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Streptococci, Sore Throats, and Uncertainty
Michael D. Hagen, MD
Lexington, Kentucky

What are we going to do about sore throats? Stillerman 
and Bernstein1 stated in 1961, “I f  you are entirely com
fortable selecting which pharyngitis patients to treat 10 
days with penicillin, perhaps you don’t understand the 
situation.” In spite o f scoring systems,2-4 rapid diagnos
tic tests,5-7 and improved culture media,8 the search 
continues for the optimal approach to this common 
problem. Clinical treatment practices range from dog
matic to wholly empiric. Attempts to integrate throat 
culture, rapid tests, and prediction rules into a rational 
management approach have been directed mostly toward 
adults.6-9 I f  prediction rules are to be applied in children, 
they must be adjusted for the higher likelihood that a 
child’s sore throat is caused by Streptococcus.10 Addition
ally, the Streptococcus carrier rate complicates throat cul
ture interpretation in this age group.11

In this issue o f the Journal, Dippel and colleagues12 
report a decision analysis that addresses these dilemmas. 
They investigated several management strategies for sore 
throats in children:

• Treat symptoms only
• Treat all patients with orally administered penicillin
• Treat all patients with intramuscularly administered 

penicillin
• Do an agglutination test and treat only patients 

whose tests are positive with either orally or intra
muscularly administered penicillin

• Perform a throat culture and treat in 48 hours on 
the basis o f the test result

• Perform a throat culture and begin treatment at the 
initial visit, but discontinue therapy if  the culture is 
negative

Their model incorporates antibiotic cure rates, preva
lence o f streptococcal pharyngitis and carrier rates in
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children, the likelihood o f acute rheumatic fever and the 
efficacy o f antibiotic therapy in preventing this sequela, 
and the morbidities associated with treatment (penicillin- 
allergic reactions) and infection (peritonsillar abscess, 
retropharyngeal abscess, and otitis media).

How did they perform their analysis? Decision anal
ysis is an explicit technique for exploring uncertainty in 
clinical practices, and consists o f four steps13-14: (1) ap
propriate clinical strategics are identified and structured 
as a decision “tree”; (2) probability information is in
serted in the tree for the uncertain “chance” events that 
occur in each strategy; (3) a value is assigned for each 
outcome that might occur in the various strategies (some 
typical outcome values, or “utilities,” include life expect
ancy, lives saved or lost, and dollar costs); (4) the tree is 
“solved” by a process called “averaging out” and “folding 
back.”14 The strategy that yields the best outcome is 
selected as the most appropriate. Because the information 
used is frequently uncertain, the fourth step is repeated 
using different plausible values for the variables in the 
tree. This procedure is called “sensitivity analysis,” and 
allows the analyst to examine the decision’s susceptibility 
to model assumptions.

Let us review how Dippel and colleagues developed 
these four steps. The management strategies they chose 
to investigate are the options that emanate from the 
“choice” (square) node o f their decision tree. (See Figure 
1 o f the article by Dippel et al.12) With each strategy, a 
number o f events can occur subsequent to the strategy 
choice. These events are subject to chance and are there
fore depicted as “chance” nodes (circles) in the model. 
For example, in the “treat symptoms only” strategy, 
patients followed expectantly have some probability o f 
being carriers o f streptococci. I f  they harbor streptococci, 
they also have some chance o f developing suppurative 
complications (eg, peritonsillar abscess) and rheumatic 
fever. Similarly, in the other modeled strategies, Dippel 
et al have included the possibility o f medication reac
tions, as well as streptococcal cure rates, for intramuscu
larly and orally administered penicillin. These chance 
events are all associated with probabilities for occurrence.
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The authors used estimates from the medical literature 
for their baseline probability estimates. The authors ac
complished the third step, assignment o f  outcome values, 
in a somewhat unconventional manner. They chose to 
use “quality adjusted life days (QALD) lost” as their 
outcome measure. The best strategy is therefore defined 
as the one that minimizes QALD lost. This is reversed 
trom the usual application o f  quality adjusted life expect
ancy14’15 in which the analyst’s objective is to maximize 
the outcome.

