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Pharyngitis accounts for about 6% of vis-
its by children to primary care physi-
cians each year in high-income nations.1 

Group A streptococcus is found in 30%–40% 
of cases of childhood pharyngitis; the remain-
ing cases are considered viral.2 Antibiotic treat-
ment is indicated for group A streptococcal 
infection to prevent suppurative (e.g., retropha-
ryngeal abscess and quinsy) and nonsuppurative 
complications (e.g., acute rheumatic fever and 
rheumatic heart disease) and to reduce the dura-
tion of symptoms and the spread of the condi-
tion.3 In settings where poststreptococcal dis-
eases have become uncommon, such as Western 
Europe and North America,4 the public health 

goal is shifting from preventing complications 
to minimizing the inappropriate use of antibiotic 
agents to contain antimicrobial resistance.5 
However, 60%–70% of the visits by children 
with pharyngitis to American primary care 
 physicians result in antibiotic agents being 
 prescribed.6–8

Because signs and symptoms of streptococ-
cal and viral pharyngitis overlap, most experts 
recommend that the diagnosis of group A strep-
tococcal infection be confirmed by a throat cul-
ture or rapid antigen detection test.9–13 Whereas 
European guidelines suggest all children with 
pharyngitis undergo such testing,14 North Amer-
ican guidelines recommend that clinicians select 
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Background: Several clinical prediction rules for 
diagnosing group A streptococcal infection in 
children with pharyngitis are available. We 
aimed to compare the diagnostic accuracy of 
rules-based selective testing strategies in a pro-
spective cohort of children with pharyngitis.

Methods: We identified clinical prediction 
rules through a systematic search of MEDLINE 
and Embase (1975–2014), which we then vali-
dated in a prospective cohort involving 
French children who presented with pharyn-
gitis during a 1-year period (2010–2011). We 
diagnosed infection with group A streptococ-
cus using two throat swabs: one obtained for 
a rapid antigen detection test (StreptAtest, 
Dectrapharm) and one obtained for culture 
(reference standard). We validated rules-
based selective testing strategies as follows: 
low risk of group A streptococcal infection, 
no further testing or antibiotic therapy 
needed; intermediate risk of infection, rapid 
antigen detection for all patients and antibi-
otic therapy for those with a positive test 

result; and high risk of infection, empiric anti-
biotic treatment.

Results: We identified 8 clinical prediction 
rules, 6 of which could be prospectively vali-
dated. Sensitivity and specificity of rules-based 
selective testing strategies ranged from 66% 
(95% confidence interval [CI] 61–72) to 94% 
(95% CI 92–97) and from 40% (95% CI 35–45) 
to 88% (95% CI 85–91), respectively. Use of 
rapid antigen detection testing following the 
clinical prediction rule ranged from 24% (95% 
CI 21–27) to 86% (95% CI 84–89). None of the 
rules-based selective testing strategies 
achieved our diagnostic accuracy target (sensi-
tivity and specificity > 85%).

Interpretation: Rules-based selective testing 
strategies did not show sufficient diagnostic 
accuracy in this study population. The rele-
vance of clinical prediction rules for deter-
mining which children with pharyngitis 
should undergo a rapid antigen detection 
test remains  questionable.

Abstract

See related commentary on page 13 and at www.cmaj.ca/lookup/doi/10.1503/cmaj.141532; see also case on page 50 and at www.cmaj.ca/lookup/
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patients on the basis of clinical and epidemio-
logic grounds.11–13 Currently, there is no guid-
ance from the Canadian Medical Association or 
Canadian Paediatric Society for the manage-
ment of pharyngitis.

Various clinical prediction rules that combine 
signs and symptoms have been proposed to help 
clinicians define groups of patients according to 
the clinical likelihood of group A streptococcal 
infection.15–18 These rules aim to identify patients 
at low risk in whom the disease can be managed 
without further testing and without antibiotic 
treatment, and patients at high risk who could 
receive empiric antibiotic treatment without test-
ing.16 Clinical prediction rules for pharyngitis 
have not been sufficiently validated for clinical 
practice and have never been compared head-to-
head in a single pediatric population from a high-
income country.18

The purpose of our study was to externally 
validate and directly compare the diagnostic 
accuracy of relevant rules-based selective testing 
strategies with original data from a French pro-
spective multicentre cohort of children with 
pharyngitis. To optimize this validation study, we 
first conducted a systematic review of existing 
clinical prediction rules.

Methods

Systematic review
All published studies that reported the derivation 
or update of clinical prediction rules for group A 
streptococcal pharyngitis were eligible for inclu-
sion. We defined a clinical prediction rule as a 
decision-making tool that included 2 or more vari-
ables obtained from the history, physical exami-
nation or simple diagnostic tests and provided a 
probability of a disease or suggested a clinical 
course of action for an individual patient.19–23 All 
studies that provided data specific to children 
were eligible. For clinical prediction rules updated 
by their original authors, only the updated study 
was included. We excluded clinical prediction 
rules that were explicitly intended for use in low-
resource settings (i.e., those derived in developing 
countries explicitly intended for use in settings 
where rapid antigen detection tests are not rou-
tinely available). We systematically searched 
MEDLINE and Embase for studies using the 
search strategy described in Appendix 1 (available 
at www .cmaj.ca/lookup/suppl/doi:10.1503/cmaj 
.140772 /-/DC1). We screened the titles and 
abstracts of the identified studies; if they were 
considered potentially relevant (or in cases of 
uncertainty), we evaluated the full text.

We extracted a prespecified set of data related 
to study setting and design, and the characteris-

tics of patients and clinical prediction rules. We 
assessed the quality of included studies using a 
combination of items from methodological stan-
dards for clinical prediction rules19–22 and clinical 
prediction models,24–26 and from QUADAS-227 
(Appendix 2, available at www .cmaj.ca/lookup 
/suppl/doi:10.1503/cmaj .140772 /-/DC1). If pub-
lished reports referred to previous papers, we 
extracted the corresponding items. We classified 
clinical prediction rules according to the hierar-
chy of evidence for clinical prediction rules21 
(with the assessment of validation based on 
results from previous reviews).15–18 One reviewer 
(JFC) performed the study selection, data extrac-
tion, and assessment of study quality and level of 
evidence, which were then checked by a second 
reviewer (MC). Discrepancies were discussed 
and resolved by consensus.

