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A B S T R A C T

We aimed to investigate the effect of rapid antigen detection test (RADT) in the diagnosis of
streptococcal pharyngitis, its impact on antibiotic prescription decision of pediatricians and influence
on reduction of antibiotic treatment costs in children with pharyngitis. The study group consisted of
223 patients who were diagnosed with pharyngitis by pediatricians. The sensitivity and specificity of
RADT were 92.1% (95% Cl: 78.6–98.3%) and 97.3% (95% Cl: 93.8–99.1%), respectively. In the
first assessment, before performing RADT, pediatricians decided to prescribe antibiotics for 178
(79.8%) patients with pharyngitis. After learning RADT results, pediatricians finally decided to pre-
scribe antibiotics for 83 (37.2%) patients with pharyngitis, and antibiotic prescription decreased by
42.6%. Antibiotic costs in non-Group A streptococcus pharyngitis, Group A streptococcus pharyn-
gitis and all subjects groups decreased by 80.8%, 48%, and 76.4%, respectively. Performing RADT in
children with pharyngitis has an important impact on treatment decision of clinicians, reduction of
unnecessary antibiotic prescriptions and antibiotic costs.

K E Y W O R D S : pharyngitis, rapid antigen detection test, throat culture, Group A streptococcus,
Centor score, antibiotic costs.

I N T R O D U C T I O N
Pharyngitis accounts for 6–8% of visits by children
to family medicine physicians and pediatricians [1].
It has been estimated that in the USA alone >7 mil-
lion cases of acute pharyngitis are diagnosed by
pediatricians annually [2]. Group A streptococcus
(GAS) is found in 20–40% of cases of childhood

pharyngitis, although antibiotics are prescribed in
55–75% of the cases [3–7]. Accurately diagnosing
children with streptococcal pharyngitis is important
because untreated GAS pharyngitis can lead to sup-
purative and nonsuppurative complications.
Conversely, empiric treatment based on symptoms
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and signs would no doubt lead to the overuse of
antibiotics.

Culture isolation of GAS organisms from the
pharynx is the standard method, although the rapid
antigen detection test (RADT) is now widely avail-
able [4–10]. The RADT has many benefits: early
treatment—within 48 h after onset—can provide
symptomatic relief; spread to contacts may be lim-
ited; the need for follow-up management is lessened;
and additional testing can be avoided [11, 12].

In developing countries such as Turkey, antibi-
otics constitute 19.8% of all medications used, while
the ratio is 9.9% across the whole world [13]. To
date, there have been no prospectively designed clin-
ical outcomes studies on the effect of the RADT on
the antibiotic use decisions of pediatricians without
culture confirmation in developing countries.

In this study, we aimed to investigate the effect of
the RADT in the diagnosis of streptococcal pharyn-
gitis, its impact on the antibiotic prescription deci-
sion making of pediatricians and its influence on the
reduction of antibiotic treatment costs in children
with pharyngitis.

M A T E R I A L S A N D M E T H O D S

Study design
The study was prospectively performed in Tepecik
Training and Research Hospital between February
2012 and May 2014. Eligible patients were 3–14
years old who had been diagnosed with pharyngitis
and who had not received antibiotics for 7 days be-
fore inclusion. Diagnosis of acute rheumatic fever,
scarlet fever, acute otitis media, sinusitis or immuno-
suppressive therapy were defined as exclusion
criteria.

Before undergoing the RADT, demographic data,
clinical findings and the antibiotic treatment decision
of the pediatricians were recorded. After this stage,
all patients underwent the RADT and throat culture
(TC) screening by trained physicians. Any informa-
tion about patients was not given to the physicians
who performed the RADT. The RADT results were
immediately reported to the pediatricians. The final
antibiotic treatment decisions of pediatricians were
then noted. Before and after the RADT applications,
antibiotic costs were calculated for all patients in

terms of their US dollar value. After 48 h, patients
were re-evaluated according to the TC results.

The pretest likelihood of GAS pharyngitis was the
primary exposure of interest in this study; this was
estimated according to a clinical sore-throat–scoring
scheme developed by Centor [11]. According to the
Centor method, a score was calculated for each
patient.