Let us digress for a moment to examine how quality' 
adjusted life expectancy is calculated. Consider a familiar 
example: assume that a physician is treating a 50-vear-old 
man for chronic ischemic heart disease. The patient has 
been diagnosed as having triple-vessel coronary disease 
and chronic stable angina. What is this man’s quality 
adjusted life expectancy if he receives medical therapy? 
The average age-specific life expectancy for a 50-year-old 
man is about 26 years.16 This number must be adjusted 
for both the patient’s disease process (coronary artery 
disease) and the effect that his symptoms have on his 
perceived quality of life. Triple-vessel coronary disease is 
associated with an excess mortality rate o f about 2.1% per 
year.17 Using a life expectancy approximation technique 
known as the declining exponential approximation o f life 
expectancy (D E A L E ),18’19 the average life expectancy of 
a 50-year-old man with medically treated triple-vessel 
coronary disease is estimated to be about 16.8 years. This 
corrected life expectancy can be further adjusted to reflect 
how greatly chronic, stable angina reduces the patient’s 
perceived quality o f life. Ideally, the patient would be 
questioned (using techniques such as standard reference 
gambles and time tradeoffs14 to gain insight into his or 
her perceptions o f quality o f life. If  this is not possible, 
literature estimates might be used. Weinstein and Sta- 
son20 suggest that life with chronic angina is associated 
with a perceived quality o f life that is about 70% o f that 
attributed to full health. We now have enough informa
tion to calculate this 50-year-old man’s quality adjusted 
life expectancy. Assuming that the patient’s perception of 
the quality of his life is constant throughout his remain
ing years, his disease-specific life expectancy (16.8 years) 
is multiplied by the quality factor (0.70 or 70% ) to yield 
about 11.8 quality adjusted life years. This value could 
then be used as the outcome measure in a decision model.

Let us view this same problem now from the per
spective taken by Dippcl et al. From their point o f view, 
chronic stable angina would be associated with a 30% 
decrement in quality adjusted life expectancy; every day 
spent with angina would be worth 30% less than a day 
spent in full health, ie, each day spent with angina would 
represent a loss o f 0.3 quality adjusted days. Projected 
over his total life expectancy, this would represent about

1840 quality adjusted days lost (16.8 years x  365 days X 

0.3).
Where do we get quality values? As mentioned 

earlier, several techniques are used to assess patients’ 
preferences. Two commonly used methods are the stan
dard reference gamble and the time-tradeoff.16 Alterna
tively, population-based instruments such as the Quality 
o f Well Being scale21 and the Sickness Impact Profile22 
can be used. Unfortunately, values obtained from the 
same patient or patients using different methods seldom 
agree. Which one is correct? That is an issue o f  continued 
research and active discourse.23’24 I f  a decision analysis 
incorporates patient preferences, the reader should dis
cern carefully how these values were obtained. This is 
particularly important if comparisons arc to be made 
with other analyses o f the same topic. I f  the authors use 
different methods to assess outcome preferences (as ex
pressed in the quality values applied to each outcome), 
divergent conclusions may be due to the disparate utility 
structures rather than to the inherent superiority o f  one 
strategy over another.

For use in their model, Dippcl and colleagues as
sumed that the quality o f life with acute illness is 70%  o f 
that o f life spent in full health, ie, “Q ” equals 0.7. This 
means that a day with illness is associated with a 30% loss 
o f a full-quality life day; hence, 0.3  QALD lost. The 
authors do not clearly describe how this value was de
rived, but apparently they, acting as proxies for the 
patient, assigned this value based on their clinical judg
ment. While such assignments are not unusual in the 
decision analysis literature, they should be viewed cau
tiously unless supporting documentation is provided to 
justify the assignment. Seckler and colleagues25 demon
strated that, in the context o f resuscitation decisions, 
physicians “did no better than chance in predicting the 
wishes o f their patients.” The pharyngitis decision is 
complicated further by the patient’s age: not only must a 
child’s preferences be determined, but also the parents’ 
opinions must be considered. Because o f the difficulties 
inherent in assessing children’s utilities (as noted by the 
authors), it is not unreasonable to use proxy judgments, 
but these values must be explored extensively with sen
sitivity analysis to ensure that small variations in this 
value do not affect the results. This brings us to the 
fourth step in the decision analysis process, averaging out 
and folding back the tree, and testing the results with 
sensitivity analyses to determine which values arc uncer
tain.

