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Abstract

Biofilm formation is an important physiological process in Staphylococcus aureus (S. aureus) that can cause infections in
humans. In this study, the ability of 36 methicillin-resistant S. aureus (MRSA) clinical isolates to form biofilm was studied
based on genotypic and phenotypic approaches. These isolates were genotyped based on the microbial surface components
recognizing adhesive matrix molecules (MSCRAMMs) and biofilm-associated genes (icaAD) via polymerase chain reactions.
Phenotyping was performed based on the determination of the strength of biofilm formation of MRSA isolates in vitro. The
most prevalent MSCRAMMSs and biofilm-associated genes were clfA, eno, and icaD, followed by cIfB. The fubB (38.9%)
and ebpS (11.1%) occurred less frequently among the MRSA isolates, while bbp and fnbA genes were absent from all iso-
lates. The MRSA isolates were mostly moderate to strong biofilm formers, despite the heterogeneity of the MSCRAMM
profiles. MRSA isolates from different infection sources (primary, catheter-related bloodstream, or secondary infections)
were capable of forming strong biofilms. However, persistent bacteraemia was observed only in 19.4% of the MRSA-infected
individuals. This study suggested that persistent MRSA bacteraemia in patients might not be associated with the biofilm-
forming ability of the isolates.
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Introduction

Biofilm, a polymeric matrix formed by a community of bac-
teria poses a major threat to human health. These sessile
bacterial communities show inherent resistance to antimi-
crobial agents and disinfectants, thereby causing progres-
sion to chronic and persistent infections among infected
individuals (Costerton et al. 1999; Francois et al. 2000;
Jones et al. 2001; Lewis 2010). Recurrent infections have
also been associated with biofilm-forming bacteria (Francois
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et al. 2000; Jones et al. 2001). Staphylococcus aureus (S.
aureus) is a major target for biofilm studies as it can cause
recalcitrant biofilm-associated infections such as osteomyeli-
tis, periodontitis, peri-implantitis, chronic wound infection,
chronic rhinosinusitis, endocarditis, and ocular infection
(Archer et al. 2011). This organism is usually introduced
into sterile sites in the body through implantation of medi-
cal devices such as orthopaedic implants, indwelling medi-
cal devices, or derived primarily from temporary bacterae-
mia (Costerton et al. 2005; Kiedrowski and Horswill 2011;
Kwon et al. 2008).

Formation of biofilm involves four stages, i.e., ini-
tial attachment of bacteria to a substratum, interface, or
each other, followed by the formation of microcolonies
through cell aggregation and accumulation, biofilm for-
mation and maturation, and lastly biofilm detachment and
dispersal (Costerton et al. 1999). The S. aureus biofilm
matrix often comprises of different components such as
polysaccharide intercellular antigen (PIA), surface adhe-
sion proteins, surface-associated proteins, extracellular
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DNA (eDNA), and host factors (Cue et al. 2012; Foster
et al. 2014; Montanaro et al. 2011; O’Gara 2007). These
components play an important role in establishing per-
sistent and unresolved infections in patients infected by
S. aureus.

The biofilm formers are often associated with increased
antimicrobial resistance, due to the protective barrier that
the extracellular matrix builds around the bacterial cells
and an increased rate of horizontal gene transfer among
the accumulated cells (Cascioferro et al. 2020a). There-
fore, antimicrobial treatment remains an important chal-
lenge in biofilm-associated infections (Lebeaux et al.
2014). Recent research efforts have focused on developing
antibiofilm treatment, which has an advantage over con-
ventional antibiotic treatment due to its low selective pres-
sure against bacterial cells, hence could potentially prevent
the development of antimicrobial resistance (Cascioferro
et al. 2020b; Parrino et al. 2019, 2020). The discovery of
small organic molecules with promising in vitro and in vivo
antibiofilm activity has been identified as a potential thera-
peutic strategy for persistent infections caused by biofilm
formers, including methicillin-resistant S. aureus (MRSA)
(Cascioferro et al. 2020a). These synthetic molecules could
prevent biofilm formation or eradicate existing biofilm via
inhibiting microbial attachment, interfering with the quo-
rum sensing system of the bacterial cells, altering bacterial
regulatory mechanisms, and direct degradation of the bio-
film structure (Parrino et al. 2019). Therefore, understand-
ing the main molecular mechanisms or cell surface proteins
of biofilm-forming MRSA is essential to identify potential
biomarkers for antibiofilm agents and the subsequent devel-
opment of targeted therapies.

