic fever, suppurative
complications, and allergy to the expected QALD loss of
these strategics.

Sensitivity Analyses

In a sensitivity analysis, the probabilities and utilities are
varied over the range mentioned in Table 1. The choice
for strategy 3-A is only sensitive to changes in the carrier
rate and in the attack rate of acute rheumatic fever and to
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Duration of

Contribution of Complications to QALD Lost

Acute
Rheumatic Suppurative
Complaints* Fever Complications Allergy
.30 24 .04 —
.24 14 .02 14
21 .02 .01 .50
.24 .16 .03 .07
.22 .05 .03 .25
.30 .16 .03 .07
.30 .05 .03 .25
.30 .16 .03 .14

medication compliance (Figure 2). In all of these cases
the preferred strategy changes from 3-A to 3-B: aggluti-
nation test and intramuscular administration of penicil-
lin.

The preferred strategy (3-A) does not change for
changes in estimated quality loss (Figure 2), or for
changes in the quality' loss from chronic rheumatic heart
disease (not shown).

Figure 3 shows that for patients with low risks of
harboring streptococci (<.37), symptomatic treatment
(strategy 1) is preferred. This test threshold is the prob-
ability for which the expected quality loss of symptomatic
treatment (strategy 1) equals the expected quality loss of
agglutination test and orally administered penicillin (3-
A).63 Likewise, the test treatment threshold (.88) is the
risk for which the expected loss of strategy 3-A and
strategy 2-A arc equal. Assumptions about the probabil-
ity of the carrier state strongly influence the test thresh-
old. For example, with a probability of carriers of .10, the
test threshold falls to .13. The impact of changes in test
sensitivity on the threshold value of P (streptococci) is
small. Studies demonstrating a lower proportion of car-
riers among children with streptococcal pharyngitis may
warrant extending the range over which strategy 3-A is
preferred.

The effect of changes in the attack rate of acute
rheumatic fever on the test and treatment thresholds is
presented in Figure 4. Very low values of the attack rate
of acute rheumatic fever favor symptomatic treatment,
and intermediate values up to more than two times the
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EU3-A)-EL(1)

P(*r«p) (.5-7)
P(carrier) (.1-4)
Anaphylactic death (1E-6 - 6E-6)
Rate of attacx of ARF (3E-5 - 36E-4) - //----(-091)
Suppurative complications (.01 -.04) +
Reduction of duration of complaints (0-2)
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Figure 2. Sensitivity analyses for the key patient. The effect of plausible changes in estimated probabilities on the differences in quality
adjusted life days (QALD) lost between symptomatic treatment (1) and the agglutination test combined with oral penicillin (3-A)
is shown on the left graph; between oral penicillin (2-A) and strategy 3-A in the middle; and between the agglutination test combined
with intramuscular penicillin and strategy 3-A on the right. The left column gives the items with their estimated range of plausible-
values. The dashed vertical lines show the difference in QALD lost resulting from the standard analysis (.09, .05, and .045,

respectively).

baseline estimate favor the agglutination test combined
with orally administered penicillin. When the attack rate
is as high as suggested by Veasy et al,11 the agglutination
test with intramuscularly administered penicillin is the
preferred strategy. Patients who also have a high risk of
streptococcal pharyngitis benefit from direct treatment
with intramuscularly administered penicillin.

Other Situations

When the test for streptococci is not available, direct
treatment with orally administered penicillin is preferred

symptomatic
treatment (1)

Agglutination test,
oral penicillin (3-A)

Oral penicillin (2-A)

Figure 3. Dependency of the preferred strategy' on the proba-
bility of streptococcal pharyngitis. Strategies with the lowest
expected loss are indicated. Only three major clinical strategies
are displayed: 1, symptomatic treatment; 2-A, treatment with
oral penicillin; 3-A, rapid agglutination test with subsequent
administration of oral penicillin in case of a positive test result.
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over symptomatic treatment when the probability of
streptococcal infection is over .55 (Figure 3). Culturing
is never the best choice. The familiar strategy' of prescrib-
ing orally administered penicillin and stopping it it a
throat culture is negative is dominated by symptomatic-
treatment or orally administered penicillin, as long as at
least 50% of the risk of allergic reactions is concentrated
in the first 2 or 3 day's of penicillin treatment. Low
patient compliance (less than 30%) has the same effect as

