
Malaysian Journal of Medicine and Health Sciences (eISSN 2636-9346)

Mal J Med Health Sci 17(4): 174-180, Oct 2021 174

ORIGINAL ARTICLE

In Vitro Assessment of Biofilm Formation by Streptococcus 
pyogenes Isolates From Invasive and Non-invasive Samples 
With Diverse emm Type Profiles       
Wan Muhammad Zamir Wan Mansor1, Suresh Kumar Subbiah1,2, Salman Sahab Atshan3,4,5, Rukman 
Awang Hamat1 

1	 Department of Medical Microbiology, Faculty of Medicine and Health Sciences, Universiti Putra Malaysia, 43400 UPM 
Serdang, Selangor, Malaysia

2 	Centre for Materials Engineering and Regenerative Medicine, Bharath Institute of Higher Education and Research, Chennai, 
India

3	 Department of Medical Science, Faculty of Dentistry, Basrah University, Basrah, Iraq
4	 School of Public Health, Curtin University, Perth, WA, Australia
5	 Telethon Kids Institute, Perth, WA, Australia, The University of Western Australia, Crawley, 6009, Western Australia, Australia

ABSTRACT

Introduction: Biofilm is one of the important virulence factors that is responsible for the severity and progression of 
the Streptococcus pyogenes diseases. M-protein is involved in the irreversible attachment of S. pyogenes to surfaces 
during biofilm development. This study aims to determine the propensity of S. pyogenes to form biofilms and the 
molecular epidemiology of S. pyogenes isolates by emm typing. Methods: We screened 45 S. pyogenes isolates for 
the biofilm formation by Congo red agar (CRA) and quantified the biofilms by crystal violet microtiter-plate methods 
(CVMtP). The emm typing of all isolates was performed by conventional PCR with established primers according 
to the CDC protocol. Results: Majorities of S. pyogenes were isolated from non-invasive, 27 (60.0%) than invasive 
sources, 18 (40.0%). Regardless of invasiveness, 40 (88.9%) S. pyogenes isolates formed black colonies on CRA, 
while 43 (95.6%) of the isolates demonstrated various degrees of biofilm formation by CVMtP method. A total of 30 
different emm types and subtypes were identified. No new emm types/subtypes were detected. The predominant 
emm types/subtypes were emm1, emm63, emm18.21, emm91, and emm97.4 which each gene accounted for 7.0%. 
All emm types/subtypes of S. pyogenes produced biofilms by CVMtP method except emm17.2 and emm57 which 
were isolated from non-invasive sources. Conclusions: Biofilm-producing S. pyogenes strains of various sources are 
genetically diverse and biofilm phenotypes are inherent to individual characteristic rather than specific emm type. 
Nonetheless, higher propensity of GAS to form biofilms warrants better management strategies to avoid treatment 
failures in the future.
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INTRODUCTION

Streptococcus pyogenes is one of the notorious 
pathogens affecting millions of people with significant 
morbidity and mortality every year. S. pyogenes diseases 
manifest in a wide variety of clinical presentations 
ranging from mild asymptomatic cases to suppurative 
and non- suppurative diseases such as acute pharyngitis, 
impetigo, necrotizing fasciitis, acute post- streptococcal 
glomerulonephritis and rheumatic heart disease (1,2).

Recently, an increased incidence of invasive Group A 
Streptococci (iGAS) among the general population in 
the United States and Canada was reported in 2017 and 
2018, with the rates of 7–10 per 100,000 population (3, 
4, 5). In addition, the number of laboratory-confirmed 
iGAS infections were also increased 1.5 times compared 
to the previous years (6). The reasons for the upsurge 
remain unexplained. However, expansion of specific 
emm types of GAS was postulated and it could be related 
to an increased virulence potential of those strains 
(5). Among these virulence properties is the ability of 
S. pyogenes strains to produce biofilms. Biofilms are 
responsible for a variety of GAS diseases and have a 
significant role in its pathogenesis and treatment failures 
(7).
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Biofilm consists of polysaccharides, extrapolymeric 
components, nucleic acids and proteins, which is 
formed by a sessile community of microorganisms (8). 
The production of biofilms in GAS has been reported 
in in-vitro and in-vivo studies (9, 10, 11). In addition, 
several GAS emm types exhibit different degrees of 
biofilm formation in many studies (12, 13, 14), while a 
few studies have not (10, 15). In view of the scarcity of 
data on biofilm formation in GAS isolates in Malaysia, 
the present study aimed to investigate the propensity of 
GAS isolates to produce biofilms and their molecular 
epidemiology by emm typing method.