Different genotypic and phenotypic approaches have
been used to study the biofilm formation in MRSA.
Genetic screening for the intercellular adhesion
(icaADBC) genes and microbial surface components rec-
ognizing adhesive matrix molecules (MSCRAMMs) has
been reported (Arciola et al. 2001; Tristan et al. 2003).
Besides that, the screening for phenotypic characteristics
of biofilm-forming S. aureus, such as slime production
on Congo red agar, biofilm assay on microtitre plates,
and colony morphology study using a confocal laser
scanning, transmission, or scanning electron microscope,
has also been employed by researchers (Archer et al.
2011; O’Toole 2011; Szczuka et al. 2013). The micro-
biological aspects of the MRSA biofilm have been the
focus of previous studies, but little is known about the
correlation between the persistence of infection with the
biofilm-forming characteristics (microbiological aspects)
of MRSA. Hence, this study aimed to determine the rela-
tionship between clinical characteristics and biofilm for-
mation ability in MRSA using phenotypic and genotypic
methods.
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Materials and methods
Hospital setting and ethical approval

The study was conducted at the University Malaya Medical
Centre (UMMCO), a tertiary teaching hospital in Kuala Lum-
pur, Malaysia. Ethics approval was obtained from the Medi-
cal Ethics Committee of UMMC on 7th June 2014 (MEC-
ID: 20145-168) and the study conformed to the principles
embodied in the Declaration of Helsinki.

Bacterial isolates

Thirty-six non-duplicated MRSA isolates were obtained
from the blood samples of adult patients aged > 16 years old
within the 2-year study period (January 2014 to December
2015). The genotypes (agr and SCCmec typing) and phe-
notypes (antimicrobial susceptibility profiles) of the MRSA
isolates are reported in our previous study (Niek et al. 2019).

Molecular characterization of S. aureus adhesive
and surface-associated genes

Conventional polymerase chain reaction (PCR) was per-
formed to screen for S. aureus adhesins, commonly known
as microbial surface components recognizing adhesive
matrix molecules (MSCRAMMs) as described by Tristan
et al. (Tristan et al. 2003). Simplex PCR was carried out to
detect bbp, cna, ebpS, and eno genes. Multiplex PCR was
performed to amplify fubA, fnbB, fib, clfA, and clfB genes.
The thermocycling condition included an initial denaturation
at 94 °C for 5 min, followed by 25 cycles of amplification
(denaturation at 94 °C for 1 min, annealing at 55 °C for
1 min, and extension at 72 °C for 1 min). The reaction was
terminated at 72 °C for 10 min. PCR products were analysed
by agarose gel electrophoresis. Representative amplicons
were purified and sent for DNA sequencing to validate their
identities. All PCRs were performed at least twice to confirm
reproducibility.

MRSA isolates were screened for biofilm-associated
genes, namely, icaA and icaD, based on the protocol
described by Vasudevan et al. (2003). The primers pair
ICAAF (CCT AAC TAA CGA AAG GTA G) and ICAAR
(AAG ATA TAG CGA TAA GTG C) with an amplicon size
of 1,315 bp were used to detect icaA gene; meanwhile, the
primer pair ICADF (AAA CGT AAG AGA GGT GG) and
ICADR (GGC AAT ATG ATC AAG ATA C) with an ampli-
con size of 381 bp was used to detect icaD gene in the
MRSA isolates. The PCR reaction mix (25 pL) consisted
of 1 xbuffer, 1.25 mM MgCl,, 100 pM of each nucleotide,
0.5 pM of each primer, 0.625 U of Taq polymerase, and
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approximately 100 ng of bacterial DNA. The thermocy-
cling condition included an initial denaturation at 94 °C
(5 min), followed by 30 cycles of denaturation at 92 °C for
45 s, annealing at 49 °C for 45 s, and elongation at 72 °C
for 1 min. The reaction was terminated at 72 °C for 7 min.
Representative amplicons were sent for DNA sequencing to
validate their identity.

