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Background: The Centor and McIsaac scores guide test-
ing and treatment for group A streptococcal (GAS) phar-
yngitis in patients presenting with a sore throat, but they
were derived on relatively small samples. We perform a
national-scale validation of the prediction models on a
large, geographically diverse population.

Methods: We analyzed data collected from 206 870 pa-
tients 3 years or older who presented with a painful throat
to a United States national retail health chain from Sep-
tember 1, 2006, to December 1, 2008. Main outcome mea-
sures were the proportions of patients testing positive for
GAS pharyngitis according to the Centor and McIsaac
scores (both scales, 0-4).

Results: For patients 15 years or older, 23% (95% CI,
22%-23%) tested positive for GAS, including 7% (95%
CI, 7%-8%) of those with a Centor score of 0; 12%
(95% CI, 11%-12%) of those with a Centor score of 1;
21% (95% CI, 21%-22%) of those with a Centor score of
2; 38% (95% CI, 38%-39%) of those with a Centor score

of 3; and 57% (95% CI, 56%-58%) of those with a Cen-
tor score of 4. For patients 3 years or older, 27% (95%
CI, 27%-27%) tested positive for GAS, including 8% (95%
CI, 8%-9%) of those testing positive with a McIsaac score
of 0; 14% (95% CI, 13%-14%) of those with a McIsaac
score of 1; 23% (95% CI, 23%-23%) of those with a
McIsaac score of 2; 37% (95% CI, 37%-37%) of those with
a McIsaac score of 3; and 55% (95% CI, 55%-56%) of those
with a McIsaac score of 4. The 95% CIs overlapped be-
tween our retail health chain–derived probabilities and
the prior reports.

Conclusion: Our study validates the Centor and McIsaac
scores and more precisely classifies risk of GAS infec-
tion among patients presenting with a painful throat to
a retail health chain.
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G ROUP A STREPTOCOCCAL

(GAS) pharyngitis is the
most common cause of
bacterial pharyngitis af-
fecting over half a billion

people annually worldwide.1 GAS pharyn-
gitis is both the antecedent for invasive
streptococcal infections such as necrotiz-
ing fasciitis and the postinfectious immu-
nologic complication of rheumatic fever
and/or rheumatic heart disease, a leading
cause of cardiovascular morbidity and mor-
tality in many developing parts of the world.
Physical examination of the posterior oro-
pharynx is an inaccurate method to distin-
guish GAS from other causes of acute phar-
yngitis,2 so Snow and others,3 most
importantly the Centers for Disease Con-
trol and Prevention (CDC) and the Ameri-
can College of Physicians–American Soci-
ety of Internal Medicine (ACP-ASIM),
endorse applying the 4-point Centor clini-
cal scoring scale4 to classify the risk of GAS

and guide management of acute pharyngi-
tis in adults (Table 1). Developed 3 de-
cades ago and based on the evaluation of
286 adults at a single emergency depart-
ment, the Centor score helps clinicians to
distinguish GAS from viral pharyngitis and
thereby to appropriately prescribe antibi-
otics to alleviate symptoms and decrease the
rates of acute rheumatic fever, suppura-
tive complications, missed school and work
days, and disease transmission.5

The McIsaac score,6,7 derived from 521
patients from a university-affiliated fam-
ily practice in Toronto, Ontario, Canada,
and validated on 621 patients from 49 On-
tario communities, adjusts the Centor
score for the patient’s age. Since younger
patients are more likely to have GAS than
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older patients, the McIsaac score is calculated by adding
1 point to the Centor score for patients aged 3 to 14 years
and subtracting 1 point for those 45 years or older. Be-
cause clinical prediction models may perform poorly when
applied to new settings, it is important to validate them
on different populations and over time.8,9 Furthermore,
despite endorsement from CDC and ACP-ASIM, the clini-
cal scores have gained poor traction in clinical prac-
tice,10 perhaps in part owing to the perception that the
scores were derived from a relatively small sample. Herein,
we analyze a geographically diverse population of pa-
tients who presented with sore throat to MinuteClinic,
a large retail health chain, to perform the largest valida-
tion studies of the Centor and McIsaac scores.