MATERIALS AND METHODS

Streptococcus pyogenes isolates
Forty-five non-duplicative Streptococcus pyogenes 
isolates were retrieved from our previous culture 
collection collected from Hospital Kuala Lumpur and 
Hospital Serdang from 2013 to 2015 (16). The isolates 
were stored at -70°C and gradually thawed for the 
subsequent procedures in the present study. The sources 
of the isolates were documented as follows: pus (n = 
24), blood (n = 11), tissue (n= 7), wound (n= 2) and 
throat swab (n= 1) as shown on Table I. The isolates 
were grouped into invasive and non-invasive categories 
according to the previous study (16). The isolates 
were re- identified by using Gram staining technique, 
biochemical profiles and 16S rRNA gene sequencing 
(17). The ethical approval was obtained from the Ethics 
Committee for Research involving Human Subjects of 
Universiti Putra Malaysia (UPM/TNCPI/RMC/1.4.18.1).

whereas S. epidermidis ATCC 12228 strain (non-
slime producer) was used for a negative control. The 
screening test was performed three times whereby each 
experiment was conducted in triplicate.

Crystal Violet Microtiter-Plate Method
To quantify the biofilm formation, crystal violet 
microtiter-plate methods (CVMtP) was performed 
with slight modifications according to the established 
protocol (21). Briefly, overnight bacterial cultures 
were diluted 1:100 with fresh brain heart infusion 
broth (Difco, USA). Then, aliquots of diluted bacterial 
suspension (200 µL) were transferred to each well of 
the 96-well microtiter plate and incubated for 48 h at 
37°C. Following the incubation, the 96-well microtiter 
plate was carefully washed with Phosphate Buffer Saline 
(PBS) three times to eradicate the free-floating bacteria 
and heat-dried for 1 h at 60°C. Then, each well was 
stained with 150 µL of 0.1% crystal violet for 15 min. 
The dye in each well was washed and rinsed three times 
with deionized water. Lastly, the dye was solubilized 
with 150 µL of 95% ethanol and the absorbance was 
measured at 550 nm using an ELISA microplate reader 
(Dynex Technologies MRX II, USA). The experiment 
was repeated three times. S. epidermidis ATCC 12228 
strain (non-biofilm producer) and S. epidermidis ATCC 
35984 strain (biofilm producer) were used as negative 
and positive controls, respectively. The degrees for 
biofilm formation were calculated based on the formula 
according to the previous protocol (21) as follows:
non-adherent isolates = OD ≤ ODc, weakly adherent 
isolates = ODc < OD ≤ (2 x ODc), moderately adherent 
isolates = (2 x ODc) < OD ≤ (4 x ODc) and strongly 
adherent isolates = OD > (4 x ODc).

Establishment of emm typing
All GAS was subjected to emm typing protocol described 
in a previous study (16). Conventional PCR method 
was used for emm typing according to the Centers for 
Disease Control and Prevention (CDC) (22). One loopful 
of bacteria was collected from a 24-hour culture and was 
suspended in 300 µL of 0.85% NaCl. Then, the bacterial 
suspension was heated at 70°C for 15 minutes. Later, it 
was centrifuged at 13,000 rpm using Centrifuge 5425 
(Eppendorf, USA) for three minutes and resuspended in 
50 μL TE buffer (10 mM Tris, 1 mM EDTA, pH 8). Two μL 
of hyaluronidase (30 mg mL-1) and 10 µL of mutanolysin 
(3000 U mL-1) were added. The mixture was incubated 
for 30 minutes at 37°C. After that, it was heated at 100°C 
for 10 minutes to deactivate the enzymes. Finally, it was 
centrifuged and the supernatant was used as a template 
for PCR.

Briefly, bacterial DNA of S. pyogenes isolates were 
prepared and emm genes were amplified using a Bio-Rad 
MyCycler Thermal Cycler (Bio-Rad Laboratories Ltd., 
Watford, Hertfordshire, UK). emm genes were detected by 
using the forward (5’-TATT(CG)GCTTAGAAAATTAA-3’) 
and reverse (5’-GCAAGTTCTTCAGCTTGTTT-3’) 

Table I: The distribution of isolates according to the source of the 
clinical samples and its invasiveness

Sources Invasiveness No. of isolates Percentage (%)

