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ABSTRACT

Introduction: The increase in the prevalence of group A streptococcal (GAS) infection in the 2022-2023 period and the increase 
in invasive cases have raised concerns. Fatal cases have been reported in the United States of America and European countries. To 
investigate this situation, whole genome sequence analysis was performed on GAS strains that were isolated from three different clinical 
samples (pleural fluid, blood, urine) which were sent to our laboratory, using next-generation sequencing methods, and were compared 
with the virulence factors of National Center for Biotechnology Information (NCBI) GenBank throat swab isolates.

Materials and Methods: Bacteria-specific DNA isolation was performed by isolation of DNA from culture and removal of host DNA from 
blood. The genomic DNAs were then sequenced with Oxford Nanopore, a long reading platform. Longer contigs were created using 
the de novo assembly tool Flye (v2.9.2) and scanned in the nucleotide (nt) database using NCBI Basic Local Alignment Search Tool 
(v2.14.0). To find the closest GAS strain, a new database was created from the NCBI database with all the genomes of this species. The 
reads of the samples were then aligned to the GAS strains in the newly created database with the alignment tool Minimap2 (v2.26) 
used for long reads. After the closest GAS strain was determined, it was scanned with the VFanalyzer using the virulence factor database 
and the virulence factors were investigated. The virulence factors of Streptococcus pyogenes CP000259.1, CP000262.1, CP013838.1, 
AE009949.1, and CP013839.1 throat swab strains obtained from the NCBI GenBank library were compared.

Results: When the virulence factors of the isolates were compared; Sortase A, Streptococcal lipoprotein rotamase A, Streptococcal 
complement inhibitor, Streptococcal pyrogenic exotoxin J, Streptolysin S were either absent or detected in at most one of the throat 
swab isolates, but at least two of the three isolates examined in the study. emm serotypes of the examined isolates were determined 
as emm1-43 for pleural fluid and urine isolates, and emm141-2 for blood isolates. Antibiotic susceptibility testing was conducted 
on pleural fluid and blood isolates. While both isolates were sensitive to penicillin; isolates grown from the pleural fluid sample were 
resistant to erythromycin and levofloxacin. 

Conclusion: emm serotypes may be evaluated alongside virulence factors to predict the clinical severity of GAS infections. It was 
concluded that the variation in the pathways used by virulence factors in different cell types, as well as the epigenetic modifications 
that may occur in virulence factors, may affect the behavior of the isolates.
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INTRODUCTION

During the coronavirus diseaes-2019 (COVID-
19) pandemic, the prevalence of group A 
streptococcal (GAS) infection decreased, probably 
due to community isolation[1]. Since December 
2022, GAS cases have increased 4-fold in the 
United Kingdom (UK) compared to the pre-
pandemic period. Reports on the increase in 
prevalence have been published in European 
countries and the United States of America 
(USA), with two of the 34 cases identified in 
the USA being reported as fatal[1,2]. GAS usually 
causes non-invasive infections but can rarely 
cause life-threatening diseases such as bacteremia 
and streptococcal toxic shock syndrome[3].  

With recent advances in whole genome 
sequencing (WGS) technology, it has become 
possible to analyze serotypes encoded by the 
emm gene, exotoxin genes, virulence factors, 
antimicrobial resistance genes (AMR), and other 
factors that may contribute to this condition[4]. In 
the 2022-2023 period, WGS analyses regarding 
the causes of the increase in severe GAS cases 
were also conducted in other countries, and it 
was investigated whether genomic changes in 
bacteria contributed to this increase[1,2,5]. In 
this study, virulence factors were investigated 
by WGS analysis of GAS strains isolated from 
three different clinical samples received by our 
laboratory.
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Giriş: 2022-2023 döneminde grup A streptokok (GAS) infeksiyonu prevalansındaki artışla beraber invaziv seyreden vakaların da artması 
endişe uyandırmıştır. Amerika Birleşik Devletleri ve Avrupa ülkelerinde mortal seyreden vakalar bildirilmiştir. Bu durumu araştırmak ama-
cıyla  laboratuvarımıza gelen üç farklı klinik örnekten (plevra mayii, kan, idrar) izole edilen GAS suşuna yeni nesil dizileme yöntemleri 
kullanılarak tüm genom sekans analizi yapılmış ve National Center for Biotechnology Information (NCBI) GenBank boğaz sürüntüsü 
izolatlarına ait virülans faktörleri ile karşılaştırmalı olarak incelenmiştir.