METHODS

STUDY DESIGN

We analyzed retrospective data collected from patients tested
for GAS pharyngitis when they presented with a painful throat
from September 1, 2006, to December 1, 2008, to Minute-
Clinic, a large, national retail health chain with over 500 sites
in 26 states.11-14 From the retail clinic’s 581 sites, the data set
included 238 656 patient encounters across 25 states. In this
setting, physician assistants or nurse practitioners collect stan-
dardized historical and physical examination information based
on algorithm-driven care. The clinicians enter these codified
data in real time, and the information is stored in a common
database across all clinic locations. MinuteClinic providers have
demonstrated greater than 99% adherence to an established acute
pharyngitis protocol, the “Strep Pharyngitis Algorithm,”15 from
the Institute for Clinical Systems Improvement.16 According to
this algorithm, medical providers collect structured informa-
tion about patients’ relevant signs and symptoms, obtain rapid
antigen testing on all patients with pharyngitis (with confir-
matory testing used for patients whose rapid test is negative),
and treat only those patients with a positive test for GAS. The
data set included only patient visits where there was complete
information about age, all signs and symptoms included in the
Centor and McIsaac scores, and test results. The Children’s Hos-
pital Boston committee on clinical investigation approved this
database analysis.

We included patient visits if a patient presented with a chief
complaint of painful throat and was tested for GAS pharyngi-
tis or if a patient had symptoms of pharyngitis and was tested
for GAS pharyngitis. Patient visits were excluded if the patient
reported having been treated for GAS within the 1 month prior
to the visit. Patients younger than 3 years were excluded be-
cause neither the Centor score nor the McIsaac score is in-
tended for use in those patients. For patients with multiple vis-
its during the study period, we included the first visit only.
Patients were not excluded if they were pregnant or had co-
morbid conditions. MinuteClinic practice is to not care for pa-
tients with septic appearance but to refer them to emergency
department care.

TEST METHODS

All MinuteClinic locations used the Clinical Laboratory Im-
provement Amendments–waived QuickVue In-line Strep A test
(Quidel Corp). The confirmatory test was a streptococcal DNA
probe (74%) or throat culture (26%). Patients were catego-
rized as GAS positive if the finding of either test (rapid or con-
firmatory) was positive.

STATISTICAL ANALYSIS

Predictor variables and covariates were developed for age, sex,
history of fever in previous 24 hours, history of exposure to
someone with GAS pharyngitis, presence of cough, duration
of pharyngitis symptoms (days), presence of erythematous ton-
sils, presence of tonsillar exudates, presence of swollen ton-
sils, presence of swollen anterior cervical lymph nodes, pres-
ence of swollen posterior cervical lymph nodes, and presence
of rhinorrhea. Streptococcal test results were extracted for each
patient.

Data from all patients fulfilling the inclusion and exclusion
criteria were used to validate the McIsaac score, and data from
all patients 15 years or older were used to validate the Centor
score. The Centor score was calculated by summing the fol-
lowing clinical factors: history of fever, presence of tonsillar
exudates, presence of swollen anterior cervical lymph nodes,
and absence of cough. The McIsaac score was calculated for
all patients 3 years or older by adding 1 point to the Centor
score for those younger than 15 years and by subtracting 1 point
from the Centor score for those 45 years or older.17 McIsaac
scores of −1 and 5 were normalized to 0 and 4.7

Two approaches were taken to validate the scores. First, we
compared the likelihood of GAS pharyngitis by clinical score
in the MinuteClinic patients to the likelihood of GAS pharyn-
gitis by clinical score in the published data. Second, we ap-
plied logistic regression to the MinuteClinic data to derive new
prediction models, maintaining the same parameter that they
be limited to no more than 4 clinical variables. The 4 chosen
variables derived from the cohort of patients 15 years or older
were then compared with the 4 variables that compose the Cen-
tor score.