Pus Non-invasive 24 53.3%

Wound Non-invasive 2 4.4%

Throat Non-invasive 1 2.2%

Tissue Invasive 7 15.6%

Blood Invasive 11 24.4%

Congo Red Agar Method
To screen for the biofilm formation, the Congo Red Agar 
(CRA) medium was prepared with brain heart infusion 
broth (Difco, USA) 52 g/L supplemented with 5% 
(w/v) sucrose and 0.08% (w/v) Congo red dye (Sigma 
Aldrich, Germany) according to an established protocol 
described in a previous study (18). S. pyogenes isolates 
were inoculated onto the CRA plates and incubated 
at 37 °C for 24 h under 5% CO2 (19). The production 
of biofilms was determined by the formation of black 
colonies with rough surface and edges as strong biofilm 
producers, while slightly black colonies with smooth 
surface and edges were considered intermediate-biofilm 
producers. Whereas pink colonies were considered 
non-biofilm producers (20). S. epidermidis ATCC 35984 
strain (slime producer) was used as a positive control, 
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primers (16). The PCR amplification cycle is as follows: 
94°C for 15 s, 46°C for 30 s, and 72°C for 75 s for the first 
10 cycles, and later 94 oC for 15 s, 46°C for 30 s, 72°C 
for 75 s (with a 10 s increment for each of the subsequent 
19 cycles). The procedure was repeated for 20 cycles 
and the forward primer was used as a sequence reaction 
for sequencing. The translated DNA sequences result of 
5’ region of emm gene was aligned and compared with 
the sequence from the Blast-emm database, Centre for 
Disease Control and Prevention, Atlanta, GA, USA (3) 
and edited accordingly using Bioedit software version 
7.0. The emm type and subtype of GAS were determined 
prior to the 90 bases encoding the N terminal 30 residues 
of the processed M protein and the exact 150 base 
sequences encoding the N terminal 50 residues of the 
mature M protein, respectively. Thirty bases that encode 
for the last 10 residues of the M protein signal sequence 
were used to identify the start sequence encoding the 
mature M protein. The sequence is considered to have 
emm gene allele (or sequence type) if it has greater than 
or equal to 95 % identity over at least the first 240 bases 
with the corresponding emm gene in the CDC database 
(23).

Statistical analysis
The correlation between the types of invasiveness with 
biofilm formation were analyzed using Fisher’s Exact 
test. P-value less than 0.05 was considered as significant. 
All statistical tests were performed by using SPSS 22.0. 

RESULTS

Biofilm formation by Congo red agar, crystal violet 
microtiter-plate methods and invasiveness
Of 45 S. pyogenes isolates, 27 (60.0%) and 18 
(40.0%) were from non-invasive and invasive samples, 
respectively. A total of 40 (88.9%) isolates demonstrated 
the production of biofilms by CRA method. Among these 
biofilm producers, 25 (62.5%) and 15 (37.5%) of them 
were obtained from non-invasive and invasive samples, 
respectively. With regard to the biofilm formation 
categories, a total of 10 (22.2%) and 30 (66.7%) S. 
pyogenes isolates exhibited strong and intermediate-
biofilm producers, respectively. Only five (11.1%) 
isolates were non-biofilm producers. Figure 1 shows the 
representative S. pyogenes isolates on Congo red agar 
plates with positive and negative controls in the present 
study.

The capability of S. pyogenes to produce biofilm 
was evaluated by using a CVMtP. Table II shows the 
classification of biofilm production based on optical 
density (OD) values from crystal violet assay for 48 hours 
at OD550 nm (Dynex MRX Revelation and Revelation 
TC 96 Well Microplate Reader, USA). The value of 
the absorbance indicates the degree of thickness of 
the biofilm produced. The degree of absorbance was 
classified into four different values based on the optical 
density cut-off value (ODc). The majority of S. pyogenes 

isolates as much as 43 (95.56%) produced biofilms 
and most of the isolates, 23 (51.1%) were categorized 
as moderately adherent. Seventeen isolates (37.78%) 
exhibited weakly adherent and only three (6.67%) had 
strong adherent biofilm formation. Two (4.44%) isolates 
did not produce biofilms. 

Figure 2 shows the distribution of biofilm-producing S. 
pyogenes strains according to the source of samples. A 
total of 43 (95.3%) S. pyogenes isolates exhibited biofilm 
producers by CVMtP method. Interestingly, 18 (100%) of 
S. pyogenes isolates from all invasive sources exhibited 
biofilm producers compared to that of 25 (92.6%) non-
invasive sources. With regard to the quantitation of 
biofilms, approximately half of GAS isolates 23 (51.1%) 
demonstrated moderate adherence. This is followed by 
7 (37.8%) and 3 (6.7%) of the isolates were weakly and 
strongly adherent. Only 2 (4.4%) were categorized as 
non-adherent. 

