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1. Introduction
Group A beta-hemolytic streptococci (GAS) are important 
pathogens that cause tonsillopharyngitis and more severe 
infections such as septicemia, pneumonia, or meningitis 
(1). Due to the possibility of the occurrence of complications 
such as acute poststreptococcal glomerulonephritis and 
acute rheumatic fever after streptococcal infections, rapid 
diagnosis and treatment of GAS gains importance (2,3). 

Throat culture is the gold standard for diagnosis of 
GAS tonsillopharyngitis, but it requires at least one day for 
detection. Therefore, rapid antigen tests were developed. 
Reported sensitivity and specificity rates of rapid tests 
with regard to culture are 66%–99% and 95%, respectively 
(4–6). Using a highly sensitive rapid test makes a 
significant contribution to early diagnosis and appropriate 
therapy. Rapid antigen tests used to diagnose acute 
tonsillopharyngitis have resulted in significant reductions 
in antibiotic prescriptions over the past 10 years (7).

Bacitracin sensitivity, the pyrrolidonyl arylamidase 
test (PYR), and latex agglutination tests are used 
traditionally in order to identify GAS in culture. With 
those tests, culture results are usually available in 1–3 
days (8). By using matrix-assisted laser desorption/
ionization-time of flight mass spectrometry (MALDI-
TOF MS), which is a novel rapid and automated 
identification system in clinical microbiology 
laboratories, bacteria can be identified in minutes at 
the genus and species level based on unique proteomic 
fingerprints of microorganisms (9). 

The aim of this study is to assess the effectiveness of 
the QuickVue+Strep A Test (Quidel Corporation, USA) 
in determining GAS in throat swab samples in terms 
of rapid diagnosis and to evaluate the effectiveness of 
the MALDI-TOF MS system compared to traditional 
methods in the identification of GAS growth when 
culture is done. 

Background/aim: We aimed to evaluate the efficacy of a rapid antigen test in detecting group A beta-hemolytic streptococci (GAS) in 
throat samples in comparison with the culture method and to compare the efficiency of matrix-assisted laser desorption/ionization-time 
of flight mass spectrometry (MALDI-TOF MS) and traditional methods in identifying GAS in cultures. 

Materials and methods: A total of 3668 throat samples from patients with a prediagnosis of tonsillopharyngitis were assessed by the 
QuickVue+Strep A antigen test and culture. For GAS identification from cultures, bacitracin sensitivity, PYR, and latex agglutination 
tests and MALDI-TOF MS were used. 

Results: A total of 567 (15.5%) and 536 (14.6%) of the samples were positive for GAS culture and rapid antigen testing, respectively. The 
sensitivity and specificity of the rapid antigen test compared to culture was 89.07% and 99%, respectively, while positive and negative 
predictive values were 94.22% and 98.02%. Traditional methods were in full concordance with MALDI-TOF-MS for all 567 isolates. In 
all densities of growth in culture, the time to diagnosis with MALDI-TOF MS was significantly lower than with traditional identification 
tests. 

Conclusion: This study shows that both the rapid antigen testing of samples and bacterial identification with MALDI-TOF MS 
contribute much to the rapid diagnosis of GAS tonsillopharyngitis. 

Key words: MALDI-TOF MS, rapid antigen test, Streptococcus pyogenes, tonsillopharyngitis

Received: 15.12.2017              Accepted/Published Online: 13.08.2018              Final Version: 31.10.2018

Research Article

This work is licensed under a Creative Commons Attribution 4.0 International License.