CALCULATION OF GAS PROBABILITIES

The percentage of patients 15 years or older in the retail health
data who tested positive for GAS by Centor score (0-4) was cal-
culated and compared with the original report by Centor et al4

and with the validation study by Wigton et al.18 The percent-
age of patients 3 years or older in the retail health data who
tested positive for GAS by McIsaac score (0-4) was calculated
and compared with the McIsaac studies.6,7 Ninety-five percent
CIs were calculated for the proportion of patients testing posi-
tive at each score. The 95% CIs around the proportion testing

Table 1. ACP/CDC Guidelinesa for the Management
of Pharyngitis

Centor Score ACP/CDC Guidelines

0 Do not test, do not treat
1 Do not test, do not treat
2 Treat if rapid test result positive
3 Option 1: treat if rapid test result positive

Option 2: treat empirically
4 Treat empirically

Abbreviations: ACP, American College of Physicians; CDC, Centers for
Disease Control and Prevention.

aThe CDC advocates the ACP guideline based on the Centor score for
management of acute pharyngitis in adults.3 To calculate the Centor score,
patients receive 1 point for each of the following: fever; absence of cough;
presence of tonsillar exudates; and swollen, tender anterior cervical nodes.
Based on these signs and symptoms, the Centor score is calculated (0-4).
The McIsaac score adjusts the Centor score to account for the increased
incidence of group a Streptococcus infection in children and decreased
incidence in older adults by adding 1 point to the Centor score for those
younger than 15 years and subtracting 1 point for those 45 years or older.
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positive by score in the retail health data were compared with
the 95% CIs in the Centor4,18 and McIsaac6,7 studies.

SELECTION OF VARIABLES

Variables included in the Centor and McIsaac scores as well as
variables not included in the scores were examined to deter-
mine the best predictors of GAS pharyngitis among the Minu-
teClinic patients. Univariate and multivariate analyses were per-
formed to identify predictors of GAS pharyngitis. Significance
of association of categorical variables with GAS pharyngitis was
tested by the �2 test. In the multivariate analysis, candidate pre-
dictors were entered into a stepwise logistic regression to iden-
tify independent predictors of patients with GAS pharyngitis.
P value cutoffs for entry and departure for the multivariate re-
gression models were .25 and .10, respectively. For the pur-
pose of simplicity and usability and to facilitate comparison with
the prior studies, the final model was limited to 4 predictor vari-
ables and assessed by area under the receiver operator charac-
teristic curve (AUC). Statistical analyses were performed using
JMP Pro software, version 9.0.2 (SAS Institute).

RESULTS

Of 238 656 patient visits, 5653 were excluded owing to
treatment for GAS within the prior month, and an addi-
tional 1399 were excluded because the patient age was
younger than 3 years, leaving 231 604 patient visits. For
patients with multiple visits, only the first visit was in-
cluded, leaving 206 870 patients to validate the McIsaac
score. Of these, 64 789 visits occurred for patients younger
than 15 years (31%), leaving 142 081 visits for the vali-
dation of the Centor score (Figure).

Among the 142 081 retail health visits for patients 15
years or older, 23% (95% CI, 22%-23%) tested positive
for GAS, compared with17% (95% CI, 14%-23%) in the
original Centor et al4 article and 26% (95% CI, 24%-
32%) in the validation study of the Centor score.18 Two-

thirds of the patients in the retail health data set were
female, and the average age was 34 years. Table 2 lists
the age, sex, and clinical signs and symptoms of phar-
yngitis by GAS result for those 3 years or older and for
those 15 years or older. In both groups, patients who tested
positive for GAS pharyngitis were more likely to pre-
sent with tonsillar exudates, swollen anterior cervical
lymph nodes, tonsillar swelling, history of fever in the
previous 24 hours, absence of cough, lack of rhinor-
rhea, swollen posterior cervical lymph nodes, exposure
to GAS, and temperature above 101°F at the time of pre-
sentation.

Table 3 lists the percentage of patients testing posi-
tive for GAS by clinical score in the retail health data,
compared with the published literature by Centor et al,4

Wigton et al,18 and McIsaac et al.6,7 Patients in the retail
health population had GAS positivity rates in an inter-
mediate range between the Centor et al4 and Wigton et
al18 reports and were more likely to have GAS pharyn-
gitis than were patients in the McIsaac et al6,7 studies. The
95% CIs around the percentage of patients testing posi-
tive in the retail health cohort overlapped with the 95%
CIs around the percentages testing positive by score in
the Centor et al4 and Wigton et al18 studies. Table 4 lists
the risks of GAS pharyngitis according to the number of
predictors present and stratified by the patient ages used
in the McIsaac classification.

