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ABSTRACT

Introduction: The internalization process of group A streptococci (GAS) into human cells is one of the crucial steps
in the pathogenesis of GAS infections, which could also affect their susceptibility responses toward several antibiot-
ics. Currently, data on the distribution of internalization-associated genes and susceptibility patterns are still lacking
in Malaysia. This study investigated the distribution of fibronectin-binding protein F1 (prtF1) and streptococcal pyro-
genic exotoxin B (speB) genes in GAS isolates with their susceptibility profiles and source of samples. Methods: We
used 43 GAS isolates from our previous stock culture and performed antibiotic susceptibility testing by Kirby-Bauer
disk diffusion method and interpreted the results according to the established guidelines. We detected virulence
(prtF1 and speB) and resistance (ermA, ermB, mefA, tetM and InuA) genes by PCR method using established primers
and protocols. Results: High resistance rates were observed against doxycycline (58.1%) and clindamycin (16.3%).
In comparison, 100.0% and 46.5% of GAS isolates carried speB and prtF1 genes, respectively. tetM and InuA genes
were detected in all respective resistant isolates (100% for each). No macrolide resistance genes were detected.
Interestingly, prtF1 gene was highly distributed in doxycycline-resistant than doxycycline-sensitive isolates (60.0%
versus 27.8%). Conclusions: High resistance rate of GAS toward doxycycline in our study may potentially reflect
the uncontrol dissemination of tetM gene among our isolates. The presence of prtF1 gene among this strain would
enhance its ability to evade the intracellular action of antibiotics, which may affect the management of GAS diseases.
Thus, close monitoring of GAS by molecular methods is required in the future.
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INTRODUCTION

Streptococcus  pyogenes (Group-A  streptococcus)
or better known as a “flesh-eating bug” is one of the
major human pathogens responsible for over 600
million infections and about 517,000 deaths annually
(1). Heightened concerns have been escalating among
the scientists and epidemiologists due to its ability to
produce a fatal toxin known as streptococcal pyrogenic
exotoxins (SPEs) and other deadly virulence factors. This
is further complicated by increasing data on serious
invasive diseases and its long term sequalae such as
rheumatic heart disease (RHD), acute rheumatic fever
(ARF) and acute post-streptococcal glomerulonephritis

(APSGN) that have been reported in resource-poor or
limited settings (2).

Nonetheless,  the  detailed  pathophysiological
mechanisms of GAS pathogenesis remain elusive. It has
been reported that the ability of GAS to be internalized
into the epithelial cells by in vitro and in vivo studies
has contributed to the ideas of therapeutic failure and
persistent throat carriage among patients with GAS
pharyngitis and invasive diseases (3). Streptococcal
pyrogenic exotoxin B (SpeB)- a cysteine proteinase that is
encoded by speB gene has been recognized for not only
exhibits broad enzymatic roles that is by degrading or
activating a wide spectrum of different human proteins,
including fibronectins but also involves in internalization
process (4, 5). Surprisingly, there have been conflicting
findings regarding the contribution of SpeB to GAS
internalization into human cells. Some studies have
demonstrated an increased internalization of GAS
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isolates into the cells while others reported the reduction
of internalization process (6, 7). It has been reported that
degradation of Protein F1 by SpeB (an enzyme) would
abrogate the entry of GAS into human cells. Thus, it
is believed that speB is an important regulator for the
internalization process in GAS pathogenesis (8).

Meanwhile, the internalization process has also been
associated with fibronectin-binding proteins, which are
encoded by prtF1 and other virulence genes (9). Protein
F1thatisencoded by prtF1, promotes bacterial adherence
to and facilitates their entry into human epithelial cells,
which could allow them to be intracellularly located.
Thus, the bacteria could escape the bactericidal action
of antibiotics such as penicillin (10). Many reports
have documented that invasive and erythromycin-
resistant GAS isolates are equipped with these virulence
determinants (11-13). However, recent data reported that
these fibronectin-binding proteins (in particular prtF71)
are also found among non-invasive isolates, suggesting
that a peculiar trait may exist among GAS strains and
the trait may differ from country to country (9, 14-16). In
addition, apart from epithelial cells, GAS isolates have
been shown to be internalized into neutrophils and
survived intracellularly (17). In Malaysia, GAS isolates
have been shown to be highly sensitive to penicillin and
erythromycin but demonstrated high resistance rate to
tetracyclines (18). While much information has widely
accumulated on the internalization process among
macrolide-resistant, invasive GAS strains, virtually
nothing is known about the association of speB and
prtF1 genes with other antibiotic resistance determinants
such as tetracycline and clindamycin resistance genes in
GAS isolates. We hope that our findings could provide
an insight in supporting appropriate antibiotic use and
control measure in our hospital setting.