External validation cohort
We used data from a study for which patients and 
methods were described previously.28–30 Briefly, 
this French prospective multicentre study aimed 
to evaluate the diagnostic accuracy of a rapid 
antigen detection test in children aged 3– 
14 years, with throat culture as the clinical refer-
ence standard. Seventeen private office-based 
pediatricians participated. From Oct. 1, 2010, to 
May 31, 2011, double throat swabs were col-
lected from 678 consecutive children who had a 
diagnosis of pharyngitis and did not receive 
antibiotics for 7 days before inclusion. Swab 1 
was used for the rapid antigen detection test 
(StreptAtest, Dectrapharm, France) and swab 2 
was sent to the hospital laboratory for throat cul-
ture on a blood agar plate according to standard 
methods.

The following clinical features were recorded 
for each patient: age, sex, sudden onset of sore 
throat, maximum body temperature (as reported 
by a parent), throat pain, cough, rhinorrhea, con-
junctivitis, headache, erythema of the pharynx, 
tonsillar swelling, tonsillar exudate, palatal pete-
chiae, nausea, abdominal pain, vomiting, diar-
rhea, presence of anterior cervical lymph nodes, 
size of the nodes (< 1, 1–2 or > 2 cm), tenderness 
of the nodes, skin rash, and aspect of the rash 
(scarlatiniform or nonspecific).

Microbiologists were blinded to individual 
clinical data and results of the rapid antigen 
detection tests. Parent and patient approval for 
participation was obtained before inclusion. The 
study protocol was approved by the Ile-de-
France XI institutional review board (no. 09016).

Statistical analysis
Our primary outcome was the diagnostic accu-
racy of rules-based selective testing strategies, 
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with throat culture as the reference standard. 
After reviewing the literature and discussing until 
consensus within the review team, and assuming 
a prevalence of group A streptococcal infection 
of 35%2 and a maximally acceptable antibiotics 
prescription rate of 40%, we defined the target 
zone of accuracy as sensitivity and specificity 
greater than 85% (Appendix 3, available at www 
.cmaj.ca/lookup/suppl/doi:10.1503/cmaj .140772 
/-/DC1).12,31–33 For each rules-based selective test-
ing strategy, we used a graphical approach to test 
whether the one-sided rectangular 95% confi-
dence region for sensitivity and specificity lay 
entirely within the target zone of accuracy.34

Our secondary outcome was the number of 
rapid antigen detection tests used after each clini-
cal prediction rule. A selective testing strategy was 
defined as being clinically relevant if less than 
80% of children would undergo testing after its 
application (experts’ opinions). For each selective 
testing strategy, we tested whether the number of 
tests used was less than 80% using a one-sided 
exact binomial probability test.

Each clinical prediction rule was applied to 
each patient from the validation cohort as fol-
lows: low risk of group A streptococcal infec-
tion, no further testing or antibiotic therapy; 
intermediate risk of infection, rapid antigen 
detection testing for all patients and antibiotic 
therapy for those with positive test results; high 
risk of infection, empiric antibiotic treatment. 
The result of the selective testing strategy was 
considered positive if the patient would have 
received antibiotic treatment and negative if the 
patient would not have received antibiotic treat-
ment after the rule’s application. For rules that 
rely on scoring systems, we chose cut-offs for 
defining risk groups according to previously 
published studies, when available (Appendix 4, 
available at www .cmaj.ca/lookup/suppl/doi 
:10.1503/cmaj .140772 /-/DC1). This method 
allowed us to calculate sensitivity, specificity, 
C-index and number of tests used for each rules-
based strategy. We also performed receiver oper-
ating characteristic (ROC) analysis for each 
scoring system.

Another secondary objective was to assess 
the calibration of clinical prediction rules. For 
each risk level defined by the rule (low v. inter-
mediate v. high risk of group A streptococcal 
infection), we compared the probability of 
group A streptococcal infection seen in our vali-
dation cohort (observed probability) to that 
reported by the authors of the clinical prediction 
rule in their cohort (predicted probability). We 
adjusted predicted probabilities for the preva-
lence of group A streptococcus in the validation 
cohort.22,35 We evaluated calibration using plots26 

and by assessing whether clinical prediction 
rules were able to identify patients at low risk 
(probability ≤ 12%, mean prevalence of asymp-
tomatic carriage of group A streptococcus in 
children)15 or high risk (probability ≥ 85%, min-
imal predictive value of a positive result on 
rapid antigen detection testing).15

Values were missing for 0.4%–6.2% patients 
for each clinical variable. We used multiple 
imputations with chained equations (m = 10) with 
predictive mean matching for continuous vari-
ables and logistic regression for categorical vari-
ables to generate values for missing data (Appen-
dix 5, available at www .cmaj.ca/lookup /suppl 
/doi:10.1503/cmaj .140772 /-/DC1). We used 
Stata/SE 13 (StataCorp, College Station, Texas) 
for data analysis.

Results

Systematic review
We performed our literature search on Aug.21, 
2014. From 1272 articles identified, we assessed 
the full text of 38 reports and included 8 articles 
in our final total (Figure 1). The studies were 
published between 1975 and 2010 and involved 
a variety of settings, with a median of 313 
patients (range 94–3877) per study, and a 
median prevalence of group A streptococcus of 
36% (range 21%–48%) (Table 1). Eight clinical 
prediction rules were identified for external vali-
dation (Table 2).36–43 The median number of pre-
dictors in each rule was 9 (range 5–14) (Appen-
dix 6, available at www .cmaj.ca/lookup/suppl 
 /doi :10.1503/cmaj .140772 /-/DC1). The 5 most fre-
quent predictors used were tenderness of lymph 
nodes, fever, age, tonsillar swelling and exudate.

