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Abstract

Streptococcus pyogenes, or Group A streptococcus (GAS), is the major pathogen of bacterial tonsi-
lo-pharyngitis tonsillopharyngitis and of skin and soft-tissue infections, which can also cause severe invasive
disease or dangerous post-streptococcal autoimmune complications. The differences in the pathogenesis are
due to the existing variety in the GAS genome, which often occurs as a result of the cumulative effect of a
greater number of various virulence genes. The aim of this study was to determine the frequency and dis-
tribution of genes encoding super-antigens and toxins in Bulgarian GAS isolates according to their source
and kind of infection. Clinical isolates (n=238) from throat samples, wounds, punctures from peri-tonsilar
peritonsillar abscesses, middle ears and sinuses, blood cultures and cerebrospinal fluid, identified as GAS,
were screened for the presence of 21 virulence genes, using multiplex polymerase chain reaction (PCR).
All of the tested strains were shown to carry the typical of GAS genes: slo, speB, sypCEP, sdaB; more than
80%, mac and smeZ; followed by speF, speG, speJ and genes for DNA-ses sdc, sdaD, Spd3 (between 50%
and 75%). An attempt was made to seek an association between the PCR-detected GAS virulence genes, the
kind of infection and the source of isolates. A large genetic diversity was found in the studied strains. The
genes speA, spel, spel. and speM or their combinations were detected more often in invasive isolates (p <
0,05) than in non-invasive ones.
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Pesrome

Streptococcus pyogenes niu ctpentokoku oT rpymna A (GAS) ca OCHOBHUST IPUYMHUTEN HA OaKTe-
pHANHUS TOH3WJIO-(PApPUHTUT, MHPEKIMN Ha KOXKaTa U MEKUTE ThKaHU, KOUTO CHIIO MOTraT Jia MPUYUHSAT
TEXXKO MHBAa3UBHO 3a00J51BaHE WM OMNACHU MOCT-CTPENTOKOKOBH aBTOMMYHHHU YCIIOXKHEHHUs. Paznmukute
B IIaTOr€HE3ara ce ABbJDKAT Ha ChIIECTBYBAIIM pa3inuus B reHoma Ha GAS, KOHTO 4ecTo ce MposBsiBa B
pe3yAaTar Ha KyMyJlIaTuBHUSA e€(eKT Ha Mo-rojsiM Opoi pa3inyHU FeHH Ha BUpYJIeHTHOCT. LlenTa Ha ToBa u3-
CJIe/IBaHE € J1a Ce ONPEAEIIN YeCToTaTa U pa3npeieIeHUeTO Ha TeHH, KOTUPAIIH Cylep-aHTUT€HU U TOKCUHU
B Obsrapckute nzonatu GAS, B 3aBHCUMOCT OT TEXHHS TPOU3X0 U BU nHpekuus. Knnananute nzonaru
(n=238) ot mpobdu OT T'BPJIO, paHU, TyHKTATH OT MIEPUTOH3UIAPHU a0CIIECH, OT CPEIHO YXO U CUHYCH, XE-
MOKYITYpPH U 1iepeOpOoCIMHaIHA TeUHOCT, uaeHTUuIupanu kato GAS, 065xa CKpUHUPAHU 32 HATUYHUETO
Ha 21 TeHH Ha BUPYJIEHTHOCT, U3MOJI3BAllKU MYJITHUIUIEKC oaumepas3o-BepukHa peakuus (PCR). Beuuku
OT U3MHMTBAHUTE IIAMOBE Ca MOoKa3aju, ue HocaT TunuaHute 3a GAS renu slo, speB, sypCEP, sdaB; noBeue
ot 80%, mac u smeZ; nocnensanu ot spek; speG, speJ u renu 3a IHK-3u sdc, sdaD, Spd3 (mexny 50% u
75%). belie HarrpaBeH oNMUT /1a ce ThbpcH Bpb3ka Mexy oTkputute upe3 PCR GAS renu Ha BUPYJIEHTHOCT,
BUJa HA MH(pEKUUATa U U3TOUHUKA Ha M30J1aTUTe. B M3cnenBaHUTE 11aMOBE € YCTAaHOBEHO IOJSIMO IeHe-
THUYHO pa3sHooOpasue. I'enure sped, speF, spel n speM v TeXHUTE KOMOMHAIIMU C€ OTKPUBAT MO-YECTO B
nHBa3uBHU n3onary (p <0,05), OTKOIKOTO MPU HEMHBA3UBHH.

