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A b s t r a c t

Background: Pharyngitis is one of the most common conditions encountered in primary 
health care facilities. Accurate differentiation of group A streptococcus (GAS) infection 
from viral infection is difficult. The STANDARD F Strep A Ag FIA (SD BIOSENSOR, 
Korea) is a rapid antigen detection test (RADT) that has been recently developed for 
diagnosing GAS pharyngitis. In this study, we evaluated the diagnostic performance of 
the STANDARD F Strep A Ag FIA and compared the results between the RADT and 
conventional throat culture. Methods: Throat swab samples were obtained from a total 
of 372 children presenting pharyngitis symptoms in five pediatric clinics in Changwon, 
Korea from July 2018 to October 2019. A comparative study between STANDARD F 
Strep A Ag FIA and Sofia Strep A FIA (Quidel, USA) was performed. Two throat swabs 
were taken simultaneously from each patient for RADT. The third throat swab was 
stored in a transport tube containing Stuart’s transport medium for culture. Performance 
and kappa index of STANDARD F Strep A Ag FIA were evaluated. Results: GAS 
infection was detected in 29.3% (109/372) patients, using the STANDARD F Strep A 
Ag FIA. The sensitivity, specificity, positive predictive value, and negative predictive 
value were 95.0%, 95.2%, 88.1%, and 98.1%, respectively. The STANDARD F Strep 
A Ag FIA showed an excellent concordance rate of 96.5% and a kappa value of 0.89 
compared to Sofia Strep A FIA. Conclusion: The STANDARD F Strep A Ag FIA 
demonstrated an excellent performance along with Sofia Strep A FIA for the diagnosis 
of GAS pharyngitis.
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1. Introduction
Pharyngitis is one of the most commonly encountered 
conditions in family medicine and pediatrics  and is 
mainly caused by viral infections such as rhinoviruses, 
with approximately 10%–20% of cases being due to 
bacterial infections [1-3]. Group A streptococci (GAS) 
are the most common cause of bacterial pharyngitis, 
especially in children aged 5–15 years [4,5], and are 
associated with 20%–30% of pediatric pharyngitis and 
5%–15% of adult pharyngitis [2,6,7]. Although there are 
many studies on the diagnosis of GAS pharyngitis in 
children based on symptoms and physical examination 
findings, five symptoms (scarlet fever rash, petechiae on 
the palate, purulent exudate from the pharynx, vomiting, 
and cervical lymph node tenderness) are associated in 
more than 50% of cases, these findings alone do not 
provide a definitive diagnosis of GAS pharyngitis [4]. 
As pharyngitis caused by GAS is more severe than 
viral pharyngitis and can lead to purulent (peritonsillar 
abscess, retropharyngeal abscess, lymphadenitis) and 
non-purulent (acute glomerulonephritis, rheumatic fever) 
complications [8], accurate diagnosis and antibiotic 
treatment are important [9]. Accurate and rapid diagnosis 
of GAS pharyngitis is important because it prevents 
unnecessary overuse of antibiotics for viral pharyngitis 
and ensures prompt administration of antibiotics for 
bacterial pharyngitis, which reduces the duration 
of symptoms, prevents complications and reduces 
contagion to others.

Traditional bacteriological culture is the standard 
test for identifying GAS [9], but it requires basic 
equipment in the microbiological laboratory and the 
skills of a skilled examiner, and it takes at least one 
to two days to identify the bacteria, so it is difficult to 
perform routinely in private clinics and small hospitals. 
In addition, the sensitivity of bacteriological culture 
is 90%–95% [10]. To overcome these disadvantages 
of bacteriological culture, rapid antigen tests have 
been developed with results available in less than 10 
minutes, and new products are being developed to 
improve upon the initially low sensitivity [11-13].

To evaluate the performance of the STANDARD 
F Strep A Ag FIA (SDBIOSENSOR, Suwon, Korea) 
rapid antigen test developed by immunofluorescence in 
the diagnosis of GAS pharyngitis, the authors compared 
the results with traditional bacteriological culture, and 
the Sofia Strep A FIA (Quidel, San Diego, CA, USA) 
test, a conventional rapid antigen test, was performed 
simultaneously to assess the agreement of the results.