The quality of included studies is summarized 
in Appendix 7 (available at www .cmaj.ca/lookup 
/suppl/doi:10.1503/cmaj .140772 /-/DC1). All of 
the studies were prospective. The reference stan-
dard used and inclusion criteria were sufficiently 
reported for 5 of 8 studies (63%). Sensitivity and 
specificity of the clinical prediction rule was 
reported in 4 of the studies, with corresponding 
confidence intervals in 2. There are several exter-
nal validation studies for the Breese,39 McIsaac40 

and Wald42 scores. Attia’s clinical prediction rule43 
was validated once (Appendix 7). The remaining 4 
clinical prediction rules36–38,41 have never been 
validated. The statistical analysis used for the 
derivation of clinical prediction rules was poor. 
All of the models relied on categorization of 
continuous predictors, such as age and fever. 
Only 3 of 8 reports (38%) described the use of 
multivariable analysis. Only 1 article described 
interaction testing. Assessment of discrimination 
and calibration of the model were never reported.
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External validation cohort
A total of 678 children met our inclusion criteria; 
we excluded 1 patient with an uninterpretable 
rapid antigen detection test result and 1 patient 
whose throat swab was lost. Thus, our analysis 
included data from 676 children (313 girls 
[46%], mean age 6.1 [± 2.5] yr). Prevalence of 
group A streptococcus was 41% (95% confi-
dence interval [CI] 38–45), and rapid antigen 
detection test sensitivity and specificity were  
93% (95% CI 89–95) and 88% (95% CI 85–91), 
respectively. We had to adapt some of the clini-
cal prediction rules because the authors provided 
insufficient detail for validation or some clinical 
variables were not assessed in the validation set; 
2 rules could not be validated (Appendix 4).36,41

Diagnostic accuracy of selective testing 
strategies
The sensitivity of rules-based selective testing 
strategies ranged from 66% (95% CI 61–72)38 
to 94% (95% CI 92–97)40; specificity ranged 
from 40% (95% CI 35–45)37 to 88% (95% CI 
85–91)43; and the C-index ranged from 0.64 
(95% CI 0.61–0.67)37 to 0.87 (95% CI 0.85–
0.90)43 (Table 3, Figure 2). None of the rules-
based strategies fit within our target zone of 
accuracy. The area under the ROC curve of 
clinical scores ranged from 0.56 (95% CI 
0.52–0.60)40 to 0.62 (95% CI 0.58–0.66)43 
(Table 3 and Appendix 8, available at www 
.cmaj  .ca/lookup/suppl/doi:10.1503/cmaj .140772  
/-/DC1).

Full-text articles assessed for 
eligibility 

n = 38

Excluded n = 30
• Validation studies  n = 11 
• No clinical predication rule  n = 7 
• Adult population  n = 1  
• No extractible data for children  n = 2 
• Targeted group A/C/G streptococcus  n = 3 
• For low-resource setting  n = 4 
• Clinical prediction rule further updated  n = 2 

Studies included in qualitative 
synthesis 

n = 8 

Records identi�ed through database 
searches  n = 1413 

• MEDLINE  n = 750 
• Embase  n = 663 

Records identi�ed from other 
sources  n = 2 

Records screened
n = 1272

Excluded  n = 1234
• After reading title  n = 1189 
• After reading abstract  n = 45 

Excluded  n = 143
• Duplicate records 

Figure 1: Selection of clinical prediction rules included in the study.
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Rapid antigen detection testing
Use of rapid antigen detection tests after applying 
the clinical prediction rule ranged from 24% (95% 
CI 21–27)37 to 86% (95% CI 84–89)43 (Table 3). 
Further exploratory analyses found a strong corre-
lation between the number of tests used after the 
clinical prediction rule and the accuracy of the 
selective testing strategy as measured by the 
C-index (Spearman’s ρ = 0.94, p < 0.01; Appendix 
9, available at www .cmaj.ca/lookup/suppl /doi :10 
.1503/cmaj .140772 /-/DC1).

Calibration of clinical prediction rules
The prevalence of group A streptococcus 
increased with increasing risk level as defined by 

each of the clinical prediction rules. The calibra-
tion of 3 clinical prediction rules could not be 
assessed because the authors did not report preva-
lence by risk level.36,38,41 For the remaining rules, 
calibration was poor (Appendices 10 and 11, 
available at www .cmaj.ca/lookup/suppl /doi:10 
.1503/cmaj .140772 /-/DC1). None of the clinical 
prediction rules were able to identify patients at 
low risk (probability of group A streptococcus 
≤  12%) or high risk (probability ≥  85%). The 
highest observed probability of group A strepto-
coccus was 81% (score ≥ 4 based on the clinical 
prediction rule of Attia and colleagues),43 but this 
group comprised only 6% of patients in our 
cohort.

Table 1: Description of included studies

Authors
Study 
period Country Setting Aim

Study 
design Reference test

Presenting signs 
and symptoms

Age 
range, yr n

Group A 
streptococcus, 

%

Forsyth36 Not 
reported

USA Unclear Derivation Prospective 
multicentre

Throat culture Unsolicited 
complaint of 
sore throat 
< 1 wk duration

≤ 14* 234 30.3*

Breese39 1973–1975 USA Office-based Update, 
external 
validation

Prospective 
multicentre

Throat culture Acute respiratory 
illness

Unclear 3877 Unclear

Fujikawa 
et al.41

1982–1983 Japan Pediatrics 
department

Derivation Prospective 
single 
centre

Throat culture Acute upper 
respiratory 
infection and 
suspicion of 
bacterial 
infection

Unclear 271 39.9

Wald 
et al.42

1990–1992 USA Emergency 
department 
and walk-in 
clinic

Derivation Prospective 
single 
centre

Throat culture Acute onset of 
sore throat 
(< 48 h duration), 
history of fever 
(tactile) or a 
documented oral 
temperature 
≥ 38.3°C at 
presentation or 
within the 
preceding 24 h

2–16 365 48

Edmond 
et al.38

1994–1995 Australia Emergency 
department

Derivation Prospective 
single 
centre

Throat culture Pharyngitis on 
examination by 
junior medical 
staff

Unclear 271 21

McIsaac 
et al.40

1995–1997 Canada Family 
medicine 
centre

Derivation, 
internal 
validation

Prospective 
single 
centre

Throat culture New upper 
respiratory tract 
infection with a 
recorded 
diagnosis of 
pharyngitis or 
tonsillitis

