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sensitivity and 57.19% specificity with 83% NPV.
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Introduction

Group A beta-hemolytic streptococcal (GAS)
pharyngitis (strep throat) is a common
disease worldwide with higher incidence at
3-15-year-old children, especially in young
school-aged children. About one in four children
with an acute sore throat has serologically
confirmed GAS pharyngitis. Forty-three percent
of families with an index case of GAS pharyngitis
have a secondary case.”! GAS is responsible for
5-15% of sore throat visits in adults and 20-30%
in children.'?l GAS pharyngeal infection not
only causes acute illness but also can trigger the
postinfectious syndromes of poststreptococcal
glomerulonephritis and acute rheumatic
fever (ARF) that is currently uncommon in most
developed countries, but it remains the leading
cause of acquired heart disease, rheumatic mitral
stenosis that is a common sequel in the first and
early second decades of life among children in
many resource-poor areas.”! ARF incidence rates
50-100 times higher in low-income countries
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PURPOSE: Group A streptococcal (GAS) pharyngitis is a common disease worldwide. We aimed to establish a
pragmatic program as a clinical decision rule for GAS pharyngitis diagnosis.

MATERIALS AND METHODS: This article derived from a research project on children aged 6-15 years. Five
hundred and seventy-one children met the enrollment criteria on whom throat culture and validities of clinical
findings were assessed in positive and negative throat culture groups.

RESULTS: Positive GAS throat culture group included 99 (17.3%) patients with a positive culture. Negative
GAS throat culture group included 472 (82.6%) patients. Exudate or enlarged tender nodes each one had 63%
and 68% sensitivity and 31.5% and 37.5% specificity with a high percentage of negative predictive value (NPV)
80.54% and 85.09%, respectively. Sequence test revealed validities of exudate plus enlarged nodes at 43.62%

CONCLUSIONS: High NPV of 83% indicated that similar prevalence in the absence of either exudate or enlarged
tender lymph nodes. Probability of GAS negative throat cultures among children suspected of GAS pharyngitis
was 83% and would correctly not receive inopportune antibiotics.

Erythema, exudate, lymph nodes, pharyngitis, streptococcal

versus high-income regions, therefore diagnosis
and treatment of GAS pharyngitis is very
important. Most high-income regions practice
the primary prevention of ARF, laboratory
diagnosis of streptococcal pharyngitis, followed
by antibiotics. This strategy is not practical for
low-income regions because of the high cost or
unavailability of diagnostic testing. As diagnosis
depends on clinical signs, which their positive
predictive values (PPVs) are low, the clinicians
may presumptively empirically treat all the
patients with antibiotics.**! In most clinical
studies, GAS was cultured in 20-30% of all
acute pharyngitis cases in children indicating
that treatment of all pharyngitis is excessive
using a variety of clinical rules to make decision
for treatment without laboratory data may be
considered and a CDR should be established in
these regions.!*12

We aimed to establish and suggest an easy,
safe, pragmatic, clinical combination of scoring
system, an updated CDR for the prediction
of diagnosis of GAS pharyngitis that could
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help clinicians to exclude GAS infection in children with
pharyngitis and would help avoid unnecessary treatment with
antimicrobial agents in low-resource settings, where there is
poor access to laboratory support, culture, and rapid antigen
detection test (RDT), and rheumatic fever may remain a major
public issue.

Materials and Methods

We should explain that this article and the similar article!"
were derived from a research project that had been funded
by a grant from the research and education foundation of our
university with the code: NCT01310361.

As the source of the both articles is the same, the sample size
and a part of methodology and results are similar, but with
a different background, objective, final results, and different
aspects and aims.