Diagnostic tests
All children with suspected pharyngitis underwent a
rapid chromatographic immunoassay test (ACON
Strep A Rapid Test Device, Throat Swab, ACON
Laboratories, Inc, San Diego, USA) for GAS, per-
formed at the point of care by trained physicians.
Education of sample collection and performing
RADT were given by microbiology physicians and
expert team of manufacturer company, respectively.
All samples were collected; this required the proper
swabbing of the posterior pharyngeal wall and both
tonsils without touching other areas of the orophar-
ynx as recommended by the manufacturer of the
RADT. The RADTs were performed and the results
were recorded within minutes after the specimens
had been obtained. Second throat swabs were simul-
taneously obtained for TCs to compare with all the
RADT results.

Swabs for culture were plated onto both sheep
blood agar medium plates with a bacitracin suscepti-
bility disk and selective agar medium plates. The
blood agar plates (BAPs; BBLTM Columbia Agar
Becton, Dickinson and Company, New Jersey, USA)
were incubated aerobically at 35–37 �C, while the se-
lective medium plates were incubated in 5% carbon
dioxide. The plates were examined after 24–48 h of
inoculation.

Statistical analysis
Categorical data were expressed as number, per-
centage (%);continuous data were expressed mean
6 standard deviation (minimum-maximum) or me-
dian (interquartile range: 25–75 percentile). The
categorical data were compared by The Chi-square
test, where numerical data of two or more inde-
pendent groups are compared by one-way analysis
of variance and Kolmogorov–Smirnov tests. The
Mann–Whitney U-test was used for the
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nonparametric numerical data of the two independ-
ent groups, and significant parameters identified in
the univariate analysis were assessed by logistic re-
gression analysis. Sensitivity, specificity, positive
and negative predictive values, positive and negative
likelihood ratio values of clinical findings and
RADT were calculated. McNemar test was per-
formed for the comparison of antibiotic decisions
before and after RADT.

All analyses were conducted using SPSS v16.0
and MedCalc v12.5 software; p values of <0.05 were
considered to be statistically significant.

R E S U L T S
The study group consisted of 223 patients who were
diagnosed with pharyngitis by pediatricians. Among
these, 129 (57.8%) were males and 94 (42.2%) were
females. The mean age of the group was 89.2 6

36.6 months (median age: 83 months; minimum
age: 36 months; maximum age: 168 months).

Fever (>38�C) was detected in 174 (78%) cases.
Underlying clinical findings were tonsillar swelling in
213 (95.5%) patients, and tonsillar crypts in 126
(56.5%) patients (Table 1).

GAS was isolated from 38 (17%) of the TCs.
The RADT was positive in 40 (17.9%) patients.
In the comparison of the GAS positive (n ¼ 38)
and negative (n ¼ 185) groups, an absence of
cough, enlarged cervical nodes, tender cervical
nodes and RADT positivity were found to be more
frequent in the GAS positive group (Table 2). In
the analysis of significant parameters by logistic re-
gression test, RADT was found to be most signifi-
cant parameter for the diagnosis of GAS pharyngitis
(p < 0.001).

Of the 38 patients with GAS pharyngitis, 37 pa-
tients were detected to have a Centor score >2. TC
was negative in 155 (83.8%) of the 185 patients with
a Centor score >2. The RADT was detected as
negative in three patients with GAS pharyngitis.

Table 1. Clinical characteristics of patients diag-
nosed with pharyngitis

Parameters (N ¼ 223), n (%)

Tonsillar swelling 213 (95.5)
Fever (>38 �C) 174 (78)
Tonsillar crypts 126 (56.5)
Enlarged cervical nodes 101 (45.3)
Absence of cough 126 (56.5)
Runny nose/congestion 96 (43)
Myalgia/arthralgia 75 (33.6)
Tender cervical nodes 50 (22.4)