3–14* 94 36.2*

Attia 
et al.43

1999–2000 USA Emergency 
department, 
2 pediatric 
outpatient 
clinics

Update, 
external 
validation

Prospective 
multicentre

Throat culture Acute 
pharyngitis

1–18 587 37

Joachim 
et al.37

2007–2008 Brazil 2 emergency 
departments,  
1 medical 
unit

Update Prospective 
multicentre

Throat culture 
or rapid 
antigen 
detection 
testing

Acute 
pharyngitis

0–15 356 33

*Studies involved both adults and children; the numbers reported here are for the pediatric populations, as defined by the authors.
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Table 2: Description of clinical prediction rules for group A streptococcal infection

Clinical 
prediction 
rule Presentation Clinical predictors

Suggested course of action in the 
original study Present validation study

Forsyth36 List Temperature, enlarged tender nodes 
(1 or ≥ 2), exudate (1 patch, ≥ 2 
patches or confluent, purulent 
exudate), infectious mononucleosis 
syndrome (mucoid exudate and 
multiple small nodes), influenzal 
syndrome (fever and myalgia but no 
exudate or adenitis)

Clinically nonstreptococcal: culture; 
treat symptomatically

NA

Clinically “questionable”: culture; 
treat symptomatically

Clinically streptococcal: do not culture; 
give penicillin orally

Breese39 Score Month in which the patient is seen, 
age, leukocyte count, fever ≥ 100.5°F, 
sore throat, cough, headache, 
abnormal pharynx (redness, swelling, 
exudate, petechiae, “doughnut 
lesions” or ulcerations), abnormal 
cervical nodes (very enlarged without 
tenderness or if palpable and tender)

No clear course of action suggested ≤ 25: no rapid antigen 
detection testing, no 
antibiotic treatment

26–31: antibiotic with 
positive test result

≥ 32: no testing, antibiotic 
treatment

Fujikawa41 Score Fever > 37.5C°, sore throat, nausea or 
vomiting, anorexia, absence of cough 
or rhinorrhea, pharynx (dark red or 
petechiae), cervical lymph node 
swelling, tonsillar exudate (white 
spotty), rash (scarlet fever-like, 
erythema or urticaria), strawberry 
tongue or marked papillae

No clear course of action suggested NA

Wald42 Score Age, season, fever ≥ 38.3°C, 
adenopathy (cervical lymph nodes 
≥ 1 cm or tender to palpation), 
pharyngitis (erythema, swelling or 
exudate of pharynx or tonsils), no 
upper respiratory symptoms 
(rhinorrhea, cough or conjunctivitis)

No clear course of action suggested ≤ 1: no rapid antigen 
detection testing, no 
antibiotic treatment

2–4: antibiotic with positive 
test result

≥ 5: no testing, antibiotic 
treatment

Edmond38 Decision tree Age, scarlatiniform rash, 
pharyngotonsillitis (diffuse pharyngeal 
erythema and swollen, edematous 
tonsils), tender cervical nodes

Risk < 20%: consider symptomatic 
treatment only

< 20%: no rapid antigen 
detection testing, no 
antibiotic treatment

Risk 20%–60%: culture with or 
without penicillin therapy

20%–60%: antibiotic with 
positive test result

Risk > 60%: penicillin therapy > 60%: no testing, antibiotic 
treatment

McIsaac40 Score Temperature > 38°C, no cough, tender 
anterior cervical adenopathy, tonsillar 
swelling or exudate, age

0–1: no culture or antibiotic required 0–1: no rapid antigen 
detection testing, no 
antibiotic treatment

2–3: culture all; treat only if result is 
positive

2–3: antibiotic with positive 
test result

≥ 4: culture all or treat with penicillin 
on clinical grounds

≥ 4: no testing, antibiotic 
treatment

Attia43 Score Scarlatiniform rash, moderate to 
severe tonsillar swelling, moderate to 
severe tenderness and enlargement of 
cervical lymph nodes, absence of 
moderate to severe coryza

No clear course of action suggested 0: no rapid antigen 
detection testing, no 
antibiotic treatment

1–3: antibiotic with positive 
test result

≥ 4: no testing, antibiotic 
treatment

Joachim37 Score Age, bacterial signs (tender cervical 
node, headache, petechiae on the 
palate, abdominal pain, sudden onset 
[< 12 h]), viral signs (conjunctivitis, 
coryza, diarrhea)

≤ 2: no rapid antigen detection 
testing, symptomatic treatment

≤ 2: no rapid antigen 
detection testing, no 
antibiotic treatment

3: antibiotic with positive result on 
rapid antigen detection testing

3: antibiotic with positive 
test result

≥ 4: no rapid antigen detection 
testing, antibiotic treatment

≥ 4: no testing, antibiotic 
treatment

Note: NA = not applicable (the clinical prediction rule could not be validated).
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Interpretation

Several clinical prediction rules are available for 
diagnosing childhood pharyngitis.44 Most of 
these rules are clinical scores based on the same 
panel of clinical findings classically associated 
with group A streptococcal or viral cause.16 On 
external validation, none of the rules-based 
selective testing strategies showed sufficient 
accuracy, and none were able to identify patients 
at low or high risk whose condition could be 
managed without microbiologic testing.

Our primary aim was to identify a rules-based 
selective testing strategy that would have a sensi-
tivity and specificity of more than 85%. For the 
definition of such a target zone of accuracy, one 
needs to account for both end points in the diag-
nosis of group A streptococcal pharyngitis. The 
first is diagnostic sensitivity. Patients with false-
negative test results might show complications 
of streptococcal pharyngitis. However, evidence 
supporting antibiotic treatment to prevent such 
complications in high-income settings is limited. 
From a Cochrane review, the number needed to 
treat with antibiotics to prevent 1 case of quinsy 
is about 50,3 but a recent study in the United 
Kingdom calculated the number needed to treat at 
about 4000.45 Acute rheumatic fever seems to 
have almost disappeared in high-income set-
tings,46 and all clinical trials done after 1975 (6 tri-
als including 2484 patients) did not show any effi-
cacy of antibiotics in reducing its incidence, with 
no case of acute rheumatic fever in either arm.3

The second end point in the diagnosis of 
streptococcal pharyngitis is diagnostic specific-
ity. Patients with false-positive test results might 
receive unnecessary antibiotics, thus contribut-
ing to the antimicrobial resistance.47 In outpatient 

settings in the United States, respiratory tract 
infections account for more than 75% of antibi-
otic use in children under 12 years of age, and 
pharyngitis is the most frequent diagnosis associ-
ated with prescription of antibiotics to children 
aged 6–12 years.48 Because of the low impact of 
antibiotic treatment of streptococcal pharyngitis 
in children in most industrialized countries and 
the emergence of antibiotic-resistant bacteria, 
some northern European countries (e.g., The 
Netherlands) do not recommend antibiotic treat-
ment for children with pharyngitis, or only for 
the small number of children with a severe infec-
tion or an increased risk of  complications.49