940

DENİZ et al. / Turk J Med Sci

2. Materials and methods
2.1. Patients 
This research was performed with the ethical approval of 
the Şişli Hamidiye Etfal Training and Research Hospital 
Ethics Committee (Decision Number 1000). In this 
study, 3668 throat swab samples from 3668 patients sent 
routinely with the prediagnosis of pharyngitis to the 
clinical microbiology laboratory between November 2014 
and May 2015 were assessed. The demographic data of the 
patients were noted. The throat swab samples were taken 
using BD BBL CultureSwab EZ II combined double swabs 
(Le Pont de Claix, France) and were transported to the 
laboratory in one hour. After arrival of the samples to the 
laboratory, one of the swabs was used for rapid antigen 
testing while the other one was used for throat culture. 
2.2. Rapid antigen test 
A lateral immunoassay kit, the QuickVue+Strep A Test 
(Quidel Corporation, USA), was used according to the 
manufacturer’s recommendations in order to detect GAS 
antigens from throat swab samples. 
2.3. Throat culture and GAS identification
The samples were cultured on 5% sheep blood agar and 
incubated at 37 °C in a 5%–10% CO2 incubator for up to 48 
h. The plates were assessed after 24 and 48 h of incubation 
for the existence of beta-hemolytic colonies. Gram-
positive and catalase-negative colonies were identified 
traditionally by using the PYR test (BBL DrySlide PYR 
Kit, Becton, Dickinson and Company, USA), the latex 
agglutination Streptococci Grouping Test Kit (Plasmatec, 
UK), and sensitivity to 0.04 U bacitracin discs (Oxoid, 
UK). The Microflex LT (Bruker Daltonics, Germany) 
platform was used for MALDI-TOF MS identification 
of any suspected beta-hemolytic colony on the primary 
diagnostic plate. Direct transfer of the colony to the 
target and direct transfer-formic acid methods were used 
for MALDI-TOF MS evaluation. Data processing was 
performed using MALDI Biotyper 3.1 software (Bruker 
Daltonics, Germany). Identification results by traditional 
methods (GAS) and by MALDI-TOF MS (Streptococcus 
pyogenes) were compared. The amount of GAS growth 
seen in the agar plates (enumerated from 1 to 4, i.e. growth 
in first to fourth quadrant of the agar plate) (10) and time 
to diagnosis for each test, where arrival of the sample to 
the laboratory was considered as time zero, were recorded. 
2.4. Statistical evaluation
IBM SPSS Statistics 22 (IBM SPSS, Turkey) was used for 
statistical analyses. Goodness of fit for normal distribution 
was determined by using the Shapiro–Wilks test, as well 
as using descriptive statistical methods (median, standard 
deviation, frequency). The Freidman test was used for 
mean comparison and the Wilcoxon sign test was used 
in post hoc evaluations. The chi square test was used 

in the dependency analysis for contingency tables and 
Spearman’s rho correlation analysis was used in examining 
correlations between parameters. Screening programs 
were used in calculation of sensitivity and specificity. 
Significance was evaluated at the level of P < 0.05. 

3. Results
A total of 3668 patients were included in the study, of 
which 1615 were female (44%) and 2053 were male (56%). 
Ages of patients ranged from 0 and 72 years and the mean 
average age was 7.9 ± 7.14 years. A total of 3467 (94.5%) 
samples were sent from pediatrics clinics, 3060 (83.4%) 
being from emergency pediatrics, and 201 (5.5%) from 
adult clinics. The GAS antigen was detected by rapid tests 
in 536 cases (14.6%). GAS was identified in throat culture 
in 567 cases (15.5%). General characteristics of patients 
and culture results are shown in Table 1. The sensitivity 
and specificity of rapid antigen tests compared to the gold 
standard of culture for the 3668 throat swab samples was 
89.07% and 99%, respectively, while positive and negative 
predictive values were 94.22% and 98.02%, respectively. 
In 31 cases (0.8%) GAS did not grow in culture while the 
rapid antigen test was positive. The distributions of rapid 
antigen test and culture results are shown in Table 2. The 
accuracy of the test was 97.46%. The result of throat culture 
was positive in 15.1% of female patients and 15.7% of 
male patients; there was no significant difference between 
distribution of culture results according to sex (P > 0.05). 
Rapid antigen tests yielded positive results in 130 (83.3%) 
of 156 cases with low growth concentration (+1, +2) and in 
376 (91.5%) of 411 cases with high growth concentration 
(+3, +4), presenting a statistically significant increase in 
higher growth concentrations (P = 0,001; P < 0.01).

All isolates that were grouped as GAS on latex were 
PYR-positive and bacitracin-susceptible. MALDI-TOF MS 
results were concordant with the latex agglutination test 
for all 567 isolates. With MALDI-TOF MS, 89% (502/567) 
of isolates were identified by direct transfer method from 
the colony on a target, while 11% (65/567) were identified 
when the direct transfer-formic acid method was used 
(score value of ≥2.0). 

At all growth densities, the time to diagnosis with the 
MALDI-TOF MS method was significantly shorter than 
that of PYR, latex agglutination, and bacitracin sensitivity 
tests (Friedman test, P < 0.01) (Table 3).