Materyal ve Metod: Kültürden DNA izolasyonu; bakteri spesifik DNA izolasyon kitiyle yapılmıştır. Ardından genomik DNA’lar bir uzun 
okuma platformu olan Oxford Nanopore ile dizilenmiştir. Elde edilen diziler de novo assembly aracı olan Flye (v2.9.2) kullanılarak daha 
uzun contigler oluşturulmuş ve NCBI Basic Local Alignment Search Tool (v2.14.0) kullanılarak nükleotid veri tabanında taratılmıştır. En 
yakın olduğu GAS suşunu bulmak için NCBI veri tabanından bu türe ait genomların hepsiyle yeni bir veri tabanı oluşturulmuştur. Ardından 
örneklere ait okumalar, uzun okumalar için kullanılan hizalama aracı Minimap2 (v2.26) ile yeni oluşturulan veri tabanındaki GAS suşlarına 
hizalanmıştır. En yakın GAS suşu belirlendikten sonra virülans faktör veri tabanı kullanılarak VFanalyzer ile taratılmış ve virülans faktörleri 
araştırılmıştır. National Center for Biotechnology Information GenBank kütüphanesinden edinilen Streptococcus pyogenes CP000259.1, 
CP000262.1, CP013838.1, AE009949.1, CP013839.1 boğaz sürüntüsü suşlarına ait virülans faktörleriyle karşılaştırılmıştır. 

Bulgular: İzolatlara ait virülans faktörleri karşılaştırıldığında  Sortase A, Streptokokal lipoprotein rotamase A, Streptokokal kompleman 
inhibitör, Streptokokal pirojenik ekzotoksin J, Streptolizin S’nin boğaz sürüntüsü izolatlarında ya hiç bulunmadığı ya da en fazla birinde 
olduğu, buna karşılık çalışmada incelenen üç izolattan en az ikisinde saptandığı görülmüştür. İncelenen izolatların emm serotipleri plevra 
mayii ve idrar izolatları için emm1-43, kan izolatı için emm141-2 olarak saptanmıştır. Plevra mayii ve kan izolatlarına antibiyotik duyar-
lılık testi çalışılmıştır. Her iki izolat da penisilin duyarlı saptanırken; plevral örnekten üreyen izolat eritromisin ve levofloksasin dirençli, 
kan kültür setlerinden üreyen izolatlar eritromisin, klindamisin ve tetrasiklin dirençli tespit edilmiştir. 

Sonuç: Grup A streptokok infeksiyonlarının klinik şiddetini öngörmek için emm serotiplerinin virülans faktörleri birlikte değerlendirilebilir. 
Virülans faktörlerinin farklı hücre tiplerinde kullandığı yolakların ve epigenetik modifikasyonların da izolat davranışlarını etkileyebileceği 
sonucuna varılmıştır.

Anahtar Kelimeler: Virülans faktörü; Grup A streptokok; Tüm genom dizileme
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MATERIALS and METHODS