We considered a rules-based selective strat-
egy clinically relevant only if it allowed for 
rapid antigen detection tests to be used in less 
than 80% of cases. In our validation study, the 
selective testing strategy that had the highest 
accuracy43 would have resulted in testing for 
about 85% of children. In addition, the Ameri-
can Academy of Pediatrics recently recom-
mended rapid antigen detection testing for chil-
dren with a McIsaac score40 of 2 or more, but 
this implies that testing should be done in about 
90% of cases.50 If clinicians accept such high 
rates of testing, they might agree to have all 
children presenting with pharyngitis undergo 
testing. Such a policy is currently recommended 
by European guidelines14,51 and was shown to 
result in a substantial reduction in antibiotic pre-
scription rates.52

In our validation study, clinical prediction rules 
were unable to identify patients at low or high risk 
in whom testing for group A streptococcus could 
be avoided. Our results are consistent with those 
of previous validation studies (Appendix 12, 
available at www .cmaj.ca/lookup/suppl/doi:10 

Table 3: External validation of clinical prediction rules in terms of diagnostic accuracy and use of rapid antigen detection testing 
(n = 676)

Clinical 
prediction rule

Area under the ROC 
curve of the score 

(95% CI)

Diagnostic accuracy of the rules-based strategy
Rapid antigen detection 

testing*

Sensitivity,  
% (95% CI)

Specificity,  
% (95% CI) C–index (95% CI) % (95% CI) p value†

Breese39 0.60 (0.55–0.64) 88 (84–92) 82 (78–86) 0.85 (0.82–0.88) 76 (73–80) 0.01

Wald42 0.58 (0.53–0.62) 94 (91–97) 63 (58–68) 0.78 (0.76–0.81) 65 (61–69) < 0.001

Edmond38 NA 66 (61–72) 86 (82–89) 0.76 (0.73–0.79) 48 (44–52) < 0.001

McIsaac40 0.56 (0.52–0.60) 94 (92–97) 54 (49–59) 0.74 (0.71–0.77) 52 (48–56) < 0.001

Attia43 0.62 (0.58–0.66) 87 (83–91) 88 (85–91) 0.87 (0.85–0.90) 86 (84–89) 0.99

Joachim37 0.59 (0.55–0.63) 88 (84–92) 40 (35–45) 0.64 (0.61–0.67) 24 (21–27) < 0.001

Note:  CI = confidence interval, NA = not available.  
*Use of rapid antigen detection testing corresponds to the number of patients that would undergo testing after the application of the clinical prediction rule.  
†One-sided exact binomial probability test of whether absolute use of rapid antigen detection testing was < 80%.
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.1503/cmaj .140772 /-/DC1). A recent large-scale 
validation of the McIsaac score40 involving 
64  789 children aged 3–14  years in the US 
showed probabilities of 17% in children with a 
score of 1 and 55% in children with a score 4 or 
more,53 which might be far from the misclassifica-
tion rates clinicians would consider acceptable. 
Differences in probability by risk level across 
external validation studies could be explained by 
differences in study settings and participant char-
acteristics, as well as the low reproducibility of 
signs and symptoms of streptococcal pharyngitis 
(i.e., interobserver agreement).54

Limitations
About 20% of the children from our validation 
cohort had missing data for at least 1 clinical 
predictor. However, we used multiple imputa-
tions, which resulted in less bias than the com-
plete-case approach.26 In a sensitivity analysis, 
the secondary exclusion of patients with miss-
ing data produced slightly higher estimates of 
diagnostic accuracy than multiple imputations 
(Appendix 5).

We validated clinical prediction rules using 
the rapid antigen detection test as a stand-alone 
test without throat culture, which is the current 
recommendation of the European Society for 

Clinical Microbiology and Infectious Diseases.14 
Several studies have found this strategy to be 
the most cost-effective.33,55,56 However, whether 
such tests are sufficiently accurate to replace 
throat culture in clinical practice remains a mat-
ter of debate.56–58

All steps for undertaking the systematic review 
were done by 2 reviewers, but not independently, 
increasing the risk that some clinical prediction 
rules were missed or that mistakes occurred when 
extracting the data. A further limitation lies in the 
absence of an a priori sample size calculation. 
One of the clinical prediction rules met our target 
zone of accuracy based on the point estimates 
alone (Attia’s rule),43 but it was considered insuf-
ficient because the boundaries of the confidence 
intervals for sensitivity and specificity went across 
the prespecified limits for significance. This could 
be due to lack of power, and our results should be 
considered with caution until they are confirmed 
with a larger sample of patients.

Finally, although this prospective study was 
originally designed for the purpose of validating 
existing clinical prediction rules, clinical data 
were collected before performing the systematic 
review of the literature. The collection of the 
clinical variables required for validation was not 
customized to evaluate the full range of rules we 
finally included. Some clinical prediction rules 
had to be adapted because of discrepancies 
between our clinical variables and the specific 
definitions originally provided by the authors.

Conclusion
The clinical relevance of clinical prediction rules 
for triaging children who should undergo group 
A streptococcal testing was poor in this study, in 
which both high sensitivity and specificity were 
expected. Further prospective validation studies 
comparing multiple clinical prediction rules 
head-to-head are needed to confirm our results. 
Future efforts should also aim to better define 
misclassification rates and the threshold for rapid 
antigen detection testing that clinicians would 
consider acceptable.

References
 1. Nash DR, Harman J, Wald ER, et al. Antibiotic prescribing by 

primary care physicians for children with upper respiratory tract 
infections. Arch Pediatr Adolesc Med 2002;156:1114-9.

 2. Shaikh N, Leonard E, Martin JM. Prevalence of streptococcal 
pharyngitis and streptococcal carriage in children: a meta -analysis. 
Pediatrics 2010;126:e557-64.