Table 2. Comparison of GAS positive and negative groups

Parameters GAS positive
n ¼ 38

GAS negative
n ¼ 185

p

Age (month) median (25–75 percentile) 85 (60–101.2) 78 (60.5–115.5) 0.728
Gender (F/M) n (%) 19 (50)/19 (50) 75 (40,5)/110 (59.5) 0.282
Fever (�C) median (25–75 percentile) 38,8 (38.5–39) 38,8 (38.5–39) 0.583
Fever (>38 �C) n (%) 33 (86.8) 141 (76.2) 0.150
Absence of cough n (%) 31 (81.6) 95 (51.4) 0.001
Tonsillar swelling n (%) 38 (100) 175 (94.5) 0.218
Tonsillar crypts n (%) 23 (60.5) 103 (55.6) 0.583
Enlarged cervical nodes n (%) 23 (60.5) 78 (42.1) 0.038
Tender cervical nodes n (%) 14 (36.8) 36 (19.4) 0.019
Runny nose/congestion n (%) 15 (41.6) 81 (43.7) 0.625
Myalgia/arthralgia n (%) 12 (31.5) 63 (34) 0.759
Centor Score median

(25–75 percentile)
3 (3–4) 4 (4–5) <0.001

RADT (þ) n (%) 35 (92.1) 5 (2.7) <0.001
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Furthermore, the RADT was positive in five patients
with non-GAS pharyngitis (Table 3). The overall
sensitivity and specificity of the RADT were 92.1%
(95% CI: 78.6–98.3%) and 97.3% (95% CI: 93.8–
99.1%), respectively. In all patients, Centor score
was found above 1. Sensitivity and specificity of a
Centor score >2 were determined as 97.4% (95%
CI: 86.2–99.9%) and 16.2% (95% CI: 11.2–22.3%),
respectively (Table 4).

After the RADT, there was a statistically signifi-
cant decrease in prescription rates in all antibiotic
groups (p < 0.001) (Table 5).

Before performing the RADT, pediatricians
decided to prescribe an antibiotic for 147 (79.5%)
patients with non-GAS pharyngitis. After learning
the RADT result, pediatricians decided to prescribe
antibiotics for 49 (26.5%) patients with pharyngitis;
antibiotic prescription had decreased by 53%. In the
first assessment, before performing the RADT, pedi-
atricians decided to prescribe antibiotics for 178
(79.8%) patients with pharyngitis. After learning the
RADT result, pediatricians decided to prescribe anti-
biotics for 83 (37.2%) patients with pharyngitis; anti-
biotic prescription had decreased by 42.6%
(Table 6).

According to the Pharmaceutical and Medical
Device Organization of Turkey, before the RADT
application, the total antibiotic cost was $1372.70
(mean antibiotic cost per patient was $7.40) in the
non-GAS pharyngitis group. After the RADT (test
cost per patient was $1.14) application, the total
antibiotic cost and average antibiotic cost per patient
had decreased to $262.60 and $1.40, respectively.

Table 3. Comparison of Centor score, TC and
RADT results of patients with pharyngitis

RADT (�) RADT (þ) Total
TC (�)

Centor score <3 30 0 30
Centor score >2 150 5 155
Total 180 5 185

TC (þ)

Centor score <3 0 1 1
Centor score >2 3 34 37
Total 3 35 38

Table 4. The diagnostic value of clinical findings, Centor score and RADT

Parameters Sensitivity
n (95% CI)

Specificity
n (95% CI)

Positive LR
n (95% CI)

Negative LR
n (95% CI)

PPV n
(95% CI)

NPV n
(95% CI)

Absence of cough 81.6 48.6 1.59 0.38 24.6 92.8
(65.7–92.3) (41.3–56.1) (1.29–1.95) (0.19–0.75) (17.4–33.1) (85.7–97.1)

Enlarged cervical
nodes

100 5.4 1.06 0 17.8 100
(90.8–100) (2.62–9.72) (1.02–1.09) (0–0) (13.0–23.7) (69.2–100)

Tender cervical
nodes

36.8 80.5 1.9 0.80 28.0 86.1
(21.8–54.0) (74.1–86.0) (1.1–3.2) (0.6–1.0) (16.2–42.5) (80.1–91.0)

Fever (�38 �C) 86.8 23.8 1.14 0.55 19.0 89.8
(71.9–95.6) (17.8–30.6) (0.89–1.32) (0.23–1.30) (13.4–25.6) (77.8–96.6)

Centor score >2 97.4 16.2 1.16 0.16 19.3 96.8
(86.2–99.9) (11.2–22.3) (1.07–1.26) (0.02–1.15) (14.0–25.6) (83.3–99.9)