Apart from speB, other virulent factors have been found
to contribute to GAS pathogenicity such as M protein,
streptokinase and fibronectin-binding protein F1 adhesin
prtF1) and others (19). prtF1 in particular, has played a
pivotal role in the internalization of speB into respiratory
epithelia which has been linked to antibiotic resistance
in GAS due to its ability to block entry of antimicrobial
agents (10, 20, 21).This study therefore investigated the
potential associations of fibronectin-binding protein F1
(prtF1) and streptococcal pyrogenic exotoxin B (speB)
genes in GAS isolates with their susceptibility profiles
and source of samples.

MATERIALS AND METHODS

Sample Collection and Bacterial Identification

Forty-three non-duplicative clinical isolates of GAS
were obtained from Hospital Serdang, Hospital Kuala
Lumpur and some clinics in Klang Valley, Malaysia.
These isolates were kept at -70°C freezer in the Medical
Microbiology Laboratory, Faculty of Medicine and
Health Sciences, UPM Malaysia during a one-year study

period (from January 1, 2015 to January 1, 2016). The
isolates were obtained from various clinical samples
as follows: blood (n = 8), pus (n = 18), wound (n = 2),
tissue (n = 6), throat (n= 1), and others (n = 8). Invasive
source of GAS strains were regarded as strains that were
isolated from sterile sites such as blood, deep tissues
and body fluids as previously described (22). All isolates
were grown overnight on 5% defibrinated sheep blood
agar plates at 37°C in 5% CO2. The identification of
GAS was conducted by using several biochemical
tests such as gram staining, bacitracin susceptibility
(Oxoid, United Kingdom), pyrrolidonyl arylamidase test
(Oxoid, United Kingdom), and confirmed with 16SrRNA
sequencing.

Antibiotic Susceptibility Testing

The antibiotic susceptibility testing was performed by
using the Kirby-Bauer disk diffusion method on Mueller-
Hinton agar (Isolab Sdn Bhd, Malaysia) supplemented
with 5% sheep blood and incubated in 5% CO2 for
24 hours at 37°C. The antibiotics that were tested as
follows: erythromycin (15 pg, Oxoid, UK), azithromycin
(15 pg, Oxoid, UK), clindamycin (15 pg, Oxoid, UK),
and doxycycline (30 pg, Oxoid, UK). Doxycycline
was used to represent the tetracycline antibiotic group.
Detection of inducible-clindamycin resistance was
also performed by the D-test method. The results were
interpreted according to CLSI guidelines (23).

Molecular Detection of Antibiotic Resistance and
Virulence Genes

Bacterial DNA was extracted by using QlAamp DNA
Mini Kit (Qiagen, Hilden, Germany) according to the
manufacturer’s instructions. In view of the silence form
of resistance genes that are commonly found among
GAS,(18, 24). we subjected all of the isolates to the
detection of macrolide resistance genes such as ermA,
ermB, and mefA; clindamycin resistance (/nuA) gene
and tetracycline resistance (tetM) gene and virulence
(prtF1, speB) genes by PCR using specific primers and
conditions as previously established (Table 1). The
flanking region of repeat domain type 2 (RD2) of prtF1
gene was targeted by the primer sets used for prtF1 gene
detection in the present study which was established by
Neeman and colleagues (10). The fibronectin- binding
activity involves RD2 region which consist of five repeats
in the protein’s domain. The number of RD2 repeats was
determined based on the size of amplicon detected in
gel electrophoresis (25, 26).