 3. Spinks A, Glasziou PP, Del Mar CB. Antibiotics for sore throat. 
Cochrane Database Syst Rev 2013;(11):CD000023.

 4. Carapetis JR, McDonald M, Wilson NJ. Acute rheumatic fever. 
Lancet 2005;366:155-68.

 5. Carlet J, Rambaud C, Pulcini C. WAAR (World Alliance against 
Antibiotic Resistance): safeguarding antibiotics. Antimicrob 
Resist Infect Control 2012;1:25.

 6. Grijalva CG, Nuorti JP, Griffin MR. Antibiotic prescription rates 
for acute respiratory tract infections in US ambulatory settings. 
JAMA 2009;302:758-66.

1 23

4

5 6

0

10

20

30

40

50

60

70

80

90

100

0 10 20 30 40 50 60 70 80 90 100

S
e

n
si

ti
v
it

y

1 – Speci�city

Figure 2: External validation of the diagnostic accuracy of rules-based selective 
testing strategies. Graph shows sensitivity and specificity estimates with their 
one-sided rectangular 95% confidence regions. Numbers indicate the rules-
based selective testing strategies as follows: 1 = Breese,39 2 = Wald,42 3 = Attia,43 
4 = Edmond,38 5 = McIsaac40 and 6 = Joachim.37 The target zone of accuracy (sen-
sitivity > 85%, specificity >  85%) is delineated by the dashed horizontal and 
vertical lines. 



Research

 CMAJ, January 6, 2015, 187(1) 31

 7. Linder JA, Bates DW, Lee GM, et al. Antibiotic treatment of 
children with sore throat. JAMA 2005;294:2315-22.

 8. McCaig LF, Besser RE, Hughes JM. Trends in antimicrobial 
prescribing rates for children and adolescents. JAMA 2002; 
287:3096-102.

 9. Matthys J, De Meyere M, van Driel ML, et al. Differences 
among international pharyngitis guidelines: not just academic. 
Ann Fam Med 2007;5:436-43.

10. Chiappini E, Regoli M, Bonsignori F, et al. Analysis of different 
recommendations from international guidelines for the manage-
ment of acute pharyngitis in adults and children. Clin Ther 2011; 
33:48-58.

11. Pickering LK, Kimberlin DW, Long SS, editors. Group A strep-
tococcal infections. In: Red Book: 2012 report of the committee 
on infectious disease. 29th ed. Elk Grove Village (IL): American 
Academy of Pediatrics; 2012.

12. Shulman ST, Bisno AL, Clegg HW, et al. Clinical practice 
guideline for the diagnosis and management of group A strepto-
coccal pharyngitis: 2012 update by the Infectious Diseases Soci-
ety of America. Clin Infect Dis 2012;55:e86-102.

13. Gerber MA, Baltimore RS, Eaton CB, et al. Prevention of rheu-
matic fever and diagnosis and treatment of acute Streptococcal 
pharyngitis: a scientific statement from the American Heart 
Association Rheumatic Fever, Endocarditis, and Kawasaki Dis-
ease Committee of the Council on Cardiovascular Disease in the 
Young, the Interdisciplinary Council on Functional Genomics 
and Translational Biology, and the Interdisciplinary Council on 
Quality of Care and Outcomes Research: endorsed by the Amer-
ican Academy of Pediatrics. Circulation 2009;119:1541-51.

14. Pelucchi C, Grigoryan L, Galeone C, et al. Guideline for the 
management of acute sore throat. Clin Microbiol Infect 2012; 
18(Suppl 1):1-28.

15. Shaikh N, Swaminathan N, Hooper EG. Accuracy and precision 
of the signs and symptoms of streptococcal pharyngitis in chil-
dren: a systematic review. J Pediatr 2012;160:487-493.e3.

16. Ebell MH, Smith MA, Barry HC, et al. The rational clinical 
examination. Does this patient have strep throat? JAMA 2000; 
284:2912-8.

17. Fischer Walker CL, Rimoin AW, Hamza HS, et al. Comparison 
of clinical prediction rules for management of pharyngitis in set-
tings with limited resources. J Pediatr 2006;149:64-71.

18. Le Marechal F, Martinot A, Duhamel A, et al. Streptococcal 
pharyngitis in children: a meta-analysis of clinical decision rules 
and their clinical variables. BMJ Open 2013;3:e001482.

19. Wasson JH, Sox HC, Neff RK, et al. Clinical prediction rules. 
Applications and methodological standards. N Engl J Med 1985; 
313:793-9.

20. Laupacis A, Sekar N, Stiell IG. Clinical prediction rules. A 
review and suggested modifications of methodological stan-
dards. JAMA 1997;277:488-94.

21. McGinn TG, Guyatt GH, Wyer PC, et al. How to use articles 
about clinical decision rules. Evidence-Based Medicine Work-
ing Group. JAMA 2000;284:79-84.

22. Stiell IG, Wells GA. Methodologic standards for the develop-
ment of clinical decision rules in emergency medicine. Ann 
Emerg Med 1999;33:437-47.

23. Bouwmeester W, Zuithoff NP, Mallett S, et al. Reporting and 
methods in clinical prediction research: a systematic review. 
PLoS Med 2012;9:1-12.

24. Hosmer D, Lemeshow S. Applied logistic regression 2nd ed. 
New York: John Wiley & Sons; 2000.

25. Harrell FE Jr, Lee KL, Mark DB. Multivariable prognostic mod-
els: issues in developing models, evaluating assumptions and 
adequacy, and measuring and reducing errors. Stat Med 1996; 
15:361-87.

26. Steyerberg EW. Clinical prediction models: a practical 
approach to development, validation, and updating 1st ed. New 
York: Springer; 2009.

27. Whiting PF, Rutjes AW, Westwood ME, et al. QUADAS-2: a 
revised tool for the quality assessment of diagnostic accuracy 
studies. Ann Intern Med 2011;155:529-36.

28. Cohen JF, Chalumeau M, Levy C, et al. Effect of clinical spec-
trum, inoculum size and physician characteristics on sensitivity 
of a rapid antigen detection test for group A streptococcal pha-
ryn gitis. Eur J Clin Microbiol Infect Dis 2013;32:787-93.

29. Cohen JF, Chalumeau M, Levy C, et al. Spectrum and inoculum 
size effect of a rapid antigen detection test for group A strepto-
coccus in children with pharyngitis. PLoS ONE 2012;7:e39085.