Centor score >3 78.9 51.4 1.62 0.41 25 92.2
(62.7–90.5) (43.9–58.8) (1.3–2.0) (0.2–8) (17.6–33.7) (85.3–96.6)

Centor score >4 23.7 90.3 2.43 0.85 33.3 85.2
(11.4–40.2) (85.1–94.1) (1.2–5.0) (0.7–1.02) (16.5–54.0) (79.5–89.9)

RADT 92.1 97.3 34.1 0.08 87.5 98.4
(78.6–98.3) (93.8–99.1) (14.3–81.3) (0.03–0.24) (73.2–95.8) (95.3–99.7)

Notes: LR ¼ Likelihood ratio; PPV ¼ positive predictive value; NPV ¼ negative predictive value; CI ¼ confidence interval.
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The antibiotic costs of non-GAS pharyngitis, GAS
pharyngitis and all subjects decreased by 80.8%, 48%
and 76.4%, respectively (Table 7).

D I S C U S S I O N
In our study population, patients with pharyngitis
were evaluated twice for the purpose of antibiotic de-
cision making. The first assessment only included
clinical findings and signs. In the second assessment,
the RADT was performed and the decision of the
pediatrician was recorded. Because of the specific de-
sign of the study, this is the first such study per-
formed to date directly investigating the effect of the
RADT on the antibiotic prescription decisions of
pediatricians.

On clinical grounds, GAS pharyngitis is strongly
suggested by the presence of enlarged cervical nodes,
tender cervical nodes and the absence of cough [11].
Centor criteria are effective in the differentiation of
the patients under low risk of acute streptococcal

infection. However, the criteria are only moderately
successful in the differentiation of the streptococcal
cases among those with more significant symptoms
and findings. As a result, such criteria have a low spe-
cificity and it is therefore difficult to clinically distin-
guish whether it is a viral or bacterial infection [14].
Accordingly, empiric treatment based on symptoms
and signs would no doubt lead to the overuse of anti-
biotics [15, 16]. In our study, consistent with the lit-
erature, a significant correlation was found between
enlarged cervical nodes, tender cervical nodes, an ab-
sence of cough and GAS pharyngitis. Additionally,
according to clinical findings, pediatricians decided
to prescribe antibiotics for 79.8% of patients in
which the incidence of GAS pharyngitis was 17%.

Most studies indicate that the RADT reduces in-
appropriate antibiotic prescription for non-GAS pha-
ryngitis [17, 18]. Our study showed that the RADT

Table 5. Comparison of antibiotic decisions before and after RADT

Antibiotic decision After RADT

Benzathine penicillin Cephalosporins Amoxicillin-clavulanate Macrolides

Before RADT

Benzathine penicillin 38 0 3 0
Cephalosporins 1 1 0 0
Amoxicillin-clavulanate 14 0 18 0
Macrolides 0 0 1 2

p < 0.001.

Table 6. Comparison of antibiotic prescription
decisions in GAS, non-GAS pharyngitis and all
groups

Antibiotic
decision

non-GAS
pharyngitis
group

GAS pharyn
gitis group

All group

Before RADT
Antibiotic (-) 38 (20.5) 7 (18.4) 45 (20.2)
Antibiotic (þ) 147 (79.5) 31 (81.6) 178 (79.8)
After RADT
Antibiotic (-) 136 (73.5) 4 (10.5) 140 (62.8)
Antibiotic (þ) 49 (26.5) 34 (89.5) 83 (37.2)
Total 185 (100) 38 (100) 223 (100)

Table 7. Comparison of antibiotic costs in GAS
and non-GAS pharyngitis groups

Groups Before RADT
antibiotic
cost total/
per patient
$(%)

After RADT
antibiotic
cost total/
per patient
$(%)

Antibiotic cost
reduction
total/
per patient
$(%)

Non-GAS
pharyngitis

1372.7/7.4 262.6/1.4 1110.1/6.0

n ¼ 185 (100) (19.2) (80.8)
GAS

pharyngitis
226.5/5.9 117.9/3.1 108.6/2.8

n ¼ 38 (100) (52) (48)
Total 1608.7/7.2 380.5/1.7 1228.2/5.5
n ¼ 223 ($) (100) (23.6) (76.4)
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had an influence not only in decreasing the fre-
quency of unnecessary antibiotic prescription by
53% in patients with non-GAS pharyngitis, but also
in increasing antibiotic prescription by 7.9% in pa-
tients with GAS pharyngitis.