EconoTaq® PLUS GREEN master mix (Tiangen Biotech
Co. Ltd., Beijing, China) and Bio-Rad Thermocycler
(Biorad®, Germany) were used for PCR amplification.
The PCR products were analyzed and visualized by
gel electrophoresis in 0.8% (w/v) agarose gel and gel
documentation system (Alpha ImagerTM 2200, Alpha
Innotech, Australia), respectively. Staphylococcus
aureus BAA ATCC 977, Streptococcus pneumoniae
ATCC 700677, S. pneumoniae ATCC 700676 and S.
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Table 1: List of primers used in this study

Gene Oligonucleotide sequence Amplicon | References
Size (bp)

16sRNA | F 5" AGAGTTTGATCCTGGCTCAG 3’ 1498 (28)

(12479f,2r) R 5" AGAAAGGAGGTGATCCAGCC 3’

speB F 5" CTAGACAATACAACTGGAACAA3’ 200 (29)
R 5" GTGAACAGATTGGTTGTAGC 3’

ermA F 5" GCATGA CAT AAACCT TCA 3’ 242 (30
R 5" AGG TTA TAA TGA AAC AGA 3’

ermB F 5" CGA GTG AAA AAG TAC TCA ACC 3’ 692 (30)
R5" GGC GTG TTT CAT TGC TTG ATG 3’

mefA F 5" AGT ATC ATT AAT CAC TAG TGC 3’ 320 (31)
R 5 TTC TTC TGG TAC TAA AAG TGG 3’

tetM F 5" GTTAAATAGTGTTCTTGGAG 3’ 517 (28)
R 5" CTAAGATATGGCTCTAACAA 3’

priF1 F 5'TTTTCAGGAAATATGGTTGAGACA3’ Varies* an
R 5" TCGCCGTTTCACTGAAACCACTCA3’

InuA F 5GGTGGCTGGGGGGTAGATGTATTAACT- | 100 (32)
GG3’
R 5'GCTTCTTTTGAAATACATGGTATTTTTC-
GATC3'

*The set of primers are complementary to the flanking region of repeat domain type 2 (RD2), a
repeat domain of prtF1 gene; the amplicon size varies due to the number of repeats.

pneumoniae ATCC 6305 were used as positive controls
for ermA, ermB, mefA and tetM genes, respectively. S.
pyogenes ATCC 19615 was used as a positive control
for speB gene.

RESULTS

Antibiotic susceptibility patterns

Of 43 GAS isolates, 31 (72.1%) and 12 (27.9%) were
isolated from non-invasive and invasive samples,
respectively. All GAS isolates (100%) were sensitive to
erythromycin and azithromycin. Twenty-five (58.1%)
and 7 (16.3%) of them exhibited resistance to doxycycline
and clindamycin, respectively and had their resistance
genes (Table Il). There were no inducible MLSB (iMLSB)
or constitute MLSB (cMLSB) or MS phenotypes detected
among GAS isolates. Regarding virulence genes, 43
(100.0%) and 20 (46.5%) of GAS isolates carried speB
and prtF1 genes, respectively as shown in Table II.

PCR gel electrophoresis of virulence and resistance
genes

PCR analysis of a repeat domain of prtF1 gene, which is
repeat domain type 2 (RD2) region produced products
approximately ranging from 345 to 680 bp (Fig. 1). Of
20 prtF1-positive S. pyogenes strains, three (5%), four
(70%), five (15%) and six (10%) of RD2 repeats were
detected in the present study (Fig. 1). The PCR products
of speB gene is shown in gel electrophoresis (Fig. 2).
In addition, Fig. 3 shows the gel electrophoresis image
of tetM gene PCR products. tetM and InuA genes were
detected in all doxycycline and clindamycin-resistant
isolates (100% for each). No macrolide resistance genes
were detected. PCR products of /nuA and macrolide
genes were visualized by gel electrophoresis (data not
shown).

Table II: Distribution of virulent and antibiotic resistant genes among
the 43 S. pyogenes in the present study

Genes Frequency n (%)
prtFi 20 (46.5)

speB 43 (100)

tetM 25 (58.1)

InuA 7 (16.3)

ermA 0 (0)

ermB 0 (0)

mefA 0 (0)

Figure 1: Gel electrophoresis image of prtF1 gene detected
in representative GAS isolates. Lane 1: 100 bp DNA ladder
(MyTACG); Lane 2-7 and 14-15: four RD2 repeats of prtF1
gene (460 bp). Lane 9-11: five RD2 repeats (571 bp). Lane
12-13: six RD2 repeats (682 bp). Lane 16: three RD2 repeats
of prtF1 gene (349 bp). Lane 8: negative result of an isolate.