30. Cohen JF, Cohen R, Bidet P, et al. Rapid-antigen detection tests 
for group A streptococcal pharyngitis: revisiting false-positive 
results using polymerase chain reaction testing. J Pediatr 2013; 
162:1282-4.

31. Armengol CE, Schlager TA, Hendley JO. Sensitivity of a rapid 
antigen detection test for group A streptococci in a private pedi-

atric office setting: answering the Red Book’s request for valida-
tion. Pediatrics 2004;113:924-6.

32. Matthys J, De Meyere M. Clinical scores to predict streptococ-
cal pharyngitis: believers and nonbelievers. JAMA Intern Med 
2013; 173:77-8.

33. Ehrlich JE, Demopoulos BP, Daniel KR Jr, et al. Cost-effective-
ness of treatment options for prevention of rheumatic heart dis-
ease from Group A streptococcal pharyngitis in a pediatric pop-
ulation. Prev Med 2002;35:250-7.

34. Pepe MS. The statistical evaluation of medical tests for classifica-
tion and prediction. Oxford (UK): Oxford University Press; 2003.

35. Poses RM, Cebul RD, Collins M, et al. The importance of dis-
ease prevalence in transporting clinical prediction rules. The case 
of streptococcal pharyngitis. Ann Intern Med 1986;105: 586-91.

36. Forsyth RA. Selective utilization of clinical diagnosis in treat-
ment of pharyngitis. J Fam Pract 1975;2:173-7.

37. Joachim L, Campos D Jr, Smeesters PR. Pragmatic scoring sys-
tem for pharyngitis in low-resource settings. Pediatrics 2010; 
126:e608-14.

38. Edmond KM, Grimwood K, Carlin JB, et al. Streptococcal phar-
yngitis in a paediatric emergency department. Med J Aust 1996; 
165:420-3.

39. Breese BB. A simple scorecard for the tentative diagnosis of 
streptococcal pharyngitis. Am J Dis Child 1977;131:514-7.

40. McIsaac WJ, White D, Tannenbaum D, et al. A clinical score to 
reduce unnecessary antibiotic use in patients with sore throat. 
CMAJ 1998;158:75-83.

41. Fujikawa S, Ito Y, Ohkuni M. A new scoring system for diagno-
sis of streptopharyngitis. Jpn Circ J 1985;49:1258-61.

42. Wald ER, Green MD, Schwartz B, et al. A streptococcal score 
card revisited. Pediatr Emerg Care 1998;14:109-11.

43. Attia MW, Zaoutis T, Klein JD, et al. Performance of a predic-
tive model for streptococcal pharyngitis in children. Arch Pedi-
atr Adolesc Med 2001;155:687-91.

44. Maguire JL, Kulik DM, Laupacis A, et al. Clinical prediction rules 
for children: a systematic review. Pediatrics 2011;128: e666-77.

45. Petersen I, Johnson AM, Islam A, et al. Protective effect of anti-
biotics against serious complications of common respiratory 
tract infections: retrospective cohort study with the UK General 
Practice Research Database. BMJ 2007;335:982.

46. Carapetis JR, Steer AC, Mulholland EK, et al. The global bur-
den of group A streptococcal diseases. Lancet Infect Dis 2005; 
5:685-94.

47. Goossens H, Ferech M, Vander Stichele R, et al. Outpatient 
antibiotic use in Europe and association with resistance: a cross-
national database study. Lancet 2005;365:579-87.

48. Vaz LE, Kleinman KP, Raebel MA, et al. Recent trends in out-
patient antibiotic use in children. Pediatrics 2014;133:375-85.

49. Starreveld JS, Zwart S, Boukes FS, et al. Summary of the prac-
tice guideline ‘Sore throat’ (second revision) from the Dutch 
College of General Practitioners. Ned Tijdschr Geneeskd 2008; 
152:431-5.

50. Hersh AL, Jackson MA, Hicks LA. Principles of judicious anti-
biotic prescribing for upper respiratory tract infections in pediat-
rics. Pediatrics 2013;132:1146-54.

51.  SFP-SPILF-GPIP. Antibiothérapie par voie générale en pratique 
courante dans les infections respiratoires hautes de l’adulte et de 
l’enfant. Crolles (France): Société de Pathologie Infectieuse de 
Langue Française; 2011. Available: www.infectiologie .com/site 
/medias/Recos/2011-infections-respir-hautes - recommandations 
.pdf (accessed 2013 Nov. 15).

52. Angoulvant F, Skurnik D, Bellanger H, et al. Impact of imple-
menting French antibiotic guidelines for acute respiratory-tract 
infections in a paediatric emergency department, 2005-2009. 
Eur J Clin Microbiol Infect Dis 2012;31:1295-303.

53. Fine AM, Nizet V, Mandl KD. Large-scale validation of the 
Centor and McIsaac scores to predict group A streptococcal 
pharyngitis. Arch Intern Med 2012;172:847-52.

54. Schwartz K, Monsur J, Northrup J, et al. Pharyngitis clinical 
prediction rules: effect of interobserver agreement: a MetroNet 
study. J Clin Epidemiol 2004;57:142-6.

55. Webb KH. Does culture confirmation of high-sensitivity rapid 
streptococcal tests make sense? A medical decision analysis. 
Pediatrics 1998;101:E2.

56. Mayes T, Pichichero ME. Are follow-up throat cultures neces-
sary when rapid antigen detection tests are negative for group A 
streptococci? Clin Pediatr (Phila) 2001;40:191-5.

57. Mirza A, Wludyka P, Chiu TT, et al. Throat culture is necessary 
after negative rapid antigen detection tests. Clin Pediatr (Phila) 
2007;46:241-6.

58. Tanz RR, Gerber MA, Kabat W, et al. Performance of a rapid 
antigen-detection test and throat culture in community pediatric 
offices: implications for management of pharyngitis. Pediatrics 
2009;123:437-44.