When the pharyngitis decision tree is folded back 
(or solved), the strategy that yields the smallest number 
of quality adjusted life days lost is the optimal selection. 
For the clinical scenario chosen (a 14-ycar-old boy who 
has had a sore throat for 1 day, fever, exudative pharyn-
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gitis, and no cough or rhinorrhca), the optimal strategy 
would be to perform an agglutination test and begin 
treatment with orally administered penicillin if the result 
is positive. The baseline scenario is important to the 
outcome: according to the authors’ estimates, there is a 
60%  chance that the patient is harboring streptococci. 
There would be a substantially lower probability that an 
adult patient with similar symptoms would be harboring 
streptococci; therefore, early antibiotic treatment would 
be o f less benefit to an adult.

Several o f  the values used in the model were consid
ered to be fairly “soft.” For this reason, the authors 
repeated the analysis multiple times using a range o f 
values for each o f the pertinent variables. They have 
presented the results o f these sensitivity analyses in Figures 
2, 3, and 4  o f their article. Figure 2 merits some discus
sion. In this figure, the sensitivity analyses for 10 varia
bles are presented. The left-most graph compares treat
ment with orally administered penicillin on the basis of 
agglutination test results (strategy 3-A o f Dippel ct al) 
with symptomatic treatment (strategy 1). In this graph, 
negative numbers indicate that strategy 3-A is preferred 
to symptomatic treatment. These results show that the 
optimal decision (strategy 3-A) is remarkably stable over 
plausible ranges for the examined variables. The middle 
graph shows how treatment with orally administered 
penicillin as indicated by a positive agglutination test 
compares with prescribing orally administered penicillin 
to all patients (strategy 2 -A). Again, negative numbers 
indicate that the test-treat strategy is preferred unless the 
rheumatic fever attack rate approaches the upper limits o f 
established values. The right-most graph contrasts intra
muscularly and orally administered penicillin therapy for 
patients whose agglutination tests arc positive. This chart 
demonstrates again that orally administered penicillin 
therapy for patients w ith positive tests is preferred unless 
the compliance with treatment is as low as 50% or the 
acute rheumatic fever attack rate is equivalent to the 
highest reported values.

The results presented in Figure 2 arc all one-way 
sensitivity analyses. In a one-way sensitivity analysis, one 
factor is varied while all other variables in the model arc- 
held constant. Figure 3 presents graphically a one-way 
sensitivity analysis o f the probability o f harboring strep
tococci. This variable appears on the horizontal axis, and 
expected loss (in quality adjusted life days lost) is shown 
on the vertical axis. On this graph, small T-axis values are 
preferred. I f  the probability o f harboring streptococci is 
anywhere between .37 and .88, the patient with a posi
tive agglutination test should be treated with orally ad
ministered penicillin. For probabilities below .37, symp
tomatic treatment is preferred. Above .88, treatment 
with penicillin, without testing, is the optimal strategy.

Figure 4  is a two-way sensitivitv analysis. Here two 
variables are applied throughout their plausible ranges 
while all other factors are held constant. In this figure, the 
probability- o f  harboring streptococci appears on the 
X-axis and the risk o f  acute rheumatic fever on the T-axis. 
As the probabilities for harboring streptococci and con
tracting acute rheumatic fever increase, more aggressive- 
treatment strategies are preferred. The band labeled “ag
glutination test, oral penicillin” corresponds to combina
tions o f acute rheumatic fever and streptococci probabil
ities for which the test—oral penicillin strategy is best. 
Notice that where die risk o f rheumatic fever is higher, 
intramuscularly administered penicillin is the preferred 
treatment. This is due to the higher losses that might be 
cxpectcd because o f less than full compliance with orally 
administered antibiotic treatment regimens.