4. Discussion
The prevalence of GAS in throat swabs from children 
presenting with sore throat usually varies at a rate of 
20%–40%, while it is seen at a rate of 5%–15% in adults 
(4). Although there may be some distinctive symptoms 
such as cough, conjunctivitis, and nasal flow in viral 
tonsillopharyngitis, patients usually exhibit a clinical 
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appearance similar to the symptoms of GAS pharyngitis 
(11). Appropriate treatment of GAS tonsillopharyngitis 
prevents suppurative and nonsuppurative complications 
and decreases the duration of clinical symptoms and risk 
of transmission. Therefore, the determination of GAS in 
patients with tonsillopharyngitis has significant clinical 
importance in patient management (12).

 A study that reported data from eight different studies 
performed in five different countries stated that the GAS 
prevalence was 21%–48% in children with pharyngitis 

(2). In two studies from Turkey involving patients with 
pharyngitis aged 0–18, GAS prevalence was 25% (13,14). 
In the study of Küçük et al. (15), prevalence was observed 
as 19.4% in the 0–6 age group and was almost doubled in 
the 7–17 age group (35.9%). In our study, while the rate 
of GAS tonsillopharyngitis was 15.5% in the total patient 
group, it was determined as 20.5% in children aged 5–15 
years, consistent with other studies.

Although throat culture is the gold standard method 
for the diagnosis of GAS tonsillopharyngitis, it requires 

Table 1. General characteristics and culture results of patients.

n %

Sex
Female 1615 44

Male 2053 56

Rapid antigen test result
Positive 536 14.6

Negative 3132 85.4

Culture results (GAS)
Positive 567 15.5

Negative 3101 84.5

Distribution of culture results

RF 3059 83.4

GCS 15 0.4

GGS 27 0.7

GAS 567 15.5

GAS growth in throat
culture ( 5–15 years) 

Positive 501 20.5

Negative 1945 79.5

Distribution of culture
results between ages 5 and 15 

RF 1913 78.2

GCS 13 0.5

GGS 19 0.8

GAS 501 20.5

RF: Respiratory flora, GCS: group C streptococci, GGS: group G streptococci, GAS: 
group A streptococci.

Table 2. Comparison of results of the rapid antigen test with culture for 3668 throat 
swab samples.

Culture 

Positive Negative Total

n (%) n (%) n (%)

Rapid antigen test 
Positive 505 (13.8) 31 (0.8) 536 (14.6)
Negative 62 (1.7) 3070 (83.7) 3132 (85.4)
Total 567 (15.5) 3101 (84.5) 3668 (100)
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at least 24–48 h, which may cause delays in treatment or 
unnecessary use of antibiotics (16). Turkey was recently 
reported to be the country with the most frequent use 
of antibiotics in a European-wide study including 17 
countries (17). Today, new-generation rapid antigen 
tests based on lateral migration immunoassay and rapid 
immunochromatographic methods are widely used to 
guide treatment of GAS pharyngitis (18). Cohen et al. (2) 
reviewed data from studies evaluating rapid antigen tests 
and stated that the sensitivity and specificity of the tests was 
66%–94% and 40%–86%, respectively. In more extensive 
research, 116 different rapid antigen tests in 98 publications 
were examined and the average sensitivity of rapid antigen 
tests was reported as 86% while the specificity was 95% 
(4). In our study, the sensitivity of the rapid antigen test 
was determined as 89.07%, specificity as 99%, positive 
predictive value as 94.2%, negative predictive value as 
98.02%, and accuracy of the test as 97.46%, demonstrating 
that the sensitivity and specificity of the rapid test used in 
the present study is considerably high .

There are various factors affecting the sensitivity and 
specificity of rapid antigen tests, including the presence of 
signs and symptoms supporting the GAS pharyngitis, the 
test kit, and the amount of inoculum (2,4,19). In a study 
by DiMatteo et al. (20) the sensitivity of rapid antigen 
tests in patients with Centors score of 0, 1, 2, 3, and 4 was 
found to be 61%, 76%, 90%, and 97%, respectively. In an 
experimental study investigating the effect of amount of 
inoculum, sensitivity of five different tests was investigated 
in various dilutions of S. pyogenes and it was shown that the 
increase in the amount of bacteria in the sample increased 
the sensitivity of the test (21). In our study, we found a 
correlation between growth density and positive results of 
rapid antigen tests. While the rapid antigen test positivity 
rate was 91.5% in the group with intensive growth, the 

positivity rate was 83.3% in the group with low growth 
density. 