Biofilm formation assay

Biofilm formation assay was performed on the MRSA iso-
lates using previously described protocols (O’ Toole 2011;
Stepanovic et al. 2007; Vasudevan et al. 2003). Briefly, the
MRSA isolates were grown in trypticase soy broth (TSB)
overnight at 37 °C. The cell concentration was adjusted
to 0.5 McFarland standard and diluted to a 1:100 ratio in
sterile TSB containing 0.25% glucose. Next, 200 pL of the
diluted cell suspension was added into a sterile flat-bottom
polystyrene tissue culture plate and incubated at 37 °C for
24 h. The wells were washed three times with 200 puL of
phosphate-buffered saline (PBS, pH 7.4) to remove plank-
tonic cells. Sessile bacterial cells left in the wells were heat-
fixed at 60 °C for 1 h. The adhered cells were then stained
with 0.1% crystal violet solution for 15 min, washed with
distilled water, and air-dried in an inverted position over-
night. The crystal violet dye was solubilized using absolute
ethanol, and the absorbance (OD) values were determined
using a spectrophotometer (570 nm). Each isolate was tested
in triplicates and the assay was repeated thrice. To interpret
biofilm formation in the MRSA isolates, the cutoff value
(OD,) was defined as three standard deviations (SD) above
the mean OD of the negative control (Stepanovic et al.
2007). The absorbance values of the isolates were divided
into the following categories: OD < OD_=non-biofilm
producer; OD, < OD <2 X OD_=weak biofilm producer;
2x 0D, < 0D <4 x0OD_ =moderate biofilm producer; and
4x 0D, < OD =strong biofilm producer.

Clinical data extraction

Patients’ data including age, ethnicity, gender, site of acqui-
sition of MRSA (hospital or community-acquired), and clini-
cal characteristics (sources of bacteraemia, the persistence of
bacteraemia, and recurrent infection within 6 months) were
retrieved from the Medical Record Department of UMMC
for correlation analysis. The source of MRSA bacteraemia
was defined as primary, secondary, and catheter-related
bloodstream infection (CRBSI) based on data collected from
patient’s clinical note and the hospital’s Infection Control
Department’s database. Persistent MRSA bacteraemia is
defined as a positive blood culture taken > 7 days after the
initiation of glycopeptide treatment (Ok et al. 2013).

Statistical analyses

Statistical analyses were performed using IBM SPSS Statis-
tics 27.0 software (IBM Corp., Armonk, USA). Descriptive
statistics are expressed as number and percentage. Categori-
cal variables were compared using Fisher’s exact test due to
the small sample size. Univariate comparisons were made
between biofilm-forming ability, MSCRAMMs and ica
genes (and combinations of genes), patients’ comorbidities,
in-hospital mortality, and the persistence of MRSA bacte-
raemia. Statistical significance is indicated by a p-value of
less than or equal to 0.05.

Results

Prevalence of MSCRAMM:s and ica genes
in the MRSA isolates

The most prevalent MSCRAMM genes were clfA (clumping
factor A) and eno (laminin-binding protein) being present in
all isolates, followed by c/fB (clumping factor B) in 94.4%
of the isolates. More than half of the MRSA isolates were
tested positive for cna (collagen-binding protein; 88.9%)
and fib (fibrinogen-binding protein; 50%) genes. To a lesser
extent, the MRSA isolates were detected with the presence
of fnbB (fibronectin-binding protein B; 38.9%) and ebpS
(elastin-binding protein; 11.1%) in their genomes. All the
isolates were negative for bbp (bone sialoprotein-binding
protein) and fnbA (fibronectin-binding protein A) genes. The
majority of the MRSA isolates were positive for the icaA
gene (77.8%) whereas the icaD gene was present in all iso-
lates. The presence of specific biofilm-associated genes was
not significantly associated with the biofilm-forming ability
of the MRSA isolates (p-values>0.05). The prevalence of
the MSCRAMMs and ica genes in the different groups of
MRSA biofilm formers is summarized in Table 1.