Introduction

Streptococcus pyogenes (Group A strepto- tis, scarlet fever, necrotising fasciitis (NF), strepto-
coccus - GAS) causes a broad range of diseases in  coccal toxic shock syndrome (STSS) In addition,
humans including invasive and non-invasive infec-  self-limited streptococcal infections, which can start

tions like pharyngitis, impetigo, erysipelas, celluli-  as local, benign ones, may often become the reason

151



for development of dangerous post-streptococcal
suppurative (abscess, sepsis) or nonsuppurative au-
toimmune complications, such as acute rheumatic
fever, rheumatic heart disease, reactive arthritis,
Kawasaki disease, psoriasis and acute glomerulo-
nephritis (Descheemaeker et al., 2000; Carapetis et
al., 2005; Proft and Fraser, 2016). Some of these
are with high mortality rates (15%): more than half
a million deaths each year are due to streptococcal
diseases worldwide, with no effective vaccine pre-
vention against GAS infections currently (Carape-
tis et al., 2005; McMillan et al., 2012). Increases
in invasive S. pyogenes disease have been reported
from various European countries during the 1990s
and into the 2000s (Lamagni ef al., 2005; Lamagni
et al., 2008). A large number of virulence factors
are involved in the complex pathogenicity of this
organism (Borek et al.,, 2011; Cunningham, 2000;
Golinska et al., 2016; Yang et al., 2013). These
factors include M protein, streptococcal inhibitor
of complement - sic, streptococcal pyrogenic exo-
toxins, which have properties of super-antigens
(SAgs) - sped, speC, speH, spel, spekK, spel, speM,
ssa, haemolysins and several DNases: spd3, sdc,
sdaB, sdaD (Hauser et al., 1991; Murakami et al.,
2002; Hasegawa et al., 2010; Borek et al., 2012).
Some of the GAS virulence factors are chromosom-
ally encoded, however, a large fraction of virulence
factors such as a majority of DNAses and SAgs are
encoded by mobile genetic elements (Vlaminckx et
al., 2003; McMillan et al., 2012). The differences
in the pathogenesis are due to the existing variety in
the GAS genome, which often occurs as a result of
the cumulative effect of a greater number of various
virulence genes (Proft and Fraser, 2016; Golinska
etal., 2016).

The aim of this study was to determine the
frequency and distribution of genes encoding su-
per-antigens and exotoxins in Bulgarian GAS iso-
lates according to their source and kind of infection.

Material and methods
Strains

A collection of clinical non-duplicate GAS
strains (n=238) isolated in the period October 2013
— April 2017 were used. The first group consisted
of non-invasive isolates from mucosal samples:
pharyngeal (185) and vaginal (12) swabs, and from
erysipelatous skin lesions (6). The second group con-
sisted of invasive ones: punctures from peritonsil-
lar abscesses (5), middle ears (10) and sinuses (8),
wounds (10) blood culture (1), and one cerebrospi-
nal fluid (1). The isolates were identified as pre-
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viously described by Gergova et al. (2015). GAS
strains were stored in skim milk at 70°C, and before
experiments were subcultured three times on Co-
lumbia agar (BBL, Germany) supplemented with
5% sheep blood.