In the multivariate logistic regression model, the same
4 candidate predictors were selected from the retail health
data, as in the original Centor et al4 report. Presence of
tonsillar exudates conferred the highest odds of having
streptococcal infection (3.1 [95% CI, 3.0-3.2]) followed
by swollen anterior cervical lymph nodes (2.2 95% CI,
2.1-2.3]), history of fever (1.7, [95% CI, 1.7-1.8]) and
absence of cough (1.6, [95% CI, 1.5-1.6]).

The overall performance of the model as applied to
the retail health data was evaluated by comparing the
AUCs. For patients 15 years or older, applying the Cen-
tor score to the retail health data yielded an AUC of 0.72.
For patients 3 years or older, applying the McIsaac score
to the retail health data achieved an AUC of 0.71.

COMMENT

We evaluated 2 commonly used prediction models to clas-
sify risk of GAS pharyngitis among patients presenting
with a painful throat. The purpose of a clinical predic-
tion model is to provide clinicians with a practical and
applicable tool to improve medical decision-making, the
health of individual patients, and the public health. The
Centor score is 1 model that is particularly robust; it has
withstood 30 years of changes in diagnostic testing, in-
formation technology, and population dynamics.19 Our
study validated the Centor score in a clinical setting (re-
tail health chain) with a less acutely ill population than
is seen in the emergency department setting from which
the score was derived. While the Centor score was de-
rived from a relatively small number of patients (n = 286)
seen in 1 setting during a single 2-month period, we ana-
lyzed data from multiple locations spanning more than
1 calendar year, mitigating the potential impact of sea-

Patients aged ≥15 years, available for
validation of the Centor score

142 081

Patients aged ≥3 years, available for
validation of the McIsaac score

206 870

Age distribution of patients

Age, y
3-9
10-15
16-24
25-34
35-44
45-54
≥55

Patients, %
17
16
16
19
19
8
5

Patients tested for group A Streptococcus
who had all data available for predictors
included in Centor and McIsaac scores

238 656

Excluded patients31 786
Treated in past month5653
Younger than 3 years1399
Repeat visits24 734

Excluded patients aged 3-15 years64 789

Figure. Patient flow diagram.
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sonality because the data are collected throughout the
normal peaks and ebbs of GAS pharyngitis incidence. Lo-
gistic regression selected, from among the candidate pre-
dictors listed inTable 3, the same 4 predictors that were
chosen in the landmark article by Centor et al.4

With data from over 140 000 patients, our analyses
provide precise interpretations of risk for each Centor
score category that still lie within the 95% CIs of the origi-
nal by Centor et al,4 which was based on fewer than 300
patients. As our research group20 has shown previously,
the recent local incidence of GAS pharyngitis further im-
proves the accuracy of estimating an individual pa-
tient’s risk of GAS pharyngitis. Troughs and peaks of GAS
pharyngitis outbreaks will occur naturally throughout the
year, so the retail health data in our analyses collected
over more than 1 year average over those variations and
should provide more reliable characterization of the score
than did the original study by Centor et al,4 which was
conducted over only 2 months.

The AUC is a metric widely used to reflect the overall
accuracy of a diagnostic test or overall performance of a
clinical prediction model. The AUC of the Centor score
in the present retail health population (0.72) was lower
than that found in the original 1981 study by Centor et
al4 (0.78) but the same as that found in the validation study
by Wigton et al 18 (0.72), arguing for the discriminating
validity of this score. Clinical prediction models tend to
perform less well in validation studies, but our data are
consistent with the model’s performance in other valida-
tion studies.21 While McIsaac et al6,7 did not report an AUC
with their original data, the McIsaac score performed simi-
larly to the others in the present large data set.

The observed proportion of MinuteClinic patients
testing positive according to clinical scores fell within
the 95% CIs of the Wigton et al18 and McIsaac et al6,7

validation studies (except for McIsaac score 0), sup-

Table 2. Characteristics of the 206 870 Retail Health Patients With Pharyngitisa

Characteristics

Age �3 Years (n = 206 870) Age �15 Years (n = 142 081)

GAS Positive
(n = 56 013)

GAS Negativeb

(n = 150 857)
GAS Positive
(n = 32 054)

GAS Negativeb

(n = 110 027)

Age, mean (median) [IQR], y 23 (20) [9-35] 28 (26) [14-39] 33 (33) [24-40] 34 (33) [24-42]
Male sex 22 768 (41) 54 540 (36) 10 916 (34) 36 073 (33)
Fever 30 710 (55) 52 006 (34) 15 482 (48) 33 110 (30)
Absence of cough 40 538 (72) 93 255 (62) 23 251 (73) 67 651 (61)
Anterior cervical

lymphadenopathy
42 662 (76) 83 249 (55) 24 765 (77) 59 910 (54)