Table II: Classification of biofilm production based on OD values 
from crystal violet assay for 48 hours at OD550 nm using ELISA auto 
reader

Biofilm formation OD value
Number of 

isolates

Non-adherent OD ≤ 0.14002 2 (4.44%)

Weakly adherent 0.14002 < OD ≤ 0.28004 17 (37.78%)

Moderately adherent 0.28004 < OD ≤ 0.56008 23 (51.11%)

Strongly adherent 0.56008 < OD 3 (6.67%)

Figure 1: The morphology of the colonies of selected GAS 
isolates on Congo red agar (CRA) with different degrees of 
biofilm production based on the colour change. (A) black col-
onies of GAS with rough surface and edges indicate strong bio-
film producers; (B) slightly black colonies with smooth surface 
and edges indicate intermediate-biofilm producers; (C) A pos-
itive control of S. epidermis ATCC 35984 strain (biofilm pro-
ducer); (D) A negative control of S. epidermidis ATCC 12228 
strain (pink colonies as non-biofilm producers).
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Biofilm formation and emm types
emm typing method revealed 30 different emm types 
and subtypes. A total of 28 emm types/subtypes 
exhibited biofilm-producing S. pyogenes strains which 
were represented by 43 (95.6%) of all isolates. Only 
two emm types (emm17.2 and emm57) exhibited non-
biofilm producing strains (4.4%). There were no new 
emm types and subtypes detected. Table III shows the 
distribution of emm types and subtypes of S. pyogenes 
isolates in relation to biofilm formation.

Table III: The relationship between the detection methods of biofilm 
production and invasiveness 

Detection method of biofilm 
production

Invasiveness, n (%)
P value*

Invasive Non-invasive

Congo Red Agar

Positive and 
intermediate

15 (33.3) 25 (55.6)
0.375

Negative 3 (43.5) 2 (4.3)

Crystal violet 
microtiter-plate

Adherent 18 (40.0) 25 (55.6)

0.509
Non 

adherent
0 (0.0) 2 (4.3)

*Fisher’s Exact Test
(p values < 0.05 were considered significant)

Figure 2: Distribution of biofilm-producing S. pyogenes 
strains according to source of sample

DISCUSSION

Streptococcus pyogenes is known as a “flesh-eating” 
bacterium for its ability to cause necrotizing soft tissue 
and fascia infections. Therapeutic failure in managing 
this invasive group A streptococcal (iGAS) disease is 
mainly due to in situ formation of S. pyogenes biofilms 
(13). The formation of biofilms among S. pyogenes 
isolates is associated with the dominancy of specific 
serotypes and strains (9, 24). However, there is a scarcity 
of data regarding the ability of GAS to form biofilms and 
their molecular epidemiology in Malaysia.

In the present study, high percentages of biofilms were 
detected among S. pyogenes isolates by both CRA 
(88.9%) and CVMtP (95.3%) methods. Higher yield of 
GAS biofilm formation via CVMtP method in the present 
study is not surprising as it has higher sensitivity rates 
than CRA as documented by other studies in Gram-

positive bacteria (25, 26). For example, among 94 
Staphylococcus aureus isolates that were screened for 
biofilms in-vitro, MtP yielded higher sensitivity rate 
compared to CVA (100% versus 89%) (25). In another 
study by Jain and colleagues (26), the sensitivity rate of 
MtP was higher than CVA (69.1% versus 65.5%) in 100 
invasive isolates of S. aureus. CVMtP method utilizes 
spectrophotometric assessments and the degree of 
bacterial adherent to the inner surface of the wells can 
be semi-quantitatively measured (21). 

To the best of our knowledge, there is no data available 
for us to compare GAS biofilm formation via CRA 
method. Nonetheless, CRA method has been commonly 
used to screen biofilm formation among many Gram-
positive and negative bacteria for its rapidity and hassle-
free procedure in most laboratories (27). Moreover, the 
colonies are viable for additional tests to be carried 
out (28). Nonetheless, CRA is not a quantitative assay 
and has less accuracy as it only relies on the chromatic 
assessment for the color change (27). In the present 
study, three S. pyogenes strains did not demonstrate 
biofilm formation via CRA method but exhibited 
moderate and weak-adherent categories via CVMtP 
method as shown in Table IV. Similar observations were 
also reported in other Gram-positive bacteria (25, 26). 
For example, biofilm formation was not observed in 13 
S. aureus isolates by CRA method, however exhibited 
weak and strong adherent categories via CVMtP method 
(25). In addition, nine S. aureus isolates were grouped 
as non-biofilm producers by CVA methods but exhibited 
various degrees of adherent by CVMtP method (26).