Three GAS strains isolated from pleural 
fluid, blood, and catheter urine samples at the 
Bacteriology Laboratory of the Ankara Bilkent 
City Hospital Department of Medical Microbiology 
between January-February 2023 were included in 
the study. While including these isolates in the 
study, it was taken into consideration that the 
isolates exhibited unexpected sites of involvement 
outside the throat. Another inclusion criterion 
was that the isolates were obtained from different 
patients and different types of clinical samples. 
The pleural fluid sample was obtained by 
thoracentesis from a previously healthy six-year-
old male patient and a series of blood cultures 
were taken from the patient simultaneously. The 
blood sample was obtained from an 86-year-old 
male patient with malignant neoplasm of the lip 
and atherosclerotic heart disease, collected in two 
series of blood culture bottles. A series of urine 
cultures was also requested from the patient 
simultaneously. The catheter urine sample was 
obtained from a previously healthy six-year-old 
female patient with symptoms of urinary tract 
infection. The pleural fluid sample was cultured 
on 5% sheep blood agar, chocolate agar, 
and MacConkey agar. The blood sample was 
incubated in the BACT/ALERT® device in blood 
culture bottles and a positive signal was detected 
in both series at six hours. Gram staining of the 
bottles revealed gram-positive cocci, which were 
subsequently cultured on 5% sheep blood agar. 
Urine samples were cultured on 5% sheep blood 
agar and chromogenic agar. After incubation of 
the media at 35-37 °C for 18-24 hours, colonies 
were identified with MALDI-TOF mass spectrum 
(bioMérieux, France), and antibiotic susceptibility 
testing (AST) was performed with VITEK-2 
(bioMérieux, France) according to European 
Committee on Antimicrobial Susceptibility Testing 
standards. One isolate was collected from each 
patient and stored in cryotubes at -80 °C. 
WGS analysis was then performed using third-
generation sequencing methods.

DNA Isolation

Group A streptococcal colonies growing 
on culture media were collected under sterile 
conditions, and bacterial DNA was isolated by 

following the gram-positive bacterial DNA isola-
tion workflow using the all-in-one DNA isolation 
kit (DA101, MobiomX, Türkiye). Total bacte-
rial DNA concentrations were measured using 
the Qubit spectrofluorometer (Thermo Fischer 
Scientific, USA).

Library Preparation and Sequencing

GAS isolates were prepared using third-
generation long-read platform Oxford Nanopore 
Technologies (ONT) ligation-based library 
preparation kits and sequenced with the mk1C 
sequencer. Library preparation of DNA isolated 
from pure culture was performed using the SQK-
LSK109 library preparation kit and the EXP-
NBD104 and EXP-NBD114 kits, which enable 
simultaneous sequencing of multiple samples in a 
single flow cell. For end repair and DNA repair, 
3 μg of genomic DNA was prepared using the 
above-mentioned enzymes and protocol in a 
final volume of 48 μl. Samples were purified 
using magnetic beads, and barcode sequences 
were ligated to the fragments with NEB Blunt/
TA Ligase Master Mix (M0367, NEB, UK) by 
incubation for 10 minutes at room temperature. 
The samples were once again purified with 
magnetic beads and their concentrations were 
measured using a Qubit spectrofluorometer. 
Equal amounts of barcoded DNAs from each 
sample were pipetted into a single tube with a 
final volume of 35 μl. Ligation adapters were 
incubated at 30 °C for 10 minutes to bind to 
barcode-linked DNA fragments with Rapid T4 
DNA Ligase (MobiomX, Türkiye), and the final 
purification step was carried out. The library 
was prepared by adding sequencing buffer and 
library beads to the resulting DNA, and it was 
loaded into the FLO-MIN106D (ONT, UK) 
R9.4.1 spot-on flow cell and sequenced with the 
Mk1C sequencing device for 72 hours or until a 
sufficient amount of data was produced.

Bioinformatics Method

Group A streptococcal isolates sequenced with 
ONT, which has long-read technology, were sub-
jected to bioinformatics analysis using different 
tools for strain determination, obtaining polymor-
phism results, and finding antibiotic resistance 
genes and virulence factors.
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First, longer contigs were created from the 
reads obtained from each sample using the de novo 
assembly tool Flye (v2.9.2) and scanned in the nt 
database using National Center for Biotechnology 
Information (NCBI) Basic Local Alignment Search 
Tool (v2.14.0). The reads obtained were found 
to belong to the GAS species and further genetic 
analyses were continued. 

To find the closest GAS strain to the reads 
obtained from the isolates, a new database was 
created with all genomes of this species from 
the NCBI database. Then, the reads of the 
samples were aligned to the GAS strains in the 
newly created database with the alignment tool 
Minimap2 (v2.26) used for long reads. 