Tonsillar exudate 21 963 (39) 24 513 (16) 14 478 (45) 18 922 (17)
Tonsillar swelling 34 525 (62) 54 528 (36) 18 248 (57) 34 827 (32)
Temperature �101°F 3455 (6) 4213 (3) 1183 (4) 1934 (2)
Exposure to GAS 19 718 (35) 38 429 (25) 10 739 (34) 26 316 (24)
Lack of rhinorrhea 44 473 (79) 110 666 (73) 25 899 (81) 80 860 (73)
Posterior cervical

lymphadenopathy
5044 (9) 8651 (6) 2876 (9) 6094 (6)

Symptom duration
�24 h 10 557 (20) 23 449 (17) 4199 (13) 13 469 (13)
1-2 d 25 928 (46) 56 172 (38) 14 098 (44) 38 132 (36)
3-4 d 14 436 (26) 43 138 (29) 9881 (31) 33 791 (32)
�5 d 5092 (9) 23 563 (16) 3876 (12) 20 364 (19)

Abbreviations: GAS, group A Streptococcus; IQR, interquartile range.
aUnless otherwise indicated, data are presented as number (percentage) of patients.
bP � .001 for every entry in this column (positive vs negative).

Table 3. Percentages of Patients Testing Positive for GAS
by Clinical Score in National Retail Health Data
Compared With Published Dataa

Centor
Score

Retail Health
Data, Patient

Age �15 y
(n = 142 081)

Centor et al4
1981

Derivation
Study

(n = 286)

Wigton et al18

1996 Validation
Study

(n = 516)

0
(n = 13 603)

7 (7-8) 3 (0-16) 3 (0-14)

1
(n = 45 080)

12 (11-12) 7 (2-14) 14 (9-21)

2
(n = 47 167)

21 (21-22) 16 (8-27) 23 (17-30)

3
(n = 26 769)

38 (38-39) 34 (20-46) 45 (36-54)

4
(n = 9462)

57 (56-58) 56 (35-77) 54 (42-67)

Overall 23 (22-23) 17 (14-23) 26 (24-32)

McIsaac
Score

Retail Health
Data, Patient

Age �3 y
(n = 206 870)

McIsaac et al7
1998

Derivation
Study

(n = 521)

McIsaac et al6
2000 Validation

Study
(n = 619)

0
(n = 23 339)

8 (8-9) 3 (1-6) 1 (0-4)

1
(n = 47 083)

14 (13-14) 5 (2-10) 10 (6-16)

2
(n = 59 130)

23 (23-23) 11 (6-19) 17 (11-25)

3
(n = 47 234)

37 (37-37) 28 (18-41) 35 (25-45)

4
(n = 30 084)

55 (55-56) 53 (40-66) 51 (40-62)

Overall 27 (27-27) 14 (11-17) 17 (14-20)

Abbreviation: GAS, group A Streptococcus.
aData are presented as percentage (95% CI) of patients.
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porting the calibration validity of the Centor and
McIsaac scores.

Leveraging codified data from retail health clinics where
uniform, algorithm-driven care is provided and data are
captured in a single electronic medical record, our study
demonstrates the strengths of the Centor and McIsaac
scores as useful tools in clinical decision making. Though
many clinicians in the primary care or emergency medi-
cine setting do not routinely test adult patients who are
either very likely or very unlikely to have GAS pharyn-
gitis (ie, those with Centor scores of 0, 1, and 4), be-
cause MinuteClinic protocol mandates testing for all pa-
tients presenting with a painful throat, a further unique
strength of our large validation study is ascertainment
of GAS status on all subjects.

Though all clinical and laboratory data were col-
lected prospectively, the analyses were conducted retro-
spectively. There may be some variability in clinical
interpretation of the Centor criteria by the nurse prac-
titioners in the MinuteClinic setting; whether anterior
cervical nodes are enlarged, for example, might be more
subjective than other criteria such as temperature above
101°F.22 Furthermore, data are not available for calcu-
lating interobserver or intraobserver reliability.