The standard method for the diagnosis of GAS
pharyngitis is a TC on a BAP in a microbiology la-
boratory [18–21]. The major drawback of a TC is
that the results take 48 h, owing to the time neces-
sary to allow enough GAS bacteria to grow to enable
accurate identification. Although RADTs are gener-
ally more expensive than BAP cultures, they have
many benefits, such as earlier treatment—within
48 h after onset—which can provide symptomatic re-
lief, reduce the risk of spread of GAS and enable the
patient to return to school or work sooner.
Furthermore, the need for follow-up management is
lessened, and additional testing can be avoided [22–
25]. Moreover, compared with a TC, the specificity
of the RADT is excellent (at least 90–95%), and the
sensitivity is low (often 75–85%) [18].

There is no single fixed value for the sensitivity of
the RADT for the diagnosis of GAS pharyngitis; the
sensitivity depends on the personnel who perform
the test, bacterial inoculum size and the clinical char-
acteristics of the illness of the patients [26–30]. In
our study, the sensitivity of the RADT was found to
be 92.1% (95% CI: 78.6–98.3%). The sensitivity that
we acquired was therefore higher than the sensitivity
results reported in the literature [12, 24, 31, 32].

Antibiotics are commonly prescribed for children
with conditions for which they provide no benefit,
including viral respiratory infections [14]. GAS is the
cause in only 15–30% of such cases, but antibiotics
are prescribed in 55–75% of these [3–6]. When bac-
terial infection is a concern in the prevention of un-
necessary antibiotic use, the RADT is a reliable
method for initiating immediate treatment. Maltezou
et al. [17] reported that the antibiotic prescription
rate reduced by 61% using the RADT when com-
pared with clinical management of patients. In our
study, using clinical criteria caused high rates of anti-
biotic prescription (79.8%), RADT use decreased
antibiotic prescription by 42.6%. This was consistent
with the literature.

Phof et al. [33] calculated that the mean medical
cost per case was $118 (58% of total cost); antibiotic

cost was responsible for 20% ($23.60) of this. Our
study determined that the antibiotic cost of empirical
treatment per patient was $7.20, and that antibiotic
cost per patient decreased by 76.4% ($5.50) using
the RADT rather than empirical treatment.
Considering with the RADT cost (cost per patient
was $1.14), treatment value per patient decreased by
60.6%.

More specifically, we evaluated the effects of
RADT use on the antibiotic choice of pediatricians.
Prescriptions of amoxicillin-clavulanate, cephalo-
sporins and macrolides were markedly reduced with
the RADT results, thereby decreasing antibiotic
cost by 48% in the GAS phayngitis group. To the
best of our knowledge, this is the first study per-
formed to date directly investigating the effect of
the RADT on the treatment decision of pediatri-
cians. In previous studies, the effects of the test
were retrospectively evaluated, or determined in dif-
ferent subgroups [17, 34, 35]. In our study, how-
ever, the impact of the test was prospectively
determined within the same study group. This situ-
ation thus provided an opportunity to more clearly
assess the impact of the test on the diagnosis and
treatment of pharyngitis.

This study includes several limitations. First, our
study constituted a single-center trial. Second, al-
though we found the sensitivity of the RADT to be
higher than the sensitivity results reported in the lit-
erature, it varies on the basis of certain factors.
Third, we analyzed only the antibiotic cost of pha-
ryngitis. We know that the antibiotic cost of GAS
pharyngitis among children is substantial, with al-
most one half being attributable to medical costs
[33]. Finally, GAS carriers were not evaluated in our
study.

As a result, we can conclude that, in developing
countries where unnecessary antibiotic usage is com-
mon, performing the RADT for all patients with pha-
ryngitis has an important effect on reducing
unnecessary antibiotic prescription, antibiotic costs
and possible antibiotic resistance. Moreover, our
study showed that the RADT had an influence not
only in decreasing the frequency of unnecessary anti-
biotic prescription in patients with non-GAS pharyn-
gitis, but also in increasing appropriate antibiotic
prescription in patients with GAS pharyngitis.
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