Biofilm formation ability of the MRSA isolates

All MRSA isolates tested were biofilm formers. However,
the isolates varied in their ability to form a biofilm. One iso-
late was a weak biofilm former, two isolates were moderate
biofilm formers, and 33 isolates were strong biofilm formers.
The biofilm formers were grouped into nine different profiles
according to different combinations of biofilm adhesion and
formation genes, arbitrarily designated as M1-M9 (Table 2).
For the single weak biofilm former, it was found to possess
cna, eno, ebpS, fib, clfA, clfB, icaA, and icaD genes. The
genotypic, phenotypic (strength of biofilm formation), and
clinical characteristics (caused persistent bacteraemia or oth-
erwise) of all MRSA isolates are compiled in Table 2 to infer
the relationship among all these factors. A heterogeneous
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Ta.ble 1. Prevalence of Gene No. (%) of biofilm formers® p-\’alueb

microbial surface components

recognizing adhesive matrix Weakly adherent Moderately adherent Strongly adherent

molecules (MSCRAMMs) and

intracellular adhesion (ica) N=1) (N=2) (N=33)

genes in different groups of

biofilm formers can 1 (100.0) 1(50.0) 30 (90.9) 0.305
eno 1 (100.0) 2 (100.0) 33 (100.0) -
ebpS 1 (100.0) 0(0.0) 3(9.1) 0.305
fnbB 0(0.0) 1(50.0) 13 (39.4) 0.669
fib 1 (100.0) 1(50.0) 16 (48.5) 0.500
clfA 1 (100.0) 2 (100.0) 33 (100.0) -
clfB 1 (100.0) 2 (100.0) 31(93.9) 0.838
icaA 1 (100.0) 2 (100.0) 25 (75.8) 0.459
icaD 1 (100.0) 2 (100.0) 33 (100.0) -

cna collagen-binding protein, eno laminin-binding protein, ebpS elastin-binding protein, fnbB fibronectin-
binding protein B, clfA clumping factor A, c/fB clumping factor B, icaA intercellular adhesion protein A,
icaD intercellular adhesion protein D, N total number of isolates,—not calculated

#Values are presented as (n) (%)

Pp-Value was obtained using the Fisher’s exact test

presence of biofilm-associated genes was observed among
all the biofilm formers. The persistence of MRSA bacterae-
mia and the biofilm-forming ability of the isolates was not
significantly associated with specific MSCRAMMs and ica
gene profile (p-values > 0.05).

Clinical characteristics of patients with MRSA
infection

The clinical characteristics of patients infected by the
MRSA isolates examined in this study are summarized
in Table 3. Generally, MRSA bacteraemia was relatively
common among the elderly (75%), male gender (55.6%),
and Malay population (41.7%). In terms of the acquisi-
tion site, most of the MRSA bacteraemia (63.9%) were

acquired and developed in hospital, followed by 11 cases
(30.6%) with healthcare-associated community-onset (res-
idents in long-term care facilities such as nursing home or
those undergoing frequent haemodialysis), and two cases
of community-acquired MRSA in patients with no known
risk factors. The MRSA infections were mostly clinically
manifested as primary bacteraemia (44.4%), followed
by CRBSI (30.6%), and secondary infections (25.0%).
In terms of treatment outcomes, persistent infection was
reported in seven patients, and four with recurrent infec-
tions within 6 months after MRSA clearance from the hos-
pital. The observed differences between the persistent and
non-persistent MRSA bacteraemia in association with the
clinical, phenotypic, and genotypic characteristics were
not statistically significant (p-values > 0.05).

Table 2 Clinical, phenotypic,

. E Profile Biofilm-associated genes® MRSA isolates  Strong biofilm former Persistent
and genf)typlc characteristics of (n) (%) ) (p)* bacterae-
MRSA isolates (n=36) mia

() ()°
M1 cna, eno, clfA, clfB, icaA, icaD 17 (47.2) 16 (0.543) 4(0.434)
M2 cna, eno, clfA, clfB, icaD 1(2.8) 1(0.917) 0 (0.806)
M3 cna, eno, ebpS, fib, clfA, clfB, icaA, icaD 2 (5.6) 1(0.162) 0(0.644)
M4 cna, eno, ebpS, fib, clfA, clfB, icaD 1(2.8) 1(0.917) 0 (0.806)
M5 cna, eno, fnbB, fib, clfA, clfB, icaA, icaD 4 (11.1) 4 (0.695) 0(0.403)
M6 cna, eno, fnbB, fib, clfA, icaA, icaD 6 (16.7) 6 (0.569) 2 (0.329)
M7 cna, eno, fnbB, fib, clfA, icaD 1(2.8) 1(0.917) 0 (0.806)
M8 eno, ebpS, fib, clfA, clfB, icaA, icaD 1(2.8) 1(0.917) 0 (0.806)
M9 eno, fnbB, fib, clfA, clfB, icaA, icaD 3(8.3) 2(0.236) 1 (0.488)