Extraction of DNA

DNA extraction was performed using a
DNAsorb-AM nucleic acid extraction kit (AmpliS-
ens), according to the manufacturer’s guidelines.
For the purpose of DNA extraction, GAS strains
were cultured on Columbia blood agar (BBL, Ger-
many) for 24 h at 35°C in an atmosphere with 5%
CO,. Then, the bacterial lysates were obtained from
this growth of pure microbial culture.

Polymerase chain reaction (PCR) assay.

PCR was performed in a 25 ul reaction mix,
using primers for the genes of DNA-ses: spd3,
sdc, sdaB, sdaD; exotoxins and SAgs: speA, speC,
speH, spek; spel, speJ, speK, spel, speM, ssa; pro-
tease inhibitors: spe B, spyCEP, mac, sic and gene
for hemolysin - streptolysin O (slo) shown in Table
1. DNA was amplified using modifications of the
protocols of Borek et al. (2011, 2012) and Gergova
et al. (2015). The amplified genes were separated
in a 2% agarose gel for 70-90 min at 120 V, stained
with ethidium bromide (0.5 pg /mL) and detected
by UV transillumination (wavelength 312 nm).

Statistical Analysis

The data were analyzed using the Chi-square
test, Fisher’s exact test for categorical variables. All
analytical procedures were performed using SPSS
for Windows, Version 16.0. (SPSS Inc., Chicago,
USA). Differences were considered statistically
significant at P < 0.05.

Results

Our results are shown in Table 2. All of the
tested strains were shown to carry the typical of
GAS genes slo, speB, sypCEP, sdaB. More than
80% of the strains had genes mac and smeZ; fol-
lowed by speF, speG, speJ and genes for DNA-ses:
sdc, sdaD, spd3 (between 50% and 75%). The pre-
dominant combinations in both groups were: slo,
speB, sypCEP, sdaB, mac, smeZ, speG, speJ with
or without sdc, sdaD, spd3. The genes sped, speF,
speL and speM or their combinations were detected
more often in invasive isolates (p < 0,05) than in
non-invasive ones. Representative amplicons formed
via multiplex PCR using six mixes by protocols 1 to 6
are presented in Fig. 1.



Table 1. Oligonucleotide primers and protocols used for gene detection

Virulence Amplicon
genes Primer sequence ( 5°—3") Annealing size (bp)
Protocol 1 and mix 1 60°C 30 sec
sde AAGCTTAGAAACTCTCTCGCCA 600
AGTTCCAGTAATAGCGTTTTTCCGT
TATAGCGCATGCCGCCTTTT
sdaB 440
TGATGGCGCAAGCAAGTACC
TTTACGCTGAATCGGGCACT
sdaD 295
GGCTCTGGTTTGCTTTCCCA
sod3 GCCGCTTCTTCAAACTCTTCG 784
P ATCGTCGTACTTGGCAAGGTT
Protocol 2 and mix 2 59°C 40 sec
spel. CCTGAGCCGTGAAATTCCCA 657
P ACACCAGAATTGTCGTTTGGT
CCTTGTGTGTGTATCGCTTGC
speK 568
TTGCTGTCCCCCATCAAACT
speC GCCAATTTCGATTCTGCCGC 405
P TGCAGGGTAAATTTTTCAACGACA
TTTCTCGTCCTGTGTTTGGA
smeZ 246
TTCCAATCAAATGGGACGGAGAACA
speM ATCGCTCATCAAACTTTTCCT 496
P TTGTGTGTGTATCGCTTGC
Protocol 3 and mix 3 58,8°C 35 sec
spell TGAGATATAATTGTCGCTACTCACAT 430
P CCTGAGCGGTTACTTTCGGT
TGGAAGTCAATTAGCTTATGCAG
speG 384