The obtained isolates were scanned with 
VFanalyzer using the virulence factor database 
to investigate the virulence factors that may 
be present in their entire genomes and the 
data were compared with the virulence fac-
tors of Streptococcus pyogenes CP000259.1, 
CP000262.1, CP013838.1, AE009949.1, 
CP013839.1 throat swab strains obtained from 
the NCBI GenBank library.

Results

Culture and AST Results

The isolate identified as GAS, grown from the 
pleural fluid sample, was found to be sensitive 
to penicillin and resistant to erythromycin and 
levofloxacin. There was no growth in the blood 
culture taken simultaneously. Both isolates grown 
from blood culture sets were identified as GAS 
and were found to be resistant to erythromycin, 
clindamycin, and tetracycline, and sensitive to 
penicillin. No growth was detected in the urine 
culture obtained simultaneously. Finally, the isolate 
grown from the urine culture sample was identi-
fied as GAS; however, AST was not performed.

Bioinformatics Analysis Result

After alignment, it was observed that the 
isolates (pleural fluid, blood, urine) were best 
aligned to GAS strain MGAS2221 (NCBI 
GenBank ID: CP043530.1), strain MGAS2221 
(NCBI GenBank ID: CP043530.1), strain S119 
(NCBI GenBank ID: LR031521.1), respectively. 
Some important statistical information obtained 
after alignment were as follows: 100% coverage 

rate of the reads to the reference genome for 
all three isolates; pairwise similarity rates were 
85.1%, 85%, 84.3%; average coverage values 
were 257X, 42X, 307X; total number of reads 
were 803.180, 650.902, 2.004.324; average 
read length was 6140 base pair (bp), 6200 bp, 
5320 bp; maximum read length was 142383 
bp, 198588 bp, 143301 bp; average quality 
score was 20, 19 and 20, respectively. The 
software used for quality control of reads is 
Geneious Prime (v.2022), Trimmomatic, FastQC. 
The threshold quality score was set at 15 (Phred 
score). 

Circular representations of the consensus 
genomes obtained by aligning isolates (pleural 
fluid, blood, and urine) to the reference genome 
are shown in Figure 1, Figure 2, and Figure 
3, respectively.

In addition, the reads obtained from the iso-
lates were aligned to the database of “emm” 
genes used by the Centers for Disease Control 
and Prevention for serotyping GAS bacteria. This 
alignment was performed using Minimap2, a long-
read alignment tool, within the Geneious Prime® 
(v2022.2.2) application. It was observed that the 
isolates were best aligned to the “emm1-43”, 
“emm141-2”, and “emm1-43” genes, respectively. 
Reference genome coverage of all isolates was 
100%; pairwise similarity rates were 86.9%, 82%, 
and 85.4% and average coverage values were 
67X, 207X, and 118X, respectively.

The virulence factors of the three isolates 
analyzed by WGS were compared with five throat 
isolates previously sequenced and available in 
NCBI GenBank (Table 1). The virulence factors 
that were present in at least two of the three 
isolates analyzed by WGS within the scope of 
our study, and were present in at most one of 
the throat isolates obtained from NCBI GenBank, 
were Sortase A, Streptococcal lipoprotein rotama-
se A (SlrA), Streptococcal complement inhibitor 
(SIC), Streptococcal pyrogenic exotoxin J (SpeJ), 
Streptolysin S (SLS).

Additionally, data on the isolates (pleural fluid, 
blood, and urine) were submitted to the NCBI 
GenBank, with the accession numbers CP148744, 
CP150790, and CP147828, respectively.
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Figure 2. Circular representation of the consensus genome obtained by aligning the blood isolate to the reference genome of 
Streptococcus pyogenes strain MGAS2221 (NCBI GenBank ID: CP043530.1).