Though very useful for diagnosing the presence of
GAS, retail health data would be unlikely to detect group
C Streptococcus and most other bacterial causes of phar-
yngitis, including Fusobacterium necrophorum, which
may cause severe disease especially in adolescents and
young adults.23

All patients in the data set were symptomatic with sore
throat, so our analyses do not address the important is-
sue of the asymptomatic streptococcal carrier state. Se-
rologic testing was not performed, so symptomatic pa-
tients with a positive GAS test finding were assumed to
be true positives, not carriers.

Because these data were collected recently, we could
not quantify potential changes in antibiotic uses attrib-
utable to the 2002 Infectious Diseases Society of America

guideline24 and to the 2001 American College of Physi-
cians guideline.25

Using national-scale and uniform data electronically cap-
tured from a retail clinic chain, we have validated the Cen-
tor and McIsaac scores as useful and valid tools for diag-
nosis and treatment of patients with acute pharyngitis.
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(16 [16-17])

Abbreviation: GAS, group A Streptococcus.
aAll data are reported as number of patients with GAS pharyngitis/total

number of patients (percentage [95% CI]).
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ONLINE FIRST

INVITED COMMENTARY

Adolescent and Adult Pharyngitis

More Than “Strep Throat”

I n this issue of the Archives, Fine and colleagues1 re-
port a major validation of clinical prediction rules for
predicting group A streptococcal (GAS) pharyngitis.

They examine the prediction model that I and my re-
search team2 first reported in 1981 and the modification
(incorporating age into the decision rule) that McIsaac et
al3 reported in 1998. This validation confirms a recent meta-
analysis that arrived at the same finding.4

These models provide a probability of a positive group
A �-hemolytic streptococcal culture based on a preva-
lence estimate and 4-point scoring system. The 4-point
system appears to work well for preadolescent pharyn-
gitis, where ultimately the clinician must make a dichoto-
mous decision—GAS infection or a viral infection.

However, as patients enter adolescence and continue
growing into young adulthood, the model becomes more
controversial; indeed, the 2 US guidelines differ in their
approach to adult pharyngitis.5 To understand why there
is less certainty in the diagnosis of pharyngitis in ado-
lescents and older persons, we note several important dif-
ferences between this population and young children6:

1. Adolescents and young adults respond to penicillin
treatment of GAS with a 2-day decrease in symptoms, while
preadolescents do not appear to show this effect7,8;

2. Group C (and other non–group A) �-hemolytic
streptococcal pharyngitis occurs more frequently in ado-
lescents and young adults than in preadolescents. In ado-
lescents and young adults, treatment of group C strep-
tococcal (GCS) pharyngitis results in a 1-day shorter
duration of symptoms7;

3. While both age groups develop Epstein-Barr in-
fections, only the adolescents and young adults develop
the infectious mononucleosis syndrome; and

4. Fusobacterium necrophorum pharyngitis occurs
much more frequently in adolescents and young adults,
as does the Lemierre syndrome (a syndrome of internal
jugular thrombophlebitis and metastatic infections usu-
ally caused by F necrophorum).

Given these differences, should we empirically treat ado-
lescents and young adults with antibiotics if they have a
Centor score of 3 or 4? To answer this question we should
make explicit the potential benefits and risk of antibi-
otic therapy.

If a pharyngitis has a bacterial cause (at least with GAS
and GCS pharyngitis), then treatment with appropriate
antibiotics will decrease symptom duration for adoles-
cents and young adults.9 We cannot be certain that an-
tibiotics can decrease the duration of fusobacterial phar-
yngitis. When the patient has bacterial pharyngitis,
antibiotics decrease bacterial spread to others.

Treatment of GAS pharyngitis decreases suppurative
complications. Treatment without a GAS diagnosis de-
creases peritonsillar abscess; therefore, we can deduce that
treating fusobacterial pharyngitis should decrease peri-
tonsillar abscess.9 Recent studies suggest that F necropho-
rum is the most common anaerobe causing peritonsillar
abscesses. While we cannot prove that treating fusobac-
terial pharyngitis will decrease the incidence of Le-
mierre syndrome, that conclusion seems likely. Treat-
ing GAS pharyngitis decreases the incidence of the
nonsuppurative complication acute rheumatic fever. It
may also decrease the risk of acute glomerulonephritis.
Group C Streptococcus clearly can cause glomerulone-
phritis and may even cause some cases of acute rheu-
matic fever. We are not aware of any nonsuppurative com-
plications from fusobacterial pharyngitis.
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Given this information, we would like to treat GAS,
GCS, group G streptococcal (GGS), and fusobacterial
pharyngitis. Since we can only easily diagnose GAS
pharyngitis in 2012, how should we proceed? We could
diagnose GCS and GGS pharyngitis with throat culture,
but most laboratories do not look for non-GAS infec-
tion from throat swabs. Few laboratories in the world
can culture F necrophorum from throat swabs. These
cultures require an anaerobe incubator and special cul-
ture media.