With regard to CVMtP method, 75.9% and 89.5% of 
29 and 172 GAS isolates, respectively demonstrated 
the ability to develop biofilms in studies from Jordan 
and Germany (29, 30). In another study in Italy, 90% 
of 289 GAS isolates demonstrated biofilm formation of 
different categories (9). Interestingly, most of the GAS 
isolates in previous studies exhibited weak to moderate 
adherence properties to the microtiter plate regardless 
of the type of sources (9, 29). In addition, the incubation 
periods of 72 hours until Day 6 are reported to be 
crucial for the development of strong biofilm formation 
in S. pyogenes according to Al-kafaween and colleagues 
(31). In the present study, the microtiter plates were only 
incubated up to 48 hours, which could possibly explain 
that most of the GAS (88.9%) exhibited moderate to 
weak adherence. Nonetheless, the first step of biofilm 
formation on biotic and abiotic surfaces by bacteria is 
adherence, which requires the bacteria to undergo an 
intricate process of switching from planktonic bacterial 
cells to biofilm phenotypes (32). This dynamic and 
complex process is influenced by several environmental 
factors including pH, temperatures, nutrients and others 
(33). The properties of microtiter plate such as the 
materials used to produce the plates and its chemical 
components may also influence the initial step of 
adherence by the bacteria (34).
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In the present study, 100% of invasive GAS strains 
produced biofilms compared to 92.6% of invasive 
strains. In contrast, 77.8% (56/72) and 98% (98/100) of 
GAS from invasive and non- invasive sources produced 
biofilms in a study in Germany (29). In another study, 
almost 90% of 289 GAS isolates from invasive and non-
invasive samples produced biofilms (9). Nonetheless, 
non-invasive strains were reported to be better biofilm 
formers compared to invasive strains (9, 29). It has 
been postulated that the ability of non-invasive strains 
to produce biofilms is part of protective mechanism 
for their survival to escape host immune response and 
antimicrobial treatment (9, 35). However, based on the 
statistical data in Table V shows that invasiveness does 
not have a strong correlation with biofilm production.

In biofilm formation, several virulence factors are 
involved. The M protein, which is highly expressed 
on the surface of all S. pyogenes isolates, has been 
shown to play an important role during the initial 
attachment of bacteria to epithelial cells. The 5’ end 
of the hypervariable region of M protein is encoded 
by the emm gene. Sequence analysis of emm genes 
(emm typing) has helped scientists to characterize GAS 
isolates according to their emm types. Interestingly, 
some GAS serotypes according to M-typing such as 
M2, 6, 14 and 18 were associated with the ability to 
produce biofilms compared to other serotypes (13). 
M-typing is an old method of GAS serotyping method, 
and because of the difficulty in obtaining the specific 
antisera, it has been replaced by emm typing method 
(36). In the present study, there was no dominancy of a 
single emm type among biofilm-producing GAS strains. 
Several emm types (emm63, emm18.21, emm1, emm91 
and emm97.4) were predominantly involved in biofilm 
formation among our GAS isolates. In Italy, GAS strains 
of emm6 type demonstrated a greater preponderance for 
biofilm production than other emm types (9). Similarly, 
GAS strains with emm6 type exhibited more biofilm 
formation than others as well (14). However, a study has 
concluded that adherence and biofilm formation are not 
related to specific emm types but rather the individual 
traits of S. pyogenes strains (29).

Our study has several limitations. Although both in vitro 
methods used in the present study are cost effective and 
relatively easy to perform, they could not mimic the 
formation of GAS biofilms by in vivo settings. It would 
be interesting to conduct the antibiotic susceptibility 
testing and investigate associated virulence factors as 
biofilm-forming GAS strains would have some degree of 
resistance to common antibiotics and potential virulence 
determinants could be up/down regulated during biofilm 
formation. Lastly, the number of samples is relatively 
small for us to evaluate the performance parameters of 
these two methods such as their specificity, sensitivity 
and others.

CONCLUSION

Despite lack of involvement of Streptococcus pyogenes 
isolates in device-related infections, these isolates 
demonstrate remarkably high propensity of biofilm 
formation by Congo red agar and crystal violet microtiter-
plate methods. Characterization of these biofilm-
producing strains and evaluation on their interactions 
with other virulence factors may improve a greater 
understanding of its role in S. pyogenes pathogenesis. 
In turn, findings from such research works will provide 
potential platforms for better management strategies and 
treatment options in the future. 
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