Figure 2: Gel electrophoresis image of speB gene detected
in representative GAS isolates. Lane 1 and 17: 100bp DNA
ladder (MyTACQG). Lane 2: Streptococcus pyogenes ATCC
19615 as positive control. Lane 3-15: speB gene in GAS
isolates. Lane 16: DNA free template as negative control.

Figure 3: Gel electrophoresis image of tetM gene detected
in representative GAS isolates. Lane 1: 100bp DNA ladder
(MyTACG,). Lane 2: Streptococcus pyogenes ATCC 700676 as
positive control. Lane 3-8: tetM gene (517bp) in GAS isolates.
Lane 9: negative control.
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The prtF1 gene was highly detected in doxycycline-
resistant isolates than in doxycycline-sensitive isolates
(60.0% versus 27.8%) (Table 1lI). In addition, prtF7 gene
was also highly detected among GAS isolates obtained
from invasive than non-invasive samples (58.3% versus
41.9%). Nonetheless, all associations could not be
analyzed due to inadequate number of S. pyogenes
isolates recruited in the present study.

Table I11: The distribution of prtF1 gene in relation to tetM, InuA
resistance genes and type of samples in 43 GAS isolates

Parameters prtF1 gene
Positive n % Negative n %

tetM’ (n=25) 15 (60.0) 10 (40.0)
tetM™ (n=18) 5(27.8) 13(72.2)
InuA? (n=7) 0 (0) 7 (100)
InuAN (n=36) 20 (55.6) 16 (44.4)
Invasive (n=12) 7 (58.3) 5(41.7)
Non-invasive (n=31) 13 (41.9) 18 (58.1)

DISCUSSION

The present study investigated the susceptibility patterns
of selected antibiotics and the molecular detection
of resistance and virulence genes, which might be
involved in the pathogenesis of GAS diseases. It is
not surprising that all GAS isolates in our study were
sensitive to 14 and 15-membered rings of macrolides.
Decreased resistance rates to macrolides have also
been increasingly reported in many studies locally and
abroad. For instance, previous studies have reported
the macrolide resistance rates ranging from 0-9 % in
Malaysia, Tunisia and Finland.(27-29). Macrolides and
lincosamides are commonly used as alternative drug
of choices in patients who are allergic to penicillin.
(30) Nonetheless, higher resistance rates of 93.5 %
and 70.0% were recently reported in China and the
Middle East and North Africa, respectively (31, 32).
The differences in the prevalence rates of macrolide
resistance are associated with changes in macrolide use
(33). Thus, low resistance rate of macrolides could be
explained by the judicious use of macrolides in previous
studies including Malaysia.

To the best of author’s knowledge, the presence study
reported the first of clindamycin-resistant (L phenotype)
S. pyogenes strains (16.3%) and its resistance gene
(InuA) in Malaysia. More than 90% of S. pyogenes
isolates exhibited resistance to clindamycin in China
(31). Whereas, only 0.5% of S. pyogenes isolates in
the United States were resistant to clindamycin (34).
This is worrying as clindamycin is usually used to treat
necrotizing fasciitis and other invasive diseases for its
inhibitory role in reducing the production of S. pyogenes
superantigens as well as improving patient outcomes
(35-37). Though it is rare, /nuA gene inactivates
lincosamide by chemical modification (38). Therefore,

clinicians should not empirically prescribe clindamycin
for necrotizing fasciitis and invasive cases. Tetracyclines
are not the main therapeutic option for treating
invasive GAS diseases, they are commonly used for the
treatment of respiratory and skin diseases in humans
(39). However, the high resistance rate to doxycycline
is of a great concern as all doxycycline-resistant isolates
harbored tetM gene in our study.