agr accessory gene regulator, cna collagen-binding protein, eno laminin-binding protein, ebpS elastin-
binding protein, fnbB fibronectin-binding protein B, clfA clumping factor A, c/fB clumping factor B, icaA
intercellular adhesion protein A, icaD intercellular adhesion protein D

p-value was obtained using the Fisher’s exact test
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Ta.bI.e 3 Comparis.on of the No. (%) of MRSA isolates® p-Valuc-:b
clinical, phenotypic and
genotypic characteristics Persistent bacte- Non-persistent All subjects
between persistent and non- raemia bacteraemia
persistent MRSA bacteraemia
N=7) (N=29) (N=36)
Age range
Greater than 50 5(71.4) 22 (75.9) 27 (75.0) 0.574
Less than or equal to 50 2 (28.6) 7(24.1) 9 (25.0)
Ethnicity
Malay 2 (28.6) 13 (44.8) 15 (41.7) 0.367
Chinese 4 (57.1) 9 (31.0) 13 (36.1) 0.196
Indian 1(14.3) 6 (20.7) 7(19.4) 0.585
Others 0(0.0) 1(34) 1(2.8) 0.806
Gender
Female 2 (28.6) 14 (48.3) 16 (44.4) 0.306
Male 5(71.4) 15 (51.7) 20 (55.6)
Site of MRSA acquisition
HA-MRSA-HO 4 (57.1) 19 (65.5) 23 (63.9) 0.499
HA-MRSA-CO 3(42.9) 8 (27.6) 11 (30.6) 0.359
CA-MRSA 0(0.0) 2 (6.9) 2 (5.6) 0.644
Source of bacteraemia
Primary bacteraemia 2(28.6) 14 (48.3) 16 (44.4) 0.306
CRBSI 2 (28.6) 9 (31.0) 11 (30.6) 0.641
Secondary infections 3(42.9) 6 (20.7) 9 (25.0) 0.226
Recurrent infection within 6 months
Yes 1(14.3) 3(10.3) 4(11.1)
No 2 (28.6) 3(10.3) 5(13.9)
NA 3(42.9) 13 (44.8) 16 (44.4)
NK 1(14.3) 10 (34.5) 11 (30.6)
Biofilm-forming ability
Strongly adherent 7 (100.0) 26 (89.7) 33 (91.7) 0.512
Moderately adherent 0(0.0) 2(6.9) 2(5.6)
Weakly adherent 0(0.0) 13.4) 1(2.8)
MSCRAMM genes
cna 6 (85.7) 26 (89.7) 32 (88.9) 0.597
eno 7 (100.0) 29 (100.0) 36 (100.0) -
ebpS 0(0.0) 4 (13.8) 4(11.1) 0.403
fnbB 3(42.9) 11 (37.9) 14 (38.9) 0.567
fib 3(42.9) 15 (51.7) 18 (50.0) 0.500
clfA 7 (100.0) 29 (100.0) 36 (100.0) -
clfB 7 (100.0) 27 (93.1) 34 (94.4) 0.644
Intercellular adhesion genes
icaA 5(71.4) 23 (79.3) 28 (77.8) 0.497
icaD 7 (100.0) 29 (100.0) 36 (100.0) -
Comorbidity
Moderate to severe kidney disease 4(57.1) 15 (51.7) 19 (52.8) 0.566
Diabetes 3(42.9) 18 (62.1) 21 (58.3) 0.306
Hypertension 4(57.1) 19 (65.5) 23 (63.9) 0.499
Cerebrovascular accident 0(0.0) 5(17.2) 5(13.9) 0.315
Malignancy 0(0.0) 4 (13.8) 4 (11.1) 0.403
Respiratory disease 1(14.3) 0(0.0) 1(2.8) 0.194
Cardiovascular disease 2 (28.6) 4 (13.8) 6 (16.7) 0.329
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Table 3 (continued)

No. (%) of MRSA isolates® p-Valueb

Persistent bacte- Non-persistent All subjects

raemia bacteraemia

(N=7) (N=29) (N=36)
Dyslipidemia and obesity 1(14.3) 4(13.8) 5(13.9) 0.685
Gastrointestinal disease 0(0.0) 1(3.4) 1(2.8) 0.806
Liver disease 0(0.0) 2(6.9) 2 (5.6) 0.644