Research

32 CMAJ, January 6, 2015, 187(1) 

Affiliations: Obstetrical, Perinatal and Pediatric Epidemiology 
Research Team (Cohen J.F., Chalumeau), Research Center 
for Epidemiology and Biostatistics Sorbonne Paris Cité, Paris 
Descartes University, Paris, France; Department of Pediatrics 
(Cohen J.F., Chalumeau), Necker-Enfants-Malades Hospital, 
Assistance Publique-Hôpitaux de Paris, Paris Descartes Uni-
versity, Paris, France; Association Clinique et Thérapeutique 
Infantile du Val-de-Marne (Cohen R., Levy, Benani), Saint-
Maur-des-Fossés, France; Department of Microbiology 
(Cohen R.), Centre Hospitalier Intercommunal de Créteil, Cré-
teil, France; Clinical Research Center (Levy), Centre Hospital-
ier Intercommunal de Créteil, Créteil, France; Association 
Française de Pédiatrie Ambulatoire (Thollot), Essey-lès-
Nancy, France; Department of Microbiology (Bidet), Robert 
Debré Hospital, Assistance Publique-Hôpitaux de Paris, Paris 
Diderot University, Sorbonne Paris Cité, Paris, France

Contributors: Jérémie Cohen and Martin Chalumeau had 
full access to all data and take responsibility for the integrity 
of the data and the accuracy of the analyses. Jérémie Cohen, 
Robert Cohen, Corinne Levy, Philippe Bidet and Martin 
Chalumeau conceived and designed the study. Robert Cohen, 
Franck Thollot, Mohammed Benani and Philippe Bidet 
acquired the data. Jérémie Cohen and Martin Chalumeau 
performed the statistical analysis. Jérémie Cohen wrote the 
first draft of the manuscript, which was revised for important 
intellectual content by all of the authors. All of the authors 
read and approved the final version submitted for publication 
and agree to act as guarantors of the work. 

Funding: Jérémie Cohen is a doctoral student supported by 
educational grants from Agence Régionale de Santé d’Ile-de-
France, Laboratoires Guigoz - Société Française de Pédiat-
rie – Groupe de Pédiatrie Générale – Groupe de Recherches 
Epidémiologiques en Pédiatrie and research grants from the 
French Ministry of Health (Régional 2012, 12089) and 
Assistance Publique-Hôpitaux de Paris (Année Médaille de 
l’Internat 2013). The clinical study for external validation 
was internally funded by the Association Clinique et Théra-
peutique Infantile du Val-de-Marne and externally by Dec-
trapharm, manufacturer of the rapid antigen detection test. 
The funders had no role in the design and conduct of the 
study; collection, management, analysis, and interpretation of 
the data; preparation, review, or approval of the manuscript; 
or the decision to submit the manuscript for publication.

Acknowledgments: This article is dedicated to the memory of 
Professor Edouard Bingen (1946–2012), Department of 
Microbiology, Robert Debré Hospital and Paris Diderot Uni-
versity. The authors thank A. Liboz, Dr. M. Boucherat, Dr. F. 
de La Rocque, I. Ramay, D. Menguy and M. Fernandes, and 
the physician investigators who participated in the study: Dr. 
F. Corrard, Dr. P. Deberdt, Dr. A. Elbez, Dr. M. Goldrey, Dr. 
J. Gosselin, Dr. M. Koskas, Dr. P. Martin, Dr. A.S. Michot, 
Dr. N. D’Ovidio, Dr. D. Qutob, Dr. C. Romain, Dr. O. 
Romain, Dr. C. Schlemmer and Dr. A. Wollner. The authors 
also thank R. Spijker for his assistance on the literature search. 

Data sharing: No additional data are available.

We have partnered with Sheridan Press!

To purchase commercial article reprints and
e-prints or to request a quote, please contact 

Matt Neiderer
Content Sales 
Sheridan Content Services 

Inuit midwives and healthy pregnancies

Aboriginal health curriculum at NOSM

Community-acquired pneumonia in a First Nations population

The occasional greater occipital nerve block

VOLUME 19, NO. 4, FALL 2014 

VOLUME 19, Nº 4, AUTOMNE 2014

IN THIS ISSUE 

DANS CE NUMÉRO

The of�cial journal of the Society of Rural Physicians of Canada 
Le journal of�ciel de la Société d

e la médecine rurale du Canada

 
September 2014 Volume 39 Number 5

Zinc finger protein 804A (ZNF80
4A) and verbal deficits 

in individuals with autism

MicroRNA-137 regulates a glucocorticoid receptor–

dependent signalling network: implications for the 

 etiology of schizophrenia

Do reward-processing deficits in schizophrenia-spectrum 

disorders promote cannabis use? An investigation of 

physiological response to natural rewards and drug cues

jpn.ca

An open-access journal

 
V

ol. 39, N
o. 5   P

ages 289-360 

Septem
ber 2014 

Jou
rn

al of P
sych

iatry &
 N

eu
roscien

ce 

Canadian Association of General Surgeons

Canadian Society for Vascular Surgery

Canadian Society of Surgical Oncology

Canadian Association of Thoracic Surgeons

Department of Surgery, Western University

Department of Surgery, Dalhousie University

Department of Surgery, University of Alberta

Department of Surgery, University of Calgary

Département de chirurgie, Université de Sherbrooke

Department of Surgery, McMaster University

Département de chirurgie, Université de Montréal

SPONSORS

Vol. 57, No. 6, December/décembre 2014

canjsurg.ca

Understanding the barriers among orthopedic surgery residents 

to screening female patients for intimate partner violence

Management and outcomes of small bowel obstruction  

in older adult patients: a prospective cohort study

The location of surgical care for rural patients with rectal cancer: 

patterns of treatment and patient perspectives

Anastomotic salvage after rectal cancer resection using  

the Turnbull–Cutait delayed anastomosis

Pu
b

lic
at

io
n

s 
M

ai
l A

g
re

em
en

t 
n

o
. 4

13
87

05
1;

 U
SP

S 
#0

76
2-

53
0.

Postfracture pain  
management 
in children
Oral morphine v. ibuprofen

RESEARCH
What really matters in end-of-life discussions?

ANALYSIS
Deprescribing for senior patients

Holiday reading — page 1400

CMAJ•JAMC
medical knowledge that matters

DECEMBER 9, 2014, VOL. 186(18)
WWW.CMAJ.CA

 
 

 
 

 
 

 
 

REPRINTS

800 635-7181 x8265 
matt.neiderer@sheridan.com 

cmyk-reprints-half-h_Layout 1  14-12-12  2:14 PM  Page 1