The sensitivity analyses demonstrate how issues such 
as the streptococcal carrier state, cure rates, rheumatic 
fever attack probabilities, and compliance rates all affect 
the choice o f an optimal treatment strategy. The domi
nant result (antigen testing followed by treatment o f 
patients with positive tests) is consistent with other rec
ommendations for managing streptococcal pharyngitis,26 
but how does this compare with other decision analyses 
o f this topic? Since antigen tests became widely available, 
one other analysis o f streptococcal pharyngitis in children 
has appeared. Lieu and colleagues27 performed a cost- 
effectiveness analysis o f four possible strategies: (1) treat 
all patients, (2) culture and treat patients 2 days later if 
they have positive cultures, (3) perform an antigen test 
and immediately treat patients whose results are positive, 
and (4) combine antigen testing with culture confirma
tion o f negative tests. These authors chose not to incor
porate the issue o f carrier rate, and did not include the 
impact o f early treatment on symptom duration. In spite 
o f these differences, Lieu et al also found the antigen test 
strategy to be optimal for test sensitivities similar to those 
assumed by Dippcl et al.

The optimal approach to treating children’s sore 
throats will continue to be controversial until we have 
clinical tests that both provide immediate results and 
accurately identify streptococcal infection (not just the 
presence o f the organism). Until such a test is available, 
analyses such as the one presented by Dippel et al can 
direct our management efforts. I f  the streptococcal prev
alence is markedly different or high rheumatic fever at
tack rates prevail, the clinician can use the sensitivity 
analysis results to modify his or her treatment recommen
dations as appropriate.

Dippel and colleagues have tackled a common but 
vexing primary care problem. They have defined explic
itly the data and assumptions on which their results arc- 
based. Even if we assumed perfect tests, well over 78,000
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subjects would be required in a randomized trial to 
demonstrate convincingly (assuming a two-tailed test 
with a  =  .05 and )3 = .2) a 50%  reduction in acute 
rheumatic fever using the strategies examined.28 Even if 
such a study were to be undertaken immediately, the 
results would not be available to direct our decision 
making for quite some time. In the absence o f such 
definitive clinical trials, decision analyses can integrate 
the best available information to aid the decision maker.

References

1. Stillerman M, Bernstein SH. Streptococcal pharyngitis. Am J Dis 
Child 1961; 101:476-89.

2. KomarofF AI, Pass TM , Aronson MD, et al. The prediction of 
streptococcal pharyngitis in adults, j  Gen Intern Med 1986; 1:1-7.

3. Centor RM, Witherspoon JM, Dalton HP, Brody CE, Link K. 
The diagnosis o f strep throat in adults in the emergency room. 
Med Decis Making 1981; 1 :239-46.

4. Breese BB. A simple scoreboard for the tentative diagnosis of 
streptococcal pharyngitis. Am J Dis Child 1977; 131:514—7.

5. Fischer PM, Mentrup PL. Comparison o f throat culture and latex 
agglutination test for streptococcal pharyngitis. ] Earn Pract 1986; 
22 :245-8 .

6. Centor RM, Meier FA, Dalton HP. Throat cultures and rapid tests 
for diagnosis o f group A streptococcal pharyngitis. Ann Intern 
Med 1986; 105:892-99.

7. Reed BD, Huck W, French T. Diagnosis o f group A /3-hemolytic 
Streptococcus using clinical scoring criteria, Directigen 1-2-3 group 
A streptococcal test, and culture. Arch Intern Med 1990; 150: 
1727-32.

8. Carlson JR , Mcrz WG, Hansen BE, Ruth S, Moore DG. Im
proved recovery o f group A beta-hemolytic streptococci with a 
new selective medium. J Clin Microbiol 1985; 21 :307-9 .