Figure 1. Circular representation of the consensus genome obtained by aligning the pleural fluid isolate to the reference genome 
of Streptococcus pyogenes strain MGAS2221 (NCBI GenBank ID: CP043530.1).
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DISCUSSION

In this study, WGS analysis was performed 
on three GAS strains isolated from different 
clinical samples in our laboratory during a period 
of increased and fatal invasive GAS infections.  
These strains were examined in comparison 
with throat isolates for which WGS analysis had 
previously been conducted by the NCBI. The 
presented patients were selected as they showed 
regions of involvement that are not commonly 
seen with GAS. This study aimed to examine 
the virulence factors; Sortase A, Streptococcal 
lipoprotein rotamase A (SlrA), Streptolysin S 
(SLS), Streptococcal pyrogenic exotoxin J (SpeJ), 
which differ among the isolates.

Sortase A was identified as one of the 
virulence factors present in two of the three 
GAS isolates analyzed in our study (pleural fluid 
and urine) but was absent in the throat iso-
lates available in the NCBI GenBank database. 
Sortase A is a group of enzymes found in 
the cell membrane and is involved in the fixa-
tion of M protein to the cell wall through the 
covalent bonds it forms[6]. Studies have shown 
that strains lacking Sortase A can survive but 
become more susceptible to phagocytic killing[7]. 
In addition, it has been shown that the loss of 
Sortase A leads to the disruption of membrane 
integrity and changes in cellular morphology in 
bacteria, thus making them more susceptible to 
external factors[8]. Based on these studies, it 

Figure 3. Circular representation of the consensus genome obtained by aligning the urine isolate to the reference genome of 
Streptococcus pyogenes strain S119 (NCBI GenBank ID: LR031521.1).

Table 1. Comparison of virulence factors obtained by WGS analysis of NCBI GenBank throat swab GAS 
isolates and GAS isolates analyzed within the scope of the study

NCBI GenBank Samples (Throat swab isolates) Study Samples

Virulence factor
Related 
Genes

CP00025 
9.1

CP0026 
2.1

CP01383 
8.1

AE00994 
9.1

CP01383 
9.1

Blood 
isolate

Pleural 
fluid 

isolate
Urine 
isolate

Sortase A strA x x

Streptococcal lipoprotein 
rotamase A

slrA x x x

Streptococcal complement 
inhibitor (SIC)

sic x x x

Streptococcal pyrogenic 
exotoxin J

speJ x x x

Streptolysin S sagA x x x x
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can be inferred that the presence of Sortase 
A is significant for both bacterial stability and 
resistance to eradication, potentially contributing 
to the differing sites of involvement and clinical 
progression observed in patients.

Another notable virulence factor was 
Streptococcal lipoprotein rotamase A (SlrA). It 
was detected in all three isolates analyzed but 
not in the throat isolates compared. Studies on 
Streptococcus pneumonia strains, regarding this 
virulence factor, showed that SlrA mutant isolates 
were rapidly eliminated from the upper respira-
tory tract, but no significant differences were 
found in elimination from the lungs, blood, or 
spleen. This virulence factor is thought to play 
a role in colonization but does not significantly 
contribute to invasive pneumococcal disease[9]. 
Further studies are needed regarding GAS, to 
understand the role of this virulence factor in 
invasive disease.

Streptococcal complement inhibitor (SIC), 
another virulence factor examined, is a protein 
that interferes with the membrane attack complex, 
inhibits antibacterial peptides, and triggers the 
release of proinflammatory cytokines through 
the pathways it activates[10,11]. Streptococcal 
complement inhibitor was detected in the blood 
and urine isolates analyzed by WGS but was 
found in only one of the NCBI throat isolates 
used for comparison. This virulence factor may 
help explain the clinical presentation of the 
patient with bacteremia. However, the gene for 
this factor was either not expressed in the urine 
isolate or may contribute to the current clinical 
presentation through different mechanisms that 
have not yet been identified. Further large-scale 
studies are needed to explore this topic.

It was known that virulence factors could 
activate different pathways depending on their 
environment. A study found that Streptolysin S 
(SLS) utilizes a different pathway in keratinocytes 
compared to erythrocytes, leading to programmed 
cell death[3]. This virulence factor was identified 
in all three isolates (pleural fluid, blood, and 
urine) but was present in only one of the NCBI 
GenBank throat isolates. The clinical samples 
and disease progression of the patients from 
whom these three isolates were obtained varied. 