N total number of isolates,—not calculated, MRSA methicillin-resistant S. aureus, HA-MRSA-HO healthcare-
associated hospital-onset MRSA, HA-MRSA-CO healthcare-associated community-onset MRSA, CA-MRSA
community-associated MRSA, CRBSI catheter-related bloodstream infection, NA not applicable, NK not
known, MSCRAMM:s microbial surface components recognizing adhesive matrix molecules, cna collagen-
binding protein, eno laminin-binding protein, ebpS elastin-binding protein, fnbB fibronectin-binding protein
B, clfA clumping factor A, c/fB clumping factor B, icaA intercellular adhesion protein A, icaD intercellular

adhesion protein D

*Values are presented as (n) (%)

bp-Value was obtained using the Fisher’s exact test

Discussion

All MRSA isolates harboured at least four MSCRAMM
genes, with one-third of the isolates (n=12) simultane-
ously carrying six MSCRAMM genes in their genomes.
The majority of the MRSA isolates (61%) lacked the genes
encoding for fibronectin-binding proteins (FnBPs), despite
all of them harboured at least two fibrinogen receptor genes.
The occurrence of at least two genes encoding for fibrino-
gen receptor (fib, clfA, or clfB) and laminin-binding pro-
tein (eno) in all tested isolates concurred with the previous
finding reported by Tristan et al. (Tristan et al. 2003), sug-
gesting that S. aureus might harbour functionally redun-
dant MSCRAMMs. This notion is further supported by the
observation that the MRSA isolates could form strong bio-
film despite their varying MSCRAMM gene profiles, some
with fewer genes compared to the others. We observed the
presence of icaD in all MRSA isolates within our sample
pool, but only 77.8% of the isolates harboured the icaA
gene. This finding is uncommon among S. aureus as the ica
genes are clustered in a single operon (icaADBC), and their
expressions are tightly regulated by both global and specific
regulatory factors like SarA or IcaR (Cue et al. 2012). The
ica operon encodes for the synthesis of the polysaccharide
intercellular adhesion (PIA) protein that is the major com-
ponent of S. aureus biofilm. Although infrequent, failure
to detect a specific ica gene from the icaADBC operon has
been documented among bovine isolates of S. aureus (Fluit
2012). Failure to detect icaA in some of the MRSA isolates
despite the presence of icaD could have been attributed to
gene excision events or mutation at the primer-binding site.
Nonetheless, all MRSA isolates that lacked an (intact) icaA
gene were strong biofilm-formers. This observation supports
the previous notion that the ica operon is not essential for the
formation of biofilm by MRSA (Archer et al. 2011).

@ Springer

Other strain-specific mechanisms that involve the use
of protein A (Spa) or FnBPs (through autolysin and sigB
regulation) may contribute to biofilm formation in a PIA-
independent manner when ica operon is absent (Archer
et al. 2011). Such mechanisms are often associated with the
formation of biofilm in human MRSA isolates (McCarthy
et al. 2015). However, only one-third of the biofilm-forming
MRSA isolates examined in this study harboured the fnbB
gene; meanwhile, fnbA was absent from all isolates. None-
theless, previous studies have shown that each fnb gene could
form strong biofilm when expressed in MRSA, even though
in the absence of the other (O’Neill et al. 2008; McCourt
et al. 2014). Furthermore, the high prevalence of clf, eno,
and cna genes among the isolates in this study indicates that
the presence of these major MSCRAMM proteins was suf-
ficient to produce strong biofilm in MRSA. Therefore, the
main molecular mechanisms leading to strong biofilm for-
mation in local MRSA isolates could be attributable to the
presence of these genes. The observation that few isolates
formed moderate/weak biofilm despite sharing identical
MSCRAMM gene profile with strong biofilm formers could
be due to other factors such as major autolysin and extracel-
lular DNA expression (McCarthy et al. 2015). Nonetheless,
further investigation is required to test this hypothesis.