This research project as a cross-sectional study performed on
6-15-year-old elementary and high-school children from seven
different regions of North-East of Iran, Khorasan, Mashhad,
from March 2012 to March 2013."! They were screened for
enrollment as pharyngitis with clinical criteria of sore throat,
erythema, exudate, and tender or enlarged anterior cervical
lymph nodes (larger than 1.5 cm). Exclusion criteria were
considered: Oral antibiotics use within the preceding 3 days
or intramuscularly administered antibiotics within the 28 days
prior to the visit which may modify clinical presentation
of streptococcal pharyngitis, history of previous ARF or
rheumatic heart disease, presence of another illness, and to
be carrier.* The method of sampling was nonprobability,
easy sampling. When we considered P < 0.05, confidence
level 95%, and permissible error 1%, at least 97 children with
GAS positive throat culture were expected as sample size.
Five hundred and eighty-five children met the enrollment
criteria but about 14 patients refused the study and were
excluded and 571 patients participated in the study. The
children were compared with respect to age, gender, and
other variables. The patients at schools were introduced by a
health-care worker. The medical history and general health
status of each participant were observed and assessed by a
physician. For making a diagnosis, we used the gold standard
method; bacterial throat culture on blood agar medium with
90-95% sensitivity. We did not RDT strategy that its negative
results should be confirmed by culture and has a median
false-negative rate of 11%.1"31511 The physician applied
throat culture soaps that were sent to a reference laboratory.
Ninety-nine patients had throat swabs that yielded positive
results on culture.”'¥ Patients were observed before obtaining
the culture and in GAS positive, negative throat culture groups
again, and clinical signs, and symptoms were recorded and
compared.

The final outcome assessed on the basis of sensitivity and
specificity as the main values to establish CDR, and also
PPV and negative predictive value (NPV) were considered
compared with throat culture as well. Although PPV and
NPV vary with prevalence, they are of interest to clinicians.
As PPV is usually low for clinical signs,!* we considered NPV
as well. A meta-analysis confirmed that symptoms alone were
not sufficient to rule out this diagnosis. Because the individual
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variables predict GAS pharyngitis so poorly, researchers have
suggested combining potential predictive variables within
a CDR.I"! In the present study, the validity of each sign and
symptom separately and in combinations (two-variable
rules) according to the prevalence of positive throat culture
was calculated by parallel test and sequences test, and the
percentage of sensitivity, specificity, PPV, and NPV were
evaluated.

For the comparison of results, t-test was used and for the quality
variants, Fisher and Chi-square tests were used with P < 0.05
through the SPSS 17.0 (SPSS Inc, Illinois, USA).

Ethical considerations

This study was conducted according to the Ethical Standards
Guidelines of Helsinki 1964 the Guidelines for the Ethical
Conduct of Medical Research Involving Children revised by the
Royal College of Pediatrics and Child Health: Ethics Advisory
Committee. We considered Committee on Publication Ethics
guidelines as well. All the cooperators and the parents were
explained about the mentioned method. We received written
informed consent from all patients and from education
organization as well.

Results

Of the 571 children (225 male and 346 female) who participated
in the study, 99 and 472 patients’ throat swabs yielded positive
and negative GAS throat culture, respectively.

The percentage of positive throat culture was 17.3%, of which
51 (51.5%) were male and 48 (48.5%) were female. Male to
female ratio was 1.8 in positive culture group (P = 0.07).1'%
There was no significant difference between clinical signs
and symptoms in negative and positive throat culture group
patients (P > 0.05).

Signs and symptoms of patients with positive and negative
throat culture before treatment and the validities of each sign
and symptom alone are shown in Table 1.

Erythema and sore throat each one was the most common sign
in both groups.

Erythema or sore throat each one had high sensitivity 81.8%
with low specificity.

Exudate or enlarged tender cervical lymph node each one was
63% and 68% sensitive with moderate specificity, respectively,
and high NPV of 80.54% and 85.09%, respectively [Table 1].

The validities of sign and symptom in combinations (two-variable
rules) according to the prevalence of positive throat
culture (17.3%) were calculated as follows [Table 2].