Culture-negative antigen-positive test results have 
been reported in the literature, although at a low rate (13–
15). It has been suggested that the reasons for this include 
the use of antibiotics, competition between several 
bacteria in the flora, inhibition of growth by secreted 
bacteriolytic agents, and carriage of common group A 
streptococcal carbohydrate antigen in several streptococci 
in the flora (19,22,23). In our study low rates of antigen 
test positivity in culture-negative samples were identified.

Traditional methods such as bacitracin sensitivity, 
PYR test, and latex agglutination test are used for GAS 
identification in culture. While overnight incubation is 
needed for bacitracin sensitivity, the PYR test and latex 
agglutination test yield results earlier. The existence of 
bacitracin-resistant, PYR-negative S. pyogenes isolates and 
PYR-positive streptococcal species can cause confusion in 
identification, leading to the requirement to use all tests 
simultaneously (8). Fast and easily applied identification 
methods with high accuracy are needed in clinical 
microbiology laboratories. Automated identification 
systems have been developed and MALDI-TOF MS 
systems based on the mass spectrometry method have 
become available recently for rapid identification (24,25). 
Schulthess et al. (26) stated that the MALDI-TOF MS 
method and traditional methods gave consistent results 
at a rate of 95.6% and S. pyogenes isolates were identified 
at an accuracy rate of 94.7% (18/19) at the species level. 
In a study with a greater number of similar isolates, 66 
of 97 S. pyogenes isolates were identified accurately with 
the direct transfer method; the unidentified 31 isolates 
were tested again by ethanol formic acid extraction 
method and 25 more isolates were identified accurately 
(27). Other studies reported accurate identification of S. 

Table 3. Time to diagnosis for each test according to growth densities.

Growth density

1 2 3 4

Test (days) Mean ± SD
(median)

Mean ± SD 
(median)

Mean ± SD
(median)

Mean ± SD 
(median)

MALDI-TOF MS 1.56 ± 0.63 (1) 1.19 ± 0.48 (1) 1.08 ± 0.33 (1) 1.01 ± 0.09 (1)
PYR 2.13 ± 0.34 (2) 1.99 ± 0.33 (2) 1.53 ± 0.54 (2) 1,09 ± 0.3 (1)
Latex agglutination  2.15 ± 0.36 (2) 1.99 ± 0.33 (2) 1.53 ± 0.54 (2) 1.09 ± 0.3 (1)
Bacitracin sensitivity 2.15 ± 0.4 (2) 2.05 ± 0.26 (2) 2.02 ± 0.13 (2) 2 ± 0.05 (2)
P-value 0.001** 0.001** 0.001** 0.001**

MALDI-TOF MS: Matrix-assisted laser desorption/ionization-time of flight mass spectrometry; PYR: pyrrolidonyl 
arylamidase, SD: standard deviation. Friedman test, **P < 0.01.



943

DENİZ et al. / Turk J Med Sci

pyogenes with MALDI-TOF MS systems (27–30). In our 
study, 567 GAS isolates were identified with the MALDI-
TOF MS system in full concordance with the traditional 
methods. The strength of the present study is that it 
includes much higher numbers of isolates compared to 
other studies conducted. However, the study isolates were 
not sequenced and MALDI-TOF MS results could not be 
compared to sequencing results, which can be considered 
as a limitation of the study.

In our study, when the MALDI-TOF MS method and 
the traditional methods were compared in terms of time 
to diagnosis in growth densities numbered from 1 to 4, 
time to diagnosis with MALDI-TOF MS was significantly 
lower in all growth densities. While diagnosis can be 
made with a single colony by using the MALDI-TOF 
MS method, more colonies are needed for identification 

with other methods. The results can be obtained in the 
same day with PYR and latex agglutination methods in 
the presence of sufficient colonies; however, an additional 
overnight incubation period is required for bacitracin 
sensitivity.

In conclusion, the QuickVue+Strep A antigen 
test used in this study contributed significantly to the 
diagnosis of GAS tonsillopharyngitis with high sensitivity 
and specificity. The confirmation of negative rapid antigen 
test results by culture is important to avoid misdiagnosis 
and insufficient treatment. For throat culture evaluation, 
MALDI-TOF MS gives earlier results than the traditional 
methods and can lead to earlier introduction of 
appropriate therapy. The widespread use of MALDI-TOF 
MS in routine laboratories would bring a new perspective 
to microbiological diagnosis.
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