2. Materials and methods
2.1. Subject
A total of 372 patients with suspected GAS pharyngitis 
who visited five pediatric clinics in Changwon from 
July 2018 to October 2019 were included. Three 
specimens were collected from the tonsils of patients, 
and two specimens were immediately tested with the 
commercially available STANDARD F Strep A Ag 
FIA test and Sofia Strep A FIA test according to the 
manufacturer’s instructions, and the other specimen was 
transported to Changwon National University Hospital 
for pharyngeal culture. Approval was obtained from 
the Institutional Review Board (IRB) of Changwon 
Kyungsang University Hospital before starting the 
study, and written informed consent was obtained from 
all participating subjects or their guardians (IRB No. 
GNUCH 2018-06-011).

2.2. Rapid antigen tests
STANDARD F Strep A Ag FIA test was performed 
according to the manufacturer’s instructions. After 
adding 3 drops of extraction buffer 1 to a tube of 
extraction buffer 2, the surface of the tonsils was rubbed 
with a cotton swab, and the swab from which the 
sample was taken was placed in the tube and left for 1 
minute, and then the swab was rubbed at least 10 times 
towards the floor and walls before being removed. 
A pipette was used to dispense 100 μL of the sample 
into the test device and the results were read using the 
STANDARD F200 Analyzer (SDBIOSENSOR).

The Sofia Strep A FIA test was performed 
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according to the manufacturer’s instructions. First, hold 
the bottle of reagent solution and break the glass bottle 
for the ampoule inside, shake the bottle five times to 
make sure the mixture is green, unscrew the lid, hold it 
vertically, and add about 6 drops of the mixture to the 
reagent tube to the marking line. The swab from which 
the sample was taken was placed in the reagent tube, 
mixed up and down, and left for 1 minute. The swab 
was removed and 100 μL was dispensed by pipette into 
the test device and the results were read using the Sofia 
Fluorescence Immunoassay Device (Quidel).

2.3. Culture test
The swab from which the sample was taken was 
inoculated into a blood agar medium and colony 
counts were determined by semi-quantitative method. 
A bacitracin disc (0.04 U) was placed on the primary 
fraction and incubated for 16–18 hours in a 37°C 
incubator. Colonies showing complete hemolysis 
were observed and identified by MALDI-TOF MS 
(bioMérieux SA, Marcy L’Étoile, France) to determine 
if they were susceptible to bacitracin discs and to 
identify GAS.

2.4. Statistical analysis
Statistical analysis was performed using SPSS 22.0 for 
Windows (SPSS Inc., Chicago, IL, USA). Pearson’s 
chi-square test was used to compare the results of the 
standard F Strep A Ag FIA test and oropharyngeal 

culture, and a P value of less than 0.05 was defined 
as statistically significant, and sensitivity, specificity, 
positive predictive value, and negative predictive value 
were calculated accordingly. To evaluate the agreement 
between rapid antigen tests, the positive agreement 
rate, negative agreement rate, overall agreement rate, 
and Cohen’s kappa were calculated and interpreted 
according to the values (0.01–0.20, slight agreement; 
0.21–0.40, fair agreement; 0.41–0.60, moderate 
agreement; 0.61–0.80, substantial agreement; 0.81–
0.99, almost perfect agreement).

3. Results
3.1. STANDARD F Strep A Ag comparison 
between FIA and culture
Of the 372 specimens tested with both the STANDARD 
F Strep A Ag FIA and culture, 101 were positive for 
culture and 271 were negative; 109 were positive for 
the STANDARD F Strep A Ag FIA and 263 were 
negative (Table 1). For a total of 372 samples, the 
sensitivity of the STANDARD F Strep A Ag FIA test 
based on culture was 95.0% (95% CI, 88.8–98.4%), 
specificity was 95.2% (95% CI, 91.9–97.4%), positive 
predictive value was 88.1% (95% CI, 80.5–93.5%), and 
negative predictive value was 98.1% (95% CI, 95.6–
99.4%). The age-specific positivity rate was highest in 
8-year-olds at 47.8%, followed by 39.9% in 6-year-olds 
and 37.1% in 7-year-olds, with 57.8% of males and 
42.2% of females (Figure 1).