Our finding corresponds with other findings that
reported 70 % and 86.4 % of S. pyogenes were resistant
to tetracycline in Tunisia and China, respectively (27,
29). In China, 95.9% of 121 S. pyogenes isolates had
tetM gene detected (31). tetM is the major resistance
determinant detected in most S. pyogenes isolates as it
is easily translocated from chromosome to chromosome
(40, 41). tetM gene is carried by the Tn916-related
transposons which are readily transmissible via mobile
genetic elements (27, 42). In contrast to many studies,
tetracycline-resistant S. pyogenes strains is unique
as these strains had no macrolide-resistance genes
detected in the present study (24, 43, 44). ermB gene
is physically associated with tetM gene in the mobile
genetic elements and most tetracycline-resistant strains
would exhibit resistance to macrolides (24). However,
we did not perform the whole genome sequencing
on these strains to investigate for gene mutations or
deletions in the present study. In Malaysia, rampant
use of tetracyclines has been reported in poultry and
pig farms and it is likely that these mobilomes would
be easily transferred among inter and intra species of
bacteria (29). In addition, resistance to tetracycline
has been considered as a cofactor for the development
of erythromycin resistance (45). Nonetheless, we
observed that there were no tetracycline-macrolide co-
resistant genes detected in all isolates. In contrast, few
studies have reported ermB and tetM genes are closely
associated in streptococci as both resistance genes are
found on the same transposon (27, 42).

In the present study, we detected speB gene in all isolates
regardless of its invasiveness. Our finding corroborates
with other study which proposed speB gene as an
important biomarker for the identification of S. pyogenes
(20). Similarly, all 140 S. pyogenes isolates carried
speB gene regardless of its invasiveness in China (31).
Despite a very high susceptibility rate to erythromycin,
our GAS isolates exhibited higher proportion of prtF1
gene compared to few studies conducted in Germany
(30.0%) and Israel (41.8%) (10, 46). The molecular
basis for this interaction is poorly understood and
deserves more studies on functional genomics in future.
Nonetheless, it was slightly lower than other studies in
Israel (51.4%) and Japan (69.5%) (13, 25). In contrast
to our finding, prtFi-harbouring strains are commonly
detected among erythromycin-resistant GAS isolates in
other studies (11-13).

The repeat domain type 2 (RD2) region of prtF1 gene
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has an important role for the entry of S. pyogenes
into epithelial cells (47). The number of RD2 repeats
varies among S. pyogenes strains ranging from one
to six (10, 48). In the present study the most common
repeat domain was four RD2 repeats (70%). Similarly,
four RD2 repeats of prtFi-positive S. pyogenes strains
(39%) were commonly reported in ltaly (49). Unlike
erythromycin-sensitive S. pyogenes strains in the
present study, strains with more than one RD2 repeat
of prtF1 gene are commonly associated with macrolide
resistance (13). Nonetheless, the variability of the
RD2 region is not related to the activity of fibronectin-
binding proteins (25). With regard to prtF1 gene among
tetracycline-resistant strains, our finding highlights the
potential threat of the combined features of prtF1/tetM-
positive GAS strains which could escape both penicillin
(the antibiotic of choice) and tetracyclines by means of
intracellular location and resistance, respectively. More
worryingly, it has been postulated that the resistance
genes and prtF1 gene can be simultaneously transferred
on mobile genetic elements, which can be acquired
from similar or different species of throat microflora
(9). Based on the type of samples obtained in our study,
prtF1-positive isolates were highly detected in invasive
than non-invasive samples (58.3 % versus 41.9%). This
is in contrast with other studies that reported more
prtF1-positive isolates were found in non-invasive GAS
strains (39, 50). Nonetheless, few studies reported more
prtF1-positive isolates were detected in GAS invasive
diseases which support our finding (12, 13). Apparently,
it has been proposed there is no specific association
between virulence traits and clinical manifestations in
GAS infections (12).

Our study is limited in few ways. First, the small sample
has restricted the statistical analysis of several variables
(for example, /nuA and speB genes) plus we lacked
resources to include other genes that are involved in
adhesion process for instance, serum opacity factor
(sof) gene. Secondly, the presence of prtF1 gene was
not evaluated by western blot or RT-PCR was not
investigated to determine the functional assay or
gene expression. Nonetheless, although this is only
preliminary, the findings in the present study could offer
an insight on the potential interaction of virulence and
resistance determinants among S. pyogenes in Malaysia.

CONCLUSION

Fibronectin-binding protein F1 (prtF1) gene is commonly
detected in doxycycline resistance isolates. High
frequency of tetracycline-resistant gene carried by our
GAS isolates could eventually initiate the development
of erythromycin-resistant strains via rapid transmissibility
of mobile genetic elements among bacteria in the future.
Moreover, emergence of clindamycin-resistant strains
is of a great concern too. Thus, close monitoring of
this peculiar trait by molecular approaches is strongly
advisable to detect any subtle changes which could

affect the management of GAS diseases in our region.
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