Can we use the prediction model to guide our deci-
sion making? Does the model predict more than GAS in-
fection? All experts and both guidelines agree not to test
or treat patients with scores of 0 or 1 with antibiotics.
Scores of 2 are indeterminate, and currently, both guide-
lines suggest rapid streptococcal testing. Overall, pa-
tients with scores of 3 or 4 represent approximately 30%
of all adolescent and adult patients with pharyngitis. We
have data suggesting that GCS pharyngitis occurs more
often with scores of 3 or 4, similar to GAS.

But what about fusobacterial pharyngitis? We have
minimal clinical data on fusobacterial pharyngitis. In a
review of 6 case reports of bacteremic fusobacterial phar-
yngitis (without subsequent Lemierre syndrome), 5 of
the 6 patients had exudates, and all had fever.10 These
reports do not mention cough or coryza. They also do
not comment on cervical adenopathy.

A report from Denmark includes 26 patients whose
throat cultures grew F necrophorum (the study institu-
tion had a laboratory that specialized in culturing this
organism from throat swabs).11 Three of the patients had
recurrent tonsillitis. They all had sore throats, fever, and
unilateral pharyngitis.

Thus we have indirect evidence that fusobacterial phar-
yngitis often presents with scores of 3 or 4. Non-GAS bac-
terial pharyngitis is also likely to be a substantial pro-
portion of bacterial pharyngitis. In their penicillin study,
Zwart et al7 restricted participants to adults with scores
of 3 or 4 and found that approximately 75% had either
GAS (50%) or GCS (25%) pharyngitis.7 We expect that
many of the remaining 25% had fusobacterial pharyngi-
tis. Thus, although we do not have definitive data, the
circumstantial evidence indicates that treating all pa-
tients with scores of 3 or 4 would treat many patients with
GAS, GCS, and fusobacterial pharyngitis.

If we can confirm this hypothesis, then we can use the
prediction model to treat bacterial pharyngitis rather than
just GAS pharyngitis. If we set as our goal the treatment
of GAS, non-GAS, and fusobacterial pharyngitis, then the
prediction model may trump currently available tests for
adolescents and adults.

Why might the prediction model work for different
bacterial causes of pharyngitis? In a recent unpublished
study, I performed factor analysis on signs and symp-
toms from almost 2000 patients with pharyngitis. The
signs and symptoms were as follows:

1. Bacterial inflammatory response—tonsillar exu-
dates, difficulty swallowing, anterior cervical adenopa-
thy, and pharyngeal redness;

2. Febrile response—fever history and increased tem-
perature measured at the time of the visit; and

3. Viral symptoms—cough and coryza.

I suspect that the model works because any bacterial ton-
sillitis will induce an inflammatory response and a febrile
response, while it is less likely to cause cough and coryza.

These symptoms do overlap, and thus no model can
definitively prove bacterial pharyngitis. However, the
probability of bacterial pharyngitis in patients with score
of 3 or 4 likely is greater than 80%.

While we are awaiting further data, we must make de-
cisions about adult pharyngitis. Given the potential ben-
efits of treating patients with a high likelihood of bacte-
rial pharyngitis, I favor empirical treatment of patients
having scores of 3 or 4. Using narrow-spectrum antibi-
otics (eg, penicillins or cephalosporins), we will cause
little new resistance and potentially prevent serious com-
plications, although it must be said that even narrow-
spectrum antibiotics can have serious adverse effects, in-
cluding diarrhea, rash, and increased incidence of
Clostridium difficile infection.

The large-scale validation study of Fine et al1 pro-
vides more evidence of the model’s consistency. In 2012,
we should revisit its application to our patients.
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