Table 1. Clinical performance of STANDARD F Strep A Ag FIA and Sofia Strep A FIA compared to throat culture

Rapid antigen detection test Results
Throat culture

Sensitivity (95% CI) Specificity (95% CI)
GAS positive GAS negative

STANDARD F Strep A Ag FIA Positive 96 13 95%
(88.8–98.4%)

95.2%
(91.9–97.4%)Negative 5 258

Sofia Strep A FIA Positive 95 11 94.1%
(87.5–97.8%)

95.9%
(92.9–98.0%)Negative 6 260

Abbreviations: GAS, group A streptococci; CI, confidence interval.
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3.2. Comparison of concordance between 
rapid antigen tests
The results of the STANDARD F Strep A Ag FIA test 
and the Sofia Strep A FIA test were combined to assess 
the concordance between the two devices. The positive 
concordance rate was 92.7% (95% CI, 86.1–96.8%), 
the negative concordance rate was 98.1% (95% CI, 
95.6–99.4%), and the overall concordance rate was 
96.5% (95% CI, 92.8–97.3%), with a Cohen’s kappa 
value of 0.89 (95% CI, 0.84–0.94%).

3.3. Comparison of results of culture and 
two rapid antigen tests
When comparing the results of the culture and the two 
rapid tests, two specimens were positive for both the 
culture and the STANDARD F Strep A Ag FIA and 
negative for the Sofia Strep A FIA test only, and one 
specimen was positive for both the culture and the 
Sofia Strep AFIA test and negative for the STANDARD 
F Strep A Ag FIA test only. Four specimens were 
positive for the culture but negative for both rapid 
antigen results, 13 specimens were negative for the 
culture but positive for STANDARD F Strep A Ag FIA, 
and 11 specimens were positive for Sofia Strep A FIA. 

In seven specimens, the culture was negative but both 
rapid antigen tests were positive.

4. Discussion
The GAS rapid antigen test is very useful in clinical 
practice because of its simple method and short test 
time (less than 10 minutes), which allows doctors to 
diagnose and prescribe bacterial pharyngitis without 
the need for multiple visits to the hospital. In addition, 
GAS is the most common cause of bacterial pharyngitis 
and is mostly sensitive to penicillin, so it can be 
diagnosed with a rapid antigen test without bacterial 
culture. However, if a patient with suspected bacterial 
pharyngitis has a negative GAS rapid antigen test or 
is refractory to penicillin and requires antimicrobial 
susceptibility testing, culture should be performed [1].

Rapid antigen tests for the diagnosis of GAS 
pharyngitis have been developed since the 1980s and 
have gradually improved in performance, and the testing 
principles vary from immunological to molecular methods. 
The STANDARD F Strep A Ag FIA test evaluated in 
this study, a medical device that detects antigens of GAS 
in human throat specimens by immunochromatography 
and qualitatively detects them by fluorescence, showed 

Figure 1. Distribution of age and sex of STANDARD F Strep A Ag FIA positive patients
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a high sensitivity (95%) compared with conventional 
throat culture, which was significantly higher than 
the sensitivity of rapid antigen tests (86%) reported 
in meta-analyses of other studies [3,14]. Concordance 
with another rapid antigen test, the Sofia Strep A FIA 
test, was 96.5% with a kappa of 0.89, indicating a 
‘near perfect agreement’. Therefore, the use of the 
STANDARD F Strep A Ag FIA test as a screening test 
in patients with suspected pharyngitis is likely to be 
useful in the diagnosis of bacterial pharyngitis.

The high specificity (95.2%) of the STANDARD 
F Strep A Ag FIA test may reduce unnecessary 
antimicrobial prescriptions for viral pharyngitis, which 
may be useful in reducing overall healthcare costs. 
An observational study of children with suspected 
pharyngitis found that empiric antimicrobials 
were prescribed in 80% of patients prior to the 
implementation of rapid antigen testing, whereas 
antimicrobials were prescribed in only 37% of 
patients when rapid antigen testing was performed and 
antimicrobials were prescribed based on the results, 
resulting in a 76% reduction in healthcare costs [15].