It is conceivable that alternative pathways may 
have been activated in different contexts for the 
GAS strains studied, resulting in altered clinical 
progression.

Streptococcal pyrogenic exotoxins (Spe) 
are superantigens believed to be responsible 
for the excessive cytokine release observed in 
streptococcal toxic shock syndrome. Various Spe 
have been linked to invasive disease in different 
studies[12]. Within the scope of our study, SpeJ 
was particularly notable, as it was detected in all 
three isolates we analyzed but was absent in any 
of the NCBI GenBank throat isolates. In a recent 
study by Adela et al. on invasive GAS infections, 
SpeA and SpeJ were significantly higher in 
invasive GAS isolates compared to non-invasive 
GAS isolates[1]. Based on other studies, SpeJ 
may be considered one of the virulence factors 
potentially responsible for invasive disease.

While the relationship between invasive GAS 
cases and emm serotypes was more commonly 
studied before the COVID-19 pandemic, research 
focusing on whether the virulence factors of 
the bacteria contribute to the severe clinical 
conditions observed in the post-pandemic peri-
od has become more prevalent. In a study by 
Gonzalez-Abad et al. evaluating the increase in 
invasive GAS infections between 2011-2018 and 
its relationship with emm serotypes, isolates from 
various clinical samples (blood, pleura, synovial 
fluid, cerebrospinal fluid) were analyzed. M1 and 
M3 were found to be the most frequent[13]. In 
the study by Villalon et al. covering the peri-
od between 2007 and 2019, emm1, emm89, 
emm3, emm12, and emm76 were the most 
frequently identified serotypes in invasive GAS 
infections, and SpeA was associated with severe 
GAS cases[14]. In our cases, emm1-43 was 
identified in GAS isolates from the pleural fluid 
and urine samples, while emm141-2 was identi-
fied in the GAS isolate from the blood sample. 
Although the clinical courses of the patients 
from whom the pleural fluid and urine GAS 
isolates were obtained differed, their serotypes 
were found to be similar. From this perspective, 
it can be concluded that emm serotyping alone 
is insufficient to establish a correlation with the 
severity of the clinical presentation, as other  
virulence factors also play a significant role.
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Previous AST studies on invasive GAS isolates 
have consistently shown universal susceptibility to 
penicillin, while resistance to macrolide antibiotics 
has been reported at rates ranging from 2.0-
39.8%; to tetracyclines, 9.8-27.0%; to clindamycin, 
0.7-9.0%; to trimethoprim-sulfamethoxazole, 1.9-
6.3%; and to levofloxacin, 0.5-1.3%[14-19]. In 
the pleural fluid and blood isolates we analyzed 
by WGS, AST revealed that both isolates 
were susceptible to penicillin, trimethoprim-
sulfamethoxazole, tigecycline, vancomycin, and 
teicoplanin. However, the pleural fluid isolate 
showed resistance to erythromycin and levofloxacin, 
while the blood sample isolate exhibited resistance 
to erythromycin, clindamycin, and tetracycline. 
These resistance profiles align with those reported 
in previous studies[14-19].

In this study, which aimed to investigate the 
reasons for the unexpected increase in preva-
lence and mortality of invasive GAS infections, 
various clinical samples from patients with dif-
fering clinical courses were analyzed using WGS 
and compared with the virulence factors of 
throat isolates available in the NCBI GenBank 
database. In predicting the clinical severity of 
GAS infections, evaluating emm serotypes in 
combination with virulence factors may be more 
informative and useful than considering emm 
serotypes alone. We believe that further research 
into the pathways utilized by virulence factors in 
different cell types, as well as changes in gene 
expression resulting from epigenetic modifica-
tions, could provide valuable insights.

The limitations of our study include the focus 
on the presence and absence of virulence factors 
in the isolates, without conducting any analysis 
on gene expression. Additionally, throat cultures 
were not obtained from the patients, which 
prevents any conclusions regarding GAS carriage 
or colonization. 
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