GCGAACAACCTCAGAGGGCAAA
TCCTTGTACTAGATGAGGTTGCAT

speJ GGTGGGGTTACACCATCAGT 286

Protocol 4 and mix 4 57°C 40 sec

AAGAATACTCGTTGTAGCATGTGT

ssa AATATTGCTCCAGGTGCGGG 678

el TTCATAGACGGCGTTCAACAA -
TGAAATCTAGAGGAGCGGCCA
TCTTGCCCTGTTGAAAGTGT 389

mac CGAGGTGGTATTTTTGACGCC

Protocol 5 and mix 5 53°C 40 sec

speB AGACGGAAGAAGCCGTCAGA 052
TCAAAGCAGGTGCACGAAGC
GATCCGGCCCATCAAAGCAT

spyCEP AGCTGCCACTGATGTTGGTG 786

o GCCAATGTTTCAACAGCTATT 400
CGGAGCTGCACTAAAGGC

Protocol 6 and mix 6 55°C 45 sec

e AGGTAGACTTCAATTTGGCTTGTGT 76
GGGTGACCCTGTTACTCACG

speF TACTTGGAT CAAGACG .
GTAATTAATGGTGTAGCC

e TTACGTTGCTGATGGTGTATATGGT 150

TTGATAGAGGGTTTTCAGCTGGC
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Table 2. Distribution of super-antigens and toxins in Bulgarian invasive and non-invasive clinical isolates
of Streptococcus pyogenes.

Virulence genes in GAS in Non-invasive strains carrying Invasive strains carrying gene p Iie*

Bulgarian strains (n=238) gene % (n=203) % (n=35) - vae
speB, spyCep, slo, sdaB 100 100 1.000
mac 86 82 0.5957
smez 81 82 1.000
speJ 65 71 0.5647
speG 50 51 1.000
sdc 65 68 0.8475
sdaD 55 57 0.8561
spd3 51 54 0.8556
sped 20 45 0.0022
speF 54 77 0.0152
speL 16 40 0.0049
speM 18 42 0.0031
speK 28 31 0.6886
spel 26 25 1.000
speC 30 28 1.000
speH 2 6 0.1567
ssa 28 31 0.6886
sic 36 37 1.000

*P< (.05 is statistically significant

Fig. 1. Gel electrophoreses - amplicons of GAS genes encoded DNA-ses, SAgs and exotoxins.
(Mixes 1,2, 3,4, 5, 6)
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Discussion

The results from this study revealed a trend
towards a strong presentation of various genes en-
coding SAgs and toxins in Bulgarian GAS isolates
(Table 2). SAgs are a large family of heat-stable
exotoxins and highly potent mitogens that share
the ability to trigger excessive stimulation of hu-
man and other mammalian T lymphocytes. They
are produced by a small number of bacterial spe-
cies such as S. pyogenes, S. dysgalactiae (group C
Streptococcus) and S. equi (group G streptococci),
Staphylococcus aureus and some viruses (Proft and
Fraser, 2016). These virulence factors play a major
role in the development and pathogenesis of inva-
sive infections (Hauser et al., 1991). In all tested
Bulgarian GAS isolates from the last five years,
slo, speB, sypCEP genes were detected, and also
frequently the SAg gene smeZ, against which no
neutralizing antibodies could be detected in the
acute serum, but were found in convalescent serum
(Yang et al., 2013). They are chromosomal genes
and the first three may be used to identify GAS
(Gergova et al., 2017) or as positive controls for
PCR amplification (in this study). Both speB and
spyCEP are vaccine candidates. The speB gene is
involved in the post-translational regulation of the
synthesis of virulence factors. SpeB encodes infor-
mation for the synthesis of GAS proteins associated
with mucosal colonization and biofilm formation in
invasive phenotypes (Dmitriev et al., 2010). The
spyCEP protease inhibits neutrophils by specifical-
ly cleaving IL-8 and other chemokines, one of the
multifunctional host defense peptides and promotes
resistance to neutrophil killing. This repression of
phagocytic protection contributes to the higher vir-
ulence and plays a key role in the regulation of the
proteolytic activity and pathogenesis of invasive
soft tissue GAS infection by aiding systemic bac-
terial spread (Zinkernagel et al., 2008). In addition,
all of the tested isolates had at least one (sdaB), in
approximately 70% - two DNA-se genes and more
than 50% - three or four ones. The production of
multiple DNA-ses with various substrates is a sur-
vival advantage of these GAS strains in the host,
which contributes to disease progression. The mul-
tiple DNA-ses genes, including chromosomally de-
termined and prophage encoded variants, contrib-
ute to DNA-se activity and thus play an important
role at various phases of the infection (Hasegawa
et al., 2010). The invasion potential of the GAS
strains tested in this study and in our previous work
is higher than in many other countries (Gergova et
al., 2015). Changes in the epidemiology of S. pyo-
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genes have drawn the attention of researchers to-
wards various virulence factors of these bacteria:
pyrogenic exotoxins and streptococcal SAgs (La-
magni et al., 2005; 2008). GAS with the help of
many SAgs and extracellular DNA-ses have the
capacity to breach epithelial barriers and cause a
variety of invasive diseases (Hasegawa et al., 2010;
Proft and Fraser, 2016).