In our earlier report, we identified three agr genotypes
among the MRSA isolates examined in this study (Niek
et al. 2019). Most of the isolates examined in this study
were of agr-type I (94.4%), followed by agr-type 11 (2.8%)
and agr-type III (2.8%). The MRSA isolates of different agr
genotypes (agr-type I, 11, IIT) could all form biofilm and har-
boured a combination of multiple biofilm-associated genes.
Previous studies had come to contradicting conclusions on
the correlation between agr genotypes and biofilm formation
capacity of the S. aureus isolates. Some studies observed
a higher tendency to form biofilm among the isolates of
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certain agr genotype (Kawamura et al. 2011; Kwiecinski
et al. 2019), while others observed no differences (Cha
et al. 2013; Croes et al. 2009). The agr gene is an important
modulator in the establishment and detachment process of
S. aureus biofilm (Boles & Horswill 2008). The agr operon
regulates the expression of multiple virulence factors in S.
aureus (Arvidson & Tegmark 2001). The expression of the
agr favours the production of secreted virulence factors
over cell-associated factors. Conversely, the loss of func-
tion of the agr operon will induce the formation of biofilm
and selects for S. aureus isolates with reduced susceptibility
to vancomycin (Szab6 2009). Moreover, the expression of
the SCCmec-associated f-lactamase system in MRSA has
been experimentally proven to repress the transcription of
agr operon (Choe et al. 2018). Therefore, it would be of
great interest to investigate the differential expression of the
various agr-types of the MRSA isolates in a future study to
elucidate its association with the expression of the biofilm-
associated genes and subsequently the strength of the biofilm
formed.

Our study has shown that MRSA bacteraemia irrespec-
tive of sources (primary, CRBSI, or secondary) had a strong
biofilm-forming capacity. A similar observation was made
by Cha and colleagues (Cha et al. 2013), whereby primary
bacteraemia and CRBSI did not show a significant difference
in the prevalence of biofilm-forming MRSA, although bio-
film formers were significantly associated with the presence
of invasive medical devices when compared to biofilm non-
formers. However, a recent study observed that the invasive
S. aureus isolates from intravenous line-associated infections
were particularly proficient in the formation of biofilm com-
pared to bacteraemia without focus (Kwiecinski et al. 2019).
Another earlier study has also shown a significantly higher
prevalence of strong biofilm-forming MRSA in device-related
orthopaedic infections compared to non-device-related infec-
tions and colonizers (Kawamura et al. 2011). Device-related
MRSA infection has been associated with more severe clini-
cal outcomes and results in a greater risk of patient mortality
(Cha et al. 2013). Our study observing the similar biofilm-
forming capacities of MRSA isolates from primary bacterae-
mia and CRBSI suggested that other factors could be affect-
ing clinical outcomes. Other risk factors such as underlying
diseases, older age, and pre-admission residences could have
a greater impact on the patient’s clinical outcome compared
to the MRSA’s ability to form biofilm (Eseonu et al. 2011;
Yahav et al. 2016).

Our findings concurred with a recent study that reported
a lack of obvious relationship between the biofilm-forming
capacity of S. aureus and persistence of infection measured
based on the presence of residual symptoms (Kwiecinski
et al. 2019). The correlation between persistent bacterae-
mia and the biofilm formation ability of the MRSA isolates

could not be made in this study. All MRSA isolates, with or
without association with persistent bacteraemia, carried a
multitude of biofilm-associated genes and formed biofilm.
Nevertheless, not all isolates could form strong biofilms
despite sharing similar MSCRAMM s and ica gene profiles.
This observation could be due to the variable expressions of
the biofilm-associated genes, controlled by other gene regu-
lators in the MRSA genome. The absence of direct associa-
tion between biofilm formation and persistent bacteraemia
has led us to infer that the development of persistent MRSA
bacteraemia might have been caused by other factors such
as underlying host conditions, the severity of infections, and
pathogenicity of the organism. Nonetheless, we should take
note of the varying biofilm-forming ability of MRSA in vitro
and in vivo, due to the vastly different growth environments
and the involvement of host immunity factors (Archer et al.
2011).

Conclusions

In summary, our findings suggested that persistent MRSA
bacteraemia in patients was not significantly associated with
the biofilm-forming ability of the isolates. Furthermore,
the different combinations of biofilm-associated genes and
clinical characteristics of the MRSA isolates were not found
associated with persistent bacteraemia. This study was lim-
ited by the low number of MRSA isolates associated with
persistent bacteraemia. Nevertheless, our findings provide
an insight into the low probability, if not total absence, of
a correlation between biofilm-former and persistent MRSA
bacteraemia.
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