9. Cebui RD, Poses RM. The comparative cost-effectiveness of sta
tistical decision rules and experienced physicians in pharyngitis 
management. JAMA 1986; 256 :3353-7 .

10. Poses RM, Cebui RD, Collins M, Fager SS. The importance of 
disease prevalence in transporting clinical prediction rules. The 
case o f streptococcal pharyngitis. Ann Intern Med 1986; 105: 
586-91.

11. Kaplan EL, Top FH, Dudding BA, Wannamakcr LW. Diagnosis 
of streptococcal pharyngitis: differentiation o f active infection 
from the carrier state in the symptomatic child. J Infect Dis 1971; 
123:490-501.

12. Dippel DWJ, Otten-Touw F, Habbema JDF. Management of

children with acute pharyngitis: a decision analysis. J Fam Pract 
1992 ;34 :149-159 .

13. Davis JE. Decision analysis: a prescriptive method for decision and 
cost-effectiveness research [editorial]. J Fam Pract 1989; 29: 
367-9.

14. Weinstein MC, Fineberg HV, Elstein AS, et al. Clinical decision 
analysis. Philadelphia, Pa: WB Saunders, 1980:4—8, 54—60, 184—
227'

15. Sox HC, Blatt MA, Higgins MC, Marton KI. Medical decision 
making. Stoneham, Mass: Butterworth, 1988:201-37.

16. Vital Statistics o f the United States, 1984. Vol 2. Mortality', part 
A. Rockville, Md: National Center for Health Statistics. Govern
ment Printing Office, 1987. DHHS publication No. (PHS) 87- 
112.

17. CASS principal investigators and their associates. Coronary Artery 
Surgery' Study (CASS): a randomized trial o f coronary artery 
bypass surgery. Survival data. Circulation 1983; 6 8 :930-50 .

18. Beck JR , Kassirer JP, Pauker SG. A convenient approximation of 
life expectancy (the “DEALE”). I. Validation o f the method. Am 
J Med 1982; 73 :883-8 .

19. Beck JR , Pauker SG, Gottlieb JE, Klein K, Kassirer JP. A conve
nient approximation o f life expectancy (the “DEALE”). II. Use in 
medical decision-making. Am J Med 1982; 73 :889-97 .

20. Weinstein MC, Stason WB. Cost-effectiveness o f coronary artery 
bypass surgery. Circulation 1982; 66(supp 3, part 2): 56—66.

21. Kaplan RM, Bush JW, Berry' CC. Health status: types o f validity 
and the index of well-being. Health Serv Res 1976; 11:478—507.

22. Bergner M, Bobbitt RA, Carter WB, Gilson BS. The sickness 
impact profile: development and final revision o f a health status 
measure. Med Care 1981; 19 :787-805.

23. Froberg DG, Kane RL. Methodology for measuring health-state 
preferences—I: measurement strategies. J Clin Epidemiol 1989; 
42 :345-54.

24. Patrick DL. Measuring patient preferences in primary care. In: 
Hibbard HH, Nutting PA, Grady ML, eds. Conference proceed
ings. Primary care research: theory and methods. Agency for 
Health Care Policy and Research, US Department of Health and 
Human Services, Public Health Service, Washington, DC, 1991: 
59-66.

25. Seckler AB, Meier DE, Mulvihili M, Cammer Paris BE. Substi
tuted judgment: how accurate are proxy predictions? Ann Intern 
Med 1991; 115:92-8.

26. Bisno AL. Group A streptococcal infections and acute rheumatic 
fever. N Engl J Med 1991; 325 :783-93 .

27. Lieu TA, Fleisher GR, Schwartz JS. Cost-effectiveness o f rapid 
latex agglutination testing and throat culture for streptococcal 
pharyngitis. Pediatrics 1990; 85 :246-56.

28. Kraemer HC, Thiemann S. How many subjects? Statistical power 
analysis in research. Newburv Park, Calif: Sage Publications, 
1987:77-83.

See article on page 149.

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