The modified Centor score (McIsaac) criteria 
used to guide treatment strategies for pharyngitis 
recommends neither rapid antigen testing nor 
antimicrobial therapy if the score is 0 or 1 (each worth 
1 point; fever lasting 24 hours, severely inflamed 
tonsils, no cough or rhinorrhea, symptoms onset 
within 3 days, purulent tonsils), and recommends 
rapid antigen testing or culture to differentiate between 
bacterial and viral infection in patients aged 3–15 
years for score 1 and for scores 2 and 3. In addition, 
empiric antibiotics may be considered for score 4 if the 
probability of GAS pharyngitis is greater than 50% [16,17]. 
The Infectious Diseases Society of America and the 
American Academy of Family Physicians recommend 
that when bacterial pharyngitis is suspected in children, 
a rapid antigen test should be performed first, and if 
the result is positive, antibacterial treatment should 
be initiated [7,18]. In Korea, GAS rapid antigen tests 
and modified Centor scores are not yet widely used in 

practice, but as the culture of evidence-based practice 
takes hold and patient and societal awareness of 
antibiotic misuse increases, the voluntary demand for 
physicians and patients to perform rapid antigen tests in 
the management of patients with suspected pharyngitis 
is expected to gradually increase. Furthermore, the use 
of these tests in practice is part of an urgent need to 
improve the quality of care for accurate diagnosis and 
treatment, which requires improved clinician awareness 
of new tests and easy access to them. This may require 
test promotion and guideline development at the level 
of diagnostic laboratory societies, and active efforts 
to ensure that they are incorporated into departmental 
guidelines. On the other hand, rapid antigen tests 
require several caveats for clinical use. Firstly, rapid 
antigen tests alone cannot distinguish between carriers 
and infections of GAS, as can bacteriological culture. 
Asymptomatic carriers are positive for the rapid antigen 
test but do not require a prescription of antimicrobials, 
and the prevalence of asymptomatic group A carriage 
in normal school-aged children is approximately 
10% [2]. It is also important to understand the various 
internal and external factors that affect the test. For 
example, differences in sensitivity between test devices 
and principles, technical proficiency of the examiner 
performing the test, specimen collection, transport, and 
storage, patient antimicrobial use, disease course, and 
prevalence of GAS pharyngitis [19-21]. In other words, 
discrepancies in results due to different rapid antigen 
tests or differences in test methods may need to be 
confirmed by molecular methods, and laboratories 
need to exclude interference from examiner factors by 
performing tests consistently according to guidelines. 
In addition, accurate specimen collection is the most 
important process that affects the test results, and it is 
necessary to rub the tonsil area relatively hard several 
times, and be careful not to touch the swab with other 
parts of the oral cavity. The sooner the specimen is 
transported to the laboratory, the better, and transport 
media should be used and the temperature maintained 
for prolonged transport. The specimen collector’s 
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understanding of the test and knowledge of specimen 
collection and transport are often overlooked in 
practice but have a significant impact on the results [22]. 
The patient’s condition is also important in interpreting 
test results, and culture results may be negative if the 
patient has been treated with antimicrobials. Although 
we were unable to analyze these factors in this study, it 
can be assumed that various factors contributed to the 
differences in the results of the three tests. In particular, 
since the swab is collected three times, the number of 
bacteria collected from each swab may vary.

In conclusion, the STANDARD F Strep A Ag 
FIA is a rapid antigen test for GAS pharyngitis with 
high sensitivity and specificity compared to the 
standard test, culture, and almost perfect agreement 
with the Sofia Strep A FIA rapid antigen test, which 
may be useful for rapid diagnosis and antimicrobial 
therapy decisions in pediatric pharyngitis patients with 
difficulty differentiating the cause based on symptoms 
alone. The authors encourage clinicians to use the 
GAS rapid antigen test when managing patients with 
pharyngitis.
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