Figure 4. Two-way sensitivity analysis. The influence of
changes in the estimated attack rate of acute rheumatic fever
and in the probability of streptococcal pharyngitis on the rec-
ommended clinical strategy. The plane is subdivided according
to the strategy' with the lowest expected loss. On the boundary
lines, two neighboring strategies have equal expected losses.
The black dot indicates the baseline estimate for the key patient,
and the asterisk indicates the estimates derived from the report
of an outbreak of acute rheumatic fever.ll
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high acute rheumatic fever attack rates: the agglutination
test with intramuscularly injected penicillin becomes the
best strategy (not shown in figure).

When a patient has been symptomatic for more than
2 days before the start of the therapy, it is not realistic to
expect a beneficial effect of penicillin on the natural
course of the acute illness. In such a case the test thresh-
old for the probability of streptococcal pharyngitis shifts
to .55, but there is a strong competition with sympto-
matic treatment. The difference in expected quality loss
between symptomatic treatment and testing is always less
than .05 QALD.

Discussion

This is not the first decision analysis of sore throat
management. In some studies this clinical problem was
used as an example to illustrate theoretical concepts in
teaching decision analysis.1664-65

Almost a decade ago, Tompkins ct al54 performed a
cost-benefit analysis to derive practical guidelines for the
management of pharyngitis. The rapid agglutination test
was not yet available at that time. The data concerning
tlie attack rate of acute rheumatic fever used in this study
arc now obsolete. Other authors66'68 also used the model
of Tompkins et al for a cost-benefit analysis. Hillncréd
and Ccntor70 and their co-workers report a decision
analysis of the management of pharynagitis in adults. They
recommended test thresholds and test treatment thresh-
olds for the probability of streptococci of .11 and .46,
respectively, in contrast with our figures of .40 and .85,
respectively. This difference can be explained by the rel-
atively high probability of carriers among the children in
our analysis. Their analysis has not been published in
sufficient detail to allow us to check the calculations and
assumptions. None of the above studies have considered
both medication compliance and streptococcal carriers.
DeNccPs study71 does not seem to consider suppurative
complications or the use of intramuscularly administered
penicillin. Only the best strategies for several clinical
situations are noted, but estimated losses or exact differ-
ences between strategies are not given. The cost-benefit
analysis of Lieu et al72recommends the agglutination test
with orally administered penicillin as a reasonable strat-
egy, but the combination of an agglutination test and
culture is recommended the most. However, dependency
between test results, and the carrier state is not consid-
ered. A strategy with only symptomatic treatment is not
even considered.

In decision analysis, outcome values should ideally
be derived from utility measurements.16 However, the
very small chances of death and permanent disability due
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to pharyngitis or penicillin treatment are almost incon-
ceivable. This is the main reason for the use of quality
adjusted life days lost as an approximation of the ex-
pected loss.

There arc some empirical data on patients’ prefer-
ences for health states related to acute pharyngitis. Giau-
que and Peebles64 formulated a multiattribute utility
flinction, but they limited the number of trade-offs be-
cause participants tended to grow confused and incon-
sistent after more than 10 assessments. Herman73 inves-
tigated “patients’ willingness to take risks in pharyngitis
management,” but the nature and duration of health
states were described rather superficially. Neither study
took into account the excess mortality' that is associated
with the different health states.

The attitudes of the parents were not considered
explicitly in this analysis. We believe, however, that add-
ing these would not have affected our results much,
because QALD lost may just be regarded as “parent’s
QALD lost,” and the analysis was not very sensitive to
changes in the quality loss of chronic rheumatic heart
disease compared with acute complications.