The studied GAS strains contained more
than twelve genes, often close to nineteen, when
streptococci were isolated from a patient with in-
vasive infection (p < 0.05), than in the cases with
non-invasive ones - usually with eight to ten of the
examined 21 virulence elements. New data have
indicated that the pathogenic properties of GAS
strains are often linked to the production of a great-
er number of virulence factors and their cumulative
effect may be the predictor of its of GAS strains
invasiveness (Vlaminckx et al., 2003; Sumby et al.,
2005; Golinska et al., 2016). The genes for import-
ant Sags, such as speA, speF, speL, speM (Table 2),
were very frequently detected (p < 0.05) in Bul-
garian isolates from punctures, aspirates, wounds,
blood and cerebrospinal fluid, probably regarding
the more invasive potential of the strains. The sped
gene was found in a majority of S. pyogenes isolates
from the USA, associated with invasive disease
and STSS, but only in a minority of isolates from
non-invasive diseases, similar to our results (Proft
and Fraser, 2016). Some other virulence elements,
such as ssa, were detected in Bulgarian GAS strains
with different frequency according to the findings
of other authors and did not confirm its significance
at invasive streptococcal disease (Descheemaeker
et al., 2000; Hasegawa et al., 2010). Results from
our previous study on a smaller number of strains
showed the other important SAg speF in 34.92%
only (Gergova et al., 2015). After optimization of
PCR and examination of new strains, we detected
speF in about 70%, again predominantly in invasive
isolates. The speL and speM genes were detected in
a small number of tested isolates, 15% - 16% of
non-invasive, and 28% - 29% of invasive ones, but
were found together, suggesting their stable genetic
linkage (Proft and Fraser, 2016).

Some other studies suggest a link between
emm genotypes and combinations of SAgs. In a
longer period the spe genotype can change profiles
in different M type isolates. These results suggest
that the distribution of emm genotypes is related to
super-antigens, and are the first to show the profiles
of speG and speH (Murakami et al., 2002) Howev-
er, most SAg have not been characterized precisely,



and more information is needed to clarify the asso-
ciation between the clinical features and pathogenic
roles of SAgs.

Conclusion

All of the examined strains presented the typ-
ical for GAS genes slo sdaB, speB and sypCEP;
more than 80% genes mac and smeZ; followed by
sdc, spe F speG. and speJ. A large genetic diversity
was found in the tested GAS strains, with a greater
number of virulence determinants detected when
their source was an invasive infection than from a
non-invasive one (p < 0.05). The significant differ-
ence among invasive and non-invasive isolates was
shown with the combination of SAgs: sped, speF;
speG, spel, speM, which was the most commonly
detected in link to invasive isolates.

Our results illustrated that the cumulative ef-
fect of a large number of genes, encoded SAgs, tox-
ins and DNA-ses in Bulgarian GAS strains may be
predictors of their possible invasiveness. This could
hinder the treatment of the diseases due to GAS and
must be related to the selection and the duration of
their therapy.
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