In combination tests of two-variable rules, parallel test
enhanced sensitivity but decreased specificity. In sequences
test, erythema plus enlarged, tender cervical lymph nodes had
56.11% sensitivity, 44.75% specificity, and high percentage of
NPV 83%. Exudate plus enlarged tender cervical lymph nodes
had 43.62% sensitivity, 57.19% specificity, and high percentage
of NPV, 83% [Table 2].
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Table 1: Signs and symptoms of patients in positive and negative throat culture groups before drugs
prescription and validities of each sign and symptom alone

Sign Positive culture Negative culture Total, n(%) Sensitivity, n (%) Specificity, n(%) PPV, n(%) NPV, n(%)
group, n (%) group, n (%)
Exudate 63 (16.3) 323 (83.7) 386 (100.0) 63 31.5 16.3 80.54
Erythema 81 (16.2) 417 (83.7) 498 (100.0) 81.8 11.6 16.2 75.34
Enlarged 68 (18.7) 295 (81.3) 363 (100.0) 68 37.5 18.73 85.09
Tender cervical
lymph node
Sore throat 81 (15.3) 448 (84.7) 529 (100.0) 81.8 5 15.31 57
Total 293 (16.5) 1483 (83.5) 1776 (100.0)
Test statistical x’=1. 88; P=0.59
probability
PPV = Positive predictive values, NPV = Negative predictive value
Table 2: Validities of the combinations of signs and symptoms
Signs and symptoms Sensitivity (%) Specificity (%) PPV (%) NPV (%)
Exudate or erythema (P-T) 93.4 3.65 16.8 72.5
Both exudate and erythema (S-T) 52.2 39.44 15.2 79.7
Erythema or enlarged tender cervical lymph node (P-T) 94.3 4.35 171 78.5
Both erythema and enlarged tender cervical lymph node (S-T) 56.11 44.75 17.5 83
Exudate or enlarged tender cervical lymph node (P-T) 88.6 11.8 17.4 83.2
Both exudate and enlarged tender cervical lymph node (S-T) 43.62 57.19 17.56 83

P-T = Parallel-test, S-T = Sequences-test

Discussion

Current management for children and adolescents includes
1 of 6 strategies such as (1) observed without testing or
treatment, (2) treat all suspected cases with antibiotic, (3) treat
those with positive throat cultures, (4) treat those with positive
rapid tests, (6) treat those with positive throat cultures after
negative rapid tests, and (6) usage of a clinical scoring measure
to determine the diagnosis/treatment strategy.['”]

In most researches, GAS was cultured in 20-30% of all acute
pharyngitis in children and it is over diagnosis to treat all
pharyngitis is."l Although a negative result in many cases
of bacterial infection does not exclude an infective etiology,
this leaves the physician in a dilemma as to whether the
patient needs antibiotics or not!"® but as mentioned before,
the laboratory diagnosis strategy of GAS pharyngitis is not
practical for low-income countries, and usage of a variety of
clinical rules to determine the diagnosis/treatment strategy is
more acceptable for low-income countries. The present study
is comparable with similar studies, which are regional trials
to determine CDR. A combination of symptoms could help
clinicians to diagnosis or exclude GAS infection in children
with pharyngitis.

Attia ef al. reported that posttest probability values for a
positive throat culture associated with positive and negative
predictors of the model were 79% and 12%, respectively.!'”)

In the WHO cohort study among 5-year-old children or older,
sensitivity for sore throat was low and ranged from 3.8% in
Egypt to 10.8% in Brazil. In children under 5 years, sensitivity
was low (0.0-4.6%), and specificity was high in both age
groups (93.8 and 97.4%), respectively. A CDR with higher
sensitivity should be developed for use in regions where
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rheumatic fever and rheumatic heart disease are still major
health problems.

Sahin et al. study revealed that sensitivities of combinations
including two of the following three symptoms, namely sore
throat, pharyngeal erythema, and exudate or sore throat and
fever were 76.9% and 87.7%, respectively. Specificities of the
same combinations were 49.4% and 30.6%, respectively.l!