It is impossible to consider all possibilities in a
decision analysis. For example, we did not consider the
possibility of our patient becoming sensitized to penicil-
lin, thus placing him at risk of future allergic complica-
tions. Also, a relatively higher vulnerability to future
streptococcal infections because of unnecessary penicillin
treatment was not considered. On the other hand, the
occurrence of allergic reactions to penicillin depends on
the constitution of the particular patient. Therefore, a
choice for symptomatic treatment does not exclude the
possibility of a future allergic complication. Actually, this
complication may only be postponed until the patient is
treated with penicillin for another reason. Thus, an even
more complete decision-analysis could incorporate such
hypothetical future events. The first two scenarios would
be best managed with symptomatic treatment, whereas
the last one would warrant treatment with penicillin. It is
to be hoped that the probabilities of these various sce-
narios occurring more or less balance each other.

Several clinically useful conclusions (some of which
contradict current practice) were drawn in our analysis.
One might argue that attempts to differentiate between
clinical strategies that have such small differences in ex-
pected QALD loss is “much ado about nothing.” The
differences in expected loss, however, are quite insensi-
tive to plausible changes in estimated data. Moreover,
they gain importance when one considers the number of
patients involved. In The Netherlands, the incidence of
sore throat episodes among people under 20 years of age
is about once per person per year.38 One tenth of these
cases are evaluated by general practitioners.74 This means
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a total annual number of new visits of 250,000. Whv
should these patients not receive the treatment that best
balances risks and benefits, even when the stakes are
(fortunately) not very high?

Conclusions

Intramuscular administration of penicillin offers the larg-
est reduction in attack rate of acute rheumatic fever, and
it has the advantage that its effects do not depend on
patient compliance. Its risks, however, clearly outweigh
these benefits in many patients. Furthermore, we did not
even consider the pain and discomfort caused bv an
intramuscular injection. Thus, a choice should be made
between oral administration of penicillin and symptomatic
treatment. The current notion that early treatment with
orallv administered penicillin influences the namral course
of the acute illness in patients with a real streptococcal
infection is important. Without this benefit, symptomatic
treatment should be preferred over awide range (up to .60)
of values for the risk of streptococcal pharynagitis.

Claims that the agglutination test discriminates be-
tween carriers and truly infected patients are not justified.
Still the test’s rapid performance results in the possibility
of treating a patient with a sore throat in time to influ-
ence the natural course of the acute illness. This makes it
the diagnostic strategy of choice. This conclusion is en-
hanced by our assumption that a child returns with
certainty for treatment in case of a positive throat culture,
which biases the analysis in favor of culturing. Strategy 5
(empirically prescribing orally administered penicillin
and discontinuing it when the culture turns out negative)
is always dominated by symptomatic treatment, the ag-
glutination test, or orally administered penicillin, even
when stopping penicillin treatment after 2 days would
reduce the risk of allergic complications by 50%.

The widely accepted assumption that patients with
streptococcal pharyngitis without serologic response to
group A /3-hcmolytic streptococci are never infected is
important in this analysis. Without it, the culture and
agglutination test would have a much higher reliability.
The “carrier assumption” has been challenged bv Gerber
et al,’5who report an equal effect on the pharyngitis in
patients who test positive with and without serologic
evidence of streptococcal infection. However, a compar-
ison with a placebo group was not made.

The risk of acute rheumatic fever is an important
factor in the analysis. Values as observed in Scotland and
certain areas of the United States favor use of the agglu-
tination test and treatment with orally administered pen-
icillin, whereas very' high values, such as those reported
by Vcasy et al,11 favor the more aggressive approach
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using the agglutination test and intramuscularly admin-
istered penicillin. However, although several other stud-
ies report increased numbers of cases of rheumatic fever,
their results do not suggest a higher incidence than our
baseline estimate.

If it were possible to predict whether an individual
patient would complete his or her course of orally ad-
ministered penicillin, a more diverse range of clinical
strategies should be considered. The agglutination test in
combination with intramuscularly administered penicil-
lin would be a good alternative for patients with a high
probability of harboring streptococci and a low proba-
bility of medication compliance (<.3).

Overall, it appears that the agglutination test com-
bined with orallv administered penicillin is the most
effective strategy' for children with pharyngitis, a proba-
bility of harboring streptococci between .40 and .85, and
symptoms of less than 2 days’ duration before starting
treatment.
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