Steinhoff et al. reported that exudate or large cervical nodes
would be 84% sensitive and 40% specific.!!

In a randomized, clinical trial for GAS pharyngitis, the
integrated clinical prediction rule process for integrating
complex evidence-based clinical decision report tools is of
relevant importance for nationals.

In a meta-analysis, the validation studies were assessed based
on sensitivity, specificity, and positive likelihood ratio for
non-GAS infections with the clinical approach, compared with
a throat culture or RDT results.

In the meta-analysis of the validation studies, symptoms
alone were not sufficient to rule out this diagnosis. To identify
the best CDR for diagnosing GAS pharyngitis in children, a
combination of symptoms could help clinicians exclude GAS
infection.!®!

In our study, 571 children were included among whom 99
and 472 patients’ throat swabs yielded positive and negative
GAS throat culture, respectively. Exudate or enlarged tender
cervical lymph node each one with 63% and 68% sensitivity,
31.5% and 37.5% specificity, and the high percentage of NPV,
80.54% and 85.09%, respectively, indicated that in the present
of exudate or large cervical nodes, about 68 of 99 patients with
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positive throat culture would correctly receive antibiotics and
about 174 of 472 patients with negative throat culture would
correctly not receive antibiotics (reduction of unnecessary
antibiotic treatment by our CDR).

High NPV percentage of 80.54% and 85.09% means that in a
population as our study which prevalence of GAS pharyngitis
is 17.3% (compatible with many studies), in a child suspected
of GAS pharyngitis and in the absence of exudate, probability
of GAS negative throat culture would be 80.54% and in the
absence of large cervical nodes, probability of GAS negative
throat culture would be 85.09% and would not correctly
receive inopportune antibiotics, and our CDR could reduce
unnecessary antibiotic treatment in a low-resource setting.

In combination tests of two indices, parallel-test enhances
sensitivity but decreases specificity.

In sequences test, we offer two following guidelines which
suggest treatment:

Exudate plus enlarged tender cervical nodes were 43.62
sensitive and 57.19 specific, based on them, about 44/99
children with positive throat culture would correctly receive
antibiotics and 274/472 children with negative throat
culture would correctly not receive antibiotics (reduction in
unnecessary antibiotic treatment). Exudate plus enlarged nodes
had the highest percentage of NPV, 83%.

Erythema plus enlarged tender cervical nodes were 56.11%
sensitive and 44.75% specific that indicated about 56 /99 children
with positive throat culture would correctly receive antibiotics
and about 212 /472 children with negative throat culture would
correctly not receive antibiotics (reduction in unnecessary
antibiotic treatment), with the highest percentage of NPV,
83%, which indicated that in a prevalence of GAS pharyngitis
similar to our study (17.3%), in the absence of either exudate
or enlarged tender lymph nodes or in the absence of either
erythema or enlarged tender lymph nodes, probability of GAS
negative throat culture was 83% among children suspected of
GAS pharyngitis and would correctly not receive inopportune
antibiotics (reduction in unnecessary antibiotic treatment).

The present CDR could be helpful in reducing antibiotic
abstention for pharyngitis in children in low-resources settings.
As well as it might be useful for countries where the RDT use
is not recommended in current practice.™ It might also well
interest the 50% of physicians who do not use RDTs at all."!

Although in different studies, similar criteria were included
to establish CDR, the rate of validities of sign and symptom
and percentage of positive GAS throat culture were different.
These differences indicated variation in clinical manifestations
of pharyngitis by region. However, additional studies from
other regions are necessary before modified guidelines are
implemented.

Conclusions
High NPV of 83% indicated that in similar prevalence in the
absence of either exudate or enlarged tender lymph nodes.

Probability GAS negative throat culture among children
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suspected of GAS pharyngitis was 83% and would correctly
not receive inopportune antibiotics.
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